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I. INTRODUCTION AND PURPOSE

Q- Please state your name, business address, and occupation.

My name is Michael T. O'Sheasy. My business address is 5001 Kingwood

Georgia 30075. I am a Vice President with Laurits R.

Christensen Associates, Inc.

Drive, Roswell,

Q- Briefly state your education, background, and experience.

I received a Bachelor of Industrial Engineering degree from the Georgia Institute

of Technology in 1970. In 1974, I earned a Master's degree in Business

Administration from Georgia State University. From 1971 to 1975, I was

employed by the John W. Eshelman Company-Division of the Carnation

Company as a plant superintendent in their Chamblee, Georgia operation. From

1975 to 1980, I worked for the John Harland Corporation, initially as an assistant

plant manager and then as a plant manager in their Jacksonville, Florida plant,

and finally as their plant manager in Miami, Florida. I joined Southern Company

Services in 1980 as an engineering cost analyst and progressed through various

positions to the position of supervisor, during which time I began sewing as an

expert witness in costing. In 1990, I became Manager of Product Design for

Georgia Power Company and testified as an expert witness on rate design and

pricing. I retired from Georgia Power Company on May 1, 2001 and became a

consultant with Christensen Associates. In my current role, I serve as an expert

witness and consultant on electric industry costing and pricing, and I manage

related analytical work conducted by Christensen Associates Energy Consulting,

an affiliate of Christensen Associates that focuses on the energy industry.
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Q. On whose behalf are you testifying?

A.

A.

A.

I am testifying on behalf of the Arizona Investment Council ("AIC").
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Q. Have you testified previously before the Arizona Corporation Commission?

No, I  have not .  Exhibit  MT()-1 ident ifies a number of docket s in various

jurisdictions where I have testified regarding rateinaking, cost-of-service, and

rate design.

Q- What is the purpose of your testimony?

A. The purpose of my testimony is to describe the appropriate costing and pricing

met ho ds  fo r  cus t o mer s  wit h r enewable dist r ibuted generat ion ("DG"),

specifically solar DG. I recommend against the use of a two-part rate design for

solar DG customers. A two-part design includes a basic service charge to recover

customer-related costs and energy charges to recover both energy-related and

demand-related costs. Demand-related costs are caused by demand measured in

kilowatts (kW). If demand-related costs are recovered through energy rates, the

rate design will create prices that do not correspond to the way utility costs are

incurred. Additionally, this can allow solar DG customers to shift their demand-

related costs to other customers. I then explain why it  is not  appropriate to

include "external" costs (i.e., costs that are not directly incurred by the utility in

sewing its customer, such as environmental costs associated with carbon dioxide

emissions) or value-based pricing in regulated utility rates. Basing rates on the

value of the service rather than its cost  can lead to inappropriate customer

incentives and cross-subsidies.
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Q- How is your testimony organized?

A.

A.

Section II describes the established cost of service and rate design principles.

Section III describes the ratemaking issues relevant for solar DG customers.

Section IV describes rate design issues for solar DG customers.

Section V describes issues related to the Value of Solar ("VOS").

Section VI provides a summary of my recommendations.
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11. ESTABLISHED COST OF SERVICE AND

RATE DESIGN PRINCIPLES

Q. What is the purpose of this section of your testimony?

In this section I describe the ratemaking process for a regulated electric utility. It

will serve as the foundation for the pricing of solar DG customers.

Q- What is the fundamental basis for ratemaking in the regulated electricity

industry?

For more than 100 years, cost-of-service regulation has been the fundamental

basis for setting rates for regulated electric utilities. In the late 19th Century, the

United States Supreme Court held that certain economic activities were so

important to modern society that the government must assert the right to oversee

the prices charged to ensure that those services were provided to the public in a

reasonable manner. The provision of electricity was considered one such

activity, and, with some exceptions, power companies became subject to the

oversight of public utility commissions. In attempt to ensure that the price of

electricity appropriately balanced both customer and investor interests, a cost-of-

sewice regulatory regime emerged - a system that allows customer rates to be

based upon cost to serve and provides the utility the opportunity to recover its

prudently incurred costs, including an opportunity to earn a reasonable,

government-approved return. I shall refer in my testimony to this system as

"ratemaking," comprised of two Maj or activities: cost of service and rate design.

Q- Please describe generally how a "cost of service" analysis is performed.
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Cost of service is, by nature, an objective, mathematical exercise. The

requirement" is a key component of the cost of service, and is determined by the

following formula:

"revenueA.

A.

A.
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(Rate Base X Allowed Rate of Return) + Expenses

The rate base is the net amount of investment, funded by investors, in utility

plant and other assets devoted to the rendering of utility service. The rate of

return is the percentage rate that the regulatory commission determines should be

allowed on the rate base in order to cover the utility's cost of capital. Expenses

include operation and maintenance costs, depreciation, and taxes. For any of

these costs to be included in the revenue requirement, the regulator must deem

them to be just and reasonable and prudently incurred.

Once the utility's revenue requirement is detennined, a cost of service study is

performed. A cost of service study apportions the total utility costs among the

various customer rate classes in a fair and equitable manner, using established

cost of service principles. There are several common steps: (a) fictionalization

of cost s (assigning cost s to  generat ion,  t ransmission,  dist r ibut ion,  et c. ) ,

(b) levelization of these functional costs into service levels, (c) classification into

cost components (customer-related costs, energy-related costs, and demand-

related costs), and (d) assignment or allocation of these costs to rate classes. In a

cost of service study, similar customers are grouped into rate classes and costs

are assigned or allocated to those classes on the basis of how the costs are

caused. That is, the cost of service study operates on the principle that the rate

class that  receives a part icular service and causes the associated costs to be

incurred should pay for  that  service.  From there,  t ime-tested rate design

principles are used to create reasonable and sustainable rate designs. One rate

design (perhaps including optional rates) is developed to apply to all customers

in a rate class, as it is impractical to charge customer-specific rates (or develop

customer-specific costs). This is called average ratemaking. As I will discuss

below, departures from the established cost of service and rate design principles

can lead to prices that do not correspond to the way utility costs are incurred,
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potentially resulting in cross-subsidies and inefficient customer decisions (such

as choosing to consume energy when it is priced too low or failing to use the

least expensive energy source because it is priced too high)

5 Q- You previously referenced established cost-of-service principles. To what

were you referring

7

8

9

A. When conducting a cost of service study, utilities try to adhere to some

commonly accepted principles

Costs must be approved by a regulator and based upon financial

accounting costs adhering to General Accepted Accounting Principles

("GAAP") and the Federal Energy Regulatory Commission ("FERC")

Uniform System of Accounts

Costs should generally be known and measurable

Cost allocation to customer rate groups should be based upon cost

causation. Where possible, they should align with the utility's system

planning

1 8

1 9

2 0

Q- Please explain how cost of service is used in rate design

In addition to producing a cost-based revenue requirement for each rate class, the

cost of service study classifies the types and amounts of the costs that are caused

by each customer group (rate class). Again, this is a data-driven, mathematical

exercise. As stated in the National Association of Regulatory Utility

Commissioners cost allocation manual

The three prineqaal cost elassi ications for an electric utility are demand

costs (costs that vary with the KW demand imposed by the customer)

energy costs (costs that vary with the energy or KWH that the utility

Electric Utility Cost Allocation Manual, January 1992, National Association of Regulatory Utility
Commissioners

A.

5



provides), and customer costs (costs that are directly related to the

number of customers served).

As a result of the fictionalization, levelization, classification, and assignment

or allocation of costs, the cost of service study produces unit costs, which are the

allocated and assigned costs divided by the corresponding billing determinant

(e.g., energy charges are based on the energy-related costs divided by the test-

year amount of energy sold). While there may be arguments against charging

these unit costs as the retail prices (e.g., pressures to recover customer-related

costs through energy charges, possibly based upon a belief that low-use

customers are also likely to be low-income customers), they do and should play

an important role in the rate design process.

Q- What are the rate design principles that you referenced earlier?
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The rate design for each rate class should reflect the costs and revenue

requirements identified in the cost of service study as closely as possible.

Subsidies should be avoided where possible and if they cannot be avoided they

should be limited and transparent. The primary goal for rate design should then

be to recover the class-specific revenue requirements and to consider the unit

costs by component from the cost of service study for setting component prices.

By basing the rates on unit costs (e.g., using monthly basic service charges to

recover customer-related costs, energy charges to recover energy-related costs,

and demand charges to recover demand-related costs), price signals are

communicated to the customer that reflect the way in which utility costs are

incurred, thus providing proper incentives for customer behavior.

A.

Additionally, rates should be designed to be sustainable, stable, fair, and to

enable efficient growth. They should be developed in a manner that maintains

system reliability and power quality. Ratemaking should treat rate classes

6



consistently. That is, if two different rate classes cause similar costs to be

incurred or avoided, they should have similar treatment in rate design unless

there is a compelling reason to do otherwise (and any exceptions should apply

for a limited time period). These revenue requirements and subsequent rates

should provide the utility with the opportunity to recover its costs and earn a rate

of return sufficient to ensure its financial integrity.

Q. Does average ratemaking result in some customers paying more or less than

their actual cost to serve?

Because cost of service studies and rate designs are conducted for customer

groups (rate classes) rather than for each individual customer, it is inevitable that

some customers will pay more or less than their actual cost to serve. However,

the objective is to define classes such that the customers in the rate class are

similarly situated, thus reducing the extent of intra-class cross subsidies.
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Q- In the principles above, you have described cost of service as the basis for

setting rates. Should the value of energy services be used as a basis for

ratemaking instead of cost of service?

A.

A.

No, ratemaking should not incorporate the value of energy in lieu of the cost of

service. A value basis for ratemaking has numerous shortcomings compared to

cost-based rates. Cost-based rates send price signals to customers that are

consistent with the way the utility costs are incurred. As stated in NARUC's

report, "Aligning Rate Design Policies with Integrating Resource Planning",

using cost-based rates produces desirable outcomes :

In practice, equity and efficiency come down to the notion that electric

utility customers should pay cost-based rates. For a utility rate design,

"cost-based" means based to a substantial extent on a cost-of-service

study. Cost studies provide the formal and explicit linkage between the

7



demands that customers place on the system and the charges they face. It

is this linkage that permits the development of cost-based rates, rather

than rates based for example on value of service or willingness to pay

Central to both embedded and marginal cost studies is the notion that

customers should insofar as is practical, be assigned the easts which they

cause the utility to incur

In addition, the value of energy services can be subjective and/or contentious

while costs are more concrete and quantifiable. While it is true that utility

supplied electricity may provide significant value beyond its cost (e.g., economic

development, etc.), it is inappropriate to include this value in the ratemaking

process

111. RATEMAKING ISSUES RELEVANT FOR SOLAR DG CUSTOMERS

Q. Please describe the ratemaking issues associated with pricing solar DG15

16

17

18

customers

24

There are three types of pricing issues that are unique to solar DG customers

1. How to account for the fact that solar DG tends to reduce the customer's

energy by much more than it reduces its demand requirement, and how this

affects the recovery of demand-related costs under standard two-part rates (in

which demand-related costs are recovered through energy charges)

2. How to price the energy exported onto the grid when the solar DG system

generates more load than is being used by the customer

3. How to account for additional utility grid costs that may be incurred by a

solar DG system

This effect is not relevant if the customer is served under a "buy-all/sell-all" arrangement. Under
this method, the customer is treated as two separate entities, paying standard retail rates for all of
its energy and receiving payment (at something other than the retail rate, such as avoided energy
costs) for the separately metered solar DG output

A.

8



Q- Please expand on the ratemaking impact of the first issue.

A. Under net metering, the output from solar DG is used to offset the billed energy

of the customer, with the amount of the energy offset dependent on the size of

the solar DG installation and its intermittent operation. However, the solar DG

output is likely to have a much larger effect on the customer's net energy usage

than on the customer's net demand requirement, for two reasons. First, the

hourly profile of the solar DG output may not match the customer's usage

profile. That is, the customer's peak usage may come at a time in which the solar

DG produces little or no electricity. Second, the solar DG is an intennittent

resource (e.g., not producing as much energy on a cloudy day) and when the

solar DG is not producing, the customer will fully rely upon the utility's

infrastructure.
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Q- You described above how solar DG is likely to reduce a net metered

customer's billed energy by much more than it reduces the customer's

demand requirement. How does this affect the customer's bill relative to its

cost to serve?

As described in Section II, the cost to serve a customer has three components:

customer-related costs, energy-related costs, and demand-related costs.

Traditionally, residential net metered customers face "two-part" rates that

include only a basic service charge and energy charges. Because there is no

demand charge to recover demand-related costs (for reasons I describe later),

those costs are recovered through energy charges. In this case, the two-part rate

is designed on the basis of the average load factor of the customers in the class,

where "load factor" is defined as a customer's average usage over some period

of time (e.g., a month or year) divided by its maximum hourly usage over that

same time. Therefore, when a net metered solar DG customer reduces its energy

without a commensurate reduction in demand, it avoids paying a (perhaps

9

A.
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significant) portion of the demand-related costs associated with its service

Additionally, there may be a second cost effect due to the need for the utility to

have available capacity in the event that the solar DG stops producing electricity

These reserve capacity costs will not show up in the solar DG customer's bill

under the standard rate

At some point (either in the next rate case or through something like a lost fixed

cost recovery mechanism, or "LFCR"), the under-recovery of these demand

related costs is passed on to other customers. In summary, net metering with

two-part rates leads to a cross-subsidy benefiting net metered customers to the

detriment of non-net metered customers

13

14

Q- Please discuss the second issue you described above, regarding excess

rooftop solar generation that flows onto the grid during certain time

periods

16

17

The energy generated from solar DG is non-firm, which means that it cannot be

relied upon by the utility as a source to serve load. Solar DG output flows onto

the grid periodically depending upon the operations of the rooftop solar system

and the site load requirements of the customer. This excess energy saves the

utility from incurring some costs to serve, such as avoided fuel, variable

operations and maintenance charges, and losses that would have occurred had

the excess solar DG generated energy been otherwise produced by the utility. In

addition, solar DG may impose some additional costs such as integration cost to

accommodate the two-way flow of power on the distribution grid. In Section IV

I discuss the appropriate method for pricing the solar DG customer's excess

generation

A.

10



1 Q. Please explain the third issue that you describe above with respect to the

cost impacts of solar DG

3 As more and more customers choose to install solar DG systems, the utility may

experience integration issues that have to be addressed, such as voltage control

and frequency response. If these issues lead to increased costs, the question of

who pays for the cost increase will arise. The Commission may conclude that

solar DG customers cause the increased costs and should be responsible for

them, or it may conclude that public policy supports the socialization of those

costs to all customers

11

12

13

14

Q- Would it be unusual in ratemaking to separate out an abnormal cost

consequence for recovery by the causing party?

No. An example of where this has been done for years is charging customers for

having a poor power factor. If a customer has a poor power factor beyond a pre

specified threshold, there is usually a charge to the customer for the additional

capacitors that may need to be added to the distribution network to correct it

17

Iv. RECOMMENDED RATE DESIGN CONSIDERATIONS

FOR SOLAR DG CUSTOMERS

21 Q. What is the purpose of this section of your testimony

In this section. I will describe how the issues described in Section III should be

considered for rate design

25

26

27

Q. In Section III you described three types of effects that solar DG customers can

have on costing and pricing. Please explain how these effects should be addressed

in rate design

A.

A.

11



The first effect I described in Section III dealt with the under-recovery of demand-

related costs from net metered solar DG customers who pay two-part rates (with only a

basic service charge and energy charges). Even when the solar DG output during a

billing month fully offsets the customer's site load, the customer still requires the

utility to provide demand-related capacity for which the solar DG customer should be

responsible. Distribution capacity demand costs pertain to the cost of equipment

needed to serve die maximum amount of load that the utility expects the customer to

require, with a margin for the variance in loads. When the solar DG system is

operating and sewing some of the customer's peak load requirements, the utility must

have distribution capacity available to serve die solar DG customer whenever output

from the system becomes unavailable. Additionally, there are generation and

transmission reliability requirements for utility capacity to be available in the event

that die solar DG is not producing output. The cost of service and rate design

principles I mentioned above would require solar DG customers be responsible for

these costs.

Q. Please continue discussing the generation and transmission reliability costs that

you mention above.
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Generation and transmission reliability costs are driven by the utility's system demand

requirements. Generation costs for many utilities are thereby allocated by a

combination of the utility's system coincident peak (CP) and the non-coincident class

peaks (NCP). Transmission is usually allocated with CPs. While it is possible that the

utility's CP may occur when the customer's solar DG Luiit is generating and reducing

die utility's CP, the utility must still maintain available generation and transmission

capacity for the event that the solar DG ceases to produce. This reserve requirement is

a cost for which the solar DG customer should be responsible.

12
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II I



1 Q- How are distribution-capacity, generation-reliability, and transmission-reliability

costs usually recovered in utility rates?

3 In traditional residential and small cormnercial tariffs, these demand costs are usually

included in die energy charge. This is referred-to as a two-part design. A $ per kW

demand charge has often been used to recover demand-related costs for medium to

large commercial and industrial customers. This is referred to as a three-part design

Q- What is the problem with two-part rates?8

9

10

A.

14

There are two primary consequences of charging two-part rates that recover

demand-related costs through energy charges. First, two-part rates lead to an

intra-class cross-subsidy to all low load factor customers (including those that

have a low load factor due to net metered solar DG) from higher load factor

customers. Second, two-part rates fail to provide customers with an incentive to

manage their demand, which can result in some decisions that are not in the

interest of all customers (e.g., plugging in an electric vehicle during peak hours)

The cross subsidy and incentive issues can be corrected through improvements

in rate design, such as applying three-part rates (including customer, energy, and

demand charges) to all customers in the class

20

21

22

23

24

Q- If two-part rates produce the intra-class cross subsidy you describe, why

have they often been used for residential and small commercial customers?

27

A.

A.

There are two main reasons that two-part rates have often been used for

residential and small commercial customers despite their shortcomings. First

meters that are capable of recording both a customer's demand and its energy

use have been more expensive than meters that only record a customer's energy

use. This has created a cost justification to use energy-only meters for smaller

customers. Secondly, there was little interest on the part of residential and small

commercial customers for demand-based rates, and two-part tariffs worked

13



reasonably well for both customers and the utility. However, with the advent of

solar DG and introduction of other behind-the-utility-meter technologies, there is

a significant and growing segment of customers for whom a two-part design

does not work well. New rate designs, such as a three part rate with a demand

charge, should be considered as viable alternatives to the no longer tenable two-

part rate structure.

Q- Can TOU energy-only rates solve the shortcomings of a two-part rate for

solar DG customers?

No, a two-part rate that recovers demand-related costs through energy prices can

allow solar DG customers to avoid paying their demand-related costs, regardless

of whether the energy rates vary by time-of-use.

Q- How should solar DG customers be compensated for the excess generation that

flows from the rooftop solar system onto the utility's distribution grid?

This excess self-generation should be considered non-fmn and therefore lacking any

material capacity value. As such, it should be compensated at avoided energy costs

(primarily avoided fuel, O&M, and losses). These avoided costs for the utility should

be credited to the solar DG customer for his or her generation, ideally on an hour-by-

hour basis.3 The credits should be based upon the specific hour in which the

customer's solar DG output flowed onto die utility grid. Compensating solar DG

customers at avoided energy costs prevents a subsidy that would have occurred had

solar DG output been prices at above-market rates. Compensation at avoided cost

would thus be fair and equitable to all stakeholders and sustainable as a tariff
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To be clear, it is preferable to define "excess generation" as the amount of solar DG output in
excess of a customer's site load in ear/9 IJ0ur.Using the difference between the solar DG output and
native load across an entire billing month (which is the current practice in Arizona) does not
provide as accurate a depiction of the solar DG's energy value or its effect on die utility's costs.

14
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A.
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Q- Instead of using avoided cost to compensate a solar DG customer, should the

payment for excess generation simply be based off of the customer's standard

utility tariff?

A. No, the payment for excess generation should not be based upon a bundled standard

utility tariff A bundled tariff contains cost recovery associated with generation,

transmission, and distribution costs. Solar DG customers' generation output does not

avoid most of these costs, and giving such customers credit for costs their systems do

not avoid would create a subsidy in which non-participants' cost responsibility would

increase beyond cost causation.

Q. Would the use of avoided cost as the basis of compensation for a solar DG

system's excess generation be a change in Arizona from the current net metering

tariff, in which excess generation is compensated using the standard tariii?

A. Yes it would, and the change would be done for the right reasons, consistent with

long-standing cost of service and ratemaking principles. The resulting compensation

mechanism would be sustainable and fair to all stakeholders

v. ISSUES RELATED TO THE VALUE OF SOLAR

Q- What do you see as the value of solar DG generation?

There is much debate in the industry as to the value of solar DG output, as it

includes a subjective element with varying opinions (across stakeholders and

over time) on its components and the associated monetary values. Therefore, I
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A.

suggest the following guidelines for pricing solar DG:

a. Consider the VOS within two frameworks:

i.  Its value as it affects Commission-approved financial

accounting costs used during rate proceedings.

ii. Its value from an external perspective, outside of ratemaking.

15



For regulated ratemaking, avoid using the VOS from external

perspectives which could otherwise result in permanent subsidies

in fully approved tariffs

5 Q- Please expand upon the meaning of VOS as it pertains to a utility's financial

accounting costs

7

8

9

The traditional meaning of "value" generally relates to the economic demand for

a product or service beyond its pure cost. As I described in Section II, value

based pricing has no place in a cost of service ratemaking proceeding. Rather

this VOS for a possible ratemaking context relates to a determination of the

effect of solar DG on the utility's incremental costs of those commonly accepted

financial accounting costs employed in ratemaking and revenue requirements

such as generation, transmission, and distribution capacity cost, O&M, fuel, and

losses. These incremental costs depend upon the characteristics of solar DG

including its intermittency, coincidence with the utility's demand cost drivers

physical location of the solar DG on the grid, and panel orientation

Q. What do you mean when you refer to the VOS from an "external

perspective," outside of ratemaldng
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By "external" to ratemaking, I refer to benefits and cost valuations that are not

readily found within a cost of service regulatory proceeding. This includes items

such as potential environmental benefits or demand-based economic values such

as an increase (or decrease) in regional employment. Other examples of these

types of externalities include health benefits, reduced CON, and wholesale market

price suppression. These types of valuations are not explicit components in

ratemaking, and for good reason. The evaluation of such items is almost

certainly subjective, lacking any real agreement as to the appropriate monetary

A.

16



figure that should be assigned. The subjectivity of the "value" analysis on such

externalities can and would result in changing value over time.

Q. Please explain further your comment about avoiding the use of VOS from

an external perspective in fully approved tariffs.

Fully approved tariffs should not be designed to include anything but approved

financial accounting cost items. To include externalities such as a credit

associated with the contention that solar DG creates jobs in Arizona (resulting in

charges that are less than the cost to serve) could create a pennanent subsidy.

VOS should include only approved financial accounting costs and their impact

upon a utility's incremental costs. Such costs could be used to influence rates,

but only if the included incremental costs were: l) regulator-approved,

2) already included in the design of similar electricity products such as energy

efficiency, and 3) applied only to the extent that the tariff was cost-based and

designed to recover the utility's embedded revenue requirements.

Using elements outside of the cost of service regime in order to benefit one

particular resource or industry could result in inter- and intra-class cross-

subsidies, skewed price signals, and rate instability. Rates are primarily set

against the backdrop of a mathematically-determined cost regime, and it could

prove quite harmful to allow a fully approved rate to contain a subjective and

qualitative "value" element.

Q. Do you have other concerns that would arise in the event that the

Commission were to decide, against your advice, to incorporate external

costs or the value of electricity services in ratemaldng for solar DG?
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A. If the Commission chooses to include external costs or the value of electricity

services in ratemaking (e.g., environmental benefits or regional employment
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effects), it could be argued that those costs and benefits should be applied

unifonnly. Ratemaking should avoid asymmetric treatment of specific costs and

benefits, which could result in a distortion and skewing of behavioral incentives.

If these external costs or sources of value were to be considered in the solar DG

context, it could be proposed that the same costs and sources of value should be

included in the pricing of all similar utility products that are sources of those

costs and value. In other words, if there is an important source of external value

that solar DG provides, and if it were deemed to be appropriate to include a

"value" assessment in a cost-based rate structure, it may seem only fair that the

same should be done across all similar sources of that value. To be clear, I don't

believe that rates should incorporate value-based pricing or external costs,

regardless of whether they are applied only to solar DG or uniformly across all

sources of the cost of benefit. I simply point out the fact that asymmetric

treatment of solar DG with respect to such costs and benefits leads to its own

difficulties. Regulated rates cannot accurately re fiect value. All sources of

electricity have value. Many of these externalities are attributes of the utility's

generation today-they are simply not included as explicit factors in ratemaking,

nor should they be.

VI. CONCLUSIONS
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Q- Do you have any concluding observations?

Yes, I recommend the following approaches for the pricing of solar DG

customers:

l. Regulated ratemaking is and should continue to be based upon sound

costing principles using approved financial accounting costs.

Regulated electricity rate designs that recover demand-related costs

through energy charges (two-part rates) allow solar DG customers to
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avoid paying the demand-related costs to serve them. The resulting cross-

subsidies and improper behavioral incentives can be avoided through

improved rate design. Permanent subsidies should be avoided wherever

possible.

Excess generation loom solar DG should be compensated at utility

avoided costs.

Neither the "value" of electricity nor external costs (such as increased

regional employment from solar DG subsidies) should be considered in

regulated ratemaking.

Q. Does this conclude your direct testimony?
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1. INTRODUCTION AND PURPOSE

Q- Please state your name, business address, and occupation

A. My name is Michael T. O'Sheasy. My business address is 5001 Kingwood

Drive, Roswell, Georgia 30075. I am a Vice President with Laurits R. Christensen

Associates, Inc.

Q- Are you the same Michael 0'Sheasy that submitted Direct Testimony on

behalf of AIC ill this docket?

A. Yes.

Q- What is the purpose of your Rebuttal Testimony?

A. The purpose of my Rebuttal testimony is to comment upon issues presented by

other witnesses regarding topics discussed in my Direct Testimony, including the

following witnesses: Briana Kobor on behalf of Vote Solar, Lon Huber on behalf of the

Residential Utility Consumer Office ("RUCO"), and B. Thomas Beach on behalf of

The Alliance for Solar Choice ("TASC"). The topics I will address include: (1) the

extent of distributed generation ("DG") activities to which this docket should pertain

(2) rate design structure and pricing considerations, and (3) the value of DG and its use
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1 11. DG IMPACTS AND THE FOCUS OF THIS PROCEEDING

Q. Have any witnesses proposed to limit the scope of this docket to include only

energy exported by NEM customers?

A. Yes. Vote Solar witness Kobor states the following: "I recommend that the study

of DG costs and benefits focus on evaluation of the energy that is exported from the

NEM customer to the utility grid."1 TASC witness Beach makes a similar argument

stating "...the analysis of the economics of NEM should focus on those exports.
,,2

Q. Do you agree with witnesses Kobor and Bea eh about the scope of the

docket?
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A. No. I believe that the limited scope proposed by witnesses Kobor and Beach fails

to capture other important impacts that a DG customer imposes upon the utility system

associated with: (1) the metered utility-provided load, exclusive of the customer's self-

generation, and (2) the DG customer's actual self-generation that the utility might

otherwise need to serve, exclusive of any exports. Both DG and non-DG customers

have an on-site load requirement. However, the DG participants have chosen to install

generation to serve all or part of their on-site load requirement. The utility should be

compensated for serving the DG customers' metered load that it must serve using a rate

design that covers all of the costs associated with it. Additionally, the utility must be

available to serve the DG customer's entire load in the event that the customer's DG

does not provide energy. This equates to a potential need for additional operating

reserves and regulation services, the costs of which should be paid by the DG

customers. RUCO witness Huber states that his preferred analysis framework is to

include all DG solar generation (both exports and self-consumption) when determining

1 Kobor Direct Testimony at 4, lines 15-16.
2 Beach Direct Testimony at 13, lines 18-19.
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the costs and benefits of DG.3 I agree with this view. In my opinion, it is not sufficient

to focus only on the impacts of the DG participant's excess generation beyond its on-

site load requirements.

111. RATE DESIGN ISSUES

Q. What is the purpose of this section of your testimony?

A. I will address the rate design discussions of TASC witness Beach and Vote Solar

witness Kobor. Specifically, Mr. Beach proposes to "[a]dopt a monthly minimum bill to

recover customer-related costs."4 I will describe why a basic service charge is superior

to a minimum bill design. In addition, Ms. Kobor points out the following: "Under the

NEM program, participating ratepayers are credited for the kph they export to the grid

on a one-to-one basis with the kph they take from the grid. This means that exports are

valued at the full volumetric retail rate."5 I will argue that the credits for exports should

be based upon the utility's avoided cost rather than "the value of the energy provided"

as defined by Ms. Kobor, which includes "environmental benefits, economic

development benefits, and grid security benefits."6 Finally, Mr. Beach argues against

the use of demand charges in residential rates based on concerns about customer

acceptance.7 I will respond to this by describing why I believe demand charges are an

appropriate rate design component for residential customers.

Q, Do you agree with TASC witness Beach that a minimum bill should be used

to recover customer-related costs?
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3 Huber Direct Testimony at 13, line 10.
4 Beach Direct Testimony at 27, line 7.

Kobor Direct Testimony at 26, lines 23-26.
Id. at 49, line 18 and at 50, lines 10-11.
Beach Direct Testimony at 28, lines 16-17.
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1

2

A. No, I do not. I believe that a monthly basic service charge is a superior method

for collecting customer-related costs

4 Q, Please explain the advantages of a basic service charge relative to a

minimum bill

A. As I discussed in my direct testimony, there are three major cost drivers for an

electric utility: customer-related, energy-related, and demand-related. Traditional

regulation is based upon the cost of sewing customer groups, and the rate design for

these customer groups normally has component prices based upon these cost drivers

For example, customer-related costs do not vary with the volume of electricity used by

the customer. However, these fixed costs (e.g., the cost of a meter) must be recovered

and, since they do not vary with usage, an efficient way to collect customer-related

costs is with a fixed monthly billing component called a basic service charge. By

collecting these fixed customer-related costs in this manner, the tariff can then provide

usage-based pricing components that collect usage-based costs. This process of

collecting fixed costs using a fixed charge and usage-related costs using volumetric

charges would send efficient price signals to the customer, allowing him or her to make

decisions that reflect cost-causation
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Q. What is the problem with a minimum bill provision

A. A minimum bill provision typically operates in a two-step manner: the

customer's bill is calculated using the standard tariff components and the customer pays

the greater of this calculated bill or the minimum bill amount. The minimum bill "floor

may be set with a consideration of recovering at least the customer-related costs

Therefore, when the minimum bill applies, the utility will implicitly recover its targeted

customer-related costs but not all (or perhaps any) of its usage-based costs. This under

recovery of usage-based costs will need to be collected from usage-based charges that

apply to customers who use more than the amount required to exceed the minimum bill



amount. This means that the usage-based price signal is higher than it should be in

order to simply recover the usage-related cost per kph.

Q, Can you give an example of the problem with minimum bill provisions?

A. Yes. Assume that the customer group to which the rate will be targeted has a

fixed customer-related cost of $10/month, an energy-related cost of $0.08/kWh, and a

demand-related cost of $7/kW. Also assume that the average customer to whom the rate

is targeted uses 1,000 kWh/month and 6 kW/month. Finally, assume that the tariff is

based upon costs and therefore charges these exact cost components to the applicable

customers. The resulting average monthly bill would be $132, and the pricing

components in the tariff would be sending cost-based price signals to the customer.

Now imagine instead that the tariff design had a minimum bill provision of $10/month,

an energy charge of $0.09/kWh, and a demand charge of $7/kW. For simplicity, I

assume that all customers are average and therefore the minimum bill does not apply to

any of them. (The conclusion of this example is not altered if the example is made more

complex such that the minimum bill applies to a small percentage of customers.) In this

case, the average customer would still pay $132/month, but the energy price is now

above the energy-related costs ($0.09/kWh vs. $0.08/kWh). The result of this rate

design is to over-charge high-use customers within the class relative to their cost to

serve and distort customer price signals.

Q. What are some of the reasons stated for favoring minimum billing?
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A. TASC witness Beach provides two attributes of minimum bill provisions. In

both cases, I argue that a basic service charge would perform better than the minimum

bill provision.

i) Mr. Beach argues that a minimum bill can ensure that all customers

make a minimum contribution and "can be set to cover the utility

customer-related costs (for metering, billing, and customer account

's
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services) which clearly do not vary with usage. While he is correct that

a minimum bill can be set at an amount equal to the utility's fixed

customer-related costs, my example above illustrates that doing so would

result in an energy charge above usage-related cost. In contrast, a basic

service charge can also be set at the amount of the utility's fixed

customer-related costs and a usage charge per kph for all usage at the

correct usage-based cost

ii) Non-discrimination: Mr. Beach asserts that adverse bill impacts that

might occur under higher fixed charges may be avoided with minimum

billing, particularly for low-usage and/or low-income customers

However, there are other ways that utilities have found to moderate the

effect of higher basic service charges on low usage, low income

customers such as waivers or modifications to the basic service charge for

qualifying customers, or blocking of basic service charge (i.e., charging a

higher basic service charge to customers with higher usage levels)

Neither of these methods will distort another pricing component in the

same manner as a minimum bill provision

990

Q. Please expand on your point that the export credits should be based upon

avoided cost
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A. As I described above, Vote Solar witness Kobor described how NEM pays the

full retail rate for exported energy. I argue that because the retail rate can include fixed

cost recovery, there can be a mismatch between the retail rate and the avoided costs

associated with the exported kph. If the retail rate is higher than the avoided costs, the

non-participants will have to pay higher rates for overpaying avoided cost. I believe the

credit for exported energy should be at the utility's avoided cost, possibly on an hourly

Id. at 27 lines 19-21
Id. at 28. lines 20-22



or time-of-use basis (if feasible given metering and information constraints), enabling

the non-participants to be held harmless. I agree with RUCO witness Huber that "the

Commission's methodology should strive to be unbiased and not be unduly favorable to

either utilities or DG providers."10 If the Commission decides that the compensation for

DG exports should be higher than avoided costs (perhaps due to a perceived value

beyond avoided cost), then agree with Mr. Huber that this procurement should be

addressed by linking into the IP process.H The procurement of exports could be

treated similar to a cost of procured power and flow accordingly through the ratemaking

process.

Q, What is your response to TASC witness Beach's arguments against the use

of residential demand charges?

A. I believe a demand charge can send a more efficient price signal to customers

(i.e., a price signal that reflects the underlying cost driver) and help ensure that NEM

customers pay the demand-related costs associated with serving them. If the demand

charge is designed with a proper consideration of the coincidence factor (i.e., the

relationship of the demand driver to the demand billing unit), then I believe that a

demand charge sends a better price signal than placing the demand cost into an energy

charge and avoids the distortion of energy prices inherent in two-part rates. This was

explained in my Direct Testimony comparing a three-part design to a two-part design.12

Q. Does recovering demand-related costs within a large basic service charge

lead to rates that reflect the way costs are incurred?
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A. No, it would not and it would not lead to the efficient use of electricity. Also the

customer's bill would be less reflective of cost. If the utility placed all customer-related

10 Huber Direct Testimony at 8, lines 21-22.
11 Huber Direct Testimony at ii, second paragraph.
12 O'Sheasy Direct Testimony, Section IV beginning page 13.
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cost and some or all of the demand-related cost into a fixed monthly basic service

charge, it would lead to undercharging customers with low load factor usage and

overcharging customers with high load factor usage. Even if the utility has a basic

service charge that collects all customer-related cost, the resulting two-part rate design

would still have the problem of requiring high load factor customers to pay too much

demand-related cost and low load factor customers to pay too little. A three-part rate

design which includes a demand charge solves this intra-class inequity caused by

collected demand cost in an energy charge and enables price signals to be based upon

their respective cost drivers

Q. Does a rate design in which demand costs are placed in the energy charges

encourage energy efficiency

A. Obviously higher energy prices give customers higher incentives to engage in

conservation. However, retail rates should be designed to obtain economic efficiency

(rates that reflect the way costs are incurred) rather than to maximize energy efficiency

One maximizes economic efficiency by sending price signals to customers that reflect

the cost of energy, thus letting the customer decide whether his or her energy use is

worth the energy price. Likewise, a demand-based price gives the customer an incentive

to reduce its demand for electricity. It is important to the overall efficient use of

electricity that both energy and demand prices provide cost-based price signals to

customers so they can make efficient usage decisions for the benefit of the entire

system.
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Q, Does your argument for economically efficient rates also apply to a

minimum bill provision

A. Yes, it does. While a minimum bill provision (used in place of a basic service

charge and a demand charge) may result in charging higher energy prices (relative to a

three-part rate and relative to the cost of energy) that increase customer incentives to
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reduce usage, the design is not as economically efficient as a three-part rate design with

cost-based energy rates. In particular, a minimum bill provision coupled with only high

energy prices may indeed result in reduced energy use, but it does not provide

customers with an incentive to reduce their demand and over-incents the customer to

reduce their energy at a price above the energy's cost
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Q. How do you respond to Mr. Beach's concerns about customer acceptance of

demand charges
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A. Electricity customers are becoming more and more sophisticated in terms of

understanding their bills and seeking out ways to lower them. This is a reason why DG

is becoming more popular. I believe those customers interested in DG are probably

savvier about utility billing and opportunities to save on their electricity bill. Mr. Beach

appeared to agree with me on this point when stated: "Customers who have gone

through the process to make the long-term investment to install solar lean much about

their energy use, about utility rate structures, and about producing their own energy

Given their long-term investment, they will remain engaged going forward."'° These

types of customers are likely to be less daunted by the concept of a demand charge than

the average customer not interested in DG, and I believe they can more readily become

comfortable with demand billing. When I was a rate manager with Georgia Power in

the early 1990s, we had a residential rate with very few participants (less than l 00), and

so the rate was terminated. A couple of years ago, Georgia Power felt that their

residential customers were now more receptive and interested in an efficient demand

rate and began offering one. Today there are thousands of participants on a demand rate

and participation is still growing. So I indeed think a demand charge concept is efficient

and appropriate for residential customers and certainly DG customers

Beach Direct Testimony at 32, lines 14-18



Q-

A.

Iv. VALUE OF DG AND ITS USE

How should the value of DG be determined and used?

As I explained in my Direct Testimony, the value of solar DG should be

separated into two distinctions: the value to the extent it affects Commission-approved

financial accounting costs used in rate case proceedings, and the value from an external

perspective, outside of ratemaking. The first type of valuation (using financial

embedded costs) is appropriate for determining utility revenue requirements. The

second type of valuation (including externalities) is not appropriate for utility revenue

requirements/ratemaking, but may be more relevant to an Integrated Resource Plan

("IP"). For example, if, as Ms. Kobor suggests, the price paid for DG exports should

consider the value of the energy provided and this value should include not only the

impact upon rates but also the incorporation of externalities such as environmental

economic development, and grid reliability benefits,14 then I believe it is appropriate to

evaluate this supply resource through the same IP process that utilities use to evaluate

other supply resources. These additional values associated with DG (if they exist)

would then make their way into the ratemaking process in the same manner as other

supply procurements. However, I am not suggesting that externalities/social costs

should necessarily be included in this type of valuation of exports (or other impacts of

DG upon the utility). I am only recommending that if the Commission chooses to

include this second type of valuation, the IP is the most appropriate means to

adjudicate it.

v. SUMMARY

Q, Please summarize your rebuttal testimony.
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A. (A) This docket should include all impacts that a DG customer makes upon the

utility, including the cost effects on the utility associated with the customer's self-

14 Kobor Direct Testimony at 50, lines 8-11.
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generation that serves the customer's on-site needs and the effects associated with the

DG customer's exports to the utility network.

(B) Basic service charges are superior to minimum bill provisions.

(C) Exports should be credited based upon avoided cost.

(D) A demand charge is an efficient and appropriate pricing component.

(E) Value of DG should be considered in two contexts. Ratemaking should

consider only utility financial costs. If the Commission chooses to consider

potential additional costs and benefits of DG, the IP process is the appropriate

venue.

(F) Finally, the fact that I have not addressed a witness's argument at this time

does not imply my agreement.

Q-

A.

Does this conclude your rebuttal testimony?
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Distributed Generation - Integrated Value (DG-l\l)
A METHODOLOGY TO VALUE DG DN THE GRID
OCTOBER, 2015

OVERVIEW & SUMMARY

In recent years, distributed generat ion (DG) resources have rapidly grown in number and are playing an
increasingly important  ro le a longside t radi t ional  generat ion resources.  From a nat ional  perspect ive
renewable energy growth is t rending upward,  a l though cost  compet i t i veness and customer adopt ion
rates of  renewable resources vary by geographic region.  WA has recognized this t ransi t ional  market
sh i f t  t ow a rds  g rea t e r  renew ab l e  ene rgy  and  D G  adop t i on  and  has  deve l oped  a  m e t hodo l ogy  t o
determine a Distributed Generation - integrated Value, or DG-IV

Desired Outcome
W A ' s  d e s i r e d  o u t c o m e  i s  t o  d e v e l o p  a  c o m p r e h e n s i v e  m e t h o d o l o g y  t h a t  a s s e s s e s  b o t h  t h e
representat ive benef i ts and costs associated wi th various forms of  DG. The methodology components
are intended to be grounded in sol id,  quanti f iable, and defensible analyt ics, and serve as a robust basis
for DG valuat ion.  A l though the numerica l  va lues associated wi th each methodology component  w i l l
need to be updated to adjust to changing market condit ions, the components themselves should remain
relevant over t ime.

E Placeholder Topics

D Program Design

Considerat ions

As is demonstrated in Table 5 on page 23,  the methodology
adopted in this report  includes cost  and benef i t  components
t h a t  a c c r u e  t o  t h e  u t i l i t y .  T h e  c o m b i n a t i o n  o f  t h e s e
components,  represented in green in Table 5,  equate to the
so l a r -spec i f i c  avo i ded  cos t  t o  W A. As descr i bed be low
addi t i ona l  benef i t s  or  costs  may be app l i ed as par t  o f  t he
later program design phase or as future placeholder topics
The  p r i m ary  f ocus  o f  t h i s  e f f o r t  w as  t o  se l ec t  t he  D G - I V
methodology components,  but  also develop a f i rm analyt ical
basis for calculat ing each component (green components)

i  I nc l uded  i n

DG-IV  Methodo logy

Illustrativeonly
not indicative of representotive

values within each topic

Fig. 1: DG-/V Categories (i l lust rat ive)

Within each of  these categories the indiv idual  components
may de l i ver  a  net  benef i t  o r  cost .  Th is  versat i l e  approach
estab l i shes  a  robust  f oundat i on  t ha t  can  be  bu i l t  upon t o
a d a p t  t o  c h a n g i n g  c o n d i t i o n s .  I n  t h e  e n d ,  t h e  D G - I V
met hodo logy  es t ab l i shes  a  represent a t i ve  se t  o f  bu i l d i ng
blocks used to evaluate and quantify various DG resources

Initial Focus: Small-Scale Solar
Due to the increasing populari ty and growing awareness of solar photovoltaic (PV) energy, solar PV was
selected as the most representative DG resource type to evaluate. Concepts uti l ized in exist ing "Value of
Solar" processes were leveraged to ident i fy value st ream components that  are di rect ly appl icable and
representat ive of the Tennessee Val ley region. A maximum solar PV system size of 50 kW was selected
for use wi th this DG-IV methodology to al ign wi th WA's current  solar PV deployment  act iv i t ies at  the
residential and small commercial scales

EXHIBIT

DG-IV Document - October 2015
8488 91



• Accessibility to the information
• Data,assumptions,calculations

• Clea rand well defined
Information provided in a timely manner
with sufficient time for engagement

•

•

•

Views all stakeholders on an equal
footing
Compromise in process
Inventory and considerallvariables

I

•

•

Broadlyapplicable tomultiple forms of
distributed resources
Continuous learning process
Evolving in a positiveway over time

•

•

•

Continues to work in a changing
technology and business environment
Ensures implementationto a
widespread, robust set of markets
Providespotential for differentiation so it
works for a wide array of customers,
locations, and environments

Distributed Generation - Integrated Value(DG-IV)
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DG-IV Group Participation & Meetings
To develop the DG-IV methodology, WA assembled a diverse cross-section of regional participants from
the Tennessee Valley region. Local power companies (LpCs) served by WA, the Tennessee Valley Public
Power Association (WPPA), various environmentally-focused non-governmental entities, solar industry
representatives, academia, state governments, and national research institutions were represented. To
provide objective and independent third-party facilitation and subject matter expertise, WA contracted
the Solar Electric Power Association (SEPA). Additionally, the Electric Power Research Institute (EPRI)
took the lead role in analyzing distribution system impacts and losses. This analysis directly aligns with
EPRI's innovative 'Integrated Grid' Initiative (www.epri.com/integratedgrid). EPRI's technical rigor not
only provides insight into the DG-IV process, but helps provide understanding within the broader
context of DG integration

Transparency

Fairness

Adaptability

Involvement of external participants in
the DG-IV process officially began on
April 23, 2014. As part of the initial
meeting, guiding principles were
developed based on group collaboration
and agreement on the overall intent
and process (shown in Figure 2). These
principles encompass the four core
values of transparency, fairness
adaptability, and versatility. These
principles are shown at the beginning of
every meeting to ensure conversation is
grounded upon a unified platform of
collaborative consensus building
Subsequent meetings are detailed in
Table 1 (located on following page) Versatility

Fig. 2: DG-IV Process Principles
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Webinar# 1 EPRI Distribution impact overview and discussionMay 15, 2014
June 5-6, 2014Meeting # 2 Initial deep dive: DG-IV components and calculations

July 9, 2014 Follow-up: DG-IV components and calculationsMeeting # 3
Aug 27-28, 2014 Initial calculation methodology, inputs, and draft resultsMeeting # 4

Webinar# 2 Oct 31, 2014 Draft report review summary and EPRI distribution update

Finalize DG-IV MethodologyDec 3, 2014Meeting # 5
Share Final Draft DG-IV ReportMeeting#6 July 2, 2015

April 23, 2014Meeting# 1 DG-IV group kick-off meeting

4

4

Future Application & Considerations
The DG-IV methodology will serve as an effective input, along with other factors, to inform future WA
renewable energy decisions. Additionally, WA's 2015 IP study is expected to provide valuable insight
regarding the future direction and associated volumes of various generation resource options. More
specifically, the IP will help inform WA how solar PV resources compete with other generation sources
across multiple future strategies and scenarios. Although the DG-IV methodology and the 2015 IP will
help prov ide important overall guidance, these inputs wil l  not dictate specif ic renewable
implementation details, such as annual capacity targets or renewable pricing structures. Ultimately, final
program offering decisions consider various interrelated factors beyond the considerations of both the
DG-IV and IP processes.

Other practical considerations should also be weighed when attempting to broadly apply the results of
this study in assigning a "value" to DG resources. These considerations include the uncertain nature of
legislative and regulatory environments, the lack of a regulatory basis or industry consensus on selecting
appropriate DG valuation components, and the many unknowns or unintended consequences that can
arise when DG assets are added to a distribution system that did not originally envision two-way power
flow. The issuance of this report is an important first step towards realizing a DG-IV methodology for the
Tennessee Valley region, but caution should be taken in its application until more data is acquired and
analyzed and greater regulatory and cost certainty becomes available.

During the development of the methodology for assigning a value to distributed resources, WA and
individuals on the stakeholder group identified a number of policy issues that are outside of the context
of this work. While the components of the value have been explored and initial results determined, we
have not attempted to account for system or marketing decisions that WA and the LPC's would engage
in that could increase the price offered for solar. For example, we might put an incentive on the value
for location or for providing ancillary services; or WA might decide that stimulating the market is the
right thing to do and add an incentive to make it easier for the market to transact.

Reducing the uncertainty around the price signal for distributed solar depends on the policies that WA
decides it should include as part of the pricing scheme, but this policy framework builds on the value
methodology rather than changes it. Some of the policy issues that will be considered as part of the
implementation include how to set a framework for identifying and assessing broader environmental

DG-IV Document - October 2015
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Table 1: DG-/V Group Meetings
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Grouping of DG-IV Components
As previously shown in Figure 1 (located on page 1),  DG-IV components were divided into three dist inct
categories: 1) value streams included in the DG-IV methodology, 2) program design considerat ions, and
3) placeholder topics.  The grouping of  these components into these three categories was based on the
prel iminary scoring by the DG-IV group.  Components that  received st rong consensus under cri teria A

The DG-IV group also provided input  regarding other value st reams components not  included in th is
ini t ial  grouping.  These addi t ional  components were individual ly discussed and evaluated by the DG-IV
group and were ei ther merged or dropped via group consensus.

Prel iminary DG-IV value st reams were ini t ia l ly developed based upon previously completed "Value of
Solar" studies f rom other jurisdict ions (e.g. ,  Aust in Energy,  Minnesota).  The value stream components
developed and how they were independent ly evaluated by the DG-IV group is shown in Figure 3.  Seven
value st reams achieved agreement  rates of  94% or greater.  Envi ronmental  impact  had an agreement
percentage o f  a lmost  70% w i th  t he  remain ing  30% be ing sp l i t  be tween cr i t e r i a  B  (App l i cab le ,  no t
current ly quant i f iable,  placeholder for future considerat ion) and cri teria c (Appl icable,  belongs in publ ic
pol icy discussions rather than analyt ic framework).

impact/benefi t ,  recognizing the anci l lary services value, identi fying economic development benefi ts,  and
quantifying system security enhancements and disaster recovery capabil i t ies.

DG-IV VALUE STREAM COMPONENTS

Preliminary Component Identification

D G - '

Distributed Generation - Integrated Value (DG-l\l) I
A METll0DoloGy TO VAWE DG 011 THE GRID
OCTOBER, 2015

Soeument  -  October 2 0 1 5

Fig. 3: Preliminary Scoring by DG-/V Group
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(Applicable, currently quantifiable, belongs in this analytic framework) were put into the first category
(DG-IV methodology). Other components were divided into the other two categories. Table 3 identifies
the specific components that are included within each of these categories and provides a brief
description of each component. The primary purpose of the DG-IV process is to solidify the first category
(methodology), since the core focus of this work is to develop a versatile and repeatable DG valuation
method. The other categories are relevant as they provide a basis for potential consideration either
within program design or as future DG-IV methodology components.
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Program
Design

Considerations

Local Power Company
(LPC) Costs & Benefits

Associated costs of implementing renewable energy programs (e.g.,
administrative, operational, engineering), and potential LPC-specific
distribution system benefits

Economic Development Regional job and economic growth caused by DG growth
Customer Satisfaction Enhanced customer value due to preference, optionality, or

flexibility
Local Differentiation Site-specific benefits and optimization (e.g., geographic location,

placement & optimization of distribution grid, load demand
reduction)

rsuszéraaiaér
Topics

'I
8§*€8;8g;;5§F3ti0n/

Ancillary Services

.A

The $ymba0¢i¢@81u¢IJ¢%3&'g§i3?¢s6af¢¢§and high levels of
penetration, and cost of integration of non-dispatchable resources
further study and data required

Additional
Environmental
Considerations

Additional environmental factors that are not specifically addressed
as part of the environmental compliance or market values

Security Enhancement Increased system resiliency to reduce power outages and rolling
blackouts due to presence of DG

Disaster Recovery The ability and pace of DG assets to assist with system restoration
after significant damages caused by natural disasters

I  ITec logyInnovation 0 0 o
° I |I

1
n ¢ _ -  II -  nlm tent in DGgy-

9
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Table 3: Categorization of DG-IV Components
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DG-IV CALCULATIONS

Comparing Solar PV to Traditional Generation Resources
I t  is important  to consider appl icable di f ferences between solar PV and t radi t ional  energy resources
These di f ferences include both benef i ts and chal lenges that  not  only requi re ident i f i cat ion,  but  a lso
analyt ical interpretat ion into quant i f iable values

Some of  the pr imary benef i t s  associated w i th  so lar  energy compared to  convent ional  power p lants
include:  scalabi l i ty and locat ional  versat i l i ty,  el iminat ion of  fuel  costs,  and emissions-f ree generat ion
Scalabi l i t y  and locat ional  versat i l i t y  are addressed at  some level  w i th  regards to  t ransmiss ion and
distribution impacts and losses. Capacity sizing and locational-specif ic siring of solar PV facil i t ies to more
ef fect ively accommodate the needs of  the dist r ibut ion system may also be addressed via renewable
program design or other ut i l i t y  implementat ion st rategies.  El iminat ion of  fuel  costs is addressed via
avoided energy ca lcu la t ions,  which inc ludes considerat ion of  fue l  pr i ce hedging capabi l i t y  and the
associated avoidance of  volat i l i ty risk of  natural  gas prices.  Last ly,  emissions-free generat ion provides
various environmental benef i ts,  but has i ts own environmental impacts

These benef i ts are real ized over the l i fe of  the solar PV system, which typical ly exceeds 25 years.* The
meri t  of  considering a 25 year l i fe was discussed by the group, however this would exceed WA's typical
contractual  terms for generat ion.  WA's contract  terms for power purchase agreements are typical ly for
20 years or less because this provides a reasonable balance between W A ' s power supply planning and
financial planning risk tolerance and 3rd party market attract iveness

Some of  the primary chal lenges associated wi th solar energy include:  intermit tent  generat ion,  inabi l i ty
t o  d i spa t ch ,  and  an  i nab i l i t y  t o  con t ro l  when  genera t i on  i s  p roduced  (a . k . a .  "mus t  t ake"  energy)
Intermit tent generat ion, or energy that is not cont inuously avai lable,  is primari ly an operat ional concern
that  depends on real-t ime generat ion prof i les.  To address these concerns f rom a system-wide port fol io
perspect ive,  solar energy prof i les are compared against  h istor ic  WA load prof i les to determine how
much o f  t he  capac i t y  can be deemed as being "net -dependable capaci ty" ,  or NDC.  The NDC value
indicates how much capaci ty  i s  counted towards of fset t ing WA's peak demand requi rements,  which
current ly occur in the summer months.  As part  of  the 2015 Integrated Resource Plan (IP) process,  the
summer NDC value was determined to be 50% for f ixed-axis solar PV (see the Technical  Appendix for
more deta i l s) .  The NDC value i s  re levant  to  the port fo l io  analys is  process,  s ince WA is  current l y  a
summer peaking ut i l i ty.  I f  WA's system t ransi t ioned to primari ly winter peaking,  the value would l ikely
be at  or near zero since our system peak in the winter is during the 7:00 am hour Eastern Time.  The
inabi l i ty to dispatch solar energy also changes operat ional expectat ions, specif ical ly with regard to how
and where other generat ion resources are dispatched. This concern is somewhat addressed via the NDC
correct ion, but future work is needed to best understand possible operat ional impacts

Solar panels typically have a 25-year warranty. National Renewable Energy Laboratory.Solar Ready Buildings
Planning Guide.December 2009. Found at: http://www.nrel.gov/docs/fylOosti/46078.pdf

D G - I V  D o c u m e n t  -  O c t o b e r 2 0 1 5 7]Page



Distributed Generation - integrated Value (DG-|v)
A METlloDol.0Gy TO VALUE DG on THE GRID
OCTOBER, 2015

Solar PV along with other "must take" energy sources, such as wind, provides less system operations
flexibility when compared to traditional dispatchable resources. Solar PV generation is a function of
solar irradiance which is considered a variable fuel source. Therefore, to meet the needs of continuous
energy loads on the utility grid, traditional sources such as natural gas must be dispatched to fill in any
"gaps" in solar energy generation profiles. During clear sky conditions, solar generation profiles are fairly
manageable, however during irregular cloud pattern conditions, dynamic solar capacity ramping events
can occur repeatedly. This generation volatility and reliability risk is greater for large utility-scale solar PV
projects but still exists for distributed solar generation. However, this risk is somewhat mitigated under
the scope of this methodology, which targets small-scale solar deployment that is more evenly
distributed across the distribution network. Traditional resources are still needed to back-up variable
generation conditions associated with solar PV generation when the sun is not shining or during
nighttime hours. The cost of this "backup generation" is included in the methodology and is addressed
through a combined analysis of generation deferral and avoided energy that recognizes both the solar
energy profile and the contribution of solar resources at the time of the system peak. While some think
this backup generation should cost more than we have computed in this methodology, others believe it
is not necessary.

DG-IV Calculation Method
After selecting the components to be included in the DG-IV methodology, calculation approaches and
associated boundary conditions were identified to derive individual component values

ReséW
Margin System

Supply

system
Loads

Constraints
or Targets

Environmental
Parameters

Commodity
Prices

Generation Deferral (Capital Q Fixed O&M)
Capital deferral relates to the deferral of new generation capacity, typically from a natural gas
combus t ion  tu rb ine  o r  combined
cycle asset. This deferral results in
both capital and fixed operations and
maintenance (O&M) savings. Capital
a n d  f i x e d  O & M  c o s t s  c a n  v a r y
substantially based on the type of
asset deferred and the timing of the
deferral. As part of WA's resource
planning process, capacity expansion
and  p r oduc t ion  cos t  mode ls  a r e
utilized as strategic tools in making
future generation assets decisions.
The overarching goal of both of these
m o d e l s  i s  t o  m i n i m i z e  t h e  n e t
present value of WA's total system
cost. A visual reference of how these
models interact is shown in Figure 4.

Capacity
Expansion

Model

Optimized
Capacity

Production

Model

Capital and
Fixed O&M
Costs

Generation
Costs

Total Plan

Fig. 4: Resource Planning Modeling Process
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2 Number used for modeling purposes, not indicative of program targets.

Avoided Enerqv (Fuel, Variable O&M, Start-up)
Avoided energy values are derived from the system~wide analysis approach mentioned previously.
Similar to capacity deferral, when
new generation is deferred there
are associated savings from the
following components: fuel,
variable operations and
maintenance, and start-up costs
for the total generation fleet. The
model is currently limited to an
hourly time step so there may be
intra-hour impacts not captured
at in this analysis. Unlike firm

Regarding solar PV capacity, 1,000 MW (net dependable capacity value) are applied toward meeting
WA's resource adequacy requirements, including its 15% reserve margin target. The ten-year average
capital and fixed O&M costs that would be avoided by 1,000 MW AC of solar are shown in Figure 5. The
increases over the second ten year period are a result of customer energy growth which create the need
for additional summer capacity. Solar additions help offset expected spending on assets that provide
system capacity. In this particular analysis reference case, the calculated levelized value for the
generation deferral value is 1.53 cents/kWh.

Total plan costs are first examined according to WA's existing base case scenario. Then, 2,000 MW 2 of
solar PV (AC-rated) was added to
WA's generation res.ources in the first
year of the evaluation period (2015) at _$50
no cost. This capacity value was
selected to represent a significant
amount of solar PV adoption that -5150
would have a material impact on the
modeling results (the capacity -$200
expansion plan). The differential in
cost between the base case and solar
PV scenario provides an indication of
the value of  solar PV on the WA
system. This system-wide analysis
method, which is applied over a 20-year term (2015-2034), is an effective means of determining a value
that is specific to WA's capacity and generation additions forecast. The system analysis approach is not
only effective in determining generation deferral, but also avoided energy and a system environmental
value.
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capacity requirements associated with capacity deferral (discussed above), 100% of the solar PV energy
profile is applied towards the avoided energy value. As seen in Figure 6, fuel costs account for most of
the total avoided energy value. As commodity fuel costs increase over time, the avoided energy value
related to fuel also increases. Fuel, variable O&M (VOM), and start-up costs can vary substantially
based on the type of asset deferred and the timing of the deferral. For example, because more coal
generation is avoided in the first ten years, VOM savings are higher than the second ten year period
when more natural gas generation is avoided. For this particular analysis reference case, the calculated
levelized value for the avoided energy value is 4.58 cents/kwh.

As part of this analysis, fuel volatility and associated fuel price risk were also explored. WA's internal
analysis, which simulates generation costs via different scenarios, found that solar PV additions can yield
slightly greater avoided costs during high summer load conditions with high marginal fuel prices.
Conversely, solar PV additions can also result in slightly less avoided costs in situations with low loads
and low marginal fuel prices. WA determined that these upside and downside conditions tend to offset
each other as part of a balanced base case planning scenario and generally apply to any fixed-price
generation or hedge. A DG-IV participant conducted a separate analysis by examining the change in fuel
savings from solar (which has zero fuel cost) under periods of natural gas price run-ups and decreases
compared to the base price forecast. The effect using New York Mercantile Exchange (NYMEX) contract
options as well as simulations of generation cost found that when using a two-tailed probability
distribution, the volatility value was either entirely dependent on forecasts of NYMEX market options or
cancelled out over time. As a result, no material fuel volatility value was included in the methodology at
this time.

Environmental
Of all the categories discussed, the environmental category garnered the most discussion. After much
deliberation and discussion by the DG-IV group, the group decided to divide the environmental
component into three distinct sections (Figure 7):

Additional
Considerations
(P/aeeholderTopics)

1) Environmental Compliance Value - addresses regulatory
compliance components that are incorporated as part of
WA's system portfolio analysisMarket Value

Compliance Value 2) Environmental Market Value - the individual market value
a DG resource adds to the valuation methodology in addition
to regulatory compliance value (e.g., renewable energy
credits)

Illustrative only -
Not indicative al replesen native

valueswithineach topic

Fig. 7: Environmental Sections

{illustrative)

3) Additional Environmental Considerations _ Additional
environmental factors that are not specifically addressed as
part of the environmental compliance or market values

3 Start-up costs capture the number of times units are cycled

-IV Document - October 2015 I0IPage
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4 Based on assumption developed collaboratively in TVA's IP process and used here for consistency

Carbon accounting associated with the indirect CON emissions is inextricably linked within the solar REC
(SREC) and cannot be separated. Unlike solar PV, landfill gas assets have an additional carbon offset
value, in addition to the REC itself, and these commodities can be treated separately and therefore

The environmental market value refers to the individual value a DG resource adds to the valuation
methodology, which is not expressly captured as part of the system portfolio analysis. Renewable
energy is unique due to the fact that a market mechanism exists to help stimulate its ongoing
development. To address this additional market value, renewable energy credits (REC) and carbon
markets were considered to identify an appropriate market opportunity value. A REC is defined as a
tradable, non-tangible energy commodity that represent evidence that 1 megawatt-hour (Mwh) of
electricity was generated from an eligible renewable energy resource.

Environmental Market Value

Environmental Compliance Value
The environmental compliance value is consistent with the system-wide analysis method utilized in
calculating generation deferral and avoided energy. WA's production cost model is leveraged to
calculate the impacts of known environmental regulations whose compliance costs can be discretely
itemized. Some compliance-related costs are already inherently captured in the model based on both
historical and forward-looking asset decisions. These compliance values address topics such as coal ash
management, cooling water, mercury, air pollution, and water discharges and are embedded
calculations which are difficult to disaggregate and independently value. Environmental regulatory
programs limit or restrict outputs from fossil generation that depend in large part on the actual use of
fossil assets. Carbon dioxide emissions provide a good surrogate for fossil system generation. For these
reasons, the environmental compliance value is based upon the carbon intensity of the generation
assets deferred. WA assumes a CON compliance cost curve in terms of dollars per ton of CON equivalent
beginning in 20224. The actual value is based on the carbon intensity of the avoided fuel combustion,
which depends on the type of fuel and efficiency of the generating unit.

For example, coal deferrals result in a greater environmental compliance value than gas deferrals due to
higher carbon content of coal than natural gas per electricity generated. As future environmental
legislation or regulations develop, the environmental compliance value will also adjust to reflect these
changes. The calculated levelized value for the environmental compliance value is 0.22 cents/kWh.

The DG-IV group reached unanimous consensus on the inclusion of the first two topics within the DG-IV
methodology (shown in green). Consensus was not reached by the group on the third topic (shown in
orange). However, group participants did decide that it was important to document the various opinions
associated with the third topic. As potential regulations and future markets evolve, individual items
captured within the 'additional environmental considerations' topic could become avoided costs to the
utility, and thus transition into either the environmental compliance or market value as deemed
appropriate.

Distributed Generation - Integrated Value (DG-l\l)
A ME'l'll0DOLOGY TO VALUE DG DH THE GRID
OCTOBER, 2015
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Carbon Impacts
Carbon impacts in addition to WA's CON cost proxy cost curve were discussed by the DG-IV group with a
diverse set of opinions on whether monetization of additional carbon impacts should be included or not.
The federal social cost of carbon (SCC) was introduced by some of the participants as an estimate of the
monetized damages associated with an incremental increase in carbon emissions in a given year. It is
intended to include (but is not limited to) changes in net agricultural productivity, human health,
property damages from increased flood risk, and the value of ecosystem services due to climate change.
Although SCC was the primary area of consideration under 'Carbon Impacts', various opinions on this
topic existed among participants.

5 Based on independent TVA conversations with various REC brokers or traders
6 Based on independent TVA conversations with various REC brokers or traders

These considerations encompass additional environmental factors that are not specifically addressed as
part of the environmental compliance or market values. within this topic, three distinct items were
discussed: carbon impacts, common air pollutant impacts and water impacts.

Additional Environmental Considerations

For these reasons, WA has applied a $1/MWh REC value for this component with a 1.9% escalation that
is consistent with WA's IP process. This value is carried from the first year in this analysis through the
year before carbon compliance is applied (2015-2021). After 2021 it is assumed that the REC would need
to be retired to meet compliance obligations. The calculated levelized value for the environmental
market value is 0.11 cents/kWh. This valuation is based upon current, voluntary REC market data, and
similar to other DG-lV methodology values, will require periodic updating.

SREC prices can vary dramatically within various compliance markets and in comparison to other
renewable resource types. In voluntary markets, REC prices vary, but with much less price
differentiation between resource types. Based on current and near-term REC quotes, national voluntary
SREC markets are trading between $3-$5/MWh per REC, while National voluntary RECs (any resource
type) are closer to $1/MWh. The primary differences between these two markets are trading volume
and liquidity. Currently, national voluntary SREC markets are trading at fairly low volume levels.
According to REC market analysts, trading of only 140 MW AC solar PV ("'7% of the value explored in
this methodology) could create imbalances to the national voluntary SREC market. Additionally, trading
would need to occur as several discrete transactions between 1 to 10 MW AC in scale. In contrast, the
National voluntary "any REC" markets can handle well in excess of the solar PV capacity explored in this
methodology.

monetized independently. To determine an environmental market value for solar pp, only one voluntary
market can be utilized to assign a market opportunity value. Voluntary carbon markets currently exist
but have limited market maturity. REC markets are more established and vary based upon the applicable
market (compliance or voluntary) and resource type (e.g., solar REC or wind REC). Since a large majority
of WA's service territory is free of Renewable Portfolio Standards (RPS) compliance obligations (North
Carolina being the exception), the voluntary REC market was selected as a representative proxy.
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7 Interagency Working Group on Social Cost of Carbon (2010) and (2013); Greenstone, Kopits and Wolverton
(2011). Pindyck, R. S. (2013), Climate Change Policy: What do the models tell us? (No. w19244). National Bureau
of Economic Research, Nordhaus, William D. 2011 "Estimates of the Social Cost of Carbon: Background and
Results from the RICE-2011 Model." National Bureau of Economic Research Working Paper 17540.
8 Southern Environmental Law Center, Southern Alliance for Clean Energy and TenneSEIA (2014). The Cost of
Carbon to the Tennessee Valley.
9 Ed Regan, P.E., Strategic Utility Management LLC (2014). Social Cost of Carbon Methodology.
Original methodology submitted to the Tennessee Valley Authority Distributed Generation-Integrated Value
Stakeholder Group.
10 Electric Power Research Institute (2014). Understanding the Social Cost of Carbon: A Technical Assessment,
Executive Summary. EPRI, Palo Alto, CA. Report number 3002004699.
11 Muller, N. Z., & Mendelssohn, R. (2007). Measuring the damages of air pollution in the United States. Journal of
Environmental Economics and Management,54(1 ), 1- 14.

Those in favor of valuing 'Common Pollutant Impacts' within the DG-IV process utilized an Air Pollution
Emission Experiments and Policy (App)" model to conduct preliminary analysis. Using that model, and

Common Pollutant Impacts
WA complies with regulations governing the emissions of EPA's criteria pollutants, which is
incorporated as part of the system portfolio analysis described in the 'Environmental Compliance Value'.
However, some participants in the DG-IV group believe that additional health effects and moneta
damages associated with public exposure to common air pollutants should also be considered. These
considerations are primarily driven by asserted adverse effects on human health, but also include some
other values such as reduced yields of agricultural crops and timber and damages due to lost
recreational services.

Those opposed to inclusion of SCC within the DG-IV methodology were primarily concerned with the
uncertainty of the SCC values, application of SCC within the DG-IV process, the analytical rigor of the SCC
modeling process, and inappropriate application of the SCC to a specific sector (electric power) and
localized vs. global allocation. The primary document referenced to justify these concerns, was the
Executive Summary of 'Understanding the Social Cost of Carbon: A Technical Assessment' produced by
EPRI in October 201410.

The determined carbon cost, over the analysis term period of 20 years, is approximately 2.42 cents per
kph. This value was calculated according to WA's annual carbon intensity (provided by WA) and the
value associated with the generation avoided by 2,000 MW of solar PV at a 3 percent average discount
rate. The sec was scaled at a 2 percent increase per year over the modeling horizon (2015_2033).9

DG-IV Document - Uctober 2015

In 2009, the Obama Administration's Council of Economic Advisers and the Office of Management and
Budget initiated an Interagency Working Group on the SCC. The Interagency Working Group determined
a range of SCC values based on three pre-existing, integrated assessment models. Those in favor of the
SCC pointed to a significant body of research, the bulk of which suggests that the federal SCC is
conservative and likely underestimates the economic impact of climate change7,8.
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12 The analysis using the APP model was led by Caroline Burnard Golin, of The Greenlink Group and Georgia
Institute of Technology. It builds off other studies which utilized APP, such as: "Evaluating the Risks of Alterative
Energy Policies: A Case Study of Industrial Energy Efficiency" (Brown, Baer, Cox and Kim (2014), Energy
Efficiency Journal).
13 Caroline Golin, The Greenlink Group (2014), Additional Explanation of Methodologies Underlying Additional
Environmental Considerations Section, submitted by the Southern Environmental Law Center

Determination on Additional Environmental Considerations
Regarding the inclusion of these additional environmental considerations within the DG-IV
methodology, the individual in the DG-IV group did not agree on the inclusion of SCC within the DG-IV
methodology, which reflects a broader lack of consensus on a national level. The SCC will be addressed
only after industry regulation or strong national consensus provides a consistent basis for its
consideration and inclusion. If the SCC becomes part of national regulation, the DG-IV methodology
would incorporate it into the 'Environmental Compliance Value' discussed previously. Similarly, no
consensus was reached on including common air pollutants and it was not included in the methodology
at this time. Finally, as WA operates as an integrated system, any additional value associated with
water impacts is already included in its system optimization.

Water Impacts
Water impacts associated with water consumption due to electrical energy generation were additionally
explored. Multiple approaches to investigate water impacts were discussed, such as competing
economic uses, reliable drinking supply and ecosystem stability. A group of DG-IV participants proposed
to assess the value that distributed solar provides as a but"fer from the marginal or system impacts of
decreased thermoelectric generation in times of drought or heat waves. Using the method proposed by
the these participants, from 2003 to 2012, thermal aerates at WA Fossil and Nuclear plants cost an
average of S0.06/Mwh due to the cost of replacement power. 12

Other DG-IV participants cited WA's policy on integrated river management. WA's policy on operating
an integrated river management system optimizes flow requirements to enhance flood risk reduction,
navigation and power generation and, consistent with these purposes, recreation, protecting water
quality and aquatic resources, and providing water for municipal and industrial use.

A group of DG-IV participants opposed the inclusion of this additional value relating to common air
pollutants, cited that WA is in compliance with regulations governing the emissions of EPA's criteria
pollutants, which is incorporated as part of the system portfolio analysis described in the 'Environmental
Compliance Value'. In addition, WA has spent over $5.6 billion from 1977-2013 to reduce these
emissions.

given WA's current profile, results of an analysis" conducted by a third party retained by the
stakeholder group" estimated the societal cost associated with common pollutants of SON, VOCs, NOx,
PM2.5, PM10 and NH3 to be $35.76/MWh.
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Transmission System Impact & Losses

W A be l i eves  t ha t  cons ider i ng  b road  perspec t i ves  on  i ssues  such  as  env i ronment a l  impact  added
signif icantly to the DG-IV process. While consensus could not be reached, al l  part icipants found value in
the conversat ions and unanimously supported the inclusion of  al l  points of  view wi thin this document .
WA encourages al l  interested part ies to see Appendix A for a l i s t  of  addi t ional  references that  were
provided by the DG~IV group around these issues.

OCTOBER, 2015
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Fig. 8: Average Transmission Loss Savings

Load growth and forecast  t ransmission spending requirements were studied,  along with peak t iming,  to
determine i f  a transmission deferral associated with solar PV deployment was appropriate. Timing of the
transmission spend is cri t ical  to the value calculat ion.  WA explored three di f ferent  t ransmission impact
case studies that f ramed the posi t ive,  neutral ,  and negat ive impacts to the WA transmission system. In
this init ial  analysis, several factors were found to be key contributors in impacting potential transmission
investment: locat ion (matching sites with solar PV and transmission benefi t),  winter vs. summer peaking
locat ion,  forecast  load growth,  and the generat ion geographic footprint .  A t ransmission impact  value
can be derived f rom considering peak coincidence factors,  load growth,  NDC, solar PV energy prof i les,
and avo ided capaci t y  costs .  The pos i t i ve t ransmiss ion impact  scenar io  was se lected based on the
assumpt ion  t ha t  so la r  PV pro jec t s  be ing  approved by  WA wou ld  be  done so  i n  a  manner  t ha t  was
increasingly favorable towards enhancing the exist ing grid infrastructure.

Another transmission impact calculat ion method was proposed by a DG-IV part icipant and was analyzed
by WA. This proposal  focuses on WA's point-to-point  t ransmission service rate along wi th peak factors
for each month. This transmission service rate is comparable to savings result ing from reducing monthly
peak demand by instal l ing solar PV generat ion. This proposed approach produced very similar values as
the ini t ial  calculat ion,  but  ut i l ized a more simpl i f ied calculat ion method and was therefore adopted by
the DG-IV group. The calculated levelized value for the transmission impact value is 0.43 cents/kWh.

As part  of  the t ransmission loss analysis,  al l  of  WA's t ransmission buses (arrays of  swi tches used to
route power in a substat ion) were invest igated on an individual  basis.  Load f low model ing analysis was
appl ied to roughly 1,300 transmission substat ion buses to invest igate the effects of  solar PV on various
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load pockets across the WA transmission system. To remain consistent with the 2,000 MW of AC solar
PV analyzed in other parts of the DG-IV methodology, equal distribution of the solar PV was applied
across the substation buses resulting in roughly 1-2 MW AC of solar PV per substation bus. This became
the basis for the selection of a 1 MW AC PV system for both the transmission impact and loss analysis

Transmission losses can be analyzed in several different forms. Some of the primary methods are to
utilize actual observed losses, apply an average loss value, or develop a marginal loss value based on
modeling. Marginal losses are the difference between losses with and without PV resources and
typically account for peak and off-peak conditions. Although transmission loss impacts can be positive
or negative and are location specific, an average marginal loss savings value per unit of solar PV
capacity was utilized. Lower generation levels are typically absorbed by nearby loads. Higher
generation levels can exceed the area loads and require the transmission system to carry the excess
generation to loads further away. Therefore, the value of average marginal loss savings tends to
diminish as solar PV aggregation is increased for a given location (Figure 8, page 15). As mentioned
previously, the 1 MW AC solar PV case was utilized to develop an average transmission loss value of

Distribution System Impact & Losses

One of WA's primary roles is to serve as a generation and transmission utility sewing the 59 directly
served industrial customers and 155 local power companies, who in turn serve the 9 million people

across the Tennessee Valley region. The public power
model we enjoy in the Valley supports both region-wide
planning and cost efficiency in generation and transmission
coupled with the local control and decision making in
distribution. As such, acquiring access to the individual
feeders of all 155 local power companies would be a very
challenging endeavor

REALIZINC THE FULL VALUE OF CENTRAL
AND DISTRIBUTED ENERGY RESOURCES

Within the scope of this initiative, WA analyzed selected
feeders across the region to gain further understanding and
to help validate the approach. Similar to the 'Environmental
Component', much deliberation and discussion was held by
the DG-IV group on this topic. Two system attributes were

analyzed - distribution impact and distribution net marginal losses. The distribution impact component
analyzes the effect of DG on distribution system capacity, voltage, and protection while the distribution
net marginal losses component analyzes increases or decreases in energy due to the DG

Fig. 9: EpRl's Integrated Grid Initiative

The distribution analysis leverages work from EPRI's "Integrated Grid" Initiative" (Figure 9), which
includes an impact evaluation of DG on local distribution systems. EPRI's method is unique in

Electric Power Research Institute (2015).The Integrated Grid: A Benefit-Cost Framework," EPRI, Palo Alto, CA
Report number 3002004878
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DG also has the potential to reduce distribution losses because the generation is provided closer to the
point of energy consumption by customers. For this effort, a marginal loss approach is being used.
Marginal losses are the difference between losses with and without PV resources and typically account
for peak and off-peak conditions. The extent to which DG can reduce distribution losses depends on the
location of the resource and the time for which the energy is provided to the grid. Since the electrical
resistance of a distribution conductor is directly proportional to the distance or length of the line, the
resistive losses can be reduced by siring generation sources closer to the customer load. The distance
from the customer load may vary depending on the coincidence of generation and local load levels.
Feeder losses are analyzed by performing an annual hourly simulation to capture the energy
performance of the feeders under varying DG penetration levels and deployment scenarios. The results
from the analysis include detailed loss results at increasing penetration levels for the selected feeders.

15 Electric Power Research Institute (2014). A new method for characterizing distribution system hosting capacity
for DER: A streamlined approach for PV," EPRI , Palo Alto, CA. Report number 3002003278.
is Electric Power Research Institute (EPRI) (2013). Distributed photovoltaic feeder analysis: Preliminary findings
from hosting capacity analysis of 18 distribution feeders," EPRI , Palo Alto, CA. Report number 3002001245.,
Electric Power Research Institute (2012). Stochastic Analysis to Determine Feeder Hosting Capacity for Distributed
Solar PV," EPRI, Palo Alto, CA. Report number 1026640.

To provide the complete analytical perspective of additional DG on a feeder, the hosting capacity is
increased through a series of mitigation options (distribution system upgrades) while at the same time
accounting for the costs and benefits the DG resource provides to the distribution system. To complete
this ground up approach, a benefit-cost analysis then converts all of the associated costs and benefits
into a representative monetary value range.

comparison to other industry distribution impact studies. EPRI accounts for the detailed characteristics
of each feeder and individual DG technology, unique operational response of the feeder to DG, and the
specific placement of DG within the distribution system. This is done through a streamlined approaches
without the need for a costly, time intensive feeder-by-feeder analysis. The analysis method is in-line
with current distribution system planning practices. Furthermore, EPRI is working with distribution
planning software companies to incorporate the approach in future software packages that will make
the analytic capabilities widely available across the utility industry.

The concept of feeder hosting capacity" forms the core of the distribution analysis process, focusing on
accommodating PV while maintaining established standards of reliability and power quality. Hosting
capacity is defined as the amount of DG a feeder can support under its existing topology, configuration,
and physical characteristics. When the hosting capacity is reached, any further additions will result in a
deterioration of service until remedial actions are taken. The amount of DG that can be accommodated
is unique to every feeder and can be correlated to a combination of feeder performance characteristics
(e.g., voltage, protection, power quality, construction/design, and loading) as well as the location of the
DG resource on the feeder.
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A METHUDULOGY TO vAw£ DG on THE GRID
OCTOBER, 2015

DG-IV Document - October 2015 ]7IPage

Ill



Distributed Generation - Integrated Value (DG-l\l) I
A MEII'll0DOLOGY TO VALUE DG 011 THF GRID
OCTOBER, 2015

To illustrate and validate the overall methodology, previous research" on a set of typical Tennessee
Valley distribution feeders was leveraged. From a starting point of sixteen feeders of varying length,
voltage class, and design, five were chosen for the detailed hosting capacity analysis. Upon completion
two of the five feeders were chosen to compute example results. In each of these steps, best efforts
were made to select feeders that would test the methodology and reveal a range of costs and benefits
for the distribution grid. A penetration level of 500 kW was chosen for performing the analytics on each
of the two feeders. This is the approximate penetration level that 2,000 MW AC of solar PV would
represent when scaled down from a WA system-wide perspective to a selected distribution feeder. This
approach was selected to remain consistent with the 2,000 MW of AC solar PV analyzed in other parts of
the DG-IV methodology. Table 4, on the following page, provides an overview of the distribution
analysis in this effort.

17 Electric Power Research Institute (EPRI) (2013). Distributed photovoltaic feeder analysis: Preliminary findings
from hosting capacity analysis of 18 distribution feeders," EPRI , Palo Alto, CA. Report number 3002001245.
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Voltage

Analysis of overvoltage deviation
and voltage regulation issues due
to PV along with mitigation options
and associated costs

One of the two feeders required
mitigation due to voltage issues. Several
options were determined to mitigate the
issue and the associated costs were
compared.

Protection

Analysis of protection coordination
issues due to changes in fault
current along with mitigation
options and associated costs

Neither feeder required mitigation due to
protection issues at or below MW of PV
generation

Losses

Reduction in distribution line and
transformer losses due to the PV
being located closer to the load

Loss reduction varied based upon the
feeder characteristics, ranging from 1.7%
to 3.8% at 0.5 MW of PV penetration

Energy
Consumption

Effect of customer-based PV on
delivery voltages that may increase
local energy consumption due to
higher delivery voltages.

Increased consumption ranged from 0.9%
to 1.4% at 0.5 MW of PV penetration.
This value is subtracted from the losses
calculation.

Distribution
Capacity

Net feeder demand reduction and
relief on capacity of existing
distribution infrastructure
(potentially deferring capacity
upgrades and equipment life)

Minimal capacity deferral was seen due
to lightly loaded feeder with abundant
available capacity for growth

Distributlun
Net

Marginal
Losses

Economic
Analysis

Net Financial
Impacts

Cost/Benefit analysis
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Table 4: EPR/ Distribution Component Analysis

Distribution
Impacts

The analysis results from the two example distribution feeders are as follows:

1. Distribut ion Impacts - For the two example feeders,  minimal system benef i ts were observed. Based
on this prel iminary analysis,  the calculated dist ribut ion impact  value ranged f rom o cents/kWh to a
cost  of  0.185 cents/kWh at  0.5 MW of  PV penetrat ion.  This was primari ly due to the fad that  wi th
c u r re n t  l o a d i n g  a n d  p l a n n e d  g ro w t h ,  b o t h  f e e d e rs  w i l l  n o t  b e  c a p a c i t y  c o n s t ra i n e d  f o r  t h e
foreseeable future and one feeder required mit igat ion to address vol tage issues due to the pp. This
f inding may be feeder specif ic,  the result  of LPC planning pract ices, or both. Rather than assign the
average value of  -0.09 cents/kWh for d ist r ibut ion impact ,  part i c ipants in DG-IV group agreed to
assign an init ial  value of 0 cents/kwh, pending further data analysis.

2. Distribution Net Marginal Losses - Distribution losses were reduced by the local PV generation.

However, local energy consumption actually increased due to higher local voltages from the PV
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3.

DG-IV Example Values
Table 5 (located on page 23) presents example values derived from the calculat ion methods described. A
few points of  clari f icat ion are necessary to ensure that  the DG-IV example value presented is clearly
understood.

The dist r ibut ion component  captured as part  of  the DG-IV methodology encompasses a general i zed
dist r ibut ion impact  value for the LPC communi ty and demonst rates how the value is  der ived on two
example feeders. Future research wil l  inform this analysis and the DG-IV methodology as i t  is expanded
to an ent i re  LPC d is t r ibut ion system.  As knowledge in  th i s  area develops,  there may be a need for
individual LPCs to ei ther add to or subtract f rom this general ized value. This type of value modif icat ion,
and potent ial ly others,  is best  addressed outside of  the DG-IV methodology.  For this reason,  an "LPC
Costs and Benef i ts" component  has been included under the program design considerat ions category.
This approach enables WA to establ ish an ini t ial  valuat ion method for dist ribut ion impacts and losses,
whi le at  the same t ime al lowing the f lexibi l i ty for LPCs to make representat ive adjustments based on
their individual distribut ion grid systems.

1.

Distributed Generation - Integrated Value (DG-IV)
A METHDDULUGY TO vAne DB onTHE GRID
OCTOBER, 2015

The example value only reflects the DG-IV methodology components. As stated previously and

expressed visual ly in Figure 1, the methodology components expressed are intended to represent

solid, quantif iable, and defensible analyt ics. Addit ional benefits or costs may be applied as part of a

program design considerat ions or as future placeholder topics. Ult imately, this categorizat ion

approach provides a robust methodology that is able to adapt to changing condit ions.

Some values required further analysis. As can be seen in Table 5, the distribution components have
been footnoted.  These footnotes express that  the current  data set  appl ied is not  adequately robust
to p inpoint  a representat i ve value.  The numerica l  va lues expressed are pre l im inary and requi re
further opt imizat ion and analysis.

The example value is intended to be representative not definitive. The primary purpose of the DG-
IV process is to determine a methodology that provides a f i rm foundat ion for DG valuat ion, whi le at
the same t ime enabl ing f l ex ib i l i t y  and adaptab i l i t y  to  respond to  fu ture change.  Therefore,  t he
example value presented should be viewed as a representat ive sampling, not as a def ini t ive number
that is indef ini tely representat ive of a solar PV value. Rather, the methodology i tself  is to be viewed
as a robust analyt ical foundation and basis for further investigation.

generation. The increased energy consumption is a consequence of distributed PV systems being

local generators, a resultant increase in local voltage, and higher energy consumption due to this

boosted voltage. The increased energy consumption was approximately one percent increase at 0.5

MW of PV penetration. This increase in energy consumption resulted in a decrease in the net

marginal distribution loss reduction for the two feeders studied. The example DG-IV methodology

value used for Distribution Net Marginal Losses is 1.6%, calculated at a 0.5 MWAC PV penetration

level. This represents an average value of the two feeders analyzed (0.8% to 2.4%).

D G - I V  D o c u m e n t  -  O c t o b e r 2 0 1 5
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4. The example value is presented as both an average and first year value. (Figure 10) The average

value represents the flat, or levelized value, as expressed over a twenty year period with the same

net present value as the annual values. The annual cost indicates how the value would change

annually and provides a representative first year value.
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Fig. 10: Average vs. Annual Cost

Using a levelized or fixed number presumes a value proposition over 20-years that is consistent with
the current perspective and key inputs. The value of distributed solar to WA is subject to
considerable uncertainty and will likely change over time. Any actual "fixing" of a value would shift
risk to WA.

Transmission and distribution losses impact most - but not all - components of the DG-IV.
Regarding the utilization of a loss value in the DG-IV methodology, both transmission and
distribution losses can be treated as independent components or as combined multipliers applied to
the other methodology components. WA has selected the latter approach as a representative
means to capture the value of losses across both the bulk and distribution grid network. The only
value not multiplied by loss savings is the environmental market value. This is done to reflect the
fact that this value is completely independent of typical system capacity and energy analysis and
functions as a standalone environmental component.
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Other Env. Considerations

Program Design Considerations

DG-IV Methodology

Retail Rate

Fig. 11 Retail Rate vs Value (illustrative)

6. The example value is less than the current retail rate (Figure 11). Based on the methodology
outlined, and using the component values discussed in this report, the calculated DG value for solar
PV small systems, which represents the solar-specific avoided cost to WA, is below the current
average retail rate in the WA service territory, and is less than the solar rate currently being offered
by WA (an incentive paid above the retail rate). However, the example value does not reflect any
program design considerations that could act as potential incentives for solar deployment in
addition to the DG-IV "price signal". The DG-IV price signal is a reasonable value on a system-wide
basis; the difference between the solar rate and the DG-IV price signal represents an opportunity to
explore additional incentives that are locational and/or driven by LPC benefit/cost considerations.
However, the chart is not intended to imply that incentives will definitely be added to the system
value to ensure the composite is equal to the existing solar rate. Now that value stream components
of solar have been identified, and a methodology for quantifying value streams is established,
appropriate incentives can be explored. These issues will be investigated in subsequent program
design efforts.
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1st Year Values . approximate value that is subject to change (from

base condition input ranges at a defined hint in time)

I. I l us ra IVy ur uses Onle are or

Carbon Impacts' 0-2.4
Based on the social cost of carbon and the projected carbon
intensity of the WA generation fleet.

Common Pollutant

Impacts'
0-3.5

Estimated societal cost associated with common pollutants of

son, voce, NOx, pM2.5, pMlo and NH3

Water Impacts' 0-0.01

The value that distributed solar provides as a buffer from the

marginal or system impacts of decreased thermoelectric

generation in times of drought or heat waves. Based on the

replacement cost of power related to thermal aerates (fossil and

nuclear).

9

Table 5:
DG-/V Calculation

and Example
Values
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DG-IV Example Value
20 Year Average Value" - approximate value that is subject to
change (from base condition input ranges at a defined point in
time)

a All values are levelized  over 2015-2034 at  an 8%  d iscount
r a t e
t i This value may be revised  to include integ rat ion costs ( if
app licab le)
c  Ad d i t ional explanat ion provid ed  in 'Dis t r ibut ion Impact  &
Losses'  sect ion of  this  document

a See F igure 10 for  fur ther explanat ion of  average vs.  1st
year  va lue
e Based on a 3%  escalat ion rate
'These values,  proposed  by s takeholders,  d id  not  gain
g roup consensus.  They are shown here for  informat ion
only and  are not  inc lud ed  in the example calculat ion.
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WA finds considerable value in undertaking the development of this methodology, and especially
appreciates the input, review, and insights of individuals on the DG-IV working group. They spent
significant time to help us develop a robust approach grounded in solid, quantifiable, and defensible
analytics that can serve as a robust basis for DG valuation. We value their involvement and expertise on
behalf of all our stakeholders. We look forward to continued meaningful engagement with our
stakeholders
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ABBREVIATIONS/ACRONYMS

AC
AP2
CF
coz
CPR
DC
DG
DG-IV
EPA
EPRI

GPP
I P
kW
k p h
LPCs
MW
MW h
NDC
NH3

NOx
NYMEX
O&M
PM 2.5
PM 10

PV
REC
RPS
SEPA

SCC
S02
SREC
W A
1VPPA

VOC
VOM

Alternating Current
Air Pollution Emission Experiments and Policy model

Capacity Factor
Carbon Dioxide
Clean Power Research
Direct Current
Distributed Generation
Distributed Generation - Integrated Value
Environmental Protection Agency

Electric Power Research Institute
Green Power Providers
Integrated Resource Plan
Kilowatts
Kilowatt-hour
Local Power Companies
Megawatts
Megawatt hour
Net Dependable Capacity
Ammonia

Nitrous Oxide
New York Mercantile Exchange
Operations & Maintenance
Particulate Matter (2.5 micrometers in diameter)
Particulate Matter (10 micrometers in diameter)

Photovoltaic
Renewable Energy Credit (or Certificate)
Renewable Portfolio Standards
Solar Electric Power Association
Social Cost of Carbon
Sulfur Dioxide
Solar Renewable Energy Credit
Tennessee Valley Authority
Tennessee Valley Public Power Association
Volatile Organic Compounds
Variable Operations & Maintenance

DG-W Document - October 2015 25IPage



>

Distributed Generation - Integrated Value (DG-Ii/)
A ME'l1l0DOl.0GY TO VALUE DG 011THE GRID

Appendix A References

American Public Power Association. Solar Photovoltaic Power: Assessing the Benefits & Costs.
http://publicpower.org/fiies/PDFs/74%20Solar-Photovotalic%20Power.pdf.

Caroline Burnard Golin, of The Greenlink Group and Georgia Institute of Technology. AP2
Model Analysis /built off other studies which utilized AP2, such as: "Evaluating the Risks of
Alternative Energy Policies: A Case Study of Industrial Energy Efficiency" (Brown, Baer, Cox and
Kim (2014); Energy Efficiency Journal).

3. Caroline Golin, The Greenlink Group (2014). Additional Explanation of Methodologies

Underlying Additional Environmental Considerations Section. Submitted by the Southern

Environmental Law Center to the Tennessee Valley Authority Distributed Generation .-

integrated Value Stakeholder Group. Available at

https://www.southernenvironment.org/uploads/words docs/Additional Explanation of Meth

odologies Underlying Environmental Considerations (1).PDF.

4. Caroline Golin, The Greenlink Group (2014). Recommendations for Environmental Value

Component for WA DG-IV Methodology. Submitted by the Southern Environmental Law Center

to the Tennessee Valley Authority Distributed Generation - Integrated Value Stakeholder Group.

Available at

www.southernenvironment.org/uploads/words docs/wA DGIV Environmental Value Compo

n_e.nt SELC.PDF.

Electric Power Research Institute (2014). A new method for characterizing distribution system
hosting capacity for DER: A streamlined approach for PV," EPRI , Palo Alto, CA. Report number
3002003278. (Abstract only)

6. Electric Power Research Institute (EPRI) (2013). Distributed photovoltaic feeder analysis:
Preliminary findings from hosting capacity analysis of 18 distribution feeders," EPRI , Palo Alto,
CA. Report number 3002001245. (Abstract only)

Electric Power Research Institute (2015). Distribution feeder hosting capacity: What matters
most in planning for DER ?" EPRI , Palo Alto, CA. Report number 3002004777.

Electric Power Research Institute (2012). Stochastic Analysis to Determine Feeder Hosting
Capacity for Distributed Solar PV," EPRI, Palo Alto, CA. Report number 1026640.

Electric Power Research Institute (2015).The Integrated Grid: A Benefit-Cost Framework," EPRI,
Palo Alto, CA. Report number 3002004878.

DG-IV Document - October 2015 26]Page

9.

8.

7.

5.

2.

1.

\mIn\ II l  l l



Q

DG-IV Document - October 2015

Distributed Generation - Integrated Value (DG-l\l) I
A lllETI'l0DOLOGY TO VALUE DG 011 THE GRID

19. Southern Environmental Law Center, Southern Alliance for Clean Energy & TenneSEIA (2014).

The Cost of Carbon to the Tennessee Valley. Submitted to the Tennessee Valley Authority

Distributed Generation - Integrated Value Stakeholder Group. Available at

www.southgnenvironmer1t.org/uploads/wp_rd§ docs/wA DgIv The Cost_ of Carbon to_Ten

lessee Valley SELC SACE TenneSEIA.PDF .

18. Solar Energy Industries Association (2014). Cutting Carbon Emissions Under §111(d): The case
for expanding solar energy in America. http://www.seia.org/research-resources/cutting-
carbon-emissions-under-111d-case-expanding-solar-energy-america.

17. Ed Regan, P.E., Strategic Utility Management LLC (2014). Social Cost of Carbon Methodology.
Original methodology submitted to the Tennessee Valley Authority Distributed Generation-
Integrated Value Stakeholder Group.

16. National Rural Electric Cooperative Association. Issue Paper Concerning Value of Solar Tarif'fs.
http://www.nreca.coop/.

15. National Renewable Energy Laboratory (November, 2013). Regulatory Considerations
Associated with the Expanded Adoption of Distributed Solar. Technical Report NREL/TP-6A20-
60613. http://www.nreI.gov/docs/fy14osti/60613.pdf.

14. National Renewable Energy Laboratory (September, 2014). Methods for Analyzing the Benefits
and Costs of Distributed Photovoltaic Generation to the U.S. Electric Utility System. Technical
Report NREL/TP-6A20-62447. http://www.nrel.gov/docs/fy14osti/62447.pdf .

13. National Renewable Energy Laboratory (May, 2014). A Survey of State-Level Cost and Benefit
Estimates of Renewable Portfolio Standards. Technical Report NREL/TP-6A20-61042.
http://www.nrel.gov/docs/fy14osti/61042.pdf.

12. Muller, n. z., & Mendelssohn, R. Measuring the damages of air pollution in the United States
(2007). Journal of EnvironmentaI Economics and Management,54(1), 1-14.
http://www.sciencedirect.com/science/article/pii/S0095069607000095.

10. Electric Power Research Institute (2014). Understanding the Social Cost of Carbon: A Technical
Assessment, Executive Summary. EPRI, Palo Alto, CA. Report number 3002004699.

11. Interagency Working Group on Social Cost of Carbon, United States Government (February,
2010). Technical Support Document: Social Cost of Carbon for Regulatory Impact Analysis Under
Executive Order 12866. http://www.epa.gov/oms/climate/regulations/scc-tsd.pdf .

27IPage



9

q

Distributed Generation - Integrated Value (DG-I\l)
AME'IIoDol.0£y TO vAnE DB on THE GRID
OCTOBER, 2015

Technical Appendix: Solar Modeling Assumptions
(extractedfiom the 2015 IP Report - Appendzbc B)

Solar resources are energy-limited and therefore dispatched in WA's resource planning model using an

hourly energy production profile to ensure that solar generation is not utilized by the model when the

sun is not available. Solar resources also are similar to the capacity-limited wind resources where the

availability of the unit at the time of the WA system peak is less than the full nameplate capacity. We

applied a 68 percent capacity credit for the utility tracking unit and a 50 percent capacity credit for the

fixed axis options.

Wind and solar resources have unique operating characteristics that are different from thermal and
other more traditional resources. To properly account for the contribution from these intermittent
resources, the energy contribution is represented using hourly energy profiles that are imported into the
model, and the seasonal capacity of these resources is represented by a computed Net Dependable
Capacity (NDC) value. The annual capacity factor of the hourly energy profiles are also computed to
ensure the total amount of energy is comparable to industry benchmark sources.

Solar resources are weather and location dependent. Modeling of solar options in resource planning

studies requires determination of solar shapes, capacity factors and NDC values. Solar data was provided

by members of a stakeholder group who commissioned Clean Power Research (CPR) to provide WA

with the solar energy profiles for 26 sites across the Tennessee Valley shown in the map below. CPR

provided SolarAnywhere° data for 15 plus years of consistent, validated, time-series irradiance
measurements that provided the historical basis for the NDC, capacity factors and hourly energy

patterns.
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Figure B-1: Sites across Tennessee Valley with historical solar irradiance data supplied by CPR

Solar Capacity Factors

Using the data supplied through CPR, WA determined that annual capacity factors are 20 percent for

the fixed axis and 23 percent for the single-axis tracking option. The monthly capacity factors vary as

shown in the following chart.
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The figure below shows the range of NDC values for solar fixed-axis systems computed using data

covering the period 1998-2013:

The NDC is applied to the nameplate capacity and is used by the expansion planning model to meet the

15 percent reserve margin requirement. It is calculated in a six-step process and repeated for annual,

summer and winter periods:

Planners must determine how much solar generation is likely at the system peak hour so that

appropriate credit can be given to this resources when computing the capacity/load balance to

determine if the required reserve margin has been met in a given year. That capacity credit value is

called the Net Dependable Capacity (nD).

Solar NDC values

Distributed Generation - Integrated Value (DG-I\l)
A MEII'llODOLOGY TO VALUE DE on THE GRID
OCTOBER, 2015

3. Find the peak hour for each of those top 20 days.

2. Identify the top 20 load days of the summer.
• Using the top 20 days in the summer produces a distribution of solar PV generation in

the sample year.

1. For each year of the sample period, select the summer season (June-Sept).

WA focuses this process on the summer because the system peak occurs in that season.

Then these 25th percentile annual capacity factor values are averaged across all the years of the
sample to produce the NDC used for planning purposes.

Choose the 25th percentile of this capacity factor distribution.
WA selects the 25th percentile value to ensure that solar generation at the time of the
system peak will exceed this value 75 percent of the time.

Determine the solar generation for each of those 20 peak hours and convert to capacity factors.
These generation values are converted to capacity factors by dividing the hourly
generation by the nameplate capacity of the resource.

•

•

•

Figure B-2: Solar Fixed Axis and Utility Tracking Capacity Factors by Month
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The figures below show the alignment of the solar production shape used in both the IP and the DG-IV

methodology with the system load shape. The first set of charts shows the alignment for a summer peak

day and a winter peak day; the second set of charts displays the alignment of the peak load of each day

with the solar production in that hour of peak load for a typical summer (July) and winter (January) peak
month.

All solar options have a 0 percent NDC during the winter, since WA's winter peaks normally occur at

7:00 a.m. EST when solar is not available.

In the summer, WA normally has a peak load at 5:00 p.m. EST, but can also see a peak load between the

hours of 2:00 p.m. and 6:00 p.m. EST. The 25th percentile of solar generation of those hours would occur

at 5:00 p.m. or 6:00 p.m. EST as the sun is setting. Therefore, the summer NDC was set at 50 percent for

fixed axis, including utility scale, small and large-commercial. The utility tracking option has a 68 percent

NDC.

Distributed Generation - lnteg rated Value (DG-IV) I
A lnE11lnn0l.oev TO VALUE DG Ill THE GRID
OCTOBER, 2015

Figure B-3: NDC by hour of the top 20 peak load days of Summer 1998-2013
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- Solar Capacity Factor Load on Peak Day
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Campaigns

Vote Solar works all across the country to support the polldes and programs

needed to repower our grid with sunshine. We focus on policies that make

solar more accessible and more affordable to more Americans. And we could

use your help!

9' ¢8*l:Lt.1s+l4yclaum I 9su»~»-t»u=u»nul=¢==u1n=a.

aU'J ~=w~¢nr.
_-» , 9 ,4.

What's New

National Lab Report:

Traddug the Sun

lxumvycw-u s *J Campaigns | Vote Solar

9.5

Big Win! new York Approves

solar lot All

stale campaigns

States have a proud tradition of driving solar

energy progress In the u.s These stale

campaigns are keeplnq us busies:

Introducing the new Shared

Renewables HO

Read More >>

We appreciate your support!

Vote Solar was founded nearly 15 years ago

with this plan: bring solar into the mainstream by

supporting smart policies that make solar cheaper

and. .

Mass solar coalition

Applauds Progress on solar

Policy Roadmap

what Hawaii can lead [ram

the Sunshine State:

Postcards from Florida

Read More >>
Diverse Support for NY

Shared Solar Proposal
9.
8

Net Metering

Like rollover minutes For a cell phone, net

metering gives solar energy customers full credit

on their utility bills for .

y
\\\\.l)'8N\\\8\W\S

Break out the spandex: Vote

Solar is doing Climate Ride

Northeast

Read More >>
Q •

Equinox zox5»- all it was
quacked up to be

y
I

,;;=
if . El project Permit

» Like any home improvement project, you first
needKa get a buildingFermi!when yougr solar.
Thosesolar permitting *

Vote Solar Announces 2015

Solar Champion Awards

..a» ¢" n* is.., _ ...._.

al
_ Q



4

1

B44 go Ina: Fporles look WP

fILM$¢TnneErlly siNews l»sugg¢mm¢vs

re .

States have a proud tradition of driving .solar energy progress in thelJ.s.

Thesestate campaigns are keeping us busiest today:

'llll5vMy(I¢lB

L-4 n | _.J

California

Thanks to policy leadership, the Golden State is
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Arizona

Arizona has more solar  installed per capita than any other slate in the nat ion

But  now ut ilit ies are working behind the scenes -  and spending millions of

dollars in high prof ile PR campaigns -  to block Ar izonans' r ight  to go solar and

reduce their  power bills
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rt

Polling: support for raoftup solar grows as APP approval drops (Source:TusK)
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Tes t  Case  In  Demand

Charges  For  Al l

New  York :  Br ing ing  Reason

to  th e  n e t  M e te r in g

Co n v e rs a t i o n

N e t  M e t e r i n g

Like ro l lover minutes for a cel l  phone, net meter ing gives solar energy

customers fu l l  credit  on their  ut i l i ty  b i l ls  for the excess c lean power they

contr ibu te  to  the  gr id

Nevada  Regu la to rs  Con f i rm

Ru le  change  fo r  Exis t ing

So la r  Cu s to me r s

This s imple b i l l ing arrangement is  one of the most important state po l ices  fo r

helping Americans generate their  own power from the sun. By encouraging

pr ivate investment in  local so lar power, i t 's  creat ing jobs, reducing ut i l i ty

costs, and build ing a c leaner energy future for us s

It 's  fa i r .  It 's  work ing .  But  now i t 's  a t  r isk  in  many s ta tes

ut i l i t ies  around the caunlry view more rooftop so lar as a threat to  :he ir  o ld

way of do ing business. They 're attack ing net meter ing rather than f ind ing new

ways tn make solar work for Americans

We say the interests of a few monopoly ut i l i t ies shouldn't  outshine the rest of

H

W , w . < . . . I 'll I I II II I



EXHIBIT

Vote Solar Board of Directors

Danny Kennedy is the managing director at CalCEF, a clean energy fund
and president of CalCharge, an energy storage consortium. He is also an
entrepreneur, an activist, and the author of the book Rooftop Revolution
How Solar Power Can Save Our Economy- and Our Planet-from Dimly
Energy (2012). He founded Sungevity, a leading global residential solar
power company and is also Cofounder and President of the world's only

18g Incubator and Accelerator for solar entrepreneurs - known as the SfunCube
in Oakland, CA. Danny sits on the Boards of several solar start-ups including
Mosaic, Powerhive and Sunergise. He serves with several non-profits

including the Board of the Solar Foundation. the Clean Tech Council of the Sierra Club and WRI's New
Innovators Council

Sheridan Pauker is regulatory counsel in the San Francisco office of Wilson
Sonsini Goodrich & Rosati. Her practice focuses on renewable energy
energy storage and energy efficiency regulation, incentives, and financing
with particular emphasis on state energy regulatory programs. Sheridan's
expertise includes the development of novel public-private structures to
finance and advance clean energy and energy efficiency improvements
including Property Assessed Clean Energy (PACE) and On Bill Repayment
programs and legislation. She also advises clients regarding climate change
regulation, including California's Globai Warming Solutions Act (AB 32)
and drafts and provides counsel regarding carbon offset transactions
Sheridan brings more than 15 years of experience in energy and climate

policy and regulation, environmental law, finance, and sustainability. Prior to joining the firm, she
practiced as an environmental fellow at Shute, Mihaly and Weinberger in San Francisco, and clerked for
the Honorable Richard A. Paez of the U.S. Court of Appeals for the Ninth Circuit. Sheridan previously
served as a financial advisor with a focus on sustainable investments in U.S. Bancorp Piper Jaffray's
Social Equity Investment Group, and as an aide to U.S. Representative Henry A. Waxman

Kate Gordon is vice chair of Climate and Sustainable Urbanization at the
Paulson Institute, where she provides overall strategy and coordination for the
Institute's climate change, air quality, and sustainable urbanization programs
both in the US and China. She is also a Senior Fellow at the Center for
American Progress and a regular contributor to the Wall Street Journal as one
of the paper's "Energy Experts
Gordon is a nationally recognized expert on the intersection of clean energy
and economic development. Before joining the Paulson Institute, she was
Senior Vice President for Climate and Energy at Next Generation, a non
partisan think tank based in San Francisco, where she worked on California
policy development as well as large-scale national communications and
research projects. While at Next Generation, she helped launch and lead the

\/ills *mill
360 22"" Street. Ste. 730 Oakland. CA 94612

www.votesolar.org
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"Risky Business Project," co-chaired by Michael Bloomberg, Henry Paulson, and Tom Steyer, and
focused on the economic risks the U.S. faces from unmitigated climate change. Earlier in her career
Gordon served as Vice President of Energy and Environment at the Washington D.C.-based Center for
American Progress, where helped develop and author policy recommendations related to the
Congressional cap-and-trade negotiations, Gulf oil spill, and American Reinvestment and Recovery Act
implementation. Prior to CAP, Gordon was the Co-Director of the national Apollo Alliance (now part of
the Blue Green Alliance). She still serves on the Apollo Alliance board.
Gordon earned a law degree and a master's degree in city planning from the University of California-
Berkeley, and an undergraduate degree from Wesleyan University.

Kris Mayes is the founding faculty director of the Program on Law
and Sustainability at Arizona State University's (ASU) Sandra Day
O'Connor College of Law and is a member of the faculty at ASU's
Global Institute of Sustainability. She served as an Arizona
Corporation Commissioner (ACC) from 2003 to 2010, where she was
also its chairman for two years. Prior to that, Kris was a reporter for
the Arizona Republic and Phoenix Gazette newspapers, and worked
as Arizona Governor Janet Napolitano's communications director.
She received her B.S. in political science and law degree from ASU,
and an M.A. in Public Administration from Columbia University in
New York.

Vote Solar
360 22nd Street, Ste. 730 Oakland, CA 94612

www.voteso1ar.org
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Equinox 2015: all it was quacked up to be

By Adam Browning April 7_ 2015.

We have a lot of people to thank for making Equinox 2015 one of our best yet

First and foremost, thanks to all our friends and colleagues who attended. Yes, there is photo documentation: party pieshere, and the
always infamous photo boothhere. Those pies really quack us up

Big thanks to the many local luminary policymakers who attended, including San Francisco Mayor Ed Lee, California Energy
Commissioner David Hochschild, and Senator Mark Leno, co-author of the effort to expand California's renewable standard to a
mind-blowing 50%. Not only are they all tremendous clean energy leaders, but they also had the career-lengthening sense not to
duck in the photo booth

We'd also like to thank this year's Solar Champions: Jacqui Patterson of the NAACP,Dr Ernest Moniz, and NRG/DavidCrane in
the Utility category Read our celebration of their accomplishmentshere. Thanks for your leadership, Champions

Finally, a special thank you to our Equinox 2015 sponsors for their generous support: NRG Home Solar, Sungevity, Enchase Energy, Recurrent Energy, SolarCity
SunEdison, The Village, Wells Fargo, Borrego Solar, Clean Power Finance, Enact Systems, Keyes Fox & Wiedman LLP, NexTracker, Renewable Funding, Renovate
America, SunPower, DBL Investors, Mosaic, Radian Generation and Sol Systems. You are all awesome - waddle we do without you?

Equinox is more Dian just a great party, or even a once-in-a-lifetime opportunity to ride a 7-foot duck. Proceeds go directly towards Vote Solar's continued dedication to
making solar an affordable and accessible mainstream energy solution. We had a lot to celebrate this year - including lox more solar in New York, developing Shared
Solar programs to increase access, and fighting to defend fair solar rate design around the country. Here's our 2014 Annual Report with more details. While solar energy
falls free from the sky, solar policy doesn't - so if you weren't able to join us for the event in person, please consider making a contribution today

Related Posts

PrevNext

http://voteso1ar.org/2015/04/07/equinox-2015-all-it-was-quacked-up-to-be/ 5/2/2016
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We are a #MillionSolarStrong

PrevNext

Meet our 2016 Solar Champions

PrevNext
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Great party for a great cause: Equinox 2016

PrevNext

Nevada Regulators Confirm Rule Change for Existing Solar Customers

PrevNext

Sunshine, pumpkin pie, and you.

Solar Power

America's energy problems - from rising costs to global climate change - can be solved by a transition to clean energy. Reliable, homegrovm solar energy is ready to be
a large part of the solution. It is our fastest growing electricity source, but we have still just scratched the surface of our vast solar potential.

State ofPlay

Once a niche resource, solar is now an important part of our new energy economy. Tremendous price reduction and business innovation mean that Americans are plugging
into solar power at record rates. Solar faces new challenges and opportunities for continued growth in this rapidly changing energy landscape.

Our Mission

http://votesolanorg/2015/04/07/equinox-2015 -all-it-was-quacked-up-to-be/ 5/2/2016
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Vote Solar is a non-profit organization working to foster economic opportunity, promote energy security and tight climate change by making solar a mainstream energy
resource. We work at the state level all across the country to support the policies and programs needed to repower our grid with sunshine.

Join Us

We focus on making solar more accessible and more affordable to more Americans - and we could use your help. Get involved by joining Vote Solar. Sign up for email
action alerts. Make a donation. Find us on Facebook. Follow us on Twitter. Most importantly: let your policymakers know that you support solar progress.

Vote Solar ©2016
Created Bv

http ://votesolanorg/2015/04/07/equinox-2015-all-it-was-quacked-up-to-be/ 5/2/2016
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Title 14, ch. 2 ArizonaAdministrativeCode

Corporation Commission - Fixed Utilities

defined in R14-2-I618(C)(1) and Solar Economic Develop-
ment Extra Credit Multipliers as defined in R14-2-
1618(C)(2)(b).

J.

Historical Note K.

Adopted by an emergency action effective August 10,
1998, pursuant to A.R.S. §41-1026, in effect for a maxi-

mum of 180 days (Supp. 98-3). Emergency adoption
replaced by exempt permanent adoption effective

December 31, 1998 (Supp. 98-4). Section R14-2-1618
renumbered to R14-2-1617 by exempt Rulemaking at 5

A.A.R. 3933, effective September 24, 1999 (Supp. 99-3).
New Section adopted by exempt Rulemaking at 7 A.A.R.

1661, effective March 20, 2001 (Supp. 01-1).

L.

ARTICLE 17. RESERVED

ARTICLE 18. RENEWABLE ENERGY STANDARD AND
TARIFF

B.

c.

D.
n.

E.
0.

p.

Q.

F.
R.

G

"Green Pricing" means a rate option in which a customer
elects to pay a tariffed rate premium for electricity derived
from Eligible Renewable Energy Resources.
"Market Cost of Comparable Conventional Generation"
means the Affected Utility's energy and capacity cost of pro-
ducing or procuring the incremental electricity that would be
avoided by the resources used to meet the Annual Renewable
Energy Requirement, taking into accost hourly, seasonal, and
long-term supply and demand circumstances. Avoided costs
include any avoided transmission and distribution costs and
any avoided environmental compliance costs.
"Net Billing" means a system of billing a customer who
installs an Eligible Renewable Energy Resource generator on
the customer's premises for retail electricity purchased at retail
rates while crediting the customer's bill for any customer-gen-
erated electricity sold to the Affected Utility at avoided cost.

M. "Net Metering" means a system of metering electricity by
which the Affected Utility credits the customer at the full retail
rate for each kilowatt-hour of electricity produced by an Eligi-
ble Renewable Energy Resource system installed on the cus-
tomer-generator's side of the electric meter, up to the total
amount of electricity used by that customer during an annual-
ized period, and which compensates the customer-generator at
the end of die annualized period for any excess credits at a rate
equal to the Affected Utility's avoided cost of wholesale
power. The Affected Utility does not charge the customer-gem
aerator any additional fees or charges or impose any equipment
or other requirements unless the same is imposed on customers
in t11e same rate class that the customer-generator would qual-
ify for if the customer-generator did not have generation
equipment.
"Renewable Energy Credit" means the unit created to track
kph derived from an Eligible Renewable Energy Resource or
kph equivalent of Conventional Energy Resources displaced
by Distributed Renewable Energy Resources.
"Renewable Energy Resource" means an energy resource that
is replaced rapidly by a natural, ongoing process and that is not
nuclear or fossil fuel.
"Tariff" means a Commission-approved rate designed to
recover an Affected Utility's reasonable and prudent costs of
complying with these mies.
"Utility Distribution Company" means a public service corpo-
ration that operates, constructs, or maintains a distribution sys-
tem for the delivery of power to retail customers.
"Wholesale Distributed Generation Component" means non-
utility owners of Eligible Renewable Energy Resources that
are located within the distribution system and that do not
require a transmission line over 69 kg to deliver power at
wholesale to an Affected Utility to meet its Annual Renewable
Energy Requirements.

H.

1.

R14-2-1801. Definitions
A. "Affected Utility" means a public service corporation serving

retail electric load in Arizona, but excluding any Utility Distri-
bution Company with more than half of its customers located
outside of Arizona.
"Annual Renewable Energy Requirement" means the portion
of an Affected Utility's annual retail electricity sales that must
come from Eligible Renewable Energy Resources.
"Conventional Energy Resource" means an energy resource
that is non-renewable in nature, such as natural gas, coal, oil,
and uranium, or electricity that is produced with energy
resources that are not Renewable Energy Resources.
"Customer Self-Directed Renewable Energy Option" means a
Commission-approved program under which an Eligible Cus-
tomer may self-direct the use of its allocation of funds col-
lected pursuant to an Affected Utility's Tariff
"Distributed Generation" means electric generation sited at a
customer premises, providing electric energy to the customer
load on that site or providing wholesale capacity and energy to
the local Utility Distribution Company for use by multiple cus-
tomers in contiguous distribution substation service areas. The
generator size and transmission needs shall be such that the
plant or associated transmission lines do not require a Certiti-
cate of Environmental Compatibility from the Corporation
Commission.
"Distributed Renewable Energy Requirement" means a por-
tion of the Annual Renewable Energy Requirement that must
be met with Renewable Energy Credits derived from resources
that qualify as Distributed Renewable Energy Resources pur-
suant to R14-2~l802(B).
"Distributed Solar Electric Generator" means electric genera-
tion sited at a customer premises, providing electric energy
from solar electric resources to the customer load on that site
or providing wholesale capacity and energy to the local Utility
Distribution Company for use by multiple customers in contig-
uous distribution substation service areas. The generator size
and transmission needs shall be such that the plant or associ-
ated transmission lines do not require a Certificate ofEnviron-
mental Compatibility Hom the Corporation Commission.
"Eligible Customer" means an entity that pays Tariff funds of
at least $25,000 annually for any number of related accounts
or services within an Affected Utility's service area.
"Extra Credit Multiplier" means a way to increase the Renew-
able Energy Credits attributable to specific Eligible Renew-
able Energy Resources in order to encourage specific
renewable applications.

HistoricalNote
New Section made by final Rulemaking at 13 A.A.R.

2389, effective August 14, 2007 (Supp. 07-2).

R14-2-1802. Eligible Renewable Energy Resources
A. "Eligible Renewable Energy Resources" are applications of

the following defined technologies that displace Conventional
Energy Resources that would otherwise be used to provide
electricity to an Affected Utility's Arizona customers:
1. "Biogas Electricity Generator" is a generator that pro-

duces electricity from gases that are derived from plant-
derived organic matter, agricultural food and feed matter,
wood wastes, aquatic plants, animal wastes, vegetative
wastes, or wastewater treatment facilities using anaerobic
digestion or from solid waste through a

Eiularr
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Title 14, Ch. 2

9.

2.

b.

B.

3.

4.

2.

3.

4.

b.
5.

6.

5.

7.

6. 8.

7. 9.

8.

digester process, an oxidation process, or other gasifica-
tion process.
"Biomass Electricity Generator" is an electricity genera-
tor that uses any raw or processed plant-derived organic
matter available on a renewable basis, including: dedi-
cated energy crops and trees, agricultural food and feed
crops, agricultural crop wastes and residues, wood wastes
and residues, including landscape waste, right-of-way
tree trimmings, or small diameter forest thinkings that are
12" in diameter or less, dead and downed forest products,
aquatic plants, animal wastes, other vegetative waste
materials, non-hazardous plant matter waste material that
is segregated from other waste, forest-related resources,
such as harvesting and mill residue, pre-commercial thin-
nings, slash, and brush, miscellaneous waste, such as
waste pellets, crates, and dunnage, and recycled paper
fibers that are no longer suitable for recycled paper pro-
duction, but not including painted, treated, or pressurized
wood, wood contaminated with plastics or metals, tires,
or recyclable post-consumer waste paper.
"Distributed Renewable Energy Resources" as defined in
subsection (B).
"Eligible Hydropower Facilities" are hydropower genera-
tors that were in existence prior to 1997 and that satisfy
one of the following two criteria:
a. New Increased Capacity of Existing Hydropower

Facilities: A hydropower facility that increases
capacity due to improved technological or opera-
tional eff iciencies or operational improvements
resulting from improved or modified turbine design,
improved or modified wicket gate assembly design,
improved hydrological f low conditions, improved
generator windings, improved electrical excitation
systems, increases in transformation capacity, and
improved system control and operating limit modifi-
cations. The electricity kph that are eligible to meet
the Annual Renewable Energy Requirements shall
be limited to the new, incremental kph output
resulting from the capacity increase that is delivered
to Arizona customers to meet the Annual Renewable
Energy Requirement.
Generation from pre-1997 hydropower facilities that
is used to firm or regulate the output of other eligi-
ble, intermittent renewable resources. The electricity
kph that are eligible to meet the Annual Renewable
Energy Requirements shall be limited to the kph
actually generated to fem or regulate the output of
eligible intermittent Renewable Energy Resources
and that are delivered to Arizona customers to meet
the Annual Renewable Energy Requirements.

"Fuel Cells that Use Only Renewable Fuels" are fuel cell
electricity generators that operate on renewable fuels,
such as hydrogen created from water by Eligible Renew-
able Energy Resources. Hydrogen created from non-
Renewable Energy Resources, such as natural gas or
petroleum products, is not a renewable fuel.
"Geothermal Generator" is an electricity generator that
uses heat from within the ealth's surface to produce elec-
tricity.
"Hybrid Wind and Solar Electric Generator" is a system
in which a Wind Generator and a solar electric generator
are combined to provide electricity.
"Landfill Gas Generator" is an electricity generator that
uses methane gas obtained from landfills to produce elec-
tricity.

"New Hydropower Generator of 10 MW  or Less" is a
generator, installed after January 1, 2006, that produces
10 MW or less and is either:
a. A low-head, micro hydro run-of-the-river system

that does not require any new damming of the flow
of the stream, or
An existing darn that adds power generation equip-
ment without requiring a new dam, diversion struc-
tures, or a change in water flow that will adversely
impact fish, wildlife, or water quality; or

c. Generation using canals or other irrigation systems.
10. "Solar Electricity Resources" use sunlight to produce

electricity by either photovoltaic devices or solar thermal
electric resources.

ll. "W ind Generator" is a mechanical device that is driven
by wind to produce electricity.

"Distributed Renewable Energy Resources" are applications
of the following defined teclmologies that are located at a cus-
tomer's premises and that displace Conventional Energy
Resources that would otherwise be used to provide electricity
to Arizona customers:
1. "Biogas Electricity Generator," "Biomass Electricity

Generator," "Geothermal Generator," "Fuel Cells that
Use Only Renewable Fuels," "New Hydropower Genera-
tor of 10 MW or Less," or "Solar Electricity Resources,"
as each of those terms is defined in subsections (A)(1),
(A)(2), (A)(5>, (A)(6), (A)(9), and (A)(10)-
"Biomass Thermal Systems" and "Biogas Thermal Sys-
tems" are systems which use fuels as defined in subsec-
tions (A)(l) and (A)(2) to produce thermal energy and
that comply with Environmental Protection Agency Cer-
tification Programs or are permitted by state, county, or
local air quality authorities. For purposes of this defini-
tion "Biomass Thermal Systems" and "Biogas Thermal
Systems" do not include biomass and wood stoves, fur-
naces, and fireplaces.
"Commercial Solar Pool Heaters" are devices that use
solar energy to heat commercial or municipal swimming
pools.
"Geothermal Space Heating and Process Heating Sys-
tems" are systems that use heat from within the earth's
surface for space heating or for process heating.
"Renewable Combined Heat and Power System" is a Dis-
tributed Generation system, fueled by an Eligible Renew-
able Energy Resource, that produces both electricity and
useful renewable process heat. Both the electricity and
renewable process heat may be used to meet the Distrib-
uted Renewable Energy Requirement.
"Solar Daylighting" is the non-residential application of a
device specifically designed to capture and redirect the
visible portion of the solar beam, while controlling the
infrared portion, for use in illuminating interior building
spaces in lieu of artificial lighting.
"Solar Heating, Ventilation, and Air Conditioning"
("HVAC") is the combination of Solar Space Cooling and
Solar Space Heating as part of one system.
"Solar Industrial Process Heating and Cooling" is the use
of solar thermal energy for industrial or commercial man-
ufacturing or processing applications.
"Solar Space Cooling" is a technology that uses solar
thermal energy absent the generation of electricity to
drive a refrigeration machine that provides for space
cooling in a building.

10. "Solar Space Heading" is a method whereby a mechanical
system is used to collect solar energy to provide space
heating for buildings.

March 31, 2013 Page 163 Supp. 13-1



Title 14 Arizona Administrative Code
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in applicable annual percentage to the retail kph sold by the
Affected Utility during that calendar year

c.

D.

11. "Solar Water Heater" is a device that uses solar energy
rather than electricity or fossil fuel to heat water for rest
denial, commercial, or industrial purposes

12. "W ind Generator of  l MW  or Less" is a mechanical
device, with an output of l MW or less, that is driven by
wind to produce electricity

Except as provided in subsection (A)(4), Eligible Renewable
Energy Resources shall not include facilities installed before
January 1, 1997
The Commission may adopt pilot programs in which Addi
tonal technologies are established as Eligible Renewable
Energy Resources. Any such additional technologies shall be
Renewable Energy Resources that produce electricity, replace
electricity generated by Conventional Energy Resources, or
replace the use of  fossil fuels with Renewable Energy
Resources. Energy conservation products, energy management
products, energy efficiency products, or products that use non
renewable fuels shall not be eligible for these pilot programs

Historical Note
New Section made by final Rulemaking at 13 A.A.R

2389, effective August 14, 2007 (Supp. 07-2)
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c.

D.

F.

G

The annual increase in the annual percentage for each Affected
Utility will be pro rated for the first year based on when the
Affected Utility's finding mechanism is approved
An Af fected Utility may use Renewable Energy Credits
acquired in any year to meet its Annual Renewable Energy
Requirement
Once a Renewable Energy Credit is used by any Affected Util
tty to satisfy these requirements, the credit is retired and can
not be subsequently used to satisfy these rules Or any other
regulatory requirement
If an Affected Utility trades or sells environmental pollution
reduction credits or any other environmental aMibutes assoc
ate with kph produced by an Eligible Renewable Energy
Resource, the Affected Utility may not apply Renewable
Energy Credits derived from that same kph to satisfy the
requirements of these rules
No more than 20 percent of  an Affected Utility's Annual
Renewable Energy Requirement may be met with Renewable
Energy Credits derived pursuant to R14-2-1807
An Affected Utility may ask the Commission to reapprove
agreements to purchase energy or Renewable Energy Credits
from Eligible Renewable Energy Resources

Historical Note
New Section made by final Rulemaking at 13 A.A.R

2389, effective August 14, 2007 (Supp. 07-2)

B.

R14-2-1803. Renewable Energy Credits
A. One Renewable Energy Credit shall be created for each kph

derived from an Eligible Renewable Energy Resource
B . For Distributed Renewable Energy Resources, one Renewable

Energy Credit shall be created for each 3,415 British Thermal
Units of heat produced by a Solar Water Heating System, a
Solar Industrllal Process Heating and Cooling System, Solar
Space Cooling System, Biomass Thermal System, Biogas
Thermal System, or a Solar Space Heating System

C. An Affected Utility may transfer Renewable Energy Credits to
another party and may acquire Renewable Energy Credits
from another party. A Renewable Energy Credit is owned by
the owner of the Eligible Renewable Energy Resource from
which it was derived unless specifically transferred

D. All transfers of Renewable Energy Credits shall be appropri
lately documented to demonstrate that the energy associated
with the Renewable Energy Credits meets the provisions of
R14-2-1802
Any contract by an Affected Utility for purchase or sale of
energy or Renewable Energy Credits to meet the requirements
of this Rule shall explicitly describe the transfer of rights con
ceding both energy and Renewable Energy Credits

E Except in the case of  Dis tr ibuted Renewable Energy
Resources, Affected Utilities must demonstrate the delivery of
energy from Eligible Renewable Energy Resources to their
retail consumers such as by providing proof that the necessary
transmission rights were reserved arid utilized to deliver
energy from Eligible Renewable Energy Resources to the
Affected Utility's system, if transmission is required, or that
the appropriate control area operators scheduled the energy
from Eligible Renewable Energy Resources for delivery to the
Affected Utility's system

Historical Note
New Section made by final Rulemaking at 13 A.A.R

2389, effective August 14, 2007 (Supp. 07-2)

R14-2-1804. Annual Renewable Energy Requirement
A. In order to ensure reliable electric service at reasonable rates

each Affected Utility shall be required to satisfy an Annual
Renewable Energy Requirement by obtaining Renewable
Energy Credits from Eligible Renewable Energy Resources
An Affected Utility's Annual Renewable Energy Requirement
shall be calculated each calendar year by applying the follow

B.

R14-2-1805. Distributed Renewable Energy Requirement
A. In order to improve system reliability, each Affected Utility

shall be required to satisfy a Distributed Renewable Energy
Requirement by obtaining Renewable Energy Credits from
Distributed Renewable Energy Resources
An Affected Utility's Distributed Renewable Energy Require
went shall be calculated each calendar year by applying the
following applicable annual percentage to the Affected Util
tty's Annual Renewable Energy Requirement

59
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E.

c.

D. F.

E.

2008 10%
2009 15%
2010 20%
2011 25%
After 2011 30%

The annual increase in the annual percentage for each Affected
Utility will be pro rated for the first year based on when the
Affected Utility's funding mechanism is approved.
An Affected Utility may use Renewable Energy Credits
acquired in any year to meet its Distributed Renewable Energy
Requirement. Once a Renewable Energy Credit is used by any
Affected Utility to satisfy these requirements, the credit is
retired.
An Affected Utility shall meet one-half of its annual Distrib-
uted Renewable Energy Requirement from residential applica-
tions and the remaining one-half from non-residential, non-
utility applications.
An Affected Utility may satisfy no more than 10 percent of its
annual Distributed Renewable Energy Requirement from
Renewable Energy Credits derived from distributed Renew-
able Energy Resources that are non-utility owned generators
that sell electricity at wholesale to Affected Utilities. This
Wholesale Distributed Generation Component shall qualify
for the non-residential portion of the Distributed Renewable
Energy Requirement.

Historical Note
New Section made by final Rulemaking at 13 A.A.R.

2389, effective August 14, 2007 (Supp. 07-2). 5.

B.

G

c.

"In-state Manufacturing and Installation Content Extra Credit
Multiplier." Affected Utilities acquiring Renewable Energy
Credits from a Solar Electricity Resource, a Solar W ater
Heater, a Solar Space Cooling system, a Landfill Gas Genera-
tor, a Wind Generator, or a Biomass Electricity Generator that
was installed in Arizona on or before December 31, 2005, and
that contains components manufactured in Arizona shall be
eligible for an In-state Manufacturing and Installation Content
Extra Credit Multiplier. The Renewable Energy Credits
derived from such a facility and acquired by an Affected Util-
ity shall be multiplied annually for the life of the facility by a
factor determined by multiplying .5 times the percent of Ari-
zona content of the total installed plant.
"Distributed Solar Electric Generator and Solar Incentive Pro-
gram Extra Credit Multiplier." Affected Utilities acquiring
Renewable Energy Credits from a Distributed Solar Electric
Generator that was installed in Arizona on or before December
31, 2005, shall be eligible for a Distributed Solar Electric Gen-
erator and Solar Incentive Program Extra Credit Multiplier if
the facility meets at least two of the following criteria:
1. The facility is installed on customer premises,
2. The facility is included in any Affected Utility's approved

Green Pricing program,
The facility is included in any Affected Utility's approved
Net Metering or Net Billing program,
The facility is included in any Affected Utility's approved
solar leasing program, or
The facility is owned by and located on an Affected Util-
ity's property or customer property. The Renewable
Energy Credits derived from such a facility and acquired
by an Affected Utility shall be multiplied by .5 annually
for the life of the facility. Meters will be attached to each
solar electric generator and read at least once annually to
verify solar performance.

All multipliers are additive, except that the maximum com-
bined Extra Credit Multiplier shall not exceed 2.0.

Historical Note
New Section made by final Rulemaking at 13 A.A.R.

2389, effective August 14, 2007 (Supp. 07-2).

B.

c.
D.

R14-2-1806. Extra Credit Multipliers
A. Renewable Energy Credits derived from Eligible Renewable

Energy Resources installed after December 31, 2005, shall not
be eligible for Extra Credit Multipliers.
The extra Renewable Energy Credits resulting from any appli-
cable multiplier shall be added to the Renewable Energy Cred-
its produced by the Eligible Renewable Energy Resource to
determine the total Renewable Energy Credits that may be
used to meet an Affected Utility's Annual Renewable Energy
Requirement.
"Early Installation Extra Credit Multiplier." Affected Utilities
acquiring Renewable Energy Credits from a Solar Electricity
Resource, a Solar Water Heater, a Solar Space CoOling system,
a Landfill Gas Generator, a Wind Generator, or a Biomass
Electricity Generator that was installed and began operations
between January 1, 2001, and December 31, 2003, shall be eli-
gible for an Early Installation Extra Credit Multiplier. Renew-
able Energy Credits derived from such facilities and acquired
by Affected Utilities shall be eligible for five years following
the facility's operational start-up. The multiplier shall vary
according to the year in which the system began operating:

2001 .3
2002 .2
2003 .1

"In-state Power Plant Installation Extra Credit Multiplier."
Affected Utilities acquiring Renewable Energy Credits from a
Solar Electricity Resource that was installed in Arizona on or
before December 31, 2005, shall be eligible for an In-state
Power Plant Installation Extra Credit Multiplier. The Renew-
able Energy Credits derived from such a facility and acquired
by an Affected Utility shall be multiplied by .5 annually for
the life of the facility. The extra Renewable Energy Credits
resulting from the multiplier shall be added to the Renewable
Energy Credits produced by the Eligible Renewable Energy
Resource to determine the total Renewable Energy Credits that
may be used to meet an Affected Utility's Annual Renewable
Energy Requirement.

R14-2-1807. Manufacturing Partial Credit
A. An Affected Utility may acquire Renewable Energy Credits to

apply to the non-distributed portion of its Annual Renewable
Energy Requirement if it or its affiliate owns or makes a sig-
nificant investment in any solar electric manufacturing plant
located in Arizona or if it or its affiliate provides incentives to
a manufacturer of solar electric products to locate a manufac-
turing facility in Arizona.
The Renewable Energy Credits shall be equal to the nameplate
capacity of the solar electric generators produced and sold in a
calendar year times 2,190 hours, which approximates a 25 per-
cent capacity factor.
Extra credit multipliers shall not apply to Renewable Energy
Credits created by this Section.

HistoricalNote
New Section made by final Rulemaking at 13 A.A.R.

2389, effective August 14, 2007 (Supp. 07-2).

R14-2-1808. Tariff
A. W ithin 60 days of the effective date of these rules, each

Affected Utility shall file with the Commission a Tariff in sub-
stantially the same form as the Sample Tariff set forth in these
rules drat proposes methods for recovering die reasonable and
prudent costs of complying with these rules. The specific
amounts in the Sample Tariff are for illustrative purposes only
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B.

c.

An Eligible Customer seeking to participate in this program
shall submit to the Affected Utility a written application that
describes the Renewable Energy Resources that it proposes to
install and the projected cost of the project. An Eligible Cus
tamer shall provide at least half of the funding necessary to
complete the project described in its application
All Renewable Energy Credits derived from the project
including generation and Extra Credit Multipliers, shall be
applied to satisfy the Affected Utility's Annual Renewable
Energy Requirement

2.

and Affected Utilities may submit, with proper support, Tariff
filings with alternative surcharge amounts
The Affected Utility's Tariff filing shall provide the following
information
1. Financial information and supporting data sufficient to

allow the Commission to determine the Affected Utility's
fair value for purposes of evaluating the Affected Util
tty's proposed Tariff Information submitted in the format
of the Annual Report required under R14-2-2l2(G)(4)
will be the minimum information necessary for filing a
Tariff application but Commission Staff may request
additional information depending upon the type of Tariff
filing that is submitted
A discussion of the suitability of the Sample Tariff set
forth in Appendix A for recovering the Affected Utility's
reasonable and prudent costs of complying with these

Historical Note
New Section made by final rulemaldng at 13 A.A.R

2389, effective August 14, 2007 (Supp. 07-2)

3. Data to support the levelof costs that the Affected Utility
contends will be incurred in order to comply with these

4. Data to demonstrate that the Affected Utility's proposed
Tariff is designed to recover only the costs in excess of
the Market Cost of Comparable Conventional Genera

B.
c.

R14-2-1810. Uniform Credit Purchase Program
A. The Director of the Utilities Division shall establish a Uniform

Credit Purchase Program working group, which will study
issues related to implementing Distributed Renewable Energy
Resources. The working group shall address the consumer par
ticipation process, budgets, incentive levels, eligible technolo
mies, system requirements, installation requirements, and any
other issues that are relevant to encouraging the irnplementa
son of Distributed Renewable Energy Resources. No later
than March 1. 2007. the Director of the Utilities Division shall
file a staff report with recommendations for Uniform Credit
Purchase Programs
No later than July 1, 2007, each Affected Utility shall file a
Uniform Credit Purchase Program for Commission review and
approval

D .

Historical Note
New Section made by final rulemaldng at 13 A.A.R

2389, effective August 14, 2007 (Supp. 07-2)

R14-2-1811. Net Metering and Interconnection Standards
The Commission Staff shall host a series of workshops addressing
the issues of rate design including Net Metering and interconnect
son standards. Upon completion of this task, and the adoption of
rules or standards, if appropriate, each Affected Utility shall file
conforming Net Metering tariffs and interconnection standards in
Docket Control

Historical Note
New Section made by final rulemaldng at 13 A.A.R

2389, effective August 14, 2007 (Supp. 07-2)

E .

Any other information that the Commission believes will
be relevant to the Commission's consideration of the Tar
off filing

The Commission will approve, modify, or deny a Tariff pro
posed pursuant to subsection (A) within 180 days after the Tar
off has been filed. The Commission may suspend this deadline
or adopt an alternative procedural schedule for good cause
The Affected Utility's Annual Renewable Energy Require
went, as set forth in R14-2-1804(B), and Distributed Renew
able Energy Requirement, as set forth in R14-2-1805G3), will
be effective upon Commission approval of the Tariff filed pur-
suant to this Section
If an Afflected Utility has an adjustor mechanism for the recon
try of costs related to Annual Renewable Energy Require-
ments, the Affected Utility may f ile a request to reset its
adjustor mechanism in lieu of a Tariff pursuant to subsection
(A). The Affected Utility's tiling shall provide all the inform
son required by subsection (B), except that it may omit info
motion specifically related to the fair value determination. The
Affected Utility's Annual Renewable Energy Requirement, as
set forth in R14-2-l804(B), and Distributed Renewable
Energy Requirement, as set forth in R14-2-1805(B), will be
effective upon Commission approval of the adjustor mesa

ism rate filed pursuant to this Section
An Affected Utility may file a rate case pursuant to R14-2-103
in lieu of a Tariff pursuant to subsection (A). The Affected
Utility's filing shall provide all information required by sub
section (B)

Historical Note

R14-2-1812. Compliance Reports
A. Beginning April 1, 2007, and every April It thereafter, each

Affected Utility shall tile with Docket Control a report that
describes its compliance with the requirements of these rules
for the previous calendar year. The Affected Utility shall also
transmit to the Director of the Utilities Division an electronic
copy of this report that is suitable for posting on the Con mis
Zion's web site
The compliance report shall include the following informB.

New Section made by final Rulemaking at 13 A.A.R
2389, effective August 14, 2007 (Supp. 07-2) 1.

Customer Self-Directed Energy 2.

3.

R14-2-1809. Renewable
Option
A. By January 1, 2007, each Affected Utility shall f ile with

Docket Control a Tariff by which an Eligible Customer may
apply to an Affected Utility to receive funds to install district
used Renewable Energy Resources. The funds annually
received by an Eligible Customer pursuant to this Tariff may
not exceed the amount annually paid by the Eligible Customer
pursuant to the Affected Utility's Tariff

4.

The actual kph of energy or equivalent obtained from
Eligible Renewable Energy Resources
The kph of energy or equivalent obtained from Eligible
Renewable Energy Resources normalized to reflect a full
year's production
The kW of generation capacity, disaggregated by techno
ogy type
Cost information regarding cents per actual kph of
energy obtained f rom Eligible Renewable Energy
Resources and cents per kW of generation capacity, dis
aggregated by technology type

Supp. 13-1
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6. B.

c.

A breakdown of the Renewable Energy Credits used to
satisfy both the Annual Renewable Energy Requirement
and the Distributed Renewable Energy Requirement and
appropriate documentation of  the Affected Utility's
receipt of those Renewable Energy Credits; and
A description of the Affected Utility's procedures for
choosing Eligible Renewable Energy Resources and a
certification from an independent auditor that those pro-
cedures are fair and unbiased and have been appropriately
applied.

The Commission may hold a hearing to determine whether an
Affected Utility's compliance report satisfies the requirements
of these rules.

copies of these filings that are suitable for posting on the Com-
mission's web site to the Director of the Utilities Division.
Upon Commission approval of this plan, its provisions shall
substitute for the requirements ofRl4-2-1804 and R14-2-1805
for the electric power cooperative proposing the plan.
Beginning July 1, 2007, and every July let thereafter, every
electric cooperative that is an Affected Utility shall tile with
Docket Control an appropriate plan for acquiring Renewable
Energy Credits from Eligible Renewable Energy Resources for
the next calendar year. The cooperative shall also transmit an
electronic copy of this plan that is suitable for posting on the
Commission's web site to the Director of the Utilities Divi-
sion.

Historical Note
New Section made by final Rulemaking at 13 A.A.R.

2389, effective August 14, 2007 (Supp. 07-2).

Historical Note
New Section made by final Rulemaking at 13 A.A.R.

2389, effective August 14, 2007 (Supp. 07-2).

B.

B.

c.

2.

3.
D.

4.

R14-2-1815. Enforcement and Penalties
A. If an Affected Utility fails to meet the annual requirements set

forth in R14-2-1804 and R14-2-1805, it shall include with its
annual compliance report a notice of noncompliance.
The notice of noncompliance shall provide the following
information:
1. A computation of the difference between the Renewable

. Energy Credits required by R14-2-1804 and R14-2-1805
and the amount actually obtained,

2. A plan describing how the Affected Utility intends to
meet the shortfall from the previous calendar year in the
current calendar year, and

3. An estimate of the costs of meeting the shortfall.
If the Commission finds after affording an Affected Utility
notice and an opportunity to be heard that the Affected Utility
has failed to comply with its implementation plan approved by
the Commission as set forth in R14-2-1813, the Commission
may find that the Affected Utility shall not recover the costs of
meeting the shortfall described in R14-2-l8l5(B) in rates.
Nothing herein is intended to limit the actions the Commission
may take or the penalties the Commission may impose pursu-
ant to Arizona Revised Statutes, Chapter 2, Article 9. An
Affected Utility is entitled to notice and an opportunity to be
heard prior to Commission action or imposition of penalties.

Historical Note

5.

New Section made by final Rulemaking at 13 A.A.R.
2389, effective August 14, 2007 (Supp. 07-2).

B.

c.

R14-2-1813. Implementation Plans
A. Beginning July 1, 2007, and every July let thereafter, each

AiTected Utility shall file with Docket Control for Commis-
sion review and approval a plan that describes how it intends
to comply with these rules for the next calendar year. The
Affected Utility shall also transmit an electronic copy of this
plan that is suitable for posting on the Commission's web site
to the Director of the Utilities Division.
The implementation plan shall include the following informa-
tion:
1. A descr ipt ion of  the El ig ib le Renewable Energy

Resources, identif ied by technology, proposed to be
added by year for the next five years and a description of
the kW  and kph to be obtained f rom each of  those
resources,
The estimated cost of each Eligible Renewable Energy
Resource proposed to be added, including cost per kph
and total cost per year,
A description of the method by which each Eligible
Renewable Energy Resource is to be obtained, such as
self-build, customer installation, or request for proposals,
A proposal that evaluates whether the Affected Utility's
existing rates allow for the ongoing recovery of the rea-
sonable and prudent costs of complying with these rules,
including a Tariff application that meets the requirements
of R14-2-1808 and addresses the Sample Tariff set forth
in Appendix A if necessary; and
A line item budget that allocates specific funding for Dis-
tributed Renewable Energy Resources, for the Customer
Self-Directed Renewable Energy Option, for power pur-
chase agreements, for utility-owned systems, and for each
Eligible Renewable Energy Resource described in the
Affected Utility's implementation plan.

The Commission may hold a hearing to determine whether an
Affected Utility's implementation plan satisfies the require-
ments of these rules.

R14-2-1816. Wa.iver from the Provisions of this Article
A. The Commission may waive compliance with any provision of

this Article for good cause.
Any Affected Utility may petition the Commission to waive its
compliance with any provision of this Article for good cause.
A petition filed pursuant to these rules shall have priority over
other matters filed at the Commission.

c.

Historical Note
New Section made by final Rulemaking at 13 A.A.R.

2389, effective August 14, 2007 (Supp. 07-2).

R14-2-1814. Electric Power Cooperatives
A. Within 60 days of the effective date of these rules, every elec-

tric cooperative that is an Affected Utility shall f ile with
Docket Control an appropriate plan for acquiring Renewable
Energy Credits from Eligible Renewable Energy Resources for
the next calendar year and a Tariff that proposes methods for
recovering the reasonable and prudent costs of complying with
its proposed plan and addresses the Sample Tariff set forth in
Appendix A. The cooperative shall also transmit electronic

Historical Note
New Section made by final rulemaldng at 13 A.A.R.

2389, effective August 14, 2007 (Supp. 07-2).

Appendix A. Sample Tariff
Unless otherwise ordered by the Commission, the renewable energy
standard surcharge shall be assessed monthly to every retail electric
service. This monthly assessment will be the lesser of $0.004988
per kph or:

1. For residential customers, $1.05 per service,
2. For non-residential customers, $39.00 per service,
3. For non-residential customers whose metered demand is

3,000 kW or more for three consecutive months, $117.00
per service,
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Court s. Rich AZ Bar No. 021290
Rose Law Group pc
7144 E. Stetson Drive, Suite 300
Scottsdale, Arizona 85251
Direct: (480)505-3937
Fax: (480) 505-3925
Attorney for Intervenor, The Alliance of Solar Choice
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BEFORE THE ARIZONA CORPORATION COMMISSION

DOUG LITTLE
CHAIRMAN

BOB STUMP
COMMISSIONER

BOB BURNS
COMMISSIONER

TOM FORESE
COMMISSIONER

ANDY TOBIN
COMMISSIONER

IN THE MATTER OF THE
APPLICATION OF TUCSON
ELECTRIC POWER COMPANY FOR
THE ESTABLISHMENT OF JUST
AND REASONABLE R.ATES AND
CHARGES DESIGNED TO REALIZE
A REASONABLE RATE OF RETURN
ON THE FAIR VALUE OF THE
PROPERTIES OF TUCSON
ELECTRIC POWER COMPANY
DEVOTED TO ITS OPERATIONS
THROUGHOUT THE STATE OF
ARIZONA AND FOR RELATED
APPROVALS.

)
)
)
)
)
)
)
)
)
)
)
)
)
)

DOCKET NO. E-01933A-15-0322

1

2

3

4

5

6

7

8

9

10

13

14.

15

16

17

18

19

20

21 Pursuant to A.A.C. R14-3-105, The Alliance for Solar Choice ("TASC") hereby makes its

22 Application for Leave to Intervene (the "Application") in the above captioned proceedings (the

23 "Proceeding").

24 TASC is a solar energy advocacy association. TASC's membership represents the majority

25 of the nation's rooftop solar market and includes Demeter Power Group, Geostellar, Inc., LGCY

26 Power, REPOWER by SOlar Universe, Sur run Inc. and SunTime Energy. These companies are

27 important stakeholders in Arizona's rooftop solar industry. Additionally, TASC's members are

28 responsible for thousands of residential, school, church, government and commercial solar

THE ALLIANCE OF SOLAR CHOICE'S
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I. TASC is Directly and Substantially Affected

I I . TASC's Intervention can Assist the Commission

III. TASC's Intervention Will Not Expand These Proceedings

Court S. Rich
Rose Law Group pc
7144 E. Stetson Drive, Suite 300
Scottsdale, Arizona 85251

49
Respectfully submitted this 3 day of Man 016

1 installations in the State. Together, TASC's members have brought hundreds of jobs and many

2 tens of millions of dollars of investment to Arizona's cities and towns.

3 TASC is entitled to intervene because TASC is.direct1y and substantially affected by the

4 Proceeding and TASC's intervention will not unduly broaden the issues presented. In support of

5 this Application, TASC submits the following information.

6

7 In the Application, Tucson Electric Power Company ("TEP")" seeks to alter rate structures

8 for solar customers and end the policy of net metering in its service territory, all of which will

9 negatively impact TASC members and their customers.

10

11 TASC is uniquely well positioned to offer insight to assist the Commission in its evaluation

12 of the issues in the Proceedings.

13

14 Granting TASC intervenor status will not delay this proceeding, unduly broaden the issues,

15 or prejudice other parties to the Docket.

16 Service of all documents or pleadings should be made to TASC counsel at the following

17 address:

18

19

20

21

22

23

24

25

26

27

28

Court S. Ric
Ase L up pc

Ney for Intervenor TASC
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'1

1 Originalhnd 13 copies filed on
this day of March, 2016 with:M

2

3

4

Docket Control
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, Arizona 85007

5

6 Copies of the foregoing sent by electronic and regular mail to:

7

8

Jane Rodder, Administrative Law Judge
Arizona Corporation Commission
400 W. Congress
Tucson, Arizona 85701

Timothy Hogan
ACLPI
thogan@aclpi.org

9

10

Gary Yaquinto
Arizona Investment Council
gyaquinto@arizonaic.org

11

Janice Alward
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, Arizona 85007

12

Bradley Carroll
Tucson Electric Power Company
bcarroll@tep.com

13

Thomas Broderick
Arizona Corporation Commission
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Get the FAQs...then reLax
It's time to soak up the sun.

GET A FREE QUOTE (HTTps;nGosoLAR.sunRUn.coM/151130B/?CAMPlD=SUNRUNZGOSOLAR)

Going SOLar

Where is Sun run avaiLabLe?

Sur run is available in 14 states, listed below. You can read more about which utility companies

Sur run works with by clicking on each of the state links. If we're not in your neck of the woods,

don't worry! We're expanding quickly and may be there any day.

Arizona (/solar-by-state/az)

California (/solar-by-state/ca)

Colorado (/solar-by-state/co)

Connecticut (/solar-by-state/ct)

Delaware (/solar-by-state/de)

Hawaii (/solar-by-state/hi)

Maryland (/solar-by-state/md)

Massachusetts (/solar-by-state/ma)

New Hampshire (/solar-by-state/nh)

New Jersey (/solar-by-state/nj)

New York (/solar-by-state/ny)

Oregon (/solar-by-state/or)

Pennsylvania (/solar-by-state/pa)

South Carolina (/solar-by-state/sc)

E X H I B I T
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What happens if I move?

The hardest thing about moving isn't selling your home-it's saying sayonara to those beautiful

money-saving panels on your roof. That's right, no need to find a suitcase big enough to hold your

solar panels. Sur run makes it easy to transfer your solar lease agreement and pass along those

ridiculously low energy bills to the new owners. Our Service Transfer Specialists handle everything

from educating realtors and potential buyers, to working with escrow officers, title agents, home

inspectors, and anyone else who might need to know about your system or solar lease agreement

Here are some tips to help ensure a smooth move

Connect with our Service Transfer team before your home goes on the market. We'll help

prepare your realtor to sell the value of solar

Inform potential buyers early on that the solar lease agreement is a contingency of the home

sale to avoid hiccups during negotiations

Once you've got a buyer, you'll both sign Sun run's service transfer form and we'll run a credit

check on the buyer

Then just send us confirmation that escrow has closed and you'll be home free

in the unlikely event that the buyer doesn't want to take on the agreement, you can prepay

for the remainder of your service and bundle it into the selling price of your home

You can also buy the system outright and move it to your new home, but is generally easier

and more cost effective to transfer the agreement

What if l set! my solar home?

How wiLL I peg for etectricitg when I have solar?

There you are, daydreaming about all the money you'll save by going solar

(hNp:// sunrun.com/solar-savings), the cleaner skies, the lower electric bill and the... wait

About that electric be. What exactly happens to your bill when you make the switch to solar?

https://www.sunrun.com/how-it-works/faq 5/3/2016
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Before you spend a single minute worrying about it, let us explain. Paying for electricity is no harder

when you have solar. In fact, it's a lot easier because you won't have to worry about surprise rate

hikes or hidden fees. Here's how it works:

Your solar system will be connected to your local utility, and your energy usage affects how

much you'll save.

You'll owe less or even earn energy credit when you produce more electricity than you use.

When you use more than you produce, say if you forget to turn off the AC, you could owe the

utility company more.

Annually, electricity costs will be lower with solar (http://www.sunrun.com/solar-lease/cost-of-

solar), even though your savings will vary month-to-month due to seasonality-you'll earn

more energy credits during summer's longer, sunny days than in winter's short ones, but

they'll balance each other out over the course of a year.

You'll get two bills if you choose a monthly plan like most customers. One from the utility

company and one from Sur run. The Sur run bill is your low, predictable solar rate. The utility

bill covers any additional electricity used above and beyond what your solar system

produces.

WiLL I get credits from mg utiLity with Sun run?

Remember back in school when extra credit was kind of a big deal? Well now that you're thinking

about going solar, it is again. That's because when your user-efficient power-generating panels

produce more energy than you need, you get automatic solar energy credit from the utility

company. It's like they're paying you for once. Here's how it works:

When the sun is up, your panels crank out energy like there's no tomorrow. If they produce

more than it takes to power your life, that extra electricity is sent to the utility grid and you

earn solar energy credit.

When you have more power than you use, you owe the utility less.

Conversely when you use more electricity than your system makes, like at night for example,

when the sun is down, you draw from the grid.

When you use more power than you make, you owe the utility more.

See? It's a give and take, but you don't have to lift a finger because the utility company's net meter

keeps track of it all. You can expect to see some ups and downs on your utility bill throughout the

year because you'll likely generate more power in the summer and less in the winter. But your total

annual savings will be greater thanks to solar. Your system will be grid tied and you'll get credits

from your utility when you're a Sur run customer whether you choose to own your system or go

solar through a lease or PPA.

h&ps:// .sunrun.com/how-it-works/faq 5/3/2016
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What if mg panels don't produce enough power?

When the system is designed, we make sure it fits your household electricity needs to a tee,

helping maximize your electricity savings (http://vvww.sunrun.com/solar-savings) over time. If the

system produces less than predicted, we'll cover the difference.

How many solar panels WiLL I need?

Yup. Size Matters.You're ready for a highly efficient, money-saving solar power system on your

roof. Great! So, what size home solar system should you have? Hey, you've got better things to do

than worry about that. Which is why Sur run will help handle all the details for you. Not only are we

an experienced provider, we have proprietary solar design technology called Brightpath to help us

create a customized system that maximizes energy production better and faster than if we did it by

hand.

So instead of wracking your brain over "how many solar panels will I need?" or "what kind of

inverter do l buy?", ask yourself these questions instead:

How much power do I need? Check your electric bills to see how many kilowatts you use on

an average day. A typical system generates 5 kilowatts per day but your home may need

more or less.

What's your climate like? The number of panels you need depends on how much solar

radiation reaches the ground where you are. Believe it or not, solar can work well even if it's

cloudy a` lot!

How much direct sun hits your roof? In general you'll need 100 square feet of south-facing

roof space for every kilowatt of power, avoiding shadows from chimneys, trees or taller

buildings. But don't worry, we can take a look and help with that, too.

https://www.sunrun.com/how-it-works/faq
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What happens at a solar installation?

After your sign your Sur run agreement, you're ready for solar panel installation

(h&ps:// sunrun.com/how-it-works/solar-panel-installation). Now the real fun begins! The best

part? You don't have to lift a finger because we take care of everything from scheduling to

submitting permits, to working with the city, and securing those big, beautiful panels to your roof.

Naturally you'll have questions, and we'II be right there with you answering them every step of the

way. Here's what you can expect:

Site Assessment

A technician will visit you in your home to confirm your system design, verify measurements, and

adjust for shade and obstructions on your roof. Timing: 1-2 weeks

Design Approval

Following site evaluation, our solar design experts will make any necessary adjustments and email

you for final approval. Timing: 1-3 weeks

Permitting

Once you give the green light we'll submit your design to the city for permitting. The timing now

depends on how quickly local government works and can take up to eight weeks. Timing.' 2-8

weeks

Solar Installation (hHps:// sunrun.com/how-it-works/solar-panel-installation)

After your permit is granted we'II get to work placing those gorgeous new panels on the roof!

Timing: 2-5 days

- City/County Inspections

When construction is finished, the city or county will do a final inspection before your system can be

connected to the grid. Timing: 1-4 weeks

utility Interconnection

Now you're in the home stretch. We'll submit your documents to the utility company and they'II

install a net meter allowing Sur run to track how much solar electricity you produce and use.

Timing: 3-6 weeks

Power Up and Start Saving

When the utility company grants Permission to Operate, that means you're free to flip the switch

and start generating clean, affordable, money-saving energy right from your roof. Congratulations,

you're in!

How does Sun run compare to other solar
compares?

https://www.sunrun.com/how-it-works/faq 5/3/2016
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You have a choice when it comes to solar providers. Actually, a lot of choices. With everybody

vying for your business, your ability to compare solar companies (http:// .sunrun.com/why-

sunrun) effectively is critical. And since you'll be working with your provider for the life of your

system you'll want to choose an established one you can count on for the long haul,

sun run Industry Standard

Guarantees Production? Yes No

Roof Warranty 10 years, regardless of whether your roof
has a warranty.

10 years, regardless of whether your

roof has a warranty.

Free overproduction? Yes No

Free Monitoring? (Provided wireless signal vs.
customer owned internet) Yes No

Exclusive focus on residential solar? Yes No

"Sur run direct sales PPA compared to Solarcity and Vivant Solar PPA, and SunPower and NRG lease. Claims based on contracts created in February, May, & July 2014

Here are some other key things to look for:

A high volume of positive ratings and a great track record of service before, during and after

installation.

The best solar companies will make it easy by taking care of the paperwork, inspections, and

working with the city.

Flexible payment options including lease agreements and PPAs.

Lifetime maintenance on your system should be included, not an add-on.

An honest provider won't sell you solar if it can't save you money-insist on a performance

guarantee.

Choose a provider with the most residential experience.

Solar Basics

Whams a soLar Lease or PPA?

Until recently, you couldn't go solar without buying your system outright, and that meant hefting

over a small fortune-we're talking anywhere from $18,000 to $25,000 up front, and maintenance

and repairs are extra. Knowing there had to be a more affordable way to bring clean energy to the

people, we invented solar leasing and power purchase agreements, or PPAs. So instead of waiting

years for a return on your investment, most Sur run customers see big savings in just the first year.

The difference between a solar lease (http:// .sunrun.com/solar-lease) and solar PPA is

simple: With a lease you pay a fixed monthly "rent" in return for use of the system. With a

PPA you pay a fixed price per kph for power generated.

Both often require $0 down.

https://www.sunrun.com/how-it-works/faq 5/3/2016
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It's hassle free-your provider handles installation, maintenance and repairs for the life of the

agreement.

You're entitled to all the energy your system produces, including any excess energy credits.

You can transfer the agreement easily if you sell your home.

Your provider passes down savings from rebates, tax incentives, and credits in the form of a

lower bill.

Flexible financing options let you pay as you go, or you can maximize savings with a prepaid

option that eliminates monthly billing from Sur run.

Still think solar's out of reach? Learn all about how it works, then get your free quote.

HOW does a soLar system work?

1 Solar Panel

Sur run Meier A Main Electric
Service Panel

s Net Meter'

1. Solar Panels

Convert sunlight to direct current (DC electricity)

2. Inverter

Converts the DC electricity produced by the panels into alternating current (Ac electricity).

3. Sur run Meter

Monitors system production and sends the information to Sur run through a wireless signal.

4. Main Electric Service Panel

Solar electricity from inverter flows through this service panel to your home or the grid.

5. Net Meter

Reads electricity that you use from the grid as well as the excess solar electricity that flows

into the grid from your solar system.

What are tiered utility rates?

Tiered utility rates are a structure in which the more electricity you use, the higher your rate gets.

You are allowed a certain amount of power (kilowatt hours) in each tier. Once you've exceeded the

amount in the tier, you move into the next highest tier. The lower tier rates are affordable and the

https://www.sunrun.com/how-it-works/faq 5/3/2016
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higher tier rates are very expensive. In many cases, we'lI recommend a system that only offsets

only your expensive tiers to help you maximize your savings. Solar systems built for people with

tiered rates often are designed to eliminate the expensive high tier electricity from your utility

Sun run Partners

If I go solar with Sun run, who WiLL do mg
installation?

Depending on where you live, Sur run or one of our certified installer partners will do the

installation. We partner city-by-city with local installers. They not only know the ins and outs of

installing in your neighborhood, it also keeps thousands of jobs local. You can find a list of Sunrun's

local installers below

I heard about Sun run through another solar
company. How does Sun run work with partners?

Top drawer. Crime de Ia crime. The A-team

Partnership is one of those terms that's easy to throw around. But at Sur run, it really means

something. Our nationwide network of certified partners are the bedrock our business because they

allow us to provide stellar Sur run service where you live. How's that for convenience?

What's more, they're are a huge part of why it's so easy to go solar with Sunrun.We only work with

the best of the best so you can rest easy knowing that whether Sur run installs your system or one

of our trusted partners does, you'll have top-notch service as long as you're a customer

Sun run certified partners

1st Light Energy

360 Management Group, Inc

360 Solar Energy

Acos Energy LLC

AGR Group

All Seasons Solar

Amergy Solar Inc

American Electric

American Solar

Arcadia Solar Solutions. LLC

Argent Solar Electric

https://www.sunrun.com/how-it-works/faq 5/3/2016
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Arise Solar

Arizona Solar Solutions

ASI Heating, Air & Solar

Bland A/C and Heating, Inc

Bonterra Solar Hawaii

C-TEC SOLAR

Clean Solar

Complete Solar Solution

Corbin Electrical Services Inc

DRH Solar and Electrical

Eco Solar

Enlighten Power Solutions

Green Engineering Solar Corp

Green Homes of California

Harmon Solar

Harvest Power

Heliopower

Horizon Solar Power

Imagine Energy

unity Solar Systems

lslandwide Solar

Kopp Electric Company

LG Energy (Hi-Tech Remodeling Group)

LGCY Power

Munro

Neil Kelly

Next Step Living

On Force Solar

Onforce Solar Inc

Precis Solar

Premier Solar Solutions

RCL Enterprises, Inc

Reliable Power Sen/ices

Responsible Solar

RevoluSun

Rising Sun Solar

Smart Energy Solar

Solar Alliance of America

Solar Energy World

Solar Optimum

Solar Service Center

Solar Universe

SolarFlair Energy, Inc

Solaris Energy

SolarMax Technology Inc

SolarUnion DBA

https://www.sunrun.com/how-it-works/faq 5/3/2016
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Solcius

Standard Energy Solutions

Start To Finish Solar

Streamline Solar Power Systems LLC

Summerwind Solar LLC

Sun Phase Energy

Sun Time Energy

Sunlight Solar

SunLux Energy

Sunny Energy LLC

Sur pro Solar

Sur run Installers

SunWize Home

Synergy Solar

Taylor Energy

Trinity Solar

Uptown Solar

Valley Solar Solutions

Looking to partner with Sun run? Learn about our partnerships (/partner-with-us)

https://www.sunrun.com/how-it-works/faq 5/3/2016
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CATEGORIES

Going Solar

Solar Basics

Sur run Partners

(/solar-lease/cost-of-solar) (/solar-lease) (/solar-by-state)

cost of soLar
(/soLar

Lease/cost-of
solar)

soLar Leasing
(/soLar-Leasel

where we are
I/soLar-bg

state)

Electricity rates are

skyrocketing but the cost of

solar panels (/solar

Cease/cost-of-solar/solar

panels) has never been

lower. Learn why now's the

time to switch

No need to buy. Learn how

to get a solar lease (/solar

lease) or PPA for as little as

$0 down

Solar in 14 states (/solar

by-state) and growing! If we

aren't in yours yet stay

tuned, we are rapidly

growing

https://www.sunrun.co ow-it-works/faq 5/3/2016
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PARTNER DIRECTORY (HTTP:/NVWW.SUNRUN.COM/HOW-IT-WORKS/FAQ#lTEM-2406)

WHERE'S SUNRUN?

(http'//mnnnu el lnrl ln r'~nmlr~Qlr\llla!nrl'7ll1'm r~nn'l'nn'l'-'Fivor'l...r~{':l\

. 8

1 l

© 2015 Sur run. All rights resewed.
State Contractor License Information (/state-contractor-license-information)

Terms (/terms-of-sewice)

Privacy (/privacy-policy)

Site rap (/site rap)

You

(https:// facebookcom/sunrun) (ht§s'//twltter com/Sunrun/)
(https://wvwv.youtube.com/user/SunRunHomeSolar/) + (https://plus.google.com/+sunrun)

Tube

'Estimated savings based on a projected annual utility rate increase of 3.16% over the life of the system. Actual savings will vary. Savings depends
on several factors, including product type, system production, geography, weather, shade, electricity usage, full utilization of the 30% solar
Investment Tax Credit by the system owner, and utility rate structures and rate increases. Analysis based on customers who enrolled with Sur run
between October 15, 2014 and October 15, 2015.

\
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UNITED STATES

SECURITIES AND EXCHANGE COMMISSION
Washington, D.C. 20549

FORM 10-K

(Mark One)
ANNUAL REPORT PURSUANT TO SECTION la OR 15(d) OF THE SECURITIES EXCHANGE ACT oF 1934

For the fiscal year ended December 31, 2015

EXI-1QF
TRANSMON REPORT PURSUANT TO SECTION 13 OR 15(d) OF THE SECURITIES EXCHANGE ACT OF 1934

Commission File Number 001-37511

9/Q-/'LSun run Inc
(Exact name of Registrant as specified in its Charter)

Delaware
[State or other jurisdiction of

Incorporation or organization)

595 Market Street, Zach Floor
son Francisco. California

[Address of principal executive offices)

be -2841 T11
(l.R.S. Employer

Identlncatlun No.)

941 D5
(Zlp Code)

Registrant's telephone number, including area code: (415)580-6800

El

in

no

Securities registered pursuant to Section 12(b) of the Act: Common Stock, Par Value $00001 Per Share; Common stock traded on the NASDAQ Global Select Stock Market

Securities registered pursuant to Section 12{g) of the Act None

Indicate by check mark if the Registrant is a well-known seasoned issuer, as defined in Rule 405 of the Securities Act. YES r : l NO

Indicate by check mark if the Registrant is not required to tile reports pursuant to Section 13 or 15(d) of the Act. Y E S  U NO

Indicate by cheat mark whether the Registrant ft) has fi led all reports required to be fi led by Section 13 or 15{d) of the Securities Exchange Act of 1934 during the preceding 12 months (or for such shorter period that the Registrant was required to
file such reports), and (2) has been subject to such tiling requirements for the past so days. YES NQ Cr

Indicate by check mark whether the Registrant has submitted electronically and posted on its corporate Web site, if any, every Interactive Data File required to be submitted and posted pursuant to Rule 405 of Regulation S-T (§232.405 of this chapter)
during the preceding 12 months (Cr for such shorter period that the Registrant was required to submit and post such tiles). YES r8r NO D

Indicate by check mark if disclosure of delinquent fi lers pursuant to Item 405 of Regulation S-K 1§229.4051 is not contained herein, and will not be contained, to the best of Registrant's knowledge, in definitive proxy or information statements
incorporated by reference in Part III ort this Form 10~K or any amendment to this Form 10K. 181

Indicate by check mark whether the Registrant is a large accelerated filer, an accelerated filer, a non-accelerated tiler, or a smaller reporting company. See the definition of "large accelerated filer accelerated ti ler", and 'smaller reporting company' in
Rule 12b-2 of the Exchange Act. (Check one)

Large accelerated ti ler

Non-accelerated f i ler (Do not check if a small reporting company)

Indicate by check mark whether the Registrant is a shell company (as defined in Rule 12b-2 of the Exchange Act). Y E S  E NO l a

The aggregate market value of the voting and non-voting common equity held by non-afli liates of the Registrant, based on the closing price of the shares of common stock on The NASDAQ Stock Market on August 5, 2015, was approximately $371 .9
million. The Registrant has elected to use August 5, 2015, which was the initial trading date on the NASDAQ Global Select Market as the calculation date because June 30, 2015 (the last business day of the Registrant's most recently completed
second fiscal quarter), the Registrant was a privately held company

The number of shares of Registrant's Common Stock outstanding as of March 8, 2016 was 101,495,385

Portions of the information called for by Part III of this Form 10-K is hereby incorporated by reference from the definitive Proxy Statements for our annual meeting of stockholders, which will be riled with the Securities and Exchange Commission not
later than 120 days alter December 31, 2015

Accelerated filer

Small reporting company
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SPECIAL NOTE REGARDING FORWARD-LOOKING STATEMENTS

The discussion in this Annual Report on Form 10-K contains forward-looking statements within the meaning of Section 27A of the Securities Act of 1933, as amended, and
Section 21 E of the Securities Exchange Act of 1934, as amended (the "Exchange Act'), which statements involve substantial risks and uncertainties. Forvvard-looking statements generally
relate to future events or our future financial or operating performance. In some cases, you can identify forward-looking statements because they contain words such as "may," "will,"
"should," "expects," "plans," "anticipates," "could," "intends," "target," "projects," "contemplates," "believes," "estimates," "predicts," "potential" or "continue" or the negative of these words or
other similar terms or expressions that concern our expectations, strategy, plans or intentions. Forward~looking statements contained in this Annual Report on Form 10-K include, but are
not limited to, statements about:

our ability to finance solar energy systems through financing arrangements with fund or other investors,

our ability and intent to establish new investment funds,

our dependence on the availability of rebates, tax credits and other financial incentives,

determinations by the Internal Revenue Service or the U.S. Treasury Department of the fair market value of our solar energy systems,

the retail price of utility-generated electricity or electricity from other energy sources,

regulatory and policy development and changes,

our ability to maintain an adequate rate of revenue growth,

the sufficiency of our cash, investments fund commitments and available borrowings to meet our anticipated cash needs,

our business plan and our ability to effectively manage our growth,

our ability to further penetrate existing markets and expand into new markets,

our expectations concerning relationships with third parties, including the attraction and retention of qualified channel partners,

the impact of seasonality of our business

our investment in research and development, and

the calculation of certain of our key financial and operating metrics and accounting policies.

These forward-looking statements are subject to a number of risks, uncertainties and assumptions, including those described in the section titled "Risk Factors" and elsewhere in
this Annual Report on Form 10-K. Moreover, we operate in a very competitive and rapidly changing environment, and new risks emerge from time to time. It is not possible for our
management to predict all risks, nor can we assess the impact of all factors on our business or the extent to which any factor, or combination of factors, may cause actual results to differ
materially from those contained in any forward-looking statements we may make. In light of these risks, uncertainties and assumptions, the forward-looking events and circumstances
discussed in this Annual Report on Form 10-K may not occur and actual results could differ materially and adversely from those anticipated or implied in the forward-looking statements.

You should not rely upon forward-looking statements as predictions of future events. Although we believe that the expectations reflected in the forward-looking statements are
reasonable, we cannot guarantee that the future results, levels of activity, performance or events and circumstances reflected in the forward-looking statements will be achieved or occur.
Moreover, neither we nor any other person assumes responsibility for the accuracy and completeness of the forward-looking statements. We undertake no obligation to update publicly any
forward-looking statements for any reason after the date of this Annual Report on Form 10-K to conform these statements to actual results or to changes in our expectations, except as
required by law.
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You should read this Annual Report on Form t0-K and the documents that we reference in this Annual Report on Form 10-K and have filed with the SEC as exhibits to this
Annual Report on Form 10-K with the understanding that our actual future results, levels of activity, performance, and events and circumstances may be materially different from what we
expect.
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PART I

Item 1. Business.

Overview

Sunrun's mission is to provide homeowners with clean, affordable solar energy and a best~in-class customer experience. In 2007, we pioneered the residential solar service
model, creating a hasslefree, low-cost solution for homeowners seeking to lower their energy bills. By removing the high initial most and complexity that used to define the residential solar
industry, we have fostered the industry's rapid growth and exposed an enormous market opportunity. Our relentless drive to increase the accessibility of solar energy is fueled by our
enduring vision: to create a planet Mn by the sun.

We provide clean, solar energy to homeowners at a significant savings to traditional utility energy. After inventing the residential solar service model and recognizing its
enormous market potential, we have built the infrastructure and capabilities necessary to rapidly acquire and serve customers in a low-cost and scalable manner. Today, our scalable
operating platform provides us with a number of unique advantages. First, we are able to drive distribution by marketing our solar service offerings through multiple channels, including our
diverse partner network and direct-to-consumer operations. This multi-channel model supports broad sales and installation capabilities, which together allow us to achieve capitalefficiant
growth. Second, we are able to provide differentiated solutions to our customers that, combined with a great customer experience, we believe will drive meaningful margin advantages for
us over the long term as we strive to create the industry's most valuable and satisfied customer base.

Our core solar service offerings are provided through our customer agreements (leases and PPAs) which provide homeowners with simple, predictable pricing for solar energy
that is insulated from rising retail electricity prices. While homeowners have the option to purchase a solar energy system outright from us, most of our customers choose to buy solar as a
service from us through our solar service offerings and enjoy the flexibility and savings that come from purchasing solar energy without the significant upfront investment of purchasing a
solar energy system. With our solar service offerings, we install solar energy systems on our customers' homes and provide them the solar power produced by those systems for a 20-year
initial term. In addition, we monitor, maintain and insure the system at no additional cost during the term of the contract. In exchange, we receive 20 years of predictable cash flows from
high credit quality customers and qualify for tax and other benefits. We finance portions of these tax benefits and cash flows through tax equity and non-recourse debt structures in order to
fund our upfront costs, overhead and growth investments. We develop valuable customer relationships that can extend beyond this initial contract term and provide us an opportunity to
offer additional sewioes in the future.

Since our founding we have continued to invest in a platform of services and tools to enable large scale operations for us and our partner network. The platform includes
processes and software, as well as fulfillment through AEE Solar, racking through SnapNrack and acquisition marketing through Clean Energy Experts, LLC ("CEE"). We believe our
platform empowers new market entrants and smaller industry participants to profitably serve our large and underpenetrated market without making the significant investments in
technology and infrastructure required to compete effectively against established industry players by improving efficiencies and driving down system-wide costs. Our platform provides the
support for our multi-channel model, which drives broad customer reach and capital-efficient growth.

Delivering a differentiated customer experience is core to our strategy. We emphasize a customized solution, including a design specific to each customer's home and pricing
configurations that typically drive both customer savings and value to us. We believe that our passion for engaging our customers, developing a trusted brand, and providing a customized
solar service offering resonates with our customers who are accustomed to a traditional residential power market that is often overpriced and lacking in customer choice.
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We have experienced substantial growth in our business and operations since our inception in 2007. As of December 31, 2015, we operated the second largest fleet of
residential solar energy systems in the United States, with approximately 111,000 customers across 15 states, as well as the District of Columbia. We have deployed an aggregate of
596.2 megawatts ("MW) as of December al, 2015, As of December 31, 2015, our estimated nominal contracted payments remaining was approximately $2.4 billion, and our estimated
retained value was $1.5 billion.

r

We also have a long track record of attracting low-cost capital from diverse sources, including tax equity and debt investors. Since inception through March 8, 2016, we have
raised tax equity investment funds to finance the previous and future installation of solar energy systems with an estimated value of $4.0 billion. Although we have been successful in
raising capital, we have incurred net losses since inception and had an accumulated deficit of $87.2 million as of December 31, 2015.

Our Multi-Channel Capabilities

Our unique, multi-channel capabilities offer consumers a compelling solar service through scalable, cost-effective and consumer-friendly channels. Homeowners can access our
products through three channels: direct-to-consumer, solar partnerships, and strategic partnerships.

Direct-to-Consumer

We sell solar service offerings and install solar energy systems for homeowners through our direct-to4:onsumer channel. We also sell and install solar energy systems for cash
through our direct-to-consumer channel. This channel consists of an online lead generation function, a telesales and field sales team, a direct-to-home sales force, a retail sales team and
an industry-leading installation organization.

Solar Partnerships

We contract with diverse solar organizations that act as either exclusive or nonexclusive (depending on the terms of their contract with us) distributors of our solar sewioe
offerings and subcontractors for the installation of the related solar energy systems. Because of our commitment to these solar organizations and our vested interest in their success, we
refer to them as our "solar partners," although the actual legal relationship is that of an independent contractor. Our solar partners include:

Solar integrators: trained and trusted partners who originate customers for our solar service offerings and procure and install the solar energy systems on our
customers' homes on our behalf as our subcontractors. Partnerships with solar integrators allow us to expand our brand, quickly enter new markets, and drive capital-
efficient growth.We compensate our solar integrator on a per solar energy system basis for the sales and installation work they perform for us.

Sales partners: sales and lead generation partners who provide us with high»quality leads and customers at competitive prices, We compensate our sales partners on a
per customer basis for the sales and lead generation services they perform for us.

Installation partners: trusted installation partners who procure and install a subset of our solar energy systems as our subcontractors and allow us to more efficiently
deploy a mix of in-house and outsourced installation capabilities. We compensate our installation partners on a per solar energy system basis for the procurement of
materials and installation work they perform for us.

Our ability to connect specialized sales and installation firms on a single platform, which we license to our solar partners at no cost, allows us to enjoy the benefits of vertical
integration without the additional fixed cost structure. This creates margin opportunities, system efficiencies and benefits from network effects in matching these ecosystem participants.
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Strategic Partnerships

Our strategic partnerships encompass relationships with new market entrants not previously engaged in solar, including cable, consumer marketing, retail, and specialized
energy retail companies. Our strategic partners find the residential solar market attractive but recognize that significant barriers to entry make partnership the preferred method to reach
solar homeowners, Through these strategic arrangements, we typically market our solar service offerings to the strategic partners customer base and install the solar energy system
directly or through one of our solar partners. We manage the customer experience and retain the value of the economic relationship through the term of the homeowners contract and
potential renewal period. We have executed strategic partnerships in competitive processes that give us access to millions of potential customers. As our industry grows, we believe that
our unique platform and deep partnership experience position us to be the partner of choice for new market entrants. We believe that these broad strategic relationships will help us drive
down our customer acquisition costs and make solar accessible to even more homeowners.

The combination of direct-to-consumer, solar partnerships and strategic partnerships offers distinct advantages. The direct-to-consumer channel allows us to scale rapidly, drive
incremental unit costs down over the long term, and refine operational processes to share with our partners. Our solar partnerships and strategic partnerships enable nimble market entry
and exit, while allowing for capital efficient growth. Together, this multi-channel strategy supported by our open platform allows us to reach more customers with our leading solar service
without compromising our ability to provide exceptional customer service.

Customer Agreements

Since we were founded in 2007, we have been selling solar energy to residential customers at prices typically below utility rates through a variety of offerings, most commonly
through our leases and power purchase agreements which we refer to as our "customer agreements." Our two forms of customer agreements work the same way economically and have
substantially the same contractual terms. However under our lease agreements, customers lease their solar energy systems from us, while under our power purchase agreements,

generated by the system at set prices through customer agreements which typically have an initial term of 20 years. Rates for both forms of our customer agreements can be fixed for the
duration of the contract or escalated at a predetermined percentage annually. Upon installation, a system is interconnected to the local utility grid. The home's energy usage is provided by
the solar energy system with any additional energy needs provided by the local utility. Through the use of a bi-directional utility net meter, any excess solar energy that is not immediately
used by our customers is exported to the utility grid, and the customer receives a credit for this excess power from their utility to offset future usage.

customers purchase the power produced by the solar energy system. Either directly or through a partner we construct a solar energy system on a customer's home and sell the electricity

Although many of our homeowners choose to pay little to nothing upfront and instead receive a monthly bill, some customers choose to prepay for some or all of the electricity
produced by their systems, thereby reducing their monthly be. The amount of an upfront payment is customized for each customer and typically ranges from $0 to $3,000 for customers
paying monthly. Customers may also choose to fully prepay their 20-year contracts, and the average cost of these prepaid contracts is approximately $16,000. The prepayment amount is
based on the estimated amount of the solar energy system's output over the 20-year term of the customer agreement. If the estimated production of the solar energy system is less than
the actual production for a given year after the first full year of the agreement, prepaid customers are refunded the difference at the end of each such year. If the solar energy system's
energy production is in excess of the estimate, we allow customers to keep the excess energy at no charge. After the initial term of the customer agreement, customers have the option to
renew their contracts for the remaining life of the solar energy system typically at a 10% discount to then-prevailing power prices, to purchase the system from us at its fair market value, or
have us remove the system .
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Regardless of the type of customer agreement our customers choose, we operate the system and agree to monitor and maintain it in good condition at no cost to the customer.
We offer an industry-leading performance guarantee to ensure that our customers are receiving the energy they expect at the price they expect, Our customers also receive a five-year
warranty for roof penetration for our partner-built systems and a ten-year warranty for systems built directly by us.

If a customer sells their home, the customer has the right to purchase the system or assign their customer agreement to the new homeowner, provided the new homeowner
meets our credit requirements and agrees to be bound by the terms and conditions of the agreement. In connection with this service transfer, the customer may prepay all or a portion cf
the remaining payments due under the customer agreement to lower the monthly rate to be paid by the new homeowner. The amount of this prepayment may be reflected in the sales
price of the home. If the customer fails to purchase the system or assign the agreement to a new owner, we may negotiate an agreement directly with the new homeowner on modified
terms and/or look to the original customer for any past due or lost payments. We have completed thousands of service transfers and, from inception through December 31, 2015, the
aggregate expected net present value of the customer agreements once assigned represented approximately 99% of what it was prior to assignment.

Sales and Marketing

We sell our solar energy offerings through a scalable sales organization using both a direct-to-consumer approach across online and offline channels and a diverse partner
network that originates and/or installs our systems. We market and sell our products using direct channels, partner channels, mass media, digital media, canvassing, referral, retail, and
field marketing. We sell to homeowners over the phone, in the field through canvassing and in-home sales and through retail sales channels through our strategic partners, we also
partner with sales-only organizations that focus on direct-to-consumer marketing and sales on our behalf, typically with a Sunrun-branded offering at point of sale, which further increases
our brand and reach. We believe that a customized, homeowner-focused selling process is important before, during and after the sale of our solar services.

We train our sales team to customize their consultative presentation to the individual homeowner, based on guidelines and principles outlined in our training materials. We are
able to provide our sales team with real-time data and pricing tools through our proprietary technology which is designed to generate a tailored product offering with optimized pricing
based on the actual characteristics of a homeowners home, including roof characteristics and shading, as well as actual energy usage. This allows our sales team to differentially price
homes in the same geographic region quickly and effectively.

Competition

We believe that our primary competitors are the traditional utilities that supply electricity to our potential customers. We compete with these traditional utilities primarily based on
price (cents per kilowatt hour), predictability M future prices (by providing predetermined annual price escalations) and the ease by which homeowners can switch to electricity generated
by our solar energy systems.

We also compete with companies that are not regulated like traditional utilities but that have access to the traditional utility electricity transmission and distribution infrastructure
pursuant to state and local pro-competitive and consumer choice policies and with solar companies with business models that are similar to ours. We believe that we compete favorably
with these companies based on our unique multi-channel approach and differentiated customer experience.

We also face competition from purely finance-driven organizations that acquire homeowners and then subcontract out the installation of solar energy systems, from installation
businesses that seek financing from external parties, from large construction companies and utilities and from sophisticated electrical and roofing companies.
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Research and Development

We believe continued investment in research and development is an important component of our on-going efforts to improve and expand our platform of services and tools. Our
research and development expenses were $9.7 million in 2015, $8.4 million in 2014 and $10.0 million in 2013. These expenses include costs related to the development, maintenance and
research associated with our BrightPath software and our SnapNraek racking equipment. We also capitalized additional costs of $8.3 million in 2015, $7.3 million in 2014 and $1.9 million
in 2013 associated with our software, including Brightpath.

Intellectual Property

As of December 31, 2015, we had 13 issued patents and 22 filed patent applications in the United States and foreign countries relating to a variety of aspects of our solar
solutions. Our issued United States patents will expire 20 years from their respective filing dates, with the earliest expiring in 2029. We intend to file additional patent applications as we
innovate through our research and development efforts.

Government Regulation and Incentives

Government Regulation

Although we are not regulated as a public utility in the United States under applicable national, state or other local regulatory regimes where we conduct business, we compete
primarily with regulated utilities. As a result, we have developed and are committed to maintaining a policy team to focus on the key regulatory and legislative issues impacting the entire
industry. We believe these efforts help us better navigate local markets through relationships with key stakeholders and facilitate a deep understanding of the regional policy environment.

To operate our systems we obtain interconnection permission from the applicable local primary electric utility. Depending on the size of the solar energy system and local law
requirements, interconnection permission is provided by the local utility and us andlor our homeowners. in almost all cases, interconnection permissions are issued on the basis of a
standard process that has been preapproved by the local public utility commission or other regulatory body with jurisdiction over net metering policies. As such, no additional regulatory
approvals are required once interconnection permission is given.

Our operations are subject to stringent and complex federal, state and local laws, including regulations governing the occupational health and safety of our employees and wage
regulations. For example, we are subject to the requirements of the federal Occupational Safety and Health Act, as amended ("OSHA"), the U.S. Department d Transportation ("DOT"),
and comparable state laws that protect and regulate employee health and safety.

Government Incentives

Federal, state and local government bodies provide incentives to owners, distributors, system integrators and manufacturers of solar energy systems to promote solar energy in
the form of rebates, tat credits and other financial incentives such as system performance payments, payments for renewable energy credits associated with renewable energy generation
and exclusion of solar energy systems from property tax assessments. These incentives enable us to lower the price we charge homeowners for energy from, and to lease, our solar
energy systems, helping to catalyze homeowner acceptance of solar energy as an alternative to utility-provided power.
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The federal government currently offers a 30% investment tax credit under Section 48(a) of the Internal Revenue Code ("Commercial ITC'), for the installation of certain solar
power facilities owned for business purposes. The depreciable basis of a solar facility is also reduced by 50% of the tax credit claimed. Similarly, the federal government currently offers a
30% investment tax credit under Section 2ND of the Internal Revenue Code ("Individual ITC"), for the installation of certain solar power facilities owned by individuals. The Commercial ITC
was set to step down to 10% and the Individual ITC was set to expire at the end of 2016. In December2015, Congress passed legislation extending both the Commercial and Individual
ITC for an additional five years with a ramp down from 30% to 26% in 2020 and22% in 2021. The Commercial ITC will remain at 10% permanently after2021 and the Individual ITC will
expire after 2021 .

More than half of the states, and many local jurisdictions, have established property tax incentives for renewable energy systems that include exemptions, exclusions,
abatements and credits. Many states also have adopted procurement requirements for renewable energy production. Twenty-nine states and the District of Columbia have adopted a
renewable portfolio standard (and nine other states have some voluntary goal) that requires regulated utilities to procure a specified percentage of total electricity delivered in the state
from eligible renewable energy sources, such as solar energy systems, by a specified date. To prove compliance with such mandates, utilities must surrender renewable energy
certificates or SRECs to the applicable authority. Solar energy system owners such as our investment funds often are able to sell SRECs to utilities directly or in SREC markets.

While there are numerous federal, state and local government incentives that benefit our business, some adverse interpretations or determinations of new and existing laws can
have a negative impact on our business. For example, in the state of Arizona, the Arizona Department of Revenue has determined that a personal property tax exemption on solar panels
does not apply to solar panels that are leased (as opposed to owned), such that leased panels in Arizona may ultimately subject us and other solar companies to an increase in personal
properly taxes. If we pass this additional tax on to our customers in the form of higher prices, it could reduce or eliminate entirely the savings that these solar panels would othewvise
provide to the customer. Although we are involved in ongoing litigation challenging the Arizona personal property tax determination, there can be no assurances that this litigation will be
resolved in a manner that is favorable to us or other solar companies. If this litigation is not resolved in a manner that is favorable to us and other solar companies, it will adversely impact
our operations in Arizona, and if we decide to pass the tax cost on to our customers, the price increase could adversely impact our ability to attract new customers in Arizona if it reduces or
eliminates the savings that the solar panels would otherwise provide.

Employees

As of December 31, 2015, we had approximately 3,380 employees. We also engage independent contractors and consultants. None of our employees are covered by collective
bargaining agreements. We have not experienced any work stoppages.

Corporate Information

Our principal executive offices are located at595 Market Street, 29th Floor, San Francisco, California 94105, and our telephone number is (415)580-6900. Our website address
is www.sunrun.com. information contained on, or that can be accessed through, our website does not constitute part of this prospectus and inclusions of our website address in this
prospectus are inactive teMual references only, We were formed in 2007 as a California limited liability company, and convened in 2008 into a Delaware corporation.

The Sur run design logo, 'Sur run' and our other registered or common law trademarks, service marks or trade names appearing in this prospectus are the property of Sur run
inc. Other trademarks and trade names referred to in this prospectus are the property of their respective owners.
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Available Information

We file annual reports on Form 10-K, quarterly reports on Form 10-Q, current reports on Form B~K, and amendments to reports filed or furnished pursuant to Sections 13(a) and
15(d) of the Securities Exchange Act of 1934, as amended. The public may obtain these filings at the Securities and Exchange Commission (the SEC)'s Public Reference Room at 100 F
Street, NE, Washington, DC 20549 or by calling the SEC at 1-800-SEC-0330. The SEC also maintains a website at vnmn.sec.gov that contains reports, proxy and information statements
and other information that we file with the SEC electronically. Copies of our reports on Form 10-K, Forms 10-Q, Forms B-K, and amendments to those reports may also be obtained, free of
charge, electronically on the investor relations page on our website located at investors.sunrun.com as soon as reasonably practical after we file such material with, or furnish it to, the
SEC.

We also use the investor relations page on our website as a channel of distribution for important company information. important information, including press releases, analyst
presentations and financial information regarding us, as well as corporate governance information, is routinely posted and accessible on the investor relations page on our website.
information on or that can be accessed through our website is not part cf this Annual Report on Form 10-K, and the inclusion of our website address is an inactive textual reference only.

Item IA. Risk Factors.

Investing in our common stock involves a high degree of n'sk, You should carefully consider the risks and uncertainties described belove together with all of the other information
in this Annual Report on Form 10-K, including the section titled "Management's Discussion and Analysis of Financial Condition and Results of Operations" and our consolidated finandel
statements and related notes, before making a decision to invest in our common stock. The risks and uncertainties described below may not be the only ones we face. If any of the risks
actually oecun our business, Hnancia/ condition, results of operations, cash Hows and prospects could be matenally andadversely affected. in that event, the market price of our common
stock could decline, and you could lose part or all of your investment

Risks Related to Our Business and Our Industry

We need to raise capital to finance the continued growth of our residential solar service business. If capital is not available to us on acceptable terms, as and when needed,
our business and prospects would be materially and adversely impacted.

Our future success depends on our ability to raise capital from third parties to grow our business. To date, we have funded our business principally Mrough low-cost tax equity
investment funds. If we are unable to establish new investment funds when needed, or upon desirable terms, the growth of our solar service business would be impaired.

The contract terms in certain of our existing investment fund documents contain various conditions with respect to our ability to draw on financing commitments from the fund
investors, including conditions that restrict our ability to draw on such commitments if an event occurs that could reasonably be expected to have a material adverse effect on the fund or,
in some instances, us. If we were not able to satisfy such conditions due to events related to our business, a specific investment fund, developments in our industry, including tax or
regulatory changes, or otherwise, and as a result, we were unable to draw on existing funding commitments, we could experience a material adverse effect on our business, liquidity,
financial condition, results of operations and prospects. If any of the investors that currently invest in our investment funds were to decide not to invest in future investment funds to finance
our solar service offerings due to general market conditions, concerns about our business or prospects or any other reason, or materially change the terms under which they were willing to
provide future financing, we would need to identify new investors to invest in our investment funds and our east of capital may increase.
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There can be no assurance that we will be able to continue to successfully access capital in a manner that supports the grovAh of our business. Certain sources of capital may
not be available in the future, and competition for any available funding may increase. We cannot be sure that we will be able to maintain necessary levels of funding without incurring high
funding costs, unfavorable changes in the terms of funding instruments or the liquidation of certain assets. If we are unable to continue to offer a competitive investment profile, we may
lose access to these funds or they may only be available on less favorable terms than those provided to our competitors or currently provided to us. If we are to be unable to arrange new
or alterative methods of financing on favorable terms, our business, financial condition, results of operations and prospects could be materially and adversely affected.

The solar energy Industry is an emerging market that is constantly evolving and may not develop to the size or at the rate we expect.

The solar energy industry is an emerging and constantly evolving market opportunity. We believe the solar energy industry will lake several years to fully develop and mature,
and we cannot be certain that the market will grow at the rate we expect. Any future growth of the solar energy market and the success of our solar service offerings depend on many
factors beyond our control, including recognition and acceptance of the solar service market by consumers, the pricing of alterative sources of energy and our ability to provide our solar
service offerings cost effectively. If the markets for solar energy do not develop at the rate we expect, our business may be adversely affected. Solar energy has yet to achieve broad
market acceptance and depends in part on continued support in the form of rebates, lax credits and other incentives from federal, state and local governments. If this support diminishes,
our ability to obtain external financing on acceptable terms, or at all, could be materially adversely affected. Such funding limitations could read to inadequate financing support for the
anticipated growth in our business Furthermore, growth in residential solar energy depends in part on macroeconomic conditions, retail prices of electricity and homeowner preferences,
each of which can change quickly. Declining macroeconomic conditions, including in the job markets and residential real estate markets, could contribute to instability and uncertainty
among homeowners and impact their financial wherewithal, credit scores or interest in entering into long-term contracts, even if such contracts would generate immediate and long-term
savings.

Market prices of retail electricity generated by utilities or other energy sources could decline for a variety of reasons, as discussed further below. Any such declines in
macroeconomic conditions or changes in homeowner preferences would adversely impact our business.

Our ability to provide our solar service offerings to homeowners on an economically viable basis depends in part on our ability to finance these systems with fund investors
who seek particular tax and other benefits.

Our solar service offerings have been eligible for federal investment tax credits ("laCs"), U.S. Treasury grants and other tax benefits. We have relied on, and will continue to rely
on, tax equity investment funds, which are financing structures that monetize a substantial portion of those benefits, in order to finance our solar service offerings. If, for any reason, we
were unable to continue to monetize those benefits through these arrangements, we may be unable to provide and maintain our solar service offerings for homeowners on an economically
viable basis.

The availability of this tax-advantaged financing depends upon many factors, including:

• our ability to compete with other solar energy companies for the limited number of potential fund investors, each of which has limited funds and limited appetite for the
tax benefits associated with these flnancings,

the state of financial and credit markets,

changes in the legal or tax risks associated with these financings, and

non-renewal of these incentives or decreases in the associated benefits.
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The federal government currently offers a 30% ITC (the "Commercial eTc") under Section 48(a) of the Internal Revenue Code of 1986, as amended (the "Code"), for the
installation of certain solar power facilities prior to December 31, 2016, for taxpayers using solar property in a trade or business. The Cornmereial ITC was set to step down to 10% at the
end of 2016. In December 2015, Congress passed legislation extending the Commercial ITC for an additional five years with a ramp down from 30% to 26% in 2020 and 22% in 2021. The
Commercial ITC will remain at 10% permanently after 2021. Potential investors must remain satisfied that the funding structures that we offer will make the lax benefits associated with
solar energy systems available lo these investors, which depends both on the investors' assessment of the Tex law and the absence of any unfavorable interpretations of that law. Adverse
changes in existing law or interpretations of existing law by the Internal Revenue Service (the "IRS") and the courts could reduce the willingness of investors to invest in funds associated
with these solar energy systems. Accordingly, we cannot assure you that this type of financing will continue to be available to us, New investment fund structures or other financing
mechanisms may also become available, and if we are unable to take advantage of these fund structures and financing mechanisms, we may be at a competitive disadvantage. If, for any
reason, we were unable to finance our solar service offerings through tax-advantaged structures or if we were unable to realize or monetize Commercial ITs or other tax benefits, we may
no longer be able to provide our solar service offerings to new homeowners on an economically viable basis, which would have a material adverse effect on our business, financial
condition and results of operations,

We have historically benefited from declining costs in our industry, and our business and financial results may be harmed as a result of increases in costs associated with
our solar service offerings. If we do not reduce our cost structure in the future, our ability to become profitable may be impaired.

Declining costs related to raw materials, manufacturing and the sale and installation of our solar service offerings has been a key driver in the pricing of our solar service offerings
and, more broadly, homeowner adoption of solar energy. VVnile historically the prices of solar panels and raw materials have declined, the cost of solar panels and raw materials could
increase in the future due to a variety of factors, including trade ban'iers, export regulations, regulatory or contractual limitations, industry market requirements and changes in technology
and industry standards. Any such increases could slow our growth and cause our financial results and operational metrics to suffer. For example, in the past, we and our solar partners
purchased a significant portion of the solar panels used in our solar service offerings from manufacturers based in China or such panels have contained components from China. The U.S.
government has imposed antidumping and countervailing duties on solar cells manufactured in China. In addition, we may face other increases in our operating expenses, including
increases in wages or other labor costs, as well as marketing, sales or branding related costs. In addition, we invested heavily in building our direct-to-consumer capabilities in 2014 after
our acquisition of the residential sales and installation business of Mainstream Energy Corporation, as well as its fulfillment business, AEE Solar, and its racking business, SnapNrack,
which we refer to collectively as MEC. These investments included significantly increasing our installation capacity through the opening of new branches, increasing our hiring in
construction and in associated management personnel, and increasing brand and sales and marketing expenses.

We may continue to make significant investments to drive growth in the future. Increases in any of these costs could adversely affect our results of operations and financial
condition and ham our business and prospects. If we are unable to reduce our cost structure in the future, we may not be able to achieve profitability, which could have a material adverse
effect on our business and prospects.
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Electric utility statutes and regulations and changes to statutes or regulations may present technical, regulatory and economic barriers to the purchase and use of our solar
service offerings that may significantly reduce demand for such offerings.

Federal, state, and local government statutes and regulations concerning electricity heavily influence the market for our solar service offerings. These statutes and regulations
relate to electricity pricing, net metering, incentives, taxation, competition with utilities, and the interconnection of homeowner-owned and third party-owned solar energy systems to the
electrical grid. These statutes and regulations are constantly evolving. Governments, often acting through state utility or public service commissions, change and adopt ditTerent rates for
residential customers on a regular basis and these changes can have a negative impact on our ability to deliver savings to homeowners.

Utilities, their trade associations, and fossil fuel interests in the country, each of which has significantly greater economic and political resources than the residential solar
industry, are currently challenging solar-related policies to reduce the competitiveness of residential solar energy. Any adverse changes in solar-related policies could have a negative
impact on our business and prospects, For example, we recently ceased operations in Nevada as a result of the elimination of net metering.

We face competition from traditional energy companies as well as solar energy companies.

The solar energy industry is highly competitive and continually evolving as participants strive to distinguish themselves within their markets and compete with large utilities. We
believe that our primary competitors are the established utilities that supply energy to homeowners by traditional means. We compete with these utilities primarily based on price,
predictability of price, and the ease by which homeowners can switch to electricity generated by our solar service offerings. If we cannot offer compelling value to homeowners based on
these factors, then our business and revenues will not grow. Utilities generally have substantially greater financial, technical, operational and other resources than we do. As a result of
their greater size, these competitors may be able to devote more resources to the research, development, promotion and sale of their products or respond more quickly to evolving industry
standards and changes in market conditions than we can. Furthermore, these competitors are able to devote substantially more resources and funding to regulatory and lobbying efforts.

majority of utilities' sources of electricity are nonsolar which may allow utilities to sell electricity more cheaply than us, in addition, regulated utilities are increasingly seeking approval to
'rate-base' their own residential solar businesses.
utility scale solar projects and commercial solar projects, While few utilities to date have received regulatory permission to rate base residential solar, our competitiveness would be
significantly harmed should more utilities receive such permission because we do not receive guaranteed profits for our solar service offerings.

Utilities could also offer other valueadded products or services that could help them compete with us even if the cost of electricity they coffer is higher than ours. In addition, a

Rate-basing means that utilities would receive guaranteed rates of return for their solar businesses. This is already commonplace for

We also face competition from other residential solar service providers. Some of these competitors have a higher degree of brand name recognition, differing business and
pricing strategies, and greater capital resources than we have and have pensive knowledge of our target markets. If we are unable to establish or maintain a consumer brand that

resonates with homeowners, or competes with the pricing alTered by our competitors, our sales and market share position may be adversely affected as our growth is dependent on
originating new homeowners. We may also face competitive pressure from companies who offer lower priced consumer offerings than us.

We also compete with companies that are not regulated like traditional utilities but that have access to the traditional utility electricity transmission and distribution infrastructure.
These energy service companies are able to offer homeowners electricity supply-only solutions that are competitive with our solar service offerings on both price and usage of solar energy
technology while avoiding the long-term agreements and physical installations that our current fund-financed business model requires. This may limit our ability to attract homeowners,
particularly those who wish to avoid long-term contracts or have an aesthetic or other objection to putting solar panels on their roofs.
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We also face competition from purely finance-driven no integrated competitors that subcontract out the installation of solar energy systems, from installation businesses
(including solar partners) that seek financing from external parties, from large construction companies and from electrical and roofing companies. in addition, local installers that might
otherwise be viewed as potential solar partners may gain market share by being able to be first providers in new local markets. Some of these competitors may provide energy at lower
costs than we do.

As the solar industry grows and evolves, we will also face new competitors who are not cun'ently in the market, as well as existing and new competitors, including those resulting
from the consolidation of existing competitors, that achieve significant developments in alterative technologies or new products such as storage solutions, loan products or other programs
related to third-party ownership. Our failure to adapt to changing market conditions, to compete successfully with existing or new competitors and to adopt new or enhanced technologies
could limit our growth and have a material adverse effect on our business and prospects.

Regulations and policies related to rate design could deter potential homeowners from purchasing our solar service offerings, reduce the value of the electricity we produce,
and reduce the savings that our homeowners could realize from our solar service offerings.

All states regulate investor-owned utility retail electricity pricing. In addition, there are numerous publicly owned utilities and electric cooperatives that establish their own retail
electricity pricing through some form of regulation or internal process. These regulations and policies could deter potential homeowners from purchasing our solar service offerings, For
example, utilities are seeking rate design changes to "De-couple" rates. This form of "De-coupling" means changing rates to charge lower volume-based rates, or the rates charged for
kilowatt hour of electricity purchased by a residential customer, and higher unavoidable fixed charges that a homeowner is subject to when they purchase solar energy from third parties.
This form of rate design would adversely impact our business by reducing the value of the electricity our solar energy systems produce and reducing the savings homeowners receive by
purchasing our solar service offerings. In addition to changes in general rates charged to all residential customers, utilities are increasingly seeking solar-specific charges (which may be
fixed charges, capacity~based charges, or other rate changes). Any of these changes could materially reduce the demand for our products and could limit the number of markets in which
our products are competitive with electricity provided by the utilities.

We rely on net metering and related policies to offer competitive pricing to homeowners in all of our current markets, and changes to net metering policies may significantly
reduce demand for electricity from our solar service offerings.

As of December 31, 2015, a substantial majority Of states have adopted net metering policies. Net metering policies provide homeowners with a one for-one full retail credit
within a monthly billing period for electricity that the solar energy system exports to the electric grid. At the end of the monthly billing period, if the homeowner has generated excess
electricity within that month, the homeowner typically carries forward a credit for any excess electricity to be offset against future utility purchases. At the end of an annual billing period or
calendar year, utilities either continue to carry forward a credit, or reconcile the homeowners final annual or calendar year bill using different rates (including zero credit) for the exported
electricity.

Utilities, their trade associations, and fossil fuel interests in the country are currently challenging net metering policies, and seeking to either eliminate it, cap it, or impose charges
on homeowners that have adopted net metering. For example, the Hawaii Public Utilities Commission recently issued an Order thatpurports to eliminate net metering for all new
customers. In its place, the Commission created a tariff that sets a reduced rate for the credit customers receive when they export power. All customers who have submitted net metering
applications are grandfathered indefinitely under the old rules and we will continue to build those systems.
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Some states, including California, currently set limits on the total percentage of a utility's customers that can adopt net metering. New Hampshire and New York also have net
metering caps and other states we serve now or in the future may adopt net metering caps. If the net metering caps in these jurisdictions are reached without an expansion of net metering
policies, homeowners in the future will be unable to recognize the cost savings associated with net metering they currently enjoy. If changes to net metering policies occur without
grandathering to existing homeowners, as occurred recently in Nevada, those existing homeowners could be negatively impacted which could create a default risk from those
homeowners. Our ability to sell our solar service offerings may be adversely impacted by the failure to expand existing limits to net metering. The failure to adopt a net metering policy
where it currently is not in place would pose a ban'ier to entry in those states. Additionally, the imposition of charges that only or disproportionately impact homeowners that utilize net
metering would adversely impact our business.

Our business currently depends on the availability of utility rebates, tax credits and other financial incentives in addition to other tax benefits. The expiration, elimination or
reduction of these rebates and incentives could adversely impact our business.

U.S. federal, state and local governmental bodies provide incentives to owners, distributors, installers and manufacturers of solar energy systems to promote solar energy. These
incentives include laCs, as discussed above, as well as other tax credits, rebates and other financial incentives, such as system performance payments and payments for solar renewable
energy credits ("SRECs") associated with solar energy generation. We rely on these incentives to lower our cost of capital and to incant investors to invest in our funds, all of which enables
us to lower the price we charge homeowners for our solar service offerings. However, these incentives may expire on a particular date (as discussed above with respect to laCs), end
when the allocated funding is exhausted, or be reduced or terminated without notice. The financial value of certain incentives may also decrease over time.

Our business model also relies on multiple lax exemptions offered at the state and local levels. For example, solar energy systems are generally not considered in determining
values for calculation of local and state real and personal property taxes as a result of applicable property tax exemptions. If solar energy systems were not excluded, the property taxes
payable by homeowners would be higher, which could offset any potential savings our solar service offerings could offer. For example, in the stale of Arizona, the Arizona Department of
Revenue has determined that a personal property tax exemption on solar panels does not apply to solar panels that are leased (as opposed to owned), such that leased panels in Arizona
may ultimately subject the homeowner to an increase in personal property taxes and this increased personal property tax could reduce or eliminate entirely the savings that these solar
panels would otherwise provide to the homeowner. Although we are involved in ongoing litigation challenging the Arizona personal property tax determination, there can be no assurances
that this litigation will be resolved in a manner that is favorable to us or other solar companies. If this litigation is not resolved in a manner that is favorable to us and other solar companies,
and we pass the tax cost on to our customers, it will adversely impact our ability to attract new customers in Arizona, and the savings that our current Arizona customers realize will be
reduced by the additional tax imposed, which will make our solar service offerings less attractive to those customers and could increase the risk of default from those customers. In
addition, we rely on certain state and local tax exemptions that apply to the sale of equipment, sale of power, or both. These state and local sales tax exemptions can be changed by the
state legislature and other regulators, and such a change could adversely impact our business.

or otherwise restricting our sale of electricity. These regulatory requirements could include restricting our sale of electricity, as well as regulating the price of our solar sen/ice offerings.
we were subject to the same regulatory authorities as utilities in the United States or if new regulatory bodies were established to oversee our business, then our operating costs could
materially increase.

We are not currently regulated as a utility under applicable laws, but we may be subject to regulation as a utility in the future or become subject to new federal and state
regulations for any additional solar service offerings we may introduce in the future.

Federal, state, and municipal laws do not currently regulate us as a utility. As a result, we are not subject to the various regulatory requirements applicable to U.S. utilities.
However any federal, state, local or otherwise applicable regulations could place significant restrictions on our ability to operate our business and execute our business plan by prohibiting

If
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Our business depends in part on the regulatory treatment of third-party owned solar energy systems.

Our customer agreements are third-party ownership arrangements. Sales of electricity by third parties face regulatory challenges in some states and jurisdictions. These
challenges pertain to issues such as whether third party-owned systems qualify for the same levels of rebates or other non-tax incentives available for homeowner-owned solar energy
systems, whether third-party-owned systems are eligible at all for these incentives, and whether third-party-owned systems are eligible for net metering and the associated significant cost
savings. Reductions in, or eliminations of, the current treatment of third-party arrangements could reduce demand for our solar service offerings, adversely impel our access to capital an
cause us to increase the price we charge homeowners for energy.

Interconnection limits or circuit-level caps imposed by regulators may significantly reduce our ability to sell electricity from our solar service offerings in certain markets or
slow interconnections, harming our growth rate and customer satisfaction scores.

Interconnection rules establish the circumstances in which rooftop solar will be connected to the electricity grid. Interconnection limits or circuit-level caps imposed by regulators
may euro our growth in key markets. Utilities throughout the country have different rules and regulations regarding interconnection and some utilities cap or limit the amount of solar energy
that can be interconnected to the grid. Our systems do not provide power to homeowners until they are interconnected to the grid. The vast majority of our current homeowners are
connected to the grid, and we expect homeowners to continue to be connected to the grid in the future.

Interconnection regulations are based on claims from utilities regarding the amount of solar electricity that can be connected to the grid without causing grid reliability issues or
requiring significant grid upgrades. These interconnection limits or circuit-level caps have slowed the pace of our installations in Hawaii and could slow our installations in other markets,
harming our growth rate and customer satisfaction scores.

We may be required to make payments or contribute assets to our investors upon the occurrence of certain events, including one-time reset or true-up payments or upon the
exercise of a redemption option by one of our investors.

Our fund investors typically advance capital to us based on estimates. The models we use to calculate prepayments in connection with certain of our investment funds will be
updated for each investment fund at a fixed date occurring after placement in service of all solar energy systems or an agreed upon date (typically within the Grst year of the applicable
term) to reflect certain specified conditions as they exist at such date including the ultimate system size of the equipment that was leased, how much it cost, and when it went into service.
As a result of this true up. applicable payments are resized, and we may be obligated to refund the investor's prepayments or to contribute additional assets to the investment fund.
Further, our estimated retained value may be reduced, In addition, certain of our fund investors have the right to require us to purchase Uweir interests in the investment funds after a set
period of time, generally at a price equal to the greater of a set purchase price or fair market value of the interests at the time of the repurchase. Any significant refunds, capital
contributions or purchases that we may be required to make could adversely affect our liquidity or financial condition.
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A material drop in the retail price of utility-generated electricity or electricity from other soirees would harm our business, financial condition and results of operations.

We believe that a homeowner's decision to buy solar energy from us is primarily driven by a desire to lower electricity costs. Decreases in the retail prices of electricity from
utilities or other energy sources would harm our ability to offer competitive pricing and could haml our business. The price of electricity from utilities could decrease as a result of:

• the construction of a significant number of new power generation plants, including nuclear, coal, natural gas or renewable energy technologies,

the construction of additional electric transmission and distribution lines,

• a reduction in the price of natural gas or other natural resources as a result of new drilling techniques or other technological developments, a relaxation of associated
regulatory standards, or broader economic or policy developments,

energy conservation technologies and public initiatives to reduce electricity consumption, and

development of new energy technologies that provide less expensive energy.

A reduction in utility electricity prices would make the punzhase of our solar service otTerings less attractive. If the retail price of energy available from utilities were to decrease
due to any of these or other reasons, we would be at a competitive disadvantage. As a result, we may be unable to attract new homeowners and our growth would be limited.

It is difficult to evaluate our business and prospects due to our limited operatinghistory.

Until 2014, we focused our efforts primarily on the sales, financing, and monitoring of solar energy systems for residential customers, with installation provided by our solar
partners. In February 2014, we acquired MEC. We have limited experience managing the fulfillment and racking lines of the MEC business, and we may not be successful in maintaining or
growing the revenue from these businesses. Further, we have limited experience, in comparison to our solar partner model, in our direct-to-consumer business, and as a result, we may fail
to grow as quickly or achieve the revenue scale targeted in connection with such model. We may also be unsuccessful in expanding our customer base through installation of our solar
service offerings within our current markets or in new markets we may enter. Additionally, we cannot assure you that we will be successful in generating substantial revenue from our
current solar service offerings or from any additional solar service offerings we may introduce in the future. Our limited operating history, combined with the rapidly evolving and competitive
nature of our industry, may not provide an adequate basis for you to evaluate our results of operations and business prospects. In addition, we only have limited insight into emerging
trends, such as alternative energy sources, commodity prices in the overall energy market, and legal and regulatory changes that impact the solar industry, any of which could adversely
impact our business, prospects and results of operations.

We have incurred losses and may be unable to achieve or sustain profitability in the future.

We have incurred net losses in the past, and we had an accumulated deficit of $87.2 million as of December 31, 2015. We will continue to incur rel losses as we increase our
spending to finance the expansion of our operations, expand our installation, engineering, administrative, sales and marketing staffs, increase spending on our brand awareness and other
sales and marketing initiatives, and implement internal systems and infrastructure to support our growth. We do not know whether our revenue will grow rapidly enough to absorb these
costs and our limited operating history makes it difficult to assess the extent of these expenses or their impact on our results of operations. Our ability to achieve profitability depends on a
number of factors, including but not limited to:

growing our customer base,

finding investors willing to invest in our investment funds on favorable terms,
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maintaining or further lowering our cost of capital,

reducing the cost of components for our solar sen/ice offerings,

growing and maintaining our channel partner network,

growing our direct~to-consumer business to scale, and

reducing our operating costs by lowering our customer acquisition costs and optimizing our design and installation processes and supply chain logistics.

Even if we do achieve profitability, we may be unable to sustain or increase our profitability in the future.

Our results of operations may HucMate from quarter to quarter, which could make our future performance difficult to predict and could cause our results of operations for a
particular period to fall below expectations, resulting in a decline in the price of our common stock.

Our quarterly results of operations are difficult to predict and may fluctuate significantly in the future. We have experienced seasonal and quarterly fluctuations in the past and
expect these fluctuations to continue, However, given that we are an early-stage company operating in a rapidly changing industry, those fluctuations may be masked by our recent growth
rates and thus may not be readily apparent from our historical results of operations. As such, our past quarterly results of operations may not be good indicators of future performance.

In addition to the other risks described in this "Risk Factors" section, as well as the factors discussed in "Management's Discussion and Analysis of Financial Condition and
Results of Operations" section, the following factors could cause our results of operations and key performance indicators to fluctuate:

the expiration or initiation of any governmental tax rebates or incentives,

significant fluctuations in homeowner demand for our solar service offerings or fluctuations in the geographic concentration of installations of solar energy systems,

changes in financial markets, which could restrict our ability to access available financing sources,

seasonal or weather conditions that impact sales, energy production and system installations,

the amount and timing of operating expenses related to the maintenance and expansion of our business, operations and infrastructure,

announcements by us or our competitors of new products or services, significant acquisitions, strategic partnerships, joint ventures or capital-raising activities or
commitments,

changes in our pricing policies or terms or those of our competitors, including utilities,

changes in regulatory policy related to solar energy generation,

the loss of one or more key partners or the failure of key partners to perform as anticipated,

actual or anticipated developments in our competitors' businesses or the competitive landscape,

actual or anticipated changes in our growth rate,

general economic, industry and market conditions, and

changes to our cancellation rate.
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In the past, we have experienced seasonal fluctuations in sales and installations, particularly in the fourth quarter. This has been the result of decreased sales through the
holiday season and weather-related installation delays. In addition, energy production is greater in the second and third quarters of the year, causing variability in operating lease revenues
throughout the year, our incentives revenue is also highly variable due to associated revenue recognition rules, as discussed in greater detail in "Management's Discussion and Analysis
of Financial Condition and Results of Operations." Seasonal and other factors may also contribute to variability in our sales of solar energy systems and product sales. For these or other
reasons, the results of any prior quarterly or annual periods should not be relied upon as indications of our future performance. In addition, our actual revenue or key operating metrics in
future quarters may fall short of the expectations of investors and financial analysts, which could have a material adverse effect on the trading price of our common stock.

If we fail to manage our recent and future growth effectively, we may be unable to execute our business plan, maintain high levels of customer service or adequately address
competitive challenges.

We have experienced significant growth in recent periods, and we intend to continue to expand our business significantly within existing markets and in a number of new
locations in the future. This growth has placed, and any future growth may place, a significant strain on our management, operational and financial infrastructure. In particular, we will be
required to expand, train and manage our growing employee base and solar partners. Our management will also be required to maintain and expand our relationships with homeowners,
suppliers and other third parties and attract new homeowners and suppliers, as well as to manage multiple geographic locations.

In addition, our current and planned operations, personnel, systems and procedures might be inadequate to support our future growth and may require us to make additional
unanticipated investment in our infrastructure, including additional costs for the expansion of our employee base and our solar partners as well as marketing and branding costs. For
example, our headcount has grown to approximately 3,380 as of December 31, 2015. Our success and ability to further scale our business will depend, in part, on our ability to manage
these changes in a costeffective and efficient manner. If we cannot manage our growth, we may be unable to take advantage of market opportunities, execute our business strategies or
respond to competitive pressures. This could also result in declines in quality or homeowner satisfaction, increased costs, difficulties in introducing new solar service offerings or other
operational difficulties. Any failure to effectively manage growth could adversely impact our business and reputation.

Servicing our debt requires a significant amount of cash to comply with certain covenants and satisfy payment obligations, and we may not have sufficient cash How from
our business to pay our substantial debt and may be forced to take other actions to satisfy our obligations under our indebtedness, which may not be successful.

We have substantial amounts of debt, including the working capital facility and the non-recourse debt facilities entered into by our subsidiaries, as discussed in more detail in the
section titled "Management's Discussion and Analysis of Financial Condition and Results of Operations" and our financial statements. Our ability to make scheduled payments of the
principal of, to pay interest on or to refinance our indebtedness depends on our future performance, which is subject to economic, financial, competitive and other factors beyond our
control. Our business may not continue to generate cash flow from operations in the future sufficient to sen/ice our debt and make necessary capital expenditures to operate our business.
If we are unable to generate such cash flow, we may.be required to adopt one or more alternatives, such as selling assets, restructuring debt or obtaining additional equity capital on terms
that may be onerous or highly dilutive. Our ability to refinance our indebtedness will depend on the capital markets and our financial condition at such time. We may not be able to engage
in any of these activities or engage in these activities on desirable terms, which could result in a default on our debt obligations.
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We expect to incur substantially more debt in the future, which could intensify the risks to our business.

We and our subsidiaries expect to incur additional debt in the future, subject to the restrictions contained in our debt instruments. Our existing debt arrangements restrict our
ability to incur additional indebtedness, including secured indebtedness, and we may be subject to similar restrictions under the terms of future debt arrangements. These restrictions could
inhibit our ability to pursue our business strategies. Increases in our existing debt obligations would further heighten the debt related risk discussed above.

Furthermore, there is no assurance that we will be able to enter inc new debt instruments on acceptable terms. If we were unable to satisfy financial covenants and other terms
under existing or new instruments or obtain waivers or forbearance from our lenders or if we were unable to obtain refinancing or new financings for our working capital, equipment and
other needs on acceptable terms if and when needed, our business would be adversely affected.

The production and installation of solar energy systems depends heavily on suitable meteorological conditions. If meteorological conditions are unexpectedly unfavorable,
the electricity production from our solar service offerings may be below our expectations, and our ability to timely deploy new systems may be adversely impacted.

The energy produced and revenue and cash flows generated by a solar energy system depend on suitable solar and weather conditions, both of which are beyond our control.
Furthermore, components of our systems, such as panels and inverters, could be damaged by severe weather or natural catastrophes, such as hailstorms, tornadoes or earthquakes. In
these circumstances,.we generally would be obligated to bear the expense of repairing the damaged solar energy systems that we own. Sustained unfavorable weather also could
unexpectedly delay the installation of our solar energy systems, leading to increased expenses and decreased revenue and cash flows in the relevant periods. Weather patters could
change, making it harder to predict the average annual amount of sunlight striking each location where our systems are installed. This could make our solar service offerings less
economical overall or make individual systems less economical, Any of these events or conditions could harm our business, financial condition and results of operations.

Our business is concentrated in certain markets, putting us at risk of region specific disruptions.

As of December 31, 2015, the majority of our customers were in California. Accordingly, our business and results of operations are particularly susceptible to adverse economic,
regulatory, political, weather and other conditions in this market and in other markets that may become similarly concentrated. In addition, our corporate and sales headquarters are
located in San Francisco, California, an area that is at a heightened risk of earMquakes. We may not have adequate insurance, including business interruption insurance, to compensate
us for losses that may occur from any such significant events, including damage to our solar energy systems. A significant natural disaster, such as an earthquake, could have a material
adverse impact on our business, results of operations and financial condition. In addition, acts of terrorism or malicious computer viruses could cause disruptions in our Cr our solar
partners' businesses or the economy as a whole. To the extent that these disruptions resift in delays or cancellations of installations or the deployment of our solar service offerings, our
business, results of operations and financial condition would be adversely affected,

Loan financing developments could adversely impact our business.

The third»party ownership structure, which we bring to market through our solar service offerings, continues Io be the predominant form of system ownership in the residential
solar market in many states. However, there is a possibility of a shift from this trend to an outright purchase of the system by the homeowner (i.e., a homeowner purchases the solar
energy system outright instead of leasing the system from us and paying us for the solar power produced by those systems for a 20-year initial term) with the development of loan financing
products. Increases in third-party loan financing products or outright
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purchases could result in the demand for long-term customer agreements to decline, which would require us to shift our product focus to respond to the market trend and could have an
adverse effect on our business. In 2014 and 2015, the majority of our customers chose our solar service offerings as opposed to buying a solar energy system outright. Our financial model
is impacted by the volume of homeowners who choose our solar service offerings, and an increase in the number of customers who choose to purchase solar energy systems (whether for
cash or through third-party financing) may harm our business and financial results.

The federal government cunrentfy offers a 30% investment tax credit under Section 2ND of the Internal Revenue Code ("Individual ITC"), for the installation of certain solar power
facilitates owned by individuals. The Individual ITC was set to expire at the end of 2018. In December 2015, Congress passed legislation extending the Individual ITC for an additional five
years with a ramp down from 30% to 26% in 2020 and to 22% in 2021. The Individual ITC is set to expire after2021 .

Our growth depends in part on the success of our relationships with third parties, including our solar partners.

A key component of our growth strategy is to develop or expand our relationships with third parties. For example, we are investing resources in establishing strategic
relationships with market players across a variety of industries, including large retailers, to generate new customers. These programs may not roll out as quickly as planned or produce the
results we anticipated. A significant portion of our business depends on attracting and retaining new and existing solar partners. Negotiating relationships with our solar partners, investing
in due diligence efforts with potential solar partners, training such third parties and contractors, and monitoring them for compliance with our standards require significant time and
resources and may present greater risks and challenges than expanding a direct sales or installation team, If we are unsuccessful in establishing or maintaining our relationships with
uwese third parties, our ability to grow our business and address our market opportunity could be impaired. Even if we are able to establish and maintain these relationships, we may not be
able to execute on our goal of leveraging these relationships to meaningfully expand our business, brand recognition and customer base. This would limit our growth potential and our
opportunities to generate significant additional revenue or cash flows.

We and our solar partners depend an a limited number of suppliers of solar panels and other system components to adequately meet anticipated demand for our solar
service offerings. Any shortage, delay or component price change from these suppliers, or the acquisition ct any of these suppliers by a competitor, could result in sales and
installation delays, cancellations and loss of market share.

We and our solar partners purchase solar panels, inverters and other system components from a limited number of suppliers, making us susceptible to quality issues, shortages
and price changes, If we or our solar partners fail to develop, maintain and expand our relationships with these or other suppliers, we may be unable to adequately meet anticipated
demand for our solar service offerings, or we may only be able to offer our systems at higher costs or after delays. If one or more of the suppliers that we or our solar partners rely upon to
meet anticipated demand ceases or reduces production, we may be unable to quickly identify alternate suppliers or to qualify alterative products on commercially reasonable terms, and
we may be unable to satisfy this demand. The acquisition of a supplier by one of our competitors could limit our access to such components and require significant redesigns of our solar
energy systems or installation procedures and have a material adverse effect on our business.

In particular, there are a limited number of suppliers of inverters, which are components that convert electricity generated by solar panels into electricity that can be used to
power the home. For example, once we design a system for use with a particular inverter, if that type of inverter is not readily available at an anticipated price, we may incur additional
delay and expense to redesign the system. Further, the inverters on our solar energy systems generally carry only 10-year warranties. If there is an inverter equipment shortage in a year
when a substantial number of inverters on our systems need to be replaced, we may not be able to replace the inverters to maintain proper system functioning or may be forced to do so at
higher than anticipated prices, either of which would adversely impact our business.
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There have also been periods of industry-wide shortage of key components, including solar panels, in times of rapid industry growth. For example, new or unexpected changes in
rooftop fire codes or building codes may require new or different system components to satisfy compliance with such newly effective codes or regulations, which may not be readily
available for distribution to us or our suppliers, The manufacturing infrastructure for some of these components hasa long lead time, requires significant capital investment and relies on
the continued availability of key commodity materials, potentially resulting in an inability to meet demand for these components and, as a result, could negatively impact our ability to install
systems in a timely manner, Further, any decline in the exchange rate of the U.S. dollar compared to the functional currency of our component suppliers could increase our component
prices. Any of these shortages, delays or price changes could limit our growth, cause cancellations or adversely affect our operating margins, and result in loss of market share and
damage to our brand.

As the primary entity that contracts with homeowners, we are subject to risks associated with construction, cost overruns, delays, regulatory compliance and other
contingencies, any of which could have a material adverse effect on our business and results of operations.

We are a licensed contractor in certain communities that we service, and we are ultimately responsible as the contracting party for every solar energy system installation. We
may be liable, either directly or through our solar partners, to homeowners for any damage we cause to them, their home, belongings or property during the installation of our systems. For
example, we, either directly or through our solar partners, frequently penetrate homeowners' roofs during the installation process and may incur liability for the failure to adequately
weatherproof such penetrations following the completion of construction. In addition, because the solar energy systems we or our solar partners deploy are high voltage energy systems,
we may incur liability for any failure to comply with electrical standards and manufacturer recommendations.

Further, we or our solar partners may face construction delays or cost overruns, which may adversely affect our or our solar partners' ability to ramp up the volume of installation
in accordance with our plans. Such delays or overruns may occur as a result of a variety of factors, such as labor shortages, defects in materials and workmanship, adverse weather
conditions, transportation constraints, construction change orders, site changes, labor issues and other unforeseen difficulties, any of which could lead to increased cancellation rates,
reputational harm and other adverse effects.

In addition, the installation of solar energy systems, energy-storage systems and other energy-related products requiring building modifications are subject to oversight and
regulation in accordance with national, state and local laws and ordinances relating Io building, fire and electrical codes, safety, environmental protection, utility interconnection and
metering, and related matters. We also rely on certain of our employees to maintain professional licenses in many of the jurisdictions in which we operate, and our failure to employ
properly licensed personnel could adversely affect our licensing status in those jurisdictions. It is difficult and costly to track the requirements of every individual authority having jurisdiction
over our installations and to design solar energy systems to comply with these varying standards. Any new government regulations or utility policies pertaining to our systems may result in
significant additional expenses to us and our homeowners and, as a result, could cause a significant reduction in demand for our solar service offerings.

While we have a variety of stringent quality standards that we apply in the selection of our solar partners, we do not control our suppliers and solar partners or their business
practices. Accordingly, we cannot guarantee that they follow our standards or ethical business practices, such as fair wage practices and compliance with environmental, safety and other
local laws. A lack of demonstrated compliance could lead us to seek alterative suppliers or contractors, which could increase our costs and result in delayed delivery or installation of our
products, product shortages or other disruptions of our operations. Violation of labor or other laws by our suppliers and solar partners or the divergence of a suppliers or solar partners'
labor or other practices from those generally accepted as ethical in the United States or other markets in which we do business could also attract negative publicity for us and harm our
business, brand and reputation in the marKet
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We typically bear the risk of loss and the cost of maintenance, repair and removal on solar energy systems that are owned or leased by our investment funds.

We typically bear the risk of loss and are generally obligated to cover the cost of maintenance, repair and removal for any solar energy system that we sell or lease to our
investment funds. At the time we sell or lease a solar energy system to an investment fund, we enter into a maintenance services agreement where we agree to operate and maintain the
system for a fixed fee that is calculated lo cover our future expected maintenance costs. If our solar energy systems require an above-average amount of repairs or if the cost of repairing
systems were higher than our estimate, we would need to perform such repairs without additional compensation. If our solar energy systems, a majority of which are located in California,
are damaged as the result of a natural disaster beyond our control, losses could exceed or be excluded from, our insurance policy limits, and we could incur unforeseen costs that could
harm our business and financial condition. We may also incur significant costs for taking other actions in preparation for, or in reaction to, such events. We purchase property insurance
with industry standard coverage and limits approved by an investor's third-party insurance advisors to hedge against such risk, but such coverage may not cover our losses.

Disruptions to our solar production metering solution could negatively impact our revenues and increase our expenses.

Our ability to invoice homeowners for the energy produced by our solar energy systems and monitor solar energy production for various purposes depends on the operation of
our metering solution. We could incur significant expense and disruption to our operations in connection with failures of our metering solution, including meter hardware failures and failure
of the cellular technology that we use to communicate with those meters. Many of our meters operate on either the 2G or KG cellulardatanetworks, which are expected to sunset before
the term of our contract with homeowners. Upgrading our metering solution may cause us to incur a significant expense. Additionally, our meters communicate data through proprietary
software, which we license from our metering partners. Should we be unable to continue to license, on agreeable terms, the software necessary to communicate with our meters, it could
cause a significant disruption in our business and operations.

Problemswith product quality or performance may cause us to incur warranty expenses and performance guarantee expenses, may lower the residual value of our solar
energy systems and may damage our market reputation and cause our financial results to decline.

Homeowners who buy energy from us under leases or power purchase agreements are covered by production guaranties and roof penetration warranties. As the owners of the
solar energy systems, we or our investment funds receive a warranty from the inverter and solar panel manufacturers, and, for those solar energy systems that we do not install directly,
we receive workmanship and material warranties as well as roof penetration warranties from our solar partners. For example, we recently had to replace a significant number of defective
inverters, the cost of which was home by the manufacturer. However, our customers were without solar service for a period of time while the work was done, which impacted customer
satisfaction. Furthermore, one or more of our third-party manufacturers or solar partners could cease operations and no longer honor these warranties, leaving us to fulfill these potential
obligations to homeowners. Further, we provide a performance guarantee with certain solar service offerings pursuant to which we compensate homeowners on an annual basis if their
system does not meet the electricity production guarantees set forth in their agreement with us. Homeowners who buy energy from us under leases or power purchase agreements are
covered by production guarantees equal to the length of the term of these agreements, typically 20 years.
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Because of our limited operating history, we have been required to make assumptions and apply judgments regarding a number of factors, including our anticipated rate of
warranty claims and the durability, performance and reliability of our solar energy systems. Our assumptions could prove to be materially different from the actual perfomianoe of our
systems, causing us to incur substantial expense to repair or replace defective solar energy systems in the future or to compensate homeowners for systems that do not meet their
production guarantees. Product failures or operational deficiencies also would reduce our revenue from power purchase or lease agreements because they are dependent on system
production. Any widespread product failures or operating deficiencies may damage our market reputation and adversely impact our financial results.

Product liability claims against us could result in adverse publicity and potentially significant monetary damages.

If our solar service offerings, including our racking systems or other products, injured someone, we would be exposed to product liability claims. Because solar energy systems
and many of our other current and anticipated products are electricity-producing devices, it is possible that consumers or their property could be injured or damaged by our products,
whether by product malfunctions, defects, improper installation or other causes. We rely on third-party manufacturing warranties, warranties provided by our solar partners and our general
liability insurance to cover product liability claims and have not obtained separate product liability insurance. Any product liability claim we face could be expensive to defend and divert
management's attention. The successful assertion of product liability claims against us could result in potentially significant monetary damages that could require us to make significant
payments, as well as subject us to adverse publicity, damage our reputation and competitive position and adversely affect sales of our systems and other products. In addition, product
liability claims, injuries, defects or other problems experienced by other companies in the residential solar industry could lead to unfavorable market conditions to the industry as a whole,
and may have an adverse effect on our ability to attract homeowners, thus affecting our growth and financial performance.

1'he residual value of our solar energy systems at the end of the associated term of the lease or power purchase agreement may be lower than projected, which may
adversely affect our financial performance and valuation.

We depreciate the costs of our solar energy systems over 20 years to a residual value, At the end of the initial 20-year term, customers may choose to purchase their solar
energy systems, ask to remove the system at our cost or renew their customer agreements. Homeowners may choose to not renew or purchase for any reason, such as pricing, decreased
energy consumption, relocation of residence or switching to a competitor product.

Furthermore, it is difficult to predict how future environmental regulations may affect the costs associated with the removal, disposal or recycling of our soler energy systems. If
the value in trade or renewal revenue is less than we expect, after giving effect lo any associated removal and redeployment costs, we may be required to recognize all or some Off the
remaining unamortized costs. This could materially impair our future results of operations.

We have guaranteed a minimum return to be received by an investor in one of our investment tiunds, which could adversely affect our business and financial condition if we
were required to make any payments as a result of this guarantee.

We have guaranteed payments to the investor in one of our investment funds in the case that the investor does not achieve a specified minimum internal rate or return in this
fund, which rate is assessed annually. The amounts of potential future payments under this guarantee depend on the amounts and timing ef future distributions to the investor from funds
and the tax benefits that accrue to the investor from the fund's activities. Because of uncertainties associated with estimating the timing and amounts of distributions to the investor, we
cannot determine the potential maximum future payments that we could have to make under this guarantee. To date, we have not been required to make any payments under this
guarantee. We may agree to similar rems with other third-party fund investors in the future, Any significant payments that we may be required to make under such guarantees, now or in
the future, could adversely affect our financial condition.
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Damage to our brand and reputation or failure tn expand our brand would harm our business and results of operations.

We depend significantly on our brand and reputation for high-quality solar service offerings, engineering and customer service to attract homeowners and grow our business. If
we fail to continue to deliver our solar service offerings within the planned timelines, if our solar service offerings do not perform as anticipated or if we damage any homeowners'
properties or cancel projects, our brand and reputation could be significantly impaired. we also depend greatly on referrals from homeowners for our growth. Therefore, our inability to
meet or exceed homeowners' expectations would ham our reputation and growth through referrals. Further, we have focused particular attention on expeditiously growing our direct sales
force and our solar partners, leading us in some instances to hire personnel or partner with third parties who we may later determine do not fit our company culture. If we cannot manage
our hiring and training processes to avoid potential issues related to expanding our sales team or solar partners and maintain appropriate customer service levels, our business and
reputation may be harmed and our ability to attract homeowners would suffer. In addition, if we were unable to achieve a similar level of brand recognition as our competitors, some of
which cun'ently have a broader brand footprint as a result of a larger direct sales force, more resources and longer operational history, we could lose recognition in the marketplace among
prospective customers, suppliers and partners, which could affect our growth and financial performance. Our growth strategy involves marketing and branding initiatives that will involve
incurring significant expenses in advance of corresponding revenues. We cannot assure you that such marketing and branding expenses will result in the successful expansion of our
brand recognition or increase our revenues.

A failure to hire and retain a sufficient number of employees and service providers in key functions would constrain our growth and our ability to timely complete
homeowners' projects and successfully manage homeowner accounts.

To support our growth, we need to hire, train, deploy, manage and retain a substantial number of skilled employees, engineers, installers, electricians, sales and project finance
specialists. Competition for qualified personnel in our industry is increasing, particularly for skilled personnel involved in the installation of solar energy systems. We may be unable to
attract or retain qualified and skilled installation personnel or installation companies to be our solar partners, which would have an adverse effect on our business. We and our solar
partners also compete with the homebuilding and construction industries for skilled labor. As these industries grow and seek to hire additional workers, our cost of labor may increase. The
unionization of the industry's labor force could also increase our labor costs, Shortages of skilled labor could significantly delay a project or otherwise increase our costs. Because our profit
on a particular installation is based in part on assumptions as to the cost of such project, cost overruns, delays or other execution issues may cause us to not achieve our expected
margins or cover our costs for that project. In addition, because we are headquartered in the San Francisco Bay Area, we compete for a limited pool of technical and engineering
resources that requires us to pay wages that are competitive with relatively high regional standards for employees in these fields. Further, we need to continue to expand upon the training
of our customer service team to provide highland account management and service to homeowners before, during and following the point of installation of our solar energy systems.
Identifying and recruiting qualified personnel and training them requires significant time, expense and attention. It can take several months before a new customer service person is fully
trained and productive at the standards that we have established. If we are unable to hire, develop and retain talented customer service personnel, we may not be able to realize the
expected benefits of this investment or grow our business.

In addition, to support the growth and success of our direct-to-consumer channel, we need to recruit, retain and motivate a large number of sales personnel on a continuing
basis. We compete with many other companies for qualified sales personnel, and it could take many months before a new salesperson is fully trained on our solar service offerings. If we
are unable to hire, develop and retain qualified sales personnel or if they are unable to achieve desired productivity levels, we may not be able to compete effectively.
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If we or our solar partners cannot meet our hiring, retention and efficiency goals, we may be unable to complete homeowners' projects on time or manage homeowner accounts
in an acceptable manner or at all. Any significant failures in this regard would materially impair our growth, reputation, business and financial results. If we are required to pay higher
compensation than we anticipate, these greater expenses may also adversely impact our financial results and the growth of our business.

The loss of one or more members of our senior management or key employees may adversely affect our ability to implement our strategy.

We depend on our experienced management team, and the loss of one or more key executives could have a negative impact on our business. In particular, we are dependent on
the services of our chief executive officer and co-founder, Lynn Jurich, and our Chairman and co-founder, Edward Fenster. We also depend on our ability to retain and motivate key
employees and attract qualified new employees. Neither our founders nor our key employees are bound by employment agreements for any specific term, and we may be unable to
replace key members of our management team and key employees in the event we lose their services. integrating new employees into our management team could prove disruptive to our
operations, require substantial resources and management attention and ultimately prove unsuccessful. An inability to attract and retain sufficient managerial personnel who have critical
industry experience and relationships could limit or delay our strategic efforts, which could have a material adverse effect on our business, financial condition and results of operations.

We may not realize the anticipated benefits of past or future acquisitions, and integration of these acquisitions may disrupt our business and management.

We acquired MEC in February 2014 and CEE in April 2015. We may in the future acquire additional companies, project pipelines, products, or technologies or enter into joint
ventures or other strategic initiatives. We may not realize the anticipated benefits of past or future acquisitions, and any acquisition has numerous risks that are not within our control.
These risks include the following, among others:

• difficulty in assimilating the operations and personnel of the acquired company, especially given our unique culture,

• difficulty in effectively integrating the acquired technologies or products with our current products and technologies,

• difficulty in maintaining controls, procedures, and policies during the transition and integration,

• disruption of our ongoing business and distraction of our management and employees from other opportunities and challenges due to integration issues,

• difficulty integrating the acquired company's accounting, management information, and other administrative systems,

• inability to retain key technical and managerial personnel of the acquired business,

• inability to retain key customers, vendors, and other business partners of the acquired business,

» inability to achieve the financial and strategic goals for the acquired and combined businesses,

• incurring acquisition~related costs or amortization costs for acquired intangible assets that could impact our results of operations,

• significant post-acquisition investments which may lower the actual benefits realized through the acquisition,

I potential failure of the due diligence processes to identify significant issues with product quality, legal and financial liabilities, among other things,
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potential inability to assert that internal controls over financial reporting are effective, and

potential inability to obtain, or obtain in a timely manner, approvals from governmental authorities, which could delay or prevent such acquisitions.

Our failure to address these risks, or other problems encountered in connection with our past or future acquisitions, could cause us to fail to realize the anticipated benefits of
these acquisitions or investments, cause us to incur unanticipated liabilities, and harm our business generally. Future acquisitions could also result in dilutive issuances of our equity
securities, the incurrence of debt, contingent liabilities, amortization expenses, incremental expenses or the write~off of goodwill, any of which could harm our financial condition or results
of operations.

Mergers and acquisitions of companies are inherently risky, may not produce the anticipated benefits and could adversely affect our business, financial condition, or results of
operations.

If we are unsuccessful in developing and maintaining our proprietary technology, including our Bri htpath software, our ability to attract and retain solar partners could be
impaired, our competitive position could be harmed and our revenue could be reduced.

Our future growth depends on our ability to continue to develop and maintain our proprietary technology that supports our solar service offerings, including our design and
proposal software, Brightpath. In addition, we rely, and expect to continue to rely, on licensing agreements with certain third parties lot aerial images that allow us to efficiently and
effectively analyze a homeowner's rooftop for solar energy system specifications. In the event that our cun'ent or future products require features that we have not developed or licensed,
or we lose the benefit of an existing license, we will be required to develop or obtain such technology through purchase, license or other arrangements. If the required technology is not
available on commercially reasonable terms, or at all, we may incur additional expenses in an effort to internally develop the required technology. in addition, our BrightPath software was
developed, in part, with U.S. federal government funding. When new technologies are developed with U.S. government funding, the government obtains certain rights in any resulting
patents, including a nonexclusive license authorizing the government to use the invention for non-commercial purposes. These rights may permit the government to disclose our
confidential information to third parties and to exercise "march-in" rights to use or allow third parties to use our patented technology We are also subject to certain reporting and other
obligations to the U.S. government in connection with funding for Brightpath, If we were unable to maintain our existing proprietary technology, our ability to attract and retain solar partners
could be impaired, our competitive position could be harmed and our revenue could be reduced.

Our business may be harmed if we fail to properly protect our intellectual property, and we may also be required to defend against claims or indemnify others against claims
that our intellectual property infringes on the intellectual property rights of third parties.

We believe that the success of our business depends in part on our proprietary technology, including our software, information, processes and know-how, We rely on copyright,
trade secret and patent protections to secure our intellectual property rights. Although we may incur substantial costs in protecting our technology, we cannot be certain that we have
adequately protected or will be able to adequately protect it, that our competitors will not be able to utilize our existing technology or develop similar technology independently, that the
claims allowed with respect to any patents held by us will be broad enough to protect our technology or that foreign intellectual property laws will adequately protect our intellectual property
rights. Moreover, we cannot be certain that our patents provide us with a competitive advantage. Despite our precautions, it may be possible for third parties to obtain and use our
intellectual property without our consent. Unauthorized use of our intellectual property by third parties, and the expenses incurred in protecting our intellectual property rights, may
adversely affect our business. In the future, some of our products could be alleged to infringe existing patents or other intellectual property of third parties, and we cannot be certain that we
will prevail in any intellectual property dispute. In addition, any future litigation required to enforce our patents, to protect our trade secrets or know-how or to defend us or indemnify others
against claimed infringement of the rights of third parties could harm our business, financial condition and resuks of operations.
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The Office ct the Inspector General of the U.S. Department of Treasury has issued subpoenas to a number of significant participants in the rooftop solar energy installation
industry, including us. The subpoena we received requires us to deliver certain documents in our possession relating to our participation in the U.S. Treasury grant program.
These documents have been delivered to the Office of the Inspector General of the U.S. Department of Treasury, which is investigating the administration and implementation
of the U.S. Treasury grant program.

In July 2012, we and other companies that are significant participants in both the solar industry and the cash grant program under Section 1603 of the American Recovery and
Reinvestment Act of 2009 received subpoenas from the U.S. Department of Treasury's Office of the Inspector General. Our subpoena requested, among other things, documents that
relate to our applications for U.S. Treasury grants and communications with certain other solar service companies or certain firms that appraise solar energy property for U.S. Treasury
grant application purposes. The Inspector General is working with the Civil Division of the U.S Department of Justice to investigate the administration and implementation of the U.S.
Treasury grant program, including possible misrepresentations concerning the fair market value of the solar power systems submitted for grant under that program made in grant
applications by companies in the solar industry, including us. We produced documents and testimony as requested by the Inspector General, and we intend to continue to cooperate fully
with the Inspector General and the Department of Justice. We are not able to predict how long this review will be on-going. If, at the conclusion of the investigation, the Inspector General
concludes that misrepresentations were made, the Department of Justice could decide to bring a civil action to recover amounts it believes were improperly paid to us. If it were successful
in asserting this action, we could be required to pay damages and penalties for any funds received based on such misrepresentations (which, in tum, could require us to make indemnity
payments to certain of our fund investors). Such consequences could have a material adverse effect on our business, liquidity, financial condition and prospects. Additionally, the period of
time necessary to resolve the investigation is uncertain, and this matter could require significant management and financial resources that could otherwise be devoted to the operation d
our business

If the Internal Revenue Service or the U.S. Treasury Department makes determinations that the fair market value of our solar energy systems is materially lower than what we
have claimed. we may have to pay significant amounts to our fund investors and our business, financial condition and prospects may be materially and adversely affected.

We and our fund investors claim the Commercial ITC or the U.S. Treasury grant in amounts based on the fair market value of our solar energy systems. We have obtained
independent appraisals to determine the fair market values we report for claiming Commercial laCs and U.S. Treasury grants. The IRS and the U.S. Treasury Department review these fair
market values. vlhth respect to U.S. Treasury grants, the U.S. Treasury Department reviews the reported fair market value in determining the amount initially awarded, and the IRS and the
U.S. Treasury Department may also subsequently audit the fair market value and determine that amounts previously awarded must be repaid to the U.S. Treasury Department or that
excess awards constitute taxable income for U.S. federal income tax purposes. Vvth respect to Commercial lacs, the IRS may review the fair market value on audit and determine that the
tax credits previously claimed must be reduced. If the fair market value is determined in these circumstances to be less than we reported, we may owe our fund investors an amount equal
to this difference, plus any costs and expenses associated with a challenge to that valuation. We would also be subject to tax liabilities, including interest and penalties. If the IRS or the
U.S. Treasury Department further disagrees now or in the future with the amounts we reported regarding the fair market value of our solar energy systems, or if we receive an adverse
outcome with respect to the Department M Treasury lhspector General investigation, it could have a material adverse effect on our business, financial condition and prospects. For
example, a hypothetical five percent downward adjustment in Me fair market value of the solar energy systems for which we have been awarded approximately $269.0 million in U.S.
Department of Treasury grants since the beginning of the U.S, Treasury grant program through December 31, 2014, would obligate us to repay approximately $14 million to our fund
investors. Three of our investment funds are currently being audited by the IRS.
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We are subject to legal proceedings, regulatory inquiries and litigation, and we may be named in additional legal proceedings, become involved in regulatory inquiries or be
subject to litigation in the future, all of which are costly, distracting to our core business and could result in an unfavorable outcome, or a material adverse effect on our
business, financial condition, results of operations, or the trading price for our securities.

We are involved in legal proceedings and receive inquiries from government and regulatory agencies, including the pending Treasury investigation discussed above. In the event
that we are involved in significant disputes or are the subject of a formal action by a regulatory agency, we could be exposed to costly and time consuming legal proceedings that could
result in any number of outcomes. Although outcomes of such actions vary, any current or future claims or regulatory actions initiated by or against us, whether successful or not, could
result in expensive costs, costly damage awards or settlement amounts, injunctive relief, increased costs of business, fines or orders to change certain business practices, signMcant
dedication of management time, diversion of significant operational resources, or otherwise harm our business.

If we are not successful in our legal proceedings and litigation, we may be required to pay significant monetary damages, which could hurt our results of operations, Lawsuits are
time-consuming and expensive to resolve and divert management's time and attention. Although we carry general liability insurance, our insurance may not cover potential claims or may
not be adequate to indemnify us for aft liability that may be imposed. We cannot predict how the courts will rule in any potential lawsuit against us. Decisions in favor of parties that bring
lawsuits against us could subject us to significant liability for damages, adversely affect our results of operations and harm our reputation.

A failure to comply with laws and regulations relating to our interactions with current or prospective residential customers could result in negative publicity, claims,
investigations, and litigation, and adversely affect our financial performance.

Our business involves transactions with homeowners. We must comply with numerous federal, state and local laws and regulations that govern matters relating to our
interactions with homeowners, including those pertaining to privacy and data security, consumer financial and credit transactions, home improvement contracts, warranties and direct-to-
home solicitation. These laws and regulations are dynamic and subject to potentially differing interpretations, and various federal, state and local legislative and regulatory bodies may
expand current laws or regulations, or enact new laws and regulations, regarding these matters. Changes in these laws or regulations or their interpretation could dramatically affect how
we do business, acquire customers, and manage and use information we collect from and about current and prospective customers and the costs associated therewith. We strive to
comply with all applicable laws and regulations relating to our interactions with residential customers. it is possible, however, that these requirements may be interpreted and applied in a
manner that is inconsistent from one jurisdiction to another and may conflict with other rules or our practices. Our noncompliance with any such law or regulations could also expose us to
claims, proceedings, litigation and investigations by private parties and regulatory authorities, as well as substantial fines and negative publicity, each of which may materially and
adversely affect our business We have incurred, and will continue to incur, significant expenses to comply with such laws and regulations, and increased regulation of matters relating to
our interactions with residential customers could require us to modify our operations and incur significant additional expenses, which could have an adverse effect on our business,
financial condition and results of operations.
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Compliance with occupational safety and health requirements and best practices can be costly, and noncompliance with such requirements may result in potentially
significant penalties, operational delays and adversepublicity.

The installation of solar energy systems requires our employees and employees of our solar partners to work with complicated and potentially dangerous electrical systems. The
evaluation and installation of our energy-related products require these employees to work in locations that may contain potentially dangerous levels of asbestos, lead or mold or other
substances. We also maintain large fleets of vehicles that these employees use in the course of their work. There is substantial risk of serious injury or death if proper safety procedures
are not followed, Our operations are subject to regulation under the U.S. Occupational Safety and Health Act ("OSHA") and equivalent state laws. Changes to OSHA requirements, or
stricter interpretation or enforcement of existing laws or regulations, could result in increased costs. If we fail to comply with applicable OSHA regulations, even if no work-related serious
injury or death occurs, we may be subject to civil or criminal enforcement and be required to pay substantial penalties, incur significant capital expenditures, or suspend or limit operations.
Any accidents, citations, violations, injuries or failure to comply with industry best practices may subject us to adverse publicity, damage our reputation and competitive position and
adversely affect our business.

Rising interest rates will adversely impact our business.

Rising interest rates will increase our cost of capital. Our future success depends on our ability to raise capital from fund investors and obtain secured lending to help finance the
deployment of our solar service offerings. Part of our business strategy is to seek to reduce our cost of capital through these arrangements to improve our margins, offset future reductions
in government incentives and maintain the price competitiveness of our solar service offerings. Rising interest rates may have an adverse impact on our ability to offer attractive pricing on
our solar service offerings to homeowners.

The majority of our cash flows to date have been from solar service offerings under customer agreements that have been monetized under various investment fund structures.
One of the components of this monetization is the present value of the payment streams from homeowners who enter into these customer agreements. If the rate of return required by
capital providers, including debt providers, rises as a result of a rise in interest rates, it will reduce the present value of the homeowner payment stream and consequently reduce the total
value derived from this monetization. Any measures that we could take to mitigate the impact of rising interest rates on our ability to secure third-party financing could ultimately have an
adverse impact on the value proposition that we offer homeowners.

We are exposed to the credit risk art homeowners and payment delinquencies on our accounts receivables.

Our customer agreements are typically for 20 years and require the homeowner to make monthly payments to us. Accordingly, we are subject to the credit risk of homeowners.
As of December 31, 2015, the average FICO score of our customers under a lease or power purchase agreement was approximately 760, but this may decline to the extent FICO score
requirements under future investment funds are relaxed. while to date homeowner defaults have been immaterial, we expect that the risk of homeowner defaults may increase as we grow
our business. Due to the immaterial amount of homeowner defaults to date, our reserve for this exposure is minimal, and our future exposure may exceed the amount of such reserves. If
we experience increased homeowner credit defaults, our revenues and our ability to raise new investment funds could be adversely affected. if economic conditions worsen, certain of our
homeowners may face liquidity concerns and may be unable to satisfy their payment obligations to us on a timely basis or at all, which could have a material adverse effect on our financial
condition and results of operations.
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The requirements of being a public company may strain our resources, divert managements attention and affect our ability to attract and retain qualified board members and
officers.

We are subject to the reporting requirements of the Exchange Act, the listing requirements of the NAS DAQ Stock Market and other applicable securities rules and regulations.
Compliance with these rules and regulations has increased our legal and financial compliance costs, made some activities more difficult, time-consuming or costly and increased demand
on our systems and resources. The Exchange Act requires, among other things, that we file annual, quarterly and current reports with respect to our business and results of operations and
maintain effective disclosure controls and procedures and internal control over financial reporting. To maintain and improve our disclosure controls and procedures and internal control
over financial reporting to meet this standard, significant resources and management oversight may be required. As a result, management's attention may be diverted from other business
concerns, which could harm our business and results of operations. Although we have already hired additional employees to comply with these requirements, we may need to hire more
employees in the future, which will increase our costs and expenses.

We use "open source" software in our solutions, which may require that we release the source code of certain software subject to open source licenses or subject us to
possible litigation or other actions that could adversely affect our business.

We utilize software that is licensed under so-called "open source,' "free" or other similar licenses. Open source software is made available to the general public on an "as-is'
basis under the terms of a non-negotiable license, We currently combine our proprietary software with open source software but not in a manner that we believe requires the release of the
source code of our proprietary software to the public. However, our use of open source software may entail greater risks than use of third-party commercial software. Open source
licensors generally do not provide warranties or other contractual protections regarding infringement claims or the quality of the code. In addition, if we combine our proprietary software
with open source software in a certain manner, we could, under certain open source licenses, be required to release the source code of our proprietary software to the public. This would
allow our competitors to create similar offerings with lower development effort and time.

We may also face claims alleging noncompliance with open source license terms or infringement or misappropriation of proprietary software. These claims could result in
litigation, require us to purchase a costly license or require us to devote additional research and development resources to change our software, any of which would have a negative effect
on our business and results M operations. in addition, if the license terms for open source software that we use change, we may be forced to re-engineer our solutions, incur additional
costs or discontinue the use of these solutions if Reengineering cannot be accomplished on a timely basis. Although we monitor our use of open source software to avoid subjecting our
offerings to unintended conditions, few courts have interpreted open source licenses, and there is a risk that these licenses could be construed in a way that could impose unanticipated
conditions or restrictions on our ability to use our proprietary software. We cannot guarantee that we have incorporated or will incorporate open source software in our software in a manner
that will not subject us to liability or in a manner that is consistent with our can*ent policies and procedures.

Any unauthorized disclosure or theft of personal information we gather, store and use could harm our reputation and subject us to claims or litigation.

We receive, store and use personal information of homeowners, including names, addresses, email addresses, credit information and other housing and energy use information.
Unauthorized disclosure of such personal information, whether through breach of our systems by an unauthorized party, employee theft or misuse, or otherwise, could harm our business.
If we were subject to an inadvertent disclosure of such personal information, or if a third party were to gain unauthorized access to homeowners' personal information we possess, we
could be subject to claims or litigation arising from damages suffered by homeowners. in addition, we could incur significant costs in complying with the multitude of federal, state and local
laws regarding the unauthorized disclosure of personal information. Finally, any perceived or actual unauthorized disclosure of such information could haml our reputation, substantially
impair our ability to attract and retain homeowners and have an adverse impact on our business.
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Our management will not be required to evaluate the effectiveness of our internal control over financial reporting until the end of the fiscal year for which our second Annual
Report is due. If we are unable to establish and maintain effective internal control over financial reporting, investors may lose confidence in the accuracy of our financial
reports.

In connection with the audits of our consolidated financial statements for the years ended December 31, 2013 and 2012, we identified materiel weaknesses in our internal control
over financial reporting relating to certain aspects of our financial statement close process and our accounting for income taxes. A material weakness is a deficiency, or a combination of
deficiencies, in internal control over financial reporting, such that there is a reasonable possibility that a material misstatement of a company's annual or interim financial statements will not
be prevented or detected on a timely basis. These material weaknesses resulted from an aggregation of deficiencies,

In the 2013 consolidated financial statements, we incorrectly accounted for our deferred tax liabilities, prepaid tax asset and the related amortization as it related to income taxes
incurred on intercompany transactions. The foregoing resulted in the restatement d our2012 consolidated financial statements. Subsequent to the quarter endedMarch 31, 2015, we also
identified and corrected an immaterial elTor related to the accounting for taxes on intercompany transactions. We continue to remediate our internal controls related to the accounting for
income taxes.

We are required to establish and maintain internal control over financial reporting and to report any material weaknesses in such internal controls. Section 404 of the Sarbanes-
Oxley Ad requires that we evaluate and determine the effectiveness of our internal control over financial reporting. Beginning with our second Annual Report following our initial public
offering, we will be required to provide a management report on internal control over financial reporting. VVnen we are no longer an emerging growth company, our management report on
internal control over financial reporting will need to be attested to by our independent registered public accounting firm. Because of the inherent limitations in all control systems, no
evaluation of controls can provide absolute assurance that misstatements due to error or fraud will not occur or that all control issues and instances of fraud will be detected.

We may fail to establish and maintain effective internal control over financial reporting, in which case we may not detect en'ors on a timely basis and our financial statements may
be materially misstated. In addition, we cannot guarantee that our internal control over financial reporting will prevent or detect all errors and fraud. The risk of errors is increased in light of
the complexity of our business and investment funds. For example, we must deal with significant complexity in accounting for our fund structures and the resulting allocation of net income
(loss) between our stockholders and no controlling interests under the hypothetical liquidation book value ("HLB\/") method as well as the income tax consequences of these fund
structures. As we enter into additional investment funds, which may have contractual provisions different from those or our existing funds, the analysis as to whether we consolidate these
funds, the calculation under the HLBVmethod, and the analysis of the tax impact could become increasingly complicated. This additional complexity could require us to hire additional
resources and increase the chance that we experience en'ors in the future.

If we fail to establish and maintain effective internal control over financial reporting, investors may lose confidence in the accuracy and completeness of our financial reports,
which could cause the price of our common stock to decline. In addition, we could become subject to investigations by the NASDAQ Stock Market, the SEC or other regulatory authorities,
which could require additional management attention and which could adversely affect our business.
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Our ability to use our net operating loss canyforwards and certain other tax attributes may be l imited.

As of December 31, 2015, we had U.S. federal net operating loss carryforwards d approximately $595.0 million arid statenet operating loss carryforwards of approximately
$545.6 million, which begin expiring in varying amounts in 202a and 2020, respectively, if unused. Under Sections 382 and 883 of the Code if a corporation undergoes an "ownership
change," the corporation's ability lo use its pre-change net operating loss carryforwards and other pre-change tax attributes, such as research tax credits, to offset its post-change income
and taxes may be limited. In general, an "ownership change" occurs if there is a cumulative change in our ownership by "5% shareholders" that exceeds 50 percentage points over a rolling
three-year period. Similar nJles may apply under state tax laws. Any such limitations on our ability to use our net operating loss carryforwards and other tax assets could adversely impact
our business, financial condition and results of operations.

Risks Related to Ownership of Our Common Stock

Our executive officers, directors and principal stockholders continue to have substantial control over us, which will limit your ability to influence the outcome of important
matters, including a change in control.

Each of our executive officers, directors and each of our stockholders who beneficially own 5% or more of our outstanding common stock and their affiliates, in the aggregate,
beneficially own approximately43.8% of the outstanding shares of our common stock, based on the number of shares outstanding as of December 31, 2015. As a result, these
stockholders, if acting together, will be able to influence or control matters requiring approval by our stockholders, including the election of directors and the approval of mergers,
acquisitions or other extraordinary transactions, They may also have interests that differ from yours and may vote in a way with which you disagree and which may be adverse to your
interests. This concentrated control may have the effect of delaying or preventing a change in control of our company, could deprive our stockholders of an opportunity to receive a
premium for their capital stock and might ultimately affect the market price of our common stock.

The market price of our common stock has been and may continue to be volatile, and you could lose all or part of your investment.

The trading price of our common stock has been volatile since our initial public offering, and is likely to continue to be volatile, Factors that could cause fluctuations in the market
price of our common stock include the following: .

• price and volume fluctuations in the overall stock market from time to time,

• volatility in the market prices and trading volumes of companies in our industry or companies that investors consider comparable,

• changes in operating performance and stock market valuations of other companies generally, or those in our industry in particular,

• sales of shares of our common stock by us or our stockholders,

• failure of securities analysts to maintain coverage of us, changes in financial estimates by securities analysts who follow us, or our failure to meet these estimates or
the expectations of investors,

the financial projections we may provide to the public, any changes in those projections or our failure to meet those projections,

announcements by us or our competitors of new products or sen/ices,

the public's reaction to our press releases, other public announcements and filings with the SEC,
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rumors and market speculation involving us or other companies in our industry,

actual or anticipated changes in our results of operations,

changes in tax and other incentives that we rely upon in order to raise tax equity investment funds,

changes in the regulatory environment and utility policies and pricing, including those that could reduce the savings we are able to offer to customers,

actual or anticipated developments in our business, our competitors' businesses or the competitive landscape generally,

litigation involving us, our industry or both, or investigations by regulators into our operations or those of our competitors,

announced or completed acquisitions of businesses or technologies by us or our competitors,

new laws or regulations or new interpretations of existing laws or regulations applicable to our business,

changes in accounting standards, policies, guidelines, interpretations or principles,

any significant change in our management, and

general economic conditions and slow or negative growth of our markets.

\

In addition, in the past, following periods of volatility in the overall market and the market price of a particular company's securities, securities class action litigation has often been
instituted against these companies. This litigation, if instituted against us, could result in substantial costs and a diversion of our management's attention and resources.

The large number of shares of our capital stock eligible for public sale or subject to rights requiring us to register them for public sale could depress the market price of our
common stock.

The market price of our common stock could decline as a result of sales of a large number of shares of our common stock in the market after our initial public offering, and the
perception that these sales could occur may also depress the market price of our common stock.

As of December 31, 2015, stockholders awning an aggregate of up to 65,396,429 shares of our common stock can require us to register shares of our capital stock owned by

plans. Subject to the satisfaction of applicable exercise periods and applicable volume and restrictions that apply to affiliates, the shares of our capital stock issued upon exercise off
outstanding options to purchase shares of our common stock became available for immediate resale in the United States in the open market.

them for public sale in the United States. In addition, we filed a registration statement to register shares of our capital stock reserved for future issuance under our equity compensation

Future sales of our common stock may make it more difficult for us to sell equity securities in the future at a time and at a price that we deem appropriate. These sales also could
cause the market price of our common stock to decline and make it more difficult for you to sell shares of our common stock.
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Anti-takeover provisions contained in our amended and restated certificate of incorporation and amended and restated bylaws, as well as provisions of Delaware law, could
impair a takeover attempt.

Our amended and restated certificate of incorporation, amended and restated bylaws and Delaware law contain provisions which could have the effect of rendering more difficult,
delaying, or preventing an acquisition deemed undesirable by our board of directors end therefore depress the trading price of our common stock. Among other things, our amended and
restated certificate of incorporation and amended and restated bylaws include provisions:

creating a classified board of directors whose members serve staggered three-year terms,

authorizing "blank check' preferred stock, which could be issued by our board of directors without stockholder approval and may contain voting, liquidation, dividend
and other rights superior to our common stock,

limiting the liability of, and providing indemnification to, our directors and officers,

limiting the ability of our stockholders to call and bring business before special meetings,

requiring advance notice of stockholder proposals for business to be conducted at meetings of our stockholders and for nominations of candidates for election to our
board of directors, and

controlling the procedures for the conduct and scheduling of board of directors and stockholder meetings.

These provisions, alone or together, could delay or prevent hostile takeovers and changes in control or changes in our management.

As a Delaware corporation, we are also subject to provisions of Delaware law, including Section 203 of the Delaware General Corporation law, which prevents certain
stockholders holding more than 15% of our outstanding capital stock from engaging in certain business combinations without approval of the holders of at least two-thirds of our
outstanding capital stock not held by such stockholder.

Any provision of our amended and restated certificate of incorporation, amended and restated bylaws or Delaware law that has the effect of delaying or preventing a change in
control could limit the opportunity for our stockholders to receive a premium for their shares of our capital stock and could also affect the price that some investors are willing to pay for our
common stock.

Provisions contained in our amended and restated certificate of incorporation and amended and restated bylaws limit the ability of our stockholders to call special meetings
and prohibit stockholder action by written consent.

Our amended and restated certificate of incorporation provide that our stockholders may not take action by written consent. Instead, any such actions must be taken at an annual
or special meeting of our stockholders. As a result, our stockholders are not able to take any action without first holding a meeting of our stockholders called in accordance with the
provisions of our amended and restated bylaws, including advance notice procedures set forth in our amended and restated bylaws. Our amended and restated bylaws further provide that
special meetings of our stockholders may be called only by a majority of our board of directors, the chairman of our board of directors, our Chief Executive Officer or our President, As a
result, our stockholders are not allowed to call a special meeting. These provisions may delay the ability of our stockholders to force consideration of a stockholder proposal, including a
proposal to remove directors.
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Provisions contained in our amended and restated certificate of incorporation and amended and restated bylaws could preclude our stockholders from brim in matters
before meetings of stockholders and delay changes in our board of directors.

Our amended and restated bylaws provide advance notice procedures for stockholders seeking to bring business before, or nominate candidates for election as directors at, our
annual or special meetings of stockholders. In addition, our amended and restated certificate of incorporation provide that stockholders may remove directors only for cause. Any
amendment of these provisions in our amended and restated bylaws or amended and restated certificate of incorporation would require approval by holders of at least 662/3% of our then
outstanding capital stock. These provisions could preclude our stockholders from bringing matters before annual or special meetings of stockholders and delay changes in our board of
directors.

Our amended and restated bylaws provide that the Court of Chancery of the State of Delaware will be the sole and exclusive forum for substantially all disputes between us
and our stockholders, which could limit our stockholders' ability to obtain a favorable judicial forum for disputes with us or our directors, officers or employees.

Our amended and restated bylaws provide that, unless we consent to the selection of an alterative forum, the Court of Chancery of the State of Delaware is the sole and
exclusive forum for (i) any derivative action or proceeding brought on our behalf, (ii) any action asserting a claim of breach of fiduciary duty owed by any of our directors, officers or other
employees to us or to our stockholders, (iii) any action asserting a claim arising pursuant to the Delaware General Corporation Law or (iv) any action asserting a claim governed by the
internal affairs doctrine. The choice of forum provision may limit a stockholder's ability to bring a claim in a judicial forum that it finds favorable for disputes with us or our directors, officers
or other employees, which may discourage such lawsuits against us and our directors, officers and other employees. Alternatively, if a court were to find the choice of forum provision
contained in our amended and restated bylaws to be inapplicable or unenforceable in an action, we may incur additional costs associated with resolving such action in other jurisdictions,
which could harm our business, results of operations and financial condition.

If securities or industry analysts cease publishing research or reports about us, our business, our market or our competitors, or if tlley adversely change their
recommendations regarding our common stock, the market price of our common stock and trading volume could decline.

The market for our common stock is influenced by the research and reports that securities or industry analysts publish about us, our business, our market or our competitors. If
any of the analysts who cover us adversely change their recommendations regarding our common stock, or provide more favorable recommendations about our competitors, the market
price of our common stock would likely decline. If any of the analysts who cover us cease coverage of our company or fail to regularly publish reports on us, we could lose visibility in the
financial markets, which in tum could cause the market price of our common stock and trading volume to decline.

We do not expect to declare any dividends in the foreseeable future.

We do not anticipate declaring any cash dividends to holders of our common stock in the foreseeable future. Consequently, investors may need to rely on sales of our common
stock after price appreciation, which may never occur, as the only way to realize any future gains on their investment. Investors seeking cash dividends should not purchase shares of our
common stock.
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Additional stock issuances could result in significant dilution to our stockholders.

We may issue additional equity securities to raise capital, make acquisitions or for a variety of other purposes. Additional issuances of our stock may be made pursuant to the
exercise or conversion of new or existing convertible debt securities, warrants, stock options or other equity incentive awards to new and existing service providers, Any such issuances will
result in dilution to existing holders of our stock. We rely on equity- based compensation as an important tool in recruiting and retaining employees. The amount of dilution due to equity-
based compensation d our employees and other additional issuances could be substantial.

As an emerging growth company within the meaning of the Securities Act, we will utilize certain modified disclosure requirements, and we cannot be certain if these reduced
requirements will make our common stock less attractive to investors.

We are an emerging growth company, and, for as long as we continue to be an emerging growth company, we may choose to take advantage of exemptions from various
reporting requirements applicable to other public companies but not to "emerging growth companies." These exemptions include not being required to have our independent registered
public accounting firm audit our internal control over financial reporting under Section 404 of the Sarbanes-Oxley Act, reduced disclosure obligations regarding executive compensation in
our periodic reports and proxy statements, and exemptions from the requirements of holding a nonbinding advisory vote on executive compensation and stockholder approval of any
golden parachute payments not previously approved. We are utilizing, and we plan in future filings with the SEC to continue to utilize, the modified disclosure requirements available to
emerging growth companies. As a result, our stockholders may not have access to certain information they may deem important. We could remain an "emerging growth company' for up to
five years following the anniversary of our initial public offering, or until the earliest of (1) the last dayof the first fiscal year in which our annual gross revenue reaches or exceeds $1.0
billion, (2) the date that we become a "large accelerated filer* as defined in the Exchange Act, which could occur as early as January 1, 2017 or (3) the date on which we have issued more
than $1 .0 billion in non-convertible debt securities during the preceding three-year period.

Item LB. Unresolved Staff Comments.

Notapplicable

Item2. Properties.

Our corporate headquarters and executive offices are located in San Francisco, California, where we occupy approximately56,000 square feet of office space, We also maintain
40 other locations, consisting primarily of branch offices, warehouses, sales offices and design centers in seven states.

We lease all of our facilities and we do not own any real properly. We believe that our wrrent facilities are adequate to meet our ongoing needs. lfwe require additional space,
we believe that we will be able to obtain additional facilities on commercially reasonable terms.

Item 3. Legal Proceedings.

In July 2012, the Department of Treasury and the Department of Justice (together, the "Government") opened a civil investigation into the participation by residential solar
developers in the Section 1603 grant program. The Government served subpoenas on several developers, including us, along with U'leir investors and valuation firms, with requests for
information related to the cash grant applications made by the developers. The focus of the investigation is the claimed fair market value of the solar systems the developers submitted to
the Government in their grant applications. We have cooperated fully with the Government and plan to continue to do so. No claims have been brought against us.
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In addition, we are a party to litigation and subject to claims in the ordinary course of business, Although the results of litigation and claims cannot be predicted with certainty, we
currently believe that the final outcome of litigation and claims will not have a material adverse effect on our business, Regardless Of the outcome, litigation can have an adverse impact on
us because of defense and settlement costs, diversion of management resources and other factors.

Item 4. Mine Safety Disclosures.

Not applicable.
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PART II

Item 5. Market for Registrant's Common Equity, Related Stockholder Matters and Issuer Purchases of Equity Securities.

Market Information

Our common stock began trading on the NASDAQ Global Select Market under.the symbol "RUN" on August 5, 2015.

Holders of Record

As of March s, 2016, there were approximately 211 holders of record of common stock. Certain shares are held in "street" name and, accordingly, the number of beneficial
owners of such shares is not known or included in the foregoing number.

Price Range of Our Common Stock

The following table sets forth the reported high and low sales prices of our common stock since the first day of public trading on Augusts, 2015 for the indicated periods, as
regularly quoted on the NASDAQ Global Select Market:

Fiscal Year Ended
December 31, 2015

High Low
Third Quarter (August 5, 2015 through

September 30, 2015)
Fourth Quarter

$
$

13.31
14.95

$
$

8.23
6.36

Dividend Policy

We have never declared or paid any cash dividends on our capital stock. We currently intend to retain all available funds and any future earnings for use in the operation of our
business and do not expect to pay any dividends on our capital stock in the foreseeable future. Any future determination to declare dividends will be made at the discretion of our board of
directors, subject to applicable laws, and will depend on a number of factors, including our financial condition, results of operations, capital requirements, contractual restrictions, general
business conditions and other factors that our board of directors may deem relevant. In addition, our credit agreements contain restrictions on payments of cash dividends.
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Stock Price performance Graph

The following stock performance graph compares our total stock return with the total return for (i) the NASDAQ Composite Index and the (ii) the Guggenheim Solar ETF,
which represents a peer group of solar companies, for the period from August 5, 2015 (the date our common stock commenced trading on the NASDAQ Global Select Market) through
December 31, 2015. The figures represented below assume an investment of $100 in our common stock at the closing price of $10.77 on August 5, 2015 and in the NASDAQ Composite
Index and the Guggenheim Solar ETF on August 5, 2015 and the reinvestment of dividends into shares of common stock. The comparisons in the table are required by the Securities and
Exchange Commission, or SEC, and are not intended to forecast or be indicative of possible future performance of our common stock. This graph shall not be deemed "soliciting material"
or be deemed "filed" for purposes of Section 18 of the Securities Exchange Act of 1934, as amended, or the Exchange Act, or otherwise subject to the liabilities under that section, and
shall not be deemed to be incorporated by reference into any of our filings under the Securities Act of 1933, as amended, or the Securities Act, whether made before or after the date
hereof and irrespective of any general incorporation language in any such filing,

S uer

$120.90

Shum

s xoaoo

saw
<

$8939

$7600

sauna

91]/2015SJ'1t2&}15 34~1f1a*2*?15

- - - - - » $ u n r u n  l a x; t a i 4 s l 1 A l 1  C n n z p a s i s a  i s m

11p ' i f2D}. ' 8» 1 2 3 9 2 1 3 1 5

Gui3@:nl ' l cin\  Bater E l t-

August 5,
2015Ticker

RUN
AIXIC
TAN

165'06
100.00
100.00

December 31,
2p1_5_

109.2§
97.42
87.61

Sur run Inc.
NASDAQ Composite Index
Guggenheim Solar ETF

$
$
$

$
$
$

39

http://archive.fast-edgar.coM20160311/APAZBZZCZCZZD9AE222M2ZZ2BBKGVY22Z... 4/26/2016

HI\



run-10k_20151231.htm Page 42 of 270

Recent Sales off Unregistered Securities

In August 2015, immediately prior to the closing of our initial public offering, we issued approximately 1.7 million shares of common stock and executed a letter of intent to issue
approximately 1.3 million warrants to purchase common stock subject to contingencies being met to the then holders of Series D and E preferred stock as an inducement to convert their
shares of convertible preferred stock into shares of common stock immediately prior to the closing of our initial public offering and waive any potential anti-dilution adjustments resulting
from the issuance of shares of common stock in our initial public offering. The wan'ants were issued on September to, 2015 and are exercisable for three years from the date of grant with
an exercise price of $22.50 per share.

No underwriters were involved in the foregoing issuance or sales of securities. The issuances of the securities described above were deemed to be exempt from registration
under the Securities Act in reliance on Section 4(a)(2) of the Securities Ad as transactions by an issuer not involving any public offering. The recipients of the securities represented their
intentions to acquire the securities for investment only and not with a view to or for sale in connection with any distribution thereof. All recipients had adequate access, through their
relationships with us, to information about us. The sales of these securities were made without any general solicitation or advertising.

Item s. Selected Consolidated Financial Data.

You should read the following selected consolidated financial data below in conjunctionwith Management's Discussion and Analysis of Financial Conation and Results of
Operations and the consolidated financial statements, related notes and other financial information included elsewhere in this Annual Report on Form 10-K the selected consolidated
financial data in this section are not intended to replace the consolidated financial statements and are qualified in their entirety by the consolidated financial statements and related notes
included elsewhere in this Annual Report on Form 10-K.
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The selected consolidated statements of operations data for the years ended December Br, 2015, 2014 and 2013, and the selected consolidated balance sheet data as of
December 31, 2015 and 2014 are derived from our audited consolidated financial statements included elsewhere in this Form 10-K. Our historical results are not necessarily indicative of
the results that may be expected in the future and interim results are not necessarily indicative of results to be expected for the full year

Year Ended December 31

118,004
1B6.602
304.606

$ 84.006
114.551
198.557

$

111.784 72.898

168.751
145.477

100.802
78.723

68.098 33.242

523.806
(219,200)

33.236

331.178
(132,819)

27.521

108.709
(53,969)
11.752

(254,205)
(5,299)

(248,906)

(167,533)
(10,043)

(157,490)

(66,086)
(591 )

165.4951

(86,538) (64,294)
(1 ,201 I

(220,660 )
(28,248) $

Revenue:
operating leases and incentives
Solar energy systems and product sales

Total revenue
Operating expenses:

Cost of operating leases and incentives
Cost of solar energy systems and

product sales
Sales and marketing
Research and development
General and administrative
Amortization of intangible assets

Total operating expenses
Loss from operations
interest expense, net
Loss on early extinguishment of debt
Other expenses
Lossbefore income taxes
Income tax benefit
Net loss
Net loss attributable to no controlling interests

and redeemable no controlling interests
Net loss attributable to common stockholders

Deemed dividend to convertible preferred
stockholders (1 )

Net loss available to common stockholders

(24,890)
(53,1 be ) $ (70,852) $ (1,201 )

(0.95) $ (0.12)
Ne! loss per share available to common

shareholder-basic and diluted

Weighted average shares used to compute net
loss per share available to common
stockholders-basic and diluted 55.091 22.795

(1) We calculate net income (loss) per share (Eps) available to common stockholders using the two-class method, The two-class method allocates net income that otherwise would
have been available to common stockholders to holders of participating securities. We recognized a $24.9 million deemed dividend to Series D and E preferred stockholders as a
result of an inducement to convert the Series D and E preferred stock into common stock immediately prior to the closing of our initial public offering. This deemed dividend was
added to net loss attributable to common stockholders to determine the amount available to the common stockholders
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As of December 31

Consolidated Balance Sheet Data
203,864

1392,021
2.738.146

$ 152.154
1.484.251
1.932.584

48.597
188.052

Solar energy systems, net
Total assets
Long-term debt, current portion
Solar asset-backed notes, current portion
Line of credit
Long-term debt, net of current portion
Solar asset-backed notes, net of culTent portion
Redeemable noncontroliing interests
Total equity

194.975
232.378
105.557
147.139
659.560

135.948
416.619

Item 1. Management's Discussion and Analysis of Financial Condition and Results of Operations

The following discussion and analysis of our financial condition and results of operations should be read in conjunction with our consolidated Financial statements and related
notes thereto included elsewhere in this Annual Report on Fam 10-K. This discussion contains for/vard-looking statements that involve nsks and unceNainties. Our actual results could
differ materially from those discussed below. Factors that could cause or contn'bute to such differences include those identified below and those discussed in the section titled 'Risk
Factors" included elsewhere in this Annual Report on Form 10-K

We provide clean, solar energy to homeowners at a significant savings compared to traditional utility energy. We have been selling solar energy to residential customers through
a variety of offerings since we were founded in 2007. We, either directly or through one of our solar partners, install a solar energy system on a customers home and either sell the system
to the homeowner or, as is more often the case, sell the energy generated by the system to the homeowner pursuant to a lease or power purchase agreement ("PPA") with no or low
upfront costs. We refer to these leases and PPAs as "Customer Agreements." Following installation, a system is interconnected to the local utility grid. The home's energy usage is
provided by the solar energy system, with any additional energy needs provided by the local utility. Through the use of a bi-directional utility meter, any excess solar energy that is not
immediately used by the homeowner is exported to the utility grid, and the homeowner receives a credit for the excess energy from their utility to offset future usage of utility-generated
energy

Until 2014, we provided our solar service offerings primarily through our solar partner channel and relied on our solar partners to originate customers for our solar service
offerings and procure and install the solar energy systems on our customers' homes. In February 2014, we purchased the residential sales and installation business of Mainstream Energy
Corporation, as well as its fulfillment business, AEE Solar, and its racking business, SnapNrack. We refer to these businesses collectively as "MEC." Following the MEC acquisition, we
began offering our solar service offerings both directly to the homeowner and through our solar partners, which include sales and installation partners, and strategic partners, which include
retail partners. In addition, following the acquisition, we began to sell solar energy systems directly to customers for cash. We also sell solar energy panels and other products to resellers
through AEE Solar and SnapNrack. As of December 31, 2015, we offered our solar service offerings to customers in 15 states, plus the District of Columbia, and sold solar energy panels
and other products to resellers throughout the United States. The majority of our cumulative systems deployed are in California. The acquisition of MEC provided us with direct-to-
consumer installation capabilities in the areas we previously serviced only through our partner channel. We did not expand our solar service offerings to any new state as a result of the
acquisition of MEC
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We compete mainly with traditional utilities. In the markets we serve, our strategy is to price the energy we sell below prevailing retail electricity rates. As a result, the price our
customers pay to buy energy from us through our solar service offerings varies depending on the state where the customer lives and the local traditional utility that otherwise provides electricity
to the customer as well as the prices other solar energy companies charge in that region. Even within the same neighborhood, site-specific characteristics drive meaningful variability in the
revenue and cost profiles of each home. Using our proprietary technology, we target homes with advantageous revenue and cost characteristics, which means we are often able to offer
pricing that allows customers to save more on their energy bill while maintaining our ability to meet our targeted returns. For example, with the insights provided by our technology, we can offer
competitive pricing to customers with homes that have favorable characteristics, such as roofs that allow for easy installation, high electricity consumption, or low shading, effect:tively passing
Hirough the cost savings we are able to achieve on these installations to the homeowner.

Our ability to offer Customer Agreements depends in part on our ability to finance the purchase and installation of the solar energy systems by monetizing the resulting customer
cash flows and related investment tax credits ("laCs"), accelerated tax depreciation and other incentives from gcvemments and local utilities. We monetize these incentives under tax
equity investment funds which are generally structured as non-recourse project financings. From inception to March 8, 2016, we have established 24 investment funds, which represent
financing for an estimated $4.0 billion in value of solar energy systems on a cumulative basis. We intend to establish additional investment funds and may also use debt, equity and other
financing strategies to fund our growth.

Recent Developments

In January 2016, certain of our subsidiaries entered irrlo secured credit facilities with a syndicate of banks for up to $250.0 million in committed facilities. The facilities include a
$220.0 million aggregate facility ('Aggregate Facility"'), $23.0 million term loan ('Term Loan') and a $7.0 million letter of credit facility. The Aggregate Facility and letter of credit bear an
interest rate of LIBOR + 250 basis points for the initial three-year revolving availability period, stepping up to LIBOR + 275 basis points in the following two-year period. The Term Loan
bears an interest rate of LIBOR + 500 basis points (with a LIBOR floor of 100 basis points) in the first three years, stepping up to LIBOR plus 650 basis points in the following two-year
period. The principal and accrued interest on any outstanding loans mature on December31, 2020.

The facilities are non-recourse to Sur run and are secured by net cash flows of certain subsidiaries from power purchase agreements and leases, less certain operating,
maintenance and other expenses which are available to the borrowers after distributions to tax equity investors. The facilities contain customary covenants including the requirement to
maintain certain financial measurements and provide lender reporting. The credit facilities also contain certain provisions in the event of default which entitle lenders to take certain actions
including acceleration of amounts due under the facilities.

In March 2016, one of our subsidiaries entered into a $24.5 million secured, non-recourse loan agreement, The loan will be repaid through cash flows from a lease pass~through
arrangement we previously entered into. The loan matures in September 2022 and has an interest rate of LIBOR + 2.25%. The loan agreement contains customary covenants including
the requirement to maintain certain financial measurements and provide lender reporting. The loan also contains certain provisions in the event of default which entitles the lender to take
certain actions including acceleration of amounts due under the loan.

At the end of 2015, we began to slow our operations in Nevada as the result of proposed regulatory changes, including elimination of net metering. In early2016, we ceased our
operations in Nevada in response to the issuance of the final rules by the Nevada public Utifities Commission,
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Investment Funds

Our Customer Agreements provide for recurring customer payments, typically over 20 years, and the related solar energy systems are generally eligible for laCs, accelerated tax
depreciation and other government or utility incentives. Our financing strategy is to monetize these benefits at a low weighted-average cost of capital. This low cost of capital enables us to
offer attractive pricing to our customers for the energy generated by the solar energy system on their homes. Historically, we have monetized a portion of the value created by our
customer agreements and the related solar energy systems through investment funds. These assets are attractive to fund investors due to the long-term, recurring nature of the cash flows
generated by our Customer Agreements, the high credit scores of our customers, the fact that energy is a non-discretionary good and our low loss rates. In addition, fund investors can
receive attractive after-tax returns from our investment funds due to their ability to utilize ITs, accelerated depreciation and certain government or utility incentives associated with the
funds' ownership of solar energy systems.

From inception to March 8, 2016, we have formed 24 investment funds. Of these 24 funds, 19 are currently active and are described below. We have established different types
of investment funds to implement our asset monetization strategy. Depending on the nature of the investment fund, cash may be contributed to the investment fund by the investor upfront
or in stages based on milestones associated with the design, construction or interconnection status of the solar energy systems. The cash contributed by the fund investor is used by the
investment fund to purchase solar energy systems. The investment funds either own or enter into a master lease with a Sur run subsidiary for the solar energy systems, Customer
Agreements and associated incentives. We receive on-going cash distributions from the investment funds representing a portion of the monthly customer payments received. We use the
upfront cash, as well as on-going distributions to cover our costs associated with purchasing and installing the solar energy systems. In addition, we also use debt, equity and other
financing strategies to fund our operations. The allocation of the economic benefits between us and the fund investor and the con'esponding accounting treatment varies depending on the
structure of the investment fund.

We currently utilize three legal structures in our investment funds, which we refer to as; (i) lease pass-throughs, (ii) partnership flips and (iii) joint venture ("JV') inverted leases.
We reflect lease pass-through arrangements on our consolidated balance sheet as a lease pass-through financing obligation, We record the investor's interest in partnership flips or JV
inverted leases (which we define collectively as 'consolidated joint ventures") as no controlling interests or redeemable no controlling interests. These consolidated joint ventures are
usually redeemable at our option and, in certain cases, at the investor's option. If redemption is at our option or the oonsolidatedjoint ventures are not redeemable, we record the investors
interest as a no controlling interest and account for the interest using the hypothetical liquidation at book value ("HLBV") method. If the investor has the option to put their interest to us, we
record the investor's interest as redeemable no controlling interest at the greater of the HLBV and the redemption value.

Lease Pass-1'l1rough

Lease Pass-Thmugh. In this investment fund structure, we and the fund investor form two entities which facilitate the pass-through of the ITC or U.S. Treasury grants to the fund
investors. In this structure we contribute solar energy systems to an "owner" entity in exchange for interests in the owner entity, and the fund investors contribute cash to a "tenant" entity in
exchange for interests in the tenant entity.

Under our lease pass-through structure, in accordance with the provisions of Financial Accounting Standards Board ("FASB"), Accounting Standards Codification Topic 81 o
("ASC 810') Consolidahon, we have determined that we are the primary beneficiary of the owner entity, and accordingly, we consolidate that entity. We have also determined that we are
not the primary beneficiary of the tenant entity, and accordingly, we do not consolidate that entity.
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In this investment fund structure, the investors make a series of large up-front payments as well as, in some instances, subsequent smaller quarterly lease payments through
their respective tenant entity to the corresponding owner entity in exchange for the assignment of cash flows from customer agreements and certain other benefits associated with the
customer agreements and related solar energy systems. We account for the payments from investors as borrowings by recording the proceeds received as lease pass-through financing
obligations. The financing obligation is reduced by recurring customer payments received under the customer agreements assigned to the funds and, if applicable, any U.S. Treasury
grants, the fair value of the ITs monetized and proceeds from the contracted resale of assigned solar renewable energy credits ("SRECs"), as they are received by the investor over the
term of the assignment agreement, which is approximately 20 years. We account for these investment funds in our consolidated financial statements as if we are the lessor in the
arrangement with the customer, and we record on our consolidated financial statements activities arising from the customer agreements and any related U.S. Treasury grants, ITs
incentive rebates and SREC sales. The interest charge on our lease pass-through financing obligations is imputed at the inception of the fund based on the effective interest rate in the
arrangement giving rise to the obligation and is updated prospectively as appropriate

In certain arrangements, we agree Io defer a portion of the up-front payments by arranging a loan between an indirectly wholly owned subsidiary of the Company to a subsidiary
of the investor's tenant entity. There is a legal right to offset the loan against the financing obligation if an event of default has occurred. Therefore, the lease pass-through related to these
types of an'angements is recorded net of the loan

Consolidated Joint Ventures

Partnership Flips. Under partnership flip structures, we and our fund investors contribute cash into a partnership entity. The partnership uses the cash to acquire solar energy
systems developed by us and sells or leases the energy produced under customer agreements, Each fund investor receives a rate of return, typically on an after-tax basis, which varies by
investment fund. Prior to the fund investor receiving its contractual rate of return or for a time period specified in the contractual arrangements, the fund investor receives the majority of the
value attributable to customer payments and accelerated tax depreciation, and substantially all of the laCs. After the fund investor receives its contractual rate of return or after the

led time period, we receive substantially all of the value attributable to the remaining customer payments and other incentives

Under our partnership flip structures, we have determined that we control the variable interest entity ('VIE"), and accordingly we consolidate the entity and record the investor's
interest as either no controlling interests or redeemable no controlling interests in our consolidated balance sheets

Inverted Leases. Under our inverted lease structure, we and the fund investor set up a multi-tiered investment vehicle that is comprisedof two partnership entities which facilitate
the pass through of the tax benefits to the fund investors. In this structure we contribute solar energy systems to an "owner partnership entity in exchange for interests in the owner
partnership and the fund investors contribute cash to a "tenant" partnership in exchange for interests in the tenant partnership, which in tum makes an investment in the owner partnership
entity in exchange for interests in the owner partnership. The owner partnership uses the cash contributions received from the tenant partnership to purchase systems from us and/or fund
installation of such systems. The owner partnership leases the contributed solar energy systems to the tenant partnership under a master lease, and the tenant partnership pays the owner
partnership rent for those systems both upfront and on an ongoing basis. The tenant partnership sells energy from the solar energy systems to customers pursuant to the terms of the
applicable customer agreements. Customer payments made to the tenant partnership are used to pay expenses (including fees to us), make master lease rent payments and pay
preferred return distributions to the fund investor. The owner partnership distributes cash to us and the tenant partnership. As the tenant partnership is an investor in the owner partnership
this allows the fund investors to receive a portion of the accelerated tax depreciation and operating losses associated with the ownership of the assets. In this format, in part owing to the
allocation of depreciation benefits to the investor, the investors pre-tax return is much lower than the investors after-tax return, Under our existing JV inverted lease structure, a substantial
portion of
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the value generated by the solar energy systems is provided to the fund investor for a specified period of time, which is generally based upon the period of time corresponding to the expiry
of the recapture period associated with the laCs. After that point in time, we receive substantially all of the value attributable to the long-term recurring customer payments and the other
incentives

Under our JV inverted lease structure, we have determined that we control each VIE, and accordingly we consolidate the entity and book the investor's interest as a
no controlling interest or redeemable no controlling interest. For all of our JV inverted leases, the redeemable no controlling interest is carried on our balance sheet at the greater off the
redemption value or the amount calculated under the HLBV method. The HLBV method estimates the amount that, if the fund's assets were hypothetically sold at their book value, the
investor would be entitled to receive according to the liquidation waterfall in the partnership agreement. Generally, the terms of each agreement allocate the value of laCs earned or grants
received by the fund investor to us. Any remaining proceeds are allocated on a pro rata basis to the fund investor and us in accordance with their ownership percentages. We also have
one JV inverted lease fund whereby we have a pro raa interest in the entity and we account for the no controlling interest's share of income on a pro rata basis. Accordingly, the
no controlling interest of this fund is carried on our balance sheet at the cumulative amount of capital contributions, reduced by cumulative distributions paid to the investor, as well as the
pro rata share of their income, For further information, see the section entitled "Components of Statements of Operations -Net Loss attributable to Common Stockholders

For further information regarding our investment funds, including the associated risks, see "Risk Factors-Our ability to provide our solar service offerings to homeowners on an
economically viable basis depends in part on our ability to finance these systems with fund investors who seek particular tax and other benefits" and Note 15, Noncontrolling /nferesfs and
Redeemable Noncontrolling Interests, to our consolidated financial statements appearing elsewhere in this Annual Report on Form 10-K

Key Operating Metrics

We regularly review a number of metrics, including the following key operating metrics, to evaluate our business, measure our performance, identify trends affecting our
business. formulate financial projections and make strategic decisions. Some of our key operating metrics are estimates that are based on our management's beliefs and assumptions and
on information currently available to management. Although we believe that we have a reasonable basis for each of these estimates, we caution you that these estimates are based on a
combination of assumptions that may prove to be inaccurate over time, Such inaccuracies could be material to our actual results when compared to our calculations. Please see the
section titled "Risk Factors" in this Annual Report on Form 10-K. Furthermore, other companies may calculate these metrics differently than we do now or in the future, which would reduce
their usefulness as a comparative measure

Megawatts Booked represents the aggregate megawatt production capacity of our solar energy systems sold to customers or subject to an executed customer
agreement, net of cancellations

Megawatts Deployedrepresents the aggregate megawatt production capacity ef our solar energy systems, whether sold directly to customers or subject to customer
agreements, for which we have (i) confirmation that the systems are installed on the roof, subject to final inspection or (ii) in the case of certain system installations by
our partners, accrued at least80% of the expected project cost

Estimated Nominal Contracted Payments Remaining equals the sum of the remaining cash payments that customers are expected to pay over the initial terms of their
agreements (not including the value of any renewal or system purchase at the end of the initial agreement term), including estimated uncollected prepayments, for
systems contracted as of the measurement date
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Estimated Retained Value represents the cash flows (discounted at 6%) we expect to receive pursuant to customer agreements during the initial agreement term,
excluding substantially all value from solar renewable energy credits ("SRECs") prior to July 1, 2015. It also includes a discounted estimate of the value of the purchase
or renewal of the agreement at the end of the initial term. Estimated retained value excludes estimated distributions to investors in consolidated joint ventures and
estimated operating, maintenance and administrative expenses for systems contracted as of the measurement date. We do not deduct amounts we are obligated to
pass through to investors in lease pass-throughs, Estimated retained value under energy contract represents the net cash flows during the initial 20-year term of our
customer agreements. Estimated retained value of purchase or renewal is the forecasted net present value we would receive upon or following the expiration of the
initial contract term.

Estimated Retained Value Per Watt is calculated by dividing the estimated retained value as of the measurement date by the aggregate nameplate capacity of solar
energy systems under customer agreements as of such date.

MW booked (during the period)
MW deployed (during the period)

For the Year Ended
December 31 .

2015 2014
273.8 162.9 (1)
202.9 129s (1)

Cumulative megawatts deployed (end of period)

As of December 31 ,
2015 2014

596.3 393.4

Estimated nominal contracted payments
remaining $

As of December 314_ _
2015 - 2014

(in thousands, except
per watt values)

2,404,428 $ 1,596,615

Estimated retained value under energy contract
Estimated retained value of purchase or renewal
Estimated retained value $

1 ,029,311
487,397

1 ,516,708 $

642,735
357,329

1 ,000,0G4

Estimated retained value per watt $ 2.33 $ 2.40

(1) Includes 14.7 MWs associated with purchase of ass! portfolio in the second quarter of 2014.

Components of Statements of Operations

Revenue

We generate revenue from (1) operating leases and incentives and (2) solar energy systems and product sales commencing in 2014 as a result of the MEC acquisition. Product
sales also include lead generation sales commencing in 2015 as a result of the acquisition of Clean Energy Experts, LLC or CEE acquisition.
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Operating Leases and lancerrives

Operating leases and incentives revenue is primarily comprised of revenue from our customer agreements, solar energy system rebate incentives and sales of SRECs generated
by our solar energy systems to third parties, as well as revenue associated with laCs assigned to investment funds that are classified as lease pass-through arrangements

We classify and account for our customer agreements as operating leases. We recognize revenue from these agreements either on a straight-line basis over the term of the
agreements (in the case of leases) or as we generate and sell energy to customers (in the case of PpAs). The term of these agreements is typically 20 years

We consider the proceeds from solar energy system rebate incentives to be minimum lease payments under our customer agreements and recognize such payments as revenue
over the contract term on a straight-line basis

We also apply for and receive SRECs and sell them lo third parties in certain jurisdictions for energy generated by our solar energy systems. We recognize revenue related lo the
sale of SRECs to the extent the cumulative value of delivered SRECs per contract exceeds any possible liquidated damages for non-delivery, if any

Finally, under our investment funds that are classified as lease pass-through arrangements, we allocate a portion of the cash consideration received from the investors to the
estimated fair value of the ITs assigned to such investment funds. The laCs are subject to recapture under the Internal Revenue Code ("Code") if the underlying solar energy system
either ceases to be a qualifying property or undergoes a change in ownership within five years of its placed-in-service date. The recapture amount decreases on the anniversary of the
permission to operate ("PTO") date. We recognize ITC revenue as the recapture provisions lapse, with one-frfth of the estimated fair value of the assigned ITC recognized on each
anniversary of the solar energy systems' PTO date over the following five years

Our quarterly operating leases and incentives revenue has been and will continue to be impacted by seasonality. Energy production is greater in the second and third quarters
than in the first and fourth quarters, causing variability in revenue recognized under PPAs. There are also seasonal fluctuations in sales and installations, particularly in the fourth quarter
resulting from decreased sales through the holiday season and weather-related installation delays. in addition, as described above, ITC revenue associated Rh lease pass-through
arrangements is recognized once annually on the anniversary of the PTO date and a high percentage of our existing laCs have PTO dates that occur in the second quarter

Solar Energy Systems and Product Sales

Solar energy systems sales are comprised of revenue from the sale of solar energy systems directly to homeowners. We generally recognize revenue from solar energy systems
sold to homeowners when we install the solar energy system and it passes inspection by the authority having jurisdiction, provided all other revenue recognition criteria have been met

Product sales revenue consists of revenue from the sale of solar panels, inverters, racking systems, other solar-related equipment to resellers and customer leads to third
parties, including our partners and other solar providers. Product sales revenue is recognized at the time title is transferred, generally upon shipment. Customer lead revenue is recognized
at the time the lead is delivered

Our quarterly solar energy systems and product sales revenue has and will continue to fluctuate due to a variety of factors, including timing of installation and seasonal factors
described above, as well as other factors Mat may cause homeowners to opt to purchase solar energy systems rather than leasing them
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Operating Expenses

Operating expenses are classified by the related activity and assigned department cf our personnel. Personnel costs include salaries, bonuses, benefits and stock-based
compensation. Corporate overhead costs include information technology and facilities costs that are allocated based upon the estimated use by personnel in the related classification
below.

Cost of Operating Leases and Incentives

Operating leases and incentives cost of revenue is primarily comprised of (1) the depreciation of solar energy systems, as reduced by amortization of U.S. Treasury grant
income, (2) amortization of initial direct costs ("IDs"), (3) lease operations, monitoring and maintenance costs including associated personnel costs, and (4) allocated corporate overhead
costs.

Cost of Solar Energy Systems and Product Sales

Solar energy systems cost of revenue and non»lead generation product sales cost of revenue primarily consists of direct and indirect material and personnel costs for solar
energy systems installations and product sales. Other costs include engineering and design costs, estimated warranty costs, freight costs, allocated corporate overhead costs, vehicle
depreciation costs and personnel costs associated with supply chain, logistics, operations management, safety and quality control. Cost of revenue for lead generations consists of costs
related to direct-response advertising activities associated with generating customer leads.

Sales and Marketing

Sales and marketing expenses include personnel costs as well as advertising, promotional and other marketing related expenses. Sales and marketing expenses also include
referral fees, allocated corporate overhead costs, travel and professional services.

Research and Development

Research and development expenses include personnel costs, allocated corporate overhead costs, and other costs related to the development of our Brightpath software suite
as well as our racking equipment.

Generaland Administrative

General and administrative expenses include personnel costs related to accounting, finance, structured finance services, legal, executive staff and human resources. General
and administrative expenses also include professional services and allocated corporate overhead costs as well as certain fees paid to fund investors.

Amortization of Intangible Assets

We acquired intangible assets in connection with the acquisition of MEC and CEE. Such intangible assets are being amortized over their estimated useful lives, which range from
four months to 10 years.
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Non-operating Expenses

Interest Expense,net

Interest expense, net primarily consists of the interest charges associated with long term borrowing and lease pass-through financing obligations. Our revolving line of credit and
syndicated term loans are subject to variable interest rates. Our notes payable, bank term loans and solar asset-backed notes bear fixed interest rates. The interest charge on our lease
pass-through financing obligations is imputed at the inception of the related transaction based on the effective interest rate in the arrangement giving rise to the obligation and updated
prospectively as appropriate, Interest expense also includes the amortization of deferred financing costs associated with such borrowings, partially offset by a nominal amount of interest
income generated from our cash holdings in interest-bearing accounts. In the future we may incur additional indebtedness to fund our operations, and our interest expense would
correspondingly increase.

Loss on Early Extinguishment of Debt

Loss on early extinguishment of debt consists of loss from early extinguishment of certain non-bank term loans in 2015 and 2014.

Other Expenses

Other expenses consist principally of our portion of the net loss in our investment in The Alliance for Solar Choice ("TASC"), which was accounted for under the equity method of
accounting.

Income Tax Expense

We are subject to taxation in the United States, where all of our business is conducted. Our effective tax rates differ from the statutory rate primarily due to noncontroliing and
redeemable no controlling interest adjustments and prepaid tax expense on intercompany gains.

As of December 31, 2015, we had approximately $595.0 million of federal and $546.6 million of slate rel operating loss carryforwards ("NOLs"), available to offset future taxable
income, if any, which expire in varying amounts beginning in 2028 and 2020 for federal and state purposes, respectively, if unused. It is possible that we will not generate taxable income in
time to use these NOLs before their expiration.

Net Loss Attributable to Common Stockholders

As discussed above under "-investment Funds," 14 of our 19 active investment funds are consolidated joint ventures. We determine the net loss attributable to common
stockholders by deducting from net loss the net loss attributable to no controlling interests and redeemable no controlling interests in these funds, The net loss attributable to
no controlling interests and redeemable no controlling interests represents the fund investors' allocable share in the results of operations of these investment funds. For these funds, we
have determined that the provisions in the contractual arrangements represent substantive profit sharing arrangements, where the allocations to the partners sometimes differ from the
stated ownership percentages. We have further determined that, for these arrangements, the appropriate methodology for attributing income and loss to the nonoontrolling interests and
redeemable no controlling interests each period is e balance sheet approach using the HLBV method.

Under the HLBV method, the amounts of income and loss attributed to the no controlling interests and redeemable nonoontrolling interests in the consolidated statements of
operations reflect changes in the amounts the fund investors would hypothetically receive at each balance sheet date under the liquidation provisions of the contractual provisions of these
funds, assuming the net assets of the respective investment funds were liquidated at the carrying value determined in accordance with generally accepted accounting principles in the
United States ("GAAP"). The fund investors' interest in the results of operations of these investment funds is initially determined by calculating the difference in the
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no controlling interests and redeemable no controlling interests' claim under the HLBV method at the star! and end of each reporting period, after taking into account any contributions
and distributions between the fund and the fund investors and subject to the redemption provisions in certain funds. The redeemable no controlling interests balance is the greater of the
carrying value calculated under the HLBV method or the redemption value. Because the investor contributes cash into the fund to purchase solar energy systems at fair market value
which exceeds their carrying value, the no controlling interest balance is reduced upon application of the HLBV method. As such, the HLBV method generally allocates more loss to the
no controlling interest in the first several years after fund formation. Acer the solar systems have been purchased by the fund, the nonccntrolling interest's contributions decrease
substantially. As ongoing distributions are received by the no controlling interest, their losses under the HLBV method tend to reverse. While the application of HLBV is performed
consistently, the results of that application and its impact on the income or loss allocated between us and the no controlling interests and redeemable no controlling interests depend on
the respective funds' specific contractual liquidation provisions. The HLBV results are generally affected by the tax attributes allocated to the fund investors including tax bonus
depreciation and laCs or U.S. Treasury grants in lieu of the laCs, the amount of preferred returns that have been paid to the fund investors by the investment funds, and the allocation of
tax income or losses in a liquidation scenario.

The contractual liquidation provisions of our consolidated joint ventures (which include our partnership flips and JV inverted leases) provide that the allocation percentages
between us and the investor change, or "flip," under certain circumstances, such as upon the achievement of the fund investors targeted rate of return, the passage of time, or the
expiration of the recapture period associated with laCs. Prior to the point at which the allocation percentage flips, the investor is entitled to receive a majority of the value generated by the
solar energy systems. At the flip point, we become entitled to receive most of the value. The difference between our current partnership flip structures and JV inverted lease structures that
drives a significant impact on our results from the application of the HLBV method is how the flip point is determined.

For investment funds that have a partnership flip structure, the trip point is tied to the achievement of the fund investors targeted rate of return. The receipt of tax benefits by the
fund investor count towards the achievement of such target, which reduces the amount distributable to the fund investor in a hypothetical liquidation under these funds' contractual
liquidation provisions, This results in a net loss attributable to the fund investor over the periods in which these tax benefits are received as a result of our application of the HLBV method.

For investment funds that have a JV inverted lease structure, the flip point is typically tied to the expiration of the recapture period associated with lacs. An investor in a fund with
a JV inverted lease fund structure will receive tax benefits similar to an investor in a fund that has adopted a partnership structure. However, unlike the partnership flip structure, the receipt
of tax benefits by Me fund investor does not impact the amount distributable to the fund investor in a hypothetical liquidation under these funds' contractual liquidation provisions. At the flip
point, the fund investoi*s claims on the net assets of the investment fund generally decreases. This results in a net loss attributable to the fund investor in the period when the flip occurs as
a result of our application of the HLBV method. As discussed above under "-Investment Funds," we also have one JV inverted lease whereby we have a pro rata interest in the entity, and
we account for the no controlling interest's share of income on a pro rata basis.

These differences are a result of the specific contractual provisions for each of our existing funds and are not necessarily indicative of terms for our future partnership flip or JV
inverted lease structures. Future investment funds may contain different features Ulan those that we currently employ, and as a result, the application of the HLBV method and resulting
allocation of net income or loss may be different from our existing funds.
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Critical Accounting Policies and Estimates

Our discussion and analysis of our financial condition and results of operations are based upon our financial statements, which have been prepared in accordance with GAAP.
GAAP requires us to make estimates and assumptions that affect the reported amounts of assets, liabilities, revenue, expenses, and related disclosures. We base our estimates on
historical experience and on various other assumptions that we believe to be reasonable under the circumstances. In many instances, we could have reasonably used different accounting
estimates, and in other instances, changes in the accounting estimates are reasonably likely to occur from period-to-period. Actual results could differ significantly from our estimates. Our
future financial statements will be affected to the extent that our actual results materially differ from these estimates. For further information on all of our significant accounting policies, see
Note 2, Summary of Significant Accounting Policies, to our consolidated financial statements included elsewhere in this Annual Report.

We believe that assumptions and estimates associated with our principles of consolidation, revenue recognition, impairment d long~lived assets, goodwill impairment analysis,
stock»based compensation expense and common stock valuation, provision for income taxes and valuation of nonoontrolling interests and redeemable no controlling interests have the
greatest impact on our consolidated financial statements. 'l'herefore, we consider these to be our critical accounting policies and estimates,

Principles of Consolidation

Our consolidated financial statements include our accounts and those of our subsidiaries in which we have a controlling financial interest. The typical condition for a controlling
financial interest is holding a majority of the voting interests of an entity. However, a controlling financial interest may also exist in entities, such as VlEs, through arrangements that do not
involve controlling financial interests. We consolidate any VIE of which we are the primary beneficiary, which is defined as the party that has (1) the power to direct the activities of a VIE
that most significantly impact the VlE's economic performance and (2) the obligation to absorb losses or receive benefits of the VlE that could potentially be significant to the VlE. We
evaluate our relationships with our VlEs on an ongoing basis to determine whether we continue lo be the primary beneficiary. Our financial statements reflect the assets and liabilities of
VlEs that we consolidate. All intercompany transactions and balances have been eliminated in consolidation. For further information regarding consolidation of our investment funds, see
Investment Funds above.

Revenue Recognition

We sell the energy that our solar energy systems produce through long-tem1 customer agreements. We also derive a portion of our revenue from solar energy system rebate
incentives, sales of SRECs generated from our solar energy systems and laCs assigned to investment funds that are classified as lease pass-through arrangements.

Following the acquisition of MEC in February 2014, we began selling solar energy systems to homeowners, as well as related products, such as solar panels, inverters, racking
systems and other solar-related equipment, to resellers. Following the acquisition of CEE in April 2015, we began selling customer leads to third parties, including our partners and other
solar providers.

We recognize revenue when (i) persuasive evidence of an arrangement exists, (ii) delivery has occurred or services have been rendered, (iii) the sales price is fixed and
detenninable, and (iv) collection of the related receivable is reasonably assured.

Operating Leases and Incentives Revenue. Operating leases and incentives revenue represent both ongoing and advance payments received under the terms of the customer
agreements, which typically have rems of 20 years. Revenue from advance payments including prepayment options is deferred and begins to be recognized when PTO is given by the
local utility company or on the date daily operation commences if utility approval is not required, provided all other revenue criteria are met.
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We have determined that our customer agreements should be accounted for as operating leases after evaluating the following lease classMcation criteria: (i) whether there is a
transfer of ownership or bargain purchase option at the end of the lease, (ii) whether the lease term is greater than 75% of the estimated economic life, or (iii) whether the present value of
minimum lease payments exceeds 90% of the fair value at lease inception.

In the majority of our customer agreements, we charge a fixed fee per kilowatt hour based on the amount of electricity the solar energy system actually produces, with an annual
feed percentage price escalation to address the impact of inflation and utility rate increases over the period of the contract. in these cases, we consider the customer payments to be
contingent lease payments which are excluded from minimum lease payments used for purposes of assessing the lease classification criteria above. Accordingly, we recognize these
electricity payments as earned, provided all other revenue recognition criteria discussed above are met.

We also offer customer agreements whereby the customers' monthly payment is a pre»determined amount calculated based on the expected solar energy generation and
includes an annual fixed percentage price escalation (to address the impact of inflation and utility rate increases) over the period of the contracts, which are typically 20 years. We record
operating lease revenue from minimum lease payments on a straight-line basis over the life of the lease term, provided all other revenue recognition criteria are met.

We also apply for and receive upfront rebates and incentives offered by certain state and local governments and local utility companies on behalf of our customers for solar
facilities installed on certain of our customers' premises, We consider these rebates to be minimum lease payments which are generally recognized on a straight-iine basis over the life of
the lease term. The difference between the payments received and the revenue recognized is recorded as deferred revenue on the consolidated balance sheet.

SREC revenue arises from the sale of environmental credits generated by solar energy systems. If the solar energy systems do not generate the amount of electricity required to
earn SRECs sold forward or if for any reason the electricity generated does not produce SRECs for a particular state, we may be required to make up the shortfall of SRECs through
purchases on the open market or make payments of liquidated damages. We recognize revenue related to the sale of SRECs to the extent the cumulative value of delivered SRECs per
contract exceeds any possible liquidated damages for non-delivery, if any.

For lease pass-through structures, we monetize the ITs associated with the systems subject to customer agreements by assigning them to the investor together with the future
associated customer payments. A portion of the cash consideration received from the investor is allocated to the estimated fair value of the assigned ITs. The estimated fair value of the
ITs is determined by applying the expected internal rate of return to the investor to the gross amount of the ITs that may be claimed by the investor.

The ITs are subject to recapture under the Code if the underlying solar energy systems either ceases to be a qualifying property or undergoes a change in ownership within five
years of its placed in service date. The recapture amount decreases by one-fMh on the anniversary of the placed in service date, which begins upon PTO. As we have an obligation to
ensure the solar energy system is in service and operational for a term of five years to avoid any recapture of the laCs, we recognize revenue as the recapture provisions lapse provided
the other revenue recognition criteria have been met. The monetized laCs are initially recorded as deferred revenue on the consolidated balance sheet, and subsequently, one-fifth of the
monetized laCs will be recognized as operating leases and incentives revenue in the consolidated statement of operations on each anniversary of the solar energy system's PTO date
over the following five years.

Solar Energy Systems and Product Sales. For solar energy systems sold to customers, we recognize revenue,net of any applicable governmental sales taxes, when we install
the solar facilities and it passes inspection by the responsible city department, provided all other revenue recognition criteria are met. The installation projects of our solar energy systems
are typically completed in a short period of time. Prior to our acquisition of MEC in February 2014, we did not directly sell solar energy systems to homeowners.
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Product sales revenue is recognized at the time the goods are shipped or when title is transferred. Shipping and handling fees charged to customers are included in net sales
Shipping and handling costs incurred are included in cost ct sales. Taxes assessed by government authorities that are directly imposed on revenue producing transactions are excluded
from product sales revenue, Prior to our acquisition of MEC in February 2014, we did not sell solar-related products to resellers. Customer lead revenue, included in product sales, is
recognized at the time the lead is delivered. Prior to the acquisition of CEE in April 2015, we did not sell customer leads to third parties

Impairment of Long-Lived Assets

The carrying amounts of our long-lived assets, including solar energy systems and definite-lived intangible assets, are periodically reviewed for impairment whenever events or
changes in circumstances indicate that the carrying value of these assets may not be recoverable or that the useful life is shorter than originally estimated. Factors that we consider in
deciding when to perform an impairment review would include significant negative industry or economic trends, and significant changes or planned changes in our use of the assets
Recoverability of these assets is measured by comparison of the carrying amount of each asset to the future undiscounted cash flows the asset is expected to generate over its remaining
life. If the asset is considered to be impaired, the amount of any impairment is measured as the difference between the carrying value and the fair value of the impaired asset. If the useful
life is shorter than originally estimated, we amortize the remaining carrying value over the new shorter useful life. No impairment of long-lived assets has been recorded for the years ended
December 31. 2015. 2014 and 2013

Goodwill Impairment Analysis

Goodwill represents the excess of the purchase price of an required business over the fair value of the rel tangible and identifiable intangible assets acquired. Our goodwill
balance is a result of the acquisition of MEC in February 2014 and CEE in April 2015. We have determined that we operate as one reporting unit, and our goodwill is recorded at the
enterprise level. We perform our annual impairment test of goodwill on October 1 of each year or whenever events or circumstances change or occur that would indicate that goodwill
might be impaired. lichen assessing goodwill for impairment, we use qualitative and, if necessary, quantitative methods. We also consider our enterprise value and, if necessary, our
discounted cash flow model, which involves assumptions and estimates, including our future financial performance, weightedaverage cost of capital and interpretation of currently enacted
tax laws. Circumstances that could indicate impairment and require us to perform an impairment test include a signMcant decline in our financial results, a significant decline in our
enterprise value relative to our net book value, an unanticipated change in competition or our market share and a signMcant change in our strategic plans. We did not note any indicators
of impairment in the qualitative assessment that would require a quantitative analysis in 2015. We did not have any goodwill prior to 2014, and no impairment charges have been recorded
to date

Stock-Based Compensation

We grant stock options to our employees, including our executive officers and members of our board of directors, and recognize employee stock-based compensation expense
based on the fair value of stock options at grant date. We estimate the fair value of stock options using the Black-Scholes option-pricing model. This model requires us to use certain
estimates and assumptions such as: (i) the fair value of our common stock, which is estimated using the methodology as discussed below in Common Stock Valuation, (ii) the expected
volatility of our common stock, which is based on the volatility data of a group of publicly traded peer companies in our industry, (iii) the expected terms of our stock options, which are
based on the historical average vesting terms and contractual lives of our stock options, (iv) the expected dividend yield, which is O%, as we have not paid and do not anticipate paying
dividends on our common stock, and (v) the risk-free interest rates, which are based on the U.S. Treasury yield curves in effect at the grant date with maturities equal to the expected
terms of the options granted. Our stock options have a contractual term of 10 years and generally vest over four years, with 25% vesting after one year and the remainder vesting monthly
thereafter over 36 months. If any of the assumptions used in the Black-Scholes model changes significantly, stock-based compensation for future awards may differ materially compared
with the awards granted previously
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The following table summarizes the assumptions relating to our stock options granted in 2o15, 2014 and 2013

Year Ended December 31

Risk-free interest rate
volatility
Expected term (in years)
Expected dividend yield

1.55%-1 .95%
35.30%-39.63%

5.50-6.23
0.00%

K1-2,01 %
37.41 %-46.68%

5.34-6.08

0.82%-2.05%
54.36%.55.80%

5.54-6.08

We record stock-based compensation expense net of estimated forfeitures so that expense is recorded for only those stock-based awards that we expect to vest. We estimate
forfeitures based on our historical forfeiture of equity awards adjusted to reflect future changes in facts and circumstances, if any. We will revise our estimated forfeiture rate if actual
forfeitures differ from our initial estimates. We record stock-based compensation expense for stock options on a straight-line basis over the vesting term

We also granted restricted stock units ("RSUs") to certain nonemployee service providers. Certain RSUs granted to non-employees vest upon the satisfaction of both a
performance-based condition and service condition. vie start recognizing non-employee stock-based compensation expense on RSUs subject to performance-based conditions and
service conditions when the performance conditions are met

We will continue to use judgment in evaluating the expected term, expected volatility and forfeiture rate related to our stock-based compensation on a prospective basis. As we
continue to accumulate additional data related to our common stock, we may have refinements to the estimates of our expected volatility, expected terms and forfeiture rates, which could
materially impact our future stock-based compensation expense as it relates to the future grants of our stock-based awards

Provision for Income Taxes

We account for income taxes under an asset and liability approach. Deferred income taxes reflect the impact of temporary differences between assets and liabilities recognized
for financial reporting purposes and the amounts recognized for income tax reporting purposes, net operating loss carryforwards and other tax credits measured by applying currently
enacted tax laws. A valuation allowance is provided when necessary to reduce deferred tax assets to an amount that is more likely than not to be realized. There is no valuation allowance
as of December 31, 2015 as we expect to utilize the deferred tax assets over approximately 20 years

We sell solar energy systems to the investment funds. As the investment funds are consolidated by us, the gain on the sale of the solar energy systems is not recognized in the
consolidated financial statements. However, this gain is recognized for Tex reporting purposes. Since these transactions are intercompany sales for book purposes, any tax expense
incurred related to these intercompany sales is deferred and recorded as a prepaid tax asset and there is no recognition of a deferred tax asset. The prepaid tax asset is amortized over
the estimated useful life of the underlying solar energy systems which has been estimated to be 20 years

We determine whether a tax position is more likely than not to be sustained upon examination, including resolution of any related appeals or litigation processes, based on the
technical merits of the position. We use a two-step approach to recognizing and measuring uncertain tax positions. The first step is to evaluate the tax position for recognition by
determining if the weight of available evidence indicates that it is more likely than not that the position will be sustained upon tax authority examination, including resolution of related
appeals or litigation processes, if any. The second step is to measure the tax benefit as the largest amount that is more than 50% likely of being realized upon ultimate settlement
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Our policy is to include interest and penalties related to unrecognized tax benefits, if any, within the provision for taxes in the consolidated statements of operations

Noncontrolling interests and Redeemable Noncontrolling Interests

Our no controlling interests and redeemable no controlling interests represent fund investors' interests in the net assets of certain investment funds, which we consolidate, that
we have entered into in order to finance the costs of solar energy facilities under operating leases. We have determined that the provisions in the contractual arrangements of the
investment funds represent substantive profit-sharing arrangements, which gives rise to the nonccntrolling interests and redeemable no controlling interests. We have further determined
that for all but one of these arrangements, the appropriate methodology for attributing income and loss to the no controlling interests and redeemable no controlling interests each period
is a balance sheet approach using the HLBV method

Attributing income and loss to the no controlling interests and redeemable no controlling interests under the HLBV method requires the use of significant assumptions to
calculate the amounts that fund investors would receive upon a hypothetical liquidation. Changes in these assumptions can have a significant impact on the amount that fund investors
would receive upon a hypothetical liquidation

We classify certain no controlling interests with redemption features that are not solely within our control outside of permanent equity on our consolidated balance sheets
Redeemable no controlling interests are reported using the greater of their carrying value at each reporting date as determined by the HLBV method or their estimated redemption value in
each reporting period. Estimating the redemption value of the redeemable no controlling interests requires the use of significant assumptions and estimates such as projected future cash
flows at the time the redemption feature can be exercised. Changes in these assumptions and estimates can have a significant impact on the calculation of the redemption value

http://archive.fast-edgancom/20160311/APAZB22CZC22D9AE222M2ZZ2BBKGVYZZZ... 4/26/2016

I'll-lll



run-10k_20151231 .him Page 59 of 270

Results of Operations

The results d operations presented below should be reviewed in conjunction with the consolidated financial statements and notes thereto included elsewhere in this Annual
Report on Form 10-K.

. 2015
Year_Epge_d Decembe[_31_.

2014 3013

$ 118,004
186,602
304,806

$ 84,005
114,551
198,557

$ 54,740

111,784 72,898

54,740

43,088

22,395
9,984

33,242

108,709
(53,969)
11,752

168, 751
145, 477

9, 657
84, 442

s , e 9 5
523, 806

(219,200)
33 , 236

431

1*331Q
(254,205)
- (5,299)
(248,906)

1 0 0 , 8 0 2
78 , 723

8 . 386
6 8 , 0 9 8

2 , 269
331 ,176

(132,619)
27 , 521

4 , a s o
3 , 0 4 3

(167,533)
(1 o,04a )

(157,490 )

958
(66,086)

(591)
(65,495 )

Revenue:
Operating leases and incentives
Solar energy systems and product sales

Total revenue
Operating expenses:

Cost of operating leases and incentives
Cost of solar energy systems and

product sales
Sales and marketing
Research and development
General and administrative
Amortization d intangible assets

Total operating expenses
Loss from operations
interest expense, net
Loss on early extinguishment of debt
Other expenses
Loss before income taxes
income tax benefit
Net loss
Net loss attributable to no controlling interests

and redeemable no controlling interests
Net loss attributable to common stockholders

Deemed dividend to convertible preferred
stockholders (1 )

Net loss available to common stockholders

$
(220,660)

(28,246) $
(86,638)
(70,852) $

(64,294)
(1,201 I

$
(24,890)
(se, 1 as; $ (70,852) $ (1,201 )

Net loss per share available to common
shareholders-basic and diluted

Weighted average shares used to compute net
loss per share available to common
stockholders-basic and diluted

$ (0.96) $ (3.11) $ (0. 12.)

55,091 22,795 9,780

(1) We calculate net income (loss) per share (EPS) available to common stockholders using the two-class method. The two-class method allocates rel income that otherwise would
have been available to common stockholders to holders of participating securities. We recognized a $24.9 million deemed dividend to Series D and E preferred stockholders as a
result of an inducement to convert the Series D and E preferred stock into common stock immediately prior to the closing of our initial public offering. This deemed dividend was
added to net loss attributable to common stockholders to determine the amount available to the common stockholders.
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Comparison of the Years Ended December 31, 2015 and 2014

Revenue

Change

s %

$ sOperating leases
Incentives

Operating leases and incentives
Solar energy system s
Products

Solar energy systems and product sales
Total revenue

35%
58%
40%

112%
3 %
63%
53%$

Year Ended December go, __

2015 2014
(in thousands)

$ 63,962
20,044
84,006
23,687
90,864

114,551
198,557

86.332
31 ,672

118,004
50,191

136,411
186,602
304,605 $ $

22,370
11 ,628
33,998
26,504
45,547
72,051

108,049

Operating lease revenue increased by $22.4 million related to an increase in solar assets under Customer Agreements being placed in service in the period from December 31,
2014 through December 31, 2015 and due to a full year of revenue recognized in 2015 for systems placed in service in 2014 versus only a portion recognized in 2014. Revenue from
incentives increased by $11.6 million primarily due to an increase in ITC revenue, which relates to solar systems in lease pass-through funds being placed in service in the prior year as we
recognize revenue from the monetization of these ITs annually over five years on each anniversary of a solar energy system's permission-to-operate date.

Revenue from solar energy systems sales increased by $28.5 million compared to the prior year period due to higher sales volume from overall growth following our increased
investment in sales and marketing. Product sales increased by $45.5 million compared to the prior period primarily due to increased volume of solar-related products revenue due to
overall growth discussed above and due to the CEE acquisition in Apr if 2015.

Operating Expenses

Change

s %

$ $ 53%
87%
85%
15%
24%
63%

_58%

Cost of operating lease and incentives
Cost of solar energy systems and product sales
Sales and marketing
Research and development
General and administrative expense
Amortization of intangible assets

Total operating expenses $

Year Ended December 31,

2015 2014
(in thousands)

$ 72,898
100,802
78,723

8,386
68,098

2,269
. 3311 176$ $

38,886
67,949
ee,754

1,271
16,344
1,426

192,630

111 ,784
188,751
145,477

9,657
84,442
3.695

523,806

Cost of Operating Leases and Incentives. The $389 million increase in cost of operating leases and incentives was primarily due to the increase in solar energy systems placed
in service in the period from December 31, 2014 through December 31, 2015, plus a full year of expenses recognized for systems placed in service in 2014 versus only a portion
recognized in 2014, which resulted in an increase in depreciation and amortization of solar energy system equipment costs and initial direct costs, as well as non-capitalizable costs
associated with building and maintaining solar energy systems subject to Customer Agreements.
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Cost of Solar Energy Systems and Product Sales. The $G7.9 million increase in cost of solar energy systems and product sales represents an increase in the direct and indirect
material and personnel costs of solar energy systems sold directly to customers as well as solar panels, inverters and other solar-related products sold to resellers, including the costs
associated with the customer lead sales.

Sales and Marketing Expense. The $GG.8 million increase in sales and marketing expense was attributable to the expansion of our direct-lo-eonsumer channel as well as our
continued efforts to grow our business by entering new markets, increasing hiring of sales and marketing personnel and internal lead generation through advertising and other channels.

Research and Development. The $1 .3 million increase in research and development expenses primarily resulted from an increase in fees paid to external consultants in
connection with ongoing development of our pricing and quoting platforms.

Genera/ and Administrative Expense. The $16.3 million increase in general and administrative expenses primarily related to hiring of personnel and increased consulting and
legal fees as a result of our acquisition of CEE in 2015 and to support the growth of our business,

Amortization of Intangible Assets. The $1 .4 million increase in amortizationexpense resulted from the amortization of intangible assets acquired from the CEE acquisition in April
2015.

Non-Operating Expenses

Ch_Ange
9.s

$ $ 5,715
(3,919)
(1,705)

91

21%
(90)%
(56)%

0%

Interest expense, net
Loss on early extinguishment of debt
Other expenses
Total interest and cher expenses, net $

Year Ended December 31 ,
2015 2014 __

(in thousands)
$ 27,521

4,350
3,043

34,914

33,236
431

1 ,338
35,005 $L

Interest Expense, net. The increase in interest expense, net of $5.7 million was related to an increase in imputed interest on additional lease pass-through obligations entered
into in 2015 and additional interest expense related to additional borrowings entered into in late 2014 end in 2015.

Other Expenses. The decrease in other expenses of $1 .7 million primarily relates to the change in fair value of warrant derivatives which were issued to former Series D and E
preferred stop<holders as an inducement to convert their shares of convertible preferred stock into shares of common stock immediately prior to the closing of our initial public offering,
partially offset by an increase in losses from our investment in The Alliance for Solar Choice ("TASC") in 2015.

Income Tax Benefit

Change

s_ %

Income tax benefit $

Year Ended December 31,

2015 2914.
(in thousands)

(5,299) $ (10,043) $ 4,744 (47)%
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The tax expense at the statutory rate of 34.0% for the year ended December 31, 2015 was reduced by the allocation of the losses to noncoritrolling interests and redeemable
no controlling interests of 29.5% and by other miscellaneous items of 2.4%. The statutory rate tax of 34.0% for the year ended December 31, 2014 was reduced by the allocation of losses
to no controlling interests and redeemable no controlling interests of 17.6%, by the tax impact of intercompany transactions of 9.4% and by other miscellaneous items of 1.0%.

Net Loss Attributable to Noncontrolling Interests and Redeemable Noncontrolling Interests

ChangeYear Ended December 31,

2015 2014
(in thousands)

s %

Net loss attributable to no controlling interests
and redeemable no controlling interests $ (220,e60) $ (86,638) $ (134,022) 155%

The increase in net loss attributable to no controlling interests and redeemable no controlling interests was primarily a result of the addition of three investment funds since
December 31, 2014, as well as the HLBV method used in determining the amount of net loss attributable to no controlling interests and redeemable no controlling interests,
which generally allocates more loss to the no controlling interest in the first several years after fund formation.

Comparison of the Years Ended December 31, 2014 and 2013

Revenue

Change

s %

Operating leases
Incentives

Operating leases and incentives
Solar energy systems
Products

Solar energy systems and product sales
Total revenue

$

Year Ended December 31,

2014 2013
(in thousands)

$ 44,249
10,491
54,740

$ 45%
91 %
53%

100%
100%
100%
263%$

63,962
20,044
84,006
23,687
90,864

114,551
198,557 $ 54,740 $

19,713
9,553

29,266
23,687
90.864

114,551
143,817

Operating lease revenue increased by $19.7 million related to an increase in solar assets under Customer Agreements being placed in service from December 31, 2013 through
December 31, 2014 and due to a full year of revenue recognized in 2014 for systems placed in service in 2013 versus only a portion recognized in 2013. Revenue from incentives
increased by $9.5 million primarily due to an increase in ITC revenue. Revenue from incentives in 2014 includes $5.6 million in ITC revenue due to lapsing of the first year of the ITC
recapture period associated with solar energy systems placed in service in 2013 under lease pass-through arrangements. We did not recognize ITC revenue in 2013 as the first year of the
ITC recapture period associated with solar energy systems placed in service in 2013 had not elapsed until 2014. Additionally, revenue from incentives increased $3.9 million in 2014 due to
increased rebate and SREC revenue as a result of the increase in cumulative megawatts deployed under operating leases discussed above.

The $114.6 million increase in revenue from solar energy systems and product sales was a result of the acquisition of MEC in 2014. We did not sell solar energy systems directly
lo homeowners or sell products to solar energy installers and distributors prior to this acquisition.
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Operating Expenses

Year Ended December 31 C_hang_e

72.898
(in thousands)
$ 43,088 $ 29.810 69%

100.802100.802
78.723 22.395

(1,598)
65.09B 33.242

(16)%
105%
100%

y,

Cost of operating lease and incentives
Cost of solar energy systems and product

sales
Sales and marketing
Research and development
General and administrative expense
Amortization of intangible assets

Total operating expenses 331,176 $ 108,709 $ 222.467

Cost of Operating Leases and Incentives. The $29.8 million increase in cost of operating leases and incentives was primarily due to the increase in solar energy systems placed
in service in the period from December 31, 2013 through December 31, 2014, plus a full year of expenses recognized for systems placed in service in 2013 versus only a portion
recognized in 2013, which resulted in an increase in depreciation and amortization of solar energy system equipment costs and initial direct costs, as well as non-capitalizable costs
associated with building and maintaining solar energy systems subject to Customer Agreements we incurred subsequent to the acquisition of MEC

Cost of Solar Energy Systems and Product Sales. The cost of solar energy systems and product sales of $100.8 million in 2014 represents the direct and indirect material and
personnel costs of solar energy systems sold directly to customers as well as solar panels, inverters and other solar-related products sold to resellers. We did not sell solar energy systems
directly to our customers, nor did we directly or indirectly sell solar panels and odder related products to resellers prior to our acquisition of MEC in 2014. Instead, prior to the acquisition of
MEC, we relied on solar partners to originate customers for our solar service offerings and procure and install the solar energy systems on our customers' homes on our behalf. As a result
of the acquisition, we began offering customer agreements and installing solar energy systems both directly to the customer and selling solar energy systems for cash through our direct
to-consumer channel.

Sales and Marketing Expense. The $56.3 million increase in sales and marketing expense was attributable to the expansion of our direct-to-consumer channel as a result of our
acquisition of MEC in February 2014, as well as our continued efforts to grow our business by entering new markets, increasing internal lead generation through advertising and other
channels, and increased hiring of sales and marketing personnel,

Research and Development. The $1.6 million decrease in reseanzh and development expenses primarily resulted from a shift in 2014 toward activities that qualified for
capitalization as internally developed software rather than a decrease in research and development activity. We expect to continue to make significant investments in research and
development.

General and Administrative Expense. The $34.9 million increase in general and administrative expenses primarily resulted from increased personnel costs as a result of our
acquisition of MEC in 2014 as well as an increase in professional service and legal fees driven primarily from our efforts in preparing to become a public company, as well as general
corporate costs associated with supporting overall growth and formation of five additional investment funds in 2014

http://archive.fast-edgancom/20160311/APA2B22CZC22D9AE222M2ZZ2BBKGVYZZZ... 4/26/2016

I'll



run-10k 20151231.htm Page 64 of 270

Non-Operating Expenses

Year Ended December 31 Change

27,521
(in thousands)
$ 11,752 $ 15.769

100%
Interest expense, net
Loss on early extinguishment of debt
Other expenses
Total interest and other expenses, net 34,914 $ 12 22.797 188%

Interest Expense, net, The increase in interest expense, net of $15.8 million was related to a full year off interest on borrowings entered into in 2013 as well as imputed interest on
additional lease pass-through obligations entered into in 2014

Other Expense. The increase in other expenses of $2.7 million primarily represents our loss from our investment in TASC in 2014

Income Tax Benefit

Year Ended December 31 Change
s %

Income tax benefit! $
(in thousands)

(10,043) $ (591 ) $ (9,452) 1599%

The statutory rate tax of 34.0% for the year ended December 31, 2014 was reduced by the allocation Df losses lo no controlling interests and redeemable no controlling
interests of 17.6%, by the tax impact of intercompany transactions of 94% and by other miscellaneous items of 1.0%. The statutory rate tax of 34.0% for the year ended December 31
2013 was reduced by the allocation of losses to no controlling interests and redeemable noncontroiling interests of 34.1%, offset by an increase in other miscellaneous items of 1.0%

Net Loss Attributable to Nonconlrolling Interests and Redeemable Noncontrolling Interests

Year Ended December 31 Change
s

Net loss attributable to no controlling interests
and redeemable no controlling interests $ (86,638 )

(in thousands)

$ (64,294) $ (22,344)

The increase in net loss attributable to no controlling interests and redeemable no controlling interests was primarily a result of the addition of three investment funds between
December 31, 2013 and December 31, 2014, as welt as the HLBV method used in determining the amount of net loss attributable to no controlling interests and redeemable
no controlling interests, which generally allocates more loss to the no controlling interest in the first several years after fund formation
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Quarterly Results of Operations

The following table represents our unaudited consolidated statement of operations for each of the quarters indicated. Our consolidated statement of operations for each of these
quarters have been prepared on a basis consistent within our audited financial statements included elsewhere in this Annual Report on Form 10-K and, in the opinion of management,
include all adjustments necessary for the fair presentation of our consolidated results of operations for these quarters. You should read this information together with our annual
consolidated financial statements and the related notes included elsewhere in this Annual Report on Form 10-K Our quarterly results of operations are not necessarily indicative of our
results for any future period.

Three Months Ended
December 31 ,

2015
September 30,

2015
June 30,

2015
March 31, December 31,

_ _ 2015 2014 _
Saptember 80,
_  . 3 0 1 4

June m.
2014

March 51,
2014

s 2s,5aa s 31 esc s 34,458 s 2zaoe s 20,985 s 21.812 s z z s a v s 18.441

70.051
99.639

s0,s5o
82.500

3a.2a2.
72.590

27.369
49,577

39173
eo1a9

a4.4s4
56.076

28952
51 ,sos

11 .952
30.4103

34.817 2a.723 27.067 21 .377 21,531 19,112 17.359 1 4 a s s

62,329
41 .193
2.638

22,973
1 .051

184.801
(85,182)

9.198

4s,46a
45.382
2.240

21,438
1 .051

145.350
(62,750 }

8,475

25330
24,926

2,207
20300

542
94.780

(45091 )
7.130

ao_2a5
23,445
2.038

17,700
575

93.108
(37027 )

7.433

25,333
17.173

1 ,999
20.037

G55
82.555

(a0,a17 )
B.B62

10,475
12.589

1 927
12.650

463

53.000
(22,597 )

s,ss2

8 9
(52,520)

34.759
25,516
2424

17711
578

102.517
{423T8 )

7.764
4,350

540
(55,032)

s o
(45.117)

{67. )
(74293)

13

.c»;4.wi )

BE
(71,312)

a l a

(72.215l

a4s24
33,976
2.492

19,877
1 .051

11B.BS7
(48,197)

84aa
431

1 .me

(58,080 )
( 8215)

14a.as51 152.520) (55.032) I45.117\

1.388
(358651
(5,917)

(32748 )

460.
(28719)

(4126)
f24.5B3\

s

(59,283)

_ (1 soz31 s

{B9.4-47)

I  { 2.7B§} s

csv,-ao5s

7,540

(7,540)

s

(345251

-  [17995 l s

12861

fzaeael s

f zasoa l

(15,214) s

(15,517)

117.231) s

(12,s7z»

(11.721 \

Revenue:
Operating leases and incentives
Solar energy systems and

product sales
Total revenue

Operating expenses:
Cost off operating leases and

incentives
Cost of solar energy

systems and product sales
Sales and marketing
Research and development
General and administrative
Amortization of intangible assets

Total operating expenses
Loss from operations
Interest expense net
Loss on early extinguishment of debt
Other expenses
Loss before income taxes
lnoome tax expense (benefit)
Net loss
Net loss attributable to

nonoontrollng interests and
redeemable nonoontroling interests

Net loss attriblrlable to common
dockholders

Net Income allotted to
participating securities

Deemed dividend to oonverlibie
preferred stockholders

Net loss available to common
stockholders L (15,023) s

(24,as0)

(27658) s s (17995) s ( zssee l 3 (15,214) s (11,221 ) s l11,Tz11

_s (0.15) s (0.41 ) s s (o.2:4\ s (1.10) $ _ (0.641 s (1112) s ( 0 6 2 l

Net loss per share available in
common shareholders--basic
and diluted

Weighted average shares used to
compute net loss per share
available to common stockhoidele-
bade and diiulsed 101084 57,732 28.215 ?s,2sa 24,17 23943 2aa27 19,021

Liquidity and Capital Resources

As of December 31, 2015, we had cash of $203.9 million, which consisted principally of cash held in checking and savings accounts with financial institutions. We finance our
operations mainly through a variety of financing fund arrangements Mat we have formed with fund investors, sales of preferred and common stock, borrowings, cash generated from our
operations and more recently, issuance of solar asset-backed notes in July 2015 and our initial public offering of our common stock in August 2015. Additionally, in January 2016, we
entered into secured credit facilities agreements with a syndicate of banks for up to $250.0 million in committed facilities. Our principal uses of cash are funding our business, including the
costs of acquisition and installation of solar energy systems, satisfaction of our obligations
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under our debt instruments and other working capital requirements, Our business model requires substantial outside financing arrangements to grow the business and facilitate the
deployment of additional solar energy systems. The solar energy systems that are operational are expected lo generate a positive return rate over the term of the Customer Agreement,
typically 20 years. However, in order to grow, we are dependent on financing from outside parties. If financing is not available to us on acceptable terms if and when needed, we may be
required to reduce planned spending, which could have a material adverse effect on our operations. while there can be no assurances, we anticipate raising additional required capital
from new and existing investors. We believe our cash, investment fund commitments and available bon'owings as further described below will be sufficient to meet our anticipated cash
needs for at least the next 12 months. The following table summarizes our cash flows for the periods indicated:

2015 2013
Year Ended December 31,

2014 _
(in thousands)

Consolidated cash flow data'
Net cash provided by (used in) operating activities
Net cash used in investing activities
Net cash provided by financing activities

$ $ $

$

(105,26-s )
(627,489)
784,485

51,710 $

(7,928)
(463,968)
524,351

52,455 $

23,374
(325,754)
312,294

9,914

Operating Activities

During 2015, we used $105.3 million in net cash in operating activities. The primary driver of our operating cash inflow consists of payments received from customers. During
2015, we had an increase in deferred revenue of approximately $47.7 million relating to upfront lease payments received from customers and solar energy system incentive rebate
payments received from various state and local utilities. This increase was offset by our operating cash outflows of $159.3 million from our net loss excluding non-cash and non~opereting
items. Net changes in working capital, other than deferred revenue, resulted in an inflow of cash of $6.3 million.

During 2014, we used $7.9 million in net cash from operations. During 2014, we had an increase in deferred revenue of approximately $97.4 million relating to upfront lease
payments received from customers and solar energy system incentive rebate payments receded from various state and local utilities and prepayment for future deliveries of SRECs. The
increase generated from deferred revenue was offset by our operating cash outflows of $108.6 million from our net loss excluding non-cash and non-operating items. Net changes in
working capital, other than deferred revenue, resulted in an outflow of cash of $1 .7 million.

During 201 s, we generated $23.4 million in net cash from operations. During 2013, we had an increase in deferred revenue of $57.1 million relating to upfront lease payments
received from customers and solar energy system incentive rebate payments received from various state and local governments. We had operating cash outflows of $31 .7 million from our
net loss excluding non-cash and non-operating items. Net changes in working capital, other than deferred revenue, resulted in an outflow of cash of $2.0 million.

Investing Activities

During 2015, we used $627.5 million in cash in investing activities. Of this amount, we used $594.9 million to acquire and install solar energy systems and components under our
long-term Customer Agreements. We used $19.6 million to acquire the CEE business. We used $13.0 million for the acquisition of vehicles, office equipment, leasehold improvements and
furniture.
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During 2014, we used $464.0 million in cash in investing activities, Of this amount, we used $412.3 million to acquire and install solar energy systems and components under our
long-term customer agreements. We also used $15.3 million for the acquisition of vehicles, office equipment, leasehold improvements and furniture and spent approximately $36.4 million
in cash for the acquisitions of businesses, which included the backlog purchased in connection with a new installer partner relationship, as well as the MEC acquisition.

During 2013, we used $325.8 million in investing activities. Of this amount, we used $322.0 million in cash to acquire and install solar energy systems under operating leases
with our customers. We also used $3.7 million in cash for the acquisition of vehicles, office equipment, leasehold improvements and furniture.

Financing Activities

During 2015, we generated $784.5 million from financing activities. We received $287.2 million in net proceeds from fund investors and $2808 million in proceeds from debt
issuances net of debt issuance costs and repayments, including the issuance and repayment of asset-backed notes. We received $222.1 million in proceeds from our initial public offering,
net of offering costs, We also received $4,7 million from state grants, net of recapture, and $3.6 million from the exercise of employee stock options. Restricted cash increased by $8.8
million. We made repayments of $4.9 million on capital lease obligations.

During 2014, we generated $524.4 million in cash from financing activities. Of this amount, we received $311.7 million in net proceeds from fund investors. We also raised $143.4
million, net of transaction costs, from the issuance of convertible preferred stock. We received $64.7 million in proceeds rel of debt issuance costs and repayments. We also received $2.7
million from the exercise of employee stock options and $1.6 million from state grants in 2014. Restricted cash decreased by $1 .4 million. We made repayments of $1.1 million on capital
lease obligations.

During 2013, we generated $312.3 million in cash from financing activities. Of this amount, we received $1 see million in net proceeds from fund investors. We also received
$142.2 million, rel of debt issuance costs and repayments, from long-term borrowings. We also received $1 .1 million from the exercise of employee stock options and $29.3 million from
U.S. Treasury grants, We paid $22.0 million to acquire the no controlling interests in three investment funds. Lastly, we increased restricted cash by $4.6 million in 2013.

Debt, Equity, and Financing Fund Commitments

Debt Instruments

For a discussion off the terms and conditions of debt instruments and changes thereof in the period, refer to Note 11, Indebtedness, to our consolidated financial statements
included elsewhere in this Annual Report on Form 10-K,

S5
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Equity Instruments

Conversion of preferredstock and issuance of additional shares and wananfs.

In July2015, we entered into a letter of intent to issue 1,250,764 warrants to purchase common stock subject to contingencies being met to the former Series D and E prefen'ed
stockholders as an inducement to convert their shares of convertible preferred stock into shares of common stock immediately prior to the closing of our initial public offering and waive any
potential anti-dilution adjustments resulting from the issuance of shares of common stock in our initial public offering. The warrants were issued on September to, 2015. The warrants are
exercisable for three years from the date of grant and have an exercise price of $22.50 per share. The warrants are recorded at fair value as derivative liabilities and reported in other
liabilities in the Company's consolidated balance sheet.

Immediately prior to closing of our initial public offering, all 54,840,767 shares of our outstanding preferred stock were automatically converted into shares of common stock,

Initial public offering. On August 10, 2015, we closed our initial public offering in which 17,900,000 shares d common stock were sold at a public offering price of $14.00 per
share, resulting in net proceeds of approximately $221 .3 million, after deducting underwriting discounts and commissions and $7.5 million in offering expenses payable by us, and
excluding the proceeds received by the selling stockholders who sold an aggregate of 417,732 shares of the total 17,900,000 shares sold in the initial public offering.

Investment Fund Commitments

As of December 31, 2015, we had undrawn committed capital of approximately $392.0 million which may only be used to purchase and install solar energy systems. We intend
to establish new investment funds in the future, and we may also use debt, equity or other financing strategies to finance our business.

Contractual Obligations and Other Commitments

The following table summarizes our contractual obligations as of December 31, 2015;

Less Than
1 Year

1 to 3
Years

More Than
5 Years Total

Payments Due by Period
3 tO 5
Years

(in thousands)

$ 29,567 $ 279,359 $ 43,543 $ 292,751 $ 645,220

8,144
86,039

8,144
86,039

Contractual Obligations:
Debt obligations (including future interest)
Distributions payable to no controlling

interests and redeemable no controlling
interests

Purchase of photovoltaic modules
Capital lease obligations (including accrued

interest)
Operating lease obligations
Total contractual obligations $

9,727
7,019

140,496 $

12,765
12,575

304,699 $

3,018
3,400

49,981 $

200
53

293.004 $

25,710
23,047

788,160

Off-Balance Sheet Arrangements

We include in our consolidated financial statements all assets and liabilities and results of operations of investment fund arrangements that we have entered into. We do not have
any off-balance sheet arrangements.
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Recent Accounting Pronouncements

See Note 2, Summary of Significant Accounting Policies, to our consolidated financial statement included elsewhere in this Annual Report on Form 10-K

Item 7A. Quantitative and Qualitative Disclosures About Market Risk

We are exposed to certain market risks in the ordinary course of our business. Our primary exposure includes changes in interest rates because certain bon'owings bear interest
at floating rates based on LIBOR plus a specified margin. We sometimes manage our interest rate exposure on floating-rate debt by entering into derivative instruments to hedge all or a
portion of our interest rate exposure in certain debt facilities. We do not enter into any derivative instruments for trading or speculative purposes. Changes in economic conditions could
result in higher interest rates, thereby increasing our interest expense and operating expenses and reducing funds available for capital investments, operations and other purposes. A
hypothetical 10% increase in our interest rates on our variable rate debt facilities would have increased our interest expense by $0.6 million and $1.0 million for the year ended December
31, 2015 and 2014, respectively
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Item 8. Financial Statements and Supplementary Data.
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Report of Independent Registered Public Accounting Firm

The Board of Directors and Stockholders of Sur run Inc

We have audited the accompanying consolidated balance sheets of Sur run Inc. as of December 31, 2015 and 2014, and the related consolidated statements of operations
comprehensive loss, redeemable no controlling interests and equity, and cash flows for each of the three years in the period ended December 31, 2015, These financial statements are
the responsibility of the Company's management. Our responsibility is to express an opinion on these financial statements based on our audits

We conducted our audits in accordance with the standards of the Public Company Accounting Oversight Board (United States). Those standards require that we plan and
perform the audit to obtain reasonable assurance about whether the financial statements are free of material misstatement, We were not engaged to perform an audit of the Company's
internal control over financial reporting. Our audits included consideration of internal control over financial reporting as a basis for designing audit procedures that are appropriate in the
circumstances, but not for the purpose of expressing an opinion on the effectiveness of the Company's internal control over financial reporting. llvccordingly, we express no such opinion
An audit also includes examining, on a test basis, evidence supporting the amounts and disclosures in the financial statements, assessing the accounting principles used and signify
estimates made by management, and evaluating the overall financial statement presentation. We believe that our audits provide a reasonable basis for our opinion

In our opinion, the financial statements referred to above present fairly, in all material respects, the consolidated financial position of Sur run Inc. at December 31, 2015 and 2014
and the consolidated results of its operations and its cash flows for each of the three years in the period ended December 31, 2015, in conformity with U.S. generally accepted accounting
principles

Isl Ernst & Young LLP
San Francisco. California
March 10. 2016
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Sur run Inc
Consolidated Balance Sheets

(In Thousands, Except Share Par Values)
As of December 31

Assets
Current assets

203.864

60.275

152.154

43.189

23.91411 ,258

360.494 236.534

992,021 1,484,251

13.111

190.145
32.277

2.738.146

109.381

1.932.584

104.133 51,166

49.146
59.726
13.949

25_445
44.398
13.754

150.883
467.725
226.801

559.066
220.754

15.042
194.975
232.378
105.557

48.597
18B.052

180.224

190.146
931 .447

109.549
1 .s80.017

141.139 135.948

10
642.89

2
383.860

Restricted cash
Accounts receivable (net of allowances for doubtful aocounls of $1 ,641 and $703

as of December 31 _ 2015 and December 31, 2014, respectively)
State tax credits receivable
Inventories
Prepaid expenses and other current assets
Total cu rent assets
Restricted cash
Solar energy systems, net
Property and equipment, net
Intangible assets, net
Goodwill
Prepaid tax asset
Other assets
Total assets(1 )

Liabillies and total equity
Current liabilities
Accounts payable
Distributions payable to no controlling interests and redeemable no controlling interests
Acaued expenses and other liabilities
Deferred revenue, current portion
Deferred gramS, current portion
Capital lease obligation, wrrent portion
Long-term debt, current portion
Solar asset-backed notes, current portion
Lease pass-through financing obligation, current portion
Total current liabilities
Defensed revenue, net of current portion
Deferred grants, net of current portion
Capital lease obligation, net of current portion
Llne of credit
Long-term debt, net of current portion
Solar asset-backed notes, net of current portion
Lease pass-lhrough inanoing obligation, net of current portion
Other liabilities
Defined tax liabilities
Total Iiabilities(1)
Commitments and contingencies (Note 21)
Redeemable noncontrolllng interests
Stockholders' equity

Convertible preferred stock, $0.0001 par value-authorized, 0 and
51,028 shares as of December 31, 2015 and 2014 respectively; issued
and outstanding, 0 and 54,841 shares as of December31, 2015 and 2014
respectively; aggregate liquidation value of $0 and5305,883 as of
December 31, 2015 and 2014, respectively

Preferred stock, $0.0001 par value-authorized, 200,000 and o
shares as of December 31, 2015 and 2014, respectively, issued and
uutstandng, 0 shares as of December 31 , 2015
and 2014

Common stock. 50.0001 par value-authorized, 2,000,000 and 119,547
shares as of December 31, 2015 and 2014, respectively, issued and
outstanding, 101 ,282 and 24,249 shares as of December 31, 2015
and 2014, respectively

Ad0"rtionaI paid-in capital
Accumulated other comprehensive loss
Acaimulated deficit

Total stockholders' equity
Noncnntrolling interests
Total equity
Total liabilities, redeemable noncontmlling interest and total equity

(a1.249)
554.969
105.491
659.560

2.738.145

f59.003\
324.B64
91 755

416.619
1.932.584
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(1) The Company's consolidated assets as of December 31, 2015 and 2014 include $1 ,363,615 and $9B6,87B, respectively, in assets of variable interest entities, or VIEs, that can only be used m settle obllgedons of the VIEs.
Solar energy systems, net, as of December 31 , 2015 and 2014 were $1 ,305,420 and $942,S55, respectively, cash as of December31 , 2015 and 2014 were $44,407 and $29,099, respectively, restricted cash as of
December 31, 2015 and 2014 were $757 and $593, respectively, accourtts receivable, net as of December 31, 2015 and2014 were $12,965 and 514,351; respectively; prepaid expenses and other current assets as of
December 31, 2015 and 2014 were $66 and $180, respectively. The Company's consolidated liabilities as of December 31, 2015 and 2014 Include $540,464 and $474,34B, respectively, in liabilities of VIEs whose creditors
have no recourse to the Company. These liabilities include accounts payable as of December 31, 2015 and2014 of $11 ,025 and $9,057, respectively, dtstributicns payable to noncontrnlllng interests and redeemable
ncncnntrclling interests as of December 31 , 2015 and 2014 of $8,063 and $6,426, respectively, accrued expenses and ether liabilities as of December 31, 2015 and 2014 of $175 and $340, respectively; deferred revenue
as of December 31, 2015 and 2014 of $374,736 and $301 ,792, respectively, deferred grants as of December 31, 2015 and2014 of $115,726 and $23.81, respectively; and Iring~term debt as of December 31 , 2015 and
2014 of $30,739 and $33,382. respectively.

The accompanying notes are an integral part of these consolidated Iinandal statements.
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Sur run Inc.
Consolidated Statements of Operations

(In Thousands, Except Per Share Amounts)

2015
Year Ended Dgc8m_ber 31 .

2014 2013

$ $ $ 54,740118,004
186,502
304,505

84,006
114,551
198,557 54,740

43,088

22,395
9,984

33,242

108.705
(53,969 )
11 ,752

111,784
168,751
145,477

9,657
84,442

3.695
523,806

(219,200 )
33,236

431
1,338

(254,205)
(5,299)

(248,905)

72,898
100,802

78,723
8,386

68,098
2,289

331,176
(132,619)

27,521
4.350
3,043

(167,533)
(10,043)

(157,499)

365
(58,086)

(591 >
(65,495 )

$
(86,638.)
(70,852 )

(64,294)
(1 ,201 )8_ -

$

Revenue:
Operating leases and incentives
Solar energy systems and product sales

Total revenue
Operating expenses:

Cost of operating leases and incentives
Cost of solar energy systems and product sales
Sales and marketing
Research and development
General and administrative
Amortization of intangible assets

Total operating expenses
Loss from operations
Interest expense, net
Loss on early extinguishment of debt
Other expenses
Loss before income taxes
Income tax benefit
Net loss
Net loss attributable to no controlling interests and

redeemable no controlling interests
Net loss attributable to common stockholders

Deemed dividend to convertible preferred stockholders
Net loss available to common stockholders $

(220,660)
(28,245)
(24,890)
(53,136) $ (70,852) (1,201 )

$ 40.969 $ (3113 $ (0.12)
Net loss per share available to common shareholders-

basic and diluted
Weighted average shares used to compute net loss

per share available to common stockholders-
basic and diluted 55,091 22,795 9,780

The accompanying notes are an integral part of these consolidated financial statemsMs.
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Sur run Inc.
Consolidated Statements of Comprehensive Loss

(In Thousands)

2015
Year Ended December 311

2014
$ (28,245) $ (70,852) $

2 0 1 3 " .
(1,201)Net loss attributable to common stockholders

Other comprehensive income:
Unrealized loss on derivatives, net of tax benefit for the

year ended December 31, 2015
Less interest expense on derivatives recognized into

earnings
Comprehensive loss

(2,442)

$
(1,521 )

(29,167) $ (70,852) s (1,201 )
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Sun mf Inc.

Consolidated Statements of Redeemable Noncontrolling Interests and Stockholders' Equity

(In Thousands)

Balance -January1 2013

Redeemable
Noncontrolllng

Interests
s 95.941

Preferred Stuck
Shara __ Amount

43.898 s 4

Gammon Stock
Share! .. l _ Amount

9,450 S 1
see

s

Accumulated
Dlher

Compnhenslvu
Lou

s

Accumulahsd
I- Deficit
s 13050 s s 57.472

Nonoontrolling
Inu=r¢1u_

s

[18906)

Additional
Paid-In
canuar

152.134
1,119
z855

(5,11a)

Total
Shareholders'

Enunv
165.159

1.119
2.855
(5118)

Total
EGUIN
22;681

1,119
z855
(5118)

we z,aas 2539

Shock-besed compensation
Acquisitionof nonconhullingintenesbe
income he effect of acquisition Er

lIDIlcolIllullllQ Interests
Contrlbutions from nancermullhg

interests and redeemable
noncenbullng interests

Distributions to nonuonllolling interests
and redeemable noncunhulling interests

73189 92.142 92142

s

(3373)
(asses)
1096s5 s 4 '  " 10412

as
s 1 s 153129 s

(1.2o1\
11,849 s

(1 ,2011
184,983 s

(51.178)
unsnap
57728

(61178)
(31,909)

s 222.71143.988
(35)

10.879 1

Eulanca-Dlcnmblr31 . 2013
Comnlrsion 01 Preflrrld Stack
Issuance of Sirius E cunvartiblu pnfcrnd

stock. nd al issuance costs of $7,108
Issuance off shins fur an acquisition 12.763

1,03a
1

14aas2
15,2ao
2707
9352

1-ma95
75.281
2707
9.352

14s,asa
75a1
2707
9352Stock-bastd cnmpansalion

Contribulions from nonoonhulling
lnbresb and ndumabk
nunoonlroIEr\gIMcrosh

Dlstdbulions to nonconhollng Intalusts
andradnmbls nonconlroliinglntonsb

BBB37 BO aos5a

(10923)
11055551

Balanou 9Duonmbar 31 2014 s

(11_s19)
rsagasm
135948 -- s4.a41. s 5 - 24.249

1.210
s 2 s 3a3.a80

a54a
s s

r70.a52\
(58005 ) 5

rru.as2a
a4.a54

a,s4a
s

(10,923)
(35.70G\
91 .755 s 418519

a,s4a
lssuann of nstliclad stock units.

1a2 (103)
18.002

(103)
18,002

(103)
16.002Stock based c¢mplnsll:ion

C9rlllibu!iol\s from noncordrolilng
Intcnsts and rcdeurnmbla

Distributions to noncuntrullngInturcsts
and rsdumabh noncunlroling lnturusts

Issumee of shares an to

128485

(12,9243

147235

(17193)

lnduccmerN sons issmnd to Series D
and E pnfarrud slockholdars

Dlemd dividend w Sirius D and E
convlrtlblo pMuTldsbdthalders

Conversion alconvutibla pnhmd

1.650

1,esa 1

18148

23.348

(24890)

19148

23.349

(24390)

147,2aa

(17183)

19.14

23.349

94.8901

(54841 ) (5) 54.841 5
Issuanceof mammon stock in connection

:lie offering.
17,482 2 221.315

Unnafzedgain(lass) ondirlvativl

221318
(28,245)

Lem
s

(1043511

147139 101.282 s s s42.22e s

The accompanying notes are an integral part of these consolidated financial statements.

s 10
<s21»
M n s

(28248)

(e12491 s ss4uas s

(118309)

10s.4s1

221318
(144555)

a l e
s 558550
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Sur run Inc.
Consolidated Statements of Cash Flows

(In Thousands)

2015
Year Ended December 31 ,

2o14 z01a

s (248,805) s (157,480) s (65,495 )
Adjustments in reoondla net loss to netcash provided by (used in) operating activities:

3,516
71.373

1 ,see
11 ass
(5299 )
8.997

15a2a
(16,750 )

4,aso
49.541

54s
10,204
(1 o,04s )

z s s 4
s,21 s

(12323)

30,192
112

8,437
(591 )

1 ,ssh
2.sss

( 9 . 93 )

Depredatiori and amortization, net of amortization of deferred grants
Bad debt expanse
Interest on lease pass-through linandng
Noncash tax benefit
Noncash interest expense
Stock-based compensation expense
Reduction in lease pass--through tinancirig obligations
Changes in operating wets and liabilities:

Aooounts receivable
Inventories
Prepaid and other assets
Aooounts payable
Aoomed expenses and other liabilities
Deferred revenue

Net cash provided by (used in) operating activities

(15,517)
(47,344)

(aa4 )
so,s4s
19,165
47.584

(105,255)

(854 )(14,075 )
(3,788)
(1 ,sao)

11 ,use
1,o1o

97.395
(7,928)

(2_176)
1,a51
2.734

57.Q71
23,374

(322,034)

(3,720)

Payments for aha costs of solar energy systems leased and to be leased
Purdmses of property and equipment
Acquisitions Df businesses. net of cash acquired
Net cash used in investing activities

(594,8B7 )
(13,027 )
(19.95 )

(s27.4e9 )

(412,267)
(15,317)
( 3 8 3 8 0

(483,988) (325,754)

Proceeds fromgrants and state taxcredits, net of recapture
Proceeds from issuance of debt

4.685
s44,ass

(357,878)
(14,79B)

111 ,0suo
(2129)

1 ,579
192.750

(128,054)

(7339)

29,321
14e,zs2

(612)
(5,493)

129,121
(BB,91B)

143.393
174,159 s4,aaa

189,480

(31,967)

(21 )
2.707

1G5,331

Proceeds from solar asset-backed notes
Repayment of solar asset-backed notes
Proceeds from Issuance of convertible preferred shock. net of issuance costs
Proceeds from lease pass-through financing obligations
Repayment of lease pass-through linaradng obligations
Contributions received from no controlling interests and redeemable

nonoontrolling Interests
Distributions paid to noneormolling inlierests and redeemable no controlling interests
Aoquieitlon of nonoontrolling interest
Proceeds from exercises of stock options
Proceeds from initial public offering net of offering costs
Payment of capital lease obligation
Change in restricted cash
Net sh provided by §nendng activities

(83,907)
(221124)

1,119

275.704

(28737)

a,54a
222.078

(4.854 )
(8,7511

754.465

(1 ,181 )
1 455

524.351
(4,611 >

312v294

Cash, beginning of period

s

51,710
152,154
203,854 s

s z 4 s s
eases

152,154 s

8.914
_a9,785

99699

Supplemental disclosures of cash Ilowlnformatlon

s 11,954 s s 3,65711,101

s _ 15a50 s 14.cr/4 s 14459

15.1a96,764

s,ess

76.964

Supplemental disclosures et noncash Investing and financing activities
Costs of solar energy systems and property and equipment Included in accounts

payable and accrued expenses

Distributionspayable tn noncorrtrolling interestsand redeemable
no controlling inlierest

Vehicles acquired under capital leases

Non sh purchase consideration on acquisition ofbusiness

Deemed dividend on Series D and E preened shares

Offering costs prepaid in prior year

s
s
L .
s8 ..

a,144

21,558

18718

24,a90

788

s

s

s

s

s

s

s

s

s

s

The accompanying notes are an integral part of these consolidated financial statements.
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Sur run Inc.
Notes to Consolidated Financial Statements

Note 1. Organization

Sur run Inc. ("Sur\rur1" or the "Company') was originally formed in 2007 as a California limited liability company, and was converted into a Delaware corporation in 2008. The
Company is engaged in the design, development, installation sale, ownership, and maintenance of residential solar energy systems ("Projects") in the United States.

Sur run acquires customers directly and through relationships with various solar and strategic partners ("Partners"). The Projects are constructed either by Sur run or by Sunrun's
Partners and are owned by the Company. Sunrun's customers enter into a power purchase agreement ("PPA") or a lease (each, a "Customer Agreement") which typically has a term of 20
years. Sur run monitors, maintains and insures the Projects. As a result of the acquisition of Mainstream Energy Corporation, its fulfillment business AEE Solar and its racking business
SnapNrack (collectively, "MEC") completed in February 2014, the Company also sells solar energy systems and products to customers.

The Company has formed various subsidiaries ("Funds") to finance the development of Projects. These Funds, structured as limited liability companies, obtain financing from
outside investors and purchase or lease Projects from Sur run under master purchase or master lease agreements. The Company currently utilizes three legal structures in its investment
Funds, which are referred to as: (i) lease pass-throughs, (ii) partnership-flips and (iii) joint venture ("JV") inverted leases.

Sur run acquired Clean Energy Experts, LLC ("CEE"), a consumer demand and solar lead generation company, in April 2015, to support the growth of the business, including
reducing costs of obtaining customer leads externally. As a result of acquisition, the Company also sells a portion of solar leads generated to customers.

The Company completed its initial public offering in August 2015 and its common stock is listed on the NASDAQ Global Select Market under the symbol "RUN",

Note 2. Summary of Significant Accounting Policies

Basis of Presentation and Principles of Consolidation

The consolidated financial statements have been prepared in conformity with U.S. generally accepted accounting principles ("GAAP") and reflect the accounts and operations of
the Company and those of its subsidiaries, including Funds, in which the Company has a controlling financial interest. The typical condition for a controlling financial interest ownership is
holding a majority of the voting interests of an entity. However, a controlling financial interest may also exist in entities, such as variable interest entities ("VlEs'), through arrangements that
do not involve controlling financial interests. In accordance with the provisions off Financial Accounting Standards Board ("FASB") Accounting Standards Codification Topic 810 ("ASC 810")
Consolidation, Me Company consolidates any VIE of which it is the primary beneficiary, The primary beneficiary, as defined in ASC 810, is the party that has (1) the power to direct the
activities of a VlE that most significantly impact the viE's economic performance and (2) the obligation to absorb the losses of the VIE or the right to receive benefits from the VIE that
could potentially be significant to the VlE. The Company evaluates its relationships with its VlEs on an ongoing basis to determine whether it continues to be the primary beneficiary. `l'he
consolidated financial statements reflect the assets and liabilities of VlEs that are consolidated. All intercompany transactions and balances have been eliminated in consolidation.

Reclassifications

Certain prior period amounts have been reclassified to conform to current period presentation.
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Sur run Inc.
Notes to Consolidated Financial Statements - Continued

Use of Estimates

The preparation of the consolidated financial statements requires management to make estimates and assumptions that affect the amounts reported in the consolidated financial
statements and accompanying notes. The Company regularly makes significant estimates and assumptions, including, but not limited to, the estimates that affect the collectability of
accounts receivable, the valuation of inventories, the useful lives and estimated residual values of solar energy systems, the useful lives of property and equipment, the valuation and
useful lives of intangible assets, the fair value of assets acquired and liabilities assumed in business combinations, the effective interest rate used to amortize lease pass-through financing
obligations, the valuation of stock-based compensation, the valuation of the Company's common stock, the determination of valuation allowances associated with deferred tax assets, fair
value of debt instruments disclosed and the redemption value of redeemable no controlling interests. The Company bases its estimates on historical experience and on various other
assumptions believed to be reasonable. Actual results may differ from such estimates.

Segment information

The Company has one operating segment with one business activity, providing solar energy services and products to customers. The Company's chief operating decision maker
("CODM") is its chief Executive Officer, who manages operations on a consolidated basis for purposes of allocating resources. \Mlen evaluating performance and allocating resources, the
CODM reviews financial information presented on a consolidated basis.

Revenues from external customers for each group of similar products and services are as follows (in thousands):

2015
$ $ $

2013
44,249
10,491
54,740

Operating leases
Incentives

Operating leases and incentives
Solar energy systems
Products

Solar energy systems and product sales
Total revenue $

86,332
31 ,e12.

118,004
50,191

136,411
186,602
304,606

Year Ended December 31 ,
2014

63,982
20,044
84,006
23,687
90,864

114,551
198,557s $ 54,740

Cash

Cash consists of bank deposits held in checking and savings accounts. The Company considers all highly liquid investments purchased with an original maturity of three months
or less to be cash equivalents. The Company has exposure to credit risk to the extent cash balances exceed amounts covered by federal deposit insurance. The Company believes that its
credit risk is not significant.

Restricted Cash

Restricted cash represents balances collateralizing standby letters of credit, amounts related to replacement of solar energy systems and obligations under certain financing
transactions.
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Sur run Inc.
Notes to Consolidated Financial Statements - Continued

Accounts Receivable

Accounts receivable consist of amounts due from customers as well as state and utility rebates due from government agencies and utility companies. Under arrangements with
customers, the customers typically assign incentive rebates to the Company.

Accounts receivable are recorded at net realizable value. The Company maintains allowances for the applicable portion of receivables when collection becomes doubtful. The
Company estimates anticipated losses from doubtful accounts based upon the expected collectability of all accounts receivables, which takes into account the number of days past due,
collection history, identification of specific customer exposure, and current economic trends. Once a receivable is deemed to be uncollectible, it is written off. In 2015, 2014 and 2013, the
Company recorded provision for bad debt expense of $2.0 million, $0.5 million and $0.2 million, respectively, and wrote-off uncollectible receivables of $1.1 million, $0.1 million and $0.0
million, respectively.

Accounts receivable, net consists of the following (in thousands):

Customer receivables
Customer deposits
Other receivables
Rebates receivable
Allowance for doubtful accounts
Total

$ $

$

December 31. _
201s 2014

24,477
11 , 135
5,936
2,344
(703)

$ 43,189

46,169
10,150
4,376
1,221

(1 _e41 )
60,275

State Tax Credits Receivable

State tax credits receivable are recognized upon submission of the state income tax return,

Inventories

Inventories are stated at the lower of cost or market on a first»in, first-out basis. Inventories consist of raw materials such as photovoltaic panels, inverters and mounting hardware
as well as miscellaneous electrical components that are sold as-is by the distribution operations and used in installations and work-in-process, Work-in-process primarily relates to solar
energy systems that will be sold to customers, which are partially installed and have yet to pass inspection by the responsible city or utility department. For solar energy systems where the
Company performs the installation, the Company commences transferring component parts from inventories to construction in progress, a component of solar energy systems, once a
lease contract with a lease customer has been executed and the component parts have been assigned to a specific project. Additional costs incurred including labor and overhead are
recorded within construction in progress.

The Company periodically reviews inventories for unusable and obsolete items based on assumptions about future demand and market conditions. Based on this evaluation,
provisions are made to write inventories down to their market value.

Solar Energy Systems, net

The Company records solar energy systems leased to customers and solar energy systems that are under installation as solar energy systems, net on its consolidated balance
sheet. Solar energy systems, net is comprised of system equipment costs and initial direct costs related to solar energy systems, less accumulated depreciation and amortization.
Depreciation on solar energy systems is calculated on a straight-line basis to their estimated residual values over the estimated useful lives of the systems to the Company, which is the
expected holding period of typically 20 years, coinciding with the initial lease term
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Sur run Inc.
Notes to Consolidated Financial Statements - Continued

of the Company's Customer Agreements. The Company has detemlined that it is more likely that the customer will elect to purchase the solar energy system at the end of the initial lease
period rather than renew their customer agreement, due to the cost of purchasing the solar energy system being significantly lower than it was at the initiation of the customer agreement,
in order to reduce electricity costs, as well as increase the value and marketing attributes of their home. If a customer elects to renew their lease at the end of the initial lease term, the
residual value will be depreciated over a revised estimated remaining useful life to the Company. The Company periodically reviews its estimates of residual value and its estimated useful
life and recognizes changes in estimates by prospectively adjusting depreciation expense Inverters are depreciated over their estimated useful life of 10 years.

Solar energy systems under installation will be depreciated as solar energy systems leased to customers when the respective systems are completed and interconnected.

Initial direct costs from the origination of Customer Agreements are capitalized and amortized over the initial tem of the related Customer Agreement and are included within
solar energy systems, net in the consolidated balance sheets. Amortization of these costs is recorded in cost of operating leases and incentives in the accompanying consolidated
statements of operations.

Property and Equipment, net

Property and equipment, net consists of leasehold improvements, furniture, computer hardware and software, machinery and equipment, and automobiles. All property and
equipment are stated at historical cost net of accumulated depreciation. Repairs and maintenance are expensed as incurred.

Property and equipment is depreciated on a straight-line basis over the following periods:

Leasehold improvements
Furniture
Computer hardware and software
Machinery and equipment
Automobiles

Lesser of estimated useful life art the asset or lease term, which is typically 2 to s years
5 years
3 years
5-7 years
4-5 years

Capitalization of Software Costs

For costs incurred in the development of internal use software, the Company capitalizes costs incurred during the application development stage. Costs related to preliminary
project activities and post implementation activities are expensed as incurred. lntemai use software is amortized on a straight-line basis over its estimated useful life

Intangible Assets, net

Finite-lived intangible assets are initially recorded al fair value and presented net of accumulated amortization. Intangible assets are amortized on a straight-line basis over their
estimated useful lives as follows:

Customer relationships
Backlog
Developed technology
Trade names

6-10 years
1 year
5 years
4 months to 5 years
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Sur run Inc
Notes to Consolidated Financial Statements - Continued

Impairment of Long-Uved Assets

The canoing amounts of the Company's long-lived assets, including solar energy systems and intangible assets subject to depreciation and amortization, are periodically
reviewed for impairment whenever events or changes in circumstances indicate that the carrying value of these assets may not be recoverable or that the useful life is shorter than
originally estimated. Factors that are considered in deciding when to perform an impairment review would include significant negative industry or economic trends and significant changes
or planned changes in the use of the assets, Recoverability of these assets is measured by comparison of the carrying amount of each asset to the future undiscounted cash flows the
asset is expected to generate over its remaining life, If the asset is considered to be impaired, the amount of any impairment is measured as the difference between the carrying value and
the fair value cri the impaired asset. If the useful life is shorter than originally estimated, the Company amortizes the remaining carrying value over the new shorter useful life. No
impairment of long-lived assets has been recorded for the years ended December 31, 2015, 2014 and 2013

Business Combinations

Acquisitions of entities and certain solar projects with the associated leases that meet the definition of a business are accounted for as business combinations in accordance with
ASC eos, Business Combinations. The Company records assets acquired and liabilities assumed based on their estimated fair values at the acquisition date. The excess of the purchase
price over those fair values is recorded as goodwill. Acquisition-related expenses are expensed as incurred

Goodwill

Goodwill represents the excess of the purchase price over the fair value of assets acquired and liabilities assumed of MEC in Febmary 2014 and CEE in April 2015. Goodwill is
reviewed for impairment at least annually or whenever events or changes in circumstances indicate that the carrying amount may be impaired. The Company has determined that it
operates as one reporting unit and the Company's goodwill is recorded at the enterprise level. The Company performs its annual impairment test of goodwill on October 1 of each fiscal
year or whenever events or circumstances change or occur that would indicate that goodwill might be impaired. When assessing goodwill for impairment, the Company uses qualitative
and if necessary, quantitative methods in accordance with FASB ASC Topic esc ("ASC 350'), Goodwill. The Company also considers its enterprise value and if necessary, discounted
cash flow model, which involves assumptions and estimates, including the Company's future financial performance, weighted-average cost of capital and interpretation of currently enacted
tax laws

Circumstances that could indicate impairment and require the Company to perform a quantitative impairment test include a significant decline in the Company's financial results
a significant decline in the Company's enterprise value relative to its net book value, an unanticipated change in competition or the Company's market share and a significant change in the
Company's strategic plans. The Company did not note any indicators of impairment in the qualitative assessment that would require a quantitative analysis in 2015. The Company did not
have any goodwill prior to 2014, and no impairment charges have been recorded to date

Deferred Revenue

Deferred revenue consists of amounts for which the criteria for revenue recognition have not yet been met and includes a) amounts that are collected from customers, including
upfront deposits and lease prepayments, b) rebates and incentives received and receivables from utility companies and various local and state government agencies, c) amounts related to
investment tax credits ("ITC") that the Company monetized in connection with its lease-pass through financing obligations, and d) amounts received related to the sales of solar renewable
energy credits ('SRECs')
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Deferred revenue consists of the following (in thousands):

8 $Customer payments
Rebates and incentives
laCs
SRECs
Total $

December 31 .
20152 _

370,754
102,827
126,853

18,358
618,792 $

2014 _ .
311,193
101,318

85,767
13,846

512,124

Deferred Grants

Deferred grants consist of U.S. Treasury grants and State Grants. The Company applied for a renewable energy technologies income tax credit offered by one of the states in
the form of a cash payment and deferred the tax credit as a grant on the consolidated balance sheets. The Company initially recorded the grants as deferred grant income and recognizes
the benefit on a straight-line basis over the estimated depreciable life of the associated assets as a reduction in cost of operating leases and incentives,

Warranty Accrual

The Company provides warranty service and replacement on the majority of all solar energy systems sold and installed. The major components are generally covered under a
manufacturer's limited warranty.

In resolving claims under warranty services, the Company has the option of remedying the defect to the warranted level through repair, refurbishment, or replacement. The
warranty accrual is estimated and is reevaluated regularly by management based upon the Company's warranty policy, applicable contractual warranty obligations, an analysis of
historical costs and age of installed systems and management's evaluation of current claims in process. The warranty accrual is recorded as a component of accrued expenses and other
liabilities in the Company's consolidated balance sheets. Prior to th Company's acquisition of the residential business from MEC in February 2014, no warranty accrual was necessary.
The Company recorded a warranty accrual of $1 .1 million and $0.9 million as of December 31, 2015 and 2014, respectively,

Solar Energy Performance Guarantees

The Company guarantees to customers certain specified minimum solar energy production output for solar facilities over the initial term of the Customer Agreements. The
Company monitors the solar energy systems to determine whether these specified minimum outputs are being achieved. If the Company determines that the guaranteed minimum energy
output is not achieved, it records a liability for the estimated amounts payable, As of December 31, 2015 and 2014, the Company recorded liabilities of $0.3 million and $0.4 million,
respectively, as accrued expenses and other liabilities in the consolidated balance sheets relating to these guarantees based on the Company's assessment of its exposure.

Derivative Financial Instruments

The Company recognizes all derivative instruments on the balance sheet at their fair value. Changes in the fair value of derivatives are recorded each period in current earnings
or other comprehensive loss if a derivative is designated as part of a hedge transaction. The ineffective portion of the hedge, if any, is immediately recognized in earnings.
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Beginning in 2015, the Company uses derivative financial instruments, primarily interest rate swaps, to manage its exposure to interest rate risks on its syndicated tem loans,
which are recognized on the balance sheet at their fair values. On the date that the Company enters into a derivative contract, the Company formally documents all relationships between
the hedging instruments and the hedged items, as well as its risk management objective and strategy for undertaking each hedge transaction. Derivative instruments designated in a
hedge relationship to mitigate exposure to variability in expected future cash flows, or other types of forecasted transactions, are considered cash flow hedges. Cash flow hedges are
accounted for by recording the fair value of the derivative instrument on the balance sheet as either a freestanding asset or liability, Changes in the fair value of a derivative that is
designated and qualifies as an effective cash flow hedge are recorded in accumulated other comprehensive loss, net of tax, until earnings are affected by the variability of cash flows of the
hedged item. Any derivative gains and losses that are not effective in hedging the variability of expected cash flows of the hedged item or that do not qualify for hedge accounting
treatment are recognized directly into income. At the hedge's inception and at least quarterly thereafter, a formal assessment is performed to determine whether changes in cash flows of
the derivative instrument have been highly effective in offsetting changes in the cash flows of the hedged items and whether they are expected to be highly effective in the future. The
Company discontinues hedge accounting prospectively when (i) it determines that the derivative is no longer effective in offsetting changes in the cash flows of a hedged item, (ii) the
derivative expires or is sold, terminated, or exercised, or (iii) management determines that designating the derivative as a hedging instrument is no longer appropriate. in all situations in
which hedge accounting is discontinued and the derivative remains outstanding, the derivative instrument is can'ied at its fair market value on the balance sheet with the changes in fair
value recognized in current-period earnings. The remaining balance in accumulated other comprehensive loss associated with the derivative that has been discontinued is not recognized
in the income statement unless it is probable that the forecasted transaction will not occur. Such amounts are recognized in earnings when earnings are affected by the hedged
transaction.

The Company recognized wan'ants with former preferred stockholders as an inducement to convert their shares of convertible preferred stock into shares of common stock
immediately prior to the Company's initial public offering as derivative liabilities, Such liabilities were valued when the financial instruments were initially issued, with the change in their
respective fair values recorded as a gain or loss on revaluation within other expenses in the Company's statement of operations. The Company determines the fair value of its warrant
derivative liabilities using the Black-Scholes option-pricing model.

Fair Value of Financial Instruments

The Company defines fair value as the exchange price that would be received for an asset or an exit price that would be paid to transfer a liability in the principal or most
advantageous market for the asset or liability in an orderly transaction between market participants on the measurement date. The Company uses valuation techniques to measure fair
value that maximize the use of observable inputs and minimize the use of unobservable inputs. FASB establishes a three-tier fair value hierarchy for disclosure of fair value measurements
as follows:

Level 1-inputs are unadjusted, quoted prices in active markets for identical assets or liabilities at the measurement date,

Level 2-lnputs are observable, unadjusled quoted prices in active markets for similar assets or liabilities, uriadjusted quoted prices for identical or similar assets or
liabilities in markets that are not active, or other inputs that are observable or can be corroborated by observable market data for substantially the full term of the related
assets or liabilities; and

Level 3-Inputs that are unobservable, significant to the measurement of the fair value of the assets or liabilities and are supported by little or no market data.

The Company's financial instruments include cash, receivables, accounts payable, accrued expenses, distributions payable to no controlling interests, derivatives, borrowings on
the line of credit, long-term debt and solar asset-backed notes.
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Revenue Recognition

The Company recognizes revenue when (i) persuasive evidence of an arrangement exists, (ii) delivery has occurred or services have been rendered, (iii) the sales price is fixed
and determinable, and (iv) collection of the related receivable is reasonably assured.

Operating leases and incentives

Operating leases and incentives revenue is primarily comprised of revenue from customer agreements, revenue from solar energy system rebate incentives, revenue associated
with ITs assigned to investment funds that are classified as lease pass-through arrangements and revenue from the sales of SRECs generated by the Company's solar energy systems
to third parties.

The Company begins Io recognize revenue on Customer Agreements when permission to operate ("PTO") is given by the local utility company or on the date daily operation
commences if utility approval is not required. The Company recognizes revenue on a straight-line basis over the initial term a the Customer Agreements (typically 20 years) that have
minimum lease payments, or as earned when the customers are billed based on the actual electricity generated at a specific rate under the terms of the Customer Agreements.

The Company considers upfront rebate incentives received from states and utilities for solar energy systems subject to Customer Agreements to be minimum lease payments,
Rebate revenue is recognized on a straight-line basis over the life of the initial contract term of the Customer Agreement beginning when a PTO letter is issued by the local utility company
or on the date daily operation commences if utility approval is not required.

The Company monetizes the ITs associated with the leased systems on its lease pass-through financing obligations by assigning them to the investor together with the future
customer lease payments. A portion of the cash consideration received from the investors is allocated to the estimated fair value of the assigned laCs. The estimated fair value of the ITs
is determined by applying the expected internal rate of return to the investor on this structure to the gross amount of the ITs that may be claimed by the investor.

The laCs are subject to recapture under the Internal Revenue Code ("Code") if the underlying solar energy system either ceases to be a qualifying property or undergoes a
change in ownership within five years of its placed in service date. The recapture amount decreases by 20% on each anniversary of the PTO date. As the Company has an obligation to
ensure the solar energy systems is in service and operational for a term of five years to avoid any recapture of the laCs, the Company recognizes revenue as the recapture provisions
lapse assuming the other aforementioned revenue recognition criteria have been met. The monetized ITs are initially recorded within deferred revenue on the consolidated balance
sheets, and subsequently, one-fifth of the monetized laCs are recognized as revenue in the consolidated statements of operations on each anniversary of the solar energy systems' PTO
date over the following five years.

SREC revenue arises from the sale of environmental credits generated by solar energy systems. SREC revenue is recorded in operating leases and incentives revenue. We
recognize revenue related to the sale of SRECs to the extent the cumulative value of delivered SRECs per contract exceeds any possible liquidated damages for non-delivery, if any.
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The Company has determined that Customer Agreements are operating leases as opposed to capital leases pursuant to ASC 840, Leases. Management estimates the
estimated useful life of solar energy systems to be 20 years, which coincides with the expected holding period and initial lease term of 20 years, as discussed in Note 2, Summary of
Significant Accounting Policies, above, However, since the estimated economic life of solar energy systems is estimated to be at least 30 years, the lease term is less than 75% of its
estimated economic life, Additionally, the Company evaluated the following lease classiticatiori criteria: (i) whether there is a transfer of ownership or bargain purchase option at the end of
the lease and (ii) whether the present value of minimum lease payments exceeds 90% of the fair value at lease inception and determined that these criteria were not met.

Solar energy systems and product sales

For solar energy systems sold to customers, the Company recognizes revenue when the solar energy system passes inspection by the authority having jurisdiction, provided all
other revenue recognition criteria have been Mei. The Company's installation projects are typically completed in a short period of time.

Product sales consist off solar panels, racking systems, inverters, other solar energy products sold to resellers and customer leads, Product sales revenue is recognized at the
time when title is transfen'ed, generally upon shipment. Shipping and handling fees charged to customers are included in net sales. Total shipping and handling fees charged to customers
were $2.6 million and $2.4 million for the year ended December 31, 2015 and 2014, respectively. Volume discounts given to customers are recorded as a reduction of revenue, since the
Company does not receive goods or services in exchange for the discounts offered. Customer lead revenue, included in product sales, is recognized at the time the lead is delivered.

Taxes assessed by government authorities that are directly imposed on revenue producing transactions are excluded from product revenue.

Cost of Revenue

Operating leases and incentives

Cost of revenue for operating leases and incentives is primarily comprised of the (1) depreciation of the cost of the solar energy systems, as reduced by amortization of U.S,
Treasury grants, (2) amortization of initial direct costs, (3) lease operations, monitoring and maintenance costs including associated personnel costs, and (4) allocated corporate overhead
costs.

Solar energy systems and product sales

Cost of revenue for solar energy systems and non-lead generation product sales consist of direct and indirect material and labor costs for solar energy systems installations and
product sales. Also included are engineering and design costs, estimated warranty costs, freight costs, allocated corporate overhead costs, vehicle depreciation costs and personnel costs
associated with supply chain, logistics, operations management, safety and quality control. Cost of revenue for lead generations consists of costs related to direct-response advertising
activities associated with generating customer leads.

Research and Development Expense

Research and development expenses include personnel costs, allocated overhead costs, and other costs related to the del?elopment of the Company's Brightpath software suite
as well as its racking equipment.
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Advertising Costs

Advertising costs are expensed as incurred in the consolidated statements of operations. The Company incurred advertising costs of $34.8 million, $18.9 million and $7.7 million
for the years ended December 31, 2015, 2014 and2013, respectively.

Stock-Based Compensation

The Company grants stock-based compensation for its equity incentive plan and employee stock purchase plan. Stock-based compensation to employees is measured based on
the grant date fair value of the awards and recognized over the period during which the employee is required to perfoml services in exchange for the award (generally the vesting period of
the award), The Company estimates the fair value of stock based awards granted using the Black-Scholes option-valuation model. Compensation cost is recognized over the vesting
period of the applicable award using the straight-line method for those options expected to vest.

The Company also grants restricted stock units ("RSUs") to non-employees that vest upon the satisfaction of both performance and service conditions. The Company starts
recognizing expense on the RSUs when the performance condition is met.

Noncontrolling interests and Redeemable Noncontrolling Interests

Noncontrolling interests represent investors' interests in the net assets of the Funds that the Company has created to finance the cost of its solar energy systems subject to the
Company's Customer Agreements. The Company has determined that the contractual provisions in the funding arrangements represent substantive profit sharing arrangements. The
Company has further determined that the appropriate methodology for attributing income and loss to the no controlling interests and redeemable no controlling interests each period is a
balance sheet approach referred to as the hypothetical liquidation at book value ("HLBV") method.

Under the HLBV method, the amounts of income and loss attributed to the no controlling interests and redeemable no controlling interests in the consolidated statements of
operations reflect changes in the amounts the investors would hypothetically receive at each balance sheet date under the liquidation provisions of the contractual agreements of these
aITangements, assuming the net assets of these Funding structures were liquidated at recorded amounts. The Company's initial calculation of the investors no controlling interest in the
results of operations of these Funding arrangements is determined as the difference in the no controlling interests' claim under the HLBV method at the start and end of each reporting
period, after taking into account any capital transactions, such as contributions or distributions, between the Fund and the investors.

The Company classifies certain no controlling interests with redemption features that are not solely within the control of the Company outside of permanent equity on its
consolidated balance sheets. Redeemable no controlling interests are reported using the greater of their carrying value as determined by the HLBV method or their estimated redemption
value at each reporting date.

Income Taxes

During November 2015, the FASB issued ASU 2015-17, Balance Sheet C/assifcation of Deferred Taxes, which simplifies the presentation of deferred income taxes.ASU 2015-
17 provides presentation requirements to classify deferred tax assets and liabilities as noncurrent in a classified statement of financial position. The standard is effective for fiscal years
beginning after December 15, 2016, including interim periods within that reporting period. Early adoption is permitted for any interim and annual financial statements that have not yet been
issued. We early adopted ASU 2015-17 effective December 31, 2015, retrospectively. Adoption resulted $3.0 million decrease in deferred tax assets, cun'ent and a $3.0 million decrease in
deferred tax liabilities in our Consolidated Balance Sheets at December 31, 2014. Adoption had no impact on our results of operations.
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The Company recognizes deferred tax assets and liabilities for the expected future tax consequences of events that have been included in the consolidated financial statements
and tax returns. Under this method, deferred tax assets and liabilities are determined based on the difference between the financial statement and tax basis d assets and liabilities using
enacted lax rates in effect for the year in which the differences are expected to reverse. Valuation allowances are provided against deferred tax assets to the extent that it is more likely
than not that the deferred tax asset will not be realized. The Company is subject to the provisions of ASC 740, Income Taxes, which establishes consistent thresholds as it relates to
accounting for income taxes. It defines the threshold for recognizing the benefits of tax return positions in the financial statements as "more likely than not' to be sustained by the taxing
authority and requires measurement of a tax position meeting the more-likely-than-not criterion, based on the largest benefit that is more than 50% likely to be realized. Management has
analyzed the Company's inventory of tax positions with respect to all applicable income tax issues for all open tax years (in each respective jurisdiction)

The Company sells solar energy systems to the Funds. As the Funds are consolidated by the Company, the gain on the sale of the solar energy systems is not recognized in the
consolidated financial statements. However, this gain is recognized for tax reporting purposes. Since these transactions are intercompany sales, any tax expense incurred related to these
intercompany sales is deferred and recorded as a prepaid tax asset and amortized over the depreciable life of the underlying solar energy systems which has been estimated to be 20
years in accordance with ASC Topic 810

The Company files tax returns as prescribed by the tax laws of the jurisdictions in which it operates. In the nomlaI course of business, the Company is subject to examination by
federal, state and local jurisdictions, where applicable. The statute of limitations for the lax returns varies by jurisdiction

Concentrations of Credit and Supplier Risk

Financial instruments which potentially subject the Company to concentrations of credit risk consist primarily of cash aha accounts receivable, which includes rebates receivable
`lTre associated risk of concentration for cash is mitigated by banking with institutions with high credit ratings. At certain times, amounts on deposit exceed Federal Deposit insurance
Corporation insurance limits. The Company does not require collateral or other security to support accounts receivable. To reduce credit risk, management performs periodic credit
evaluations and ongoing evaluations of its customers' financial condition, Rebates receivable are due from various states and local governments as well as various utility companies. The
Company considers the collectability risk of such amounts to be low, The Company is not dependent on any single customer or installer. The loss of a customer or an installer would not
adversely impact the Company's operating results or financial position. The Company's customers under Customer Agreements are primarily located in California, Hawaii, Maryland
Massachusetts, New Jersey and New York. During the year ended December31, 2015 and 2014, the solar materials purchases from the top five suppliers were approximately $1605
million and $69.1 million, respectively

Recently Issued Accounting Standards

In May2014, the FASB issued Accounting Standards Update ('ASU") No. 2014409 Revenue from Contracts with Customers (Topic606), to replace the existing revenue
recognition criteria for contracts with customers and to establish the disclosure requirements for revenue from contracts with customers, The core principle of this standard is to recognize
revenue when promised goods or services are transferred to customers in an amount that reflects the consideration that is expected to be received for those goods or services. This AS U
is effective for the Company for Annual Reporting periods beginning otter December 15, 2017 including the interim reporting periods within that fiscal year, and early adoption is permitted
Adoption of the ASU is either retrospective to each prior period presented or retrospective with a cumulative adjustment to retained earnings or accumulated deficit as of the adoption date
The Company is currently evaluating this guidance and the impact it may have on its consolidated financial statements
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In November2014, the FASB issued ASU 201446 Determining Whether the Host Contract in a Hybrid Financial Instrument Issued in the Form of a Share is More Akin to Debt
or to Equity. This guidance requires issuers and investors to consider all of a hybrid instrument's stated and implied substantive terms and features, including any embedded derivative
features being evaluated for bifurcation. The guidance eliminates the "chameleon approach", under which all embedded features except the feature being analyzed are considered. The
guidance is effective for the year beginning after December 15, 2015 and for interim periods within fiscal years beginning after December 15, 2016. Early adoption is permitted. The
Company believes the adoption of this guidance will have no impact on its consolidated financial statements.

In November 2014, the FASB issued ASU 2014-15, Disclosure of Uncertainties About an Entity's Ability to Continue as a Going Concern, which provides guidance on
determining when and how to disclose going~concem uncertainties in the financial statements. The new standard requires management to perform interim and annual assessments of an
entity's ability to continue as a going concern within one year of the date of issuance of the entity's financial statements and provide certain disclosures when there is substantial doubt
about the entity's ability to continue as a going concern. This guidance applies to all entities and is effective for annual periods beginning after December 15, 2016, and interim periods
thereafter, with early adoption permitted. The Company believes the adoption of this guidance will have no impact on its consolidated financial statements.

In February 2015, the FASB issued ASU 2015-02 Amendments to the Consolidation Analysis, which provides consolidation guidance and changes the way reporting enterprises
evaluate consolidation for limited partnerships, investment companies and similar entities, as well as variable interest entities. The ASU is effective for annual and interim periods in fiscal
years beginning after December 15, 2015. The Company believes the adoption of this guidance will have no impact on its consolidated financial statements.

In April 2015, the FASB issued ASU 2015~03, Interest-imputation oflnterest (Subtopic 835-30) Simplifying the Presentation of Debt lssuanee Costs, to simplify the presentation
of debt issuance costs. In August 2015, the FASB issued ASU 2015-15, Interest-imputation of Interest (Subtopic 835-30) Presentation and Subsequent Measurement of Debt Issuance
Costs Associated with Line-of-Credit Arrangement. Prior to ASU2015-03 and ASU 2015-15, issuance costs were presented as an asset on the balance sheet. Under ASU 2015-03 and
ASU 2015-15, debt issuance costs related to a recognized debt liability are required to be presented in the balance sheet as a direct deduction from the carrying amount of that debt
liability, consistent with debt discounts. ASU 2015-15 clarified that the SEC will not object to en entity presenting the cost of securing a revolving line cf credit as an asset regardless of
whether a balance is outstanding. The recognition and measurement guidance for debt issuance costs are not affected by the amendments in these updates. The ASUs are effective for
annual and interim periods in fiscal years beginning after December 15, 2015 and interim periods within those fiscal years. The effect on the Company's consolidated balance sheet for the
year ended December 31, 2015 will be to reclassify $3.6 million in debt issuance costs from assets to a reduction in liabilities.

In July2015, the FASB issued ASU No. 2015-11, Simplifying the Measurement of Inventory, to specify that inventory should be subsequently measured at the lower of cost or
net realizable value, which is the ordinary selling price less any completion, transportation and disposal costs. However, the ASU does not apply to inventory measured using the last-in-
first-out or retail methods. The ASU is effective for interim and annual periods beginning after December 15, 201 e. Adoption of the ASU is prospective. The Company is currently
evaluating this guidance and the impact it may have on its consolidated financial statements.
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in February 2016, the FASB issued ASU No. 2016-02, Leases. Under the new guidance, lessees will be required to recognize for all leases (with the exception of short-term
leases) a lease liability, which is a lessee's obligation to make lease payments arising from a lease, measured on a discounted basis and a right-of-use asset, which is an asset that
represents the lessee's right to use, or control the use of, a specified asset for the lease term. Tie ASU is effective for fiscal years beginning alter December 15, 2018 and interim periods
within those fiscal years. The Company is currently evaluating this guidance and the impact it may have on its consolidated financial statements.

Note 3. Acquisitions

Acquisition of Residential Business

In February 2014, the Company acquired the residential business of MEC pursuant to an Agreement and Plan of Merger dated January 19, 2014. The residential business
acquired engages in designing, installing and selling solar energy systems to residential customers, wholesale distributions as well as assembling of mounting systems and hardware for
solar energy systems,

The purchase consideration for the assets acquired and liabilities assumed was approximately $78.B million consisting of $75.0 million in the issuance of 12,762,894 shares of
common stock, $1 .8 million in cash, $1 .8 million in settlement of balances under a preexisting relationship and $0.2 million in the form of 576,878 stock options. The settlement of the pre-
existing relationship was related to the partner installation agreement between the Company and MEC, which existed prior to the acquisition date.

The Company has included the results of operations of the acquired business in the consolidated statements of operations from the acquisition date. The assets acquired and
liabilities assumed in the MEC acquisition have been recorded based on their fair value at the acquisition date. Goodwill represents the excess of the purchase price over the net tangible
and intangible assets acquired and is not deductible for tax purposes. Goodwill recorded is primarily attributable to the acquired assembled workforce and the synergies expected to arise
after the acquisition of the residential business, such as lowering the Company's overall cost of the Company's solar energy systems by enabling it to procure and build some of the solar
energy systems themselves, ensuring access to MEC installation capacity, and scaling the Company's growth by adding direct-to-consumer sales and installation activities. In addition, the
Company is able to provide customers the option to purchase solar energy systems outright, as compared to offering leasing and PPA options. Transaction costs related to the acquisition
were expensed as inwnred,

The following table summarizes the fair value cf assets acquired and liabilities assumed (in thousands):

Cash
Accounts receivable
Inventory
Prepaid expenses
Property and equipment
Intangible assets
Other long-term assets
Accounts payable and accrued liabilities
Defined revenue
Capital lease obligation
Other liabilities
Defened tax liabilities
identifiable assets and liabilities assumed
Goodwill
Total

$ s,440
0,001

23,886
2,028
e,113

15,380
200

(24,975)
(768)

(2,869)
(1 ,509 )
(4,843)

$

26,964
51,786
78,750
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In 2o14, the contribution of the acquired business to the Company's total revenues was $114.2 million as measured from the date of the acquisition. The portion of total expenses
and net income associated with the acquired business was not separately identifiable due to the integration with the Company's operations.

Unaudited Pro Forma Information

The following table summarizes the unaudited pro forma total revenue and net loss of the combined company for the years ended December 31, 2014 and2013 assuming that
the acquisition occurred as of January 1, 2013 (in thousands, except per share):

2013
Revenue
Net loss
Net loss attributable to common stockholders
Net loss per share attributable to common

stockholders, basic and diluted

$

For the year ended
December 31,

2014
205,355

(164,974)
(78,336)

$ 143,614
(B8,326)
(24,032 )

(3.44) (1.07)

The pro forma financial information is based on the combined results of operations of MEC and the Company with adjustments for MEC's sales to the Company, the amortization
of the acquired intangibles assets and the timing of acquisition expenses. The pro forma financial information is not necessarily indicative of the actual consolidated results of operations in
prior or future periods had the acquisition actually been consummated on January 1, 2013.

Clean Energy Experts, LLC

In April 2015, the Company acquired Clean Energy Experts, LLC, a consumer demand and solar lead generation company, for $25.0 million in cash and 1.9 million shares of
common stock valued at $19.1 million, net of settlement of a preexisting payable to CEE. Of this amount, $15.0 million in cash was paid and 1.4 million shares were issued in April 2015.
The remaining $10.0 million in cash and 500,ooo shares are due in two equal installments: $5.0 million which was paid and 250,000 shares were issued in October 2015 and the second
installment of $5.0 million and250,000 shares is due in April 2016.

An additional $9.1 million in cash and 600,000 shares of common stock may be issued on April 1, 2017, subject to the achievement of certain sales targets as well as continued
employment of certain key employees acquired in the transaction, which will be recorded as compensation expense over a two-year period unless and until the Company assesses that
the achievement of sales targets is not probable, The acquisition is expected to enhance the Company's efficient and consistent access to high-quality leads in existing and new markets.

The Company has included the results of operations of the acquired business in the consolidated statements of operations from the acquisition date. The assets acquired and
liabilities assumed in the CEE acquisition have been recorded based on their fair value at the acquisition date. Goodwill represents the excess of the purchase price over the net tangible
and intangible assets acquired and is not deductible for tax purposes. Goodwill recorded is primarily attributable to the acquired assembled workforce and the synergies expected to arise
after the CEE acquisition, Transaction costs related to the acquisition were expensed as incurred,
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The following table summarizes the fair value of assets acquired and liabilities assumed (in thousands):

Cash
Accounts receivable
Intangible assets
Accounts payable and accrued liabilities
Deferred tax liability
identifiable assets and liabilities assumed
Goodwill
Total

$

$

424
639

13,290
(1 ,247 )
(5,146)
7,960

35.757
43,717

The fair value of acquired intangible assets and their estimated useful life are as follows (in thousands, except estimated useful life):

Developed technology
Customer relationships
Trade names
Total

Fair Value
$

Estimated
Useful

Life
5
8
8

$

5,910
4,390
2,990

13,290

For the year ending December 31, 2015, the contribution of the acquired business to the Company's total revenues was $16.9 million, as measured from the date of the
acquisition. The portion of total expenses and net income associated with the acquired business was not separately identifiable due to the integration with the Company's operations.

Acquisition of Solar Projects with the Associated Leases

In March 2014, the Company entered into a Backlog Lease Assignment and Assumption Agreement and Channel Agreement with an installation partner and purchased certain
solar projects with the associated leases already originated by the installation partner. The Company paid $39.4 million to acquire 2,924 solar projects and the associated leases with an
average remaining lease term of 20 years. The Company has accounted for the acquisition under ASC 805 and recorded the assets acquired at fair value at the acquisition date. As the
terms of the acquired leases associated with these projects were at market terms at the acquisition date, no lease premiums or discounts were recorded. No goodwill was recognized from
this acquisition as the Company paid fair value for the assets acquired.
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Note 4. Fair Value Measurement

At December 31, 2015 and 2014, the carrying value of receivables, accounts payable, accrued expenses, and distributions payable to no controlling interests approximates fair
value due to their short-term nature. The carrying values and fair values of debt instruments are as follows (in thousands):

Carrying Value
December 31, 2015 _

Fair Value
194,975 194,975

___ December 31, 2014
Carrying Value Fair Value

$ 48,597 $ 4B,597
3,138 3,853

124,571 124,571
33,382 35,653
29,583 28,900

Line of credit
Non-bank term loans
Syndicated term loans
Bank term loan
Note payable
Solar asset-backed notes

Total $

170,684
30,740
33,059

108,880
538,318 $

170,664
32,692
32,568

110,103
541,002 $ 239,251 $ 241 ,574

At December 31, 2015 and 2014, the fair value of the Company's lines of credit and the syndicated term loans approximates their carrying values because their interest rates are
variable rates that approximate rates currently available to the Company. At December31, 2015, the fair value of the Company's bank tem loan, note payable and asset-backed notes are
based on rates currently offered for debt with similar maturities and terms. At December 31, 2014, the fair value of the Company's non-bank term loan, bank term loan, and note payable
are based on rates currently offered for debt with similar maturities and terms. The Company's fair value of the debt instruments fell under the Level 3 hierarchy. These valuation
techniques involve some level of management estimation and judgment, the degree of which is dependent on the price transparency for the instruments or market,

The Company determines the fair value of its interest rate swaps using a discounted cash flow model which incorporates an assessment of the risk of non-performance by the
interest rate swap counterparty and an evaluation of the Company's credit risk in valuing derivative instruments. The valuation model uses various inputs including contractual terms,
interest rate curves, credit spreads and measures of volatility.

The Company determines the fair value of its walTants issued using the Black-Scholes option-pricing model. The key inputs used to determine value of the warrants was an
estimated fair value off the Company's common stock of $11.77 per share, risk-free interest rate of 1,21 %, expected volatility of 82.03%, the remaining contact life of 2.56 years and
expected dividend yield rate of 0.0D%. The significant unobservable input used in the fair value measurement of the warrant liability was the expected volatility of the Company. Generally,
increases (decreases) in the expected volatility of the Company would result in a directionally similar impact to the measurement of Me Company's stock options.

At December 31, 2015, financial instruments measured at fair value on a reruning basis, based upon the fair value hierarchy are as follows (in thousands):

Level 1
December 31, 2015

Level 2 Level 3 Total
Derivative liabilities:
Interest rate swaps
Warrants

Total

$ $ 921 $ $

$ $ 921. $
557
557 $

921
557

1 ,478
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Note s. Inventories

Inventories consist of the following (in thousands):

2014
Raw materials
Work-in-process

Total

$

$

December 31 .
2015

62,957
8,291

71,258 $

21,531
2,383

23,914

Note s. Solar Energy Systems, net

Solar energy systems, net consists of the following (in thousands):

zoT5
$ 1,846,103

177,202
68880

2,091 ,585

December 31 ,

$
2014

1 ,406,478
123,910

_ _ _40,s07
1,570,695

Solar energy system equipment costs
Inverters
initial direct costs
Total solar energy systems
Less: accumulated depreciation and

amortization
Add: construction-in-progress

Total solar energy systems, net

(143,028)(212,671 )
113.107_

1,992,021 QL
5§*5B4

1,484,251

All solar energy systems, construction-in-progress, and inverters have been leased to or are subject to a signed Customer Agreement with customers. The Company recorded
depreciation expense related to solar energy systems of $70.7 million, $54.7 million and $40.0 million for the years ended December31, 2015, 2014 and 2013, respectively, The
depreciation expense was reduced by the amortization of deferred grants of $14.2 million, $13.9 million and $13.4 million for the years ended December 31, 2015, 2014 and2013,
respectively.

Note 7. Property and Equipment, net

Property and equipment, net consists of the following (in thousands):

s

December 31 ,
2015 2014

2,BO8 1,031$Machinery and equipment
Leasehold improvements, furniture, and

computer hardware
Vehicles
Computer software
Total property and equipment
Less: accumulated depreciation and

amortization
Totaf solar energy systems, net

10,689
aa,04a
19,883
es,4oa

6,386
8,942

16,431
32,790

$
(21,542)

__ 44,865 $
_(10,595)

22, 195

Depreciation and amortization expense was $11.2 million, $6,4 million and $3.0 million for the years ended December 31, 2015, 2014 and 2013, respectively.
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The Company vehicles are assets under capital leases with a corresponding accumulated amortization of $5.8 million and $1.2 million at December 31, 2015 and 2014,
respectively. Amortization expense related to these assets was $53 million and $1.2 for the years ended December 31, 2015 and 2014. Prior to December 31, 2013, the Company did not
have any assets under capital leases and therefore, did not record amortization expense related to these assets in the year ended December 31, 2013.

Note s. Goodwill and Intangible Assets, net

The change in the carrying value of goodwill is as follows (in thousands):

$Balance-January 1, 2014
Acquisition of MEC (Note 3)
Balance-December 31, 2014
Acquisition of CEE (Note 3)
Balance-December 31, 2015

$

$

51,786
51,786
35,757
87,54a

The intangible assets were acquired as pan of the acquisition of MEC and CEE referred to in Note 3, Acquisitions.

Intangible assets, net as of December 31, 2015 consist of the following (in thousands):

Cost
Carrying

value

Weighted
average

remaining life
(in years)

$Backlog
Customer relationships
Developed technology
Trade names
Total

7.4
4.1
5.3

$

200
14.660
e,a20
e,ss0

28,870 $

Accumulated
amortization

$ (200) $
(2,618)
(1,235)
(1,912)
(5,985) $

12,042
5,s85
5,078

22,705

Intangible assets, net as of December 31, 2014 consist of the following (in thousands):

Cost
Can'ying

value
Backlog
Customer relationships
Developed technology
Trade names
Total

$ $ $

Weighted
average

remaining life
(in years)

0.1
8.4
4.1
4,1

$

200
10,270

910
4,000

15,380 $

Accumulated
amortization

(183)
(1 ,o55)

(167 )
(864)

(2,269 ) $

17
9,215

743
3,135

13,111

93

http://archive.fast-edgancom/20160311/APA2B22CZC22D9AE222M2ZZ2BBKGVY22Z.a . 4/26/2016
m



run-10k_20151231 .him Page 96 of 270

Sur run Inc.
Notes to Consolidated Financial Statements - Continued

The Company recorded amortization of intangible assets expense of $3.7 million and $2.3 for the years ended December 31, 2015 and 2014. As of December 31, 2015,
expected amortization of intangible assets for each of the five succeeding fiscal years and thereafter is as follows (in thousands):

2016
2017
2018
2019
2020
Thereafter
Total

$

$

4,205
4,205
4,205
3,335
2,143
4,612

22,705

Note 9. Prepaid Expense and Other Current Assets

Prepaid expenses and other current assets consist of the following (in thousands):

December 31 .
2014

Prepaid expenses
Reimbursement receivable
State tax receivable
Other current assets

Total

$ $

$

2015
5,134

337
427
798

s,e9s $

4,564
2,8oe
1,117
1.071
s,ss0

Note 10. Accrued Expenses and Other Liabilities

Accrued expenses and other liabilities consist of the following (in thousands):

Accrued employee compensation
Other accrued expenses
CEE acquisition consideration
Accrued professional fees

Total

$

Deeember 31 ,
2014

12,588
9,526

$

$

2015
21,353
19,313

5,000
3,400

49,146 8
3,331

25,445
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Note 11. Indebtedness

As of December 31, 2015, debt consisted of the following (in thousands):

Unused
Borrowing

-- Capacity

Annual
Contractual
Interest Rate

Interest
Rate

Maturity
Date

Current Total

Carrying Values, net of
debt discount

Long Te rm .

Vnriesl 3.57% April 2018
Recoursedebt:
Bank line of credit
Total recourse debt

s
$

s
s

_ _ _ 194,915
194,975

$
s

194,975
194,975

$
s

e,571
6,571

Non-recourse debt'
Syndicated Lem loans 925

1 ,159

169,739 170,665 s,e00

Bank term loans
Note payable
Solar asset-backed

notes

29,580
33,959

30v739
33,059

LIBOR * 2.75% . Teml A
LIBOR + 5.00% _ Term B

6.25%
12.00%

a.01%
8.00%
5.25%

12.00%

December 2021
December 2021

April 2022
December201 s

3,323 105,557 108,880 4.40% . Class A
5.38% . Class B

4.40%
5,3B°/o

July 2024
July 2024

Total nun-recourse debt
Total deb! s

5.408
s.4oa s

337,935
532,91o s

343,343
538,318 s

s.e0o
12,171

1 Loans under the facility bear interest at LIBOR + 3.25% or the Base Rate + 2.25%. The Base Rate is the highest of the Federal Funds Rate + O.50%, the Prime Rate, or LIBOR +
1.00%.

As of December 31, 2014, debt consisted of the following (in thousands):

Unused
Borrowing
Capacity

Annual
Contractual
Interest Rate

Interest
Rate

Maturity
Date

Current

Carrying Values, net of
deb! discount
Long Term Total

Recourse debt:
Bank Ile of credit
Total recourse debt

s
s

s
s

48,597
48,597

$
s

48,597
4B,59II

$
s

Prime Rate + 1.00% 4.25% December2016

NOl'l-l'€COllfS8 debt:
Non-bank term loans
Syndicated term

loans

3,1 as

124,511

9.08% 9.08% December2024207

958

1 ,4s7

2.931

123,613 5,000

Bank term loans
Notepayable
Total non-recourse

debt
Total debt

31.945
29,583

33,382
29,553

LIBOR + 2.75% _ Term A
LIBOR + 5.00% _ Temp B

5.25%
12.00%

3.01 %
e.00%
5.25%

12.00%

December2021
December 2021

April 2022
December 201 B

s
2,602
2_eoz s

188,052
236,549 $

190,654
239,251 s

s,ooo
5,000

Bank Line of Credit

In December2014, the Company entered into credit facility agreements with a syndicate of banks to borrow amounts that were used to pay off an existing line of credit, and
obtain funding for working capital and general corporate purposes. The credit facility agreements had a $50.0 million committed facility which included a $1 .0 million letter of credit sub-
facility. On April 1, 2015, the Company paid off the unpaid balance of $49.7 million under the credit facility agreements, which included accrued interest and other fees, and terminated the
facility.
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In April 2015, the Company entered into a new syndicated working capital facility with banks for a total commitment of up to $205.0 million. The working capital facility is secured
by substantially all of the unencumbered assets of the Company as well as ownership interests in certain subsidiaries of the Company,

Under the terms Qf the new working capital facility, the Company is required to meet various restrictive covenants, including meeting certain reporting requirements, such as the
completion and presentation of audited consolidated financial statements. The Company is also required to maintain minimum unencumbered liquidity of at least $25.0 million in the
aggregate as of the last day of each calendar month. The Company is further required to maintain a modified interest coverage ratio of 2.00:1 .00 or greater, measured quarterly as of the
last day of each quarter. The Company was in compliance with all debt covenants as of December 31, 2015.

Non-Bank Term Loans

In 2013, a subsidiary of the Company entered into an agreement with a non-bank lender for a term loan with an aggregate amount of up to $119.5 million. The proceeds of this
term loan were principally used to finance the design, procurement, and installation of solar systems. The loan was collateralized by the assets and related cash flows of the borrower
subsidiary and is non-recourse to our other assets.

In April 2015, the Company paid $3.5 million to repay the remaining outstanding balance of the non-bank term loan and incurred a loss on extinguishment charge of $0.4 million,
which is recorded in non-operating loss from ordinary operations on our statement of operations.

Syndicated Credit Facilities

In December 2014, subsidiaries of the Company entered into secured credit facilities agreements with a syndicate of banks for up to $195.4 million in committed facilities. These
facilities include a $158.5 million senior term loan ("Term Loan A") and a $24.0 million subordinated term loan ("Term Loan B"). in addition, the credit facilities also include a $5.0 million
working capital revolver commitment and a $7.9 million senior secured revolving letter of credit facility which draws are solely for the purpose of satisfying the required debt service reserve
amount if necessary. Term Loan A, the working capital revolver and the letter of credit bear interest at a rate of LIBOR + 2.75% with a 25 basis point step up triggered on the fourth
anniversary. Term Loan B bears interest at a rate of LIBOR + 5.00% with a LlBOR floor of not less than 1 .00%. Prepayments are permitted under Term Loan A at par without premium or
penalty, and under Term Loan B prepayment penalties range from 0%-2%, depending on the timing of the prepayment. The proceeds of these facilities were used to repay certain non-
bank term loans of $94.4 million and to fund general corporate needs.

One of the Company's subsidiaries is the borrower under the Term Loan A agreement and another of the Company's subsidiaries is the borrower under the Term Loan B
agreement. All obligations under the Term Loan A, working capital revolver and letter of credit are collateralized by the subsidiary borrowers membership interests and assets in the
Company's investment Funds, All obligations under the Term Loan B are collateralized by the membership interest in the subsidiary borrower. The credit facilities also contain certain
provisions in the event of default, which entitle lenders to take actions, including acceleration of amounts due under the credit facilities and acquisition of membership interests and assets
that are pledged to the lenders under the terms of the credit facilities.

The Company is required to maintain certain financial measurements and reporting covenants under the terms d' the credit facilities. At December 31, 2015, the Company was in
compliance with the credit facility covenants.
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Bank Term Loan

In December2013, a subsidiary of the Company entered into an agreement with a bank for a term loan of $38.0 million. 'l'he proceeds of this term loan were distributed to the
members of this subsidiary, including the Company. The loan is secured by the assets and related cash flow of this subsidiary and is nonrecourse to the Compariy's other assets, The
Company was in compliance with all debt covenants as of December 31, 2015.

Notes Payable

In December2013, a subsidiary of the Company entered into a Note Purchase Agreement with an investor for the issuance of senior notes in exchange for proceeds of $27.2
million, The loan proceeds were distributed to the Company for general corporate purposes. On the last business day of each quarter, commencing with Merch 31, 2014, to the extent the
Company's subsidiary has insufficient funds to pay the full amount of the stated interest of the outstanding loan balance, a PIK interest rate of 12% is accrued and added to the outstanding
balance. As of December 31, 2015 and2014, the portion of the outstanding loan balance that related to PlK interest was $6.3 million and $29 million, respectively. The senior notes are
secured by the assets and related cash flows of certain of the Company's subsidiaries and are nonrecourse to the Company's other assets. The entire outstanding principal balance is
payable in full on the maturity date. The Company was in compliance with all debt covenants as of December 31, 2015.

Solar Asset-Backed Notes

In July 2015, the Company entered into a securitization transaction pursuant to which the Company pooled and transferred qualifying solar energy systems and related lease
agreements secured by associated customer contracts ("Solar Assets') into a special purpose entity ("issuer"), and issued $100.0 million in aggregate principal of Solar Asset-Backed
Notes, Series 2015-1, Class A, and $11.0 million in aggregate principal of Solar Asset-Backed Notes, Class B, backed by these Solar Assets to certain investors ("Notes"). The Issuer is
wholly owned by the Company and is consolidated in the Company's financial statements. Accordingly, the Company did not recognize a gain or loss on the transfer of these assets. As of
December 31 , 2015, these Solar Assets had a carrying value of $1902 million and are included under Solar energy systems, net, in the consolidated balance sheets. The Notes were
issued at a discount of 008%.

The Company retained $7.3 million net of fees from proceeds from the Notes. In connection with the transaction, the Company modified two lease pass-through arrangements
with an investor. The lease pass-through arrangements had been accounted for as a borrowing and any amounts outstanding from the arrangements were reported as lease pass-through
financing obligation as further explained in Note 13, Lease Pass-Through Financing Obligations. The balance that was then outstanding under these arrangements was $119.7 million. The
Company partially repaid this obligation by paying the investor an aggregate amount of $88.9 million. The Company accounted for the modification of the lease pass-through obligation as
a modification of debt and did not record any gain or loss on the transaction.

The modified lease-pass through arrangements require the majority of the cash flows generated by the Solar Assets to be passed on to the issuer through monthly lease
payments from the investor. Those cash flows are used to service the monthly Note principal and interest payments and satisfy the Issuer's expenses, and any residual cash flows are
retained by the fund investor and recorded as a reduction in the remaining financing obligation. The Company recognizes revenue earned from the associated Customer Agreements in
accordance with the Company's revenue recognition policy. The assets and cash flows generated by the Solar Assets are not available to the other creditors of the Company, and the
creditors of the Issuer, including the Note holders, have no recourse to the Company's other assets. 'l'he Company was in compliance with all debt covenants as of December 31, 2015.
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The schedules maturities of debt, excluding debt discount, as of December 31, 2015 are as follows (in thousands:

$2016
2017
2018

2019

2020
Thereafter

Subtotal

Less: Debt Discount

Total

$

e,sao

7,392
238,250

9,253

11,414

273,693

546,332

$
(8,014)

538,318

Note 12. Derivatives

Interest Rate Swaps

Starling in 2015, the Company uses interest rate swaps to hedge variable interest payments due on its syndicated term loans. These swaps allow the Company to pay at fixed
interest rates and receive payments based on variable interest rates with the swap counterparty based on the three month LIBOR on the notional amounts over the life of the swaps, The
Company did not use interest rate swaps prior to 2015.

In January 2015, the Company purchased interest rate swaps with a notional amount aggregating $109.1 million. The interest rate swap contracts were executed with four
counterparties who were part of the lender group on the Company's syndicated term loans. As of December 31, 2015 the unrealized fair market value loss on the interest rate swaps was
$0.9 million as included in other liabilities in the consolidated balance sheet.

The interest rate swaps have been designated as cash flow hedges. In the year ended December 31, 2015, the hedge relationships on the Company's interest rate swaps have
been assessed as highly effective as the critical terms of the interest rate swaps match the critical terms of the underlying forecasted hedged transactions. Accordingly, changes in the fair
value of these derivatives are recorded as a component of accumulated other comprehensive loss, net of a provision for income taxes. Changes in the fair value of these derivatives are
subsequently reclassified into earnings, and are included in interest expense, net in the Company's statement of operations, in the period that the hedged forecasted transactions affects
earnings. During the next twelve months, the Company estimates that an additional $1 .7 million will be reclassified as an increase to interest expense. There were no undesignated
derivative instruments recorded by the Company as of December 31, 2015,

At December 31, 2015, the Company had the following designated derivative insvuments classified as derivative liabilities as reported in other liabilities in the Company's
balance sheet (in thousands, other than quantity and interest rates):

Type Quantity

4

Mata l-ity
Dales

Hedge
Intelesk
Rates

Notional
Amount

Fair
Market
Value

Credit Risk
Adjustment

Adjusted
Fair

Market
Value

Deferred
Tax

Benefit

Loss
Recognized in
Accumulated

Comprehensive
Loss

lntelesl
Expense

RecognMd
inly

Eaminqs
Interest rate

swaps 10/3vzc28 2.17%-2.18% $ 109,143 s 384 s 537 s 921 s s 921 s 1,521

Warrants

In Juiy2015, the Company entered into a letter of intent to issue 1,250,764 warrants to purchase the Company's common stock to the former Series D and E preferred
stockholders as an inducement to
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convert their shares of convertible preferred stock into shares of common stock immediately prior to the closing of the Company's initial public offering and waive any potential anti-dilution
adjustments resulting from the issuance of shares in the Company's common stock in the Company's initial public offering. The warrants were issued on September 30, 2015. The
warrants are exercisable for three years from the date of grant and have an exercise price of $22.50 per share. The warrant derivatives are recorded at fair value as derivative liabilities as
reported in other liabilities in the Company's consolidated balance sheet. The fair market value of the warrants on the commitment date was $1 .5 million. The warrants are remeasure at
each reporting period with the changes in the fair value presented in other expenses in the Company's statement of operations.

At December 31, 2015, the fair market value of the wan'ant was $0.6 million, resulting iii a gain of $0.9 million for the year ended December 31, 2015.

Note 13. Lease Passthrough Financing Obligations

The Company has five ongoing transactions refereed to as "lease pass-through arrangements." Under lease pass-through arrangements, the Company leases solar energy
systems to Fund investors under a master lease agreement, and these investors in tum are assigned the leases with customers. The Company receives all of the value attributable to the
accelerated tax depreciation and some or all of the value attributable to the other incentives. The Company assigns to the Fund investors the value attributable to the ITC, and, for the
duration of the master lease term, the long-term recurring customer payments. Given the assignment of the operating cash flows, these arrangements are accounted for as financing
obligations. In addition, in one of the lease pass-through structures, the Company sold, as well as leased, solar energy systems to a Fund investor under a master purchase agreement. As
the substantial risks and rewards in the underlying solar energy systems were retained by the Company, this arrangement was also accounted for as a financing obligation.

Under these lease pass~through arrangements, wholly owned subsidiaries of the Company finance the cost of solar energy systems with investors for an initial term of 20 _ 25
years. The solar energy systems are subject to Customer Agreements with an initial term not exceeding 20 years. These solar energy systems are reported under the line item solar
energy systems, net in the consolidated balance sheets. As ort December 31, 2015 and2014, the cost of the solar energy systems placed in service under the lease pass-through
arrangements was $447.4 million and $322.2 million, respectively, The accumulated depreciation related to these assets as of December 31, 2015 and 2014 was $33.5 million and $1 ea
million, respectively.

The investors make a series of large up-front payments and in certain cases subsequent smaller quarterly payments (lease payments) to the subsidiaries of the Company. The
Company accounts for the payments received from the investors under the arrangements as borrowings by recording the proceeds received as lease pass-through financing obligations.
These financing obligations are reduced over a period of approximately 20 years by customer payments under the Customer Agreements, U.S. Treasury grants (where applicable),
incentive rebates (where applicable), the fair value of the ITs monetized (where applicable) and proceeds from the contracted resale of SRECs as they are received by the investor,
Under this approach, the Company continues to account for the arrangement with the customers in its consolidated financial statements as if it is the lessor in the arrangement with the
customer and accounts for the customer lease and any related U.S. Treasury grants or incentive rebates as well the resale of SRECs consistent with the Company's revenue recognition
accounting policies and the monetization of investment tax credits as described in Note 2, Summary of Significant Accounting Policies.
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Interest is calculated on the lease pass-through financing obligations using the effective interest rate method. The effective interest rate, which is adjusted on a prospective basis,
is the interest rate that equates the present value of the estimated cash amounts, including laCs, to be received by the investor over the lease term with the present value of the cash
amounts paid by the investor to the Company, adjusted for amounts received by the investor. The lease pass-through financing obligations are nonrecourse once the associated assets
have been placed in service and all the contractual arrangements have been assigned to the investor.

Under four of the lease pass-through arrangements, the investor has a right to extend its right to receive cash flows from the customers beyond the initial term in certain
circumstances. The Company has the option to settle the outstanding financing obligation on the ninth anniversary for two of the lease pass-through obligations and on the eleventh
anniversary for two of the lease pass-through financing obligations at a price equal to the higher Of (a) the fair value of future remaining cash flows or (b) the amount that would result in the
investor eating their targeted return. In three of these lease pass-through arrangements, the investor has an option to require repayment of the entire outstanding balance of the financing
obligation on the tenth anniversary at a price equal to the fair value of the future remaining cash flows. In the fourth lease pass through aITangement, the investor has an option to require
repayment of the entire outstanding balance of the financing obligation three business days prior to the 7th anniversary and on the 10th anniversary at a price equal to the fair value of the
future remaining cash flows.

In the fifth lease pass-through arrangement, the investor has a right, on June 30, 2019, to purchase all of the systems leased at a price equal to the higher of (a) the sum of the
preset value of the expected remaining lease payments due by the investor, discounted at 5%, and the fair market value of the investor's residual interest in the systems as determined
through independent valuation or (b) a set value per kilowatt applied to the aggregate size of all leased systems.

Under all lease pass-through arrangements, the Company is responsible for services such as wan'anty support, accounting, lease servicing and performance reporting to the
host customers. As part of the warranty and performance guarantee with the host customers, the Company guarantees certain specified minimum annual solar energy production output
for the solar energy systems leased to the customers, which the Company accounts for as disclosed in Note 2, Summary of Significant Accounting Policies.

As discussed in Note 11, Indebtedness, in connection with the pooling of assets related to the securitization transaction entered into in July2015, an aggregate amount of $88.9
million of the lease pass-through financing obligation was repaid.

in September2015, the Company entered into a new lease pass-through arrangement and in connection with this arrangement the Company agreed to defer a portion (up to
25%) of the amounts required to be paid upfront under the aITangement through a loan between an indirectly wholly owned subsidiary of the Company and a subsidiary of the fund
investor. The term loan agreement is for an aggregate amount up to $30.0 million. The loan is collateralized by the related cash flows assigned to the fund investor. There is a legal right to
offset the loan if an event of default has occurred. Therefore, the lease pass-through related to this arrangement is recorded net of the loan. As of December 31 , 2015, the loan amount
was $218 million.
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At December 31, 2015, future minimum lease payments expected to be made by the investor under the lease pass-through fund arrangement for each of the next five years and
thereafter are as follows (in thousands):

2016
2017
2018
2019
2020
Thereafter
Total

$

$

524
524
524
524
524

3.51Q
6.136

Note 14. VIE Arrangements

The Company consolidated various VIEs at December 31, 2015 and 2014. The can'ying amounts and classification of the VIEs' assets and liabilities included in the consolidated
balance sheets are as follows (in thousands):

December 3jl1_
2015 2014

$ 44,407
757

12,965
66

58,195

$

Assets
Current assets
Cash
Restricted cash
Accounts receivable, net
Prepaid expenses and other current assets
Total current assets
Restricted cash
Solar energy systems, net
Total Assets

$ $

$
1_3_05*4_20
1,383,615 8

29,099
228

14,351
180

43,858
365

942,655
986,878

Liabilities
Current liabilities
Accounts payable
Distribution payable to no controlling interests

and redeemable no controlling interests
Accrued expenses and other liabilities
Deferred revenue, current portion
Deferred grants, current portion
Long-term debt, current portion
Total current liabilities
Deferred revenue, net of current portion
Deferred grants, net of current portion
Long-term debt, net of current portion
Total riabirirres

$ 11,025 $ 9,057

$

8,063
175

21,344
7,198
1 ,159

48,964
353,392
108,528
29,580

540,464
$
s

6,426
340

16,991
7,225
1,4a7

41 ,476
284,801
116,126
31,945

474,348

The Company holds a variable interest in an entity that provides the no controlling interest with a right to terminate the leasehold interests in all of the leased projects on the
tenth anniversary of the effective date of the master lease. in this circumstance, the Company would be required to pay the no controlling interest an amount equal to the fair market value,
as defined in the governing agreement of all leased projects as of that date.
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The Company holds certain variable interests in no consolidated VIEs established as a result of five lease pass-through Fund arrangements as further explained in Note 13
Lease Pass-Through Financing Obligations. The Company does not have material exposure to losses as a result of its involvementwith the VlEs in excess of the amount of the financing
liability recorded in the Company's consolidated financial statements. The Company is not considered the primary beneficiary of the VlEs

In 2013, the Company acquired an investor's Interest in three consolidated VIEs for a total cash consideration of $22.0 million. In these three entities, the Company was
contractually required to make payments to the investor so that the investor achieved a specified minimum internal rate of return upon oocunence of certain events. Upon purchase of the
investor's stake in these entities, this obligation was satisfied. This transaction decreased the Company's additional paid-in-capital, net of the related tax impact, by $2.8 million

Note 15. Redeemable Noncontrolling Interests

During certain specified periods of time (the "Early Exit Periods"), no controlling interests in certain funding arrangements have the right to put all of their membership interests to
the Company (the "Put Provisions"). During a specific period of time (the "Call Periods"), the Company has the right to call all membership units of the related redeemable no controlling
interests.

The carrying value of redeemable no controlling interests at December 31, 2015 and 2014 was greater than the redemption value, except for two funds at December 31, 2015
and 2014, where the carrying value has been adjusted to the redemption value

Note 16. Stockholders' Equity

On August 10, 2015, the Company closed its initial public offering in which 17,900,000 shares of common stock were sold at a public offering price of $14.00 per share, resulting
in net proceeds of approximately $221.3 million, aler deducting underwriting dismounts and commissions and $7.5 million in offering expenses paid by the Company, and excluding the
proceeds received by the selling stockholders who sold an aggregate of 417,732 shares of the total 17,900,000 shares sold in the initial public offering

Convertible Preferred Stock

Immediately prior to closing off the Company's initial public offering, all 54,840,767 shares of the Company's outstanding preferred stock were automatically converted into shares
of the Company's common stock. In addition, the Company issued 1,687,683 shares of common stock and executed a letter of intent to issue 1,250,764 warrants subject to contingencies
being met to purchase the Company's common stock to the former Series D and E preferred stockholders as an inducement to convert their shares of convertible preferred stock into
shares of common stock immediately prior to the closing of the Company's initial public offering and to waive any potential anti-dilution adjustments resulting from the issuance of shares in
the Company's common stock in the Company's initial public offering. The additional shares and warrants resulted in a beneficial conversion feature as a result of the inducement for
Series D and E preferred stock and the Company recognized a $24.9 million deemed dividend to Series D and E preferred stockholders at the conversion date. This non-cash charge
impacts net loss attributable to our common stockholders and basic and diluted net loss per share applicable to common stockholders. The warrants were issued on September so, 2015
and are considered freestanding derivatives as disclosed in Note 12, Derivatives
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The Company did not have any convertible preferred stock issued and outstanding as of December 31, 2015. The Company had five series of convertible prefen'ed stock as
follows as of December 31, 2014 (in thousands, except per share amounts):

Aggregate
Liquidation
Preference

noncumulative
Dividend Per

Share Per
Annum

Series A
Series B
Series C
Series D
Series E

Total

$ $ 0.08
0.14
0.32
0.74
1.11

Shares
Authorized

12,04a
10,758
13,613
7,584

13,030
57,028

Shares
Issued

and
Outstanding .

12,007
10,758
13,613
7,584

10,879
54,841 $

12,007
18,420
55,000
70,000

1 5 0 8
305,883

From the inception of the Company through December 31, 2015, no dividends have been declared or paid other than the $24.9 million deemed dividend to Series D and E
preferred stockholders in August 2015.

Common Stock

The Company has reserved sufficient shares of common stock for issuance upon the exercise of stock options and the exercise of warrants. Common stockholders are entitled to
dividends if and when declared by the board of directors, subject to the prior rights of the preferred stockholders. As of December 31, 2015, no common stock dividends had been declared
by the board of directors.

The Company has reserved shares of common stock for issuance as follows (in thousands):

December 31 .
2015 2014

12,007
10,758
13,613
7,584

10,879

Series A Convertible Preferred Stock
Series B Convertible Preferred Stock
Series C Convertible Preferred Stock
Series D Convertible Preferred Stock
Series E Convertible Preferred Stock
Stock option plans .

Shares available for grant
2013 Equity Incentive Plan
2015 Equity Incentive Plan
2015 Employee Stock Purchase Plan

Options outstanding
Restricted stock units outstanding

Total

694
12,006

1 ,too
12,795

1 ,506
27,307

11 ,408
947

e7,890
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Note 17. Stock-Based Compensation

MEC 2009 Stock Plan

In connection with the MEC acquisition in Febmary 2014, the Company assumed nonstatutory stock options granted under the Mainstream Energy Corporation 2009 Stock Plan
(the "MEC Plan") held byMEC employees who continued employment with the Company after the closing and converted them into options to purchase shares of the Company's common
stock. The MEC Plan was terminated on the closing of the acquisition but the outstanding awards under the MEC Plan that the Company assumed in the acquisition will continue to be
governed by their existing terms. As of December 31, 2015, options to purchase 527,770 shares of the Company's common stock remained outstanding under the MEC Plan.

2013 Equity Incentive Plan

In July2013, the Board of Directors approved the 2013 Plan. In March 2015, the Board of Directors authorized an additional 3,000,000 shares resewed for issuance under the
2013 Plan. An aggregate of 4,500,000 shares of common stock are reserved for issuance under the 2013 Plan plus (i) any shares that were reserved but not issued under the plan that
was previously in place, and (ii) any shares subject to stock options or similar awards granted under the plan that was previously in place that expire or otherwise terminate without having
been exercised in full and shares issued that are forfeited to or repurchased by the Company, with the maximum number of shares to be added to the 2013 Plan pursuant to clauses
(i) and (ii) equal to 8,044,829 shares. Stock options granted to employees generally have a maximum term of ten-years and vest over a four-year period from the date of grant' 25% vest at

shall be subject to repurchase by the Company at the original exercise price of the option in the event of a termination of an optionee's employment prior to vesting. All the remaining
shares that were available for future grants under the 2013 Plan were transferred to the 2015 Equity Incentive Plan ("2015 Plan") at the inception of the 2015 Plan. As of December 31 ,
2015, the Company had not granted restricted stock or other equity awards (other than options) under the 2013 Plan.

the end of one year and 75% vest monthly over the remaining three years. The options may include provisions permitting exercise of the option prior to full vesting. Any unvested shares

2014 Equity Incentive Plan

In August 2014, the Board approved the 2014 Equity Incentive Plan ("2014 Plan"). An aggregate of 947,342 shares of common stock are reserved for issuance under the 2014
Plan. The 2014 Plan was adopted to accommodate a broader transaction with a sales entity and to allow for similar transactions in the future. In July 2015, the Board approved an increase
in the number of shares of common stock reserved to 1,197,342. As of July2015, the Company granted all 1,197,342 restricted stock units ("RSUs') available under the 2014 Plan.

2015 Equity Incentive Plan

In July2015, the Board approved the 2015 Plan. An aggregate of 11,400,000 shares of common stock are reserved for issuance under the 2015 Plan plus (i) any shares that
were reserved but not issued under the 2013 Plan at the inception of the 2015 Plan, and (ii) any shares subject to stock options or similar awards granted under the 2008 Plan, 2013 Plan
and 2014 Plan that expire or otherwise terminate without having been exercised in full and shares issued that are forfeited to or repurchased by the Company, with the maximum number
of shares to be added to the 2015 Plan pursuant to clauses (i) and (ii) equal to 15,439,334 shares. Stock options granted to employees generally have a maximum term of ten-years and
vest over a four-year period from the date of grant, 25% vest at the end of one year, and 75% vest monthly over the remaining three years. The options may include provisions permitting
exercise of the option prior to full vesting. Any unvested shares shall be subject to repurchase by the Company at the original exercise price of the option in the event of a termination of an
optionee's employment prior to vesting. RSUs granted to employees generally vest over a four-year period from the date of grant, 25% vest at the end of one year, and 75% vest quarterly
over the remaining three years,
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Stock Options

The following table summarizes the activity for all stock options under the Company's equity incentive plans for the year ended December 31, 2015 (shares in thousands):

$

Weighted
Average

Exercise Price
Outstanding

4.42
9.50
2.96
6.27
5.89

Weighted
Average

Remaining
Contractual Life

8.20Outstanding at December 31, 2014
Granted
Exercised
Cancelled I forfeited

Outstanding at December 31, 2015

Options
Outstanding

11 ,408
3,806

(1 ,210)
(1 ,209)
12,795 $ 7.82

Options vested and exercisable at
December 31, 2015 e,409 $ 3.88 6.80

Options vested and expected to
vest at December 31 , 2015 10,480 $ 5.69 7.65

As of December 31, 2015, 180,000 outstanding stock options had a performance feature that is required to be satisfied before the option is vested and exercisable. There were
517,285 and 469,000 unvested exercisable shares as of December 31, 2015 and December 31, 2014, respectively, which are subject to a repurchase option held by the Company at the
original exercise price. These exercisable but unvested shares have a weighted average remaining vesting period of 3.2 years. There was no exercise of unvested options in the year
ended December 31, 2015 and 2014. There were no unvested options subject to repurchase as of December 31, 2015 and 2o14.

The weighted-average grant-date fair value of stock options granted during the year ended December 31, 2015, 2014 and 2013 were $4.56, $3.72 and $1 .77 per share,
respectively. The total intrinsic value of the options exercised during the year ended December 31, 2015, 2014 and2013 was $8.1 million, $4.8 million and $1.4 million, respectively. The
intrinsic value is the difference of the current fair value of the stock and the exercise price of the stock option. The total fair value of options vested during the year ended December 31 ,
2015, 2014 and 2013 was $9.1 million, $3.9 million and $2.3 million, respectively.

The Company estimates the fair value of stock-based awards on their grant date using the Black-Scholes option-pricing model. The Company estimates the fair value using a
single-option approach and amortizes the fair value on a straight-line basis for options expected to vest. All options are amortized over the requisite service periods of the awards, which
are generally the vesting periods.

The Company estimated the fair value of stock options with the following assumptions:

2015 2013
Risk-free interest rate
Volatility
Expected term (in years)
Expected dividend yield

1.55%-1 .95%
3G.30%-39.63%

5.5(]-6_23
0.00%

Year Ended December 31,
2014

1.68%-2.01 %
37.41%-46.68%

5.34-6.08
0.00%

0.82%-2.06%
54.38%-55.50%

5.54-6.08
0,00%
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The expected term assumptions were determined based on the average vesting terms and contractual lives of the options. The risk-free interest rate is based on the rate for a
U.S. Treasury zero~coupon issue with a term that approximates the expected life of the option grant. For stock options granted in the year ended December 31, 2015, 2014 and2013, the
Company considered the volatility data of a group of publicly traded peer companies in its industry, Forfeiture rates are estimated using the Company's expectations of forfeiture rates for
the Company's employees and are adjusted when estimates change. The estimation of stock awards that will ultimately vest requires judgment, and to the extent actual results or updated
estimates differ from the Company's current estimates, such amounts will be recorded as a cumulative adjustment in the period the estimates are revised. The Company considers many
factors when estimating expected forfeitures, including historical forfeiture pattern, the types of awards and employee class. Actual results, and future changes in estimates, may differ
substantially from management's current estimates.

Restricted Stuck Units

In 2014, the Company granted a total of 947,342 RSUs that are subject to certain perfomlance targets to a third party partner. The RSUs will vest upon the third party originating
certain thresholds of expected megawatts in new systems for the period starting August 2014 and ending August2017. In addition, these RSUs are subject to a clawback provision that
requires the holder of the RSUs to either forfeit all the RSUs or pay the Company the grant date fair value for all RSUs that are not forfeited if the third party breaches the exclusivity
provision of the parties' commercial agreement. Additionally, 372,342 of these RSUs are also subject to an additional performance-based clawback provision that is based on the third
party originating certain additional thresholds of expected megawatts in new systems from April 2016 through September 2017. Both the exclusivity and performance-based clawback
provisions expire in 2017.

The performance-based provision is considered substantive. As a result, the Company will start recognizing expense when the performance targets are met. The Company
recognized $0.8 million compensation expense in the year ended December 31, 2015 as certain performance targets were met.

In 2015, the Company granted 250,000 RSUs to a third party partner, in addition to RSUs granted to employees as part of the 2015 Equity Incentive Plan, As of December 31 ,
2015, 783,228 outstanding RSUs had a performance feature that is required to be satisfied before the option is vested and exercisable. The following table summarizes the activity for all
RSUs under all the Company's equity incentive plans for the year ended December 31, 2015 (shares in thousands):

Weighted
Average Grant

Date Fair
Value

Urwested balance at December 31, 2014
Granted
Issued
Cancelled I forfeited

Unvested balance at December 31, 2015

Shares
947 $
808

(1B2)
t67)

1,506 $

9.40
11.13

9.58
11.37
10.44

Employee Stock Purchase Plan

In July 31, 2015, the board of directors approved the 2015 Employee Stock Purchase Plan ("ESPP') and adopted the ESPP in August2015, under which 1,000,000 shares of the
Company's common stock have been reserved for issuance to eligible employees. The number of shares of common stock available for sale under the Company's ESPP will also include
an annual increase on the first day of each fiscal year beginning on January 1, 2016, equal to the least of (i) 5,000,000 shares (ii) 2% of the common stock as of the last day of the
immediately preceding fiscal year or (iii) such other amount as the Company's board of directors may determine. Employees are offered shares bi-annually through two six month
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offering periods, which begin on the first trading day on or after May 15 and November 15 of each year. The first offering period began on November 16, 2015. Employees may purchase a

first trading date of each offering period or on the exercise date. Employees may deduct up to 15% of payroll up to $25,000 per calendar year, with a cap of 2,000 shares per employee per
offering period. As of December31, 2015 the Company has 1,000,000 total shares of common stock reserved for issuance under the 2015 ESPP.

limited number of shares of the Company's common stock via regular payroll deductions at a discount of 15% of the lower of the fair market value of the Company's common stock on the

Inputs used to calculate our stock based compensation for each stock purchase right granted under the 2015 ESPP included risk-free interest rate of 0.33%, expected volatility off
33B4%, expected term of 0.5 years and expected dividend yield rate of 0.00%.

Stock-Based Compensation Expense

The Company recognized stock-based compensation expense, including the compensation expense resulting from the sales of common stock by employees and former
employees to existing investors and ESPP expenses, in the consolidated statements of operations as follows (in thousands):

2'0i5.
Year Ended December 31,

2014
Cost of operating leases and incentives
Cost of solar energy systems and product sales
Sales and marketing
Research and development
General and administration

Total

$ $ $
2013

116

$

1 ,649
236

5,242
205

a,491
15,823 $

155
682
897
270

7,214
9,218 $

474
379

1,eBs
2,655

In the year ended December 31, 2015 and 2014, the Company recognized $1.6 million and $3.4 million, respectively, in compensation expense resulting from sales of 1,131,028
shares and 1,092,421 shares, respectively, by employees and former employees to existing investors for amounts in excess of the deemed fair value.

The Company capitalized $0.2 million, $0.1 million and $0.0 million of stock based compensation for inlemal use software development projects during the years ended
December 31, 2015, 2014 and 2013, respectively.

As of December 31, 2015 and 2014, total unrecognized compensation cost related to outstanding stock options was $20.9 million and $12.1 million, respectively, which is
expected to be recognized over a weighted-average period of 2.B years and 2.8 years, respectively.

Note LB. Retirement Plan

The Company offers a retirement plan qualified under Section 401 (k) of the Code to its employees (the "401(k) plan"). The available investments are selected by the Company
and allow participants to defer pre-tax amounts to the plan as allowed by the Code.

Upon acquisition of MEC, the Company incurred post-acquisition contributions of $0.5 million to the MEC401 (k) plan for the year ended December 31, 2014. The MEC 401 (k)
plan was terminated efl'eclive December 31 , 2014.

Note 19. Operating Revenues under Customer Agreements

Customer Agreements representing PPAs require customers to make payments to Sur run based on the electricity production of the related Project, whereas Customer
Agreements representing leases require feed monthly payments from customers.
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Total revenue from customers' contingent payments under PPAs recognized in the years ended December31, 2015, 2014 and 2013 was $59.8 million, $42.8 million and $31 .5
million, respectively.

Future minimum lease payments to be received from customers whose Customer Agreements represent non~cancelable leases are as follows (in thousands):

s2016
2017
zo t8
2019
2020
Thereafter

Total $

13,557
13,697
13,B17
13,939
14,06s

199,278
268,353

Note 20. Income Taxes

The following table presents the loss before income taxes for the periods presented (in thousands):

2013.
Loss attributable to common stockholders
Loss attributable to no controlling interest and

redeemable no controlling interests
Total

$

For the year ended December 31 ,
2015 2014 _ __ _ _

33,545 $ 80,895 1 ,792$

220,660
254,205 $

86,638
167,533 $

64,294
86,086.s

The income tax provision (benefit) consists of the following (in thousands):

2015
For the year endedDecember al ,

2014 . . ._  . . 2013

$ $ $
Current:

Federal
State

Total current expense
Deferred:

Federal
State

Total deferred provision
Total

169
1 BE

$

(8,196)
(1,847)

(10,043)
(10,043) $

(1,114)
354

(760)
(591 )§

(7,516)
2,217_

(5,299)
(5,299)
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The following table represents a reconciliation of the statutory federal rate and the Company's effective tax rate for the periods presented:

2015
(34.00)%

0.87

For the year ended December 31 ,
__ 2014 .

(34.00)%
(1 . 10)

2013
(34.00)%

0.79
Tax provision (benefit) at federal statutory rate
State income taxes, net of federal benefit
Effect of nonconlrolling and redeemable

noncontrollirig interests
Stock-based compensation
Effect of prepaid tax asset
Tax credits
Other

Total

29.53

1.06
0.04

(0.43)
o.85

(2.08)%

1759 3410

0.941_37
9.39

(0.22)
0.98

(5.99)%

(2.16)
(0.56)
(0.B9)%

Deferred income taxes relict the net tax effects of temporary differences between the carrying amounts of assets and liabilities for financial reporting purposes and the amounts
used for income tax purposes. The following table represents significant components of the Company's deferred tax assets and liabilities for the periods presented (in thousands):

December 31;
2015 2014

Deferred tax assets:
Accruals and repaids
Deferred revenue
Net operating loss carryforwards
Stock-based Compensation
Investment tax and other credits
Gross deferred tax assets

Deferred tax liabilities:
Capitalized initial direct costs
Fixed asset depreciation
Deferred tax on investment in partnerships
Gross deferred Tex liabilities

Net deferred tax liabilities

$ 12,904
34,710

229,464
3,748

11,261
292,087

s 4,302
44,359

176,555
1 ,612
7,369

234,197

$

27,539
178,511
276, 183
4B2,233

(190,146) $

16,640
142,886
184,240
343,746

(109,549)

An analysis of defined tax liabilities is as follows (in thousands):

Qgember 31.
2015

Deferred tax assets
Deferred tax liabilities

Net deferred tax liabilities

$ $

$

292,087
(482,233 )
(190,146) $

2014
234,197

(343,745)
(109,549 )
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As of December 31, 2015, the Companyhad net operating loss carryforwards for federal, California and other state income tax purposes a approximately $595.0 million, $368.0
million and $178.6 million, respectively, which will begin to expire in the year2028, 2020 and 2020, respectively, if not utilized. Of the federal, California, and other slate NOL carryover,
$5.3 million, $1 .3 million and $2.5 million relates to windfall stock option deductions which, when realized, will be an increase to additional paid in capital. As of December al, 2014, the
Company had net operating loss carryforwards for federal, California and other state income tax purposes of approximately $454.5 million, $283.1 million and $126.5 million, respectively.
Of the federal, California, and other state NOL carryover, $1 .8 million, $1.1 million and $0.5 million relates to windfall stock option deductions which, when realized, will be an increase to
additional paid in capital.

As of December 31, 2015, the Company has an investment tax credit carry forward of approximately $4.2 million and California enterprise zone credits of approximately $1 .0
million, which begins to expire in the year 2028 and 2023, respectively, if not utilized. As of December 31, 2014, the Company has an investment tax credit carryforwerd of approximately
$2.4 million and California enterprise zone credits of approximately $0.9 million.

Generally, utilization of the net operating loss carryforwards and credits may be subject to a substantial annual limitation due to the ownership change limitations provided by the

Code had occurred and determined that no ownership changes were identified as of December 31 , 2015.
Internal revenue Code (IRC) of 1986, as amended and similar state provisions. The Company performed an analysis to determine whether an ownership change under Section 382 of the

Valuation allowances are provided against deferred tax assets to the extent that it is more likely than not that the deferred tax asset will not be realized. The Company's
management considers all available positive and negative evidence including its history of operating income or losses, future reversals of existing taxable temporary difference, taxable
income in carryback years and tax-planning strategies. The Company has concluded there was sufficient positive evidence based on the reversal pattern of the deferred tax liability and
available tax planning strategies being relied upon at the end of December 31, 2015 and December 31, 2014 to support the position that the Company does not need to maintain a
valuation allowance on defined tax assets.

Uncertain Tax Positions

The Company files tax returns as prescribed by the tax laws of the jurisdictions in which it operates, In the normal course of business, the Company is subject to examination by
federal, state and local jurisdictions, where applicable. The statute of limitations for the tax returns varies by jurisdictions.

We determine whether a tax position is more likely than not to be sustained upon examination, including resolution of any related appeals or litigation processes, based on the
technical merits of the position. We use a two-step approach to recognize and measure uncertain tax positions. The first step is to evaluate the tax position for recognition by determining if
the weight of available evidence indicates that it is more likely than not that the position will be sustained upon tax authority examination, including resolution of related appeals or litigation
processes, if any. The second step is to measure the tax benefit as the largest amount that is more than 50% likely of being realized upon ultimate settlement We have analyzed the
Company's inventory of tax positions with respect to all applicable income tax issues for all open tax years (in each respective jurisdiction).

Our policy is to include interest and penalties related to unrecognized tax benefits, if any, within the provision for taxes in the consolidated statements of operations. The
Company does not have any tax positions for which it is reasonably possible that the total amount of gross unrecognized tax benefits will significantly change within 12 months of
December 31, 2015.
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A reconciliation of the beginning and ending amounts of unrecognized tax benefits is as follows (in thousands):

$Balance at January 1, 2014 and December 31, 2014
Acquired from CEE
Balance at December 31, 2015 $

1,525
1,525

There was 0.3 million of interest and penalties for uncertain tax positions as of December 31, 2015. As of December 31, 2014, there was no unrecognized tax benefits and there
were no interest and penalties accrued for any uncertain tax position.

Three of our investment funds are currently being audited by the IRS. The Company is subject to taxation in the U.S., and various state and local jurisdictions. The following table
summarizes the tax years that remain open and subject to examination by the tax authorities in the most significant jurisdictions in which the Company operates:

U.S. Federal
State

Tax Years
2011 -2015
2010 . 2015

Note 21. Commitments and Contingencies

Letters of Credit

As of December 31, 2015 and 2014, the Company had $35 million and $5.8 million, respectively, of unused letters of credit outstanding, with carry fees ranging from 200%
- 325% per annum.

Non-cancellable Operating Leases

The Company leases facilities and equipment under non-cancellable operating leases. Total operating lease expenses were $19.7 million, $13.8 million and $2.0 million for Me
years ended December 31, 2015, 2014 and201 a, respectively. Certain operating leases contain rent escalation clauses, which are recorded on a straight-line basis over the initial term of
the lease with the difference between the rent paid and the straight-line rent recorded as a deferred rent liability. Lease incentives received from landlords are recorded as deferred rent
liabilities and are amortized on a straight-line basis over the lease term as a reduction to rent expense. Deferred rent liabilities were $1 .9 million and $2.0 million as of December 31, 2015
and 2014, respectively.

Future minimum lease payments expected to be made under non-cancelable operating lease agreements as of December 31 , 2015 for each of the years ending December 31 ,
are as follows (in thousands):

201s
2017
2018
201 g
2020
Thereafter

Total

$

$

7,019
s,se9
5,905
2,521

879
53

23,047

Capital Lease Obligations

As of December 31, 2015 and 2014, capital lease obligations were $24.0 million and $7.4, respectively. The capital lease obligations bear interest at roles up to 10% per annum.
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The following is a schedule of future lease payments as of December 31, 2015 (in thousands):

$ 9,727
7,444
s,a21
2,799

219
200

25,710

2016
2017
2018
2019
2020
Thereafter

Total future lease payments
Less: amount representing estimated

executors costs included in future lease
payments
Net minimum future lease payments

Amount representing interest
Present value of future payments
Less: current portion
Long term portion $

537
25,173
1,180

23,993
8,951

15,042

Purchase Commitments

In January 2015, the Company entered into a purchase commitment with one of its suppliers to purchase $70.0 million of photovoltaic modules over the next 12 months with the
first modules delivered in January 2015. In October 2015, the Company amended its commitment to purchase additional photovoltaic modules to be delivered until December 2016, for a
total commitment of $146.0 million. As of December 31, 2015, the Company had $7890 million of purchase commitments remaining.

In June 2015, the Company entered into a purchase commitment with one of its suppliers to purchase $320 million of photovoltaic modules through December 2016. As of
December 31, 2015, the Company had $8.0 million of purchase commitments remaining.

Guarantees

The Company guarantees one of its investors in one of its Funds an internal rate of return, calculated on an after-tax basis, in the event that it purchases the investors interest or
the investor sells its interest to the Company, The Company does not expect the internal rate of return to fall below the guaranteed amount, however, due to unoerlainties associated with
estimating the timing and amount of distributions to the investor and the possibility for and timing of the liquidation of the Fund, the Company is unable to determine the potential maximum
future payments that it would have to make under this guarantee.

ITC Indemnification

The Company is contractually committed to compensate certain investors for any losses that they may suffer in certain limited circumstances resulting from reductions in ITs.
Generally, such obligations would arise as a result of reductions to the value cf the underlying solar energy systems as assessed by the IRS. At each balance sheet date, the Company
assesses and recognizes, when applicable, the potential exposure from this obligation based on all the information available at that time, including any audits undertaken by the IRS. The
Company believes that any payments to the investors in excess of the amount already recognized by the Company for this obligation are not probable based on the facts known at the
reporting date. The maximum potential future payments that the Company could have to make under this obligation would depend on the difference between the fair values of the solar
energy systems sold or transferred to the Funds as determined by the Company and the values the IRS would determine as the fair value for the systems for purposes of claiming ITs.
ITs are claimed based on the statutory regulations from the iRs, The Company uses fair values determined with the assistance of an

112

http://archive.fast-edgancom/20160311/APA2B22CZC22D9AE222M2ZZ2BBKGVY22Z... 4/26/2016
laW



run-10k_20151231 .him Page 115 of 270

Sur run Inc.
Notes to Consolidated Financial Statements - Continued

independent third-parly appraisal as the basis for determining the ITs that are passed-through to and claimed by the Fund investors. Since the Company cannot determine how the IRS
will evaluate system values used in claiming ITs, the Company is unable to reliably estimate the maximum potential future payments that it could have to make under this obligation as of
each balance sheet date.

Litigation

The Company is subject to certain legal proceedings, claims, investigations and administrative proceedings in the ordinary course of its business, The Company records a
provision for a liability when it is both probable that the liability has been incurred and the amount of the liability can be reasonably estimated. These provisions, if any, are reviewed at least
quarterly and adjusted to reflect the impacts of negotiations, settlements, rulings, advice of legal counsel and other information and events pertaining to a particular case. Depending on the
nature and timing of any such proceedings that may arise, an unfavorable resolution of a matter could materially affect the Company's future consolidated results of operations, cash flows,
or financial position in a particular period,

In July 2012, the Department of Treasury and the Department of Justice (together, the "Government") opened a civil investigation into the participation by residential solar
developers in the Section 1603 grant program. The Government served subpoenas on several developers, including Sur run, along with their investors and valuation terms. The focus of
the investigation is the claimed fair market value of the solar systems the developers submitted to the Government in their grant applications. We have cooperated fully with the
Government and plan to continue to do so. No claims have been brought against us. The Company is not able to estimate the ultimate outcome or a range of possible loss at this point.

Note 22. Net Loss Per Share

using the two-class method. The two-class method allocates net income that otherwise would have been available to common shareholders to holders of participating securities.
connection with the Company's initial public offering, the Company recognized a deemed dividend of $24.9 million to Series D and E convertible preferred shareholders, as further
discussed in Note 16, Shareholders' Equity.

Prior to the Company's initial public offering and conversion of all preferred stock the Company calculated net income (loss) per share (EPS) available to common stockholders
In

Basic net income (loss) per share is computed by dividing net income (loss) available to common stockholders by the weighledaverage number of common shares outstanding
during the period. Diluted net income (loss) per share is computed by dividing net income (loss) available to common stockholders by the weighted-average number of common shares
outstanding during the period adjusted to include the effect of potentially dilutive securities. Potentially dilutive securities are excluded from the computation of dilutive EPS in periods in
which the effect would be antidilutive.
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The computation of the Company's basic and diluted ne! loss per share are as follows (in thousands, except share and per share amounts):

2015
Years Ended December so,

_ 2014 2013

$ (28,246) $ (70,852) $ (1,201 )
Numerator:
Net loss attributable to common stockholders

Deemed dividend to convertible preferred
stockholders

Net loss available to common stockholders
Denominator:
Weighted average shares used to compute rel

loss per share available to common
stockholders, basic and diluted

Basic and diluted

(24,890)
(53,196 ) (70,852) (1 ,§0T.

$

55,091

(0.96) $
22,795

(3.11) $
9,78o_

(0.12)

The following shares were excluded from the computation of diluted net loss per share as the impact of including those shares would be anti-dilutive:

2015
Year Ended December 31,

2014
54,841

2013
43,998Preferred stock

Warrants
Outstanding stock options
Unvested restricted stock units
ESPP
Total

1 ,251
12,615

723
79

14,668

11,408 8,127

52,12556,249

Note 23. Related Party Transactions

An individual who serves as one of the Company's directors has direct and indirect ownership interests in Enphase Energy, Inc, For the years ended December 31, 2015 and
2014, the Company recorded $11.9 million and $8.9 million, respectively, in purchases from Enphase Energy, Inc. and had outstanding parables of $0.7 million and $1 .1 million as of
December 31, 2015 and 2014.

An individual who sewed as one of the Company's directors until March 2015 and his spouse have a direct material ownership interest in REC Solar Commercial Corporation
(RECC). For the years ended December 31, 2015 and 2014, the Company recorded $0.3 million and $7.6 million, respectively, in solar energy systems and products sales revenue from
sales to RECC and had outstanding receivables of $0.0 million and $0.1 million as of December 31, 2015 and 2014, respectively.

Note 24. Subsequent Events

In January 2016, certain subsidiaries of the Company entered into secured credit facilities agreements with a syndicate of banks for up to $250.0 million in committed facilities.
The facilities include a $220.0 million aggregate facility ('Aggregate Facile) $23.0 million term loan ("Term Loan") and a $7.0 million letter of credit facility. The Aggregate Facility and

period. The Term Loan bears an interest rate of LlBOR + 500 basis points (with a LIBOR floor of 100 basis points) in the first three years, stepping up to LIBOR plus 650 basis points in the
following two-year period. The principal and accrued interest on any outstanding loans mature on December 31, 2020.

letter of credit bear an interest rate ofLIBOR + 250 basis points for the initiaI threeyear revolving availability period stepping up to LIBOR + 275 basis points in the following iwo-year
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The facilities are non-recourse to Sur run and are secured by net cash flows of certain subsidiaries from power purchase agreements and leases, less certain operating,
maintenance and other expenses which are available to the borrowers after distributions to tax equity investors. The facilities contain customary covenants including the requirement to
maintain certain financial measurements and provide lender reporting. The credit facilities also contain certain provisions in the event cf default which entitle lenders to take certain actions
including acceleration of amounts due under the facilities,

In March 2016, a subsidiary of the Company entered into a $24.5 million secured, non-reoourse loan agreement. The loan will be repaid through cash flows from a lease pass-
through arrangement previously entered inc by the Company. The loan matures in September 2022 and has an interest rate of LIBOR + 2.25%. The loan agreement contains customary
covenants including the requirement to maintain certain financial measurements and provide lender reporting. The loan also contains certain provisions in the event M default which
entitles the lender to take certain actions including acceleration of amounts due under the loan.

115

http://archive.fast-edgancom/20160311/APA2B22CZC22D9AE222M2ZZ2BBKGVYZZZ. I b 4/26/2016

I



run-10k_20151231 .him Page 118 of 270

Item 9. Changes in and Disagreements with Accountants on Accounting and Financial Disclosure.

Not applicable

Item 9A. Controls and Procedures.

Evaluation of Disclosure Controls and Procedures

We carried out an evaluation, under the supervision and with the participation of our management, including our Chief Executive Officer and our chief Financial OtTicer, off the
effectiveness of our "disclosure controls and procedures' as of the end of the period covered by this Annual Report on Form 10-K, pursuant to Rules 13a~15(e) and 15d-15(e) under the
Exchange Act.

In connection with that evaluation, our Chief Executive Officer and our Chief Financial Officer concluded that our disclosure controls and procedures were effective and designed
to provide reasonable assurance that the information required to be disclosed is recorded, processed, summarized and reported within the time periods specified in the Securities and
Exchange Commission rules and forms as of December 31, 2015. The term 'disclosure controls and procedures," as defined in Rules 13a-15l and 15d-15l under the Securities Exchange
Act of 1934, as amended (the "Exchange A¢!"), means controls and other procedures of a company that are designed to ensure that information required to be disclosed by a company in
Me reports that it files or submits under the Exchange Arm is recorded, processed, summarized and reported, within the time periods specified in the SEC's rules and forms. Disclosure
controls and procedures include, without limitation, controls and procedures designed to ensure that information required to be disclosed by a company in the reports that it files or submits
under the Exchange Am is accumulated and communicated to the company's management, including its principal executive and principal financial officers, or persons performing similar
functions, as appropriate to allow timely decisions regarding required disclosure. Management recognizes that any controls and procedures, no matter how well designed and operated,
can provide only reasonable assurance of achieving their objectives and management necessarily applies its judgment in evaluating the cost-benefit relationship of possible controls and
procedures.

Changes in Internal Control over Financial Reporting

There was no change in our internal control over financial reporting identified in connection with the evaluation required by Rule 13a-15(d) and 15d~15(d) of the Exchange Act
that occurred during the period covered by this Annual Report on Form 10-K that has materially affected, or is reasonably likely to materially affect, our internal control over financial
reporting.

Managements Report on Internal Control overFinancial Reporting

This Annual Report on Form 10-K does not include a report of management's assessment regarding internal control over financial reporting or an attestation report of our
independent registered public accounting firm due to a transition period established by the rules of the SEC for newly public companies.

Item CB. Other Information.

None.

r
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PART III

Item10.Directors, Executive Officers and Corporate Governance.

The information required by this Item 10 of Form 10-K that is found in our proxy statement to be filed with the SEC in connection with the solicitation of proxies for our 2016
Annual Meeting of Stockholders (Proxy Statement) is incorporated by reference to our 2015 Proxy Statement. The2015 Proxy Statement will be filed with the SEC within 120 days after
the year-end of the fiscal year which this report relates.

Item 11. Executive Compensation.

The information required by this Item 11 will be set forth in the Proxy Statement and is incorporated herein by reference.

Item 12. Security Ownership of Certain Beneficial Owners and Management and Related Stockholder Matters.

The information required by this Item 12 will be set forth in the Proxy Statement and is incorporated herein by reference.

Item 13. Certain Relationships and Related Transactions, and Director Independence.

The information required by this Item 13 will be set forth in the Proxy Statement and is incorporated herein by reference.

Item 14. Principal Accounting Fees and Services.

The information required by this Item 14 wit! be set forth in the Proxy Statement and is incorporated herein by reference.

117

http://archive.fast-edgancom/20160311/APA2B22CZC22D9AE222M2ZZ2BBKGVY22Z. I . 4/26/2016



run-10k 20151231.htm Page 120 of 270

PART IV

Item 15. Exhibits. Financial Statement Schedules

Documents filed as part of this report are as follows

Consolidated Financial Statements

Our Consolidated Financial Statements are listed in the "Index to Consolidated Financial Statements" under item 8 of Part ll of this Annual Report

Financial Statement Schedules

The required information is included elsewhere in this Annual Report, not applicable, or not material

Exhibits

The exhibits listed in the accompanying "Exhibit Index" are filed or incorporated by reference as part of this Annual Report

http ://archive.fast-edgar.com/20160311/APA2B22CZC22D9AE2ZZMZZZZBBKGVYZZZ... 4/26/2016



run- 10k_20151231 .him Page 121 of 270

SIGNATURES

Pursuant to the requirements of Section 13 or 15(d) of the Securities Exchange Act of 1934, as amended, the Registrant has duly caused this Report to be signed on its behalf
by the undersigned, thereunto duly authorized.

Company Name

Date: March 10, 2016 By: Isl Lynn Jurich
Lynn Jurich

Chief Executive Officer and Director

Pursuant to the requirements of the Securities Exchange Act of 19a4, as amended, this Report has been signed below by the following persons on behalf of the Registrant in the
capacities and on the dates indicated.

Name Title

Chief Executive Officer and Director (Principal Executive Officer)

_ Date

Math 10. 2016Isl Lynn Jurich
Lynn Jurich

Isl Robert Komin
Robert Komin

Chief Financial Officer (Principal Accounting and Finandd Offeer) March 10, 2016

Isl Edward Fenster
Edward Fensler

Chairman and Direclor March 10, 2016

Director March 10, 201GIsl Steve Vassallo
Steve Vassallo

Isl Richard Wong _
Richild Wong

Director March 10, 2016

Director March 10, 2018Isl Gerald Risk
Gerald Risk

Isl Jameson McJunkin
Jameson McJunkin

Director March 10, 201G

Isl Katherine August-deWilde
Katherine August-deVWlde

Director March 10, 2016
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EXHIBIT INDEX

Exhibit!

Number

3 .1

3.2

4.1

4.2

4.3

Exhibit Description

Amended and Restated Certificate of Incorporation of the Registrant

Amended and Restated Bylaws of the Registrant

Form of common stock certificate of the Registrant.

Form of Warrant

Form

10-Q

10-Q

S-1

B-K

S-1

Incorporated by Reference
File No. Exhibit

001-37511 3.1

O01 -37511 3.2

333-205217 4.1

O01 -37511 4.1

333-205217 4.2

Filing Dale

9/15/15

9/15/15

6/25/15

10/2/15

6/25/15Tenth Amended and Restated Investors' Rights Agreement among the Registrant and certain
holders of its capital stock, dated as of March 31, 2015.

4.4 Shareholders Agreement among the Registrant and certain holders of its capital stock, dated as of
April 1, 2015.

S-1 333-205217 4.4 5/25/15

4.5

10.1+

Form of Stock Issuance Agreement. S-1/A

S-1

333-205217

333-205217

4.4

10.1

7/22/15

6/25/15Form of Indemnification Agreement between the Registrant and each of its directors and executive
officers.

102+

10.3+

10.4+

10.5+

10.6+

10,7+

10.8+

10.9+

10.10+

10.11+

10.12+

10.13+

1014+

Sur run Inc. 2015 Equity Incentive Plan and related form agreements.

Sur run Inc. 2015 Employee Stock Purchase Plan and related form agreements.

Sur run Inc. 2014 Equity Incentive Plan.

Sur run Inc. 2013 Equity Incentive Plan and related form agreements.

Sur run Inc, 2005 Equity Incentive Plan and related form agreements.

Mainstream Energy Corporation 2009 Stock Plan.

Sur run Inc. Executive Incentive Compensation Plan.

Key Employee Change in Control and Severance Plan and Summary Plan Description.

Employment Letter between the Registrant and Lynn Jurich, dated as of May 8, 2015.

Employment Letter between the Registrant and Edward Fenster, dated as of May 8, 2015.

Employment Letter between the Registrant and Bob Komin, dated as of Mayo, 2015,

Employment Letter between the Registrant and Thomas Holland, dated as of May8, 2015.

Employment Letter between the Registrant and Paul Vlhnnowski, dated as of May 8, 2015.

S-1/A

S-1/A

S~1

S-1

S-1

S-1

S-1

S-1

S-1

S-1

S-1

S-1

S-1

333-205217

333-205217

333-205217

333-205217

333-205217

333-205217

333-205217

333-205217

333-205217

333-205217

333-205217

333-205217

333-205217

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

10.10

10.11

10.12

10.13

10.14

7/22/15

7/22/15

6/25/15

6/25/15

6/25/15

6/25/15

6/25/15

6/25115

6/25/15

6/25/15

6/25/15

6/25/15

6/25/15
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Exhibit

Number

10.15+

ExhibitDescription

Board Serv ices Agreement between the Regis trant and Gerald Risk,  dated as of  February  1,  2014

lncorpolated by Refemucs
File No Exhibit

333- 205217

333- 205217

FiI'm§ Date

6 / 25 / 15

5 / 25 / 15Agreement  of  Sublease between the Regist rant  and Visa U.SA.  Inc. ,  dated as of  Apr i l  1,  2013,  as
amended on Apr i l  29,  2013

Credit  Agreement  among the Regist rant ,  Credit  Suisse Secur it ies (USA) LLC and the other  par t ies
thereto, dated as art  April 1,  2015

333 - 205217 G/25/15

Credit  Agreement  among Sur  run Aurora Por t fol io 2014-A,  LLC,  Investee Bank PLC,  Keybank
Nat ional Associat ion and the Lenders f rom t ime to t ime as par ty thereto,  dated December  31,  2014

333- 205217 6/ 25/ 15

Transit ion,  Separat ion and General Release Agreement ,  dated December  7,  2015 between Tom
Holland and Sur  run Inc

001- 37511 12/ 8/ 15

List  of  subsidiar ies of  the Regist rant

Consent  of  I ndependent  Registered Public  Account ing F irm

333- 205217 6/ 25/ 15

Cer t if icat ion of  Chief  Execut ive Of f icer  pursuant  to Exchange Ad Rules 13a~14(a)  and 15d-14(a) ,  as
adopted pursuant  to Sect ion 302 of  the Sarbanes-Oxley Ac!  of  2002

Cer t if icat ion of  Chief  F inancial Of f icer  pursuant  to Exchange Act  Rules 13a-14(a)  and 15d-14(a) ,  as
adopted pursuant  to Sect ion a02 of  the Sarbanes~Oxley Act  of  2002

Cer t if icat ions of  Chief  Execut ive Of f icer  and chief  F inancial Of f icer  pursuant  to 18 u.s.c.  Sect ion
1350,  as adopted pursuant  to Sect ion 906 of  the Sarbanes-Oxley Act  of  2002

101. I N S

101 . SC H

1 0 1 . C AL

101. D E F

101 . LAB

101 , P R E

X B R L I ns t ance D ocument

X B R L Taxonomy Schema L inkbase  D ocument

X B R L Taxonomy D ef in i t ion L inkbase D ocument

X B R L Taxonomy C alcu la t ion L inkbase D ocument

X B R L Taxonomy Labe ls  L inkbase D ocument

X B R L Taxonomy P r esent at ion L inkbase D ocument

The cer t i f icat ions at tached as Exhibit32.1 that  accompany this Annual Repor t  on Form 10-K ,  are deemed furnished and not  f i led w ith the Secur it ies and Exchange Commission
and are not  to be incorporated by reference into any f i l ing of  Sur  run inc.  under  the Secur it ies Act  of  1933,  as amended,  or  the Secur it ies Exchange Act  of  1934,  as amended
whether  made before or  af ter  the date of  this Annual Repor t  on Form 10-K ,  ir respect ive of  any general incorporat ion language contained in such f i l ing
Indicates management  cont ract  or  compensatory p lan
Conf ident ial t reatment  has been requested as to cer tain por t ions of  this exhibit ,  which por t ions have been omit ted and submit ted separately to the Secur it ies and Exchange
C o mmis s i o n

Exhib i t  23.1

Consent of  Independent Registered Public  Accounting Firm

We consent  to the incorporat ion by reference in the Regist rat ion Statement  (Form S-8 No.  333-206120)  per taining to the Sur  run Inc.  2015 Equity Incent ive P lan,  Sur  run Inc
2015 Employee Stock Purchase P lan,  Sur  run Inc,  2o14 Equit y Incent ive P lan,  Sur  run Inc.  2013 Equit y Incent ive P lan,  Sur  run inc.  2008 Equit y Incent ive P lan,  and Mainst ream Energy
Corporat ion 2009 Stock P lan of  Sur  run,  Inc.  of  our  repor t dated March 10,  2016,  w ith respect  to the consolidated f inancial statements of  Sur  run,  Inc.  included in this Annual Repor t  (Form
10-K )  f or  t he year  ended December  31,  2015

is /  E rnst  &  Young LLP
San F rancisco.  Cali f ornia
March 10.  2016

Exhibit 31 .1

CERT IF ICAT ION PURSUANT  T O
RUL E S  13a -14(a )  AND 15d -14(a )  UNDE R T HE  s E c u R E s  E X C H A N GE  A C T  OF  1934

AS  ADOP T E D P URS UANT  T O S E CT ION 302 OF  T HE  S ARBANE S -OX L E Y  ACT  OF  2002

I ,  Lynn Jur ich,  cer t if y that

I  have reviewed this Annual Repor t  on Form 10-K  of  Sur  run Inc

Based on my knowledge,  this repor t  does not  contain any unt rue statement  of  a mater ial fact  or  omit  to state a mater ial fact  necessary to make the statements made,  in l ight  of  the
circumstances under  which such statements were made,  not  misleading w ith respect  to the per iod covered by this repor t

Based on my know ledge,  t he f inancial  s t atements,  and other  f inancial  inf ormat ion inc luded in t h is  repor t ,  f a ir ly present  in a l l  mater ia l  respect s t he f inancial  condit ion,  result s  of
operat ions and cash f lows of  the regist rant  as of ,  and for ,  the per iods presented in this repor t

The regist rant ' s  other  cer t i f ying of f icer (s)  and I  are responsible for  establ ishing and maintaining disc losure cont rols and procedures (as def ined in Exchange Act  Rules 13a-15(e)
and 15d-15(e) )  for  the regist rant  and have

(a) D es igned such d isc losur e cont r o ls  and pr ocedur es ,  or  caused such d isc losur e cont r o ls  and pr ocedur es  t o  be des igned under  our  super vis ion,  t o  ensur e t hat  mat er ia l
informat ion relat ing to the regist rant ,  including it s consolidated subsidiar ies,  is made known to us by others w ithin those ent it ies,  par t icular ly dur ing the per iod in which this
repor t  is being prepared

Evaluated the ef f ect iveness of  t he regist rant ' s  disc losure cont rols  and procedures and presented in t h is  repor t  our  conclus ions about  t he ef f ect iveness of  t he disc losure
cont rols and procedures,  as of  the end of  the per iod covered by this repor t  based on such evaluat ion,  and

D isc losed in  t h is  r epor t  any change in  t he  r eg is t r an t ' s  in t e r na l  con t r o l  over  f inanc ia l  r epor t ing  t ha t  occur r ed  dur ing  t he  r eg is t r an t ' s  mos t  r ecent  f isca l  quar t e r  ( t he
regist rant 's four th f iscal quar ter  in the case of  an Annual Repor t )  that  has mater ially af fected,  or  is reasonably likely to mater ially af fect ,  the regist rant 's internal cont rol over
f inancial report ing;  and

The regist rant 's other  cer t if ying of f icer (s)  and I  have disclosed,  based on our  most  recent  evaluat ion of  internal cont rol over  f inancial repor t ing,  to the regist rant 's auditors and the
audit  commit tee of  the regist rant 's board of  directors (or  persons per forming the equivalent  funct ions)

( b )

All s ignif icant  def ic iencies and mater ial weaknesses in the design or  operat ion of  internal cont rol over  f inancial repor t ing which are reasonably l ikely to adversely af fect  the
regist rant 's abil it y to record,  process,  summar ize and repor t  f inancial informat ion,  and

Any f raud,  whether  or  not  mater ial,  that  involves management  or  other  employees who have a signif icant  role in the regist rant 's internal cont rol over  f inancial repor t ing

Date:  March 10.  2016 I s l  Lynn Jur ich
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Lynn Jurich
Chief Executive Officer and Director

(Principal Executive Officer)

I

Exhibit 31.2

CERTIFICATION PURSUANT TO
RULES 13a-14(a) AND 15d-14(a) UNDER THE SECURITIES EXCHANGE ACT OF 1934,

AS ADOPTED PURSUANT To SECTION 302 OF THE SARBANES-OXLEY ACT OF 2002

I,
t.

2.

(b)

(C)

Bob Komin, certify that:

I have reviewed this Annual Report on Form 10~K of Sur run Inc.,

Based on my knowledge, this report does not contain any untrue statement of a material fact or omit to state a material fact necessary to make the statements made, in tight of the
circumstances under which such statements were made, not misleading with respect to the period covered by this report,

Based on my knowledge, the financial statements, and other financial information included in this report, fairly present in all material respects the financial condition, results of
operations and cash flows of the registrant as of, and for, the periods presented in this report,

The registrant's other certifying officer(s) and I are responsible for establishing and maintaining disclosure controls and procedures (as defined in Exchange Act Rules 13a-15(e)
and 15d-15(e)) for the registrant and have:

(a) Designed such disclosure controls and procedures, or caused such disclosure controls and procedures to be designed under our supervision, to ensure that material
information relating to the registrant, including its consolidated subsidiaries, is made known to us by others within those entities, particularly during the period in which this
report is being prepared;

Evaluated the effectiveness of the registrant's disclosure controls and procedures and presented in this report our conclusions about the effectiveness of the disclosure
controls and procedures, as of the end of the period covered by this report based on such evaluation; and

Disclosed in this report any change in the registrant's internal control over financial reporting that occurred during the registrant's most recent fiscal quarter (the registrant's
fourth fiscal quarter in the case of an Annual Report) that has materially affected, or is reasonably likely to materially affect, the registrant's internal control over financial
reporting, and

The registrant's other certifying officer(s) and l have disclosed, based on our most recent evaluation of internal control over financial reporting, to the registrant's auditors and the
audit committee of the registrant's board of directors (or persons performing the equivalent functions):

All significant deficiencies and material weaknesses in the design or operation of internal control over financial reporting which are reasonably likely to adversely affect the
registrant's ability to record, process, summarize and report financial information, and

(b) Any fraud, whether or not material, that involves management or other employees who have a significant role in the registrant's internal control over financial reporting.

(a)

Date: March 10, 2016 By: Isl Bob Komin
Bob Komin

Chief Financial Officer
(Principal Accounting and Financial Officer)

1

Exhibit 32.1

Certifications Pursuant to
Section 906 of the Sarbanes-Oxiey Act of 2002

(18 U.S.C. Section 1350)

Pursuant to 18 U.S.C. Section 1350, as adopted pursuant to Section 906 of the Sarbanes-Oxley Act of 2002, each of the undersigned officers of Sur run inc. (the "Company") hereby
certifies that the Company's Annual Report on Form 10-K for the year ended December 31, 2015 (the "Report") fully complies with the requirements of Section 13(a) or 15(d) of the
Securities Exchange Act of 1934 and that the information contained in the Report fairly presents, in all material respects, the financial condition and results of operations of the Company.

Date: March 10, 2016

By: Isl Lynn Jurich
Lynn Jurich
Chief Executive Officer and Director
(Principal Executive Officer)

By: Isl B29 Komin _ _
Boh Komln
Chief Hnanclal Officer
(Prlnclple Accounting and Flnanclal Officer)

I

Attachment: XBRL IN S T A N C E  D Q C U M E N T

I

AHachment: XBRL TAXONOMY EXTENSION SCHEMA

I

Attachment: XBRL TAXONOMY EXTENSION CALCULATION LINKBASE

I
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Attachment: XBRL TAXONOMY EXTEN SION DEFINITION LINKBASE

Attachment: XBRL TAXONOMY EXTENSION LABEL LINKBASE

l

Attachment: XBRL TAXONOMY EXTENSION PRESENTATION LINKBASE

12 Months Ended

Dec. 31, 2015 Mar. 08, 2016 Aug. 05, 2015

10-K

false

Dec. 31, 2015

2015

F Y

Document and Entity
Information - USD ($)

$ in Millions

Does_ment A_nd Entitv Information [Abstraetl

Document Tvpe

Amendment Flag

Document Period End Date

Document Fiscal Year Focus

Document Fiscal Period Focus

Trading Svrnbol

zistrant Name

Entity Central Index Kev

Current Fiscal Year End Date

Entity Well-known Seasoned Issuer

Entity Current Reporting Status

Entitv Voluntarv Filers

EntitvFiler Cateaorv

Entitv Public Float

EntiW Common Stock, Shares Outstanding

RUN

Sur run Inc.
0001469367

_- 12-31

No
Yes

No

Non-accelerated Filer

$371.9

101,495,385

Consolidated Balance Sheets
USD ($)

$ in Thousands

Current assets'

Dec. 31, 2015 Dec. 31, 2014

Restricted cash

Accounts receivable (net of allowances for doubtful accounts of $1.641 and $703 as of December 3 I _ 2015 and December AL 2014.

$ 203,864

9,203

$ 152,154

2,534

60,275 43,189

State tax credits receivable

Prepaid expenses and other current assets

Total current assets

Restricted cash

Solar energy svstcms_ net

Property and equipment. net

Intangible assets_ net

Prepaid tax asset

9,198

71,258

6,696

360,494

8,094

1,992,021

44,866

22,705

87,543

190,146

32,277

[11 2,738,146

5,183

23,914

9,560

236,534

6,012

1,484,251

22,195

13,111

51,786

109,381

9,314

1,932,584
Current liabilities:

Accountspayable

Distributions payable to no controlling interests and redeemable no controlling interests

Accrued expenses and other liabilities

Deferredrevenue. current portion

Deferred grants.current portion

Capital lease obligation_currentportion

Long-term debt.currentportion

Solarasset-baeked notes, currentportion

Lease pass-through financingobligation. current portion

Totalcurrent liabilities

Deferredrevenue, net of current portion

Deferred grants. net of currentportion

Capital lease obligation.net of current portion

51,166

6,764

25,445

44,398

13,754

1,593

2,602

Long-tem'1 debt. net of current portion

Solar asset-backed notes. net of current portion

104,133

8,144

49,146

59,726

13,949

8,951

2,085

3,323

3,710

253,167

559,066

220,784

15,042

194,975

232,378

105,557

5,161

150,883

467,726

226,801

5,761

48,597

188>052
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153.188 180,224

190.146

U] s 1,931.447

109.549

$ 1.380.017

$ 147.139 $ 135948

$2

383_860

Lease pass-through financing obligation. net of current portion

Other liabilities

Deferred tax liabilities

Total liabilities

Commitments and contingencies (Note 21 l

Redeemable no controlling interests

Stockholders' et_uitv

Preferred stock

Common stock. $00001 Dar value-authorized. 2.000.000 and 119.547 shares as otlDecember 31. 2015 and2014. respectively
issued and outstanding; 101.282 and 24.249 shares as of December 31. 2015 and 2014. respectively

Additional paid-in capital

Accumulated other comprehensive loss

Accumulated defy

Total stockholders' equity

Noncontrolling interests

Total equity

Total liabilities. redeemable no controlling interests and total equity

Convertible Preferred Stock

Stockholders' euuitv

Preferred stock

642.229
(921)
(87,249)
554_069
105.491
659.560
$ 2.738.146

(59,003)
324.864

91 ,755

416_619
1_932_584

$5

[1] The Company's consolidated assets as of December 31, 2015 and 2014 include $1,363,615 and $986,878, respectively, in assets of variable interest entities, or WEs
that can only be used to settle obligations of the V1Es. Solar energy systems, net, as of December 31, 2015 and 2014 were $1,305,420 and $942,655, respectively
cash as ofDecember 31, 2015 and 2014 were $44,407 and $29,099, respectively, restricted cash as of December 31, 2015 and 2014 were $757 and $593, respectively
accounts receivable, net as of December 31, 2015 and 2014 were $12,965 and $l4,351, respectively, prepaid expenses and other current assets as of December 31
2015 and 2014 were $66 and $180, respectively. The Company's consolidated liabilities as of December 31, 2015 and 2014 include $540,464 and $474,348
respectively, in liabilities of VI.Es whose creditors have no recourseto the Company. These liabilities include accounts payable as of December 31, 2015 and 2014 of
$11,025 and $9,057, respectively, distributions payable to no controlling interests and redeemable no controlling interests as of December 31, 2015 and 2014 of
$8,063 and $6,426, respectively, accrued expenses and other liabilities as of December 31, 2015 and 2014 of $175 and $340, respectively, deferred revenue as of
December 31, 2015 and2014 of $374,736 and $30l,792, respectively, deferred grants as of December 31, 2015 and2014 of $115,726 and $123,351, respectively, and
long-term debt as of December 31, 2015 and 2014 of $30,739 and $33,382, respectively

Consolidated Balance Sheets
(Parenthetical) - USD ($)

$ in Thousands
Dec. 31. 2015 Dee. 31. 2014

$ 0.0001

0

Allowance for doubtful accounts

Preferred stock. par value

Preferred stock. shares authorized

Preferred stock. shares issued

Preferred stock. shares outstanding

Common stock_ Dar value

Common stock. shares authorized

Common stock_ shares issued

Common stock. shares outstanding

Total assets

Solar energy systems. net

[1]

s 1

s 0.0001

200_000.000

0

0

$ 0.0001

2.000.000.000

101.282.000

10L282.000

$ 2.738,146

992.021

0

$ 0.0001

119.547000

24.249.000

24.249000

$ 1,932_584

1484.251

203.864

60.275 43.189

[I] 1.931.447

104.133

1.380.017

51.166

Accounts receivable, net

Prepaid expenses and other current assets

Total liabilities

Accounts namable

Distributions payable to noncontrollins interests and redeemable noncontrolliniz interests

Accrued expenses and other liabilities

Deferred revenue

Lodz-term debt

Variable Interest Entities

Total assets

Solar energy systems_ net

49.146

618_792

538.318

25.445

512_124

239.251

l_363.615

1_305.420

44.407

986.878

942.655

29.099

12_965 14351

540.464

I 1,025

474.348

Restricted cash

Accounts receivable. net

Prepaid expenses and other current assets

Total liabilities

Accountspayable

Distributions payable to no controlling interests and redeemable no controlling interests

Accruedexpensesand other liabilities

Deferred revenue

Deferred grants

Lone-term debt

Convertible Preferred Stock

374.736

115.726

$ 30.739

301.792

123_35l

s 33382

http://archive.fast-edgar.com/20160311/APA2B22CZC22D9AE222M2ZZ2BBKGVY22Z... 4/26/2016



ru11-10k_20151231 .him Page 127 of 270

Preferred stock. par value
Preferred stock. shares authorized

Preferred stock. shares issued

Preferred stock_ shares outstanding

Aggregate liquidation preference

$0.0001
0

0

0

s 0

$0.0001
57,028,000

54,841,000

54,841,000
s 305,883

[1] The Company's consolidated assets as of December 31, 2015 and 2014 include $1,363,615 and $986,878, respectively, in assets of variable interest entities, or ViEs,
that can only be used to settle obligations of the VIEs, Solar energy systems, net, as of December 31, 2015 and2014 were $1,305,420 and $942,655, respectively,
cash as of December 31, 2015 and 2014 were $44,407 and $29,099, respectively, restricted cash as of December 31, 2015 and2014 were $757 and $593, respectively,
accounts receivable, net as of Decemlber 31, 2015 and 2014 were $12,965 and $l4,35l, respectively, prepaid expenses and other current assets as of December 31,
2015 and 2014 were $66 and $180, respectively. The Company's consolidated liabilities as of December 31, 2015 and2014 include $540,464 and $474,348,
respectively, in liabilities of ViEs whose creditors have no recourse to the Company These liabilities include accounts payable as of December 31, 2015 and 2014 of
$11,025 and $9,057, respectively, distributions payable to no controlling interests and redeemable no controlling interests as of December 31, 2015 and 2014 of
$8,063 and $6,426, respectively, accrued expenses and other liabilities as of December 31, 2015 and 2014 of $175 and $340, respectively, deferred revenue as of
December 31, 2015 and 2014 of $374,736 and $301,792, respectively, deferredgrants as of December 31, 2015 and2014 of $115,726 and $l23,351, respectively, and
long-term debt as otlDecember 31, 2015 and 2014 of $30,739 and $33,382, respectively.

I

12 Months Ended

Dec. 31, 2015 Dee. 31, 2014 Dec. 31, 2013

$ 118,004

186,602

304,606

s 84,006

114,551

198,557

$ 54,740

54,740

43,088

22,395

9,984
33,242

72,898
100,802

78,723

8,386

68,098
2,269

331,176

(132,619)

27,521

4,350

3,043

(167,533)

(10,043)

(157,490)
(86,638)

(70,852)

108,709

(53,969)

11,752

Consolidated Statements of
Operations - USD ($)

shares in Thousands, $ in
Thousands

Reven uh'

Operating leases and incentives

Solar energy systems and Droduct sales

Total revenue

Operating_ex_penses:

Cost of operating leases and incentives 111,784
Cost of solar energy systems and product sales 168,751

Sales and marketing 145,477

Research and development 9,657
General and administrative 84,442

Amortization of intangible assets 3,695
Total operating expenses 523,806

Loss from operations (219,200)

Interest expense. net 33,236

Loss on early extinguishment of debt 43 l

Other expenses 1,338

Loss before income taxes (254,205)

Income tax benefit (5,299)

Net loss (248,906)
Net loss attributable to no controlling interests and redeemable no controlling interests (220,660)

Net loss attributable to common stockholders (28,246)

Deemed dividend to convertible preferred stockholders (24,890)

Net loss available to common stockholders $ (53,136)

Net loss per share available to common shareholders- basic and diluted $ (0.96)

Weighted average shares used to compute net loss per share available ro common stockholders- basic and diluted55,091

365

(66,086)

(591)

(65,495)
(64,294)

(1,201)

$ (70,852)
$ <3. 11)
22,795

$ (1,201)
s (0. 12)
9,780

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

Consolidated Statements of
Comprehensive Loss - USD

($)
$ in Thousands

Statement Of Income And Comprehensive Income [Abstract]

Net loss attributable to common stockholders
Other comprehensive income;

Unrealized loss on derivatives. net of tax benefit for the year ended December 3 l _ 2015 (2,442)
Less interest expense on derivatives recognized into famines (1,521)

Comprehensive loss $ (29,167)

$ (28,246) $ (70,852) $ (1,201)

SE (70,852) $ (1,201)

l

Redeemable
Total

Consolidated Statements of
Redeemable ro controlling
Interests and Stockholders'

Equity - USD ($)
shares in Thousands, $ in

Thousands

Series E Series D
Convertible AndE Noncontrollin Preferred
Preferred Preferred g Stock

Stock Stock Interests

Preferred
Stock

Series E
Convertible
Preferred

Stock

Common
Stock

Common Series D
Stock And E

Preferred
Stock

Additional
Paid-In
Capital

Additional
Paid-In
Capital
Series E

Convertible
Preferred

Stock

Additional
Paid-In
Capital
Series D
And E

Preferred
Stock

ACCIII
O

CoIl'll)l
I

$95,941

$4 $1 $ 152,134

Bezinnine Balanceat Dec. 311
2012

Beginning Balance at Dec. 31. $
2012 222,661

Beginning Balance. (in shares)
atDec. 31.2012 43,998 9,450

httpI//&1'chiv€.f3.st-€dg2lT.coII1/20160311/APA2B22CZC22D9AE222M2ZZ2BBKGVYZZZ.. n 4/26/2016

I

III



run-10k_20151231 .him Page 128 of 270

1,119 1,119

962

2,655 2,655

(16,906)

(5,118) (5,118)

z,339 2,339

92,142 73,189

Exercise of stock options

Exercise of stock options. (in
shares]

Stock-based compensation

Acquisition ofnoncontrolling
interests

Acquisition of no controlling
interests

Income tax effect of
acquisition of noncontrolling
interests

Contributions from
noncontrollimz interests and
redeemable no controlling
interests

Distributions to no controlling
interests and redeemable
noncontrollimz interests

(61,178) (8,973)

(31 ,909)

(30,708)

(33,586)

109,665

Net loss

Net loss_ Noncontrolling
Interest

Ending Balance at Dec. 31,
2013

Ending Balance at Dec 31,
2013

222,711 $4 SB 1 153,129

43,998 10,412

$ 143,393 $ 1 $ 143,392

(36) 36

10,879

75,281 $ 1 75,280

12,763

2,707 2,707

1,038

9,352 9,352

80,653 88,837

(10,923) (11,619)

(106,555)

(35,703)

(50,935)

Ending Balance. (in shares) at
Dec. 31. 2013

Conversion of Preferred Stock

Conversion of Preferred Stock.
(in shares

Issuance of Series E
convertible Dreferred stock_ (in
shares

Issuance of shares for an
acquisition
Issuance of shares for an
acquisition. (in shares)

Exercise of stock options

Exercise of stock options. (in
shares)

Stock-based compensation

Contributions from
no controlling interests and
redeemable no controlling
interests

Distributions to noncontrollinq
interests and redeemable
no controlling interests

Net loss

Net loss, Noncontrolling
Interest

Ending Balance at Dec. 3 l ,
2014 135,948

416,619 $5 $2 383,860

54,841 24,249

(54,841) 54,841

19,148 19,148

1,650

$3,548

1,210

3,548

Ending Balance at Dec. 31.
2014

Ending Balance, (in shares) at
Dec. 31, 2014

Issuance of Series E
convertible preferred stock. (in
shares)

Issuance of shares for an
acquisition

Issuance of shares tr an
acquisition. (in shares)

Exercise of stock options

Exercise of stock options, (in
shares) 1,210

$(l03) (103)
Issuance of restricted stock
units. net of tax withhbldines

Issuance of restricted stock
units. net of tax withholdintzs.
(in shares)

Stock-based compensation

182

16,002

147,238

16,002

128,466
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(17,193) (12,924)

Contributions from
no controlling interests and
redeemable no controlling
interests

Distributions to no controlling
interests and redeemable
no controlling interests

Inducement shares issued

Inducement shares issued_ (in
shares)

Deemed dividend

$ 23,349 $ 1

1,668

$ 23,348

s
(24,890) $ (24,890)

$ (5) $5

221,318 $2 221,316

17,482

(144,555)

(116,309)

(104,351)

(921) $ (9211

$ 147,139

$
659,560 $ 10 $ 642,229 s (921I

Conversion of convertible
preferred stock to common
stock

Issuance of common stock in
connection with underwritten
public offering. net of issuance
costs

Issuance of common stock in
connection with underwritten
public offering, net of issuance
costs, (in shares)

Net loss

Net loss. Nonconlrolling
Interest

Unrealized Gain Loss On
Derivatives

Ending Balance at Dec. 31 _
2015

Ending Balance at Dec.
2015

Ending Balance. (in shares) at
Dec. 31. 2015 101,282

!

12 Months EndedConsolidated Statements of
Redeemable Noncontrolling
Interests and Stockholders'

Equity (Parenthetical)
$ in Thousands

Series E Convertible Preferred Stock

Issuance costs ofnreferred stock

Dee. 31, 2014
USD ($)

$7,108

I

12 Months Ended

Dee. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

s (248,906) s (157,490) s (65,495)

3,516

71,373

1,998

11,959

(5,299)

6,997

15,823

(16,780)

4,350

49,541

546

10,204

(10,043)

2,384

9,218

(12,323)

30,192

172

6,437

(591)

1,551

2,655

(9,573)

(954)(15,517)

(47,344)

(884)

50,946

19,168

47,684

(105,266)

(14,075)

(3,788)

(1,920)

11,063

7,010

97,395
(7,928)

(2,176)
1,351

2,734

57,071

23,374

(594,887)
(13,027)

(19,575)
(627,489)

(412,267)

(15,317)
(36,384)

(463,968)

(322,034)
(3,720)

Consolidated Statements of
Cash Flows - USD ($)

$ in Thousands
Operating activities:

Net loss

Adiustments to reconcile pe_t loss to net cash provided by (used in) opgratingactivities:

Noncash losses

Depreciation and amonimtion_ net of amortization of deferred grants

Bad debt expense

Interest on lease pass-through financing

Noncash tax benefit

Noncash interest expense

Stock-based compensation expense

Reduction in lease pass-throuizh financing obligations

Change in operating assets and liabilities:

Accounts receivable

Inventories

Prepaid and other assets

Accounts payable

Accrued expenses and other liabilities

Deferred revenue

Net cash provided by (used in) operating activities

Investing activities:

Payments for the costs of solar energy systems. leased and to be leased

Purchases ofpropertv and equipment

Acquisitions of businesses_ net of cash acquired

Net cash used in investing activities

Financing activities:

Proceeds from grants and state tax credits. net of recapture

(325,754)

4,685 1,579 29,321
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544,385

(357,878)

(14,798)

111,000

(2,120)

192,750

(120,054)

(7,939)

148,282

(612)

(5,493)

129,121

(88,918)
275,704

(28,737)

143,393
174,159 64,888

3,548

222,078

(4,854)

(8,751)

784,465

51 ,710

152,154
203,864

169,490
(31,967)

(21)
2,707

165,331

(63,907)
(22,024)

1,119

(1,181)
1,435

524,351

52,455

99,699
152,154

(4,611)

312,294

9,914

89,785
99,699

11,954 11,101 3,657

14,074

6,764

5,666

$76,964

14,469

$ 16,189

Proceeds from issuance of debt

Repayment of debt

Payment of debt fees

Proceeds from solar asset-backed notes

Repavment of solar asset-backed notes

Proceeds from issuance of convertible preferred stock_ net of issuance costs

Proceeds from lease pass-through financing obligations

Repavment of lease pass-through financing obligations

Contributions received from no controlling interests and redeemable no controlling interests

Distributions Daid to noncontrollinu interests and redeemable no controlling interests

Acquisition ofnoncontrolling interests

Proceeds from exercises of stock options

Proceeds from initial public offering net of offering costs

Pavement of capital lease obligation

Change in restricted cash

Net cash provided by tinancinu activities

Net increase in cash

Cash. beginning of period

Cash. end of period

Supplementaldisclosures of cash flow info_mation

Cash paid for interest

Supplexnental_disclosure§pf n0ncas_hjnvesting_8ind financgigactivities_

Costs of solar energy systems and property and equipment included in accounts payable and accrued expenses 15,850

Distributions payable to no controlling interests and redeemable no controlling interests 8,144

Vehicles acquired under capital leases 21,556

Noncash purchase consideration on acquisition of business 18,718

Offering costs prepaid in prior year 760

Series D and E Preferred Shares

Supplemental disclosures of noncash investing and tinancingactivities

Deemed dividend on Series D and E preferred shares

I

s 24,890

Organization 12 Months Ended

Dec. 31, 2015
Organization Consolidation And
Presentation Of Financial Statements
IAbstract1

Organization Note 1. Organization

Sur run Inc. ("Sur run" or the "Company") was originally formed in 2007 as a California limited liability company, and was converted
into a Delaware corporation in 2008. The Company is engaged in the design, development, installation sale, ownership, and maintenance of
residential solar energy systems ("Projects") in the United States.

Sur run acquires customers directly and through relationships with various solar and strategic partners ("Partners"). The Projects are
constructed either by Sur run or by Sunrun's Partners and are owned by the Company. Sunrun's customers enter into a power purchase
agreement ("PPA") or a lease (each, a "Customer Agreement") which typically has a term of 20 years. Sur run monitors, maintains and
insures the Projects. As a result of the acquisition of Mainstream Energy Corporation, its fulfillment business AEE Solar and its racking
business SnapNrack (collectively, "MEC") completed in February 2014, the Company also sells solar energy systems and products to
customers.

The Company has formed various subsidiaries ("Funds") Io finance the development of Projects. These Funds, structured as limited
liability companies, obtain financing from outside investors and purchase or lease Projects from Sur run under master purchase or master
lease agreements. The Company currently utilizes three legal structures in its investment Funds, which are referred to as: (i) lease pass-
throughs, (ii) partnership-flips and (iii) joint venture ("JV") inverted leases.

Sur run acquired Clean Energy Experts, LLC ("CEE"), a consumer demand and solar lead generation company, in April 2015, lo
support the growth of the business, including reducing costs of obtaining customer leads externally. As a result of acquisition, the Company
also sells a portion of solar leads generated to customers.

The Company completed its initial public offering in August 2015 and its common stock is listed on the NASDAQ Global Select
Market under the symbol "RUN".

I

Summary of Significant
Accounting Policies

12 Months Ended

Dec. 31, 2015
Accounting Policies
Abstract[

Summarv of Significant
Accounting Policies

Note 2. Summary of Significant Accounting Policies

Basis of Presentation and Principles of Consolidation

The consolidated financial statements have been prepared in conformity with U.S. generally accepted accounting principles ("GAAP") and
reflect the accounts and operations of the Company andthoseof its subsidiaries, including Funds, in which the Company has a controlling financial
interest. The typical condition for a controlling financial interest ownership is holding a majority of the voting interests of an entity. However, a
controlling financial interest may also exist in entities, such as variable interest entities ("VIEs"), through arrangements that do not involve controlling
financial interests. In accordance with the provisions of Financial Accounting Standards Board ("FASB") Accounting Standards Codification Topic 810
("ASC B10") Consolidation, the Company consolidates any VlE of which it is the primary beneficiary. The primary beneficiary, as defined in ASC 810, is
the party that has (1) the power to direct the activities of a VIE that most significantly impact the VlE's economic performance and (2) the obligation to
absorb the losses of the VIE or the right to receive benefits from the VIE that could potentially be significant to the VIE. The Company evaluates its
relationships with its VlEs on an ongoing basis to determine whether it continues to be the primary beneficiary. The consolidated financial statements
reflect the assets and liabilities of VlEs that are consolidated. All intercompany transactions and balances have been eliminated in consolidation.
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Reclassifications

Certain prior period amounts have been reclassified to conform to current period presentation.

Use cf Estimates

The preparation of the consolidated financial statements requires management to make estimates and assumptions that affect the amounts
reported in the consolidated financial statements and accompanying notes. The Company regularly makes significant estimates and assumptions,
including, but not limited to, the estimates that affect the collectability of accounts receivable, the valuation of inventories, the useful lives and estimated
residual values of solar energy systems, the useful lives of property and equipment, the valuation and useful lives of intangible assets, the fair value of
assets acquired and liabilities assumed in business combinations, the effective interest rate used to amortize lease pass-through financing obligations,
the valuation of stock-based compensation, the valuation of the Company's common stock, the determination of valuation allowances associated with
deferred tax assets, fair value of debt instruments disclosed and the redemption value of redeemable no controlling interests. The Company bases its
estimates on historical experience and on various other assumptions believed to be reasonable. Actual results may differ from such estimates.

Segment Information

The Company has one operating segment with one business activity, providing solar energy services and products to customers. The
Company's chief operating decision maker ("CODM") is its Chief Executive Officer, who manages operations on a consolidated basis for purposes of
allocating resources. \Mlen evaluating performance and allocating resources, the CODM reviews financial information presented on a consolidated
basis.

Revenues from external customers for each group of similar products and services are as follows (in thousands):

2015
Operating leases
Incentives

Operating leases and incentives
Solar energy systems
Products

Solar energy systems and product sales
Total revenue

$ $

$

ss,aa2
31,672

118,004
50,191

136,411
186,602
304,606

Year Ended December31 ,
2014 2013

$ 63,962 44,249
20,044 10,491
a4,oos 54,740
23,687
90,864

114,ss1~
$ 198,557 3 84,748

Cash

Cash consists of bank deposits held in checking and savings accounts, The Company considers all highly liquid investments purchased with an
original maturity of three months or less to be cash equivalents. The Company has exposure to credit risk to the extent cash balances exceed amounts
covered by federal deposit insurance. The Company believes that its credit risk is not significant.

Restricted Cash

Restricted cash represents balances collateralizing standby letters of credit, amounts related to replacement of solar energy systems and
obligations under certain financing transactions.

Aceounts Receivable

Accounts receivable consist of amounts due from customers as well as state and utility rebates due from government agencies and utility
companies. Under arrangements with customers, the customers typically assign incentive rebates to the Company.

Accounts receivable are recorded at net realizable value. The Company maintains allowances for the applicable portion of receivables when
collection becomes doubtful. The Company estimates anticipated losses from doubtful accounts based upon the expected collectability of all accounts
receivables, which takes into account the number of days past due, collection history, identification of specific customer exposure, and current
economic trends. Once a receivable is deemed to be uncollectible, it is written off. In 2015, 2014 and 2013, the Company recorded provision for bad
debt expense of $2.0 million, $0.5 million and $0.2 million, respectively, and wrote-off uncollectible receivables of $1 ,1 million, $0.1 million and $0.0
million, respectively.

Accounts receivable, net consists of the following (in thousands):

2215
Customer receivables
Customer deposits
Other receivables
Rebates receivable
Allowance for doubtful accounts
Total

$

$

46,169
10,150
4,s7e
1,221

(1 .641)
G0,275

December 31 ,
__ 2014 _

$ 24,477
11 I 135
5,936
2,344
(703)

$ 48,1 BQ

State Tax Credits Receivable

State tax credits receivable are recognized upon submission of the state income tax return.

Inventories

Inventories are stated at the lower of cost or market on a first~in, first-out basis. Inventories consist of raw materials such as photovoltaic
panels, inverters and mounting hardware as well as miscellaneous electrical components that are sold as-is by the distribution operations and used in
installations and work-in»process. Work-in-process primarily relates to solar energy systems that will be sold to customers, which are partially installed
and have yet to pass inspection by the responsible city or utility department. For solar energy systems where the Company performs the installation,
the Company commences transferring component parts from inventories to construction in progress, a component of solar energy systems, once a
lease contract with a lease customer has been executed and the component parts have been assigned to a specific project. Additional costs incurred
including labor and overhead are recorded within construction in progress,

The Company periodically reviews inventories for unusable and obsolete items based on assumptions about future demand and market
conditions. Based on this evaluation, provisions are made to write inventories down to their market value.

Solar Energy Systems, net

The Company records solar energy systems leased to customers and solar energy systems that are under installation as solar energy systems,
net on its consolidated balance sheet. Solar energy systems, net is comprised of system equipment costs and initial direct costs related to solar energy
systems, less accumulated depreciation and amortization. Depreciation on solar energy systems is calculated on a straight»line basis to their estimated
residual values over the estimated useful lives of the systems to the Company, which is the expected holding period of typically 20 years, coinciding
with the initial lease term of the Company's Customer Agreements. The Company has determined that it is more likely that the customer will elect to
purchase the solar energy system at the end of the initial lease period rather than renew their customer agreement, due to the cost of purchasing the
solar energy system being significantly lower than it was at the initiation of the customer agreement, in order to reduce electricity costs, as well as
increase the value and marketing attributes of their home. If a customer elects to renew their lease at the end of the initial lease term, the residual value
will be depreciated over a revised estimated remaining useful life to the Company. The Company periodically reviews its estimates of residual value
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and its estimated useful life and recognizes changes in estimates by prospectively adjusting depreciation expense. inverters are depreciated over their
estimated useful life of 10 years

Solar energy systems under installation will be depreciated as solar energy systems leased lo customers when the respective systems are
completed and interconnected

Initial direct costs from the origination of Customer Agreements are capitalized and amortized over the initial tem of the related Customer
Agreement and are included within solar energy systems, net in the consolidated balance sheets. Amortization of these costs is recorded in cost of
operating leases and incentives in the accompanying consolidated statements of operations

Property and Equipment, net

Property and equipment, rel consists d leasehold improvements, furniture, computer hardware and software, machinery and equipment, and
automobiles. All property and equipment are stated at historical cost net of accumulated depreciation. Repairs and maintenance are expensed as
incured

Property and equipment is depreciated on a straight-line basis over the following periods

Leasehold improvements
Furniture
Computer hardware and software
Machinery and equipment
Automobiles

Lesser of estimated useful life of the asset or lease term, which is typically 2 to 6 years
5 years
3 years
5-7 years
4-5 years

Capitalization of Software Costs

For costs incurred in the development of internal use software, the Company capitalizes costs incurred during the application development
stage, Costs related to preliminary project activities and post implementation activities are expensed as incurred. Internal use soliware is amortized on
a straight-line basis over its estimated useful life

Intangible Assets, net

Finite-lived intangible assets are initially recorded at fair value and presented net of accumulated amortization. intangible assets are amortized
on a straight-line basis over their estimated useful lives as follows

Customer relationships
Backlog
Developed technology
Trade names

S-10 years
1 year
5 years
4 months to 5 years

Impairment of Long-Lived Assets

The canoing amounts of the Company's long-lived assets, including solar energy systems and intangible assets subject to depreciation and
amortization, are periodically reviewed for impairment whenever events or dlanges in circumstances indicate that the carrying value of these assets
may not be recoverable or that the useful life is shorter than originally estimated. Factors that are considered in deciding when to perform an
impairment review would include significant negative industry or economic trends and significant changes or planned changes in the use of the assets
Recoverability of these assets is measured by comparison of the carrying amount of each asset to the future undiscounted cash flows the asset is
expected to generate over its remaining life. If the asset is considered to be impaired, the amount of any impairment is measured as the difference
between the carrying value and the fair value of the impaired asset. If the useful life is shorter than originally estimated, the Company amortizes the
remaining carrying value over the new shorter useful life. No impairment of long-lived assets has been recorded for the years ended December 31
2015. 2014 and2013

Business Combinations

Acquisitions of entities and certain solar projects with the associated leases that meet the definition of a business are accounted for as
business combinations in accordance with ASC 805, 81/siness Combinations. The Company records assets acquired and liabilities assumed based on
their estimated fair values at the acquisition date. The excess of the purchase price over those fair values is recorded as goodwill. Acquisition-related
expenses are expensed as incurred

Goodwill

Goodwill represents the excess of the purchase price over the fair value of assets acquired and liabilities assumed of MEC in February 2014
and CEE in April 2015. Goodwill is reviewed for impairment at least annually or whenever events or changes in circumstances indicate that the carrying
amount may be impaired. The Company has determined that it operates as one reporting unit and the Company's goodwill is recorded at the enterprise
level. The Company performs its annual impairment test of goodwill on Oc'tober 1 of each fiscal year or whenever events or circumstances change or
occur that would indicate that goodwill might be impaired. VlMen assessing goodwill for impairment, the Company uses qualitative and if necessary
quantitative methods in accordance with FASB ASC Topic 350 ("ASC 350"), Goodwill. The Company also considers its enterprise value and if
necessary, discounted cash flow model, which involves assumptions and estimates, including the Company's future financial performance, weighted
average cost of capital and interpretation of cun'ently enacted tax laws

Circumstances that could indicate impairment and require the Company to perform a quantitative impairment test include a significant decline
in the Company's financial results, a significant decline in the Company's enterprise value relative to its net book value, an unanticipated change in
competition or the Company's market share and a significant change in the Company's strategic plans. The Company did not note any indicators of
impairment in the qualitative assessment that would require a quantitative analysis in 2o15, The Company did not have any goodwill prior to 2014, and
no impairment charges have been recorded to date

Deferred Revenue

Deferred revenue consists of amounts for which the criteria for revenue recognition have not yet been met and includes a) amounts that are
collected from customers, including upfront deposits and lease prepayments, b) rebates and incentives received and receivables from utility companies
and various local and state government agencies, c) amounts related to investment tax credits ("ITC') that the Company monetized in connection with
its lease-pass through financing obligations, and d) amounts received related to the sales of solar renewable energy credits ('SRECs")

Deferred revenue consists of the following (in thousands)

December 31

Customer payments
Rebates and incentives

$ 311.193
101.318

85.767
SRECs
Total

370.754
102.827
126.853

18.358
618.792 $ 512.124

Deferred Grants

Deferred grants consist of U.S. Treasury grants and State Grants. The Company applied for a renewable energy technologies income tax credit
offered by one of the states in the form of a cash payment and deferred the tax credit as a grant on the consolidated balance sheets. The Company
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initially recorded the grants as deferred grant income and recognizes the benefit on a straight-line basis over the estimated depreciable life of the
associated assets as a reduction in cost of operating leases and incentives.

Warranty Accrual

The Company provides warranty service and replacement on the majority of all solar energy systems sold and installed. The major components
are generally covered under a manufacturers limited warranty,

In resolving claims under warranty services, the Company has the option of remedying the defect to the warranted level through repair,
refurbishment, or replacement. The warranty accrual is estimated and is reevaluated regularly by management based upon the Company's warranty
policy, applicable contractual warranty obligations, an analysis of historical costs and age of installed systems and management's evaluation of current
claims in process, The warranty accrual is recorded as a component of accrued expenses and other liabilities in the Company's consolidated balance
sheets. Prior to the Company's acquisition of the residential business from MEC in February 2014, no warranty accrual was necessary. The Company
recorded a warranty accrual of $1 .1 million and $0,9 million as of December 31, 2015 and 2014, respectively.

Solar Energy Performance Guarantees

The Company guarantees to customers certain specified minimum solar energy production output for solar facilities over the initial term of the
Customer Agreements. The Company monitors the solar energy systems to determine whether these specified minimum outputs are being achieved. If
the Company determines that the guaranteed minimum energy output is not achieved, it records a liability for the estimated amounts payable. As of
December 31, 2015 and 2014, the Company recorded liabilities of $0.3 million and $0.4 million, respectively, as accrued expenses and other liabilities
in the consolidated balance sheets relating to these guarantees based on the Company's assessment of its exposure.

Derivative Financial Instruments

The Company recognizes all derivative instruments on the balance sheet at their fair value. Changes in the fair value of derivatives are
recorded each period in current earnings or other comprehensive loss if a derivative is designated as part of a hedge transaction. The ineffective
portion of the hedge, if any, is immediately recognized in earnings.

Beginning in 2015, the Company uses derivative financial instruments, primarily interest rate swaps, to manage its exposure to interest rate
risks on its syndicated term loans, which are recognized on the balance sheet at their fair values, On the date that the Company enters into a derivative
contract, the Company formally documents all relationships between the hedging instruments and the hedged items, as well as its risk management
objective and strategy for undertaking each hedge transaction. Derivative instruments designated in a hedge relationship to mitigate exposure to
variability in expected future cash flows, or other types of forecasted transactions, are considered cash flow hedges. Cash flow hedges are accounted
for by recording the fair value of the derivative instrument on the balance sheet as either a freestanding asset or liability. Changes in the fair value of a
derivative that is designated and qualifies as an effective cash flow hedge are recorded in accumulated other comprehensive loss, net of tax, until
earnings are affected by the variability of cash flows of the hedged item. Any derivative gains and losses that are not effective in hedging the variability
of expected cash flows of the hedged item or that do not qualify for hedge accounting treatment are recognized directly into income. At the hedge's
inception and at least quarterly thereafter, a formal assessment is performed to determine whether changes in cash flows of the derivative instrument
have been highly effective in offsetting changes in the cash flows of the hedged items and whether they are expected to be highly effective in the
future. The Company discontinues hedge accounting prospectively when (i) it determines that the derivative is no longer effective in offsetting changes
in the cash flows of a hedged item, (ii) the derivative expires or is sold, terminated, or exercised, or (iii) management determines that designating the
derivative as a hedging instrument is no longer appropriate. In all situations in which hedge accounting is discontinued and the derivative remains
outstanding, the derivative instrument is can'ied at its fair market value on the balance sheet with the changes in fair value recognized in current-period
earnings. The remaining balance in accumulated other comprehensive loss associated with the derivative that has been discontinued is not recognized
in the income statement unless it is probable that the forecasted transaction will not occur. Such amounts are recognized in earnings when earnings
are affected by the hedged transaction.

The Company recognized warrants with former preferred stockholders as an inducement to convert their shares of convertible preferred stock
into shares of common stock immediately prior to the Company's initial public offering as derivative liabilities. Such liabilities were valued when the
financial instruments were initially issued, with the change in their respective fair values recorded as a gain or loss on revaluation within other expenses
in the Company's statement of operations. The Company determines the fair value of its warrant derivative liabilities using the Black-Scholes option-
pricing model.

Fair Value of Financial Instruments

The Company defines fair value as the exchange price that would be received for an asset or an exit price that would be paid to transfer a
liability in the principal or most advantageous market for the asset or liability in an orderly transaction between market participants on the measurement
date. The Company uses valuation techniques to measure fair value that maximize the use of observable inputs and minimize the use of unobservable
inputs. FASB establishes a threetier fair value hierarchy for disclosure of fair value measurements as follows:

Level 1-Inputs are unadjusted, quoted prices in active markets for identical assets or liabilities at the measurement date,

Level 2-Inputs are observable, unadjusted quoted prices in active markets for similar assets or liabilities, unadjusted quoted prices for
identical or similar assets or liabilities in markets that are not active, or other inputs that are observable or can be corroborated by
observable market data for substantially the full term of the related assets or liabilities, and

Level 3-Inputs that are unobservable, significant to the measurement of the fair value of the assets or liabilities and are supported by
little or no market data.

The Company's financial instruments include cash, receivables, accounts payable, accrued expenses, distributions payable to no controlling
interests, derivatives, borrowings on the line of credit, long-term debt and solar asset-backed notes.

Revenue Recognition

The Company recognizes revenue when (i) persuasive evidence of an arrangement exists, (ii) delivery has occurred or services have been
rendered, (iii) the sales price is fixed and determinable, and (iv) collection of the related receivable is reasonably assured.

Operating leases and incentives

Operating leases and incentives revenue is primarily comprised of revenue from customer agreements, revenue from solar energy system
rebate incentives, revenue associated with laCs assigned to investment funds that are classified as lease pass»through arrangements and revenue
from the sales of SRECs generated by the Company's solar energy systems to third parties.

The Company begins to recognize revenue on Customer Agreements when permission to operate ("PTO") is given by the local utility company
or on the date daily operation commences if utility approval is not required. The Company recognizes revenue on a straight-line basis over the initial
term of the Customer Agreements (typically 20 years) that have minimum lease payments, or as earned when the customers are billed based on the
actual electricity generated at a specific rate under the terms of the Customer Agreements.

The Company considers upfront rebate incentives received from states and utilities for solar energy systems subject to Customer Agreements
to be minimum lease payments. Rebate revenue is recognized on a straight-line basis over the life of the initial contract term of the Customer
Agreement beginning when a PTO letter is issued by the local utility company or on the date daily operation commences if utility approval is not
required.

The Company monetizes the ITs associated with the leased systems on its tease pass~through financing obligations by assigning them to the
investor together with the future customer lease payments. A portion of the cash consideration received from the investors is allocated to the estimated
fair value of the assigned laCs. The estimated fair value of the laCs is determined by applying the expected internal rate of return to the investor on this
structure to the gross amount of the laCs that may be claimed by the investor.
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The ITs are subject to recapture under the Internal Revenue Code ("Code") if the underlying solar energy system either ceases to be a
qualifying property or undergoes a change in ownership wiring five years of its placed in service dale. The recapture amount decreases by 20% on
each anniversary of the PTO date, As the Company has an obligation to ensure the solar energy systems is in service and operational for a term of five
years to avoid any recapture of the laCs, the Company recognizes revenue as the recapture provisions lapse assuming the other aforementioned
revenue recognition criteria have been met. The monetized ITs are initially recorded within defen'ed revenue on the consolidated balance sheets, and
subsequently, one-fifth of the monetized ITs are recognized as revenue in the consolidated statements of operations on each anniversary of the solar
energy systems' PTO date over the following five years.

SREC revenue arises from the sale of environmental credits generated by solar energy systems. SREC revenue is recorded in operating
leases and incerrlives revenue. We recognize revenue related to the sale of SRECs to the extent the cumulative value of delivered SRECs per contract
exceeds any possible liquidated damages for non-delivery, if any.

The Company has determined that Customer Agreements are operating leases as opposed to capital leases pursuant to ASC 840, Leases.
Management estimates the estimated useful life of solar energy systems to be 20 years, which coincides with the expected holding period and initial
lease term of 20 years, as discussed in Note 2, Summary of Signincanf Accounting Policies, above. However, since the estimated economic life of
solar energy systems is estimated to be at least to years, the lease term is less than 75% of its estimated economic life. Additionally, the Company
evaluated the following lease classification criteria: (i) whether there is a transfer of ownership or bargain purchase option at the end al the lease and
(ii) whether the present value of minimum lease payments exceeds 90% of the fair value at lease inception and determined that these criteria were not
met.

Solar energy systems andproduct sales

For solar energy systems sold to customers, the Company recognizes revenue when the solar energy system passes inspection by the
authority having jurisdiction, provided all other revenue recognition criteria have been met. The Company's installation projects are typically completed
in a short period of time.

Product sales consist of solar panels, racking systems, inverters, other solar energy products sold to resellers and customer leads. Product
sales revenue is recognized at the time when title is transferred, generally upon shipment. Shipping and handling fees charged to customers are
included in net sales. Total shipping and handling fees charged to customers were $2.6 million and $2.4 million for the year ended December 31, 2015
and zo14, respectively. Volume discounts given to customers are recorded as a reduction of revenue, since the Company does not receive goods or
services in exchange for the discounts offered. Customer lead revenue, included in product sales, is recognized at the time the lead is delivered.

Taxes assessed by government authorities that are directly imposed on revenue producing transactions are excluded from product revenue.

Cost of Revenue

OperaHng /easesand incentives

Cost of revenue for operating leases and incentives is primarily comprised of the (1) depreciation of the cost of the solar energy systems, as
reduced by amortization of U.S. Treasury grants, (2) amortization of initial direct costs, (3) lease operations, monitoring and maintenance costs
including associated personnel costs, and (4) allocated corporate overhead costs.

Solar energysystems andproduct sales

Cost of revenue for solar energy systems and non-lead generation product sales consist of direct and indirect material and labor costs for solar
energy systems installations and product sales. Also included are engineering and design costs, estimated warranty mosts, freight oosls, allocated
corporate overhead costs, vehicle depreciation costs and personnel costs associated with supply chain, logistics, operations management, safety and
quality control. Cost of revenue for lead generations consists of costs related to direct-response advertising activities associated with generating
customer leads.

Research and Development Expense

Research and development expenses include personnel costs, allocated overhead costs, and other costs related to the development of the
Company's BrightPath software suite as well as its racking equipment.

Advertising Costs

Advertising costs are expensed as incured in the consolidated statements of operations. The Company incurred advertising costs of $34.8
million, $16.9 million and $7.7 million for the years ended December 31, 2015, 2o14 and 201 pa, respectively.

Stock-Based Compensation

The Company grants stock-based compensation for its equity incentive plan and employee stock purchase plan. Stock-based compensation to
employees is measured based on the grant date fair value of the awards and recognized over the period during which the employee is required to
perform services in exchange for the award (generally the vesting period of the award). The Company estimates the fair value of stock based awards
granted using the Black-Scholes option-valuation model. Compensation cost is recognized over the vesting period of the applicable award using the
straight-line method for those options expected to vest.

The Company also grants restricted stock units ("RSUs") to non-employees that vest upon the satisfaction of both performance and service
conditions. The Company starts recognizing expense on the RSUs when the performance condition is met.

Noncontrolling Interests and Redeemable Noncontrolling Interests

Noncontrolling interests represent investors' interests in the net assets of the Funds that the Company has created to finance the cost of its
solar energy systems subject to the Company's Customer Agreements, The Company has determined that the contractual provisions in the funding
arrangements represent substantive profit sharing arrangements. The Company has further determined that the appropriate methodology for attributing
income and loss to the nonoontrolling interests and redeemable no controlling interests each period is a balance sheet approach referred to as the
hypothetical liquidation at book value ("HLBV') method.

Under the HLBV method, the amounts of income and loss attributed to the no controlling interests and redeemable no controlling interests in
the consolidated statements Of operations reflect changes in the amounts the investors would hypothetically receive at each balance sheet date under
the liquidation provisions of the contractual agreements of these arrangements, assuming the net assets of these Funding structures were liquidated at
recorded amounts. The Compares initial calculation of the investor's nonoontrolling interest in the results of operations of these Funding arrangements
is determined as the difference in the no controlling interests' claim under the HLBV method at the start and end of each reporting period, after taking
into account any capital transactions, such as contributions or distributions, between the Fund and the investors.

The Company classifies certain no controlling interests with redemption features that are not solely within the control of the Company outside
of permanent equity on its consolidated balance sheets. Redeemable no controlling interests are reported using the greater of their carrying value as
determined by the HLBV method or their estimated redemption value at each reporting date.

Income Taxes

During November2015, the FASB issued ASU 2015-17, Balance Sheet Classification of Deferred Taxes, which simplifies the presentation of
defeaTed income taxes. ASU 2015-17 provides presentation requirements to classify deferred tax assets and liabilities as noncurrent in a classified
statement d financial position. The standard is effective for fiscal years beginning after December 15, 2016, including interim periods within that
reporting period. Early adoption is permitted for any interim and annual financial statements that have not yet been issued. We early adopted ASU
2015-17 effective December 31, 2015, retrospectively. Adoption resulted $3.0 million decrease in deferred tax assets, current and a $3.0 million
decrease in defen'ed tax liabilities in our Consolidated Balance Sheets at December 31, 2014. Adoption had no impact on our results of operations.
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The Company recognizes deferred tax assets and liabilities for the expected future tax consequences of events that have been included in the
consolidated financial statements and tax returns. Under this method, deferred tax assets and liabilities are determined based on the difference
between the financial statement and tax basis of assets and liabilities using enacted tax rates in effect for the year in which the differences are
expected to reverse. Valuation allowances are provided against deferred tax assets to the extent that it is more likely than not that the deferred tax
asset will not be realized. The Company is subject to the provisions of ASC 740, Income Taxes, which establishes consistent thresholds as it relates to
accounting for income taxes. it defines the threshold for recognizing the benefits of tax return positions in the financial statements as "more likely than
not" to be sustained by the taxing authority and requires measurement of a tax position meeting the more-likely-than-not criterion, based on the largest
benefit that is more than 50% likely to be realized. Management has analyzed the Company's inventory of tax positions with respect to all applicable
income tax issues for all open tax years (in each respective jurisdiction).

The Company sells solar energy systems to the Funds. As the Funds are consolidated by the Company, the gain on the sale of the solar
energy systems is not recognized in the consolidated financial statements However, this gain is recognized for tax reporting purposes. Since these
transactions are intercompany sales, any tax expense incurred related to these intercompany sales is deferred and recorded as a prepaid tax asset
and amortized over the depreciable life of the underlying solar energy systems which has been estimated to be 20 years in accordance with ASC Topic
810.

The Company files tax returns as prescribed by the tax laws of the jurisdictions in which it operates, in the normal course of business, the
Company is subject to examination by federal, state and local jurisdictions, where applicable. The statute of limitations for the tax returns varies by
jurisdiction.

Concentrations of Credit and Supplier Risk

Financial instruments which potentially subject the Company to concentrations of credit risk consist primarily of cash and accounts receivable,
which includes rebates receivable. The associated risk of concentration for cash is mitigated by banking with institutions with high credit ratings. At
certain times, amounts on deposit exceed Federal Deposit Insurance Corporation insurance limits. The Company does not require collateral or other
security to support accounts receivable. To reduce credit risk, management performs periodic credit evaluations and ongoing evaluations of its
customers' financial condition. Rebates receivable are due from various states and local governments as well as various utility companies. The
Company considers the collectability risk of such amounts to be low. The Company is not dependent on any single customer or installer. The loss of a
customer or an installer would not adversely impact the Company's operating results or financial position. The Company's customers under Customer
Agreements are primarily located in California, Hawaii, Maryland, Massachusetts, New Jersey and New York. During the year ended December 31 ,
2015 and 2014, the solar materials purchases from the top five suppliers were approximately $160.5 million and $69.1 million, respectively.

Recently Issued Accounting Standards

In May 2014, the FASB issued Accounting Standards Update ("ASU") No, 2014-09 Revenue from Contracts with Customers (Topic 606), to
replace the existing revenue recognition criteria for contracts with customers and to establish the disclosure requirements for revenue from contracts
with customers. The core principle of this standard is to recognize revenue when promised goods or services are transferred to customers in an
amount that reflects the consideration that is expected to be received for those goods or services This ASU is effective for the Company for Annual
Reporting periods beginning after December 15, 2017 including the interim reporting periods within that fiscal year, and early adoption is permitted.
Adoption of the ASU is either retrospective to each prior period presented or retrospective with a cumulative adjustment to retained earnings or
accumulated deficit as of the adoption date. The Company is currently evaluating this guidance and the impact it may have on its consolidated financial
statements.

In November 2014, the FASB issued ASU 2014-16 Determining Whether the Host Contract in a Hybrid Financial Instrument issued in the Form
of a Share is More Akin to Debt or to Equity. This guidance requires issuers and investors to consider all of a hybrid instrument's stated and implied
substantive terms and features, including any embedded derivative features being evaluated for bifurcation. The guidance eliminates the "chameleon
approach", under which all embedded features except the feature being analyzed are considered. The guidance is effective for the year beginning after
December 15, 2015 and for interim periods within fiscal years beginning after December 15, 2016. Early adoption is permitted The Company believes
the adoption of this guidance will have no impact on its consolidated financial statements.

In November 2014, the FASB issued ASU 2014-15, Disclosure of Uncertainties About an Entity's Ability to Continue as a Going Concern, which
provides guidance on determining when and how to disclose going~concem uncertainties in the financial statements. The new standard requires
management to perform interim and annual assessments of an entity's ability to continue as a going concern within one year of the date of issuance of
the entity's financial statements and provide certain disclosures when there is substantial doubt about the entity's ability to continue as a going concern.
This guidance applies to all entities and is effective for annual periods beginning after December 15, 2016, and interim periods thereafter, with early
adoption permitted. The Company believes the adoption of this guidance will have no impact on its consolidated financial statements,

In February 2015, the FASB issued ASU 2015-02 Amendments to the Consolidation Analysis, which provides consolidation guidance and
changes the way reporting enterprises evaluate consolidation for limited partnerships, investment companies and similar entities, as well as variable
interest entities The ASU is effective for annual and interim periods in fiscal years beginning after December 15, 2015. The Company believes the
adoption of this guidance will have no impact on its consolidated financial statements

In April 2015, the FASB issued ASU 2015-03, Interest--imputation of Interest (Subtopic 835-30) Simpliij/ing the Presentation of Debt Issuance
Costs, to simplify the presentationof debt issuance costs. InAugust 2015, the FASB issued ASU 2015-15, lnferest-imputation of Interest (Subtopic
835-30) Presentation and Subsequent Measurement of Debt Issuance Costs Associated with Line-of-Credit Arrangement. Prior to ASU 2015-03 and
ASU 2015-15, issuance costs were presented as an asset on the balance sheet Under ASU 2015-03 and ASU 2015-15, debt issuance costs related to
a recognized debt liability are required to be presented in the balance sheet as a direct deduction from the carrying amount of that debt liability,
consistent with debt discounts, ASU 2015-15 clarified that the SEC will not object to an entity presenting the cost of securing a revolving line of credit
as an asset regardless of whether a balance is outstanding. The recognition and measurement guidance for debt issuance costs are not affected by
the amendments in these updates The ASUs are effective for annual and interim periods in fiscal years beginning after December 15, 2015 and
interim periods within those fiscal years. The effect on the Company's consolidated balance sheet for the year ended December 31, 2015 will be to
reclassify $3.6 million in debt issuance costs from assets to a reduction in liabilities.

in July2015, the FASB issued ASU No, 2015-11, Simplifying the Measurement of lnvenfory, lo specify that inventory should be subsequently
measured at the lower of cost or net realizable value, which is the ordinary selling price less any completion, transportation and disposal costs.
However, the ASU does not apply to inventory measured using the last-in-first-out or retail methods. The ASU is effective for interim and annual
periods beginning after December 15, 2016. Adoption of the ASU is prospective. The Company is currently evaluating this guidance and the impact it
may have on its consolidated financial statements.

In February 2016, the FASB issued ASU No.2016-02, Leases. Under the new guidance, lessees will be required to recognize for all leases
(with the exception of short-term leases) a lease liability, which is a lessee's obligation to make lease payments arising from a lease, measured on a
discounted basis and a right-of-use asset which is an asset that represents the lessee's right to use, or control the use of, a specified asset for the
lease term.
currently evaluating this guidance and the impact it may have on its consolidated financial statements.

The ASU is effective for fiscal years beginning after December 15, 2018 and interim periods within those fiscal years. The Company is

l

Acquisitions
12 Months Ended

Dec. 31, 2015
Business Combinations
[Abstract]

Acquisitions Note 3. Acqulsitlons

Acqulsltlon of Rssidentlal Business
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In February 2014, the Company acquired the residential business of MEC pursuant to an Agreement and Plan of Merger dated January 19,
2014. The residential business acquired engages in designing, installing and selling solar energy systems to residential customers, wholesale
distributions as well as assembling of mounting systems and hardware for solar energy systems.

The purchase consideration for the assets acquired and liabilities assumed was approximately $78.8 million consisting of $75.0 million in the
issuance of 12,762,894 shares of common stock, $1,8 million in cash, $1 .8 million in settlement of balances under a preexisting relationship and $0.2
million in the form of 576,878 stock options. The settlement of the pre-existing relationship was related to the partner installation agreement between
the Company and MEC, which existed prior to the acquisition date.

The Company has included the results of operations of the acquired business in the consolidated statements of operations from the acquisition
date, The assets acquired and liabilities assumed in the MEC acquisition have been recorded based on their fair value at the acquisition date. Goodwill
represents the excess of the purchase price over the net tangible and intangible assets acquired and is not deductible for tax purposes. Goodwill
recorded is primarily attributable to the acquired assembled workforce and the synergies expected to arise after the acquisition of the residential
business, such as lowering the Company's overall cost of the Company's solar energy systems by enabling it to procure and build some of the solar
energy systems themselves, ensuring access to MEC installation capacity, and scaling the Company's growth by adding direct-to-consumer sales and
installation activities. In addition, the Company is able to provide customers the option to purchase solar energy systems outright, as compared to
offering leasing and PPA options, Transaction costs related to the acquisition were expensed as incurred.

The following table summarizes the fair value of assets acquired and liabilities assumed (in thousands):

Cash
Accounts receivable
Inventory
Prepaid expenses
Property and equipment
Intangible assets
Other long-term assets
Accounts payable and accrued liabilities
Deferred revenue
Capital lease obligation
Other liabilities
Deferred tax liabilities
identifiable assets and liabilities assumed
Goodwill
Total

$

$

5,440
8,881

23,886
2,028
e,113

15,380
200

(24,975)
(7G8)

(2,869)
(1 ,509 )
(4.a4a)
26,964
51,786
78,750

In 2014, the contribution of the acquired business to the Company's total revenues was $114.2 million as measured from the date of the
acquisition, The portion of total expenses and net income associated with the acquired business was not separately identifiable due to the integration
with the Company's operations.

Unaudited Pro Forma Information

The following table summarizes the unaudited pro forma total revenue and net loss of the combined company for the years ended December
31, 2014 and 2013 assuming that the acquisition occurred as of January 1, 2013 (in thousands, except per share):

Revenue
Net loss
Net loss attributable to common stockholders
Net loss per share attributable to common

stockholders, basic and diluted

$

For the year ended
December 31 ,

2014 . 2o13
205,355 143,614

(164,974) (88,326)
(78,336) (24,032 )

$

(3.44) (1.07)

The pro forma financial information is based on the combined results of operations of MEC and the Company with adjustments for MEC's sales
to the Company, the amortization of the acquired intangibles assets and the timing of acquisition expenses. The pro forma financial information is not
necessarily indicative Er the actual consolidated results of operations in prior or future periods had the acquisition actually been consummated on
January 1, 2o1 s,

Clean Energy ExpeM, LLC

In April 2015, the Company acquired Clean Energy Experts, LLC, a consumer demand and solar lead generation company, for $25.0 million in
cash and 1.9 million shares of common stock valued at $19.1 million, net of settlement of a preexisting payable to CEE. OF this amount, $15.0 million in
cash was paid and 1.4 million shares were issued in April 2015. The remaining $10.0 million in cash and 500,000 shares are due in two equal
installmenrls: $5.0 million which was paid and 250,000 shares were issued in October 2015 and the second installment of $5.0 million and 250,000
shares is due in April 2016.

An additional $9.1 million in cash and 600,000 shares of common stock may be issued on April 1, 2017, subject to the achievement of certain
sales targets as well as continued employment of certain key employees acquired in the transaction, which will be recorded as compensation expense
over a two-year period unless and until the Company assesses that the achievement of sales targets is not probable. The acquisition is expected to
enhance the Company's efficient and consistent access to high-quality leads in existing and new markets.

The Company has included the results of operations of the acquired business in the consolidated statements of operations from the acquisition
date. The assets acquired and liabilities assumed in the CEE acquisition have been recorded based on their fair value at the acquisition date. Goodwill
represents the excess of the purchase price over the net tangible and intangible assets acquired and is not deductible for tax purposes. Goodwill
recorded is primarily attributable to the acquired assembled workforce and the synergies expected to arise after the CEE acquisition. Transaction costs
related to the acquisition were expensed as incurred.

The following table summarizes the fair value ofassets acquired and liabilities assumed (in thousands):

Cash
Accounts receivable
Intangible assets
Accounts payable and accrued liabilities
Defen'ed tax liability
Identifiable assets and liabilities assumed
Goodwill
Total

$

$

424
639

13,290
(1 ,247 )
(5,146)
7,960

35,757.
43,717

The fair value of acquired intangible assets and their estimated useful life are as follows (in thousands, except estimated useful life):

Fair Value

Estimated
Useful

Life
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$ 5
8
8

Developed iechrnology
Customer relationships
Trade names
Total $

5,910
4,390
2,s90

13,290

For the year ending December 31, 2015, the contribution of the acquired business to the Company's total revenues was $16.9 million, as
measured from the date of the acquisition. The portion of total expenses and net income associated with the acquired business was not separately
identifiable due to the integration with the Company's operations.

Acquisition of Solar Projects with the Associated Leases

In March 2014, the Company entered into a Backlog Lease Assignment and Assumption Agreement and Channel Agreement with an
installation partner and purchased certain solar projects with the associated leases already originated by the installation partner. The Company paid
$39.4 million to acquire 2,924 solar projects and the associated leases with an average remaining lease term of 20 years. The Company has
accounted for the acquisition under ASC B05 and recorded the assets acquired at fair value at the acquisition date. As the terms of the acquired leases
associated with these projects were at market terms at the acquisition date, no lease premiums or discounts were recorded. No goodwill was
recognized from this acquisition as the Company paid fair value for the assets acquired.

I

Fair Value Measurement
12 Months Ended

Dec. 31, 2015

Fair Value Disclosures
IAbstractl

Fair Value Measurement Note 4. Fair Value Measurement

At December 31, 2015 and 2014, the carrying value of receivables, accounts payable, accrued expenses, and distributions payable to
no controlling interests approximates fair value due to their short-term nature. The carrying values and fair values of debt instruments are as follows (in
thousands):

December 31, 2015
Carrying Value Fair Value

194,975 194,975
Carrying Value
$

December 31, 2014
Fair Value

48,597 $ 48,597
3,138 3,853

124,571 124,571
33,382 35,653
29,563 28,900

Line of credit
Non-bank term loans
Syndicated term loans
Bank term loan
Note payable
Solar asset-backed notes

Total $

170,664
30,740
33,059

108,880
538,318 $

170,654
32,592
32,568

110,10a
541 ,002 $ 239,251 $ 241,574

At December 31, 2015 and 2014, the fair value of the Company's lines of credit and the syndicated term loans approximates their caring
values because their interest rates are variable rates that approximate rates currently available to the Company. At December 31, 2015, the fair value
of the Company's bank term loan, note payable and asset-backed notes are based on rates currently offered for debt with similar maturities and terms.
At December 31, 2014, the fair value of the Company's non-bank term loan, bank term loan, and note payable are based on rates cun'ently offered for
debt with similar maturities and rems. The Company's fair value of the debt instruments fell under the Level 3 hierarchy. These valuation techniques
involve some level of management estimation and judgment, the degree of which is dependent on the price transparency for the instruments or market.

The Company determines the fair value of its interest rate swaps using a discounted cash flow model which incorporates an assessment of the
risk of non-performance by the interest rate swap counterparty and an evaluation of the Company's credit risk in valuing derivative instruments. The
valuation model uses various inputs including contractual terms, interest rate curves, credit spreads and measures of volatility.

The Company determines the fair value of its warrants issued using the Black-Scholes option-pricing model. The key inputs used to determine
value of the warrants was an estimated fair value of the Company's common stock of $11.77 per share, risk-free interest rate of 1.21 %, expected
volatility of 32.03%, the remaining contact life of 2.56 years and expected dividend yield rate of 0.D0%. The significant unobservable input used in the
fair value measurement of the warrant liability was the expected volatility of the Company. Generally, increases (decreases) in the expected volatility of
the Company would result in a directionally similar impact to the measurement of the Company's stock options.

At December 31, 2015, financial instruments measured at fair value on a recurring basis, based upon the fair value hierarchy are as follows (in
thousands):

Level 1
December 31, 2015

Level 2 Level 3 Tgjal

s s 921 $ $
Derivative liabilities:
Interest rate swaps
Warrants

Total $ $ 921 $
557
557 $

921
557

1,478

I

Inventories
12 Months Ended

Dec. 31, 2015
Inventory Disclosure [Abstract]

Inventories Note 5. Inventories

Inventories consist of the following (in
thousands):

Raw
materials
Work~ir\-
prccess

Total
8,291

$71,258

December 31 ,
2015 2014

62,967 $21,531

2,383

$23,914

I

Solar Energy Systems, Net
12 Months Ended

Dec. 31, 2015

Solar Energv Svstemg
Disclosure lAbstractl
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I

Goodwill and Intangible
Assets, Net

Goodwill And Intangible Assets_
Disclosure [Abstr_a_gt]_

Goodwill andIntangible Assets. Net

Property and Equipment,
net

Propertv Plant And Eqgjplqent
[Abstraqq

Property and Equipment. net

Solar Energy Svstems. Net

Depreciation and amortization expense was $11 ,2 million, $6.4 million and $3.0 million for the years ended December 31, 2015, 2014 and
2013, respectively.

The Company vehicles are assets under capital leases with a corresponding accumulated amortization of $5.8 million and $1 .2 million at
December 31, 2015 and 2014, respectively. Amortization expense related to these assets was $5.3 million and $1 .2 for the years ended December
31, 2015 and 2014 Prior to December 31, 201 a, the Company didnot have any assets under capital leases and therefore, did not record
amortization expense related to these assets in the year ended December 31, 2013.

All solar energy systems, construction-in-progress, and inverters have been leased to or are subject to a signed Customer Agreement with
customers. The Company recorded depreciation expense related to solar energy systems of $70.7 million, $54.7 million and $40.0 million for the
years ended December 31, 2015, 2014 and 2013, respectively. The depreciation expense was reduced by the amortization of deferred grants of
$14.2 million, $13.9 million and $13.4 million for the years ended December 31, 2015, 2014 and 2013, respectively.

Note 7. Property and Equipment, net

Property and equipment, net consists of the following (in thousands):

Note 6. Solar Energy Systems, net

Solar energy systems, net consists of the following (in thousands):

Note 8. Goodwill and Intangible Assets, net

The change in the carrying value of goodwill is as follows (in thousands):

Backlog
Customer relationships
Developed technology '
Trade names
Total

Backlog
Customer relationships
Developed technology
Trade names
Total

The intangible assets were acquired as part of the acquisition of MEC and CEE referred to in Note 3, Acquisitions.

Intangible assets, net as of December 31, 2015 consist of the following (in thousands):

Intangible assets, net as of December 31, 2014 consist of the following (in thousands):

Machinery and equipment
Leasehold improvements, furniture, and

com purer hardware
Vehicles
Com purer software
Total property and equipment
Less: accumulated depreciation and

amortization
Total solar energy systems, net

Solar energy system equipment costs
Inverters
Initial direct costs
Total solar energy systems
Less: accumulated depreciation and

amortization
Add: construction-in-progress

Total solar energy systems, net

Balance-January 1, 2014
Acquisition of MEC (Note 3)
Balance-December 31, 2014
Acquisition of CEE (Note 3)
Balance-December 31, 2015

12 Months Ended

Dec. 31, 2015

12 Months Ended

Dec. 31, 2015

$

$

$

$

December 31,
2014

1,846, 103 1,406,478
177,202 123,910
68_,2B_Q 40,307

2,091 ,585 1,570,695

(212,S71 )
113,107

1,992,021

December 31 ,
2015 2014

2,808 1,031

2015

(21,542)
44,866

10,669
33,048
19,883
68,408

$

$

$

$

$

$

$

51,786
51,786
35,757
a7,54s

(143,028)
56,584

1,484,251

(10,595 )
22,195

e,a8e
a_942

16,4_31
32,790
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The Company recorded amortization of intangible assets expense of $3.7 million and $2.3 for the years ended December 31, 2015 and
2014. As of December31, 2015, expected amortization of intangible assets for each of the five succeeding fiscal years and thereafter is as
follows (in thousands):

2016

2017

2018

2019
2020
Thereafter

Total

$

$

4,205
4,205
4,205
3,335
2,145
4,612

22,705

I

Prepaid Expense and Other

Current Assets

Deferred Costs Capitalized Prepaid And Other Assets Disclosure [Abstract]

Prepaid Expense and Other Current Assets

12 Months Ended
Dec. 31, 2015

Note 9. Prepaid Expense and Other Current Assets

Prepaid expenses and other current assets consist of the following (in
thousands):

Prepaid expenses
Reimbursement receivable
State tax receivable
Other current assets

Trial

December 31, _
2015 2014

$5,134 $ 4,564
337 2,808
427 1,117
798 1,071

$6,696 $ 9,560

I

Accrued Expenses and Other
Liabilities

12 Months Ended
Dec. 31, 2015

Pavables And Accruals [Abstract]

Accrued Expenses and Other Liabilities Note 10. Accrued Expenses and Other Liabilities

Accrued expenses and other liabilities consist of the following (in
thousands):

December 31 ,
2015 2014

Accrued employee
compensation
Other accrued expenses
CEE acquisition consideration
Accrued professional fees

Total

$12,588
9,526

$21,353
19,313

5,000
3,480

$49,148
3,331

$25,445

I

Indebtedness
12 Months Ended

Dec. 31, 2015
Debt Disclosure [AbstractI

Indebtedness Note 11. indebtedness

As of December 31, 2015, debt consisted of the following (in thousands):

Unused
Borrowing
Capacity

Interest
Rate

Maturity
Date

Annual
contractual
Interest Rate_

c urgent

Carrying Vaiues, net of
debt discount
Lonq Term Total

Recourse debt:
Bankline of credit
Totalrecourse debt

$
s

5
$

194,975
194,975

$
$

194,975
194,975

s
$

6.571
6,571

Variesl 3.67% April 2018

Non-recourse debt:
syndicated term foams 926

1,159

169,739 170,665 s,e00 LIBOR + 2.75% Term A
LIBOR + 5.00%. Term B

6.25%
12.00%

3.07%
8.00%
5.25%

12.00%

December 2021
December 2021

April 2022
December 201 a

Bank term loans
Note payable
Solar asset-banked

notes

29,580
33,059

30,739
33,059

3,323 1D5,557 108,880 4.40% -
5.38% -

Class A
Class B

4.40%
5.38%

July 2024
July 2024

Total non-recourse debt
Total debt $

5,408
5,405 $

337.935
532,910 $

343,343
538,318 $

s,s0o.
12,171

1 Loans under the facility bear interest at LIBOR + 3.25% or the Base Rate + 2.25%. The Base Rate is the highest of the Federal Funds Rate +
050%, the Prime Rate, or LIBOR + 100%.

As of December 31, 2014,debt consisted of the following (in thousands):

Unused
Borrowing
Capacity

Annual
contractual
Interest Rate

Interest
Rate

Maturity
Date

Current

Carrying Values, net of
deb! discount
Long Term Total

Recourse debt
Bank line of credit
Total recourse debt

$
$

$
$

48,597
48,597

$ 4B.597
s 4B,587

$
$

Prime Rate + 1.00% 4.25% December 201B

Non-recourse debt
Non-bank term loans
Syndicated term

loans

207

858

2,931

123,613

3,138

124,571

9.08%

5,000 LIBOR +2.75% . Term A

908% December 2024

3.01% December2021
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Bank tem loans
Notepayable
Totalnun-recourse

debt
Total debt

1.437 31 ,945
29,553

38,382
29,563

LIBOR + 5.00% _ Term B
5.25%

12.00%

6.00%
6.25%

12.00%

December 2021
April2022

December 2018

s s
z,s02
2.602

188.052
238,549

190,554
$239,251 s

5,000
5,000

Bank Line of Credit

In December 2014, the Company entered into credit facility agreements with a syndicate of banks to borrow amounts that were used to pay ofT
an existing line of credit, and obtain funding for working capital and general corporate purposes. The credit facility agreements had a $50.0 million
committed facility which included a $1.0 million letter of credit sub-facility. On April 1, 2015, the Company paid off the unpaid balance of $49.7 million
under the credit facility agreements, which included accrued interest and other fees, and terminated the facility.

In April 2015, the Company entered into a new syndicated working capital facility with banks for a total commitment of up to $205.0 million. The
working capital facility is secured by substantially all of the unencumbered assets of the Company as well as ownership interests in certain subsidiaries
of the Company.

Under the terms of the new working capital facility, the Company is required to meet various restrictive covenants, including meeting certain
reporting requirements, such as the completion and presentation of audited consolidated financial statements, The Company is also required to
maintain minimum unencumbered liquidity of at least $25.0 million in the aggregate as of the last day of each calendar month. The Company is further
required to maintain a modified interest coverage ratio of 2.0021.00 or greater, measured quarterly as of the last day of each quarter. The Company
was in compliance with all debt covenants as of December31 , 2015.

Non-Bank Term Loans

In 201 s, a subsidiary of the Company entered into an agreement with a non-bank lender for a term loan with an aggregate amount of up to
$119.5 million. The proceeds of this term loan were principally used to finance the design, procurement, and installation of solar systems. The loan was
collateralized by the assets and related cash flows of the borrower subsidiary and is non-recourse to our other assets.

In April 2015, the Company paid $3.5 million to repay the remaining outstanding balance of the non-bank term loan and incurred a loss on
extinguishment charge of $0.4 million, which is recorded in non-operating loss from ordinary operations on our statement of operations.

Syndicated Credit Facilities

In December 2o14, subsidiaries of the Company entered into secured credit facilities agreements with a syndicate of banks for up to $195.4
million in committed facilities. These facilities include a $158.5 million senior term loan ("Term Loan A") and a $24.0 million subordinated term loan
("Term Loan B"). In addition, the credit facilities also include a $5.0 million working capital revolver commitment and a $7.9 million senior secured
revolving letter of credit facility which draws are solely for the purpose of satisfying the required debt service reserve amount if necessary. Term Loan A,
the working capital revolver and the letter of credit bear interest at a rate of LlBOR + 2.75% with a 25 basis point step up triggered on the fourth
anniversary. Term Loan B bears interest at a rate of LIBOR + 5.00% with a LIBOR floor of not less than 1.00%. Prepayments are permitted under Term
Loan A at par without premium or penalty, and under Term Loan B prepayment penalties range from 0%-2%, depending on the timing cf the
prepayment. The proceeds of these facilities were used to repay certain non-bank term loans of $94.4 million and to fund general corporate needs.

One of the Company's subsidiaries is the borrower under the Term Loan A agreement and another of the Company's subsidiaries is the
borrower under the Term Loan B agreement. All obligations under the Term Loan A, working capital revolver and letter of credit are collateralized by the
subsidiary borrower's membership interests and assets in the Company's investment Funds. All obligations under the Term Loan B are collateralized by
the membership interest in the subsidiary borrower. The credit facilities also contain certain provisions in the event of default, which entitle lenders to
take actions, including acceleration of amounts due under the credit facilities and acquisition of membership interests and assets that are pledged to the
lenders under the terms of the credit facilities.

The Company is required to maintain certain financial measurements and reporting covenants under the terms of the credit facilities. At
December 31, 2015, the Company was in compliance with the credit facility covenants,

Bank Term Loan

in December201a, a subsidiary of the Company entered into an agreement with a bank for a term loan of $38.0 million. The proceeds of this
term loan were distributed to the members of this subsidiary, including the Company. The loan is secured by the assets and related cash flow of this
subsidiary and is nonrecourse to the Company's other assets. The Company was in compliance with all debt covenants as of December 31, 2015.

Notes Payable

In December 2013, a subsidiary of the Company entered into a Note Purchase Agreement with an investor for the issuance of senior notes in
exchange for proceeds of $27.2 million, The loan proceeds were distributed to the Company for general corporate purposes. On the last business day
of each quarter, commencing with March 31, 2014, to the extent the Company's subsidiary has insufficient funds to pay the full amount of the stated
interest of the outstanding loan balance, a PIK interest rate of 12% is accrued and added to the outstanding balance. As of December 31. 2015 and
2014, the portion of the outstanding loan balance that related to PIK interest was $6.3 million and $2.9 million, respectively. The senior notes are
secured by the assets and related cash flows of certain of the Company's subsidiaries and are nonrecourse to the Company's other assets. The entire
outstanding principal balance is payable in full on the maturity date. The Company was in compliance with all debt covenants as of December 31, 2015.

Solar Asset-Backed Notes

In July2015, the Company entered into a securitization transaction pursuant to which the Company pooled and transferred qualifying solar
energy systems and related lease agreements secured by associated customer contracts ("Solar Assets") into a special purpose entity ("Issues"'), and
issued $100.0 million in aggregate principal of Solar Asset-Backed Notes, Series 2015-1, Class A, and $11,0 million in aggregate principal of Solar
Asset-Backed Notes, Class B, backed by these Solar Assets to certain investors ("Notes"). The Issuer is wholly owned by the Company and is
consolidated in the Company's financial statements. Accordingly, the Company did not recognize a gain or loss on the transfer of these assets. As of
December 31, 2015, these Solar Assets had a carrying value of $190.2 million and are included under Solar energy systems, net, in the consolidated
balance sheets. The Notes were issued at a discount of 0.08%.

The Company retained $7.3 million net of fees from proceeds from the Notes, In connection with the transaction, the Company modified two
lease pass-through arrangements with an investor. The lease pass-through arrangements had been accounted for as a borrowing and any amounts
outstanding from the arrangements were reported as lease pass-through financing obligation as further explained in Note 13, Lease Pass-Through
Financing Obligations. The balance that was then outstanding under these arrangements was $119.7 million.The Company partially repaid this
obligation by paying the investor an aggregate amount of $88.9 million. The Company accounted for the modification of the lease pass-through
obligation as a modification of debt and did not record any gain or loss on the transaction.

The modified lease-pass through arrangements require the majority of the cash flows generated by the Solar Assets to be passed on to the
Issuer through monthly lease payments from the investor, Those cash flows are used to service the monthly Note principal and interest payments and
satisfy the lssuel"s expenses, and any residual cash flows are retained by the fund investor and recorded as a reduction in the remaining financing
obligation. The Company recognizes revenue earned from the associated Customer Agreements in accordance with the Company's revenue
recognition policy. The assets and cash flows generated by the Solar Assets are not available to the other creditors of the Company, and the creditors
of the Issuer, including the Note holders, have no recourse to the Company's other assets. The Company was in compliance with all debt covenants as
of December 31, 2015.

The schedules maturities of debt, excluding debt discount, as of December 31, 2015 are as follows (in thousands:
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$2016
2017

2018
2019

2020

Thereafter

Subtotal

Less: Debt Discount

Total

$

s,3s0

7,392
238,250

9,253

11 ,414

_273,69_3_
546,332

$
(8,014)

538,318

l

Derivatives
12 Months Ended

Dec. 31, 2015

Derivative Instruments And
Had hint: Aetivi_ties_Qisclosu re
IAbstract1

Derivatives Note 12. Derivatives

InterestRate Swaps

Starting in 2015, the Company uses interest rate swaps to hedge variable interest payments due on its syndicated term loans. These swaps
allow the Company to pay at fixed interest rates and receive payments based on variable interest rates with the swap counterparty based on the
three month LIBOR on the notional amounts over the life of the swaps. The Company did not use interest rate swaps prior to 2015,

In January 2015, the Company purchased interest rate swaps with a notional amount aggregating $109.1 million. The interest rate swap
contracts were executed with four counterparties who were pan of the lender group on the Company's syndicated term loans. As of December 31 ,
2015 the unrealized fair market value loss on the interest rate swaps was $0.9 million as included in other liabilities in the consolidated balance sheet.

The interest rate swaps have been designated as cash flow hedges. In the year ended December 31, 2015, the hedge relationships on the
Company's interest rate swaps have been assessed as highly effective as the critical terms of the interest rate swaps match the critical terms of the
underlying forecasted hedged transactions. Accordingly, changes in the fair value of these derivatives are recorded as a component of accumulated
other comprehensive loss, net of a provision for income taxes. Changes in the fair value of these derivatives are subsequently reclassified into
earnings, and are included in interest expense, net in the Company's statement of operations, in the period that the hedged forecasted transactions
affects earnings During the next twelve months, the Company estimates that an additional $1 .7 million will be reclassified as an increase to interest
expense, There were no undesignated derivative instruments recorded by the Company as of December 31, 2015.

At December 31, 2015, the Company had the following designated derivative instruments classified as derivative liabilities as reported in
other liabilities in the Comparly's balance sheet (in thousands, other than quantity and interest rates):

Tvne Quan!iW

4 10/31/2028

Manu-icy
Dates

Hedge
Interest

_Raines
2.17%
-2.18%

National
Amount

Fair
Market
Value

Credit Risk
Adjustment

Adjusted
Fair

Market
Value

Defined
Tax

Benefit

Loss
Recognized in
Accumulated

Comprehensive
Loss

Interest
Expense

Recognized
into

Eaminqs__
Interest rate

swaps $109,143 $ 364 s 537 s 921 s $ 921 $ 1,521

Warrants

In July 2015, the Company entered into a letter of intent to issue 1,250,764 warrants to purchase the Company's common stock to the former
Series D and E preferred stockholders as an inducement to convert their shares of convertible preferred stock into shares of common stock
immediately prior to the closing of the Company's initial public offering and waive any potential anti-difution adjustments resulting from the issuance of
shares in the Company's common stock in the Company's initial public offering. The warrants were issued on September 30, 2015. The warrants are
exercisable for three years from the date of grant and have an exercise price of $22.50 per share. The wan'ant derivatives are recorded at fair value
as derivative liabilities as reported in other liabilities in the Company's consolidated balance sheet. The fair market value of the warrants on the
commitment date was $1 .5 million. The warrants are remeasure at each reporting period with the changes in the fair value presented in other
expenses in the Company's statement of operations.

At December 31, 2015, the fair market value of the warrant was $0.6 million, resulting in a gain of $0.9 million for the year ended December
31, 2015.

I

12 Months Ended

Dee. 31, 2015

Lease Passthrough
Financing Obligations

Pronertv Subject To Or
Available For Operating Lease
Net [Abstract]

Lease Passthrough Financing
Obligations

Note 13. Lease Passthrough Financing Obligations

The Company has five ongoing transactions referred to as 'lease pass~through arrangements." Under lease pass-through arrangements,
the Company leases solar energy systems to Fund investors under a master lease agreement, and these investors in turn are assigned the leases
with customers. The Company receives all of the value attributable to the accelerated tax depreciation and some or all of the value attributable to
the other incentives. The Company assigns to the Fund investors the value attributable to the ITC, and, for the duration of the master lease term,
the long-term recurring customer payments. Given the assignment of the operating cash flows, these arrangements are accounted for as financing
obligations. In addition, in one of the lease pass-through structures, the Company sold, as well as leased, solar energy systems to a Fund investor
under a master purchase agreement. As the substantial risks and rewards in the underlying solar energy systems were retained by the Company,
this arrangement was also accounted for as a financing obligation.

Under these lease pass~through arrangements, wholly owned subsidiaries of the Company finance the cost of solar energy systems with
investors for an initial term of 20 - 25 years. The solar energy systems are subject to Customer Agreements with an initial term not exceeding 20
years. These solar energy systems are reported under the line item solar energy systems, net in the consolidated balance sheets. As of
December 31, 2015 and 2014, the cost of the solar energy systems placed in service under the lease pass-through arrangements was $447.4
million and $322.2 million, respectively. The accumulated depreciation related to these assets as of December 31, 2015 and 2014 was $33.5
million and $19,3 million, respectively.

The investors make a series of large up-front payments and in certain cases subsequent smaller quarterly payments (lease payments) to
the subsidiaries of the Company. The Company accounts for the payments received from the investors under the arrangements as borrowings by
recording the proceeds received as lease pass-through financing obligations. These financing obligations are reduced over a period of
approximately 20 years by customer payments under the Customer Agreements, U.S. Treasury grants (where applicable), incentive rebates
(where applicable), the fair value of the ITs monetized (where applicable) and proceeds from the contracted resale of SRECs as they are
received by the investor. Under this approach, the Company continues to account for the an'angement with the customers in its consolidated
financial statements as if it is the lessor in the arrangement with the customer and accounts for the customer lease and any related U.S. Treasury
grants or incentive rebates as well the resale of SRECs consistent with the Company's revenue recognition accounting policies and the
monetization of investment tax credits as described in Note 2, Summary of Signir7cant Accounting PoHcies.
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Interest is calculatedon the lease pass-through financing obligations using the effective interest rate method. The effective interest rate
which is adjusted on a prospective basis, is the interest rate that equates the present value of the estimated cash amounts, including ITs, to be
received by the investor over the lease term with the present value of the cash amounts paid by the investor to the Company, adjusted for amounts
received by the investor. The lease pass-through financing obligations are nonrecourse once the associated assets have been placed in service
and all the contractual arrangements have been assigned to the investor

Under four of the lease pass-through arrangements, the investor has a right to extend its right to receive cash flows from the customers
beyond the initial term in certain circumstances, The Company has the option to settle the outstanding financing obligation on the ninth anniversary
for two of the tease pass-through obligations and on the eleventh anniversary for two of the lease pass-through financing obligations at a price
equal to the higher of (a) the fair value of future remaining cash flows or (b) the amount that would result in the investor earning their targeted
return. in three of these lease pass-through arrangements, the investor has an option to require repayment of the entire outstanding balance of the
financing obligation on the tenth anniversary at a price equal to the fair value of the future remaining cash flows In the fourth lease pass through
arrangement, the investor has an option to require repayment of the entire outstanding balance of the financing obligation three business days
prior to the 7th anniversary and on the 10th anniversary at a price equal to the fair value M the future remaining cash flows

In the fifth lease pass-through arrangement, the investor has a right, on June 30, 2019, to purchase all of the systems leased at a price
equal to the higher of (a) the sum of the present value of the expected remaining lease payments due by the investor, discounted at 5%, and the
fair market value of the investors residual interest in the systems as determined through independent valuation or (b) a set value per kilowatt
applied to the aggregate size of all leased systems

Under all lease pass-through arrangements, the Company is responsible for services such as warranty support, accounting, lease
servicing and performance reporting to the host customers. As part of the warranty and performance guarantee with the host customers, the
Company guarantees certain specified minimum annual solar energy production output for the solar energy systems leased to the customers
which the Company accounts for as disclosed in Note z, Summary of Significant Accounting Policies

As discussed in Note 11, Indebtedness, in connection with the pooling of assets related to the securitization transaction entered into in July
2015, an aggregate amount of $889 million of the lease pass-through financing obligation was repaid

In September 2015, the Company entered into a new lease pass-through arrangement and in connection with this arrangement, the
Company agreed to defer a portion (up to 25%) M the amounts required to be paid upfront under the arrangement through a loan between an
indirectly wholly owned subsidiary of the Company and a subsidiary of the fund investor. The term loan agreement is for an aggregate amount up
to $30.0 million. The loan is collateralized by the related cash flows assigned to the fund investor, There is a legal right to offset the loan if an event
of default has occurred Therefore, the lease pass-through related to this arrangement is recorded net of the loan. As of December 31, 2015, the
loan amount was $21.8 million

At December 31, 2015, future minimum lease payments expected to be made by the investor under the lease pass-through fund
arrangement for each of the next five years and thereafter are as follows (in thousands)

Thereafter
Total

VIE Arrangements
12 Months Ended

Dec. 31. 2015

Variable Interest En_ti§x
Disclosure [Abstract]

VIE Arrangements Note 14. VIE Arrangements

The Company consolidated various VlEs at December 31, 2015 and 2014. The carrying amounts and classification of the VlEs' assets and
liabilities included in the consolidated balance sheets are as follows (in thousands)

December 31

Assets
Current assets

44.407 $ 29.099

12.965 14.351

55.195 43.858
$

Restricted cash
Accounts receivable. net
Prepaid expenses and other current assets
Total current assets
Restricted cash
Solar energy systems, net
Total Assets $

1.305.420
1.363.615 $

942.655
9B6,878

11.025 $

16.991

Liabilities
Current liabilities
Accounts payable
Distribution payable to no controlling interests

and redeemable no controlling interests
Accrued expenses and other liabilities
Deferred revenue, current portion
Deferred grants, current portion
Long-term debt, current portion
Total current liabilities
Deferred revenue, net of current portion
Deferred grants, net of current portion
Long-term debt, net of current portion
Total liabilities $

48.964
353.392
108.528
29,580

540,464
$
$

41.476
284.801
116.126
31.945

474,348

The Company holds a variable interest in an entity that provides the no controlling interest with a right to terminate the leasehold interests
in all of the leased projects on the tenth anniversary of the effective date of the master lease. In this circumstance, the Company would be required
to pay the no controlling interest an amount equal to the fair market value, as defined in the governing agreement of all leased projects as of that

The Company holds certain variable interests in no consolidated VIEs established as a result of five lease pass-through Fund
arrangements as further explained in Note 13, Lease Pass-Through Financing Obligations. The Company does not have material exposure to
losses as a result of its involvement with the VlEs in excess of the amount of the financing liability recorded in the Company's consolidated financial
statements The Company is not considered the primary beneficiary of the VlEs
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In 2013, the Company acquired an investor's interest in three consolidated VIEs for a total cash consideration of $22.0 million. In these
three entities, the Company was contractually required to make payments to the investor so that the investor achieved a specified minimum internal
rate of return upon occurrence of certain events, Upon purchase of the investor's stake in these entities, this obligation was satisfied. This
transaction decreased the Company's additional paid-in-capital, net of the related tax impact, by $2.8 million.

i

Redeemable Noncontrolling
Interests

Equitv IAbstrac¢l
Redeemable Noncontrolling
Interests

12 Months Ended

Dee. 31, 2015

Note 15. Redeemable Noncontrolling Interests

During certain specified periods of time (the "Early Exit Periods"), no controlling interests in certain funding arrangements have the right to
put all of their membership interests to the Company (the "Put Provisioris"). During a specific period of time (the "Call Periods"), the Company has the
right to call all membership units of the related redeemable no controlling interests

The carrying value of redeemable no controlling interests at December 31, 2015 and 2014 was greater than the redemption value, except for
two funds at December 31, 2015 and 2014, where the carrying value has been adjusted to the redemption value.

I

Stockholders' Equity
12 Months Ended

Dec. 31, 2015

Equitv  [Abstract]

Stockholders' Equity Note 16. Stockholders' Equity

On August 10, 2015, the Company closed its initial public offering in which 17,900,000 shares of common stock were sold at a public offering
price of $14.00 per share, resulting in net proceeds of approximately $221.3 million, after deducting underwriting discounts and commissions and $75
million in offering expenses paid by the Company, and excluding the proceeds received by the selling stockholders who sold an aggregate of 417,732
shares of the total 17,900,000 shares sold in the initial public offering.

Convertible Preferred Stock

Immediately prior to closing of the Company's initial public offering, all 54,840,767 shares of the Company's outstanding preferred stock were
automatically conveNed into shares of the Company's common stock. In addition, the Company issued 1,667,683 shares of common stock and
executed a letter of intent to issue 1,250,764 warrants subject to contingencies being met to purchase the Company's common stock to the former
Series D and E preferred stockholders as an inducement to convert their shares of convertible preferred stock into shares of common stock
immediately prior to the closing of the Company's initial public offering and to waive any potential anti-dilution adjustments resulting from the issuance
of shares in the Company's common stock in the Company's initial public offering. The additional shares and warrants resulted in a beneficial
conversion feature as a result of the inducement for Series D and E preferred stock and the Company recognized a $24.9 million deemed dividend to
Series D and E preferred stockholders at the conversion date. This non~cash charge impacts net loss attributable to our common stockholders and
basic and diluted net loss per share applicable to common stockholders. The warrants were issued on September30, 2015 and are considered
freestanding derivatives as disclosed in Note 12, Derivatives.

The Company did not have any convertible preferred stock issued and outstanding as of December 31, 2015. The Company had five series of
convertible preferred stock as follows as of December 31, 2014 (in thousands, except per share amounts):

Noncumulative
Dividend Per

Share Per
Annum

Series A
Series B
Series C
Series D
Series E

Total

$ 0.08
0.14
0.32
0.74
1.11

Shares
L-\uthorized

12,043
10,758
13,613
7,584

13,030
57,028

Shares
Issued

and
Outstanding

12,007
10,758
13,613
7,584

10,879
54,841

Aggregate
Liquidation
Preference

$ 12,007
18,420
55,000
70,000

150,456
305,883$

From the inception of the Company through December 31, 2015, no dividends have been declared or paid other than the $24.9 million deemed
dividend to Series D and E preferred stockholders in August 2015

Common Stock

. The Company has reserved sufficient shares of common stock for issuance upon the exercise of stock options and the exercise of warrants
Common stockholders are entitled to dividends if and when declared by the board of directors, subject to the prior rights of the prefen'ed stockholders.
As of December 31, 2015, no common stock dividends had been declared by the board of directors.

The Company has reserved shares of common stock for issuance as follows (in thousands):

December 31 ,
2015 2014

- 12,007
_ 10,758
_ 13,613
- 7,584
. - 10,879

Series A Convertible Preferred Stock
Series B Convertible Preferred Stock
Series C Convertible Preferred Stock
Series D Convertible Preferred Stock
Series E Convertible Preferred Stock
Stock option plans

Shares available for grant
2013 Equity Incentive Plan
2015 Equity Incentive Plan
2015 Employee Stock Purchase Plan

Options outstanding
Restricted stock units outstanding

Total

694

12,008
1 ,too

12,795
1 ,506

27,307

11 ,408
947

67,890

|

Stock-Based Compensation
12 Months Ended

Dec. 31, 2015
Disclosure Of Compensation
Related Costs Sharebased
Payments [Abstract]

Stock-Based Compensation Note 17. Stock-Based Compensation
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MEC 2009 Stock Plan

In connection with the MEC acquisition in February 2014, the Company assumed nonstatutory stock options granted under the Mainstream
Energy Corporation 2009 Stock Plan (the "MEC Plan') held by MEC employees who continued employment with the Company after the closing and
converted them into options to purchase shares of the Company's common stock. The MEC Plan was terminated on the closing of the acquisition but
the outstanding awards under the MEC Plan that the Company assumed in the acquisition will continue to be governed by their existing terms. As of
December 31, 2015, options to purchase 527,770 shares of the Company's common stock remained outstanding under the MEC Plan

2013 Equity Incentive Plan

In July 2013, the Board of Directors approved the 2013 Plan. InMarch2015, the Board of Directors authorized an additional 3,000,000
shares reserved for issuance under the 2013 Plan. An aggregate of 4,500,000 shares of common stock are reserved for issuance under the 2013
Plan plus (i) any shares that were reserved but not issued under the plan that was previously in place, and (ii) any shares subject to stock options or
similar awards granted under the plan that was previously in place that expire or otherwise terminate without having been exercised in full and shares
issued that are forfeited lo or repurchased by the Company, with the maximum number of shares to be added to the 2013 Plan pursuant to clauses
(i) and (ii) equal to 8,044,829 shares. Stock options granted to employees generally have a maximum term of ten-years and vest over a four-year
period from the date of grant, 25% vest at the end of one year, and 75% vest monthly over the remaining three years. The options may include
provisions pemlitting exercise of the option prior to full vesting Any unvested shares shall be subject to repurchase by the Company at the original
exercise price of the option in the event of a termination of an optioned's employment prior to vesting. All the remaining shares that were available for
future grants under the 2013 Plan were transferred to the2015 Equity Incentive Plan ("2015 Plan') at the inception of the 2015 Plan. As of
December 31, 2015, the Company had not granted restricted stock or other equity awards (other than options) under the2013 Plan

2014 Equity Incentive Plan

In August 2014, the Board approval the 2014 Equity Incentive Plan ("2014 Plan"). An aggregate of 947,342 shares of common stock are
resewed for issuance under the2014 Plan. The 2014 Plan was adopted to accommodate a broader transaction with a sales entity and to allow for
similar transactions in the future. In July 2015, the Board approved an increase in the number of shares of common stock reserved to 1,197,342 As
of July2015, the Company granted all 1,197,342 restricted stock units ("RSUs") available under the 2014 Plan

2015 Equity Incentive Plan

In July 2015, the Board approved the 2015 Plan. An aggregate of 11,400,000 shares of common stock are reserved for issuance under the
2015 Plan plus (i) any shares that were reserved but not issued under the 2013 Plan at the inception of the 2015 Plan, and (ii) any shares subject to
stock options or similar awards granted under the 2008 Plan, 2013 Plan and 2014 Plan that expire or otherwise terminate without having been
exercised in full and shares issued that are forfeited to or repurchased by the Company, with the maximum number of shares to be added to the
2015 Plan pursuant to clauses (i) and (ii) equal to 15,439,334 shares. Stock options granted to employees generally have a maximum term of ten
years and vest over a four-year period from the date of grant, 25% vest at the end of one year, and 75% vest monthly over the remaining three years
The options may include provisions permitting exercise of the option prior to full vesting. Any unvested shares shall be subject to repurchase by the
Company at the original exercise price of the option in the event off a termination of an optionee's employment prior to vesting. RSUs granted to
employees generally vest over a four-year period from the date of grant, 25% vest at the end of one year, and 75% vest quarterly over the remaining
three years.

Stock Options

The following table summarizes the adcivity for all stock options under the Company's equity incentive plans for the year ended December 31
2015 (shares in thousands):

Weighted
Average

Options Exercise Price
Outstanding Outstanding

11.408 $

Weighted
Average

Remaining
Contractual Life

Outstanding at December 31, 2014
Granted
Exercised
Cancelled I forfeited

Outstanding at December 31, 2015

(1,210)
(1,209)
12.795 $

Options vested and exercisable at
December 31, 2015

Options vested and expected to
vest at December 81 . 2015 10.460 $

As of December 31, 2015, 180,000 outstanding stock options had a performance feature that is required to be satisfied before the option is
vested and exercisable. There were 517.285 and 469,000 unvested exercisable shares as of December 31, 2015 and December 31, 2014
respectively, which are subject to a repurchase option held by the Company at the original exercise price, These exercisable but unvested shares
have a weighted average remaining vesting period of 3.2 years. There was no exercise of unvested options in the year ended December 31, 2015
and 2014. There were no unvested options subject to repurchase as of December31, 2015 and 2014

The weighted~average grant-date fair value of stock options granted during the year ended December 31, 2015, 2014 and 2013 were $4.56
$3.72 and $1 .77 per share, respectively. The total intrinsic value of the options exercised during the year ended December 31, 2015, 2014 and2013
was $8.1 million, $4.8 million and $1.4 million, respectively. The intrinsic value is the difference of the current fair value d the stock and the exercise
price of the stock option. The total fair value of options vested during the year ended December 31, 2015, 2014 and 2013 was $9.1 million, $3.9
million and $2.3 million, respectively

The Company estimates the fair value of stock-based awards on their grant date using the Black-Scholes option-pricing model. The
Company estimates the fair value using a single-option approach and amortizes the fair value on a straight-line basis for options expected to vest. All
options are amortized over the requisite service periods of the awards, which are generally the vesting periods

The Company estimated the fair value of stock options with the following assumptions

Year Ended December 31

0.82%-2.063
%-55.80%

Risk-free interest rate
Volatility
Expected term (in years)
Expected dividend yield

Vo-1 .95%
ss.s0%<a9.63%

5.50-6.23
0. 00 %

1 .S8%-2.01 %
37.41%-46.68%

534-6.08
0.00% 000%

The expected term assumptions were determined based on the average vesting terms and contractual lives of the options. The risk-free
interest rate is based on the rate for a U.S. Treasury zero-coupon issue with a term that approximates the expected life of the option grant. For stock
options granted in the year ended December 31, 2015, 2014 and 2013, the Company considered the volatility data of a group of publicly traded peer
companies in its industry. Forfeiture rates are estimated using the Company's expectations of forfeiture rates for the Company's employees and are
adjusted when estimates change. The estimation of stock awards that will ultimately vest requires judgment, and to the extent actual results or
updated estimates differ from the Company's current estimates, such amounts will be recorded as a cumulative adjustment in the period the
estimates are revised. The Company considers many factors when estimating expected forfeitures, including historical forfeiture pattern, the types of
awards and employee class. Actual results, and future changes in estimates, may differ substantially from management's current estimates
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Restricted Stock Units

in 2014, the Company granted a total of 947,342 RSUs that are subject to certain performance targets to a third party partner. The RSUs will
vest upon the third party originating certain thresholds of expected megawatts in new systems for the period starting August2014 and ending August
2017. In addition, these RSUs are subject to a clawback provision that requires the holder of the RSUs to either forfeit all the RSUs or pay the
Company the grant date fair value for all RSUs that are not forfeited if the third party breaches the exclusivity provision of the parties' commercial
agreement. Additionally, 372,342 of these RSUs are also subject to an additional performance-based clawback provision that is based on the third
party originating certain additional thresholds of expected megawatts in new systems from April 2016 through September 2017. Both the exclusivity
and performance-based clawback provisions expire in 2017.

The performance-based provision is considered substantive As a result, the Company will start recognizing expense when the performance
targets are met. The Company recognized $0.8 million compensation expense in the year ended December 31, 2015 as certain performance targets
were met

In 2015, the Company granted 250,000 RSUs to a third party partner, in addition to RSUs granted to employees as part of the 2015 Equity
Incentive Plan. As of December 31, 2015, 783,228 outstanding RSUs had a performance feature that is required to be satisfied before the option is
vested and exercisable. The following table summarizes the activity for all RSUs under all the Company's equity incentive plans for the year ended
December 31, 2015 (shares in thousands):

Unvested balance at December 31, 2014
Granted
Issued
Cancelled I forfeited

Unvested balance at December 31, 2015

Shares
947 $
808

(182)
(67)

1,506 $

Weighted
Average Grant

Date Fair
Value

9.40
11.13
958

_ _11 .37
10.44

Employee Stock Purchase Plan

In July 31, 2015, the board of directors approved the 2015 Employee Stock Purchase Plan ("ESPP") and adopted the ESPP in August 2015,
under which 1,000,000 shares of the Company's common stock have been resewed for issuance to eligible employees. The number of shares of
common stock available for sale under the Company's ESPP will also include an annual increase on the first day of each fiscal year beginning on
January 1, 2016, equal to the least of (i) 5,000,000 shares (ii)2% of the common stock as of the last day of the immediately preceding fiscal year or
(iii) such other amount as the Company's board of directors may determine. Employees are offered shares bi»annually through two six month offering
periods, which begin on the first trading day on or after May 15 and November 15 of each year. The first offering period began on November 16,
2015 Employees may purchase a limited number of shares of the Company's common stock via regular payroll deductions at a discount of 15% of
the lower of the fair market value of the Company's common stock on the first trading date of each offering period or on the exercise date. Employees
may deduct up to 15% of payroll up to $25,000 per calendar year, with a cap of 2,000 shares per employee per offering period, As of December 31,
2015 the Company has 1,000,000 total shares of common stock resewed for issuance under the 2015 ESPP.

Inputs used to calculate our stock based compensation for each stock purchase right granted under the 2015 ESPP included risk-free interest
rate of 0.33%, expected volatility of 33.84%, expected term of 0.5 years and expected dividend yield rate of 0.00%.

Stock-Based Compensation Expense

The Company recognized stock-based compensation expense, including the compensation expense resulting from the sales of common
stock by employees and former employees to existing investors and ESPP expenses, in the consolidated statements of operations as follows (in
thousands):

$ $Cost of operating leases and incentives
Cost of solar energy systems and product sales
Sales and marketing
Research and development
General and administration

Total $

Year Ended December 31,
2015 2014 2013

1,649 155 $ 116
236 682

5,242 897 474
205 270 379

8,491 7,214 1,eae
15,823 9,218 2,655$ $

In the year ended December 31, 2015 and 2014, the Company recognized $1 .6 million and $3,4 million, respectively, in compensation
expense resulting from sales of 1,131 ,028 shares and 1,092,421 shares, respectively, by employees and former employees to existing investors for
amounts in excess of the deemed fair value.

The Company capitalized $0.2 million, $0.1 million and $0.0 million of stock based compensation for internal use software development
projects during the years ended December 31, 2015, 2014 and 2013, respectively.

As of December 31, 2015 and 2014, total unrecognized compensation cost related to outstanding stock options was $208 million and $12.1
million, respectively, which is expected to be recognized over a weighted-average period of 2.8 years and 2.8 years, respectively.

I

Retirement Plan
12 Months Ended

Dec. 31, 2015

Compensation And Retirement
Disclosure [Abstract]

Retirement Plan Note 18. Retirement Plan

The Company offers a retirement plan qualified under Section 401 (k) of the Code to its employees (the "401 (k) plan"). The
available investments ere selected by the Company and allow participants to defer pre-tax amounts to the plan as allowed by the Code.

Upon acquisition of MEC. the Company incurred post-acquisition contributions of $0.5 million to the MEC 401(k) plan for the year
ended December 31, 2014. The MEC 401(k) plan was terminated effective December 31, 2014.

l

Operating Revenues under
Customer Agreements

Leases Operating IAbstraetl

Operating Revenues under Customer
Agreements

12 Months Ended

Dee. 31, 2015

Note 19. Operating Revenues under Customer Agreements

Customer Agreements representing PPAs require customers to make payments to Sur run based on the electricity production of the
related Project, whereas Customer Agreements representing leases require fixed monthly payments from customers.
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Total revenue from customers' contingent payments under PPAs recognized in the years ended December 31, 2015, 2014 and 2013
was $59.8 million, $42.8 million and $31 .5 million, respectively

Future minimum lease payments to be received from customers whose Customer Agreements represent non-cancelable leases are
as follows (in thousands)

Thereafter
Total $

13.557
13.697
13.817
13.939
14.065

199.278
268,353

12 Months Ended
Income Taxes

Income Tax Disclosure
lAbstractl

Income Taxes Note to. Income Taxes

The following table presents the loss before income taxes for the periods presented (in thousands)

For the year ended December 31

33,545 $ 80,895 $Loss attributable to common stockholders
Loss attributable to no controlling interest and

redeemable no controlling interests
Total $

220.660
254,205 $

85.638
167,533 $

64.294
66.086

The income tax provision (benefit) consists of the following (in thousands)

For the year ended December 31

Current
Federal
State

Total current expense
Deferred

Federal
State

Total deferred provision
Total

(7,516) (1,114)

(5,299)
(5,299) $

(8,195)
(1,847)

(10,043l
(10,043) $

(760)
(591 )

The following table represents a reconciliation of the statutory federal rate and the Compariy's effective tax rate for the periods presented

For the year ended December 31

(a400)% (34.00)%
(1.10)

(34.00)%Tax provision (benefit) at federal statutory rate
State income taxes. net of federal benefit
Effect of no controlling and redeemable

ncncontrolling interests
Stock-based compensation
Effect of prepaid tax asset
Tax credits
Other

(0.43) (0.22) (2.16)
(0.56)
(0.B9)%(2.08)% (5.99)%

Deferred income taxes reflect the net tax effects of temporary differences between the carrying amounts of assets and liabilities for financial
reporting purposes and the amounts used for income tax purposes The following table represents significant components of the Company's deferred
tax assets and liabilities for the periods presented (in thousands)

December 31

$12,904
34.710

229.464 176.555

Deferred tax assets
Accruals and repaids
Deferred revenue
Net operating loss carryforwards
Stock-based Compensation
Investment tax and other credits
Gross deferred tax assets

Deferred tax liabilities
Capitalized initial direct costs
Fixed asset depreciation
Deferred tax on investment in partnerships
Gross deferred tax liabilities

Net deferred tax liabilities

11.261
292.087 234197

$

27.539
178.511
276.183
482.233

(190,146) $

142.866
184.240
343.746

(109,549 )

An analysis of deferred tax liabilities is as follows (in thousands)

December 31

Deferred tax assets
Deferred tax liabilities

Net deferred tax liabilities $

292,087 $
482.233

(190,146) $

234,197
(343,746)
(109.549 )

As of December 31 , 2015, the Company had net operating loss carryforwards for federal, California and other state income tax purposes of
approximately $595.0 million, $368.0 million and $178.6 million, respectively, which will begin Io expire in the year 202B, 2020 and 2020, respectively, if
not utilized Of the federal, California, and other state NOL carryover, $5.3 million, $1 .3 million and $2.5 million relates to windfall stock option
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deductions which, when realized, will be an increase to additional paid in capital. As of December 31, 2014, the Company had net operating loss
carryforwards for federal, California and other state income tax purposes of approximately $454.5 million, $283.1 million and $126.5 million,
respectively. of the federal, California, and other state NOL carryover, $1.8 million, $1.1 million and $0.5 million relates to windfall stock option
deductions which, when realized, will be an increase to additional paid in capital.

As of December 31, 2015, the Company has an investment tax credit carryforward of approximately $4.2 million and California enterprise zone
credits of approximately $1 .0 million, which begins to expire in the year2028 and 2023, respectively, if not utilized. As of December 31, 2014, the
Company has an investment tax credit carryforward of approximately $2.4 million and California enterprise zone credits of approximately $08 million.

Generally, utilization of the net operating loss carryforwards and credits may be subject to a substantial annual limitation due to the ownership
change limitations provided by the Internal revenue Code (IRC) of 1988, as amended and similar state provisions. The Company perfumed an
analysis to determine whether an ownership change under Section 382 of the Code had occurred and determined that no ownership changes were
identified as of December 31, 2015.

Valuation allowances are provided against deferred tax assets to the extent that it is more likely than not that the deferred lax asset will not be
realized. The Company's management considers all available positive and negative evidence including its history of operating income or losses, future
reversals of existing taxable temporary difference, taxable income in carryback years and tax-planning strategies. The Company has concluded there
was sufficient positive evidence based on the reversal pattern of the deferred tax liability and available tax planning strategies being relied upon at the
end of December 31, 2015 and December 31, 2014 to support the position that the Company does not need to maintain a valuation allowance on
deferred tax assets.

Uncertain Tax Positions

The Company files tax returns as prescribed by the tax laws of the jurisdictions in which it operates. In the ncmial course of business, the
Company is subject to examination by federal, state and local jurisdictions, where applicable. The statute of limitations for the tax returns varies by
jurisdictions.

We determine whether a tax position is more likely than not to be sustained upon examination, including resolution of any related appeals or
litigation processes, based on the technical merits of the position. We use a two-step approach to recognize and measure uncertain tax positions The
first step is to evaluate the tax position for recognition by determining if the weight of available evidence indicates that it is more likely than not that the
position will be sustained upon tax authority examination, including resolution of related appeals or litigation processes, if any. The second step is to
measure the tax benefit as the largest amount that is more than 50% likely of being realized upon ultimate settlement. We have analyzed the
Company's inventory of tax positions with respect to all applicable income tax issues for all open tax years (in each respective jurisdiction).

Our policy is to include interest and penalties related to unrecognized tax benefits, if any, within the provision for taxes in the consolidated
statements of operations. The Company does not have any tax positions for which it is reasonably possible that the total amount of gross unrecognized
tax benefits will significantly change within 12 months of December 31, 2015.

A reconciliation of the beginning and ending amounts of unrecognized tax benefits is as follows (in thousands):

$

o

Balance at January 1, 2014 and December 31, 2014
Acquired from CEE
Balance at December 31, 2015 $

1,525
1,525

There was 0.3 million of interest and penalties for uncertain tax positions as of December31, 2015. As cf December 31, 2014, there was no
unrecognized tax benefits and there were no interest and penalties accrued for any uncertain tax position

Three of our investment funds are currently being audited by the IRS. The Company is subject to taxation in the U,S., and various state and
local jurisdictions. The following table summarizes the tax years that remain open and subject to examination by the tax authorities in the most
significant jurisdictions in which the Company operates:

U.S. Federal
State

Tax Years
2011 . 2015
2010 - 2015

I

Commitments and
Contingencies

Commitments And
Contingencies Disclosure
[Abstract]

Commitments and Continlzencies Note 21. Commitments and Contingencies

Letters of Credit

12 Months Ended

Dec. 31, 2015

As of December 31, 2015 and 2014, the Company had $3.5 million and $5.8 million, respectively, of unused letters of credit outstanding, with
carry fees ranging from 2.00% _ 325% per annum.

Non-cancellable Operating Leases

The Company leases facilities and equipment under non-cancellable operating leases. Total operating lease expenses were $19.7 million,
$13.8 million and $2.0 million for the years ended December 31, 2015, 2014 and 2013, respectively. Certain operating leases contain rent escalation
clauses, which are recorded on a straight-line basis over the initial term of the lease with the difference between the rent paid and the straight-line
rent recorded as a deferred rent liability. Lease incentives received from landlords are recorded as deferred rent liabilities and are amortized on a
straight-line basis over the lease term as a reduction to ten! expense. Deferred rent liabilities were $1 .9 million and $2.0 million as of December 31,
2015 and 2014, respectively.

Future minimum lease payments expected to be made under non-cancelable operating lease agreements as of December 31, 2015 for each
of the years ending December 31, are as follows (in thousands):

2016
2017
2018
2019
2020
Thereafter

Total

$

S

7,019
6,669
5,908
2,521

879
53

23,047

Capital Lease Obligations

As of December 31, 2015 and 2014, capital lease obligations were $24.0 million and $7.4, respectively. The capital lease obligations bear
interest at rates up to 10% per annum.

The following is a schedule of future lease payments as of December 31, 2015 (in thousands):
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$ 9,727
7,444
5,321
2,799

219
200

25,710

2016
2017
2018
2019
2020
Thereafter

Total future lease payments
Less: amount representing estimated

executors costs included in future lease
payments
Net minimum future lease payments

Amount representing interest
Present value of future payments
Lesst current portion
Long term portion $

537.
25, 173

1,180
23,993

8.951.
15,042

Purchase Commitments

In January 2015, the Company entered into a purchase commitment with one of its suppliers to purchase $70.0 million of photovoltaic
modules over the next 12 months with the first modules delivered in January 2015. In October 2015, the Company amended its commitment to
purchase additional photovoltaic modules to be delivered until December 2018, for a total commitment of $146.0 million. As of December 31, 2015,
the Company had $78.0 million of purchase commitments remaining.

In June 2015, the Company entered into a purchase commitment with one of its suppliers to purchase $32.0 million of photovoltaic modules
through December 2016, As of December31, 2015, the Company had $8.0 million of purchase commitments remaining.

Guarantees

The Company guarantees one of its investors in one of its Funds an internal rate of return, calculated on an after-tax basis, in the event that it
purchases the investor's interest or the investor sells its interest to the Company. The Company does not expect the internal rate of return to fall
below the guaranteed amount, however, due to uncertainties associated with estimating the timing and amount of distributions to the investor and the
possibility for and timing of the liquidation Of the Fund, the Company is unable to determine the potential maximum future payments that it would have
to make under this guarantee.

ITC Indemnification

The Company is contractually committed to compensate certain investors for any losses that they may suffer in certain limited circumstances
resulting from reductions in laCs. Generally, such obligations would arise as a result of reductions to the value of the underlying solar energy systems
as assessed by the IRS. At each balance sheet date, the Company assesses and recognizes, when applicable, the potential exposure from this
obligation based on aft the information available at that time, including any audits undertaken by the IRS. The Company believes that any payments
to the investors in excess of the amount already recognized by the Company for this obligation are not probable based on the facts known at the
reporting date. The maximum potential future payments that the Company could have to make under this obligation would depend on the difference
between the fair values of the solar energy systems sold or transferred to the Funds as determined by the Company and the values the IRS would
determine as the fair value for the systems for purposes of claiming laCs. ITs are claimed based on the statutory regulations from the IRS. The
Company uses fair values determined with the assistance of an independent third~party appraisal as the basis for determining the ITs that are
passed-through to and claimed by the Fund investors. Since the Company cannot determine how the IRS will evaluate system values used in
claiming laCs, the Company is unable to reliably estimate the maximum potential future payments that it could have to make under this obligation as
of each balance sheet date.

Litigation

The Company is subject to certain legal proceedings, claims, investigations and administrative proceedings in the ordinary course of its
business. The Company records a provision for a liability when it is both probable that the liability has been incurred and the amount of the liability
can be reasonably estimated. These provisions, if any, are reviewed at least quarterly and adjusted to reflect the impacts of negotiations,
settlements, rulings, advice of legal counsel and other information and events pertaining to a particular case. Depending on the nature and timing of
any such proceedings that may arise, an unfavorable resolution of a matter would materially affect the Company's future consolidated results of
operations, cash flows, or financial position in a particular period

In July 2012, the Department of Treasury and the Department of Justice (together, the "Government") opened a civil investigation into the
participation by residential solar developers in the Section 1603 grant program The Government served subpoenas on several developers, including
Sur run, along with their investors and valuation firms. The focus of the investigation is the claimed fair market value of the solar systems the
developers submitted to the Government in their grant applications. We have cooperated fully with the Government and plan to continue to do so. No
claims have been brought against us. The Company is not able to estimate the ultimate outcome or a range of possible loss at this point.

I

Net Loss Per Share
12 Months Ended

Dec. 31, 2015

Earnings Per Share
[Abstract]

Net Loss Per Share Note 22. Net Loss Per Share

Prior to the Company's initial public offering and conversion of all preferred stock, the Company calculated net income (loss) per share (EPS)
available to common stockholders using the two»class method. The two-class method allocates net income that otherwise would have been available to
common shareholders to holders of participating securities In connection with the Company's initial public offering, the Company recognized a deemed
dividend of $24.9 million to Series D and E convertible preferred shareholders, as further discussed in Note 16, Shareholders' Equity.

Basic net income (loss) per share is computed by dividing ne! income (loss) available to common stockholders by the weighted-average
number of common shares outstanding during the period. Diluted net income (loss) per share is computed by dividing net income (loss) available to
common stockholders by the weighted-average number of common shares outstanding during the period adjusted to include the effect of potentially
dilutive securities. Potentially dilutive securities are excluded from the computation of dilutive EPS in periods in which the effect would be antidilutive.

The computation of the Company's basic and diluted net loss per share are as follows (in thousands, except share and per share amounts):

2015
Years Ended December31 ,

2014 2013

$ (28,246 ) $ (70,852) $ (1,201 )

(241890)
(53, 136 ) (70,852) (1,201 )

Numerator:
Net loss attributable lo common stockholders

Deemed dividend to convertible preferred
stockholders

Net loss available to common stockholders

Denominator:
Weighted average shares used to compute net

loss per share available to common
stockholders, basic and diluted 55,091 22,795 9,780
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Basic and diluted $ (0.96) $ (3.11) $ (0.12)

The following shares were excluded from the computation of diluted net loss per share as the impact of including those shares would be anti-
dilutive:

Year Ended December 31,
2015 2014 2013

54,841 43,998

11,408 8,127

Preferred stock
Warrants
Outstanding stock options
Unvested restricted stock units
ESPP
Total

1.251
12,615

723
79

14,668 68549 52,125

Related Party Transactions
12 Months Ended

Dec. 31, 2015

Related Party Transactions
[Abstract]

Related Parlv Transactions Note 23. Related Party Transactions

An individual who serves as one of the Company's directors has direct and indirect ownership interests in Enchase Energy, Inc. For the
years ended December 31, 2015 and 2014, the Company recorded $11 .9 million and $89 million, respectively, in purchases from Enphase Energy,
Inc. and had outstanding parables of $07 million and $1.1 million as of December 31, 2015 and 2014.

Art individual who served as one of the Company's directors until March 2015 and his spouse have a direct material ownership interest in
REC Solar Commercial Corporation (RECC). For the years ended December 31, 2015 and 2014, the Company recorded $0.3 million and $7.6
million, respectively, in solar energy systems and products sales revenue from sales to RECC and had outstanding receivables of $0.0 million and
$0.1 million as of December 31, 2015 and 2014, respectively.

!

Subsequent Events
12 Months Ended

Dee. 31, 2015

Su bee_quent Event;
[Abstract]

Subsequent Events Note 24. Subsequent Events

In January 2016, certain subsidiaries of the Company entered into secured credit facilities agreements with a syndicate cf banks for up to
$25000 million in committed facilities, The facilities include a $220.0 million aggregate facility ("Aggregate Facility"), $23.0 million term loan ("Term
Loan") and a $7.0 million letter cf credit facility, The Aggregate Facility and letter of credit bear an interest rate of LIBOR + 250 basis points for the initial
three»year revolving availability period, stepping up to LIBOR + 275 basis points in the following two-year period. The Term Loan bears an interest rate
of LIBOR + 500 basis points (with a LIBOR floor of 100 basis points) in the first three years, stepping up to LIBOR plus 650 basis points in the following
two-year period. The principal and accrued interest on any outstanding loans mature on December 31, 2020.

The facilities are non-recourse to Sur run and are secured by net cash flows of certain subsidiaries from power purchase agreements and
leases, less certain operating, maintenance and other expenses which are available to the borrowers after distributions to tax equity investors. The
facilities contain customary covenants including the requirement to maintain certain financial measurements and provide lender reporting. The credit
facilities also contain certain provisions in the event of default which entitle lenders to take certain actions including acceleration of amounts due under
the facilities.

In March 2016, a subsidiary of the Company entered into a $24.5 million secured, non-recourse loan agreement The loan will be repaid
through cashflows from a lease pass-through arrangement previously entered into by the Company. The loan matures in September 2022 and has an
interest rate of LIBOR + 225%. The loan agreement contains customary covenants including the requirement to maintain certain financial
measurements and provide lender reporting. The loan also contains certain provisions in the event of default which entitles the lender to take certain
actions including acceleration of amounts due under the loan.

1

Summary of Significant
Accounting Pnlicjes (Policia)

AccquntingPolicies
[Abstmctl

Basis of Presentation and
Principles of Consolidation

12 Months Ended

Dec. 31, 2015

Basis of Presentation and Principles of Consolidation

The consolidated financial statements have beenprepared in conformitywith U.S. generally accepted accounting principles ("GAAp") and
reflect the accounts and operations of the Company and those of its subsidiaries, including Funds, in which the Company has a controlling financial
interest. The typical condition for a controlling financial interest ownership is holding a majority of the voting interests of an entity, However, a
controlling financial interest may also exist in entities, such as variable interest entities ("VlEs"), through arrangements that do not involve controlling
financial interests. In accordance with the provisions of Financial Accounting Standards Board ("FASB") Accounting Standards Codification Topic 810
("ASC 810") Consolidation, the Company consolidates any VIE of which it is the primary beneficiary. The primary beneficiary, as defined in ASC 810,
is the party that has (1) the power to direct the activities of a VIE that most significantly impact the V1E's economic performance and (2) the obligation
to absorb the losses of the VIE or the right to receive benefits from the VlE that could potentially be significant to the VIE. The Company evaluates its
relationships with its VlEs on an ongoing basis to determine whether it continues to be the primary beneficiary. The consolidated financial statements
reflect the assets and liabilities of VlEs that are consolidated. All intercompany transactions and balances have been eliminated in consolidation.

Reclassifications

Reclassifications

Certain prior period amounts have been reclassified to conform to current period presentation.

Use of Estimates

Use of Estimates

The preparation of the consolidated financial statements requires management to make estimates and assumptions that affect the amounts
reported in the consolidated financial statements and accompanying notes. The Company regularly makes significant estimates and assumptions,
including, but not limited to, the estimates that affect the collectability of accounts receivable, the valuation of inventories, the useful lives and
estimated residual values of solar energy systems, the useful lives of property and equipment, the valuation and useful lives of intangible assets, the
fair value of assets acquired and liabilities assumed in business combinations, the effective interest rate used to amortize lease pass-through financing
obligations, the valuation of stock-based compensation, the valuation of the Company's common stock, the determination of valuation allowances
associated with deferred tax assets, fair value of debt instruments disclosed and the redemption value of redeemable no controlling interests. The
Company bases its estimates on historical experience and on various other assumptions believed to be reasonable. Actual results may differ from
such estimates.

Segment Information
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Segment Information

The Company has one operating segment with one business activity, providing solar energy services and products to customers. The
Company's chief operating decision maker ("CODM") is its Chief Executive Officer, who manages operations on a consolidated basis for purposes of
allocating resources When evaluating performance and allocating resources, the CODM reviews financial information presented on a consolidated
basis.

Revenues from external customers for each group of similar products and services are as follows (in thousands):

2015
s

01a
44,249
10,491
54,740

Operating leases
Incentives

Operating leases and incentives
Solar energy systems
Products

Solar energy systems and product sales
Total revenue $

86,332
31,672

118,004
50,191

136li1_1.
186,602
304,806

Year Ended December 31,
2014 2

$ 63,962 $
2D,044
84,008
23,687
90,864

114,551
$ 19a,557 s 54,740

Cash
Cash

Cash consists of bank deposits held in checking and savings accounts. The Company considers all highly liquid investments purchased with
an original maturity of three months or less to be cash equivalents. The Company has exposure to credit risk to the extent cash balances exceed
amounts covered by federal deposit insurance. The Company believes that its credit risk is not significant.

Restricted Cash

Restricted Cash

Restricted cash represents balances collateralizing standby letters of credit, amounts related to replacement of solar energy systems and
obligations under certain financing transactions.

Accounts Receivable

Accounts Receivable

Accounts receivable consist of amounts due from customers as well as state and utility rebates due from government agencies and utility
companies. Under arrangements with customers, the customers typically assign incentive rebates to the Company.

Accounts receivable are recorded at net realizable value. The Company maintains allowances for the applicable portion of receivables when
collection becomes doubtful. The Company estimates anticipated losses from doubtful accounts based upon the expected collectability of all accounts
receivables, which takes into account the number of days past due, collection history, identification of specific customer exposure, and current
economic trends. Once a receivable is deemed to be uncollectible, it is written off. In 2015, 2014 and 2013, the Company recorded provision for bad
debt expense of $2.0 million, $0.5 million and $02 million, respectively, and wrote-off uncollectible receivables of $1.1 million, $0.1 million and $0.0
million, respectively.

Accounts receivable, net consists of the following (in thousands):

Customer receivables
Customer deposits
Other receivables
Rebates receivable
Allowance for doubtful accounts
Total

$ $

$

December 31,
2015 . 2014

46,169 24,477
10,150 11,135
4,376 5,936
1,221 2,344

(1 ,641 ) (703 )
60,275 $ 43, 189

State Tax Credits Receivable
State Tax Credits Receivable

State tax credits receivable are recognized upon submission of the state income 'Lax return.

Inventories

Inventories

Inventories are stated at the lower of cost or market on a first-in, first-out basis. Inventories consist of raw materials such as photovoltaic
panels, inverters and mounting hardware as well as miscellaneous electrical components that are sold as-is by the distribution operations and used in
installations and work-in-process Work-in-process primarily relates to solar energy systems that will be sold to customers, which are partially installed
and have yet to pass inspection by the responsible city or utility department. For solar energy systems where the Company performs the installation,
the Company commences transferring component parts from inventories to construction in progress, a component of solar energy systems, once a
lease contract with a lease customer has been executed and the component parts have been assigned to a specific project. Additional costs incurred
including labor and overhead are recorded within construction in progress.

The Company periodically reviews inventories for unusable and obsolete items based on assumptions about future demand and market
conditions. Based on this evaluation, provisions are made to write inventories down to their market value.

Solar Energv Systems. net

Solar Energy Systems, net

The Company records solar energy systems leased to customers and solar energy systems that are under installation as solar energy
systems, net on its consolidated balance sheet. Solar energy systems, net is comprised of system equipment costs and initial direct costs related to
solar energy systems, less accumulated depreciation and amortization. Depreciation on solar energy systems is calculated on a straight-line basis to
their estimated residual values over the estimated useful lives of the systems to the Company, which is the expected holding period of typically 20
years, coinciding with the initial lease term of the Company's Customer Agreements. The Company has determined that it is more likely that the
customer will elect to purchase the solar energy system at the end of the initial lease period rather than renew their customer agreement, due to the
cost of purchasing the solar energy system being significantly lower than it was at the initiation of the customer agreement, in order to reduce
electricity costs, as well as increase the value and marketing attributes of their home. If a customer elects to renew their lease at the end of the initial
lease term, the residual value will be depreciated over a revised estimated remaining useful life to the Company. The Company periodically reviews its
estimates of residual value and its estimated useful life and recognizes changes in estimates by prospectively adjusting depreciation expense.
inverters are depreciated over their estimated useful life of 10 years.

Solar energy systems under installation will be depreciated as solar energy systems leased to customers when the respective systems are
completed and interconnected.

Initial direct costs from the origination of Customer Agreements are capitalized and amortized over the initial term of the related Customer
Agreement and are included within solar energy systems, net in the consolidated balance sheets. Amortization of these costs is recorded in cost of
operating leases and incentives in the accompanying consolidated statements of operations.

Property and EquiDment_ net

Property and Equipment, net
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Properly and equipment, net consists of leasehold improvements, furniture, computer hardware and software, machinery and equipment, and
automobiles. All property and equipment are stated at historical cost net of accumulated depreciation. Repairs and maintenance are expensed as
incurred.

Property and equipment is depreciated on a straight-line basis over the following periods:

Leasehold improvements
Furniture
Computer hardware and software
Machinery and equipment
Automobiles

Lesser of estimated useful life of the asset or lease tem, which is typically 2 to 6 years
5 years
3 years
5-7 years
4_5 years

Capitalization of Software
Costs

Capitalization of Software Costs

For costs incurred in the development of internal use software, the Company capitalizes costs incurred during the application development
stage. Costs related to preliminary project activities and post implementation activities are expensed as incurred. Internal use software is amortized on
a straight-line basis over its estimated useful life.

Intangible Assets. net

Intangible Assets, net

Finite»Iived intangible assets are initially recorded at fair value and presented net of accumulated amortization. Intangible assets are amortized
on a straight-line basis over their estimated useful lives as follows:

Customer relationships
Backlog
Developed technology
Trade names

6-10 years
1 year
5 years
4 months to 5 years

Impairment of Long-Lived
Assets

Impairment of Long-Lived Assets

The carrying amounts of the Company's long-lived assets, including solar energy systems and intangible assets subject to depreciation and
amortization, are periodically reviewed for impairment whenever events or changes in circumstances indicate that the carrying value of these assets
may not be recoverable or that the useful life is shorter than originally estimated Factors that are considered in deciding when to perform an
impairment review would include significant negative industry or economic trends and significant changes or planned changes in the use of the assets
Recoverability of these assets is measured by comparison of the carrying amount of each asset to the future undiscounted cash flows the asset is
expected to generate over its remaining life. If the asset is considered to be impaired, the amount of any impairment is measured as the difference
between the carrying value and the fair value of the impaired asset. If the useful life is shorter than originally estimated, the Company amortizes the
remaining carrying value over the new shorter useful life. No impairment of long-lived assets has been recorded for the years ended December 31,
2015, 2014 and 2013.

Business Combinations

Business Combinations

Acquisitions of entities and certain solar projects with the associated leases that meet the definition of a business are accounted for as
business combinations in accordance with ASC 805, Business Combinations. The Company records assets acquired and liabilities assumed based on
their estimated fair values at the acquisition date. The excess of the purchase price over those fair values is recorded as goodwill. Acquisition-related
expenses are expensed as incurred.

Goodwill

Goodwill

Goodwill represents the excess of the purchase price over the fair value of assets acquired and liabilities assumed of MEC in February 2014
and CEE in April 2015. Goodwill is reviewed for impairment al least annually or whenever events or changes in circumstances indicate that the
carrying amount may be impaired The Company has determined that it operates as one reporting unit and the Company's goodwill is recorded at the
enterprise level. The Company performs its annual impairment test of goodwill on October 1 of each fiscal year or whenever events or circumstances
change or occur that would indicate that goodwill might be impaired. When assessing goodwill for impairment, the Company uses qualitative and if
necessary, quantitative methods in accordance with FASB ASC Topic 350 ("ASC 350"), Goodwill. The Company also considers its enterprise value
and if necessary, discounted cash flow model, which involves assumptions and estimates, including the Company's future financial performance,
weighted-average cost of capital and interpretation of currently enacted tax laws.

Circumstances that could indicate impairment and require the Company to perform a quantitative impairment test include a significant decline
in the Company's financial results, a significant decline in the Company's enterprise value relative to its net book value, an unanticipated change in
competition or the Company's market share and a significant change in the Company's strategic plans. The Company did not note any indicators of
impairment in the qualitative assessment that would require a quantitative analysis in 2015. The Company did not have any goodwill prior to 2014, and
no impairment charges have been recorded to date.

Deferred Revenue

Deferred Revenue

Deferred revenue consists of amounts for which the criteria for revenue recognition have not yet been met and includes a) amounts that are
collected from customers, including upfront deposits and lease prepayments, b) rebates and incentives received and receivables from utility
companies and various local and state government agencies, c) amounts related to investment tax credits ("ITC") that the Company monetized in
connection with its lease-pass through financing obligations, and d) amounts received related to the sales of solar renewable energy credits
("SRECs").

Deferred revenue consists of the following (in thousands):

December 31 ,
2015 2014

Customer payments
Rebates and incentives
IT€5
SRECs
Total

$ $

$

370,754
102,827
126,853

18,358
618,792 $

311,193
101,318

85,767
13,846

512,124

Deferred Grants
Deferred Grants

Deferred grants consist of U.S Treasury grants and State Grants, The Company applied for a renewable energy technologies income tax
credit offered by one of the states in the form of a cash payment and deferred the tax credit as a grant on the consolidated balance sheets. The
Company initially recorded the grants as deferred grant income and recognizes the benefit on a straight-line basis over the estimated depreciable life
of the associated assets as a reduction in cost of operating leases and incentives.

W arranW  Accrual

Warranty Accrual

The Company provides warranty service and replacement on the majority of all solar energy systems sold and installed The major
components are generally covered under a manufacturer's limited warranty.
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In resolving claims under warranty services, the Company has the option of remedying the defect to the warranted level through repair,
refurbishment, or replacement. The warranty accrual is estimated and is re-evaluated regularly by management based upon the Company's warranty
policy, applicable contractual warranty obligations, an analysis of historical costs and age of installed systems and management's evaluation of current
claims in process. The warranty accrual is recorded as a component of accrued expenses and other liabilities in the Company's consolidated balance
sheets. Prior to the Company's acquisition of the residential business from MEC in February 2014, no warranty accrual was necessary. The Company
recorded a warranty accrual of $1.1 million and $0.9 million as of December 31, 2015 and 2014, respectively.

Solar Energy Performance
Guarantees Solar Energy Performance Guarantees

The Company guarantees to customers certain specified minimum solar energy production output for solar facilities over the initial term of the
Customer Agreements. The Company monitors the solar energy systems to determine whether these specified minimum outputs are being achieved.
If the Company determines that the guaranteed minimum energy output is not achieved, it records a liability for the estimated amounts payable. As of
December 31, 2015 and 2014, the Company recorded liabilities of $0.3 million and $0,4 million, respectively, as accrued expenses and other liabilities
in the consolidated balance sheets relating to these guarantees based on the Company's assessment of its exposure.

Derivative Financial
Instruments Derivative Financial Instruments

The Company recognizes all derivative instruments on the balance sheet at their fair value. Changes in the fair value of derivatives are
recorded each period in current earnings or other comprehensive loss if a derivative is designated as part of a hedge transaction. The ineffective
portion of the hedge, if any, is immediately recognized in earnings.

Beginning in 2015, the Company uses derivative financial instruments, primarily interest rate swaps, to manage its exposure to interest rate
risks on its syndicated term loans, which are recognized on the balance sheet at their fair values. On the date that the Company enters into a
derivative contract, the Company formally documents all relationships between the hedging instruments and the hedged items, as well as its risk
management objective and strategy for undertaking each hedge transaction. Derivative instruments designated in a hedge relationship to mitigate
exposure to variability in expected future cash flows, or other types of forecasted transactions, are considered cash flow hedges. Cash flow hedges
are accounted for by recording the fair value of the derivative instrument on the balance sheet as either a freestanding asset or liability. Changes in the
fair value of a derivative that is designated and qualifies as an effective cash flow hedge are recorded in accumulated other comprehensive loss, net of
tax, until earnings are affected by the variability of cash flows of the hedged item. Any derivative gains and losses that are not effective in hedging the
variability of expected cash flows of the hedged item or that do not qualify for hedge accounting treatment are recognized directly into income. At the
hedge's inception and at least quarterly thereafter, a formal assessment is performed to determine whether changes in cash flows of the derivative
instrument have been highly effective in offsetting changes in the cash flows of the hedged items and whether they are expected to be highly effective
in the future. The Company discontinues hedge accounting prospectively when (i) it determines that the derivative is no longer effective in offsetting
changes in the cash flows of a hedged item; (ii) the derivative expires or is sold, terminated, or exercised, or (iii) management determines that
designating the derivative as a hedging instrument is no longer appropriate, In Alf situations in which hedge accounting is discontinued and the
derivative remains outstanding, the derivative instrument is carried at its fair market value on the balance sheet with the changes in fair value
recognized in current-period earnings. The remaining balance in accumulated other comprehensive loss associated with the derivative that has been
discontinued is not recognized in the income statement unless it is probable that the forecasted transaction will not occur. Such amounts are
recognized in earnings when earnings are affected by the hedged transaction.

The Company recognized warrants with former preferred stockholders as an inducement to convert their shares of convertible preferred stock
into shares of common stock immediately prior to the Company's initial public offering as derivative liabilities. Such liabilities were valued when the
financial instruments were initially issued, with the change in their respective fair values recorded as a gain or loss on revaluation within other
expenses in the Company's statement of operations The Company determines the fair value of its warrant derivative liabilities using the Black~
Scholes option~pricing model.

Fair Value of Financial
Instruments Fair Value of Financial Instruments

The Company defines fair value as the exchange price that would be received for an asset or an exit price that would be paid to transfer a
liability in the principal or most advantageous market for the asset or liability in an orderly transaction between market participants on the
measurement date The Company uses valuation techniques to measure fair value that maximize the use of observable inputs and minimize the use
of unobservable inputs FASB establishes a three-tier fair value hierarchy for disclosure of fair value measurements as follows:

Level 1-Inputs are unadjusted, quoted prices in active markets for identical assets or liabilities at the measurement date,

Level 2-Inputs are observable, unadjusted quoted prices in active markets for similar assets or liabilities, unadjusted quoted prices for
identical or similar assets or liabilities in markets that are not active, or other inputs that are observable or can be corroborated by
observable market data for substantially the full term of the related assets or liabilities, and

Level 3-Inputs that are unobservable, significant to the measurement of the fair value of the assets or liabilities and are supported by
little or no market data.

The Company's financial instruments include cash, receivables, accounts payable, accrued expenses, distributions payable to no controlling
interests, derivatives, borrowings on the line of credit, long-term debt and solar asset-backed notes.

Revenue Recognition

Revenue Recognition

The Company recognizes revenue when (i) persuasive evidence of an arrangement exists, (ii) delivery has occurred or services have been
rendered, (iii) the sales price is fixed and determinable, and (iv) collection of the related receivable is reasonably assured.

Operating leases and incentives

Operating leases and incentives revenue is primarily comprised of revenue from customer agreements, revenue from solar energy system
rebate incentives, revenue associated with ITs assigned to investment funds that are classified as lease pass-through arrangements and revenue
from the sales of SRECs generated by the Company's solar energy systems to third parties.

The Company begins to recognize revenue on Customer Agreements when permission to operate ("PTO") is given by the local utility company
or on the date daily operation commences if utility approval is not required. The Company recognizes revenue on a straight-line basis over the initial
term of the Customer Agreements (typically 20 years) that have minimum lease payments, or as earned when the customers are billed based on the
actual electricity generated at a specific rate under the terms of the Customer Agreements.

The Company considers upfront rebate incentives received from states and utilities for solar.energy systems subject to Customer Agreements
to be minimum lease payments. Rebate revenue is recognized on a straight-line basis over the life of the initial contract term of the Customer
Agreement beginning when a PTO letter is issued by the local utility company or on the date daily operation commences if utility approval is not
required.

The Company monetizes the laCs associated with the leased systems on its lease pass-through financing obligations by assigning them to the
investor together with the future customer lease payments. A portion of the cash consideration received from the investors is allocated to the
estimated fair value of the assigned ITs. The estimated fair value of the ITs is determined by applying the expected internal rate of return to the
investor on this structure to the gross amount of the ITs that may be claimed by the investor.

The laCs are subject to recapture under the Internal Revenue Code ("Code") if the underlying solar energy system either ceases to be a
qualifying property or undergoes a change in ownership within five years of its placed in service date. The recapture amount decreases by 20% on
each anniversary of the PTO date, As the Company has an obligation to ensure the solar energy systems is in service and operational for a term of
five years to avoid any recapture of the laCs, the Company recognizes revenue as the recapture provisions lapse assuming the other aforementioned
revenue recognition criteria have been met. The monetized ITs are initially recorded within deferred revenue on the consolidated balance sheets,
and subsequently, one-fifth of the monetized ITs are recognized as revenue in the consolidated statements of operations on each anniversary of the
solar energy systems' PTO date over the following five years
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SREC revenue arises from the sale of environmental credits generated by solar energy systems. SREC revenue is recorded in operating
leases and incentives revenue. We recognize revenue related to the sale of SRECs to the extent the cumulative value of delivered SRECs per
contract exceeds any possible liquidated damages for non-delivery, if any.

The Company has determined that Customer Agreements are operating leases as opposed to capital leases pursuant to ASC 840, Leases.
Management estimates the estimated useful life of solar energy systems to be 20 years, which coincides with the expected holding period and initial
lease term of 20 years, as discussed in Note 2, Summary of Significant Accounting Policies, above, However, since the estimated economic life of
solar energy systems is estimated to be at least 30 years, the lease term is less than 75% of its estimated economic life. Additionally, the Company
evaluated the following lease classification criteria: (i) whether there is a transfer of ownership or bargain purchase option at the end M the lease and
(ii) whether the present value of minimum lease payments exceeds 90% of the fair value at lease inception and determined that these criteria were not
met.

Solar energy systems andproduct sales

For solar energy systems sold to customers, the Company recognizes revenue when the solar energy system passes inspection by the
authority having jurisdiction, provided all other revenue recognition criteria have been met, The Company's installation projects are typically completed
in a short period of time. `

Product sales consist of solar panels, racking systems, inverters, other solar energy products sold to resellers and customer leads Product
sales revenue is recognized at the time when title is transferred, generally upon shipment Shipping and handling fees charged to customers are
included in net sales. Total shipping and handling fees charged to customers were $2.6 million and $2.4 million for the year ended December 31, 2015
and 2014, respectively. Volume discounts given to customers are recorded as a reduction of revenue, since the Company does not receive goods or
services in exchange for the discounts offered Customer lead revenue, included in product sales, is recognized at the time the lead is delivered.

Taxes assessed by government authorities that are directly imposed on revenue producing transactions are excluded from product revenue.

Cost of Revenue

Cost of Revenue

Operating leases and incentives

Cos! of revenue for operating leases and incentives is primarily comprised of the (1) depreciation of the cost of the solar energy systems, as
reduced by amortization of U.S. Treasury grants, (2) amortization of initial direct costs, (3) lease operations, monitoring and maintenance costs
including associated personnel costs, and (4) allocated corporate overhead costs.

Solar energy systems and product sales

Cost d revenue for solar energy systems and non-lead generation product sales consist of direct and indirect material and labor costs for solar
energy systems installations and product sales. Also included are engineering and design costs, estimated warranty costs, freight costs, allocated
corporate overhead costs, vehicle depreciation costs and personnel costs associated with supply chain, logistics, operations management, safety and
quality control. Cost of revenue for lead generations consists of costs related to direct-response advertising activities associated with generating
customer leads.

Researchand Development Expense

Research and development expenses include personnel costs, allocated overhead costs, and other costs related lo the development of the
Company's BrightPalh software suite as well as its racking equipment.

Advertising Costs

Advertising Costs

Advertising costs are expensed as incurred in the consolidated statements of operations The Company incurred advertising costs of $34.8
million, $16.9 million and $7.7 million for the years ended December 31, 2015, 2014 and 2013, respectively.

Stock-Based Compensation

Stock-Based Compensation

The Company grants stock-based compensation for its equity incentive plan and employee stock purchase plan. Stock~based compensation to
employees is measured based on the grant date fair value of the awards and recognized over the period during which the employee is required to
perform services in exchange for the award (generally the vesting period of the award). The Company estimates the fair value of stock based awards
granted using the Black~Scholes option~valuation model. Compensation cost is recognized over the vesting period of the applicable award using the
straight-line method for those options expected to vest.

The Company also grants restricted stock units ("RSUs") to non-employees that vest upon the satisfaction of both performance and service
conditions. The Company starts recognizing expense on the RSUs when the performance condition is met.

Noncontrollinq Interests and
Redeemable Noncomrolling
Interests

Noncontrolling Interests and Redeemable Noncontrolling Interests

Noncontrolling interests represent investors' interests in the net assets of the Funds that the Company has created to finance the cost of its
solar energy systems subject to the Company's Customer Agreements. The Company has determined that the contractual provisions in the funding
arrangements represent substantive profit sharing arrangements. The Company has further determined that the appropriate methodology for
attributing income and loss to the nonccntrolling interests and redeemable no controlling interests each period is a balance sheet approach referred to
as the hypothetical liquidation at book value ("HLBV") method

Under the HLBV method, the amounts of income and loss attributed to the no controlling interests and redeemable no controlling interests in
the consolidated statements of operations reflect changes in the amounts the investors would hypothetically receive at each balance sheet date under
the liquidation provisions of the contractual agreements of these arrangements, assuming the net assets of these Funding structures were liquidated
at recorded amounts. The Company's initial calculation of the investors no controlling interest in the results of operations of these Funding
arrangements is determined as the difference in the no controlling interests' claim under the HLBV method at the start and end of each reporting
period, after taking into account any capital transactions, such as contributions or distributions, between the Fund and the investors

The Company classifies certain no controlling interests with redemption features that are not solely within the control of the Company outside
of permanent equity on its consolidated balance sheets. Redeemable no controlling interests are reported using the greater of their carrying value as
determined by the HLBVmethod or their estimated redemption value at each reporting date.

Income Taxes

Income Taxes

During November2015, the FASB issued ASU 2015-17, Balance Sheet Classification of Deferred Taxes, which simplifies the presentation of
deferred income taxes. ASU 2015-17 provides presentation requirements to classify deferred tax assets and liabilities as noncurrent in a classified
statement of financial position. The standard is effective for fiscal years beginning after December 15, 20161 including interim periods within that
reporting period. Early adoption is permitted for any interim and annual financial statements that have not yet been issued. We early adopted ASU
2015-17 effective December 31, 2015, retrospectively, Adoption resulted $3.0 million decrease in deferred tax assets, current and a $3.0 million
decrease in deferred tax liabilities in our Consolidated Balance Sheets at December 31 , 2014. Adoption had no impact on our results of operations.

The Company recognizes deferred tax assets and liabilities for the expected future tax consequences of events that have been included in the
consolidated financial statements and tax returns. Under this method, deferred tax assets and liabilities are determined based on the difference
between the financial statement and tax basis of assets and liabilities using enacted tax rates in effect for the year in which the differences are
expected to reverse. Valuation allowances are provided against deferred tax assets to the extent that it is more likely than not that the deferred tax
asset will not be realized. The Company is subject to the provisions of ASC 740, Income Taxes, which establishes consistent thresholds as it relates to
accounting for income taxes. it defines the threshold for recognizing the benefits of tax return positions in the financial statements as "more likely than
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not" to be sustained by the taxing authority and requires measurement of a tax position meeting the more-likely-than-not criterion, based on the largest
benefit that is more than 50% likely to be realized, Management has analyzed the Company's inventory of tax positions with respect to all applicable
income tax issues for all open tax years (in each respective jurisdiction).

The Company sells solar energy systems to the Funds. As the Funds are consolidated by the Company, the gain on the sale of the solar
energy systems is not recognized in the consolidated financial statements However, this gain is recognized for tax reporting purposes. Since these
transactions are intercompany sales, any tax expense incurred related to these intercompany sales is deferred and recorded as a prepaid tax asset
and amortized over the depreciable life of the underlying solar energy systems which has been estimated to be 20 years in accordance with ASC
Topic 810,

The Company files tax returns as prescribed by the tax laws of the jurisdictions in which ii operates In the normal course of business, the
Company is subject to examination by federal, state and local jurisdictions, where applicable. The statute of limitations for the tax returns varies by
jurisdiction.

Concentrations of Credit and
Supplier Risk Concentrations cf Credit and Supplier Risk

Financial instruments which potentially subject the Company to concentrations of credit risk consist primarily of cash and accounts receivable,
which includes rebates receivable. The associated risk of concentration for cash is mitigated by banking with institutions with high credit ratings, At
certain times, amounts on deposit exceed Federal Deposit Insurance Corporation insurance limits. The Company does not require collateral or other
security to support accounts receivable. To reduce credit risk, management performs periodic credit evaluations and ongoing evaluations of its
customers' financial condition. Rebates receivable are due from various states and local governments as well as various utility companies The
Company considers the collectability risk of such amounts to be low. The Company is not dependent on any single customer or installer. The loss of a
customer or an installer would not adversely impact the Company's operating results or financial position. The Company's customers under Customer
Agreements are primarily located in California, Hawaii, Maryland, Massachusetts, New Jersey and New York. During the year ended December 31 ,
2015 and 2014, the solar materials purchases from the top five suppliers were approximately $160.5 million and $69.1 million, respectively.

Recentlv Issued Accounting
Standards Recently Issued Accounting Standards

In May2014, the FASB issued Accounting Standards Update ("ASU") No. 2014-09 Revenue from Contracts with Customers (Topic G06), to
replace the existing revenue recognition criteria for contracts with customers and to establish the disclosure requirements for revenue from contracts
with customers. The core principle of this standard is to recognize revenue when promised goods or services are transferred to customers in an
amount that reflects the consideration that is expected to be received for those goods or services. This ASU is effective for the Company for Annual
Reporting periods beginning after December 15, 2017 including the interim reporting periods within that fiscal year, and early adoption is permitted,
Adoption of the ASU is either retrospective to each prior period presented or retrospective with a cumulative adjustment to retained earnings or
accumulated deficit as of the adoption date. The Company is currently evaluating this guidance and the impact it may have on its consolidated
financial statements.

In November 2014, the FASB issued ASU 2014-16 Determining Whether the Host Contract in a Hybrid Financial Instrument Issued in the
Form of a Share is More Akin to Debt or to Equity. This guidance requires issuers and investors to consider all of a hybrid instrument's stated and
implied substantive terms and features, including any embedded derivative features being evaluated for bifurcation. The guidance eliminates the
"chameleon approach", under which all embedded features except the feature being analyzed are considered. The guidance is effective for the year
beginning after December 15, 2015 and for interim periods within fiscal years beginning after December 15, 2016. Early adoption is permitted. The
Company believes the adoption of this guidance will have no impact on its consolidated financial statements.

In November 2014, the FASB issued ASU 201445, Disclosure of Uncertainties About an Entity's Ability to Continue as a Going Concern,
which provides guidance on determining when and how to disclose going»concern uncertainties in the financial statements. The new standard requires
management to perform interim and annual assessments of an entity's ability to continue as a going concern within one year of the date of issuance of
the entity's financial statements and provide certain disclosures when there is substantial doubt about the entity's ability to continue as a going
concern. This guidance applies to all entities and is effective for annual periods beginning after December 15, 2016, and interim periods thereafter,
with early adoption permitted. The Company believes the adoption of this guidance will have no impact on its consolidated financial statements.

In February 2015, the FASB issued ASU 2015-02 Amendments to the Consolidation Analysis, which provides consolidation guidance and
changes the way reporting enterprises evaluate consolidation for limited partnerships, investment companies and similar entities, as well as variable
interest entities. The ASU is effective for annual and interim periods in fiscal years beginning after December 15, 2015. The Company believes the
adoption of this guidance will have no impact on its consolidated financial statements.

In April 2015, the FASB issued ASU2015-03, Interest-imputation of Interest (Subtopic 835-30) Simplifying the Presentation of Debt Issuance
Costs, to simplify the presentation of debt issuance costs. In August 2015, the FASB issued ASU 2015-15, Interest-imputation oflnterest (Subtopic
835-30) Presentation and Subsequent Measurement of Debt Issuance Costs Associated with Line-of-Credit Arrangement. Prior to ASU 2015-03 and
ASU 2015-15, issuance costs were presented as an asset on the balance sheet. Under ASU 2015-03 andASU 2015-15, debt issuance costs related
to a recognized debt liability are required to be presented in the balance sheet as a direct deduction from the carrying amount of that debt liability,
consistent with debt discounts. ASU 2015-15 clarified that the SEC will not object to an entity presenting the cost of securing a revolving line of credit
as an asset regardless of whether a balance is outstanding. The recognition and measurement guidance for debt issuance costs are not affected by
the amendments in these updates. The ASUs are effective for annual and interim periods in fiscal years beginning after December 15, 2015 and
interim periods within those fiscal years. The effect on the Company's consolidated balance sheet for the year ended December31, 2015 will be to
reclassify $3.6 million in debt issuance costs from assets to a reduction in liabilities

In July 2015, the FASB issued ASU No 2015-11, simplifying the Measurement of Inventory, to specify that inventory should be subsequently
measured at the lower of cost or rel realizable value, which is the ordinary selling price less any completion, transportation and disposal costs
However, the ASU does not apply to inventory measured using the last-in-first-out or retail methods. The ASU is effective for interim and annual
periods beginning after December 15, 2016 Adoption of the ASU is prospective The Company is currently evaluating this guidance and the impact it
may have on its consolidated financial statements.

In February 2016, the FASB issued ASU No. 2016-02, Leases. Under the new guidance, lessees will be required to recognize for all leases
(with the exception of short-term leases) a lease liability, which is a lessee's obligation to make lease payments arising from a lease, measured on a
discounted basis and a right~of-use asset which is an asset that represents the lessee's right to use, or control the use of, a specified asset for the
lease term. ,
currently evaluating this guidance and the impact it may have on its consolidated financial statements,

The ASU is effective for fiscaiyears beginning after December 15 2018 and interim periods within those fiscal years. The Company is

I

12 Months Ended

Dec. 31, 2015

Summary of Significant
Accounting Policies (Tables)

Accounting Policies lAbstractl

Schedule of Revenue from External
Customers Revenues from external customers for each group of similar products and services are as follows (in thousands):

Operating leases
Incentives

Operating leases and incentives
Solar energy systems
Products

Solar energy systems and product sales
Total revenue

$ $

$

Year Ended December 31,
2015 2014 2013

$ 63,962 44,249
20,044 10,491
84,006 54,740
23,687
90,864

114,551
$ 198,557

86,332
31 ,672_

118,004
50,191

136,411
186,60_2
304,606 $ 54,740
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Schedule of Accounts Receivable
Accounts receivable, net consists of the following (in thousands)

December 31

45,169
10.150

$ 24.477
11.135

Customer receivables
Customer deposits
Other receivables
Rebates receivable
Allowance for doubtful accounts
Total

(1 ,641)
60.275 $

(703)
43.189

Depreciated Propcrlv and Equipment_ Net
Estimated Useful Lives Property and equipment is depreciated on a straight-line basis over the following periods

Leasehold improvements
Furniture
Computer hardware and software
Machinery and equipment
Automobiles

Lesser of estimated useful life of the asset or lease term, which is typically to 6 years
5 years
3 years
5-7 years
4-5 years

Amortized Finite-Lived Intangible Assets
Estimated Useful lives

Finite-lived intangible assets are initially recorded at fair value and presented net of accumulated amortization. intangible assets
are amortized on a straight-line basis over their estimated useful lives as follows

Customer relationships
Backlog
Developed technology
Trade names

6-10 years
1 year
5 years
4 months to 5 years

Schedule of Deferred Revenue
Deferred revenue consists of the following (in thousands)

December 31

Customer payments
Rebates and incentives

$ 311,193
101.318
85.767
13.846

512.124
SRECs
Total $

370.754
102.827
126.853
18.358

618,792 $

Acquisitions (Tables)
12 Months Ended

Dec. 31

Summarv of Unaudited Pro Forma Information
for Acquisition Occurred

The following table summarizes the unaudited pro forma total revenue and net loss of the combined company for the years
ended December 31, 2014 and 2013 assuming that the acquisition occurred as of January 1, 2013 (in thousands, except per
share)

For the year ended
December 31

Revenue
Net loss
Net loss attributable to common stockholders
Net loss per share attributable to common

stockholders. basic and diluted

$ 205.355
(164,974 )
(78,336)

$ 143.614
(BB,326)
(24,032 )

(3.44) (1.07)

Fair Value of Acauired Intangible Assets and
Estimated Useful Life

The fair value of acquired intangible assets and their estimated useful life are as follows (in thousands, except estimated
useful life)

Estimated
UsefuI

Developed technology
Customer relationships
Trade names
Total

Fair Value
$

13.290

Mainstream Enerav Corporation

Fair Value of Assels Acquired and Liabilities
Assumed The following table summarizes the fair value of assets acquired and liabilities assumed (in thousands)

23.8B6

15,380

(24,975)

Accounts receivable
Inventory
Prepaid expenses
Property and equipment
Intangible assets
Other long-term assets
Accounts payable and accrued liabilities
Deferred revenue
Capital lease obligation
Other liabilities
Deferred tax liabilities
identifiable assets and liabilities assumed
Goodwill
Total

(2,869)
(1 ,509 )
(4,848)
25.964
51 .786
78.750
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Clean Energy Experts. LLC

Fair Value of Assets Acquired and Liabilities
Assumed The following table summarizes the fair value of assets acquired and liabilities assumed (in thousands)

Accounts receivable
Intangible assets
Accounts payable and accrued liabilities
Deferred tax liability
identifiable assets and liabilities assumed
Goodwill
Total

13.290
(1 ,247 )
(5,146 m

35.757
43.717

Fair Value Measurement
(Tables)

Fair Value Disclosures lAbstractl

Schedule of Fair ValueMeasurement of Debt Instrument

12 Months Ended

Dec. 31

The carrying values and fair values of debt instruments are as follows (in thousands)

December 31. 2015 December 31. 2014
Carrying value Fair Value Carrying Value §airValue

194.975 194,975 $ 49.597 $ 48.597Line of credit
Non~bank term loans
Syndicated term loans
Bank term loan
Note payable
Solar asset-backed notes

Total

170.664 170.664
30.740 32.692
33.059 32.568

108.880 110.103
538,318 $ 541 ,002 $

124.571
33.382
29.563

124.571
35.653
28.900

239,251 $ 241.574

Schedule afFair Value. Financial Instruments Measured
on Recurring Basis At December 31. 2015. financial instruments measured at fair value on a recurring basis, based upon the fair value

hierarchy are as follows (in thousands)

Level 1
December 31. 2015
Level 2 Level 3 Total

Derivative liabilities
Interest rate swaps
Warrants

Total

$ $ $

557 s 1 ,478

Inventories (Tables)

Inventory Disclosure [Abstract]

Schedule ofInventories

12 Months Ended

Dec. 31

Inventories consist of the following (in
thousands)

December 31

materials
Work-in
process

Total

62.967 $21,531

$71,258 $23,914

Solar Energy Systems, Net
(Tables)

Solar Energzv Svstems Disclosure IAbstractl

Solar Energy Svstems_ Net

12 Months Ended

Dee. 31. 2015

Solar energy systems, net consists of the following (in
thousands)

December 31

$1 ,406,478
$1 ,84s,103

177.202
68.280

123.910
40.307

Solar energy
system
equipment costs
Inverters
initial direct costs
Total solar
energy systems 2,091,585 1.570.695

accumulated
depreciation and

amortization (212,671) (143,028 )

56.584
113.107

$1.484.251

construction-in
progress

Total solar
energy
systems, net $1,992,021
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Property and Equipment
net (Tables)

Propertv Plant And_l§q_uinn\ent [Abstract]
Schedule of Property and Equipment.net

12 Months Ended

Dec. 31, 2015

Property and equipment, net consists of the following (in
thousands):

December 31,
2015 2014

$ 2,808 s 1,031

10,669
33,048
19,883

6,386
8,942

16,431

Machinery and
equipment
Leasehold
improvements,
furniture, and

computer hardware
Vehicles
Computer software
Total property and
equipment
Less: accumulated
depreciation and

amortization
Total solar energy
systems, net

66,408 32,790

(21,542\ (10,595)

$ 44,866 $ 22,195

I

Goodwill and Intangible
Assets, Net (Tables)

Goodwill And Intangible Assets Disclosure
[Abstract]

Carrving Value of Goodwill

12 Months Ended

Dec. 31, 2015

The change in the carrying value of goodwill is as follows (in thousands):

$Balance-January 1, 2014
Acquisition ofMEC (Note 3)
Balance--December 31, 2014
Acquisition of CEE (Note 3)
Balance-December 31, 2015

$

$.

51,786
51,786
35,757.
87,543

Summary oflntangible Assets. Net
Intangible assets, net as of December 31, 2015 consist of the following (in thousands):

Carrying
value

Weighted
average

remaining life
(in years)

$Backlog
Customer relationships
Developed technology
Trade names
Total

7.4
4.1
5.3

$

Accumulated
Cost . amortization

200 $ (200) $
14,660 (2,618)
6,820 (1,235)
6,990 (1,912)

28,670 $ (5,965) $

12,042
5,585
5,078

22,705

Intangible assets, net as of December 31, 2014 consist of the following (in thousands):

Carrying
value

Backlog
Customer relationships
Developed technology
Trade names
Total

$

Weighted
average

remaining life
( years)

0.1
8_4
4.1
4.1

$

Accumulated
Cost amortization

200 $ (183) $
10,270 (1,055)

910 (167)
4.099 ._ (864)

15.380 $ (2,269) $

17
9,215

743
3.136

13,111

Schedule of Expected Amonizalion of Intangible
Assets

As of December 31, 2015, expected amortization of intangible assets for each of the five succeeding fiscal years and
thereafter is as follows (in thousands):

2016
2017
2018
2019
2020
Thereafter
Total

$

$

4.205
4,205
4,205
3,335
2, 143
4,612

22,705

I

Prepaid Expense and Other
Current Assets (Tables)

Deferred Costs Capitalized Prepaid And Other Assets Disclosure [Abstract]

Schedule of Prepaid Expensesand Other Current Assets

12 Months Ended

Dec. 31, 2015

Prepaid expenses and other current assets consist of the following (in
thousands):

December 31 ,

Prepaid expenses
Reimbursement receivable
State tax receivable

2o15
$5,184

337
427

z_014
$ 4,564

2,808
1,117
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Other current assets
Total

798

$6,696

1,071

$ 9,560

|

Accrued Expenses and Other
Liabilities (Tables)

Parables And Accruals [Abstract]

Schedule of Accrued Expenses and Other Liabilities

12 Months Ended

Dec. 31, 2015

Accrued expenses and other liabilities consist of the fallowing (in
thousands):

Dace_mber 31,_
z015 2014

Accrued employee
compensation
Other accrued expenses
CEE acquisition consideration
Accrued professional fees

Total

$12,588
9.526

$21,353
19,313

5,000
3,480

$49,146
a,sa1

$25,445

I

Indebtedness (Tables)

Qeht Disclosure [Abstract[

Schedule of Debt

12 Months Ended

Dec. 31, 2015

As of December 31, 2015, debt consisted of the following (in thousands):

Unused
Borrowing
capacity

Annual
Contractual
late rest Rate

Interest
Rate

Maturity
Date

Carrylng Values, net of
debt discount

Current . Long Term Tata I
Recourse debt:
Bank line of credit
Total recourse debt

$
$

$_194,975.
$ 194,975

$194,975
$194,975

$
$

6.571
6,571

Variesl 3.67% April 2018

Non-recourse debt:
Syndicated term loans 925

1 .159

169,739 170,565 5,eon LIBOR + 215% - Term A
LIBOR + 5.00% - Term B

625%
12.00%

3.07%
6.00%
825%

1200%

December2021
December2021

Audi 2022
December 201 B

Bank tem'l loans
Note payable
Solar asset-backed

notes

29,580
33,059

30,739
33,059

3.323 105,557 108,880 4.40% - Class A
5.38% - Class B

4.40%
5.38%

July 2024
July 2024

Total non-recourse debt
Totaldebt s

5.408
s,40s

337,935
s sa2,910

343,343
$538.318 $

5,soo
12,171

1 Loans under the facility bear interest at LIBOR + 3.25% or the Base Rate + 2.25%. The Base Rate is the highest M the Federal
Funds Rate + 0.50%, the Prime Rate, or LaBOR + 1.00%.

As of December 31, 2014, debt consisted of the following (in thousands):

Unused
Borrowing
Capacity

Annual
Contractual

_ Inf_erest Rate
Interest
Rate

Maturity
Date

Current

Canying Values, net of
deb! discount
LoI'lq Term Total_ I

Recourse debt:
Bank line ofcredit
Total recourse debt

s
$

s
s

48,597
45,597

s 48,597
$ 4a,597

8
$

Prime Rate + 1.00% 4.25% December201B

Non-recourse debt:
Non~bank term loans
Syndicated term

loans

2.931 3,138

123,613 124,571

9.0B% 9.08% December2024207

958

1 ,437

5,000 LIBOR + 2.75% . Term A
LIBOR + 5.00% . Term B

625%
120U%

3.01 %
600 %
5.25%

12.00%

December2021
December 2021

April2022
December2018

Bank term loans
M i e payable
Totalnon-recourse

debt
Total deb!

31,945
29,563

33,382
29,563

2.602
5 2,602

18B,052
$ 235,649

190,654
$239,251 $

5,00o
5,000

Schedule ofMaturilies of Debt.
Excluding Debt Discount The schedules maturities of debt, excluding debt discount, as of December 31, 2015 are as follows (in thousands:

$2016

2017
2018

2019
2020

Thereafter

Subtotal

Less: Debt Discount

Total

$

$

6.330

7,392

238,250
9,253

11 ,414
273,693

546,33_2_

(8,014)

538,318

!

Derivatives (Tables)
12 Months Ended

Dec. 31, 2015
Derivative Instruments And Hedging
Activities Disclosure [Abstract]
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Stockholders' Equity
(Tables)

Equitv [Abstract]

Schedule of Company's Series of Convertible Preferred
Stock

Variable Interest Entitv Disclosure [Abstract]

Canyinu Amounts and Classification of the VlEs' Assets and Liabilities
Included in the Consolidated Balance Sheets

Lease Passthrough
Financing Obligations

(Tables)

Propertv Subiect To Or Available For Operating Lease
Net lAbstractl

Schedule of Future Minimum Lease Payments Expected
Under Lease Pass-Fund Arrangement

Summary of Designated Derivative
Instruments Classified as Derivative
Liabilities

VIE Arrangements (Tables)

Type
Interest rate

swaps

At December 31, 2015, the Company had the following designated derivative instruments classified as derivative liabilities as
reported in other liabilities in the Company's balance sheet (in thousands, other than quantity and interest rates):

The Company had five series of convertible prefen'ed stock as follows as of December 31, 2014 (in thousands, except
per share amounts):

Series A
Series B
Series C
Series D
Series E

Total

At December 31, 2015, future minimum lease payments expected to be made by the investor under the lease
pass-ihrough fund arrangement for each of the next five years and thereafter are as follows (in thousands):

Quantity _

4  1 0 /3 1 /2 0 2 B

The carrying amounts and classification of the VIEs' assets and liabilities included in the
consolidated balance sheets are as follows (in thousands):

Maturity
Dates

2016
2017
2018
201 g
2020
Thereafter
Total

Hedge
Interest
Rates
2.17%
-2 18%

Liabilities
Current liabilities
Accounts payable
Distribution payable to no controlling
interests

and redeemable no controlling interests
Accrued expenses and other liabilities
Deferred revenue, current portion
Deterred grants, current portion
Long-term debt, current portion
Total current liabilities
Deferred revenue, net of current portion
Deferred grants, net of current portion
Long-term debt, net of current portion
Total liabilities

Assets
Current assets
Cash
Restricted cash
Accounts receivable, net
Prepaid expenses and other current assets
Total current assets
Restricted cash
Solar energy systems, net
Total Assets

National
Amount

12 Months Ended
Dec. 31, 2015

12 Months Ended

Dec. 31, 2015

12 Months Ended

Dec. 31, 2015

8,063
175

21 ,344
7,198
1,159

48.964
353,392
108,528
29,580

$ 540,464

$

44,407
757

12,965
66

58,195
$ _
1,305,420

$1 ,aes,e15

$

December 31 ,
2015 2014

$

$

11,025

5 2 4
5 2 4
5 2 4
5 2 4
5 2 4

3, 516
s, 1 as

Page 159 of 270

6,425
340

15,991
7,225
1,437

41 ,476
284,801
116,126

8 _31,945
$474,348

$ 29,099
228

14,351
180

43,858
$ 365
942,655

$986,875

$ 9,057

Schedule of Reserve Share of Common Stock for
Issuance The Company has reserved shares of common stock for issuance as follows (in thousands):
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December 31

12.007
10.758
13.613

10.879

12.006

12795 11.40B

Series A Convertible Preferred Stock
Series B Convertible Preferred Stock
Series C Convertible Preferred Stock
Series D Convertible Preferred Stock
Series E Convertible Preferred Stock
Stock option plans

Shares available for grant
2013 Equity incentive Plan
2015 Equity incentive Plan
2015 Employee Stock Purchase Plan

Options outstanding
Restricted stock units outstanding

Total 27307 67.890

Stock-Based Compensation
(Tables)

Disclosure Of Compensation Related
Costs Sharebased Pavments [Abstract]

Summarv of Stock Option Activitv

12 Months Ended

Dec. 31

The following table summarizes the activity for all stock options under the Company's equity incentive plans for the year ended
December 31, 2015 (shares in thousands)

Options
Outstanding

11.408 $

Weighted
Average

Exercise Price
Outstanding

Weighted
Average

Remaining
Contractual Life

Outstanding at December 31, 2014
Granted
Exercised
Cancelled /forfeited

Outstanding at December 31, 2015

(1,210>
(1,209)
12,795 $

Options vested and exercisable at
December 31. 2015 6,409 $

Options vested and expected to
vest at December 31. 2015 10,460 $

Estimated Fair Value of Stock Options
The Company estimated the fair value of stock options with the following assumptions

Year Ended December 31

Risk-free interest rate
Volatility
Expected term (in years)
Expected dividend yield

1.55%-1 .95%
36.30%-39.53%

5.50623
0.00%

%-2,01 %
37.41%-46.68%

5.34-6.08
0.00%

0.82%-2.06%
54.36%-55.80%

5.54-6.08
0.00%

Summand oflAclivitv for All RSUs
The following table summarizes the activity for all RSUs under all the Company's equity incentive plans for the year ended

December 31, 2015 (shares in thousands)

Shares

Weighted
Average Grant

Date Fair
Value

(182)

Unvested balance at December 31. 2014
Granted
Issued
Cancelled I forfeited

Unvested balance at December 31. 2015 1,506 $

Summary of Stock-Based Compensation The Company recognized stock-based compensation expense, including the compensation expense resulting from the sales of
common stock by employees and former employees to existing investors and ESPP expenses, in the consolidated statements of
operations as follows (in thousands)

Year Ended December 31

1.649 $Cost of operating leases and incentives
Cos! of solar energy systems and product sales
Sales and marketing
Research and development
General and administration

Total $ 15,823 $ 9,218 $

Operating Revenues under
Customer Agreements

(Tables)
Leases Operating Abstract\

Schedule of Future Minimum Lease
Pavments

12 Months Ended

Dec. 31. 2015

Future minimum lease payments to be received from customers whose Customer Agreements represent non-cancelable leases
are as follows (in thousands)
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2016
2017
2018
2019
2020
Thereafter

Total

s

$

13,557
13,697
13,617
13,939
14,085

199,278
268,353

9

Income Taxes (Tables)
12 Months Ended

Dec. 31, 2015
I_ncome Tax Disclosure [Abstract]

Schedule fLoss Before Income Times The following table presents the loss before income taxes for the periods presented (in thousands);

Loss attributable to common stockholders
Loss attributable to no controlling interest and

redeemable no controlling interests
Total

For the year ended December 31,
2015 2014 2013

$ 33,545 $ 80,895 $ 1,792

220,660
s 254,205

86,638
$ 167,533 $

64,294
66,086

Schedule of Components of Income Tax Provision
(Benefi t)

The income tax provision (benefit) consists of the following (in thousands):

For the year ended December 31,
2o15 2014 2013

$ $ $
Current:

Federal
State

Total current expense
Deferred:

Federal
State

Total deferred provision
Total

169.
169

$

(7,516)
2,217

(5,299)
(5,299)

(B,196)
(1,847)

(10,043)
$ (10,043) $

(1 ,114)
354

~(760)
(591 )

Schedule of Reconciliation of Effectivs Tm Rate The following table represents a reconciliation of the statutory federal rate and the Company's effective tax rate for
the periods presented;

__For the year ended Qecemper 31,
2015 2013
(3400)% (34.00)% (34.00)%

0.87 (1.10) 0.79

2013
Tax provision (benefit) at federal statutory rate
State income taxes, net of federal benefit
Effect of noncontrolting and redeemable

noncoritrolling interests
Stock-based compensation
Effect of prepaid tax asset
Tax credits
Other

Total

29.53 17.59 34.10

0941.08
0.04

(0.43)
0.85

(2.0B)%

1.37
9.39

(0.22)
0.98

(5.99)%

(2.16)
(056)
(0.89)%

Schedule of Deferred Tax Assets and Liabilities The following table represents significant components of the Company's deferred tax assets and liabilities for the
periods presented (in thousands):

December 31 ,
2015 2014

Deferred tax assets:
Accruals and repaids
Deferred revenue
Net operating loss carryforwards
Stock~based Compensation
Investment tax and other credits
Gross deferred tax assets

Deferred tax liabilities:
Capitalized initial direct costs
Fixed asset depreciation
Deferred tax on investment in partnerships
Gross deferred tax liabilities

Net deferred tax liabilities

$ 12,904
34,710

229,464
3,748

11,261.
292,087

$ 4.302
44,359

176,555
1,612
7.369

234,197

27,539 15,640
178,511 142,866
276,183 184,240
482,233 343,746

$ (190,146) $ (109,549)

Schedule of Analysis of Deferred Tax Liabilities An analysis of deferred tax liabilities is as follows (in thousands):

Deferred tax assets
Deferred tax liabilities

Net deferred tax liabilities

December 31,
2015 2014

$ 292,087 $ 234,197
(482,233) (343,746)

$ (190,146) $ (109,549)

Schedule of Unrecognized Tax Benefits
A reconciliation of the beginning and ending amounts of unrecognized tax benefits is as follows (in thousands):

$Balance at January 1, 2014 and December 31, 2014
Acquired from CEE
Balance at December 31, 2015 $

1,525
1.525

Schedule of Summarization oflTax Years And
Examination by The Tax Authorities
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The following table summarizes the tax years that remain open and subject to examination by the tax authorities in
the most significantjurisdictions in which the Company operates:

U.S. Federal
State

_Tax Years
2011 . 2015
2010 - 2015

!

Commitments and
Contingencies (Tables)

Commitments A_rLQ Contingencies Qisclosure [Abstract]_

Schedule of Future Minimum Lease Payments Under Non-
Cancelable Operating Lease Agreements

12 Months Ended
Dec. 31, 2015

Future minimum lease payments expected to be made under non-cancelable operating lease agreements as
of December 31 , 2015 for each of the years ending December 31, are as follows (in thousands):

$2016
2017
2018
2019
2020
Thereafter

Total FB

7,019
6,669
5,906
2,521

879
53

23,047

Schedule of Puture Lease Payments Under Capital Lease
Obliszations The following is a schedule of future lease payments as of December 31, 2015 (in thousands):

$ 9,727
7,444
5,321
2,799

219
200

25,710

2016
2017
201a
2019
2020
Thereafter

Total future lease payments
Less: amount representing estimated

executors costs included in future lease
payments

Net minimum future lease payments
Amount representing interest
Present value of future payments
Less: current portion
Long term portion $

537
25,173

1,180
23,993
8,951

15,042

i

Net Loss Per Share (Tables)
12 Months Ended

Dec. 31, 2015

Earnings Per Share IAbstractl

Computation of Basic and Diluted Net Loss Per Share
The computation of the Company's basic and diluted net loss per share are as follows (in thousands, except share

and per share amounts):

Years Ended December 31,
2015  _ 2014 2 0 1 3  -

s (28,246) $ (70,852) s (1,201)

(24,890)
(53, t as ) (705) (1,201 )

Numerator:
Net loss attributable to common stockholders

Deemed dividend to convertible preferred
stockholders

Net toss available to common stockholders

Denominator:
Weighted average shares used to compute net

loss per share available to common
stockholders, basic and diluted

Basic and diluted $

55,091

(096) $

22,795

(3.11) $

9,780

(0.12)

Schedule of Shares Excluded from Computatioll of
Earnings Per Share The following shares were excluded from the computation of diluted net loss per share as the impact of including

those shares would be anti-dilutive:

Year Ended December 31,
2015 2014 2013 \

54,841 43,998Preferred stock
Warrants
Outstanding stock options
Unvested restricted stock units
ESPP
Total

11,408 8,127
1,251

12,615
723

79
14,668 66,249 n 52,325

I

Organization - Additional
Information (Details)

12 Months Ended

Dec. 31, 2015
InvestmentFund

20 years

3

Organization Consolidation And Presentation Of Financial Statements IAbstract1

Power purchase or lease agreement term

Number of types of investment funds used by the company

l
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12 Months EndedSummary of Significant
Accounting Policies .

Additional Information
(Details)

Dec. 31, 2015
USD ($)
Segment

BusinessActivity

Dec. 31, 2014 Dec. 31, 2013
USD (s) USD (s)

$ 546,000

100,000

$ 172,000

0

0

0

900,000

0

0

2,400,000

16,900,000

(3,000,000)

(3,000,000)

69,100,000

$ 7,700,000

$ 300,000 $ 400,000

10 years

Sunimarv Of Significant Accountin9_Policies [Line Items]

Number of operating segments I Segment 1

Number of business activities I BusinessActivitv 1

Bad debt expense $ 1,998,000

Uncollectible receivables written off $ 1,100,000

Property plant and equipment depreciation method Straight-line basis

Intangible assets amortization method Straight-line basis

Impainnent oblong-lived assets $ 0

Goodwill impairment charges 0

Warranty accrual $ 1,100,000

Percentage of lesser lease tem than estimated economic life 75.00%

Percentage at" minimum lease payments exceeds fair value under lease classification criteria90.00%

Shipping and handling fees charged to customers $ 2,600,000

Advertising costs 34,800,000

Increase (decrease) in deferred tax assets current

Increase (decrease) in deferred tax liabilities

Solar materials purchases from ton five suppliers 160,500,000

Impact of new accounting standards on balance sheet. reclassification of debt issuance cost 3,600,000

Guarantee Obligations

Summarv Of Significant Aecpunting Policies lysine Items]

Performance guarantees included in accrued expenses and other liabilities

Inverters

Summarv Of Significant Accounting Policies ]Line Items

Estimated useful life

Solar Energv Svstems

Sumnlarv Of Significant Accounting Policies [Line Items]

Estimated useful life

Solar Energv Svstexns l Minimum

Sum Marv Of Significant Accounting Policies [Line Items]

Estimated useful life

20 years

30 years

I

12 Months Ended
Summary of Significant
Accounting Policies -

Schedule of Revenues from
External Customers (Details)

- USD (S)
$ in Thousands

Dee. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

SB 86,332

31 ,672

118,004

186,602

304,606

$63,962

20,044

84,006

114,551

198,557

$44,249

10,491

54,740

Entitv Wide Revenue Major Customer [Line Items]

Operating leases

Incentives

Operating leases and incentives

Solar energy systems and product sales

Total revenue

Solar Energv Svstems
$ 54,740

23,687

$90,864

Entity Wide Rave_nye Maior Customer [Line ltenlsl

Solar enernv systems and productsales 50,]91

Products

Entitv \Vide Revenue Maior Customer [Line Items
Solar energy svslems and product sales 18 136,411

r

Summary of Significant
Accounting Policies ..
Schedule of Accounts

Receivable Net (Details) -
USD ($)

$ in Thousands

Dec. 31, 2015 Dec. 31, 2014

$46,169

10,150

4,376

1,221

accounts (1,641)

$ 60,275

s 24,477

I 1,135

5,936

2,344

(703)

$43,189

Accounting Policies [Abstract]

Customer receivables

Customer deposits

Other receivables

Rebates receivable

Allowance for doubtful

Total

l
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in '4-1
12 Months Ended

Dec. 31, 2015

Lesser of estimated useful life of the asset or lease term, which is typically 2 to 6 years

2 years

Accounting Policies
Depreciated Property and
Equipment, Net Estimated

v»0.¥Ls:e£"l»P.'.iM42fi1*8'sl ,,n.em [Line Items

Leasehold improvements

Leasehold Improvements I Minimum

Prouertv Plant And Equipment [Line Items]

Estimated useful life

Leasehold Improvements I Maximum

Propgrtv Plant And _Equipment [Line Items

Estimated useful life

Furniture
6 years

Property Plant And E_quipment [Line Items]

Estimated useful life 5 years
Computer Hardware and Software

Propertv Plant And Equipment [Line Items]

Estimated useful life 3 years

Machines and Equipment I Minimum

Propertv Plant And Equipment Line Items]

Estimated useful life 5 years

Machinery and Equipment I Maximum

Propertv Plant And Equipment ILium Items

Estimated useful life 7 years

Automobiles I Minimum
Propertv Plant And Equipment [Line Items

Estimated useful life 4 years

Automobiles I Maximum

PrQpertv Plant And Equipment ALine Items

Estimated useful life 5 years

I

12 Months Ended
Summary of Significant

Accounting Policies -
Amortized Finite-Lived

Intangible Assets Estimated
Useful lives (Details)

Dec. 31, 2015

6 years

10 years

1 year

5 years

4 months

Customer Relationships l Minimum

Finite Lived Intangible Assets [Line Items]

Estimated useful lives

Customer Relationships l Maximum

Finite Lived Intangible Assets [Line ltenlsl

Estimated useful lives

Backlog
Finite Lived Intangible Assets [Line Items]

Estimated useful lives

Developed Technologv

Finite Lived Intangible Assets [Line Items]

Estimated useful lives

Trade Names l Miiiimum

_FiniteLived Intangible Assets [Lille Items]

Estimated useful lives

Trade Namesl Maximum

Finite Lived Intangible Assets [Line Items
Estimated useful lives

l

5 years

Dec. 31, 2015 Dec. 31, 2014

s 512,124

311,193

Summary of Significant
Accounting Policies -
Schedule of Deferred

Revenue (Details) - USD ($)
$ in Thousands

Entitv Wide Revenue Maier Customer [Line Items]

Deferred revenue $ 618,792

Customer Pavments

Entitv Wide Revenue Maior Customer ALine Items]

Deferred revenue 370,754

Rebates and Incentives

Entity Wide Revenue Maier Customer Line Items
Deferred revenue 102,827

SRECs
101,318
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13,846
Entitv Wide Reiepue Maier Customcl;_]_Line items

Deferred revenue 18,358

I T s

Entitv_\_'Vide Revenue Major Customer [Line Items]

Deferred revenue $ 126,853

I

$ 85,767

1 Months Ended 12 Months Ended

Acquisitions - Additional
Information (Details)

Apr. 01,
2017

USD (s)
shares

Apr. 30,
2015

USD ($)
Installment

shares

Mar.  31,
2014

USD ($)
Project

Feb. 28,
2014

USD ($)
shares

Dee. 31,
2015

USD ($)

Dec. 31,
2014

USD ($)

Apr. 30,
2016

USD ($)
shares

Oct. 31,
2015

USD ($)
shares

Busi_n_ess Acq_uisi ;_lrjLine Items

Power purchase or lease agreement term

Goodwi l l
20 years

$
87,543,000

$ 51,786,000

$ 9,100,000

600,000

2 years

s
78,800,000

1,800,000

78,750,000

Scenario Forecast

Business Acquisition_ILine Items

Business acquisition continent cash payment

Business acquisition contingent share issuance I shares

Business acquisition of compensation expenses

Mainstream Energv Corporation

Business Acquisition [Line Items]

Purchase consideration for assets acquired and liabilities
assumed

Cash payment

Purchase consideration amount of settlement on Dre existing
relationship

Business acquisition acquired business to total revenue

1,800,000

$
114,200,000

51 ,786,000Goodw i l l

Mainstream Energv Corporation I Stock Options

Business Acquisition ILiac ltcnisl

Purchase consideration amount on issuance of shares

Business acquisition. shares issued] shares

Mainstream Eneruv Corporation I Common Stock

Business Acquisition [Line Items]

Purchase consideration amount on issuance of shares

$ 200,000

576,878

$
75,000,000

12,762,894

43,717,000

$ 19,100,000

1,400,000

$25,000,000

16,900,000

1,900,000

s 15,000,000

$ 10,000,000

500,000

2

$ 5>000,000

Business acquisition, shares issued I shares

Clean Energy Experts, LLC

Business Acquisition Line Items]

Purchase consideration for assets acquired and liabilities
assumed

Purchase consideration amount on issuance of shares

Business requisition_ shares issued I shares

Cash payment

Business acquisition acquired business to total revenue

Business acquisition shares of common stock l shares

Business acquisition _payment of cash

Remaining cash of business acquisition

Remaining shares of business acquisition I shares

Number of installment I Installment

Business acquisition cash to be paid in October 2015 and in
Apri l  2016

Business acquisition shares to be issued in October 2015 and
in ADvil 2016 I shares

Goodw i l l

250,000

s
35,757,000

$ 5,000,000

Clean Energy Experts. LLC I Scenario Forecast

Business Acquisition [Line Items]

Business acquisition cash to be paid in October 2015 and in
Apri l  2016

Business acquisition shares to be issued in October 2015 and
in April 2016 I shares

Solar Proieets

Business Acquisition [Line Items]

Payments to acquire solar uroiects and the associated leases

Number of projects Project

Power purchase or lease agreement term

250,000

$ 39,400,000

2,924

20 years
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Lease premiums or discounts

Goodwill
so
$0

i

Dee. 31, 2015 Dec. 31, 2014 Feb. 28, 2014 Dec. 31, 2013 Dec. 31, 2012

s 203,864

87,543

$ 152,154

$51,786
$ 99,699 s 89,785

Acquisitions - Summary of
Fair Value Assets and

Liabilities Assumed (Details)
_ USD ($)

$ in Thousands
Business Acquisition [Line Items]

Cash

Goodwill

Mainstream Energv Corporation

Business Acquisition [Line Items]

Cash 5,440

Accounts receivable 8,881
Inventory 23,886

Prepaid expenses 2,028
Property and equipment 6,113

Intangible assets 15,380

Other loni1»tem1 assets 200

Accounts Datable and accrued liabilities (24,975)

Deferred revenue (768)
Capital lease obligation (2,869)

Other liabilities (1,509)

Deferred tax liabilities (4,843)

identifiable assets and liabilities assumed 26,964

Goodwill 51,786

Total 78,750

Clean Energv Experts. LLC
Business Acquisition Line ltenisl

Cash 424

Accounts receivable 639

Intangible assets 13,290
Accounts payable and accrued liabilities (1,247)

Deferred lax liabilities (5,146)

Indenlifiable assets and liabilities assumed7,960

Goodwill 35,757

Total $43,717

$ 78,800

I

12 Months Ended
Acquisitions - Summary of

Unaudited Pro Forma
Information for Acquisition
Occurred (Details) - USD (S)

$ / shares in Units, S in
Thousands

Business Combinations [Abstract]

Dec. 31, 2014 Dec. 31, 2013

$ 143,614

(88,326)

s (24,032)

s (1.07)

Revenue $ 205,355

Net loss (164,974)

Net loss attributable to common stocldiolders S (78,336)

Net loss per share attributable to common stockholders_ basic and dilutedS (3.44)
x _ _ _ _ _

12 Months Ended

Dec. 31, 2015
USD ($)

s 13,290

$ 5,910
5 years

Acquisitions - Summary of
Fair Value of Acquired
Intangible Assets and
Estimated Useful Life

(Details) - Clean Energy
Experts, LLC

A¢qu.~.~3J'i8'ila"f:w8s Intangible Assets Lille Items
Fair Value

Developed Technology

Acquired Finite Lived Intangible Assets Line Itenisl

Fair Value

Estimated Useful Life

Customer Relationships

Acquired Finite Lived Intangible Assets Line Items

Fair Value
Estimated Useful Life

Trade Names

Acquired Finite Lived Intangible Assets Line Items]

$ 4,390

8 years
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Fair Value

Estimated Useful Life

I

$2,990

8 years

Fair Value Measurements -
Schedule afFair Value
Measurement of Debt

Instrument (Details) - USD
(S)

$ in Thousands

Dec. 31, 2015 Dec. 31, 2014

s 239,251

241,574

48,597

48,597

3,138

3,853

124,571

124,571

33,382

35,653

29,563

$28,900

Carrving Value

Fair Value Balance Sheet Grouping Financial Statement Captions [Line Items]

Debt Instrument Fair Value $ 538,318

Fair Value
Fair Value Balance Sheet GrouningFinancial Statement Cantion_s [Line Items]

Debt Instrument, Fair Value 541,002

Line of Credit I Carrying Value

Fair Yalue Balance Sheet Grouping_Financial Statement Cautions [Line Items]

Debt Instrument. Fair Value 194,975

Line otlCredit l Fair Value
Fair Value Balance Sheet Grouping Financial Statement Cautions [Line Items]

Debt Instrument. Fair Value 194,975

Non Bank Term Loans l Carrvinq Value

Fair Value Balance Sheet Grouping Financial Statement Cautions [Lille Items]
Debt Instrument Fair Value

Non Bank Tenn Loans I Fair Value

Fair Value Balance Sheet Grouping Financial Statement Captions [Line Items]

Debt Instrument. Fair Value

Svndicated Tenn Loans I Carrving Value

Fair Value Balance Sheet GrouningFinancial Statement Cautions [Line Items]

Debt Instrument. Fair Value 170,664

Svndicated Tenn Loans I Fair Value

Fair Value Balance Sheet§ roul1ing Financiaj Statement Captions_l_Line Items]
Debt Instrument. Fair Value 170,664

Bank Term Loan I Carrving Value
Fair Value Balance Sheet Grouping Financial Statement Captions ALine Itenlsl

Debt Instrument, Fair Value 30,740

Bank Term Loan I Fair Value

Fair Value Balance Sheet Grouping Financial Statement Captions Line Items

Debt Instrument, Fair Value 32,692

Notes Payable I Carrving Value

Fair Value Balance Sheet Grouping Financial Statement Captions Line Items

Debt Instrument_ Fair Value 33,059

Notes Pavable I Fair Value
Fair Value Balance Sheet Grouping Financial Statement Captions [Line Items

Debt Instrument. Fair Value 32,568

Solar Asset-Backed Notes I Carrying Value

Fail' \'aloe Balance Sheet Grouping Financial Statement Captions Line Items]

Debt Instrument. Fair Value 108,880

Solar Asset-Backed Notes I Fair Value

Fair Value Balance Sheet Grouping financial Statement Captions [Line Items]

$ 110,103Debt Instrument_ Fair Value

12 Months Ended
Dec. 31, 2015

$ / shares

I

Fair Value Measurement -
Additional Information

(Details)

Fair Value Disclosures Abstract]

Fair value assumptions. estimated fair value of common stock per share $ 11.77
Fair value assumptions. risk-free interest rate 1.21%

Fair value assumptions, expected volatility rate 32.03%
Fair value assuxmutions. remaining contact life 2 years6 mondls 22 days

Fair value assumptions, expected dividend yield rate 0,00%
i ._ _

Fair Value Measurement -
Schedule of Fair Value,
Financial Instruments

Measured on Recurring
Basis (Details)
$ in Thousands

Fair Value Assets And Liabilities Measured On Recurring And Nonrecurring Basis [Line Items]

Dec. 31, 2015
USD ($ )
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$ 1,478Derivative liabilities

Level 2

Fair Value Assets And Liabilities Measured On Recurring And Nonrecurring Basis [Line Items]

Derivative liabilities 921

Level 3

Fair Value Assets And Liabilities Measured On Recurring And Nonrecurring Basis [Line Items]

Derivative liabilities 557

Interest Rate Swaps

Fair Value Assets And Liabilities Measured On Recurring And Nolirecurriligllasis ALine_Itemsl

Derivative liabilities 921

Interest Rate Swapsl Level 2
Fair Value Assets And Liabilities Measured On Recu rringAnd Nonrecurring Basis [Line Items]

Derivative liabilities 921

Warrant

Fair Value Assets And Liabilities Measured On Recurring And Nonrecurring Basis [Line Items

Derivative liabilities 557

Warrant l Level 3

Fair Value Assets And Liabilities Measured On Recurring And Nonrecurring Basis [Line Items]
Derivative liabilities $ 557
i _ ._

Dec. 31, 2015 Dec. 31, 2014

Inventories - Schedule of
Inventories (Details) - USD

($)
$ in Thousands

Inventory Disclosure [Abstract]

Raw materials

Work-in-process

Total

I

$ 62,967

8,291

s 71,258

$21,531

2,383

$ 23,914

Solar Energy Systems, Net
(Details) - USD ($)

$ in Thousands
Dec. 31, 2015 Dec. 31, 2014

$ 2,091,585

(212,671)
113,107

1,992,021

s 1,570,695

(143,028)
56,584

1,484,251

1,846,103 1,406,478

123,910

Propertv Subject To Or Available For Operating Lease Line Items]
Solar enerzv systems cross

Less: accumulated depreciation and amortization

Add: construction-in-proaress

Total solar energy systems. net

Solar Energy System Equipment Costs

Propertv Subject To Or Available For Operating_Lease ALine I_ten1sl

Solar energy systems. gross

Inverters

Property Suhiect To Of' Available For Operating. Lease [Line lternsl

Solar enerav systems_ cross 177,202

Initial Direct Costs

Propertv Subicct To Of' Available For Operating Lease [Line Items
Solar energy systems. gross $ 68,280

l

$ 40,307

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

Solar Energy Systems, Net ..
Additional Information

(Details) - USD ($)
$ in Millions

Leases [Abstract]

Depreciation expense $ 70.7
Amortization of deferred grants $ 14,2

s 54.7
s 13.9

s 40.0
s 13.4

I

Dec. 31, 2015 Dec. 31, 2014

$ 66,408

(21,542)

44,866

s 32,790

(10,595)
22,195

Property and Equipment,
net - Schedule of Property

and Equipment, net (Details)
- USD ($)

$ in Thousands
Propertv Plant And Equipment lLine_Items1

Total propcnv and equipment gross

Less: accumulated depreciation and amortization

Total solar energy systems_ net
Machines and Equipment

Propertv Plant And Equipment [Line Items]

Total property and equipment. gross

Leasehold Imnroveinents_ Furniture and Computer hardware
2,808 1,031
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10,669 6,386

33,048 8,942

Property_H[ant And Equipment_[Line Items]

Total property and equipment. gross

Vehicles
Prouertv Plant And Eauinment [Line Items

Total property and equipment gross

Computer Software
Prop_ertv Plant And_ _Equipment ALine Itqns]

Total property and equipment. gross
| .__ -

$ 19,883 SB 16,431

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

$ 11.2 $ 6.4 $ 3.0

Property and Equipment,
net - Additional Information

(Details) - USD ($)
$ in Millions

Capital Leased Assets Line Itemsl

Depreciation and amortization expense

Vehicles

Capital lea_sed Assets ALineItemsl

Accumulated depreciation for assets under capital leases 5.8
Amortization of capital leased asset $5.3

1.2

$ 1.2

I

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014

$ 51,786
87,543 $ 51,786

$ 51,786

Goodwill and Intangible
Assets, Net - Carrying Value
of Goodwill (Details) - USD

($)
S in Thousands

Goodwill ILiac Items

Beginning balance
Ending balance

Mainstream Energy Corporation

Goodwill [Line Items

Acquisition
Ending balance

Clean Energy Experts. LLC

Goodwill [Line Items]

Acquisition

Ending balance

51 ,786

35,757

s 35,757

I

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014

$28,670
(5,965)

22,705

$ 15,380

(2,269)

13,111

Cost 200
(183)

$ 17
1 month 6 days

14,660 $ 10,270

(2,618) (1,055)

$ 12,042 $ 9,215

7 years 4 months 24 days 8 years 4 months 24 days

Goodwill and Intangible
Assets, Net - Summary of

Intangible Assets, Net
(Details) - USD ($)

$ in Thousands

Finite Lived Intangible Assets ALine Items]

Cost

Accumulated amortization

Canoing value

Backlog
Finite Lived Intangible Assets [Line Items]

200

Accumulated amortization (200)

Carrving value

Weighted average remaining life (in vearsl

Customer Relationships
Finite Lived Intangible Assets [Line Items

Cost

Accumulated amortization

Carrviniz value
Weighted average remaining life (in scars)

Developed Technoloav
Finite Lived Intangible Assets [Line Items]
Cost $6,820
Accumulated amortization (1,235)

Carrving value $ 5,585

Weighted average remaining life (in vearsl 4 years 1 month 6 days

Trade Names
Finite Lived Intangible Assets ALine Items

Q98
Accumulated amortization

Carrvinl; value

$ 910

(167)

$743

4 years 1 month 6 days

$6,990

(1,912)

s 5,078

$ 4,000

(864)

$3,136
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I

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014

Goodwill and Intangible
Assets, Net - Additional

Information (Details) - USD

($)
$ in Thousands

Goodwill And Intangible Ass_e_ts Disclosure [Abstract]

Amortization of intangible assets

t

S 3,695 $ 2,269

Goodwill and Intangible
Assets, Net - Schedule of

Expected Amortization of
Intangible Assets (Details) -

USD (S)
$ in Thousands

Dec. 31, 2015 Dec. 31, 2014

$4,205

4,205

4,205

3,335

2,143

4,612

$ 22,705

Goodwill And Intangible Assets Disclosure [Abstract]

2016

2017

2018

2019

2020

Thereatier

Carving value

l

$13,111

Prepaid Expense and Other
Current Assets - Schedule of
Prepaid Expenses and Other

Current Assets (Details) ..
USD ($)

Dee. 31, 2015 Dec. 31, 2014

$ in Thousands

Deferred Costs Capitalized Prcuaid And Other Assets Disclosure [Abstract]

Prepaid expenses

Reimbursemellt receivable

State tax receivable

Other current assets

Total

l

$ 5,134

337

427

798

s 6,696

$ 4,564

2,808

1,117

1,071

s 9,560

Dec. 31, 2015 Dee. 31, 2014

Accrued Expenses and Other
Liabilities - Schedule of

Accrued Expenses and Other
Liabilities (Details) - USD ($)

$ in Thousands

Pavables And Accruals _[Abstract]_

Accrued employee compensation

Other accrued expenses

CEE acquisition consideration

Accrued professional fees

Total

$21,353

19,313

5,000

3,480

$ 49,146

$ 12,588

9,526

3,331

$ 25,445

I

Indebtedness - Schedule of
Debt (Details) - USD (S)

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014

$ 12,171

5,408

532,910

538,318

$ 194,975

s 5,000

2,602

236,649

239,251

48,597

2.25%

3.25%

$ in Thousands
Debt Instrument [Line Items]

Unused Borrowing Capacitv

Long term debt. Current

Long term debt, Noncurrent

Long term debt

Line of credit

Base Rate

Debt Instrument [Line Items]

Annual Contractual Interest Rate

Basis point

Debt Instrument [Line Items]

Annual Contractual Interest Rate

Prime Rate

Debt Instrument [Line ltclns]

Annual Contractual Interest Rate

Bank Line of Credit
1.00%

Debt Instrument [Line Items]

Line of credit $ 194,975 48,597
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194,975 48,597

6,571

194,975

194,975

48,597

$48,597

s 6,571
4.25%

Apr. 30, 2018 Dec. 31, 2016

3_67%

1.00%

Recourse debt. Total

Recourse Debt

Debt Instrun1_ent [Line Items]

Unused Borrowing Capacity

Long test debt. Noncurrent

Long tern debt

Recourse Debt I Bank Line of Credit

Debt Instrument [Line Items]

Unused Borrowing Capacity

Interest Rate

MaturiW Date

Recourse Debt I Bank Line of Credit I Base Rate

Debt lnstrunlcnt Line ItenJs[

Interest Rate

Recourse Debt I Bank Line of Credit I Prime Rate

Debt Instrument [Line Items]

Annual Contractual Interest Rate

Non Recourse Debt

Debt Instrument Line Items
Unused Borrowing Capacity

Long tern debt. Current

Long term debt. Noncurrent

Long tern debt

Non Recourse Debt I Syndicated Tenn Loans

$ 5,600

5,408

337,935

343,343

s 5,000

2,602

188,052

190,654

s 5,600 s 5,000

Dec. 31, 2021 Dec. 31, 2021
$ 926 $ 958

169,739 123,613

$ 170,665 s 124,571

3.07%

2.75%

3.01%

2.75%

6.00%
5.00%

6.00%

500%

6.25% 6.25%

Apr. 30, 2022 Apr. 30, 2022

$ 1,159 s 1,437

29,580 31,945

s 30,739 $ 33,382

12.00% 12.00%

Dec. 31, 2018 Dec. 31, 2018
s 33,059 $29,563

s 33,059 s 29,563

4.40%

Jul. 31, 2024

538%

Jul. 31, 2024

Debt Instrument [Line Items]
Unused Borrowing Capacitv

Maturitv Date

Lone tern debt. Current
Long term debt, Noncurrent

Long tern debt

N011 Recourse Debt I Syndicated Term Loans I Basis point I Term A

Debt Instr_un1ent[Line Items]

Interest Rate

Annual Contractual Interest Rate

Non Recourse Debt I Svndicated Temp Loans I Basis point I Term B

Debt Instrument [Line Items]

Interest Rate

Annual Contractual Interest Rate
Non Recourse Debt I Bank Tenn Loans

Debt Instrument [Line Items]
Interest Rate

Maturitv Date

Lone term debt, Current

Long term debt, Noncurrent

Lone term debt

Non Recourse Debt I Notes Payable

Debt Instrument Line Items]

Interest Rate

Maturilv Date
Long term debt, Noncurrent

Long term debt

Non Recourse Debt I Solar Asset Backed Securities Class A
Debt Instrument [Line Items]
Interest Rate

Maturitv Date

Non Recourse Debt I Solar Asset Backed Securities Class B
Debt Instrument [Line Items]

Interest Rate

Maturitv Date

Non Recourse Debt I Asset Backed Securities

Debt Instrument [Line Items]

Long term debt_ Current
Long term debt, Noncurrent

Lone term debt

Non Recourse Debt I Non Bank Term Loans

Debt Instrument Line Items]

interest Rate

Maturitv Date

$ 3,323

105,557
s 108,880

9.08%

Dec 31, 2024
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Long term debt. Current

Long term debt Noncurrent

Long term debt

I

Indebtedness - Schedule of
Debt (Parenthetical)

(Details)
Basis point

Debt Instrument [Line Items

Annual Contractual Interest Rate3.25%

Base Rate

Debt Instrument [Line Items]

Annual Contractual Interest Rate 2.259

Federal Funds Rate

Debt Instrument [Line Items]

Annual Contractual Interest Rate 0.50%

Prime Rate

Debt Instrument ALine Items

Annual Contractual Interest Rate 1.00%

12 Months Ended

Dec. 31

I

Jul. 31

1 Months Ended

.3
Apr 0 Dec. 31. 2014

Dec. 31

12 Months Ended

Dee.31. 2015 Dec.31. 2014 Dec. 31

$ 239.251,000

L570_695_000

$ 357.878.000 s 120.054.000 s 612.000

43 L000 4.350.000

538.318.000 239.251 .000

2.091_585.000 1.570.695.000
$ 4.854.000 1.181.000

3.25%

94.400.000

50.000_000 50.000.000

Indebtedness - Additional
Information (Details) - USD

($)
Line Of Credit Facilitv [Line Itenlsl

Reoavments of debt
Loss on early extinguishment of debt

Loan outstanding balance
Solar energy systems. gross

Repayment of lease obligations

Basis point

Line Of Credit Facilitv [Line I_terns]

Annual Contractual Interest Rate

Subordinated Term Loan
Line Of Credit Facilitv [Line Items]

Repayments of debt
Bank Line of Crcditl Credit Facilitv Agreements with Syndicate of
Banks
Line Of Credit Facilitv [Line Itenlsl

Line of credit facility. maximum borrowing canacitv

Bank Line of Credit l Credit Facilitv Agreements with Syndicate of
Banks I Letter of Credit Sub~Facilit\

Line Of Credit Facilitv Line lternsl
Line of credit facility. maximum borrowing canacitv

Bank Line of Credit I Syndicated Working Capital FaciliW

Line Of Credit Facility linc Items

Line of credit facility maximum borrowing capacity

1.000.000 1.000.000

205.000.000

$ 25.000_000Minimum unencumbered liquid sets to be maintained

Bank Line of Credit I Svndicated Working Capital Facilitv I Minimum

Line Of Credit Facilitv [Line Items

Interest coverage ratio

Non Bank Term Loans

Line Of Credit Facilitv [Line Items]

Aggregate amount of debt

20000%

119.500.000
119.500.000

3.500.000

$ 400.000

195.400.000 195_400.000

Dec. 31. 2021

Renavments of debt

Loss on early extinguishment of debt
Svndicated Term Loans I Credit Facilitv Agreements with Svndicate of
Banks

Line Of Credit Faeilitv [Line Items
Line of credit facility. maximum borrowing capacity

Debt maturity date
Syndicated Tenn Loans I Credit Facility Agreements with Svndicate of
Banks I Senior Term Loan

Line Of Credit Faeilitv [Line Items

Line of credit facility. maximum borrowing capacity

Svndicated Term Loans I Credit Facilitv Agreements with Svndicate of
Banks I Senior Term Loan I Basis point

Linc Of Credit Facilitv Line Items

$ 158,500,000 15x.500.000
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0.25%

2.75%

$24.000_000 24.000.000

0.00%

2.00%

5.00%

$5.000,000 5.000.000

Debt instrument. variable rate Deriodic increase

Annual Contractual! Interest Rate

Svndicated Term Loans 1 Credit Facility Agreements with Syndicate of
Banks l Subordinated Term Loan

Line ()f_Credit Facility [Line Items]

Line of credit facility. maximum borrowing capacity
Syndicated Term Loans l Credit Facilitv Agreements with Svndicate of
Banks i Subordinated Term Loan I Minimum

Line Of Credit_Facilitv [Line Itentsl

Debt Drepayment Denaltv percentage

Syndicated Term Loans l Credit Facilitv Agreements with Svndicate of
Banks I Subordinated Term Loanl Minimum I Basis point
Line Of Credit Facilitv [Line Items]

Annual Contractual Interest Rate

Svndicated Tenn Loans I Credit Facility Agreements with Syndicate of
Banks I Subordinated Tenn Loan I Maximum

Line Of Credit Facilitv Line Items

Debt prepayment penalty percentage

Svndicated Tenn Loans I Credit Facilitv Agreements with Svndicate of
Banks I Subordinated Term Loan i Maximum I Basis point

Line Of Crqlit Facilitv [Line Items]

Annual Contractual Interest Rate

Svndicated Tenn Loans I Credit Facilitv Agreements with Svndicate of
Banks I Working Capital Revolver Commitment

Line_Of Credit Facilitv Line Items

Line of credit facility. maximum borrowing canaciO
Svndieated Term Loans I Credit Facilitv Agreements with Svndicate of
Banks I Senior Secured Revolving Letter Of Credit Facility

Line Of Credit Facilitv Line Items
Line of credit facility, mxvcimum borrowing capacity

Bank Term Loans

Line Of Credit Faeilitv [Line ltenisl

Line of credit facility. maximum borrowing capacity

7.900.000 71900_000

38.000.000 38.000.000

$27.200.000

12.00% 12.00%

Notes Payable
Line Of Credit Facilitv [Line items]

Proceeds from issuance of senior secured notes
Notes Pavable l Payment in Kind ("PIK")

Line Of Credit Facilitv [Line Ttenrsl

Interest Rate

Loan outstanding balance
Solar Asset Backed Securities Class A

Line 0fCredit Facilitv [Line Items
Aggregate amount of debt

$2.900.000 s 6_300_000 $ 2,900,000

100.000.000

11.000.000

Solar Asset Backed Securities Class B

Line Of Credit Facilitv [Line Items]

Aggregate amount of debt

Asset Backed Securities

Line Of Credit Facilitv ALine Items

Secured Borrowings Assets Cam/ing Amount

Debt instrument discount rate
Solar enerav systems. gross
Repavment of lease obligations

Net of fees from proceeds from debt instrument

$ 88.900_000

$ 190,200,000

0.08%
$ I 19.700_000

88_900_000
$ 7.300.000

I

Indebtedness - Schedule of
Maturities of Debt

Excluding Debt Discount
(Details) - USD (S)

S in Thousands

Dee. 31, 2015 Dec. 31, 2014

$6,330
Debt Disclosure [Abstracts
2016

Z0 l7

2018

2019
2020

Thereafter

Subtotal

Less: Debt Discount

238.250

273.693

546.332

(8,014)
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Long tern debt $ 538,318 s 239,251

Derivatives - Additional
Information (Details)

1 Months Ended 12 Months Ended

Jul. 31, 2015
USD ($)
$ / shares

shares

Dec. 31, 2015
USD ($)

Jan. 31 2015Aug. 10, 2015 USD'($)

Counterparty
shares

Derivatives Fair Value Line Items

Unrealized fair market value Queen (loss)

Common shares issuable upon conversion of warrants I shares
$ (921,000)

1,250,764

1,250,764
3 years

$ 22.50

$ 1,500,000 600,000

900,000

109,143,000 $ 1099100,000

4

Derivatives Fair Value ILiac_Itemsl

Common shares issuable upon conversion of warrants I shares

Class of warrant exercisable period

Warrants exercise price I $/ shares

Fair value derivative. liabilities

Fair value derivative, gain

Interest Rate Swaps

Derivatives Fair Value [Line Itenlsl

Derivative notional amount

Number of counterparties l Counterparty

Unrealized fair market value gain (loss)

Additional amount to be classified as an increase to interest expense during next 12 months

Undesignated derivative instruments recorded by the Company

900,000

1,700,000

$ 0

12 Months Ended

3
Deus], 2015 Dec. 31, 2014 Dec. 31, 2013 Jan. 31, 2015

($)I USD ($)
instrument u s e  ( s ) Use  ( s)

Derivatives - Summary of
Designated Derivative

Instruments Classified as
Derivative Liabilities

(Details)
Derivative Instruments And FIedgin9_Aetivities Disclosures [Line Items]

Deferred Tax Benefit $ (5,299,000) $ (10,043,000) $ (760,000)

Loss Recognized in Accumulated Comprehensive Loss $ (921,000)

interest Rate Swans
Derivative instruments And_FledgingActivities Disclosures Line Items]

Quantity I Instrument

Maturity Dates
Notional Amount

Fair Market Value

Credit Risk Adjustment

Adiusted Fair Market Value

Loss Recognized in Accumulated Comprehensive Loss

Interest Expense Recognized into Earnings

interest Rate Swaps I Minimum

Derivative Instruments And Hedging Activities Disclosures [Line Items]

Hedge Interest Rates 2. 17%

interest Rate Swaps I Maximum

Derivative Instruments And Hedging Activities Disclosures Line Itenisl

Hed he I interest Rates 2. 18%

4

OcL 31, 2028

$ 109,143,000
384,000

537,000

921,000

921,000

s 1,521,000

$ 109,100,000

1 Months Ended 12 Months Ended

Jul. 31, 2015 Dee. 31, 2015 Dec. 31, 2014 Sep. 30, 2015

20 years

$ 2,091,585

$ 212,671

5.00%

s 4,854

s 1,570,695

143,028

Lease Passthrough
Financing Obligations -
Additional Information

(Details) - USD ($)

P|'0l)er§vigIi Jh|°ecut§Ti>d€)r Available For Operating Lease [Line Items
Initial lease tern

Solar energy systems. gross

Depreciation on lease

Discount on expected remaining lease payments

Repavment of lease obligations

Maximum percentage to defer a portion of upfront Davments

Aggregate amount of term loan agreement

1,181
25.00%

s 30,000

21,800
Asset Backed Securities

Pronertv Subieet To Ol' Available For Operating Lease [Line Items
Solar energy systems. gross

Reoavment of lease obi,<zations

Solar Energv Svstems Under Lease Pass-throughFundArrangements [Member]

Propcrtv Subicct To Ol' Available For Operating Lease [Line Items

$ 88,900

119,700
88,900
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447,400

$ 33,500

322,200

$ 19,300

Solar energy systems gross

Depreciation on lease

Solar Energv Svstems Under Lease Pass-through Fund Arrangements lMemberl l Minimum

Propertv Subiect To Or Available For Operating Lease [Line Items]

Initial lease tern

Solar Energy Svstems Under Lease Pass-through Fund Arrangements [Member] I Maximum

Prouertv Subiect To Of' Available For Operating Lease Line Items]

Initial lease term

20 years

25 years

Lease Passthrough
Financing Obligations -

Schedule of Future
Minimum Lease Payments

Expected Under Lease Pass-
Fund Arrangement (Details)

$ in Thousands

Prouertv Subject To Or Available For Operating Lease [Line Items]

Dec. 31, 2015
USD ($)

$ 13,557

13,697

13,817

13,939

14,065

199,278

268,353
Investor Under Lease Pass-Through Fund Arrangement

Pr0pertv Subieet To Or Available For 0nerating Leas9 [Line Items]

524

524

524

524

524

3,516

s 6,136

VIE Arrangements -
Carrying Amounts and

Classification of the ViEs'
Assets and Liabilities

Included in the Consolidated
Balance Sheets (Details) -

USD ($)
$ in Thousands

Current assets:

Dee. 31, 2015 Dec. 31, 2014 DCCL 31, 2013 Dec. 31, 2012

$99,699 $ 89,785

Accounts receivable_ net

Prepaid expenses and other current assets

Total current assets

Solar eneruv systems_ net

m

$203,864

9,203

60,275

6,696

360,494

8,094

1,992,021

2,738,146

$ 152,154

2,534

43,189

9,560

236,534

6,012

1,484,251

1,932,584
Cu rrcnt liabilities:

Accounts payable

Distributions Datable to noncontrolline interests and redeemable noncontrollinginterests

Accrued expenses and other liabilities

Deferred revenue. current portion

Deferred grants current portion

Long-term debt current portion

Total current liabilities

Deferred revenue. net of current portion

Deferred grants. not of current portion

Long term debt. Noncurrent

[l]

104,133

8,144

49,146

59,726

13,949

5,408

253,167

559,066

220,784

532,910

1,931,447

51,166

6,764

25,445

44,398

13,754

2,602

150,883

467,726

226,801

236,649

1,380,017
Variable Interest Entities

Accounts receivable_ net

Prepaid exvcnscs and other current assets

44,407

757

12,965

66

29,099

228

14,351

180
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58,195 43,858

365

942,655

986,878

Total current assets

Restricted cash

Solar energy systems. net

Total assets

Current liabilities:

Accounts payable

Distributions payable to no controlling interests and redeemable no controlling interests

Accrued expenses and other liabilities

Deferred revenue, current portion

Deferred truants, current portion

Long-term debt, current portion

Total current liabilities

Deferred revenue. net of current portion

Deferred grants_ net of current Dortion

Long term debt. Noncurrent

Total l iabilities

1,305,420

1,363,615

11,025

8,063

175

21,344

7,198

1,159

48,964

353,392

108,528

29,580

$ 54G,464

9,057

6,426

340

16,991

7,225

1,437

41,476

284,801

116,126

31 ,945

$474,348

[1] The Company's consolidated assets as of December 31 , 2015 and2014 include $1,363,615 and $986,878, respectively, in assets of variable interest entities, or VIEs,
that can only be used to settle obligations of the VIEs. Solar energy systems, net, as of December 31 , 2015 and 2014 were$1,305,420 and $942,655, respectively,
cash as of December 31, 2015 and 2014 were $44,407 and $29,099, respectively, restricted cash as of December 31, 2015 and2014 were $757 and $593, respectively,
accounts receivable, net as of December 31, 2015 and 2014 were $12,965 and $14,351, respectively, prepaid expenses and other current assets as of December 31,
2015 and 2014 were $66 and $180, respectively, The Company's consolidated liabilities as of December 31, 2015 and2014 include $540,464 and $474,348,
respectively, in liabilities of VIEs whose creditors have no recourse to the Company. These liabilities include accounts payable as of December 31, 2015 and 2014 of
$11,025 and $9,057, respectively, distributions payable to no controlling interests and redeemable no controlling interests as of December 31, 2015 and 2014 of
$8,063 and $6,426, respectively, accrued expenses and other liabilities as of December 31, 2015 and 2014 of $175 and $340, respectively, deferred revenue as of
December 31, 2015 and 2014 of $374,736 and $301,792, respectively, deferred grants as of December 31, 2015 and2014 of$l 15,726 and $123,351, respectively, and
long~tem debt as of December 31, 2015 and 2014 of $30,739 and $33,382, respectively.

9

12 Months EndedVIE Arrangements -
Additional Information

(Details) - Variable Interest
Entities

$ in Millions

Dec. 31, 2013
USD ($)
Entity

Variable Interest Entity [Line Items]

Number of entities I Entity 3
Pavments to acquire solar projects and the associated leases $ 22.0

Decrease in additional paid-in-capital. net of tax $2.8

I

12 Months Ended

Aug. 10, 2015 Dec. 31, 2015 Dec. 31, 2014

1,667,683

1,250,764

$ 24,890,000

0

$ 24,900,000 s 24,900,000

0 54,841,000

Stockholders' Equity -
Additional Information

(Details) - USD ($)

Class Of Stock Line Items

Common stock issuable upon preferred stock conversion

Common shares issuable upon conversion of warrants

Deemed dividend to convertible preferred shareholders

Common stock dividends

Series D and E Preferred Shares

Class Of Stock ALine ltcmsl

Deemed dividend to convertible Dreferred shareholders

Convertible Preferred Stock

Class Of Stock [Line Items

Preferred Stock Shares Issued And Outstanding

Initial Public Offering

Class Of Stock [Line Itenisl

Issuance of common stock in connection with underwritten public offering. net of issuance costs. (in shares 17,900,000

Sale of stock. price per share $ 14.00

Proceeds from issuance initial public offering $221,300,000

Offering expense $ 7,500,000

Shares sold by shareholders in initial public offering 417,732

Convertible preferred stock into common stock 54,840,767
I _

Dec. 31, 2015 Dec. 31, 2014

Stockholders' Equity ..
Schedule of Company's
Series of Convertible

Preferred Stock (Details) -
USD ($)

$ /shares in Units, $ in
Thousands

Class Of Stock [Line Items]
Preferred slack_ shares authorized

Series A Convertible Preferred Stock

200,000,000 0
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12,043,000

12,007,000

$ 12,007

$ 0.08

10,758,000

10,758,000

$ 18,420

s 0.14

13,613,000

13,613,000

s 55,000

s 0.32

Qlass Qr Stock Line Item_s]

Preferred stock. shares authorized

Preferred Stock Shares Issued And Outstanding

Aggregate liquidation preference

Noncumulative Dividend Per Share Per Annum

Series B Convertible Preferred Stock
Clasgpf Stock [Line I_temsl

Preferred stock. shares authorized
Preferred Stock Shares Issued And Outstanding

Aggregate liquidation preference

Noncumulative Dividend Per Share Per Annum

Series C Convertible Preferred Stock

Class Of Stoek ALine ltcnlsl

Preferred stock, shares authorized

Preferred Stock Shares Issued And Outstanding

Aggregate liquidation preference

Noncumulative Dividend Per Share Per Annum

Series D Convertible Preferred Stock

Class Of Stock Line Items]

Preferred stock. shares authorized

Preferred Stock Shares Issued And Outstanding

Aggregate liquidation Dreference

Noncumulative Dividend Per Share Per Annum
Series E Convertible Preferred Stock

Class Of Stock [Line Items]

7,584,000

7,584,000

$ 70,000

$ 0.74

Preferred stock, shares authorized

Preferred Stock Shares Issued And Outstanding

Aggregate liquidation preference

Noncumulative Dividend Per Share Per Annum

Convertible Preferred Stock

Class Of Stock [Line Iternsl

Preferred stock_ shares authorized 0

Preferred Stock Shares Issued And Outstanding0

Aggregate liquidation preference $ 0

13,030,000

10,879,000

s 150,456

$ 1.11

57,028,000

54,841,000

$ 305,883

I

Dee. 31, 2015 Jul. 31, 2015 Dec. 31, 2014

67,890,000

Stockholders' Equity _
Schedule of Reserve Share of
Common Stock for Issuance

(Details) - shares

Class Of Stock Line Items

Shares of common stock reserved for issuance 27,307,000

Series A Convertible Preferred Stock

Class Of Stoc_k [Line Items]

Shares of common stock reserved for issuance

Series B Convertible Preferred Stock

Class Of Stock [Line Items

12,007,000

10,758,000

13,613,000

7,584,000

10,879,000

11,400,000

Shares of common stock reserved for issuance

Series C Convertible Preferred Stock

Class Of Stock [Line Items]

Shares of common stock reserved for issuance

Series D Convertible Preferred Stock

Class Of Stock ILiac Items]

Shares of common stock reserved br issuance

Series E Convertible Preferred Stock

Class Of Stock [Line Items]

Shares of common stock reserved for issuance

Twentv Fifteen Equitv Incentive Plan

Class Of Stock [Line Items]

Shares of common stock reserved for issuance 12,006,000

Twentv Thirteen Equitv Incentive Plan

Class Of Stock [Line Items]

Shares of common stock reserved for issuance

Twenty Fifteen Emplovee Stock Purchase Plan

Class Of Stock ILiac Items]

Shares of commoll stock reserved for issuance 1,000,000

Emnlovee Stock Option

Class Of Stock [Line ltcmsl

Shares of common stock reserved for issuance 12,795,000

694,000

11 ,408,000
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947,000

Restricted Stock Units (RSUs

Class Of Stock Line Items]

Shares of common stock reserved for issuance 1,506,000

I

1 Months Ended

Aug. 31, Jul. 31, Mar. 31,
2015 2015 2015

12 Months Ended

Dec. 31, 2015 Dec. 31,
2014

Dec. 31, Aug. 31,
2013 2014

101,282,000

27,307,000

517,285

3 years 2 months 12 days

0

24,249,000

67,890,000

469,000

0

0

0

Stock-Based Compensation -
Additional Information

(Details) - USD (S)

Share Based Colnuensation Arrangement
Bv Share Based Pavement Awa rd [Line
Items

Common stock. shares outstanding

Common stock reserved for issuance

Unvested exercisable shares
Unvested exercisable shares. vesting period

Unvested options exercised

Unvested options subject to repurchase
outstanding
Weighted-average grant-date fair value of
stock options granted

Total intrinsic value of options exercised

$ 4.56 $ 3.72 $ 1.77

Total fair value of options vested

Compensation expense recognized

s 8,100,000

9,100,000

s 4,800,000

3,900,000

$ 15,823,000 $ 9,218,000

$
1,400,000

2,300,000

s
2,655,000

0.00%Expected dividend yield rate

Total unrecognized compensation cost
0.00%

s 20,900,000

Weighted-averaze period of recognition
2 years 9 months 18days

0.00%

$
12,100,000

2 Y€3.l'S 9
months 18
days

$200,000 s 100,000 $ 0

Internal Use Software Development

Share Based Compensation Arrangement
Bv Share Based Pavement Award [Line
Items

Capitalized stock based comuensatioll
expense
Emplovee Stock

Share Based Compensation Arrangement
Bv Share Based Pavement Award [Line
Items]

Compensation expense recognized

Sale of shares
Restricted Stock Units (RSUsi

Share Based Compensation Arrangement
Bv Share Based Pavement Award [Line
Itcmsl

$ 1,600,000

1,131,028
s 3,400,000

1,092,421

1,506,000

808,000

2014-08

2017-08

947,000

947,342

372,342

Common stock reserved for issuance

Stock option plan_ number of shares granted

Vesting starting Deriod
Vesting ending period

Stock option Dian. number of additional
shares available for grant

Stock Options

Share Based Compensation Arrangement
Bv Share Based Payment Award [Liuq
Items]
Common stock reserved for issuance

Outstanding stock options

Performance-based Plan
Share Based Compensation Arrangement
By Share Based Pavement Award [Line
Items

Compensation expense recognized

12,795,000

180,000

11,408,000

$ 800,000
Maximum
Share Based Compensation Arrangement
Bv Share Based Pavement Award [Line
Items]
Risk-free interest rate
Expected volatility
Expected term (in years)

1.95%

39.63%

6 years 2 months 23 days

2.01%

46.68%

6 years 29
days

2.06%

55.80%

6 years 29
days

MEC 2009 Stock Plan
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527,770

3,000,000

4,500,000

4 years

0

8,044,829

10 years

25.00%

75.00%

1,197,342 947,342

1,197,342

11,400,000

4 years

12,006,000

4 years

250,000

783,228

15,439,334

10 years

25.00%

Share Based Contper§8\_ti9n A_rrangemen§
Bv Share Based Pavnlent Award [Line
Items]

Common stock. shares outstanding

2013 Equitv Incentive Plan

Share Based Comnensatiggi Arrangement_
Bv Share Based Pavement Award [Line
Items

Additional common stock shares reserved
for issuance

Common stock reserved for issuance

Stock options vesting period
Stock option pearl_ number of shares granted

2013 Equity Incentive Plan I Maximum

Share Based Compensation Arrangement
Bv Share Based Pavement Award Line
Items

Common stock reserved for issuance

Stock options granted. expiration period

2013 Et_uitv Incentive Plan I End ozOne
Year

Share Based Compensation Arrangement
Bv Share Based Pavement Award [Line
Items]

Vesting award percentage

2013 Equity Incentive Plan I Monthlv Over
the Remaining ThreeYears

Share Based Compensation Arrangement
By Share Based Pavement Award ALine
Items]

Vesting award percentage

2014 Equitv Incentive Plan

Share Based Colnneusation Arrangement
Bv Share Based Pavement Award [Line
Items

Common stock reserved for issuance

2014 Equity Incentive Plan I Restricted
Stock Units (RSUS)

Share Based Compensation Arrangement
Bv Share Based Pavement Award Line
Items]

Stock option plan, number of shares granted

20 I5 Equity Incentive Plan

Share Based Compensation Arrangement
Bv Share Based Pavement Award Line
Items]

Common stock reserved for issuance

Stock options vesting period

20]5 Equity Incentive Plan I Restricted
Stock Units (RSUs)

Share Based Compensation Arrangement
Bv Share Based Pavement Award Line
Items]

Stock options vesting period

Stock option plan number of shares granted

Outstanding RSUs

2015 Equilv Incentive Plan I Maximum

Share Based Compensation Arrangement
By Share Based Pavement Award [Line
Items]

Common stock reserved for issuance

Stock options granted. expiration period

2015 Equitv Incentive Plan 1 End ozOne
Year

Share Based Compensation Arrangement
By Share Based Payment Award [Lino
Items]

Vesting award percentage

2015 EquiW Incentive Plan | End ozOne
Year I Restricted Stock Units (RSUs

Share Based Compensation Arrangement
Bv Share Based Payment Award lLinq
ltcmsl

http://archive.fast-edgancom/20160311/APA2B22CZC22D9AE222M2ZZ2BBKGVY22Z... 4/26/2016



run- 10k_20151231 .him Page 180 of 270

25.00%

75.00%

75.00%

1,000,000 1,000,000

5,000,000

Vesting award percentage
2015 Equitv Incentive Plan I Monthlv Over
the Remaining Three Years
Share Based Compensation Arrangement
Bv Share Based Pavement Award [Line
lternsl

Vesting award Dercentage

2015 Equip Incentive Plan I Ouarterlv Over
the Remaining Three Years I Restricted
Stock Units (RSUs\
Share Based Compensation Arrangement
Bv Share Based Pavement Award Line
Items]

VestinQ award percentage

Emplovee Stock Purchase Plan

Share Based Compensation Arrangement
Bv Share Based Pavement Award Line
Items]

Common stock reserved for issuance

Minimum annual increase included in
common stock resewed for future issuance
as of first Dav of each fiscal year

Minimum percentage of annual increase
included in common stock reserved for
future issuance as of last Dav of immediately
preceding Fiscal year
Terms of shares available for issuance

2.00%

Thenumber of shares of common stock available for sale
under the Company's ESPP will also include an annual
increase on the first day of each fiscal year beginning on
January 1, 2016, equal to the least of (i) 5,000,000 shares
(ii)2% of the common stock as of the last day of the
immediately preceding fiscal year or (iii) such other
amount as the Company's board of directors may
determine.

$ 25,000

15.00%

Maximum deductible value of shares
available for employee to purchase per
calendar year

Maximum percentage in payroll deductions
to acquire shares of common stock

Maximum number of shares available for
employee to Durchase Der offering Deriod

Term of offering Deriod

z,000

Risk-free interest rate

Expected volatility

Expected term ( in years)

Expected dividend yield rate

i

Employees are offered shares bi-annually through two
six month offering periods, whichbegin on the first
trading day on or after May 15 and November 15 of each
year. The first offering period began on November 16,
2015.

033%
33.84%

6 months

0.00%

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014

11,408,000

Stock-Based Compensation -
Summary of Stock Option

Activity (Details) - $ / shares

Disclosure Of Compensation Related Costs Sharcbaserl Pnvnrents [Abstract]
Stock options, Outstanding. balance 11,408,000

Stock options, Granted 3,806,000
Stock motions. Exercised ( l ,210,000)
Stock oDlions_ Cancelled/Forfeited (1,209,000)

Stock motions. Outstanding. Balance 12,795,000

Stock options. Options vested and exercisable 6,409,000

Stock motions. Options vested and expected to vest 10,460,000
Weighted-average exercise price. Outstanding. Balance $ 4.42

Weighted-average exercise price. Granted 9.50

Weighted~averaae exercise price. Exercised 296
Weighted-averaze exercise price. Cancelled/Forfeited 6.27

Weiahtcd~averaae exercise price. Outstanding. Balance 5.89

Weighted-average exercise price. Options vested and exercisable 3.88

Weighted-average exercise price. Options vested and expected to vest $ 5.69

Weighted-average remaining contractual life options outstanding 7 years 9 months 26 days 8 years 2 months 12 days

Weighted-average remaining contractual life, options vested and exercisable 6 years 9 months 18 days

Weighted-average remaining contractual life. options vested and expected to vest 7 years 7 months 24 days

$ 4.42

l
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Dec. 31, 2015

12 Months Ended

Dec. 31, 2014 Dec. 31, 2013

0.00% 0.00% 0.00%

Stock-Based Compensation -
Estimated Fair Value of
Stock Options (Details)

Share Based Compensation Arrangement Bv Share Based Pavement Award [Line Items]

Expected dividend yield

Minimum

Share Based_Qomnensatiqn Arrangement Bv Share Based I1a_vment Aw_ard [Line Items]

Risk-free interest rate

Volatility

Expected term (in years)

Maximum

Share Based Compensation Arrangement By Share Based _Pavement A_ward Line Items]

Risk-free interest rate
Volatilitv

Expected term (in years)

1.55%

36.30%

5 years 6 months

l168% 0.82%

37.41% 54.36%
5 years 4 months 2 days 5 years 6 months 15 days

195% 2.01%

39.63% 46.68%

6 years 2 months 23 days 6 years 29 days

2.06%
55.80%

6 years 29 days
I

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014

947,342

Stock-Based Compensation -
Summary of Activity for All
RSUs (Details) - Restricted

Stock Units (RSUs) - $ /
shares

Share Based Compensation Arrangement By Share Based Pavement Award [Line Items

Shares. Unvested_ Balance

Shares. Granted

Shares. Issued
Shares Cancelled / forfeited

Shares Unvested. Balance

Weighted-average grant date fair value. Unvested. Balance

Weighted-average grant date fair value, Granted

Weighted-average grant date fair value. issued

Weighted-average grant date fair value_ Cancelled / forfeited
Weighted-average grant date fair value. Unvested_ Balance

947,000

808,000

(182,000)

(67,000)

1,506,000

$ 9.40

I1.13

9.58

11.37

$ 10.44

947,000

$ 9.40
I

12 Months Ended
Stock-Based Compensation -

Summary of Stock-Based
Compensation Expense

(Details) - USD ($)
$ in Thousands Dec. 31, 2015 Dee. 31, 2014 Dee. 31, 2013

$ 15,823 $9,218 $ 2,655

1,649 155 116

236 682

5,242 897 474

205 270 379

Emplovee Service Share Based Compensation Allocation Of Recognized Period Costs [Line Items]

Compensation expense recognized
Cost of` Operating Leases and Incentives

Eninlovee Service Share Based Compensation Allocation Of Recognized Period Costs [Line Items]

Compensation expense recognized

Cost of Solar Energv Svstems and Product Sales

Emplovee Service Share Based Compensation Allocation Of Recognized Period Costs inLine Items

Compensation expense recognized

Sales and Marketing

Emplovee Service Share Based Compensation Allocation Of Recognized Period Costs ALine Iteinsl
Compensation expense recognized

Research and Development

Employee Service Share Based Compensation Allocation Of Recognized Period Costs [Line Itenlsl

Compensation expense recognized

General and Administration
Emplovee Service Share Based Compensation Allocation Of Recognized Period Costs [Line Items]

Compensation expense recognized

l
s 8,491 $7,214 $ 1,686

Retirement Plan .. Additional
Information (Details)

$ in Millions

12 Months Ended
Dec. 31, 2014

USD ($)
Mainstream Energzv Corporation

Defined Benefit Plan Disclosure [Line Items]

Post acquisition contributions $ 0.5

I

12 Months Ended
Operating Revenues under

Customer Agreements -
Additional Information

(Details) .. USD ($)
$ in Millions

Leases Operating [Abstract]

Dec. 31, 2015 Dec. 31, 2014 Dec. 31, 2013
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1

Operating Revenues under
Customer Agreements -

Schedule of Future
Minimum Lease Payments

(Details)
S in Thousands

Operating Leases Future Minimum Pavtu_ents Receivable lAbstractl_

Dec. 31, 2015
USD ($)

20 l6

20 l7

2018

2019

2020

Thereafter
Total

l

$ 13,557

13,697

13,817

13,939

14,065

199,278

$ 268,353

Income Taxes - Loss Before
Income Taxes (Details) - 12 Months Ended

USD ($)
$ in Thousands

Income T_ax Disclosure [Abstracts

Dec; 31, 2015 Dec. 31, 2014 Dec. 31, 2013

Loss attributable to common stockholders $ 33,545

Loss attributable to no controlling interest and redeemable no controlling interests 220,660

Total $ 254,205

$ 80,895

86,638

$ 167,533

$ 1,792

64,294

$ 66,086

I

12 Months Ended
Income Taxes - Income Tax
Provision Benefit (Details) -

USD ($)
$ in Thousands Dee. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

Current:

State

Total current expense

Deferred :

Fc:deraI

State

Total deferred provision
Total

s 169

169

$ (7,516)
2,217

(5,299)

$ (5,299)

s (8,196)

(1,847)

(10,043)

$ (10,043)

(1,] 14)

354

(760)

$ (591)

I

12 Months Ended

Dee. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

(34.00%)

0.87%

29.53%

1.06%

0.04%

(0.43%)
0.85%

(2.08%)

(34.00%)

(1 . 10%)

17.59%

I137%
9.39%

(0.22%)

0.98%

(5.99%)

(34.00%)

0.79%

34.10%

0.94%

Income Taxes -
Reconciliation of The

Statutory Federal Rate and
The Company's Effective

Tax Rate (Details)

Income Tax Qisclosurg IAbstractl

Tax provision (benefit) at federal statutory rate

State income taxes. net of federal benefit

Effect of no controlling and redeemable noneontrolling interests

Stock-based compensation
Effect of prepaid tax asset

Tax credits

Other

Total

I

(2.16%)
(0.56%)

(0.89%)

Dec. 31, 2015 Dec. 31, 2014

s 12,904

34,710

229,464

3,748

11,261

292,087

$ 4,302

44,359

176,555

1,612

7,369

234,197

Income Taxes - Significant
Components of The Deferred

Tax Assets and Liabilities
(Details) - USD ($)

$ in Thousands

Deferred tax assets:

Accruals and repaids

Deferred revenue

Net operating loss carrvforwards

Stock-based Compensation

Investment tax and other credits

Gross deferred tax assets

Deferred tax liabilities:

Capitalized initial direct costs 27,539

Fixed asset depreciation 178,511

Deferred tax on investment in partnerships 276,183

16,640

142,866

184,240
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Gross deferred tax liabilities

Net deferred tax liabilities

I

482,233

$ (190,146)

343,746

$ (109,549)

Income Taxes - Summary of
Deferred Tax Liabilities

(Details) - USD ($)
$ in Thousands

income Tax Disclosure IAbstractl

Deferred tax assets

Deferred tax liabilities

Net deferred tax liabilities

Dec. 31, 2015 Dec. 31, 2014

$292,087

(482,233)

$ (190,146)

$234,197

(343,746)

s (109,549)

12 Months Ended

Dee. 31, 2015 Dec. 31, 2014

$2,400,000

s 1,525 000 0

0

s 595,000,0004544500,000

2028

$ 368,000,000 283,100,000

2020

$ 178,600,000 126,500,000

2020

s 1,000,000

2023

900,000

$ 5,300,000 1,800,000

1,300,000 1,100,000

i

Income Taxes - Additional
Information (Details) .. USD

($)
Income Tax Contingency [Line Items]

Investment Tax Credit $ 4,200,000

Tax Credit Carrvflorward_ Expiration Dale 2028

Tax benefit realized upon settlement 50.00%

Unrecognized Tax Benefits >

Unrecognized Tax Benefits Income Tax Penalties And Interest Accrued300,000

Federal

Income Tax Coqtingencv [Line Items]

Net operating loss calTvforwards

Net operating loss carry forwards_ Year of expiration

California

Income Tax Contingencv [Line Items]

Net operating loss cairvflorwards

Net operating loss carwtbrwards Year of expiration

Other State

Income Tax Contingencv [Lille Items]

Net operating loss carrvforwards

Net operating loss carrvforwards. Year of expiration

California Enterprise Zone Credits.

Income Tax Contingencv [Lille Items]

Investment Tax Credit

Tax Credit Carrvforward. Expiration Date

Windfall Stock Option I Federal

Income Tax Contingcncv [Line [rems]

Net operating loss carrvforwards

Windfall Stock Option I California

Income Tax Contingencv [Line Items]

Net operating loss carrvforwards

Windfall Stock Option ] Other State

Income Tax Contingencv Line Items]

Net operating loss carrvforwards

l

$2,500,000 $500,000

12 Months EndedIncome Taxes -
Reconciliation of

Un recognized Tax Benefits
(Details)

Income Tax Disclosure lAbstrnctl

Balance at January l. 2014 and December 31 2014 S0

Acquired from CEE 1,525,000

Balance at December 31. 2015 $ 1,525,000

Dec. 31, 2015
USD ($)

12 Months Ended
IIncome Taxes - Summary of

Tax Years that Remain
Open and Subject to

Examination by The Tax

US.%83!>'&'iiF1€8fi18§¥"1i8~l Year
Income Tax Contingencv [Line Items]

Open Tax Year 2011

U.S. Federal I Latest Tax Year

Income Tax Contingencv [Line Items]

Open Tax Year 2015

State I Earliest Tax Year

Income Tax Contingencv [Line Items]

Open Tax Year 2010

Dec. 31, 2015
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State I Latest Tax Year

Income Tax Contingencv Line Items!

Open Tax Year 2015

|

1 Months Ended 12 Months Ended

Oct. 31, 2015 Jun. 30, 2015 Jan. 31, 2015 Dec. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

s 3.5

$ 24.0
$ 5.8

7.4

s 146.0 s 32.0 $ 70.0

2016-12
12 months

2016-12

s 78.0

$ 8,0

10.00%

$19.7

$ 19
13.8

$ 2.0

s 2.0

2.00%

3.25%

Commitments and
Contingencies - Additional
Information (Details) - USD

($)
$ in Millions

Other Commitments [Line Items]

Letters of credit outstanding. amount

Capital Lease Obligations

Photovoltaic Modules

Other Commitments Line Items]

Purchase commitment with sunoliers

Long-term purchase commitment_ Deriod

Long temp Durchase commitment ending period
Commitment of $146.0 million] Photovoltaic Modules

Other Commitments ILium Items]

Delivered purchase commitments
Commitment of $32.0 million I Photovoitaic Modules

Other Comm fitments [Line Items]

Delivered purchase commitments

Capital Lease Obligations

Other Commitments [Line Items]

Lease obligation interest rates

Non Cancellable Operating Leases Arrangements

Other Commitments [Line Items]

Operating lease expenses

Deferred rent liabilities
Letter of Credit I Minimum

Other Commitln ants [Line Items]

Letter of credit. fee percentage

Letter of Credit l Maximum

Other Commitments [Line Items]

Letter of credit fee percentage

l

Commitment and
Contingencies - Schedule of

Future Minimum Lease
Payments Under Non-

Cancelable Operating Lease
Agreements (Details) - Non

Cancellable Operating
Leases Arrangements

$ in Thousands

Dec. 31, 2015
USD ($)

0Dcrating Leascd Assets Line Items]

20 l6

2017
2018

2019
2020

ThereaHer

Total

I

s 7,019
6,669

5,906

2,521

879

53

$ 23,047

Commitment and
Contingencies - Schedule of

Future Lease Payments
Under Capital Lease

Obligations (Details) - USD
($)

$ in Thousands

Commitments And Contingencies Disclosure IAbstractl

2016

2017

2018

2019

2020

Thereafter

Total future lease uavments

Dec. 31, 2015 Dec. 31, 2014

$9,727

7,444
5,321

2,799

219

200

25,710
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$ 1,593

$ 5,761

Less: amount representing estimated executors costs included in future lease payments 537

Net minimum future lease payments 25,173

Amount representing interest 1,180

Present value of future payments 23,993

Capital lease obligation, current Donation 8>951

Capital lease obligation_ net of current portion $ 15:042

1

12 Months Ended

Aug. 10, 2015 Dec. 31, 2015

$ 24,890

Net Loss Per Share ..
Additional Information

(Details) - USD ($)
$ in Thousands

Sehedplc Of Earnings Per Share Basic A_nd Diluted [Line Items

Deemed dividend to convertible Dreferred shareholders

Series D and E Preferred Shares

Schedule Of Earnings _Per Share Basic And Diluted Line Items

Deemed dividend to convertible Dreferred shareholders $ 24,900

I

$24,900

12 Months Ended
Net Loss Per Share -

Computation of Basic and
Diluted Net Loss per Share

(Details) - USD ($)
$ / shares in Units, shares in
Thousands, S in Thousands

Dec. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

$ (28,246)

(24,890)

$ (53,136)

s (70,852) $ (1,201)

$ (70,852) $(1,20l)

22,795

s (3. 11)

9,780

s (0.12)

Numerator:

Net loss attributable to common stockholders

Deemed dividend to convertible preferred stockholders

Net loss available to common stockholders
Denominator'

Weighted average shares used to compute net loss per share available to common stockholders_ basic and diluted 55,091

Basic and diluted $ (0.96)

l

12 Months Ended

Dec. 31, 2015 Dec. 31, 2014 Dec. 31, 2013

14,668 66,249 52,125

54,841 43,998

1,251

12,615 11,408 84127

723

Net Loss Per Share -
Schedule of Shares Excluded

From Computation of
Diluted Net Los Per Share

(Details) - shares

Antidilutive Securities Excluded From Computation_of Earnings Per Share [Line Items_

Antidilutive securities excluded from computation of net loss per share
Preferred Stock

Antidilutive Securities Excluded From Computation Of Earnings Per Share ALine Items

Antidilutive securities excluded from computation of net loss Der share

Warrant
Antidilutive Securities Excluded From Computation Of Earnings Per Share [Line Items

Antidilutive securities excluded from computation of net loss per share

Employee Stock Option

Antidilutive Securities Excluded From Computation OfEarnin2s Per Share Line Items

Antidilutive securities excluded from computation of net loss per share

Unvested Restricted Stock Units

Antidilutive Securities Excluded From Computation Of Earnings Per Share l_Ling Items
Antidilutive securities excluded from computation of net loss Der share

ESPP

Antidilutive Securities Excluded From Confutation Of Earnings Per Share ALine Itcmsl

Antidilutive securities excluded from computation of net loss Der share

l

79

12 Months EndedRelated Party Transactions
Additional Information

(Details) - USD ($)
$ in Millions Dec. 31, 2015 Dec. 31, 2014

$ 11.9

0.7
s 8,9
1.1

7.6

$ 0.1

Enchase Energy I N C

Related Partv Transaction [Line Items

Purchase from related party

Outstanding parables to related party

RECC

Related Partv Transaction [Line Items]
Solar energy systems and products sales revenue 0.3

Accounts receivable $ 0.0
I _ _

Subsequent Events ..
Additional Information

1 Months Ended
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(Details) - USD ($)

Mar. 31, 2016

12
Months
Ended

Jan. 31, Dee. 31,
2016 2015

Jan. 01,
2016

Subsequent Event [Line Items

Annual Contractual Interest Rate

SubsequentEvent I Syndicated Tenn Loans
Subsequent Event [Line Items]
Line of credit facility_ maximum borrowing

3.25%

$
250,000,000

Dec, 31,
2020

Subsequent Event I Svndicated Term Loans I
Aggregate Banking Facilities

Subsequent Event [Line Items]

Line of credit facility_ maximum borrowing
220,000,000

Subsequent Event I Svndicated Term Loans I

Subsequent Event [Line Items]

Line of credit facililv_ maximum borrowing
23,000,000

Subsequent Event I Svndicated Term Loans I
Letter of Credit Sub-FaciliW

Subseq_u_ent Event Line_I_temsl

Line of credit facility_ maximum borrowing
$7,000,000

Subsequent Event l Svndicated Term Loans I
Basis point I Aggregate Banking Facilities
Subsequent Event [Line Items]

Annual Contractual interest Rate

Revolving line of credit facility available
2.50%

3 years

Debt instrument_ variable rate periodic
2.75%

Revolving line of credit facility available
2 years

Subsequent Event | Svndicated Tenn Loans I
Basis point 1 Term Loan

SubsequentEvent [Lille Items]

Annual Contractual Interest Rate

Revolving line of credit facility available
500%

3 years

Debt instrument_ variable rate Deriodic
6.50%

Revolving line of credit facility available
2 years

Subsequent Event I Svndicated Term Loans l
Basis point I Letter of Credit Sub-FaciliW

Subsequent Event [Line Items

Annual Contractual Interest Rate

Revolving line of credit facility available
2.50%

3 years

Debt instrument. variable rate periodic
2.75%

Revolving line of credit facility available
2 years

Subsequent Event I Svndicated Term Loans 1
LIBOR Floor Rate I Term Loan

Subsequent Event Line Items
Annual Contractual Interest Rate

Subsequent Eventl Secured_ Non-recourse
Loan Agreement

Subsequent Event [Line Items]

Aggregate amount of debt
Debt instrument maturiW year

Debt instrument, Description

1.00%

$ 24,500,000

2022-09
In March2016, a subsidiary of the Company entered into a $245 million secured, non-
recourse loan agreement. The loan will be repaid through cashflows from a lease pass-
through arrangement previously entered into by the Company. The loan matures in
September 2022 and has an interest rate of LIBOR + 2.25%
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Subsequent Event I Secured. Non-recourse
Loan Agreement 1 Basis point

Subsequent Event [Line I_ten1s]

Annual Contractual Interest Rate 2.25%

I
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Solar Spotlight: Arizona
EXHIBIT 414. ll*-

J ILD
'2

AI a glance
There are currently more than 399 solar companies at work throughout the value chain in Arizona
employing 6,900 people? These companies provide o wide variety of solar products and services ranging
from solar system installations to the manufacturing of components used in photovoltaic panels. These companies

be broken down across the following categories: 66 manufacturers, 28 manufacturing facilities, i97
contractor/installers, 21 prolect developers, 39 distributors and 76 engaged in other solar activities including
financing, engineering and legal support

93 MW of solar energy were
installed in Arizona in the fourth quarter of
2015. Arizona ranked eighth ncntionoll
fourth quarter installations

In 2015. Arizona installed 234 MW of
solar electric capacity, ranking it sixth
nationally. Of this capacity, 1 10 MW were
residential. 19 MW were commercial and
106 MW were utility-scale

The
in Arizona ranks the

state second in the country in installed solar
capacity. There is enough solar energy installed in the state to power 327,000 homes

2,303 MW of solar energy
currently installed

In 2015, $582 million was invested on solar installations in Arizona

!nstolled solar photovoltaic system prices in the U.S. have dropped steadily- by 6% from lost year and
48% from 2010

Notable Projects
Agua Caliente in Yuma County was completed in 2013 by developer First Solar. This photovoltaic project hos the

- enough to power over 100,000 Arizona homes. Ancapacity to generate 290 MW of electricity
additional 12 MW will online lcster this

At i25 MW, Arlington Valley Solar Protect ll is among the largest solar installations in Arizona. Completed
2015 by LS Power, this photovoltaic project hos

5
enough electric capacity to power mare than 17,700

homes .

SEIA | www.seiu.org

l

April 7, 2016
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EX-21.1 10 scty-ex211_9.htm EX-21.1 .. SUBSIDIARY LIST
Exhibit 21.1

LIST OF SUBSIDIARIES
OF

SOLARCITY CORPORATION
(as of February 10, 2016)

EXHIBFI

Name of Subsidiary
Allegheny Solar 1, LLC
Allegheny Solar Manager 1, LLC
Andrews County Solar, LLC
Asterix Solar Managing Member I, LLC
AU Solar 1. LLC
AU Solar 2. LLC
Banyan SolarCity Manager 2010, LLC
Banyan SolarCity Owner 2010, LLC
Basking Solar I, LLC
Beatrix Solar I. LLC
Bernese Solar Manager I, LLC
Blue Skies Solar I. LLC
Blue Skies Solar II. LLC
Building Solutions Acquisition Corporation
Caballero Solar Managing Member I, LLC
Cardinal Blue Solar. LLC
Castello Solar I. LLC
Castello Solar II. LLC
City UB Solar, LLC
Clydesdale SC Solar I, LLC
Common Assets Capital, LLC
Common Assets Financial. LLC
Common Assets Securities. LLC
Common Assets Technologies, LLC
Common Assets. LLC
Dom Solar General Partner I. LLC
Dom Solar Lessor I. LP
Dom Solar Limited Partner I. LLC
Eider Lease Co, LLC
Energy Freedom Coalition of America, LLC
Ever CT Solar Farm. LLC
Falconer Solar Manager I, LLC
Fontaine Solar I. LLC
FOTOVOLTAICA GI 1. s. de R.L. dh C.V
FOTOVOLTAICA GI 4. s. de R.L. dh C.V
FOTOVOLTAICA GI 5. s. dh R.L. dh C.V
FOTOVOLTAICA GI 6. s. dh R.L. dh C.V
FOTOVOLTAICA GI Dos. s. dh R.L. De C.V
FOTOVOLTAICA GO TRES. s. dh R.L. de C.V
FTE Solar 1. LLC
GivePower Formation

Hammerhead Solar. LLC
Haymarket Holdings, LLC
Haymarket Manager l, LLC
Haymarket Solar 1, LLC
Ike fu Manager I, LLC
IL Buono Solar I. LLC
ILIOSSON. S.A. dh C.V
Namath Falls Solar 1. LLC

4 lQ

Jurisdiction of Incorporation

Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Cayman

Delaware
Delaware
Delaware
California
Delaware
Delaware
Mexico
Mexico
Mexico
Mexico
Mexico
Mexico

Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Mexico

Delaware

http://www.sec.gov/Archives/edgar/data/1408356/0001564590l6012549/scty-ex211_9.htm 4/26/2016
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Namath Falls Solar 2, LLC
Namath Falls Solar 3, LLC
Knight Solar Managing Member I, LLC
Knight Solar Managing Member II, LLC
Landlord 2008-A, LLC

Delaware
Delaware
Delaware
Delaware
Delaware

http://www.sec.gov/Archives/edgar/data/1408356/000156459016012549/scty-ex2l 1_9.htm 4/26/2016
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Name of Subsidiary
Louis Solar II, LLC
Louis Solar Manager II, LLC
Louis Solar Master Tenant I, LLC
Louis Solar MT Manager I, LLC
Louis Solar Owner I, LLC
Louis Solar Owner Manager I, LLC
Mayo Solar Holdings, LLC
Mako Solar, LLC
Master Tenant 2008-A, LLC
Matterhorn Solar I, LLC
Megalodon Solar, LLC
Monte Rosa Solar I, LLC
Mound Solar Manager V, LLC
Mound Solar Manager VI, LLC
Mound Solar Manager X, LLC
Mound Solar Manager XI, LLC
Mound Solar Master Tenant IX, LLC
Mound Solar Master Tenant V, LLC
Mound Solar Master Tenant VI, LLC
Mound Solar Master Tenant VII, LLC
Mound Solar Master Tenant VIII, LLC
Mound Solar MT Manager IX, LLC
Mound Solar MT Manager VH, LLC
Mound Solar MT Manager VIII, LLC
Mound Solar Owner IX, LLC
Mound Solar Owner Manager IX, LLC
Mound Solar Owner Manager VH, LLC
Mound Solar Owner Manager VIII, LLC
Mound Solar Owner V, LLC
Mound Solar Owner VI, LLC
Mound Solar Owner VH, LLC
Mound Solar Owner VIII, LLC
Mound Solar Partnership X, LLC
Mound Solar Partnership XI, LLC
MS SolarCity 2008, LLC
MS SolarCity Commercial 2008, LLC
MS SolarCity Residential 2008, LLC
MT Solar Corporation
NBA SolarCity AFB, LLC
NBA So1arCity Commercial I, LLC
NBA So1arCity Solar Phoenix, LLC
Needham Solar I, LLC
Obelisk Solar I, LLC
PaCo Solar Holdings, LLC
PaCo Solar Lessee 1, LLC
PaCo Solar Lessee Manager 1, LLC
PaCo Solar Lessor 1, LLC
Panoramic Solar I, LLC
Paramount Energy Fund I Lessee, LLC
Paramount Energy Fund I Lessor, LLC
PEF MM, LLC
Poppy Acquisition LLC
Presidio Solar I, LLC
Pukana La Solar I, LLC
Remora Holdings, LLC
Remora Solar, LLC
Sequoia Pacific Holdings, LLC
Sequoia Pacific Manager I, LLC

Jurisdiction of Incorporation
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Cal i forn ia
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Cal i forn ia
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
California
Cal i forn ia
Cal i forn ia
Delaware
Delaware
Delaware
Arizona

Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware

http://www.sec.gov/Archives/edgar/data/1408356/000156459016012549/scty-ex211_9.htm 4/26/2016

-\ill Il\IIII\II Lu II I III



1

scty-ex211_9.htm Page 4 of 7

Sequoia Pacific Solar I, LLC
Sequoia SolarCity Owner I, LLC r
SERVICIOS DE TECNOLOGIA Y ADMINISTRACION ILIOSS, S.A. de C.V,

Delaware
Delaware
Mexico

http://www.sec.gov/Archives/edgar/data/1408356/000156459016012549/scty-ex2l 1_9.htm 4/26/2016
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Name of Subsidiary _ _
Shortfin Solar, LLC
Sierra Solar Power (Hong Kong) Limited
Silevo China Co. Ltd
Silevo Germany GmbH
Silevo, LLC
Solar Aquarium Holdings, LLC
Solar Energy of America 1, LLC
Solar Energy of America Holdco, LLC
Solar Energy of America Manager 1 Corporation
Solar Explorer, LLC
Solar Grove Holdings, LLC
Solar House I, LLC
Solar House II, LLC
Solar House IH, LLC
Solar Integrated Fund I, LLC
Solar Integrated Fund II, LLC
Solar Integrated Fund HI, LLC
Solar Integrated Manager I, LLC
Solar Integrated Manager II, LLC
Solar Integrated Manager IH, LLC
Solar Marsh, LLC
Solar Odyssey Holdings, LLC
Solar Ulysses Manager I, LLC
Solar Ulysses Manager II, LLC
Solar Voyager, LLC
Solar Warehouse Manager I, LLC
Solar Warehouse Manager II, LLC
SolarCity Alpine Holdings, LLC
SolarCity Amphitheatre Holdings, LLC
SolarCity Arbor Holdings, LLC
SolarCity Arches Holdings, LLC
SolarCity AU Holdings, LLC
SolarCity Electrical New York Corporation
SolarCity Electrical, LLC
SolarCity Engineering, Inc
SolarCity Finance Company, LLC
SolarCity Finance Holdings, LLC
SolarCity FTE Series 1, LLC
SolarCity Fund Holdings, LLC
SolarCity Giants Holdings, LLC
So1arCity GivePower
So1arCity Grand Canyon Holdings, LLC
SolarCity Holdings 2008, LLC
SolarCity International, Inc
SolarCity Investments Canada Ltd.
SolarCity LMC Series I, LLC
SolarCity LMC Series II, LLC
SolarCity LMC Series HI, LLC
SolarCity LMC Series IV, LLC
So1arCity LMC Series V, LLC
SolarCity Mid-Atlantic Holdings, LLC
SolarCity Orange Holdings, LLC
SolarCity Pierpont Holdings, LLC
SolarCity Series Holdings I, LLC
SolarCity Series Holdings II, LLC
SolarCity Series Holdings W, LLC
SolarCity Ulu Holdings, LLC
SolarCity Village Holdings, LLC

Jurisdiction of Incorporation
Delaware

H o n g Kong
China

Germany
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Cal i forn ia
Delaware
Delaware
Delaware
Delaware
Delaware
Cal i fornia
Delaware
Delaware
Delaware

Canada
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware

http://www.sec.gov/Archives/edgar/data/1408356/000156459016012549/scty-ex211_9.htm 4/26/2016
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Solare Warehouse Manager IH, LLC
SolarMarsh KL, LLC
SolarMarsh RB, LLC

Delaware
Delaware
Delaware

http://www.sec.gov/Archives/edgar/data/1408356/000156459016012549/scty-ex211_9.htm 4/26/2016
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Name of Subsidiary _ _
SolarMarsh SM, LLC
SolarMarsh VM, LLC
SolarRock, LLC
SolarStrong Holdings, LLC
SolarStrong, LLC
Sparrowhawk Solar I, LLC
Sunshine Storage I, LLC
Sunshine Storage II, LLC
Sunshine Storage III, LLC
The Alliance for Solar Choice, LLC
Three Rivers Solar l, LLC
Three Rivers Solar 2, LLC
Three Rivers Solar Holding Company, LLC
Three Rivers Solar Manager 1, LLC
Three Rivers Solar Manager 2, LLC
USB SolarCity Manager 2009, LLC
USB SolarCity Manager 2009-2010, LLC
USB SolarCity Manager HI, LLC
USB SolarCity Manager IV, LLC
USB SolarCity Master Tenant 2009, LLC
USB SolarCity Master Tenant 2009-2010, LLC
USB SolarCity Master Tenant III, LLC
USB SolarCity Master Tenant IV, LLC
USB SolarCity Owner 2009, LLC
USB SolarCity Owner 2009-2010, LLC
USB SolarCity Owner III, LLC
USB SolarCity Owner IV, LLC
Viceroy Solar Holdings, LLC
Visigoth Solar 1, LLC
Visigoth Solar Holdings, LLC
Visigoth Solar Managing Member 1, LLC
Zep Solar Australia Pty Limited
Zep Solar Hong Kong Limited
Zap Solar LLC
Zap Solar Trading Ltd
Zep Solar UK Limited

Jurisdiction of Incorporation
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
California
California
Cal i forn ia
Cal i forn ia
Cal i f orn ia
Cal i forn ia
Cal i forn ia
Cal i forn ia
Delaware
Delaware
Delaware
Delaware
Aust ral ia

Ho n g K o n g
Cal i f orn ia

China
Un i t ed  K ingdom

http://www.sec.gov/Archives/edgar/data/1408356/000156459016012549/scty-ex211_9.htm 4/26/2016
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PV Safety and Firefiqhtinq
By: Matthew Paiss

Published In: Issue #t31, June I July 2009

Fire safety is typically the last thing people think of when planning their rooftop solar-electric system, but it quickly

becomes a hot topic when a blaze ignites. Here's a look into the potential hazards of PV systems when a fire breaks
out-and how to minimize risks to firefighters.

Why do firefighters climb up on the roof of a burning building? In a house fire, superheated smoke and gases

(which can exceed 1,200°F) rise to the ceiling and then bank down back to the floor. Just one lungful of this smoke can
kill. Cutting a hole in the highest point of the room allows the superheated gases and fire to rise out of the building,
rapidly improving visibility as well as the survivability of the structure and those trapped inside. This also allows

firefighters on the hose line to advance inside to locate the seat of the fire and any victims. This "vertical ventilation" has
saved many lives and valuable property-besides actual rescue, this is one of a firefighter's primary responsibilities.

But the presence of rooftop-mounted PV arrays has made cutting through a roof more challenging. In the past, the fire

service had plenty of room to ventilate where it is most effective-directly above the fire. With PV arrays now covering
large areas of roofs, firefighters are limited in where they can cut and where they can exit the roof. Since the PV

modules cannot be out through, and moving them is time-consuming and potentially dangerous, rooftop PV systems
pose some risks-mainly shock and trip hazards.

Most firefighters have had some education in electrical theory but usually employ the tactic of avoidance when it comes
to electrical equipment. However, there are still those who believe that anything is manageable if you can swing an axe
hard and fast enough-clearly not the best approach when dealing with electricity. Most firefighters will just ventilate as

close as they can to the high point of a room. If an array is in the way, they will move to where they can cut safely and
rapidly. One problem is that most roof systems employ lightweight trusses, held together by lightweight metal gusset
plates. With small fastening points, they can warp and pull out in fire conditions. These roofs are known as "20-minute
roofs," meaning that firefighters have 20 minutes or less to get up, make the necessawcuts, and get down before the
roof gives out. So, time is of the essence when navigating a hot roof with a PV system.

Fire Safety Steps

Assessing the Situation. One of the fist things firefighters do at the scene is to take a "hot lap"-a quick walk around

the building to see all sides and to locate the utility shutoffs. It is usually at this point Thai a PV system is noted if the
array was not visible upon arrival. An inverter-often outside near the meter and service panel-also serves as a
signpost. Likewise, if metal conduit is present in an attic, that's a red flag that a PV system may be present.

But there are some cases where obvious indicators of a PV system are not evident-such as in cases where the
modules are integrated into the roof or the inverter is located indoors. Besides visual identification, a common way to
note a PV system is to look at the labels on the main service panel, typically located on an exterior wall. The labeling
may be on the outside or inside of the main panel. There should be a dedicated breaker for the inverter, labeled "solar

inverter" or some variation. This breaker also may be in a subpanel inside the structure, but a label on the main service
panel should always state that there is a second generating source onsite as well as identify the dedicated breaker for
the inverter. New guidelines from the California Office of the State Fire Marshal advocate labeling along the PV array's
DC conduit run as well.

Shutting Down the System. With any structure fire, shutting off all the circuit breakers at the main distribution panel,
closing any gas mains, and notifying all on the scene that the utilities are secure is standard operating procedure.
Shutting down a PV system is not as simple or straightforward.

\Mth grid-direct systems, the first step is to disconnect the inverter, which happens automatically when the utility power
is shut off. Inverters also are designed with very good ground-fault interruption (GFI). If an inverter detects voltage

between the ground and any of the metal conduit, the modules themselves, or the mounting racks, the inverter trips the
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GFI and opens the circuit. The circuit is also opened when the inverter is shut down manually by tripping the main circuit
breakers either for just the inverter or for the whole house

However, even with the inverter off, there's no easy way to shut off the high-voltage DC electricity flowing through the

array and the DC wiring. In daylight when there is an open circuit, the modules are still putting out full voltage. There's
no current flowing-that is, unless it finds a path to ground, like through a firefighter or an axe breaking through walls or
ceilings

The use of a rooftop disconnect at the array can lead to a false sense of security, since that merely opens one side of
the circuit. Complicating matters is that many PV systems have more than one subarray-which can be located on
another section of roof. These subarrays could backfeed power through the inverter or combiner into the conduit that

was supposed to be De-energized by the rooftop disconnect. The concept of having both the line and load sides of a
disconnect energized is a potentially dangerous situation in this application. For this reason, the California Office of the

State Fire Marshal frowns upon the installation of rooftop disconnects

During daylight, there can be enough voltage and current to injure or even kill a firefighter who comes in contact with the
energized conductors. A hanging conduit with wires sticking out of it is nothing out of the ordinary on the scene of a ft

fighters must exercise extreme caution when navigating a fire. It is best to always assume that a PV system is
energized and steer clear of the modules and conduit. Here's an example: If a firefighter accidentally or deliberately
axes through a string of twelve 44 VDC modules, he or she will experience a potentially deadly surge of 528 volts

Off-grid and grid-connected systems with battery backup have a few more circuits to consider. First, PV array

disconnects should be shut off. Second, the battery banks in these systems are another power source that need to be
shut down via a main DC battery disconnect to fully De-energize the inverter and any AC circuit fed by the inverter, as
well as any DC circuit that might be present. Like the PV array, battery banks are live even after they have been
disconnected from the rest of the system. And even though most battery banks are wired to low DC voltages (commonly
24 V to 48 V), which pose less of a shock hazard than the high-voltage DC circuits discussed earlier, their low voltage
and high current nature can cause fires from overheated connections. Batteries are also full of sulfuric acid and emit
hydrogen gas that is highly flammable

Battery banks are usually contained in a plastic, metal, or wooden storage box located near the system control

panel-typically in the garage, basement, or shed. Battery banks also may be placed somewhere on the exterior of the

house. If the heat and flames of the fire are near the battery bank, ft fighters should use did chemical or CO

extinguishers instead of water to avoid the potential for shock hazard of spraying a live inverter and to minimize damage
to the batteries. That said, salvaging a battery pack is always secondary to firefighter safety and saving the structure
However, when dealing with a minor fire or an overheated battery connection, ft fighters should act prudently and do
their best to avoid damaging thousands of dollars' worth of equipment

Eliminating the Source. One option for shutting down a PV system is to cover the arrays with opaque material, such

as heavy canvas tarps or black plastic. Most fire response vehicles carry some type of salvage covers or tarps that are

commonly used to protect belongings from water damage during firefighting. These same tarps can also be used to
prevent light from reaching the PV cells, shutting off the flow of electricity to the inverter. However, high winds, tarp
sizes, structural conditions, and the size and shape of the array may prevent using this option. Some departments do
not carry suitable tarps, and common blue poly tarps will not work because they let too much light through

Dealing with Conduit. If the array cannot be tapped, it is important for the crews inside to be careful when opening
holes in the ceiling, as they may contact the conduit from the array with their tools. Since plastic insulated wire (Romex)
is all that's typically required for home wiring, metal conduit is rarely used in an attic spaces

Firefighters must verify whether a metal conduit run is intact. If so, it is grounded from the array to the inverter, so any

wires that may be shorted to it from the high heat of a fire will carry any voltage/current to ground rather than to the
firefighter who contacts it. In other words, it is safe to touch. But if portions of the roof have collapsed, it should be

assumed that the conduit is no longer grounded and therefore dangerous to touch. Most fire departments carry
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noncontact voltage detectors that can be used to find hot AC lines. Unfortunately, DC noncontact voltage detectors,
which would alert firefighters to the presence of PV-generated electricity, are unavailable.

In a nighttime fire where the attic space was exposed to severe heat damage, the conduit and wires inside may have

become compromised. Some arcing could begin as the rising sun energizes the modules the following morning-a
potential for starting a new fire. A qualified solar contractor should be called in to disconnect the arrays. Unfortunately,
most PV companies do not have an on~call technician available, so the disconnect usually must wait until the next

day-not always the safest measure. in this case, most fire departments will post a "fire watch" until a qualified
contractor can ensure the array is disconnected. Local utility companies are not responsible for the customer side (the
house side of the meter) appliances and will not respond just to secure PV systems. This is where cooperation with the
solar industry comes into play. The fire service recommends that all PV installers have an after-hours response contact
for such emergency situations.

Keeping Safety in Mind

Identification is the key to understanding these systems and avoiding injury. Taking precautions with a PV array is one

way to ensure the safety of firefighters and reduce the risks to your system. Beyond siring your system for optimal

safety in the event of a fire, homeowners should consider installing interior fire sprinklers, which could be the critical
difference between saving or salvaging your home and system. Invite your local fire department to tour your PV system
if it's a rarity in your locale and provide them with a schematic of the system for their records. Further information about
installing safe PV systems can be found in the California Office of the State Fire Marshal's draft guidelines.

Access

Fire engineer Matthew Paiss has been a member of the San Jose (California) Fire Department for 13 years. He

teaches classes in PV safety, and has degrees in both fire science and solar technology. He has PV and solar thermal
systems on his home.

Dan Fink has been a firefighter with the Rist Canyon (Colorado) Volunteer Fire Department for 10 years, and lives in a

remote, completely off-grid corner of their response area. He is a writer and photographer for www.otherpower.com,
with 16 years of experience in renewable energy system design, installation, and consulting.
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Note: This report was revised in October of 2013. Changes other than editorial are indicated by
a vertical rule beside the paragraph, table or figure in which the change occurred. These rules
are included as an aid to the user in identifying changes from the previous edition. This report
was issued in May 2010 and revised in October 2013. Changes have been made to the
information on page 57 to address the hazards of PV at nighttime. The information described
on page 57 for the electrical energy hazards of a PV system from other than sunlight (e.g.,
mobile lighting plant) were taken from citation 137 when this FPRF report was prepared in May
2010, which was the best information available at that time. Since then a subsequent separate
study from Underwriters Laboratories has further clarified through empirical tests that a hazard
may exist from non-sunlight sources, i.e., at nighttime. This UL report is "Firefighter Safety and
Photovoltaic Systems" and was issued in November 2011, and is available through the UL
website.
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FOREWORD

Today's emergency responders face unexpected challenges as new uses of alternative energy
increase. These renewable power sources save on the use of conventional fuels such as
petroleum and other fossil fuels, but they also introduce unfamiliar hazards that require new
fire fighting strategies and procedures.

Among these alternative energy uses are buildings equipped with solar power systems, which
can present a variety of significant hazards should a fire occur. This study focuses on structural
fire fighting in buildings and structures involving solar power systems utilizing solar panels that
generate thermal and/or electrical energy, with a particular focus on solar photovoltaic panels
used for electric power generation.

The safety of fire fighters and other emergency first responder personnel depends on
understanding and properly handling these hazards through adequate training and preparation.
The goal of this project has been to assemble and widely disseminate core principle and best
practice information for fire fighters, fire ground incident commanders, and other emergency
first responders to assist in their decision making process at emergencies involving solar power
systems on buildings. Methods used include collecting information and data from a wide range
of credible sources, along with a one-day workshop of applicable subject matter experts that
have provided their review and evaluation on the topic.

The Research Foundation expresses gratitude to the members of the Project Technical Panel,
workshop participants, and all others who contributed to this research effort. Special thanks
are expressed to the U.S. Department of Homeland Security, AFG Fire Prevention & Safety
Grants, for providing the funding for this project through the National Fire Protection
Association.

The content, opinions and conclusions contained in this report are solely those of the authors.
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EXECUTIVE SUMMARY

As the use of alternative energy proliferates, the fire service has identified a number of areas of
concern with hazard mitigation and emergency response. This includes solar power systems,
which are introducing new and unexpected hazards to f ire f ighters and other emergency
responders.

The goal of this report is to assemble and disseminate best practice information for fire fighters
and foreground incident commanders to assist in their decision making process for handling fire
incidents in bui ldings equipped with solar power systems or in the systems themselves.
Specifically, this study focuses on structural fire fighting in buildings and structures involving
solar power systems utilizing solar panels that generate thermal and/or electrical energy, with a
particular focus on solar photovoltaic panels used for electric power generation. The project
deliverables will be in the form of a written report, which will include best practices that can
serve as the basis for training program development by others.

The deliverables for this project collectively review the available baseline information, identify
the fundamental principles and key details involving fire/rescue tactics and strategy, provide a
summary of core basics, and address and clarify related issues such as training needs, areas
needing further research, revisions to codes/standards, and other applicable topics.

A companion study to this report focuses on electric and hybrid electric vehicles rather than
solar power systems ("Fire Fighter Safety and Emergency Response for Electric Drive and Hybrid
Electric Vehicles", FPRF). This has taken an identical approach and focuses on assembling and
disseminating best practice information foxfire fighters and foreground incident commanders to
assist in their decision making process. This companion report addresses emergency events
involv ing electric drive and hybrid electric vehicles, both near or within structures (e.g.,
residential garage).

This overall initiative (consisting of the reports Solar Power Systems and Electric Drive and
Hybrid Electric Vehicles) is funded through a U.S. Department of Homeland Security (DHS)
Federal Emergency Management Agency (FEMA) Assistance to Firefighters Grant (AFG).
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1. INTRODUCTION AND BACKGROUND

Amongst the new challenges facing the U.S. fire service is the changing nature of emergency
response to incidents where alternative energy sources are in use. The term alternative energy
describes any of the various renewable power sources that can be used in place of conventional
fuels such as petroleum and other fossil fuels.1

The fire service has identified a number of areas of particular concern with respect to hazard
mitigation and emergency response in these scenarios. As the use of alternative energy
proliferates, it introduces new and unexpected hazards that confront and challenge responders
in an emergency.

Some fire service organizations are in the Process of developing recommended emergency
response procedures and best practices on a local or regional basis, in other jurisdictions, basic
information on the hazard and appropriate response is lacking or not currently available. This
project will take a comprehensive national look at the needs of the fire service for credible
information and best practices in order to address these topics for first responders and provide
an overall coordinated perspective on this topic.

The goal of this report is to assemble and disseminate best practice information for fire fighters
and foreground incident commanders to assist in their decision making process for handling fire
incidents in buildings equipped with solar power systems or in the systems themselves
Specifically, this study focuses on structural fire fighting in buildings and structures involving
solar power systems utilizing solar panels that generate thermal and/or electrical energy, with a
particular focus on solar photovoltaic panels used for electric power generation (see Figure 1-1
for an example of a solar power system on a typical residential occupancy).

While this report addresses issues of concern on solar power systems, a separate companion
report addresses electric drive and hybrid electric vehicles, and it specifically addresses those
emergency events involving electric drive and hybrid electric vehicles either near or within
structures (e.g., residential garage). The project deliverables will be in the form of a written
report, which will include best practices that can serve as the basis for the development of
training programs by others.

This report will focus on solar power systems through the following specific tasks:
(1) Collect and analyze applicable scientific studies, case study reports, and available

operational and training guidance from various sources,
(2) Synthesize this information in the form of best practice guidance for emergency

response,
(3) Make the project deliverables broadly available to the fire service through on-line and

print methods, and generate awareness of its accessibility, and
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(4) Determine if standardization of safety practices is feasible and if so disseminate
information to those involved, including submittal of possible revisions to applicable
codes and standards.

The first of these tasks is key, which is to collect and analyze all applicable scientific studies,
training guidance, case study reports and loss data, and available emergency response guidance
relating to solar power systems. This task includes an interactive one-day workshop involving
experts on fire service and other subject matter..

The goal of the one-day workshop was to identify, review, and assemble best practice
information for tactical and strategic decision making by fire fighters and foreground incident
commanders, to assist in their decision making process when responding to fire and/or rescue
emergency events involving solar power systems. The workshop will focus on the following
objectives:

• Collectively review the available baseline information provided to participants prior to
the workshop;

• Identify the fundamental principles and key details involving fire/rescue tactics and
strategy, and provide a summary of core basics, and

Address and clarify related issues such as training needs, areas needing further research,
revisions to codes/standards, and other topics applicable to the overall workshop goal.

Figure 1-1: Example of Home with a Photovoltaic Solar Power System in Milton, MA
(Photo courtesy of NREL Photographic information Exchange)
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z. OvERvlEw oF SOLAR POWER SYSTEMS

Technology offers great advantages that generally make our world a better place. Yet when it
fails it can introduce new and unusual challenges for emergency responders. As solar power
systems proliferate, fire fighters and other emergency first responders need to be prepared to
handle the hazards they present.

This section provides the baseline information necessary to understand and adequately address
the technology used for solar power systems. This includes some brief historical information on
the development of  the technology, clari f ication of  the basic solar panel types currently
available and marketplace trends, discussion of available loss information, and a summary of
applicable information resources.

Evolution of Technology for Harnessing Energy from the Sun

Life on planet Earth is fully dependent on the incredible energy of the Sun. As mankind has
intellectually evolved, he has learned to directly harness this energy for practical everyday uses.
Today, solar power has come into the mainstream and today is a practical and increasingly
common alternative power source to conventional fossil fuels.

Figure 2-1: Basic Methods for Harnessing Solar Energy

The three basics means of capturing the sun's energy are: passive solar (i.e., capturing the Sun's
energy in building design and construction), solar thermal (i.e., sunlight converted to heat), and
photovoltaic (sunlight converted to efectricity).2 These basic methods for harnessing solar
energy are illustrated in Figure 2-1. Generally, the evolution of the technology for harnessing
the sun's energy occurred f irst with passive solar many centuries ago. In the last several
centuries this has given way to the development of solar thermal technology and in more
recent decades by photovoltaic technological advancements.
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Mankind has been harnessing the energy of the sun for thousands of years. Since as early as
the 7th century Be, building construction and structural positioning were done so as to take
advantage of maximizing solar heating potential. Common techniques of construction included
the use of south-facing Windows to capture the sun's warmth.3 Today, perhaps the most
obvious direct application of passive solar concepts is with greenhouses used for agricultural or
horticultural purposes.

The scientific advances of the last two and one half centuries have propelled solar technology
into mainstream everyday applications. The concept of capturing the sun's thermal energy is
credited to Swiss naturalist Horace de Saussure, who during the 1760s created a hotbox that
effectively captured heat within multiple insulated boxes with plate glass windows.4

Figure 2-2: Rooftop Installation of Solar Thermal and PV Systems in Atlanta, GA
(Photo courtesy of NREL Photographic Information Exchange)

A century and a half later in the 18005 this application was expanded to metal water tanks
painted black that would heat water when exposed to sunlight on rooftops. In 1891 Clarence
Kemp of Baltimore received a patent for the first commercial solar water heater that was
successfully marketed under the name Climax. This represented the world's first modern solar
power SystEm.5

Today, the use of solar panels for heating water are common in certain countries such as
Australia, Israel, and Japan, and for certain application such as heating swimming pool water in
the United States and elsewhere. Figure 2-2 shows a combination solar thermal system (on
left) and photovoltaic system (on right) at the Georgia Tech Aquatic Center in Atlanta, Georgia.
As shown in the illustration, the two types of systems have similar outward visual features, and
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it may not be immediately obvious to emergency responders which type of system they are
handling

While solar thermal power technology was under development, so too was solar electric power
technology. In 1839, French scientist Edmond Becquerel discovered a way to convert light into
an electric current using an electrolyte cell made up of copper oxide electrodes in an electrically
conductive solution.b The photoconductiv ity of  the element selenium was discovered by
Willoughby Smith in 1873, and 10 years later American inventor Charles Fritts is credited with
the design of the first practical solar cell using selenium wafers

The conversion of sunlight into electrical energy remained a scientific curiosity until the
development of a crystal silicon cell. In the early 1940s, Russell Ohl at Bell Telephone
Laboratories received a series of patents for thermoelectric-type devices using high purity fused
silicon that paved the way for the development of the modern solar cell.° in 1954, a Bell
Laboratories team led by Daryl Chapin, Calvin Fuller, and Gerald Pearson created a crystal
silicon cell that had good conversion efficiency ("'6% light-to-electricity). This resulted in the
first commercial uses of photovoltaics in 1955 at remotely located telephone repeaters, and in
the first communications satellites launched in 1958

Photovoltaics soon established itself as the power source of choice for satellites in space, and it
has held this role ever since. The high cost of the early PV technology has steadily dropped
over the years with increasing advancements in technology updates. Today, photovoltaics
commonly known as "PV", has firmly established itself as one of the premier methods of
sustainable energy and as a realistic alternative to conventional fossil fuels

Types of Solar Power Systems

From a consumer's standpoint, the fire service has an interest in all methods of harnessing solar
energy when it comes to their own fire stations and related facilities. However, from the
standpoint of foreground operations at a structural fire, their focus on the topic of solar power
is, for all practical purposes, entirely on solar panels for thermal systems (direct heating) and
photovoltaic's (generating electricity). Accordingly, these two basic methods are the primary
focus of this report, as illustrated in Figure 2-3, types of solar power systems of interest to the
fire service

Fire fighters engaged in foreground operations at a structural fire are most likely to encounter
solar panels on the roof of the structure, since this is normally the area most exposed to
sunlight. The scope of this report includes all thermal systems and photovoltaic systems that
are directly supporting the energy use of a particular structure. In such a case the solar panels
may be located on the structure (i.e., roof) or be immediately adjacent and directly supporting
the building's energy use. This study does not intend to include independent solar power
generating facilities. An example would be a large array of ground-mounted solar panels that
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are directing their combined electrical energy into the power grid for collective consumption by
the community.

Thermal systems are generally less complicated than photovoltaic systems. The basic concept
used by a thermal system is to use sunlight to directly heat a fluid that is used to transfer the
thermal energy.11 Often the fluid is water, and on a structure this may or may not be
connected to an internal storage tank such as a conventional hot water heater. Fluids other
than water may be used in certain closed-loop systems to avoid freezing and enhance the
fluid's heat transfer characteristics.

Figure 2~3: Types of Solar Power Systems of Interest to the Fire Service

Thermal systems are often further recognized as either passive thermal or active thermal
systems, depending on whether or not they have a pump that actively circulates the fluid. A
common application of a thermal system is to heat swimming pools, primarily because the fluid
(swimming pool water) and pump (swimming pool filtration system) are already readily
available. The four primary classifications of solar pool collector designs are: plastic panels,
rubber mats, metal panels, and plastic pipe systems.13 The overall risk from thermal systems
presented to fire fighters involved with foreground operations is generally considered to be low.

Marketplace Trends

Solar power is an important source of sustainable alternate energy. The benefits of harnessing
solar energy often outweigh the barriers, which most often is the initial installation cost. Most
of the common solar energy applications available today are highly reliable, require little
maintenance, have minimal operational costs, are sustainable with limited environmental
impact, reduce our dependence on foreign energy sources, and provide a flexible and
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adaptable supply of power.14 Figure 2-4 illustrates a typical residential solar power installation
located in Maine.

Figure 2-4: Typical Residential Installation of a Solar Power System
(Photo courtesy of NREL Photographic information Exchange)

The overall health of the solar power industry is strong. Worldwide solar heating capacity
increased by 15 percent from 2007 to 2008, and for the first time ever more renewable energy
than conventional power capacity was added in both United States and the European Union.15
In the United States photovoltaics show strong promise for supporting our future electrical
energy needs. Since early 2000 the production of photovoltaics had been doubling every two
years until 2008 when it doubled in just one year.16

The solar power marketplace in the U.S. has experienced signif icant growth over the most
recent decade. This is due to strong consumer demand, rising energy prices from conventional
energy sources, and f inancial incentives from the federal government, states and util ities.
These factors have resulted in the installed cost of  consumer-sited PV systems declining
substantially since 1998.17

The PV market is dominant in a small number of states led by California, but this is expanding as
installations doubled in more than eleven states during 2008. The top states in 2008 based on
installed megawatt (MW) capacity of PV installations were: (1) California - 178.7; (2) Newlersey
- 22.5, (3) Colorado .-- 21.7, (4) Nevada - 14.9, (5) Hawaii - 8.6, (6) New York - 7.0, (7) Arizona -
6.4, (8) Connecticut - 5.3, (9) Oregon .- 4.8, and (10) North Carolina - 4.0. The remaining states
accounted for a cumulative capacity of 15.9 MW.18

Over 62,000 installations were completed in 2008, and the industry experienced a growth of 78
percent in 2008 with more than 5.4 gigawatts (GW) of capacity in shipments.19 Similarly, the
average size of PV system installations also increased during this time frame. Examples
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1999 2,352 537 8,583 29
2000 2,201 496 8,354 26
2001 3,502 840 11,189
z00z 3,068 659 11,663 27
2003 2,986 518 11,444 26
2004 3,723 813 14,114 24
z005 4,546 1,361 16,041 25
2006 4,244 1,211 20,744 44
2007 3,891 1,376 15,153 60

2,206 360 7,756

occurring in 2008 include a 12.6-MW installation in Nevada and a 3-MW installation in
Pennsylvania, which together accounted for 5% of the annual installed capacity that year.20 An
example of a large commercial installation located in Boston, MA is shown in Figure 2-5.

338'

in an
um

Figure 2-5: Example of a Large Solar Power Commercial Installation
(Photo courtesy of NREL Photographic Information Exchange)

Each year in the last decade the manufacture and shipment of components for solar thermal
and photovoltaic solar power systems has increased at a noteworthy rate. For solar thermal,
Table 2-1 illustrates solar thermal collector shipments each year from 1998 to 2007,
demonstrating the vibrant overall health of the solar thermal industry in the United States.21
Similarly, the annual U.S. shipment of photovoltaic cells and modules remains strong and has
increased sharply from 1998 through 2007. The increase in annual shipments of photovoltaic
cells and modules in peak kilowatts over this time period is illustrated in Table2<2. At this time
indications point to this growth continuing.

Table 2-1: Solar Thermal Collector Shipments Annually from 1998 to 200722

26 I
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1999 4,784 55,585 76,787 19

zoom 8,821 68,382 88,221 21

2001 10,204 61,356 97,666 19

209; 7,297 66,778 112,090 19

2003 9,731 60,693 109,357 20

2004 47,703 102,770 181,116 19

2005 90,981 92,451 226,916 29

zoos 173,977 130,757 337,268 41

2007 238,018 237,209 517,684 46

50,562 21

Table 2-2: Photovoltaic Cell/Module Shipments Annually from 1998 to 2007

35.493

The largest barrier to the proliferation of PV technology is its initial cost, and reducing this cost
will further promote its widespread use. This obstacle hinges directly on the manufacturing
process used to create the solar cells and related technology components. Intense research is
under way that is focusing on improved processes to reasonably manufacture PV solar cells
and in the coming years it is anticipated that the affordability of PV solar systems will
Improve

The attractiveness of solar power is of course dependent on the available sunlight. However
the cost of purchasing electricity tends to be a greater marketplace influence, which is why
some of the states with less than ideal optimum sunlight rank high on the list of states with the
most installations. For example, New Jersey, New York, Connecticut, Oregon, and North
Carolina all ranked in the top ten among states with the most installed MW capacity in 2008
despite ranking lower in terms of annual total sunshine. Further, certain states (e.g, California)
and certain regions within states have aggressive legislation and active incentive programs
promoting the use of solar and other sustainable forms of alternative energy. Therefore, fire
fighters should not assume they won't encounter a solar power system simply because their
jurisdiction is in an area of the U.S. lacking a reputation for abundant sunshine

An example of a proactive state activity is the "California Solar Initiative Program", which
provides significant rebate incentives through selected participating public utilities to promote
the use of solar energy." Table 2-3 illustrates the growth of solar energy systems in California
from 1981 through 2008, and the impact of two major legislative initiatives to promote its use
that were initiated in 1998 and 2007, respectively. In 2010, an estimated one percent of all
buildings in California have some type of solar power system." The program started in 1998
focused on incentives for stimulating utilities to broaden their use of solar energy, while the
independent 2007 program additionally addresses consumer-based incentives
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1996 5,046

1997 5,465

1998 6,263

1999 7,228

2000 8,929

2001 15,180

2002 29,820

2003 58,460

2004 95,984

2005 139,516

2005 198,257

2007 279,463

2008 449,216

1995 4,193

1982 75

1983 86

1984 1,231

1985 1,245

1986 2,217

1987 2,217

1988 2,221

1989 2,280

1990 2,295

1991 2,312

1992 2,801

1993 4,064

1994 4,606

1981 37

Table 2-3: California Grid-Connected Photovoltaic Systems 1981-200827

All corners of planet Earth have some number of sunny days, and thus this technology can be

found virtually everywhere. The remoteness and ease of access to an area also provide a

strong motivation for using solar power, and it is ideal where delivery of conventional fuels is

very difficult. For this reason solar power has been the energy source of choice for the space

exploration program, as well as isolated, difficult to access sites such as telephone repeater

stations on mountain-tops and other remote locations.

As solar power technology is enhanced, it will reduce the complexities of installation and make
system installation more readily available in the broad consumer marketplace. This raises the
questions regarding non-OEM-type (OEM: Original Equipment Manufacturer) installations by
unregulated consumers (i.e., purchase of self-install kits from a local hardware store).
Additional monitoring by safety professionals may ultimately be required to assure safe and
proper installations for occupants and emergency first responders. Unregulated private
occupant installations raise questions that are not necessarily within the present regulatory
infrastructure (e.g., via building and/or electrical permits). Further attention to this issue will
likely be required as these self~installed systems become more common.

The convenience of an energy source that minimizes the need for replenishment is highly

attractive. For example, solar power has already replaced small batteries in various

convenience items such as wristwatches and calculators, thus greatly extending their lifespan

without the need to replenish the power source (i.e., battery). Another example includes new

motor vehicles that are considering solar energy collectors to supplement their electrical power

system.28

Use of solar power for emergency preparedness and disaster planning is an obvious application
of alternative energy independent of the electrical power grid. Numerous initiatives are
underway to supplement disaster critical support functions. One example is an initiative to
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establish a PV back-up power supply in the City of Boston for evacuation routes out of the city
for critical traffic controls, gas station pumps, emergency evacuation repeaters, etc

Figure 2-6: Example of PV Systems Mounted on Fire Apparatus
(Photo courtesy of San Rafael Fire Department)

The utilization of vehicle-mounted solar panels already exists within the fire service. In
particular, an approach gaining traction in California is the installation of fire apparatus PV
systems to address fire apparatus deployment over long periods of time (e.g., a wildfire
event)."° This provides them with a dependable electrical power supply for radio operation and
other critical electrical equipment, and supplements the energy provided from conventional
fuels that need periodic replenishment. Figure 2-6 illustrates PV panels mounted on the roof of
fire apparatus in San Rafael, California

Figure 2-7: Example of Fire Station with a Photovoltaic Solar Power System in Missoula, MT
(Photo courtesy of NREL Photographic Information Exchange)

In addition to vehicle-mounted systems, fire stations are an integral part of almost all
communities, and these civic structures are possible candidates for solar power system
applications. Multiple examples exist over the last several decades of fire departments that
have effectively installed solar power systems on their fire stations Figure 2-7 illustrates an
example of a PV installation at Station Number 4 in Missoula, Montana
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Fire service facilities in remote areas utilize solar power systems more by necessity than for cost

savings or similar reasons. This is not unusual for installations in the urban/wildland interface

where commercial electric power from the local utility is simply not available. Figure 2-8

illustrates a PV installation on the Hawley Lookout Tower, which is operated by the u. S. Forest

Service and located in the Boise National Forest in Idaho.

"\ .

8< »4,»
Figure 2-8: Example of PV System at a Remote Fire Lookout Tower in Idaho

(Photo courtesy of NREL Photographic Information Exchange)

The value of solar power systems as a source of sustainable energy is clear. While the fire
service is obviously interested in clarifying foreground operations for structures equipped with
solar panels, they also have a genuine interest in this technology as a general consumer.

Loss History and Data

Statistical data indicates that on average 40,270 fire fighters were injured during foreground
operations in the United States annually from 2003 through 2006. Of these injuries, there were
on average 215 fire fighters engaged in foreground operation at a building fire whose injuries
were due to "electric shock." Further, 50 of these annual injuries were considered moderate or
severe injuries.34 Statistical data from present data collection efforts does not address whether
or not photovoltaic power systems were involved with any of these occurrences.

The danger of electric shock on the foreground is a real hazard for fire fighters. Exemplifying
this hazard is a report containing thirty-two specific incidents from the Fire Fighter Near Miss
Database for the calendar years 2005 and 2006.35 These incident reports provide anecdotal
information on actual incidents involving fire fighters exposed to electric shock. While these
are useful case studies, the level of detail in these reports does not always include the type or
source of the specific electrical equipment involved, and none of these reports mentions the
involvement of a solar power system.
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To facilitate a review of loss information, structural fires involving solar power systems can be
one of three basic types depending on the point of ignition. These are: (1) an external exposure
fire to a building equipped with a solar power system; (2) a fire originating within a structure
from other than the solar system; or (3) a fire originating in the solar power system as the point
of ignition.

Detailed loss information to support each of these scenarios is lacking due to the relative
newness of this technology. Traditional fire loss statistics such as NFIRS (National Fire Incident
Reporting System) handled by the U.S. Fire Administration and FIDO (Fire incident Data
Organization) administered by the National Fire Protection Association, do not provide the
necessary level of detail to distinguish the relatively recent technologies of solar power
systems. A preliminary scan of the NFlRS data yields 44 incidents that involve "solar" in some
manner, but a detailed review indicates that most are not applicable and involve fires that
started with sunlight through glass, landscape lighting, are non-structural fires such as vehicles,
vegetation, rubbish, etc. Further, proprietary information may exist with certain insurance
companies and similar loss control organizations, but this is typically focused on their specific
constituents and transparent data summaries are not known to be readily available.

In summary, statistical data involving solar power systems is not readily available to provide
quantifiable data analysis of these systems. We do, however, have quantifiable data on the
number of structure fires in the United States each year. For example, in 2007 there were
530,500 structure fires resulting in 3,000 deaths, 15,350 injuries, and $10.6 billion in direct
property loss. Of these fires, one- and two-family homes accounted for 399,000 fires, 2,865
deaths, 13,600 injuries, and $7.4 billion in direct property 10s5.36 While the actual percentage of
overall buildings with solar power systems and those involved with fire remains a quantifiably
mystery, we have a general expectation of how the data will likely trend in the future. As solar
power systems continue to proliferate, the likelihood of fire fighters encountering them at a
structural fire will similarly increase.

Fire service emergencies will more likely be responding to smaller installations commonly found
on residences and similar occupancies since they comprise most of today's installations.
However, large commercial systems will be equally noteworthy since even though they will be
encountered much less frequently (due to fewer overall installations), they present unique fire
fighting challenges that will require special tactical and strategic considerations.

Several Individual fire reports of specific events are able to supplement our understanding of
fires involving solar power systems. Comparatively, there are very few incidents of fires
originating with or directly involving solar power systems. This implies that the solar power
industry has a relatively good record when it comes to their equipment and components
contributing to the source of ignition. The following seven reported incidents provide
information on distinctly different fire emergency scenarios.
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The first of these incidents involved a residential structure fire in Colorado during May 1980.
This involved a solar thermal system on a new unoccupied home with a small fire starting in a
solar module due to faulty insulation materials. The fire resulted in minimal damage, but it did
raise concern about this particular module design and its ability to properly endure the
anticipated heat and weather conditions.37'38'39 This fire occurred in 1980 and in the three
decades since, significant advances have been made with the components and materials in this
type of application.

Figure 2-9: Type of Arrays Involved in May 2008 CA lncident40
(Photo courtesy of Matt Paisa, San Jose CA)

The second incident involved photovoltaic panels in May 2008 on a structure at the University
of San Francisco. Figure 2-9 provides an illustration of the type of arrays involved in this event,
which was a relatively extensive installation and had the potential for significant fire spread.
However, the building engineers on site were certified to handle high voltage, and the local
electrical utility crew also arrived early in the event, and they took multiple steps to isolate
energized conductors and power down the system, allowing responding fire fighters to
extinguish the fire in one of the combiner boxes using portable extinguishers and a blanket of
foam. Property damage was kept to the components of the solar power system involved in the
fire, with minimal damage to the host building.41

The third fire of interest occurred in February 2009 at a California residence equipped with a
newly installed photovoltaic system. The system was tied to the grid and was installed under
cloudy conditions, and turned on prior to receiving a final electrical inspection. The system
remained in an underpowered mode of operation for an extended stretch of rainy days. Ten
days after the installation when exposed to full sunlight conditions, the system caught fire due
to an electrical malfunction. Damage was limited to the roof-top system components.

A fourth fire occurred in a PV solar module installed on the roof of a home in California during
March 2009. Unlike the residential fire in Colorado that involved a solar thermal system, this
fire involved electrical arcing with a photovoltaic module that initiated the fire. This fire
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resulted in minimal damage to the residence, but portions of the solar system required
replacement

The fifth fire occurred in California during April 2009 and involved a large PV solar array
comprised of 166 strings of 11 modules each on the roof of a department store." Figure 2-10
illustrates the solar power system involved in this event

Figure 2-10: Solar Power System involved in April 2009 CA Incident

A diagram of the rooftop installation is shown in Figure 2-11, and this illustrates how "strings of
arrays" in terms of the physical configuration are not necessarily consistent with the "strings of
electrically connected arrays." Explained in another way, the separate strings of 11 modules
each is based on their electrical interconnections, and these do not directly equate to physical
strings of 11 modules in a single individual row. This can cause confusion as emergency
responders attempt to work with electrical system experts to isolate the system

Figure 2-11: Diagram of Rooftop System in April 2009 CA Incident
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Two separate electrical fires broke out remote from each other, and were caused by electrical
arcing. One of these fires consumed a complete string of solar modules. The resulting two-
alarm fire was confined to the solar modules and was kept from penetrating the store's roofing
materials. The arcing occurred when metal electrical conduits separated at their couplings due
to significant contraction and expansion from sunlight, which exposed wiring that ultimately
shorted. Figure 2~12 illustrates one of the arrays damaged by fire.

Figure 2-12: Fire-Damaged Array in April 2009 CA lncident46

The fire department was challenged by the lack of accessible means to readily isolate the
modules on fire. This fire occurred on a bright sunny day, and the modules continued to
generate electricity throughout the event with no means available to isolate them or De-power
them. The electrical energy generated at the time of the fire by the system was appreciable
and dangerous, and fortunately no injuries occurred. Although the installation met the
requirements of the applicable electrical code, this event indicates a need to revise code
requirements to provide emergency responders with appropriate measures to readily isolate
solar modules.

A sixth fire incident occurred in March 2010 and involved a PV system at a residential
occupancy in Maryland.47 First arriving units reported that they had smoke and fire venting
through the roof, but they soon realized the fire was confined only to the rooftop solar panels,
after finding no smoke or fire within the structure. The fire was effectively controlled with a
hose stream from the ground. Indications are that leaves and similar debris around and
underneath the solar panels contributed to the fire's ignition. Figure 2-13 provides an
illustration of the fire scene.
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Figure 2-13: Residential PV Fire in March 2010 MD Incident

The seventh f ire occurred in a photovoltaic solar power system located on a residential
occupancy in Southern California during April 2010. This fire was the result of an electrical fault
within the inverter unit, and it resulted in an estimated $4,000 in damage and no injuries.49
Despite relatively minimal damage, the event gained attention due to the challenge to the fire
department to fully extinguish the fire while they attempted to safely remove electrical power
that was generated by sunlight powering the photovoltaic panels. The fire department kept the
small fire effectively contained within the inverter unit for several hours, and eventually fully
extinguished the fire after locating and obtaining the assistance of a properly credentialed and
equipped electrician to assist with removing the electrical power.

One issue not yet addressed and included in the identif ied loss data, is the potential future
impact of  solar power systems on the spread of  wieland/urban interface f ires. In recent
decades these large-scale fires have increased in frequency and their loss magnitude has been
enormous, dwarfing other traditional fire events. Some of these incidents have involved vast
areas of vegetation and included the loss of hundreds of structures.

Concern exists on the ability of structures to withstand the onslaught of a wieland fire in these
interface areas, which is testimony to the requirements of NFPA 1144, Standard for Reducing
Structure Ignition Hazards from Wildland Fire that was originally issued in 1935.50 The ability of
a structure to resist an encroaching wildfire (including flying brands) is a critical defense for the
wieland/urban interface f ires, and how solar panels resist or fail to resist the f ire attack is
important. At this time, however, no data has been compiled nor any specif ic known losses
recorded that indicate the impact of rooftop solar power systems for wieland/urban interface
events.
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More specifically it is unknown how rooftop solar panels perform when exposed to radiant heat
or flying brands of an approaching wieland fire. Fire protection professionals have for many
decades fought to prohibit building construction that uses certain types of roofing materials
(e.g., untreated wood shingles) unable to resist building-to-building conflagrations. This has led
to roofing material standards to protect from exposure fires such as ASTM E 108,Standard Test
Methods for Fire Tests ofRoof Coverings.51

Certain questions remain unanswered about the performance characteristics of roofs equipped
with solar power systems and their ability to withstand external fire exposure. One recent
research project through Underwriters Laboratories has further explored this topic, but this
work is still in progress and the results are currently pending.

Information Resources

Solar power system installations have steadily grown in numbers in the first full decade of the
21st century. Factors contributing to this growth include strong consumer demand, rising
energy prices from conventional energy sources, and financial incentives from the federal
government, states, and utilities.52 This has resulted in the development of multiple resources
available from government entities, independent membership associations, and other similar
broad-based organizations.

A useful resource addressing PV installations is the Open PV Project administered by the
National Renewable Energy Laboratory (NREL), which provides updates of current PV market
trends as well as specific details on existing U.S. photovoltaic installations." The Open PV
Project is a collaborative effort between government, industry, and the public that provides a
community-driven database of PV installations. It utilizes a comprehensive web-based data
collection process focusing on PV installation data for the United States. Its goal is to collect,
organize, and distribute knowledge addressing the location, size, cost, and commissioning date
of all U.S. PV installations.

The Open PV Project utilizes an active data-collection approach that is continually gathering
input from contributing sources. Trend information starts in the year 2000, and NREL
administrators bolster the collection efforts by using data from organizations such as large
utilities and state-run incentive programs. The ongoing data compilation process includes
multiple features to enhance quality and screen duplicates, although they acknowledge that
statistics, rankings, and other estimates are only estimates and do not represent the actual
current market status. Figure 2-14 illustrates information from the Open PV Project located at
openpv.nrel.gov. In the future it is hoped that other private and government databases that
track permits and similar information (i.e., through building departments and fire departments)
will be able to directly contribute to the Open PV Project and other on-line tracking efforts
focused on this topic.
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Figure 2-14: Example of Information from the "Open PV Project" (at openpv.nrel.gov).54

A few local jurisdictions track the solar power systems installations within their domain, and
this prov ides useful information for emergency responders with their f ire emergency pre-
planning efforts. An example of one such jurisdiction is the Building Department in the City of
San Francisco. They provide useful information on the installations located throughout the city,
including detailed case studies of selected solar power systems. This information is readily
available on a website (sf.solarmap.org), and Figure 2-15 provides an example of this particular
web-based resource.55 Other cities have similar web-based inventories, such as San Diego,
which is considered to have the most Megawatt capacity among U.S City based jurisdictions.
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Figure 2-15: Website Example for Local Solar Power Systems (at sf.solarmap.org)56
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Illustrations are a critical aspect of training programs for emergency responders, and a valuable
source of useful pictures on a wide range of alternative energy related topics including solar
power systems is the NREL PIX (National Renewable Energy Laboratory Picture information
Exchange). This website is located at www.nreI.gov/data/pix/ and offers a substantial library of
illustrations that can be freely downloaded and used, and also provides a service for obtaining
high resolution pictures if needed.

The growth in recent years of solar power industry has led to multiple national organizations
that provide a supporting infrastructure for the use of solar power. Some of these
organizations are focused on industry lobbying efforts or activities of interest to industry
constituent groups. Their applicability to emergency responders may, in some cases, be
arguably limited, but understanding them is nevertheless important to gain a full appreciation
of the solar power industry. The following provides a summary of the key membership and
resource organizations addressing solar power in the United States:

American Solar Energy Societv (ASES)
The American Solar Energy Society (ASES) is a membership organization with approximately
13,000 energy professionals and grassroots supporters, dedicated to advancing the use of solar
energy for the benefit of U.S. citizens and the global environment. ASES promotes the

widespread near-term and long-term use of solar energy, has regional chapters in 40 states, and

is the U.S. section of the International Solar Energy Society.57

Database gf State Incentives fo_r Renewables & Efficiency (DSIRE)
The Database of State Incentives for Renewables & Efficiency (DSIRE) was established in 1995 is
a consort ium of mult iple government and non-government organizations that provides a
comprehensive source of readily accessible information on state, local, uti l i ty, and federal
incent ives that promote renewable energy and energy ef f iciency. Funded by the U.S.
Department of Energy's Office of Energy Efficiency and Renewable Energy (EERE), the database
is administered by the National Renewable Energy Laboratory (NREL) and is an ongoing project

of the North Carolina Solar Center and the Interstate Renewable Energy Council (IREC).58

Interstate Renewable Energy Council (IREC)
The Interstate Renewable Energy Council (IREC) is a nonprofit organization that addresses
renewable energy programs and policies, and is a premier resource for current information,
education, credentialing, and best practices regarding renewable energy. IREC was founded in
1982 and has been focused on Rulemaking initiatives for connecting distributed power to the

utility grid, workforce development, consumer protection, and stakeholder coordination."

National Renewable Energv Laboratory (NREL)
The National Renewable Energy Laboratory (NREL) is the nation's primary laboratory for
renewable energy and energy efficiency research and development. In 1977 NREL began
operating as the Solar Energy Research Institute, and in 1991 was designated a U.S.
Department of Energy national laboratory and its name changed to NREL.6°

Solar America Board of Codes and Standards (Solar ABCs)
The Solar America Board for Codes and Standards (Solar ABCs) is funded by the U.S. Department
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of Energy to help facilitate widespread adoption of safe, reliable, and cost-effective solar
technologies, primarily through the development, implementation, and dissemination of codes

and standards addressing solar power. Solar ABCs coordinates recommendations to codes and

standards making bodies as a collaborative effort of affected stakeholder

S¢8ar Energy industries Association (SEIA)
The Solar Energy Industries Association (SElA) was established in 1974 and functions as the
national trade association of solar energy industry. SEIA accomplishes its mission by expanding
markets, removing market barriers, strengthening the industry and educating the public on the
benefits of solar energy. SEIA also administers a separate nonprofit organization called the
Solar Energy Research and Education Foundation (SEREF) that oversees policy-driven research
and develops education outreach programs to promote solar as a mainstream and significant
energy source

Solar Eneq;y_jnternational 1S111.
Solar Energy International (SEl) was founded in 1991 and is a nonprofit educational
organization that provides education and training to decision makers, technicians and users of
renewable energy sources. The SEl mission is to empower people around the world through the
education of sustainable practices, and they work cooperatively with grassroots and
development organizations in the Americas, Africa, Micronesia, and the Caribbean

Solar Living Institute (SLI)
The Solar Living Institute (SLI) is a nonprofit educational organization that promotes sustainable
living through inspirational environmental education. SLI was founded in 1998 and has its
headquarters in Hopedale, California

Other national organizations address solar power and directly address its virtues, but tend to
represent the interests of system consumers, the general public, or other broad-based general
interest group. The following is a summary of these organizations

lnternatiqn_al Solar Energy_so5:iety (ISES)
The International Solar Energy Sociew (leEs) was founded in 1954 as the "Association for
Applied Solar Energy". The organization revised their name in 1963 to the "Solar Energy
Society" and again to the "International Solar Energy Society" in 1971. ISES is a global
nonprofit, non-governmental membership organization serving the needs of the renewable
energy community. With world headquarters in Freiburg, Germany, ISES is a U n-accredited
organization with a presence in more than 50 countries

Solar Alliance
The Solar Alliance is a U.S. oriented, state-focused alliance of solar manufacturers, integrators
and financiers dedicated to facilitating photovoltaic energy. The Alliance works closely with
corporations, state-level trade associations, grass roots organizations, academic institutions

and local governments to advocate the virtues of solar energy
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California Scdar.EnergyIndustries.Assuclatiun,(§ALSEIA). calseia.org
Florida Solar EnergyResou.r:ce Centel:.(FSEC) www.fsec.ucf.edu

Northeast Sustainable Energy Asso1:iation.,(NESEA)1 www.nesea.org,
Texas. Renewable.Energy Industries Association. (TREIA) www.treia.org

nsOrganization

Arizona Solar Energy industries Association, (Ar5sElA),

Solar Electric Power Association sEpAl
Solar Electric Power Association is a nonprofit membership organization focusing on electric
utility use and integration of solar electric power. SEPA is a business-to-business utility-focused
activity that provides customized, localized and practical advice, research and events that are of
specific interest to the electr ic uti l i ty industry. Funding comes from membership dues,
individual and corporate donations, event revenue, and support from the U.S. Department of
Energy.67

Solar Nation
Solar Nation is a program of the American Solar Energy Society that is a national grassroots
campaign working to harness and facilitate public support for solar energy. Their focus is to
positively affect state and federal policy and to enable solar power to become a significant part
of America's energy future. Solar Nation promotes networking for advocacy groups with similar
interests to build alliances and support long-term mutual goals linked to specific policy
actions.58

Vote Solar
The Vote Solar Initiative is headquartered in San Francisco and works to resolve regulatory
roadblocks impeding solar adoption. Established in 2001, Vote Solar operates at the local,
state, aga federal level to implement programs and policies that promote a strong solar
market.

In addit ion to the national organizations, var ious regional organizations have also found their
way  in to  var ious  leve ls  o f  ma ins tream recogn i t ion .  Some o f  the i r  work  has  had notewor thy
impact and serves as  a  model  for  o thers  wi th  in teres t  on these top ics .  V ir tua l ly  every  s ta te
and/or region has some organization that is supporting the local interest of solar  power. These
are summar ized in mult ip le l is t ings, such as the Action Par tners section mainta ined by Solar
Na t io n  th a t  p r o v id e s  a  s u mma r y  o f  th e i r  f i f t y - two  Ac t i o n  Pa r tn e r  o r g a n iz a t i o n s . " Some
examples are summarized in Table 2-4, Regional Organizations Addressing Solar Power.

Table 2-4: Regional Organizations Addressing Solar POWer.71,72,73,74,75

www.arizonasolarindustry.org,

When compared to other energy technologies, solar power is relatively new and its usage has
become more mainstream in the last several decades. Consequently, the model codes and
standards arena is actively engaged in addressing the latest technologies and application
methods.

Consensus-based model codes and standards provide the baseline for  the design, installation,
o p e r a t i o n ,  ma in te n a n c e ,  a n d  o th e r  imp o r ta n t  a s p e c ts  o f  s o la r  p o w e r  s y s te ms . A  k e y
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organization providing support in this topic is the aforementioned Solar America Board of
Codes and Standards, also popularly known by their acronym Solar ABCs.76 Funded by the U.S.
Department of  Energy, their charter is to support ef forts towards development,
implementation, and dissemination of codes and standards addressing solar power, with the
intent of facilitating widespread adoption of safe, reliable, and cost-effective solar technologies.
There role is particularly important to help address safety and other concerns from the
emergency response community, as they coordinate recommendations to codes- and
standards-making bodies as a collaborative effort of affected stakeholders.

Several internationally recognized codes and standards directly address solar power systems,
either within the entire document or in part. Included are certain emergency responder
concerns for solar power systems, such as certain features that assist them during an
emergency such as component labeling or electrical isolation switches. The following technical
documents are directly applicable documents in the codes and standards arena:

• IEC/TS 61836:2007,Solar Photovoltaic Energy Systems - Terms, Definitions, and Symbols
• INC 60364-7-712 (2002-05), Electric Installations of Buildings - Part 7-712: Requirements

for Special Installations or Locations - Solar Photovoltaic (PV) Power Supply Systems
• ISO 9488:1999,Solar Energy- Vocabulary
• NFPA70, National Electrical Code, 2008 edition (Article 690, Solar Photovoltaic Systems)

These documents provide detailed requirements, but the relatively rapid introduction of this
technology has required them to be continually updated. For example, NFPA 70, National
Electrical Code is presently undergoing revisions for the upcoming 2011 edition of the NEC, and
multiple enhancements are proposed in Article 690 to address additional safety details for PV
installations. This includes routing PV source and output conductors, directories for remote
multiple inverters, and qualification requirements for installers."

Other model codes address the topic of solar as part of their overall scope, such as the various
model building codes, fire codes, and other related documents. Model codes continue to be
updated to include the latest requirements and guidance information, some of which pertains
to the design and installation of solar power systems for buildings. This is especially important
for new and unusual technologies and configurations (e.g., flame spread characteristics of
vertically mounted solar panels rather than horizontal rooftop panels). Examples of applicable
model codes include:

NFPA5000, Building Construction and Safety Code, 2009 edition
ICC International Building Code, 2009 edition
NFPA 1,Fire Code, 2009 edition
/CC International Fire Code
ICC-700, National Green Building Standard
/CC International Fnergy Conservation Code
ICC International Residential Code

•

•

•

•

•

•

•
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Individual states typically utilize the model codes to provide direction and approach for their
own legislation. Some state-based requirements are already well established, and in other
locations it is under development. Examples include:

• 2008 Building Energy Efficiency Standards for Residential and Nonresidential Buildings,
(California Energy Commission, effective 1 Jan 2010).78
Oregon Solar Energy Code, Draft Document dated September 2009.79
Guidelines for Fire Safety Elements of Solar Photovoltaic Systems (Orange County Fire
Chiefs' Association, California, December 1, 2008).80

Both the model codes as well as the specific state-applied local codes are typically oriented as
overarching documents focused on basic design, installation, and maintenance as they relate to
the use of solar power in buildings and structures. They normally refer to other more specific
standards often by mandatory reference (administered by organizations such as ASTM
International, Underwriters Laboratories, etc.), for the particular details important to maintain
safe and reliable construction of the solar power systems and components. in addition to
assuring safety, these documents also provide useful consumer marketplace conformity to
facilitate interoperability in the solar power infrastructure and marketplace (i.e., matching
thread sizes for component interconnections.

Two aspects of regulatory oversight that have not been resolved for the solar power industry
are reliable methods for assuring qualified installations, and ongoing maintenance and long-
term service. From the vantage point of building officials, electrical inspectors and fire
inspectors, solar power systems arguably should be addressed similar to other building systems
that present potential hazards to the occupants or emergency responders. These other
systems have requirements to assure quality installations and proper ongoing service. The
present oversight of solar power systems is not as robust as with other similar building systems.

As a comparative example, in France a report was issued that one in three photovoltaic systems
are not meeting the required safety standards, this being related to inadequate installation,
maintenance, and/or enforcement oversight.81 This study is based on installations in France
and not the United States, and a similar analysis for the u.s. is not readily available.
Nevertheless it raises the question of the status of these characteristics, and how best to
address these topics in the future.

The fire service literature includes multiple published articles that specifically address
emergency situations and emergency responder interests involving solar power systems. A
summary of the readily available literature addressing fire service interests and concerns is
provided by Table 2-5, Literature Review Summary for Solar Power Systems and the Fire
Service.
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3 .  P H o T o y o L T A l c  S O L A R  P O W E R I

Photovoltaic systems are based on fundamentally different technology from thermal systems.
This section provides additional background information on photovoltaic technology and the
systems that use this technology, including details on the materials and methods used and how
this relates to emergency first responders required to handle them during an emergency.
Photovoltaic systems present certain special concerns to fire service personnel through electric
shock, and thus this section provides additional information on this particular type of solar
power.

Photovoltaie Basics

The photovoltaic process converts light to electricity, as indicated by the root words photo
meaning "light" and voltaic meaning "electricity", and often represented by the acronym pp.
The process involves no moving parts or fluids, consumes no materials, utilizes solid-state
technology, and is completely self~contained.82 The primary concern for emergency responders
with these systems is the presence of electrical components and circuitry that present an
electrical shock hazard.

The basic components of a photovoltaic system include the photovoltaic unit that captures the
sun's energy, and inverter that converts the electrical power from Dc to Ac, electrical conduit
and other electrical system components, and in some cases a storage battery. At the heart of
the system is the unit that is actually capturing the sun's electromagnetic energy in the form of
light. Figure 3-1, illustrates the basic photovoltaic components used to capture solar energy.

Figure 3-1: Basic Photovoltaic Components Used to Capture Solar Energy
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A photovoltaic unit includes one or more solar cell or photovoltaic cell components that convert
the sun's electromagnetic rays into electricity. These are the most elementary photovoltaic
dev ices or components in the system.83 An env ironmental ly protected assembly of
interconnected photovoltaic cells is referred to as a module, solar module, or photovoltaic
module.84 Modules are mechanically integrated, preassembled and electrically interconnected
units called a panel, solar panel, or photovoltaic paneI.85 In the solar industry these are also
referred to as strings.

Figure 3-2: Configurations of Solar Modules, including Framed, Flexible, and Rolled
(Photo courtesy of NRFL Photographic information Exchange)

Common configurations of modules include framed, flexible and rolled. Figure 3-2 illustrates
these basic types of  solar modules. Mult iple modules (in panels or str ings) are of ten
mechanical ly integrated wi th a support  st ructure and foundat ion,  t racker,  and other
components to form a direct-current power-producing unit, and these are termed an array or
photovoltaic array.86

Solar Cell Technology and Photovoltaic Systems

From the perspective of f ire f ighters on the foreground, the photovoltaic modules are the
fundamental  components wi thin the photovol taic system that converts the sunl ight to
electricity. These have physical dimensions in the general range of 2% feet by 4 feet by % foot,
and large systems might have hundreds of modules arranged in strings as part of the solar
3rr3y_87

A typical PV module includes not only the solar cells, but several other important components
including the concentrators that focus the sunlight onto the solar cell modules, array frame and
associated protective components, electrical connections, and mounting stanchions. Figure 3-3
provides a relatively detailed i l lustration of the primary components of a PV solar power
system, and Figure 3-4 illustrates the fundamental electrical interrelationship for photovoltaic
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systems that are stand-alone, hybrid, or interactive with the building's conventional electrical
system.88

Figure 3-3: Basic Components of a Photovoltaic Solar Power System.90

All of these components are designed with significant attention given to their endurance,
recognizing that a typical solar panel will be exposed to ongoing harsh weather conditions that
will promote degradation. Some of the materials used might have excellent weather
endurance characteristics, but not necessarily be resistant to exposure fires. Today, the
lifespan of a typical solar array is typically in the 20 to 25 year range, and component
endurance is an important performance characteristic of the overall solar energy system.89

Figure 3-4: Photovoltaic System Interrelationship with Conventional Electrical Systems.91
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In addition to the solar module, the other key components of the PV system are the inverters,
disconnects, conduit, and sometimes an electrical storage device (i.e., batteries). The electricity
generated by PV modules and solar arrays is dc (direct current), and an inverter is required to
convert this to ac (alternating current). As with any electrical equipment that is tied into a
building's electrical circuitry, disconnect switches are required for purposes of isolation. Some
systems also include batteries to store the additional energy created during sunlight hours for
use at a later time.

Present PV technology is based on the use of solar cells, which are the primary subcomponent
within the system that converts light to electricity. Most often this is done through the use of
high purity silicon wafers. Solar cells are interconnected in series and parallel to achieve a
predetermined output voltage when operating at capacity. Current technologies allow new and
unusual geometric configurations, such as films that adhere to a roof or vertical building
surfaces. An example is a system using building-integrated photovoltaics, which are
photovoltaic cells, devices, modules, or modular materials that are integrated into the outer
surface or structure of a building and serve as the outer protective surface of that building.92 As
an example, Figure 3-5 illustrates a PV panel shaped like a roof shingle.

Figure 3-5: Example of PV Roof Panels Shaped Like Conventional Roofing Shingles
(Photo courtesy of NREL Photographic Information Exchange)

Several new technologies are under development for solar cells that have promise for future
applications. Examples include gallium-arsenide cell technology and multifunction cell
technology. Other new methods and approaches are experiencing rapid proliferation, such as
thin-film cadmium telluride cell technology. From the standpoint of the fire service, these new
technologies will likely result in greater solar panel performance and greater proliferation of
installations, but likely will not result in additional or unusual hazard characteristics from what
they are already facing with the current solar cell technologies.93 Figure 3~6 shows a thin firm
PV system on a large commercial building in Detroit, Michigan, and exemplifies how this
technology allows the PV system to blend with other building components (e.g., roof assembly).
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Figure 3-6: Example of Thin Film PV System on a Commercial Building in Detroit, Ml

Photovoltaic modules that are integrated into the building's components are generally referred
to as Building Integrated Photovoltaic (Blpv) modules. These are allowing new and unusual
applications of PV systems, including expansive vertical configurations. Among the most widely
recognized recent BlPV installations using a vertical configuration is the Condé Nast Building in
Times Square, New York City. This 48-story skyscraper is considered to be one of the first major
commercial applications of vertically configured BIPV in the United States. The PV skin extends
from the 37th through the 43rd floor on the south and east facades over the glass components
and blends in seamlessly with the building's exterior. Figure 3-7 provides an illustration of the
Condé Nast Building

unusual:llllllll

Figure 3-7: BIPV System Using a Vertical Module Configuration in New York City
(Photo courtesy of NREL Photographic Information Exchange)
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New York City is addressing the needs of solar panel installation in the same fashion as other
jurisdictions, but the numerous variations utilized is a challenge for the regulatory approval
agencies that require variances from their building code. In a recent report by the NYC Green
Codes Task Force, their findings included the recommendation to "clarify standards for
Attaching Rooftop Solar Panels." This addresses the issue that the NYC Building Code does not
specify acceptable criteria for the attachment of solar panels to rooftops, which inhibits the
installation of solar energy systems. It further includes a recommendation that the Department
of Buildings develop detailed criteria for roof attachment of solar panels.94

Background on Fireground Electrical Hazards

Electrical shock while extinguishing a building fire is a realistic foreground hazard. A critical task
during foreground operations at any building fire is to shutdown the utilities, including the
electrical utilities to remove the electrical shock hazard. This is a relatively straightforward one-
step process for a building receiving electrical power from the local communities' power grid.
However, it becomes considerably more challenging when multiple sources provide electrical
power (i.e,. distributed power generation) such as with a building equipped with a photovoltaic
power system.

How much electrical energy is required to cause harm to the human body? Electricity and
electrical equipment is widespread in today's modern civilization. Each year in the U.S. among
all industry sectors there are approximately 30,000 nonfatal electrical shock accidents.95 Data
from a 1998 CDC/NIOSH summarizing electrocution fatalities in their data surveillance system
indicates that during the decade of the 1980s approximately 7% of the average 6,359 annual
traumatic work-related deaths were due to electrocution. This report also indicates that during
the period from 1982 to 1994, twice as many fatal work-related electrocutions occurred with
voltage levels greater than 600 volts.95

Understanding the dangers of electricity requires clarifying the terminology used to describe
this danger. We often describe the magnitude of an electrical system in terms of voltage or
amperage, and it is important to have a limited understanding of these terms. From a fire
fighters perspective, the following describes these two terms:97

• Voltage-the electromotive force or potential difference, measured in volts. Voltage is
the "pressure" that pushes an electrical charge through a conductor.
Amperage or Current-The amount of electrical charge flowing past a given point per
unit of time, measured in amperes or amps. Amperage is the measure of electrical
current flow.

The flow of electrical energy in electrical wiring is analogous to the flow of water in a closed
circuit of pipes. Hydraulics and the movement of water is a fundamental field of knowledge
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1000 Current used by a 100-watt light bulb
900 Severe burns
300 Breathing stops
100 Heart stops beating (ventricular fibrillation threshold
30 Suffocation possible
20 Muscle contraction (paralysis of respiratory muscles
16 Maximum current an average man can release IIgrasp"
5 GFCI will trip
z Mild shock
1 Threshold of sensation (barely perceptible)

15K/20K*

used by the fire service, and this visualization is useful to better comprehend the dangers of
electricity. Instead of the transfer of water, electricity involves the transfer of electrons or
other charge carriers. The voltage difference between two points corresponds to the water
pressure difference between two points. If there is a difference between these two points, then
flow will occur. Voltage is a convenient way of measuring the ability to do work.

The basic relationship between voltage and amperage is defined by Ohm's Law. This tells us
that Volts x Amps : Watts, where wattage is the rate at which an appliance uses electrical
energy. Wattage is considered the amount of work done when one amp at one volt flows
through one ohm of resistance. The power generation of a photovoltaic system is normally
described in terms of watts or kilowatts (1000 watts).98

The term . high-voltage i s  def ined d i f ferent l y  depending on the par t i cu lar  appl i cat ion. This

under s t andab l y  can  c r ea t e con f us i on  am ong  em er gency  r esponder s  who  a r e f aced  w i t h

handl ing emergencies with electr ical  equipment. For example, voltage rat ings for bui ldings and

structures in the buil t  infrastructure treat high voltage as being any voltage exceeding 600 volts,

based on Art icle 490 of the National Electrical Code.99 Voltage rat ings for electr ical equipment

general ly conform to the ANSI C84.1 standard,  which considers low vol tage as 600 vol ts and

below.100 In addi t ion,  levels of  vol tage ( i .e. ,  high,  medium, low) are def ined di f ferent ly wi th

non-bui lding appl icat ions,  such as motor vehicles.  Despi te the lack of  universal  def ini t ions of

high,  medium,  and low vol tage,  f rom the perspect ive of  emergency responders,  any vol tage

level that can cause injury or worse is a direct safety concern.

It  is common to speak about the dangers of electr ici ty in terms of voltage, but the amperage or

current is the key measurement parameter of  danger to humans. An electr ical  shock involving

high vol tage but  very low current  would be less dangerous than low vol tage and high current .

Table 3-1 provides some examples of  the observable ef fects of  electr ici ty on the human body.

The current required to l ight a 7% watt,  120 volt  lamp, i f  passed across the chest, is enough to

cause a fatality.1o1

Table 3-1: Estimated Effect of 60 Hz AC Current on Human$.1oz,103

Common fuse or circuit breaker opens

*Note: 15 to 20 Amps (15,000 to 20,000 Miliiamperes) is current required to open a
common residential fuse or circuit breaker.
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eire Of Current
Ac 8unent m
Amps--llen

AC Current in
Amps-Wanmen

0.0007
0.0012
0.0060
0.0150

0.0010
0.0018
0.0090
0.0230

0.1000
0.2000
0.5000
1.5000

0.1000
0.2000
0.5000
1.5000

Perception threshold (tingling sensation)
Slight shock-not painful (no loss of muscle control)
Shock- painful (no loss of muscle control)
Shock-severe (muscle control loss, breathing

difficulty-onset of "let-go" threshold
Possible ventricular fibrillation (3-second shock)
Possible ventricular fibrillation (1-seoond shock)
Heart muscle activity ceases
Tissue and organs burn

Shack Hazard Levels
Reaction of Human Body to Electric Current

These electricity effects are also described in Figure 3-8, human body reaction to shock hazards.
Nearly all materials will conduct electrical current to some degree, and this includes the human
body. Each situation involving an individual receiving an electrical shock is unique, and will
depend on multiple factors that alter the manner in which the electricity passes through the
human body and the detrimental ef fect that results. Variables affecting the physiological
impact include: amount of current flowing through the body; length of contact time; travel path
through the body, area of contact, pressure of contact, moisture of contact, body size and
shape, and type of $kin.104

Figure 3-8: Human Body Reaction to Shock Hazards.105
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4. OVERVIEW oF FIRE SERVICE OPERATIONAL MATERIAL

Training and education are important for preparing fire fighters to properly perform their
assigned tasks. Arguably of greater importance, however, are the operational guidelines and
operational procedures used by fire departments to perform their duties to mitigate an
emergency situation. Standard Operating Procedures (SOPs) and Standard Operating
Guidelines (SOGs) are widely used in today's fire service.

The terms Procedures and Guidelines are sometimes used interchangeably. However, in fire
service parlance they are considered to be different. Procedures imply relatively inflexible
instructions, prescriptive task steps, and appreciable detail. In contrast, guidelines are more
performance oriented and imply discretion in performing the required tasks.106

There is significant overlap with the interpretation and final implementation of these
descriptors, and ultimately it can sometimes be hard to distinguish the difference between
them. Multiple precise definitions can be found in the fire service literature. As one example,
the following definitions are from the 2008 edition of NFPA 1521,Standard for Fire Department
SafetyOfficer:

Standard Operating Guideline: A written organizational directive that establishes or prescribes
spec/wc operational or administrative methods to be followed routinely, which can be varied due
to operational need in the performance of designated operations or actions. (Note: Standard
operating guidelines allow flexibility in applicotion.)107

Standard Operating Procedure: A written organizational directive that establishes or prescribes
specwc operational or administrative methods to be followed routinely for the performance of
designated operations or actions. (Note: The intent of standard operating procedures is to

establish directives thatmust befolIo wed.)108

The wide range of possible unpredictable emergency scenarios requires a degree of flexibility in
terms of written procedures, but conversely too much flexibility and discretion reduces control
and increases the likelihood of mistakes. Litigation sometimes provides the basis for
interpreting the difference between procedures and guidelines, but the courts tend to ignore
actual terminology and focus on content. They tend to consider liability based on factors such
as: national standards and other recognized regulatory requirements, adequacy of training
activities, demonstration of training competence, procedures for monitoring performance,
unique needs of the fire department; and procedures for ensuring compliance.109

Actual fire service education and training materials can be obtained from a number of sources.
General emergency responder operational materials are readily available, and these can be
adapted and used directly by members of the fire service. These include, for example, the
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training manuals provided by the International Fire Service Training Association (since 1932)
fire service training materials provided by Jones and Bartlett Publishers, and various books and
publications provided through Delmar Learning 110,111,112 Specific details of these organizations
include the following

International Fire Service Training Association (IFSTA)
The mission of IFSTA is to identify areas of need for training materials and foster the
development and validation of training materials for the fire service and related areas. With
origins that are traced back to 1934, this association of fire service personnel provides oversight
and validation of the manuals, curricula, training videos, CD-ROMs, and other materials
developed by Fire Protection Publications (FPP). FPP is a department of Oklahoma State
University and serves as the headquarters for IFSTA in Stillwater, Oklahoma

Jones and Bartlett Publishing (J&B)
J&B publishes an extensive line of training materials for the fire service, including
comprehensive online resources for fire service students and instructors. As an independent
publisher headquartered in Sudbury, MA, they are the seventh largest college publisher in the
United States, publishing training materials as professional and reference books as well as a
variety of multimedia and online products. The content for their training materials is developed
in collaboration with the International Association of Fire Chiefs and the National Fire
Protection Association

[_Jelnlar Learning
Delmar is a sub-group within Cengage Learning and they offer a portfolio of emergency services
educational and training materials. Headquartered in Clifton Park, NJ, there products include
printed books, multimedia, online solutions, certification tests, reference products, instructor
teaching and preparation tools

A  k e y  f e d e r a l  g o v e r n m e n t  o r g a n i z a t i o n  s e w i n g  a s  a n  e x t e r n a l  t r a i n i n g  s o u r c e  f o r  f i r e
d e p a r tme n ts  i s  th e  Na t io n a l  F i r e  Ac a d e my  ( NF A)  o f  th e  USF A T h e  N F A  i s  t h e  F i r e
Administration's training delivery arm and is located in Emmitsburg, Maryland. The creation of
the  NFA has  i t s  genes is  i n  the  landmar k  r epo r t Amer ica Burn ing w r i t t e n  i n  1 9 7 3 ,  w h i c h
recommended the establ ishment of a "National F ire Academy for  the advanced education of
fire service officers and for assistance to state and local training programs

With more than three decades of operation, the NFA has earned the respect of the fire service
and provides an important stabilizing influence that helps to unite the fire service on the myriad
of  spec i f ic  t ra in ing top ics .  As  a  centra l  focus  po in t  fo r  the  deve lopment and re f in ing o f  f i r e
serv ice  t ra in ing  mater ia ls ,  the  NFA works  c lose ly  wi th  no t  on ly  the  vas t  range o f  loca l  and
r e g io n a l  f i r e  d e p a r tme n ts  th r o u g h o u t  th e  c o u n t r y ,  b u t  e q u a l l y  w i th  th e  v a r io u s  n a t i o n a l
organizations that adminis ter  impor tant sub-components of the tra in ing infrastructure. At the
state level the NFA works closely with the state fire training directors through their  association
the "North American Fire Training Directors" (NAFTD)
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The NFA provides an important forum for the centralized development, refinement, and
dissemination of fire service training materials on specific topics. An alternative to the training
courses delivered on-site at the NFA is to build special topic curricula, which are then made
available for internal fire department training activities through NFA "Endorsed Courses
The NFA also provides hand-off training programs for individual training academies that are
usually based on two days worth of content

These Endorsed Courses at NFA provide a mechanism for outside organizations to cultivate and

promote the development of applicable, state-of-the-art, accurate, useful and timely training

information. As a specific example worthy of consideration, the training information contained

in U.S. DOE online training packages such as "Hydrogen Safety for First Responders" and

Introduction to Hydrogen for Code Officials" may be candidates for material used in NFA

endorsed courses

One NFA activity that serves a critical role in disseminating training information to the various
state and local training agencies is the Training Resources and Data Exchange (TRADE)
program" This is a network of the state fire service training systems, along with the senior
executive training officers from the Nation's largest fire departments protecting populations
greater than 200,000 and/or who have more than 400 uniformed personnel. As a regionally
based network established in 1984, TRADE facilitates the exchange of fire-related training
information and resources among government organizations at the local, state, and federal
levels

The TRADE system operates using geographic regions that correspond to the ten FEMA regions

with coordinated networking within the respective regions and between regions. The National

Fire Academy works closely with TRADE on various training details, and refers to them for

functions such as the review of NFA Endorsed Courses. Specifically, TRADE serves their mission

through the following

Identifying regional fire, rescue, and emergency medical services training needs

identifying applicable fire-related training and education national trends

Exchanging and replicating training programs and resources within regions, and

Provide annual regional assessments of fire training resource needs to NFA
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5. ASSEMBLY oF BEST PRACTICE GUIDANCE FOR EMERGENCY RESPONSE

Every emergency incident to which a fire department responds is unique. Despite the
differences, however, there are common characteristics that allow fire service personnel to
better understand the tasks that need to be performed and to prepare for their duties. This
section provides a review of the common elements of most interest to fire fighters when
handling emergencies involving solar power systems.

Identification of Common Themes and Principals

Based on today's proliferation of solar power system technology, a fire-related emergency
incident involving a structure with one or more solar panels would not be considered an
unlikely or rare occurrence. Structure fires are relatively common for any particular
municipality, on the order of several significant events per year per station and/or department.
The rapid growth of the solar power industry is increasing the likelihood that some of these
structures are presently or soon will be utilizing some type of solar power.

Solar Thermal Hazards Versus Photovoltaic Hazards

From a fire service perspective, the comparable hazards between thermal systems and
photovoltaic system are similar with two noteworthy exceptions: a photovoltaic system
includes an electric shock hazard, while a thermal system includes potential scalding from hot
fluid. Figure 5-1 summarizes the primary hazards of solar power systems for emergency
responders, and illustrates a side-by-side comparison of the fire fighter hazards for these types
of solar power systems.122

Figure 5-1: Primary Hazards of Solar Power Systems for Emergency Responders.123
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As with any structural fire attack, size-up is a key step. The knowledge that the building has a
solar power system should be immediately conveyed to the incident commander (IC), and the
type of system should be immediately identified, that is, whether it is a solar thermal system or
photovoltaic system. This will determine subsequent steps to minimize the hazards unique to
both types of systems. Sometimes this is not readily obvious, such as with solar components
that are blended in with the building construction. Figure 5-2 provides an example of a
residential occupancy with a PV system that is an integral part of the roof assembly

Figure 5-2: Residential Occupancy with a PV System Integral to the Roof Assembly
(Photo courtesy of NREL Photographic information Exchange)

Arguably, the additional hazard characteristic of electric shock of a photovoltaic system makes
it a greater concern than a solar thermal system, since it can remain energized and not be
readily apparent during foreground operations. Thus, identifying and clarifying the type of solar
power system is a critical first step for fire fighters and the IC on the foreground

One concept for quickly identifying a solar power system and its specific components is the
development and implementation of an equipment identification system, to assist with pre
planning and rapid identification on response. This would require clarifying the information
critical to emergency responders, working with industry to incorporate this information, and
enabling access to it by emergency first responders during an emergency

This approach already exists in a general sense, such as, for example, through the "Fire Fighter
Safety Building Marking System" (FFSBMS) described in Annex Q of NFPA 1, Fire Code, 2009
edition The FFSBMS provides a fire fighter safety building marking system with basic
building information for fire fighters responding to the building or structure. Figure 5-3
illustrates a sample sign for the FFSBMS, which reserves the center of the Maltese cross for
indication of special hazards, and could be used to indicate special concerns associated with the
building's utilities
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Figure 5-3: Sample Sign for Fire Fighter Safety Building Marking System

Rooftop Fire Fighting Operations

Several hazard concerns are common to either type of solar power system. Perhaps most
obvious is tripping or slipping that may occur on a rooftop in dark or smoky conditions. Certain
types of solar power systems that are integral with the roof structure and membrane might
minimize tripping hazards, but not necessarily slipping. However, the inherent dangers to fire
fighters on the roof of a burning structure, with or without a solar power system, are
appreciable and always deserve special attention. Figure 5-4 illustrates townhouses in Bowie
Mo, equipped with a PV system based on a standing seam roof design, and this demonstrates
the challenges of roof operations confronting fire fighters in certain cases

Id..*

Figure 5-4: Townhouse with PV Systems in Maryland
(Photo courtesy of NREL Photographic information Exchange)

During roof operations fire fighters will need to consider the additional weight of the PV array
on a roof structure that may be weakened by the fire. A rooftop solar array may also prevent
direct access to the section of roof providing the optimum point of ventilation. Under no
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circumstances should solar panels be damaged or compromised to perform vertical ventilation.
To do so introduces serious potential risk to the fire fighters performing the task.

Solar power adds another component to possible rooftop dangers already faced by fire fighters.
Multiple research initiatives are under way exploring the use of positive pressure ventilation
(PPV) as a more integrated tool in the fire fighters tactical arsena1.126'127 Approaches to better
controlling the products of combustion in a building fire are being examined that will hopefully
provide some relief from the need for fire fighter rooftop exposure. This would be additionally
advantageous as solar power systems proliferate and appear on more and more rooftops.

Other Rooftop Concerns

Another common hazard regardless of the type of solar power system is the potential f lame
spread characteristics of the modules, such as from an adjacent exposing building fire or an
approaching wild land fire. The components exposed to sunshine and other exterior elements
of  weather need to have highly durable characteristics, and certain materials that have
traditionally performed well in this regard (i.e., certain types of plastics), do not necessarily
have good fire-resistant characteristics. Further work is needed to clarify the fire resistance and
fire spread characteristics of these panels.

If a photovoltaic solar array becomes engulfed in fire, care should be exercised in fighting the
f ire, and it should be attacked similarly to any piece of  electrically energized equipment.
Normally this would involve shutting down the power and applying water in a fog pattern on
the photovoltaic array, but it is critical to be aware that a solar panel exposed to sunlight is
always "on" and energized. Further, the electrical energy produced by multiple series
connected panels or large solar systems are normally very dangerous.

One additional secondary concern that should always be considered when approaching rooftop
solar power systems is that the module f rame and junction boxes prov ide ideal nesting
locations for biting and stinging insects. This could introduce an additional layer of difficulty for
on scene fire fighters, enhancing other hazard concerns such as tripping or slipping.

The added rooftop weight may be a concern in some cases, although most of today's modern
solar panel modules do not contribute an appreciable additional dead load on the roof. For a
photovoltaic system, a typical panel weighs less than 50 pounds, and this is distributed over a
relat ively wide surface area that results in a cumulatively low addit ional roof  load. A
noteworthy exception, however, is when a solar thermal system includes a roof-mounted fluid
storage unit. This could add a significant load at a specific localized position.

Electrical Shock Considerations

For solar thermal systems, the hazards facing fire fighters during foreground operations are not
usually considered a serious additional concern, and they can be readily addressed in their
normal tactical and strategic approaches. In contrast, however, the electrical shock hazard of
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photovoltaic systems presents an additional challenge, although it is one that fire fighters can
readily handle once equipped with the proper operational knowledge. Thus, the need to
identify and determine the type of solar power system is a critical step for emergency
responders.

A photovoltaic system generates electricity when the sun is shining, and when it is receiving
sunlight it is operational and generating electricity. This creates additional challenges for the
foreground task of shutting off the utilities and the electrical power in the structure that could
be a dangerous source of electric shock. Even with known shutdown steps taken to isolate
electrical current, fire fighters should always treat all wiring and solar power components as if
they are electrically energized.128

The inability to De-energize individual photovoltaic panels exposed to sunlight cannot be
overemphasized. It is absolutely imperative that emergency responders always treat the
systems and all its components as energized. This includes after the emergency event is
stabilized, as the system will continue to be energized while exposed to sunlight, possibly with
damaged system components that could present serious shock hazards or even cause a
rekindling of a fire. Operational approaches for fire fighters in situations involving live electrical
systems is well established, and constant attention needs to be given to the threat of live
electrical wiring and components.129

Because a photovoltaic module and their respective solar cells within the modules will continue
to generate electricity when exposed to light, any conduit or components between the modules
and disconnect/isolation switches remain energized. Care should be taken throughout
foreground operations never to cut or damage any conduit or any electrical equipment, and
they should be treated as energized at all times. One tactic for minimizing or eliminating the
electrical output from a solar module is to cover it with a 100% light-blocking material such as
certain types of tarpaulin. However, this is a difficult tactic to implement, since many tarpaulins
are not 100% light-blocking, often the solar system is too large for this to be realistically
applied, and wind or other external influences (e.g., hose streams) make it difficult to maintain
coverage.

The number of photovoltaic panels in the solar power system provides an indication of the
magnitude of the electrical energy being generated. A smaller system such as on a residential
occupancy might include only a few modules, however, the electricity generated is still
appreciable and can be lethal. In contrast, large systems that are now being installed on roofs
of commercial buildings (e.g., department stores) sometimes have hundreds of panels, and the
electrical current they generate is very significant.

The inability to shut down the power on these large systems exemplifies the challenge facing
fire fighters, since every panel is still generating electricity and thus the wiring and components
are always "live" when the sun is shining. The presence of rooftop disconnects are primarily for
maintenance of the system. Fire fighters should be wary of utilizing these as a secure method
of power isolation. If not all disconnects to an inverter are opened, there still exists the
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possibility of voltage throughout the system. Additionally, large capacitors in the inverters will
provide voltage in daylight hours for several minutes on both sides of the disconnect even
when opened. Figure 5-5 illustrates a typical large PV installation on a commercial building
located in Chicago, Illinois.

Figure 5-5: Example of a Large Photovoltaic Solar Power System on a Commercial Building
(Photo courtesy of NREL Photographic Information Exchange)

Batterv Storage Components

An additional electrical concern exists for systems that have an optional battery storage
arrangement as part of the PV system. The- batteries can maintain electrical current at
nighttime and when the rest of the system has been isolated, thus presenting an additional
electric shock hazard. Further, depending on the types of batteries, they can present leakage
and hazardous materials concerns, and special attention is required for any battery storage
systems that have been damaged in a fire. Figure 5-6 illustrates a typical battery installation for
a large commercial PV system.

Design requirements for batteries are already established and can be extrapolated to the
battery systems used in a photovoltaic system, such the requirements for stationary storage
battery systems addressed by Chapter 52 of NFPA 1, Fire Code, and Section 608 of the
International Fire Code.130'131 Technology commonly used for stationary storage batteries
include: flooded lead-acid, flooded nickel cadmium (NI-CD), valve-regulated lead-acid, lithium-
ion, and lithium metal polymer.132
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Figure 5-6: Typical Battery Installation for a Photovoltaic Solar Power System
(Photo courtesy of NREL Photographic information Exchange)

Batteries generally burn with dif f iculty, although plastic battery casings prov ide a l imited
contribution to the combustion process. However, batteries that do burn or are damaged in a
fire generate fumes and gases that are extremely corrosive. Spilled electrolyte can react with
other metals and produce toxic fumes, as well as potentially flammable or explosive gases. Full
protective clothing and respiratory protection is imperative in such incidents, and special care
and maintenance may be required during cleanup. Dry chemical, CON, and foam are the
preferred methods for extinguishing a fire involving batteries, and water is normally not the
extinguishing agent of choice.133

Overhaul and Post Fire Concerns

Proper respiratory protection should be used during al!  foreground operations that involve a
potentially hazardous atmosphere. Similarly, these protective measures apply during post-fire
activities such as overhaul or fire investigations. Care should be taken during all foreground
operations to protect against respiratory exposure from products of combustion involving PV
systems. Under normal conditions the materials used for solar cells and modules are relatively
inert and safe, but they can become dangerous when exposed to fire.

If solar power components are involved in a fire, care should be taken to avoid exposure to the
products of  combustion due to the somewhat unusual materials involved. In addit ion to
inhalation concerns, dermal exposure from solar power system materials damaged by f ire
should also be handled with caution regardless of the type of solar power system. For large
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solar systems involved in a fire, additional precautions should be considered to protect
downwind populations from respiratory exposure

Some of the materials used in solar power components are known to be a problem when they
decompose in a fire, and although stable under normal conditions, they exhibit adverse effects
if released as a vapor of fluid. For example, cadmium telluride is among the most promising
photovoltaic technologies, but when damaged by fire it introduces potentially dangerous levels
of materials such as cadmium, a known carcinogen.1"" Some solar power systems are integral
to other building components and may not be immediately obvious in a post-fire situation
Figure 5-7 illustrates the installation of PV shingle design whose presence may be difficult to
detect by emergency first responders following a fire event

Figure 5-7: An Example of PV System Integral with Building Components
(Photo courtesy of NREL Photographic information Exchange)

Examples of other materials of concern that may be involved in solar power components
include gallium arsenide and phosphorous.15° Emergency responders are required to wear full
respiratory protection (e.g., self-contained breathing apparatus) for any atmosphere that is
possibly lDLH (immediately dangerous to life or health), and this should be the case when
handling damaged solar modules involved in fire unless proven otherwise

An important delayed hazard occurs when a nighttime building fire damages a photovoltaic
system and compromises system integrity at a time when no energy is being generated by the
system. If the system wiring sustains short circuits and damaged components, exposed live
wiring and components may suddenly appear once the sunlight returns. Solar arrays will
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resume generating electrical power through circuitry that was unpowered during the fire event,
but becomes energized during the post-fire event when exposed to sunlight.

General Safetv Precautions

•

•

•

6

Certain basic safety precautions should be taken into account by all fire fighters on the

foreground. Determining the presence of a PV system is key to preventing foreground injuries.

The following six points of safe operation are offered for fire fighters:137

Daytime = Danger, Nighttime : Less Hazard

Inform the IC that a PV system is present

Securing the main electrical does not shut down the PV modules

At night apparatus-mounted scene lighting may produce enough light to generate an

electrical hazard in the PV system

Cover all PV modules with 100 percent light-blocking materials to stop electrical

generation

Do not break, remove, or walk on PV modules, and stay away from modules,

components, and conduit

•

A photovoltaic array will always generate electricity when the sun shines. These units do not
turn "off" like conventional electrical equipment. Fire fighters on the foreground should always
treat all wiring and components as energized. Breaking or compromising a photovoltaic module
is extremely dangerous and could immediately release all the electrical energy in the system.

Without light, photovoltaic panels do not generate electricity, and thus nighttime operations
provide less of a hazard. Emergency scene lighting during a nighttime foreground operation,
such as from a mobile lighting plant unit, or sources other than direct sunlight, may be bright
enough for the photovoltaic system to generate a dangerous level of electricity.

o

O

o

O

O

O

O

In summary, there are several fundamental points of consideration for fire fighters and incident
commanders when handling any building fire equipped with a solar power system:138

• Identify the existence of a solar power system
locate rooftop panels
clarify electrical disconnects
obtain system information

• Identify the type of solar power system
Solar Thermal System
Photovoltaic System

• Isolate and shutdown as much of the system as possible
Lock-out and tag-out all electrical disconnects
Isolate the photovoltaic system at the inverter using reliable methods

Work around all solar power system components•
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While salvage covers can be used to block sunlight, some electricity will still be generated
unless they are made of material that is 100 percent light blocking. Care is needed to make
sure that wind does not suddenly blow off any salvage covers covering panels. Foam is not
effective in blocking sunlight, and will slide off the solar array.

Target Applications Workshops

Solar power systems are experiencing widespread popularity in recent years, and they are one
of the new challenges facing the U.S. fire service. Some fire service organizations are in the
process of developing recommended emergency response procedures and best practices on a
local or regional basis; in other jurisdictions, basic information on the hazard and appropriate
response is lacking or not readily available.

One of the ways this project addresses these concerns is to collect and analyze all applicable
scientific studies, training guidance, case study reports and loss data, and available emergency
response guidance relating to solar power systems. To assist in accomplishing this task, an
interactive one-day workshop was held, "Fire Service Workshop on Solar Power Systems." This
workshop involved experts on the fire service and other subject matter and took place on
Wednesday, 17 March 2010 at the Next Energy facility in Detroit, Michigan. The workshop was
attended by approximately two dozen subject matter experts knowledgeable on fire service
issues relating to solar power systems, and a summary of workshop attendance is included in
Annex D, Attendees at Fire Service Workshop on Solar Power Systems.

The goal of the workshop was to identify, review, and assemble best practice information for
tactical and strategic decision making by fire fighters and foreground incident commanders, to
assist in their decision making process when responding to fire and/or rescue emergency
events involving solar power systems. This goal was accomplished using an interactive
approach involving subject matter experts that focused on the following workshop objectives:

Collectively review the available baseline information (provided to participants prior to
the workshop);

• identify the fundamental principles and key details involving fire/rescue tactics and
strategy, and provide a summary of core basics, and

Address and clarify related issues such as training needs, areas needing further research,
revisions to codes/standards, and other topics applicable to the overall workshop goal.

•

Final Evaluation of Best Practice Guidance

The workshop included a detailed review of the baseline information represented by the
balance of content contained within this report. Two working groups were established among
the attendees who, as part of the workshop, separately addressed a set of ten similar
questions.
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FIRm SERVICE WORKSHOP on SOLAR Powl§R SYS]EMS
Detroit, MI

17 March z010

Working Group Summary

The following set of ten questions was addressed independently by two separate working
groups at this workshop. This consolidated "Working Group Summary" provides their
collective responses, and for each question is provided in a non prioritized, harmonized
summary-format.

CURRENT PRACTICEI

A.

3.

4.

In terms of prioritized hazards, how should this topic be scoped?
1. Solar Thermal vs. Photovoltaic
2. Solar Power SvsL2_m Types

2.1. Residential (small in-grid systems, numerous)
2.2. Commercial (large in-grid systems, less common)
2.3. Utility scale power generation sites (very large systems, rare)
2.4. Standalone off-grid systems
2.5. Existing systems vs. new systems (for regulatory oversight)
Star Power System Characteristics
3.1. Hazard identification and labeling
3.2. High voltage hazards (arcing, shock)

3.2.1.Electrical component isolation (disconnects, how many?)
3.2.2.Electrical conduit routing and location
3.2.3.Batteries (integration, containment, isolation, etc.)

3.3. System Responsibility/Accountability (installation, maintenance, etc.)
3.4. Separate panels vs. integrated solar components (with structure)
Building. [rjbute_g
4.1. Flammability hazard concerns

4.1.1.lgnition
4.1.2.Flame spread
4.1.3.Products of combustion

4.2. Building and roof assembly construction types
4.3. Structural loads and related concerns (dead load, snow, wind, etc.)
4.4. Integration with building electrical system
4.5. Personnel access

These ten questions were grouped into three sets according to: (1) current practice, (2) future
trends and (3) other issues. Each working group reported their individual results to the entire
workshop to support a collective discussion among all attendees. Based on the collective
discussion of  al l  attendees, the responses f rom each working group were subsequently
consolidated and harmonized into a single set of responses for each question. This consolidated
response is summarized in Figure 5-8, Workshop Working Group Summary.
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5. Event Characteristics
5.1. Fire in solar array vs. structure fire not yet involving array
5.2. Support onsite personnel not fully trained on system
5.3. Hazards related to configuration (trip, slip, fall, etc.)
5.4. Fire fighting ventilation tactics
5.5. Products of combustion exposure (inhalation, air quality, etc.)
5.6. Older systems vs. newer systems
5.7. Low frequency occurrence, but with potential high severity

2.

3.

4.

B. What are the prioritized core basics for emergency responders to address the topic?
1. Identification

1.1. Common identification and labeling format (solar panel, rooftop conduits,
disconnects, etc.)

1.2. Common location of control panels and disconnects

1.3. Establish and coordinate interface with local AHJ and fire department
Rest er Guidancgand Pre-Planning
2.1. Provide universal fundamental set of tactics
2.2. Develop emergency response plan
2.3. Prepare to handle without outside support (e.g., utilities for shutdown)
Training

3.1. Avoid complex training programs (instead promote inherent system design
corrections)

3.2. Concisely clarify what fire fighters can and can't do
Fggulatory
4.1. Establish an ongoing operation and maintenance process
4.2. Consider regulatory oversight comparable with equivalent building systems (e.g.,

sprinklers, fire alarms, electrical, mechanical)

2.

C. What is specifically needed for operational procedures and training materials?
1. Qperation_a terials.

1.1. Need standardization to set baseline requirements for operational materials

1.2. Clarify offensive vs. defensive tactics
1.3. Clearly indicate what can and can't be done
1.4. Stress need for awareness and identification

1.5. Indicate personnel access requirements to components (e.g., PPE)
1.6. Identify options when in trouble (e.g., Rapid Intervention Teams)
Training Material_l§
2.1. Need standardization to set baseline requirements for training materials
2.2. Focus on state fire training academies
2.3. Develop audience specific materials (e.g., fire personnel, incident commanders, fire

instructors, investigators, etc)
2.4. Include non-fire service groups in developing training materials

2.4.1.Building owners and occupants
2.4.2.lndustny

1.
D. What are the known or potential topics of technical debate?

N_EQ Related
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2.

3.

1.1. Controllers and disconnects

1.1.1.String level disconnects
1.1.2.Module level controllers

1.2. Electrical conductor features and location
1.2.1.Wiring that is grounded vs. ungrounded

1.2.2.Ground indicators
1.3. Allowing DC power into building envelope
1.4. Number and size of access points
1.5. Effect of exterior conditions on system and components (e.g., contraction and

expansion due to ambient roof temperatures, etc)
Fire Fighting Tactics
2.1. Tactics for large commercial systems
2.2. Firefighting with water vs. other agents
2.3. Products of combustion and implications of letting it burn during daytime fire
2.4. Support and response of system installer
2.5. Overhaul and post-fire situation
2.6. Myth vs. reality (inherent dangerous characteristics)
Begulatorv

3.1. Flammability (as well as electrical) (e.g., fire resistance ratings)
3.2. Building construction and roof classifications
3.3. Non-OEM installations (e.g., non-listed products)

l
A.

2.

3.

FUTURE TRENDS

Based on current technological trends, what are the greatest anticipated future hazards?
1. Syst_em Operating Features

1.1. Inability to power down system
1.2. Securing the system in post-fire
1.3. Micro-inverters and AC panels
1.4. Systems with integrated components, or integrated with building
1.5. Module level control (mitigation)
1.6. Issues involving arc fault
Material P_rope_rties and Configurations
2.1. Solar panels installed vertically
2.2. Solar powered shingles
2.3. Vertical surfaces (e.g., curtain walls, thin films)
2.4. Tempered vs. non-tempered glass
2.5. Solar concentrators and hot thermal fluids

Other Svstem Concerns
3.1. After-market and non-OEM installations
3.2. Maintenance and upkeep requirements
3.3. Solar power use with vehicle
3.4. Mobile or portable equipment used to back feed building
3.5. Roof configurations with "green" buildings

B. How should fire service be addressing this topic in 5 years? 10years?
1. Standardization

1.1. Isolate systems through module level controllers
1.2. Ventilation tactics (horizontal vs. vertical)
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2.

3.

1.3. Building and system labeling
Data Collection

2.1. Establish better data collection process
Other Issues
3.1. Sharp increase in solar

3.2. Increase in distributed power supply

c. What constituent groups and/or organizations need to be involved?
1.

2.

3.

Public Organizations
1.1. Emergency responder representatives

1.1.1.Fire service
1.1.1.1. Membership organizations (e.g., IAFC, IAFF, NVFC, etc.)

1.1.1.2. Training organizations (e.g., NAFTD, NFA, etc.)
1.1.2.EMS and law enforcement

1.2. Federal government
1.2.1.DOE and NREL (and other DOE related organizations)

1.2.2.0SHA
1.3. Authorities Having jurisdiction (AHJs)

1.3.1.Building officials
1.3.2.Electrical inspectors (e.g., IAEI, etc.)
1.3.3.Fire Marshals (IFAM, NASFM, etc)

Private Organizations
2.1. Conformity assessment and product approval organizations (e.g., UL, etc.)
2.2. Industry

2.2.1.Associations and membership organizations (e.g., Solar ABCs, etc.)
2.2.2.Manufacturer representatives (e.g., NEMA)
2.2.3.lntegrator representatives (e.g., NEMA, IECI, etc.)

2.3. Building users/owners
2.4. Insurance
2.5. Architects
Others
3.1. Utility representation (e.g., EEl, etc.)
3.2. Labor union groups (e.g., IBEW, etc.)
3.3. International representation

3.4. Codes and standard developing organizations (NFPA, ICC, ISO, INC, etc.)

I

A.

2.

3.

OTHER ISSUES

What other case study eventshave not already mentioned,and whatare lessons learned?
1. Investigation process

1.1. Clarify cause and origin information for investigators
1.2. Establish investigation team process (for noteworthy incidents)
Data Collection Methods
2.1. Better utilize industry organizations (e.g., Solar ABCs, etc.)
2.2. Better define data elements with existing data collections (e.g., NFIRS, FIDO, etc)
Other Issues
3.1. Clarify possible approaches with non disclosure agreements

B. What specific updates/additions/changes need to be addressed in codesand standards?
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1.

2.

3.

4.

5.

Electrical Qdes

1.1. String level disconnects

1.2. Module level controllers

1.3. Electrical conductor location

1.4. Ground fault indicators

1.5. Non grounded system

Building and Fire Prevention Codes

2.1. Building markings and pre-incident planning info (in standardized format)
2.2. Operation and maintenance for the upkeep of building marking
2.3. Address flammability characteristics for exposure fires (e.g., NFPA 1144 Reducing

Structure Ignition Hazards from Wildland Fire, etc.)
2.4. System commissioning (NFPA 3, etc.)
Fire Servjg§tandard§
3.1. Fireground tactics and strategy

3.l.1.Residential
3.1.2.Commercial and other large systems

3.2. Overhaul and post-fire situations

3.3. Update emergency responder professional qualification standards
Other Codes and_§tandards
4.1. Data collection systems (e.g., NFIRS, FIDO, etc.)

4.2. Fire investigations (e.g., NFPA 921, etc.)

Other Issues

5.1. Aging and weathering

5.2. Non-OEM installations (e.g., non-listed products)

5.3. Proliferating use of applicable model code (e.g., Oregon, Cal Fire Guidelines, etc.)

2.

3.

c. What single message should the fire service express on this topic?
1. Fireground Tactics

1.1. "Components are always hot!" (in daytime)

1.2. Operate normally, but don't touch

1.3. Size-up, identify and validate hazard

1.4. Stress key message for tactical approach (especially large commercial systems)

1.5. Leave the scene in a safe condition

Code_Developme

2.1. Provide ability for electrical system isolation for emergency responders
2.2. Create consistent placarding and labeling for emergency responders
2.3. Address on~going maintenance oversight of installed systems (especially commercial)

2.4. Require system contact information for emergencies

Education and Training

3.1. This is energized electrical equipment like other equipment, but with inability to
power down. Otherwise not much different.

3.2. Systems are widespread: You probably have these systems in your let due jurisdiction
3.3. Don't underestimate electrical hazard, don't be complacent

II I

Figure 5-8: Workshop Working Group Summary
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6. SUMMARY OBSERVATIONS

This report assembles best practice information for fire fighters and foreground incident
commanders to assist in their decision making process with emergency events involving solar
power systems. This is focused on structural fire fighting in buildings and structures having
solar power systems that generate thermal and/or electrical energy, with a particular focus on
solar photovoltaic panels used for electric power generation

This report collects and analyzes applicable scientific studies, training guidance, case study
reports and loss data, and available emergency response guidance relating to solar power
systems. The project deliverables are intended to serve as the basis for training program
development by others.

A critical task in this project was the interactive one-day workshop involving fire service and
other subject matter experts. This provided a detailed review and assessment of the
information collected and generated a summa of the fundamental principles and key details
relating to issues such as training needs, areas needing further research, revisions to codes and
standards, and other applicable topics. The complete results are summarized in Figure 5-8
shown in the previous section.

The workshop review was coordinated around ten basic questions, and the collective response
to these ten questions focuses on the core basics of this issue. Of particular interest is the
tenth and final question that asked each break-out session: "What single message should the
fire service express on this topic?" This question helped to clarify and highlight the most
important issues arising throughout the entire project (as well as during the workshop review).

The following is a summary of the most important issues for emergency responders that need
to considered and/or addressed for emergency events involving solar power systems:

Fireground Tactics

• "Components are alvyays h_o1!". The s ingle m ost  cr i t i ca l  m essage of  em ergency

r esponse per sonnel  i s  t o  a l ways  cons i der  pho t ovo l t a i c  sys t em s  and  a l l  t he i r

components as elect r ical ly energized. The i nab i l i t y  t o  power -down photovo l ta i c

panels exposed to sunlight makes this an obvious hazard during the daytime, but i t  is

also a potential  concern at nightt ime for systems equipped with battery storage.

• Opera_te_norn1al ly,  but don't  touch.. F i re serv i ce personnel  shou ld  fo l l ow thei r

normal tactics and strategies at structure f ires involving solar power systems, but do

so wi th awar eness  and u n d er s t a n d i n g  o f  exp o s u r e  t o  en er g i zed electrical

equipment.  Emergency response personnel  should operate normal ly,  and approach

t h i s  sub j ec t  a r ea  w i t h  awar eness ,  cau t i on ,  and  under s t and i ng  t o  assu r e t ha t

conditions are maintained as safely as possible.
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Size-up, identify and validate hazard. Accurate knowledge of the hazards present on
the foreground is essential for minimizing personnel injuries. Identifying the type
and extent of a solar power system during the emergency event size-up is critical to
properly addressing the hazards they present. In part icular, i t  is important to
distinguish between a solar thermal system and a photovoltaic system, and the
hazards presented by each type of system.

• Stress Kev message for tactical approach (especially large commercial systems). The
tactical approach to solar power equipment in a building with a structure fire needs
to be stressed with all foreground personnel (i.e., stay clear). Serious injury can occur
with equipment such as photovoltaics on a sunny day, and the danger to fire service
personnel is real  and deserves attention. Of  paramount concern are large
commercial photovoltaic systems that generate significant levels of electricity and
can create daunting strategic challenges for fire fighters as they are trying to address
a building fire.

• Leave the scene in a safe condition. Emergency response personnel address and
mitigate hazards, and turn the scene back over the owners and/or occupants after
the scene is stabilized. They need to be aware of unanticipated dangers and leave
the scene in a safe condition. An example would be a photovoltaic solar power
system damaged during a nighttime fire, which once exposed to sunlight, begins to
generate electricity and creates a shock hazard or re-kindling of the fire.

Code Dev_¢8Lopment
• Provide ability for elect_icaI system isolation for_ emergency responders.. A key task

handled by emergency response personnel at a building f ire is the isolation or
shutdown of the building's electrical power. For current photovoltaic solar power
systems this may be difficult and/or impossible. Without delay code-making bodies
need to expl ici t ly address this problem, and prov ide adequate methods for
emergency shutdown of this electrical equipment. This is especially important for
large commercial systems that generate high levels of electricity and pose significant
fire fighting challenges.

• Create consistent placarding and labeling for emergency responders, Standardized
approaches to provide consistent identif ication of solar power systems and their
components would greatly assist emergency responders in safely completing their
job performance tasks. In particular, clearly and consistently identify system
components that require special attention during an emergency, such as the color-
coding of electrical conduit that is normally energized for a PV system. The more
universal the identif ication protocol, the more likely for it to be embraced by the
mainstream fire service.
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• Address on-going maintenance oversight Q_f installed "systems (especially
comm_ercial). On-going operation and maintenance concerns for solar power
systems must be addressed. These systems are normally exposed to outdoor
weather conditions that enhance the aging process, and the infrastructure needs to
be in place for the on-going maintenance of these systems to assure their safe
operation

• Bequire system_ contact ir3formation_f0r_ emergencies.. Consideration needs to be
given to establishing responsible points of contacts that emergency responders can
reliably depend on during an . emergency situation. They currently have such
contacts for other building systems they must handle, such as a building's electrical
connection from the local power grid, or an automatic sprinkler system. In similar
fashion, they should know who they can reliably use as an additional resource during
an emergency, and who can readily assist with stabilizing the system. This is
especially important for large commercial photovoltaic systems

Education and Training
• This is energized electrical equipment like other equipment, but with an inability to

pow_er down; otherwise it's_r;ot much diffe@nt. This topic is yet another new and
evolving safety-related issue that requires attention from the emergency response
community, and while it is important .and deserves attention, there is no reason to
create a sense of unfounded fear. While recognizing the key concern of not being
able to power down energized electrical equipment, emergency response personnel
should approach this overall subject area as yet another topic that they need to
address with awareness, caution, and understanding to assure that conditions are
maintained as safely as possible for all involved

• Svstems are widespread: You probably have these systems in your first due
jurisdiction. Solar power systems represent a technology whose time has come
They are proliferating and it is likely that the first due response area for any
particular emergency response unit includes this technology. It is also being utilized
for direct use by the fire service on fire station facilities as well as fire apparatus

• Don't underestimate electrical hazard, don't be complacent. Education and training
materials needs to be clear on the hazards of solar power systems, and emphasize
the importance of fire service personnel not becoming complacent about these
hazards
The single most critical message of emergency response personnel is to always
consider photovoltaic systems and all their components as electrically energized
when exposed to sunlight
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Annex A: Solar Power-Related Definitions

The following are terms relating to solar power that are used throughout this report and/or are
commonly used relative to the subject matter applicable to this report

In some cases multiple definitions are found in the common literature. Where multiple defined
terms exist, preference is given to federal or state publications and widely recognized
consensus-developed codes and standards. In some cases multiple definitions of the same
term are provided

Absgrkger. Component of a solar collector for absorbing radiant energy and transferring this
energy as heat into a fluid

Aperture. Solar collector opening through which u concentrated solar radiation is admitted

Arrav. A mechanically integrated assembly of modules or panels with a support structure and
foundation, tracker, and other components, as required, to form a direct-current power
producing unit. See also "Photovoltaic Array

Building Integrate_d Photo@ltaics. Photovoltaic cells, devices, modules, or modular materials
that are integrated into the outer surface or structure of a building and serve as the outer
protective surface of that building

Charge Controller. Equipment that controls dc voltage or do current, or both, used to charge a
battery

Concentrating Collector. Solar collector that uses reflectors, lenses or other optical elements to
redirect and concentrate the solar radiation passing through the aperture onto an absorber
See also "Solar Collector

Electrical Production and Distribution_ Network. A power production, distribution, and
utilization system, such as a utility system and connected loads, that is external to and not
controlled by the photovoltaic power system

Heat Transfer Fluid. Fluid that is used to transfer thermal energy between components in a
system

Hvbrid System. A system comprised of multiple power sources. These power sources may
include photovoltaic, wind, micro-hydro generators, engine-driven generators, and others, but
do not include electrical production and distribution network systems. Energy storage systems
such as batteries, do not constitute a power source for the purpose of this definition
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Interactive System, A solar photovoltaic system that operates in parallel with and may deliver
power to an electrical production and distribution network. For the purpose of this definition,
an energy storage subsystem of a solar photovoltaic system, such as a battery, is not another
electrical production source.148

Inverter. Equipment that is used to change voltage level or waveform, or both, of electrical
energy. Commonly, an inverter [also known as a power conditioning unit (PCU) or power
conversion system (cs)] is a device that changes dc input to an ac output. Inverters may also
function as battery chargers that use alternating current from another source and convert it
into direct current for charging batteries.149

Inv _r_ter.. Electric energy converter that changes direct electric current to single-phase or
polyphase alternating currents.150

Module. A complete, environmentally protected unit consisting of solar cells, optics, and other
components, exclusive of tracker, designed to generate do power when exposed to sunlight.
See also "Photovoltaic Module" .151

Panel. A collection of modules mechanically fastened together, wired, and designed to provide
a field-installable unit. See also "Photovoltaic PaneI".152

PhQtovol@i5:_ Array. Assembly of mechanically integrated and electrically interconnected PV
modules, PV panels or PV sub-arrays and its support structure. Note: a PV array does not
include its foundation, tracking apparatus, thermal control, and other such components. See
also IIArray" .153

Photovoltaic Assembly. PV components that are installed outdoors and remote from its loads,
including modules, support structures, foundation, wiring, tracking apparatus, and thermal
control (where specified), and including junction boxes, charge controllers and inverters
depending on the assembly's installed configuration.154

Photovoltaic Cell. Most elementary photovoltaic device. See also "Solar Cell".155

Photovoltaic Module.. Complete and environmentally protected assembly of interconnected
photovoltaic cells. See also "Module".156

Ph_otovolta_.c_panel. PV modules mechanically integrated, pre-assembled and electrically
interconnected. See also "Panel".157

Photovoltaic Svstem. Assembly of components that produce and supply electricity by the
conversion of solar energy.158
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Photovoltaic¢;_Svstem Vg8tage.. The direct current (do) voltage of any photovoltaic source or
photovoltaic output circuit. For multiwire installations, the photovoltaic system voltage is the
highest voltage between any two dc conductors

Solar Ceh. The basic photovoltaic device that generates electricity when exposed to light. See
also "Photovoltaic Cell

Solar Collector. Device designed to absorb solar radiation and to transfer the thermal energy so
produced to a fluid passing through it. See also "Concentrating Collector

Solar Energy. Energy emitted by the sun in the form of electromagnetic energy. Note: solar
energy is generally understood to mean any energy made available by the capture and
conversion of solar radiation

Solar Heating System. System composed of solar collectors and other components for the
delivery of thermal energy

S_Alar Photqvoltaics. Pertaining to PV devices under the influence of sunlight

Solar Photovoltaic System.. The total components and subsystems that, in combination, convert
solar energy into electric energy suitable for connection to a utilization load
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Annex.B

Example of Fire Servi.cé` Training Program on,Solar Power Systems

This annex provides a specific example of a fire service training program addressing solar power
systems, and in particular photovoltaics. While multiple programs are available from various
qualified sources, the following summarizes one comprehensive program as an example. This is
posted on the website of the California State Fire Marshal's Off ice, and is available at the
following URL: www.osfm.fire.ca.gov/training/photovoltaics.php

The information contained on their website includes student manuals, lesson plans, student
handouts, and instructor information. Interested parties should directly access their website
and download the applicable materials of interest. This following is the outline of this particular
program

I. Introduction
II. Cells and Components
III. PV Performance
IV.PV Applications
v. PV Codes
VLEmergency Response
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Annex C: Overview of Fire Service Training and Education

There are an estimated 1.1 million fire fighters in the United States today.166 This estimate is
based on a sample survey with a confidence level associated with each estimate, and does not
include certain fire fighter constituency groups such as industrial fire departments and federal
fire departments.

Approximately 75 percent of these fire fighters serve as volunteers with the remainder serving
as career fire fighters. As expected, the more populated jurisdictions are protected primarily by
career fire fighters while rural areas are protected primarily by volunteer fire fighters. Some
fire departments are a mix of career and volunteer fire fighters in what are considered
combination fire departments.

This section covers the preparation and process infrastructure utilized by fire fighters to
perform their duties. A review is provided Cr: what is typically included in fire service training
and education programs, as well as an overview of fire service standard operating procedures
and guidelines commonly used by fire fighters.

Defining_t_he Profess@ of Fire Fightirjg

Fire fighters face a bewildering spectrum of possible emergency events. As a result they are
generalists in their core knowledge and acquire specialized additional skills to handle certain
duties.

Fire service personnel require skills that are already adequately learned and ready to be used
before an emergency occurs. Beyond the obvious hazards associated with foreground
operations, the duties of a fire fighter include the need for training on additional topics
commonly shared with other professions. Examples include biohazards associated with
handling of victims requiring emergency medical services, and transportation safety relating to
the hazards of large mobile fire apparatus.

Fire service training and education is a critical part of the activities addressed by fire fighters. It
is not uncommon for fire fighters to be in a situation where their own personal survival
depends on this training and education, and they are continually subjected to learning on a
wide range of important topics. For all topics of interest to fire service emergency responders,
an on-going need exists for updated, accurate, consistent, readily understandable training
information.

What distinguishes a fire fighter from someone who is not a fire fighter? Most obvious is an
individual's formal relationship (e.g., employment or membership) with a recognized fire
service organization. Equally important, however, is the individual's training and education that
qualifies them to adequately perform the tasks expected of a fire fighter.
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To be "quail led by training and examination" are critical defining characteristics for today's fire
service. Among the various definitions of "fire fighter" in the common literature, the following
reflects the baseline importance of qualification by training and examination

Fire Fiqhtjer: An individual quaIu'ied by training and examination to perform activities for the
controland suppression of unwontedfires and relatedevents

Fire fighter professional qualifications are key to defining the profession of fire fighting
Standards that set baseline requirements have been subject to ongoing enhancements for
decades (as exemplified by documents such as NFPA 1961, Standard on Fire Hose, which was
first issued in 1898, or NFPA 1410, Standard on Training for Initial Emergency Scene Operations
first issued in 1966)

Figure C-1: Types of Fire Fighters, according to NFPA Professional Qualification Standards

Of particular interest for addressing fire fighter performance is the set of 16 NFPA standards
addressing fire fighter professional qualifications. These documents are summarized in Figure
C-1, and they clarify fire fighting disciplines and establish required levels of knowledge that can
be used for training and other purposes

The fire service operates as a quasi-military type organization, with the need for potentially
large numbers of fire service members to be quickly deployed to handle complicated
emergencies. Further, efficient and effective handling of the event is necessary to minimize
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Driver/Operator
Pumper; Aerial, Tiller; ARFF; Mobile Water Supply;

Wild land
1002

EMS HazMat I, ll 473

Fire Department Safety Officer
Health/Safew Officer; Incident Safety Officer;

ISO-Fire Suppression, ISO .- EMS Operations;

ISO - HazMat Operations; ISO - Special Operations

1521

Fire Fighter I; u 1001

Fire Inspector I; ll; Ill; Plans Examiner 1031

Fire Investigator 1033

Fire Officer I; II; III; IV 1021

Fire Service Instructor I; II; III 1041

Hazardous Materials

Awareness, Operations; Technician; Incident
Commander;

Branch Safety Officer, Private Sector Specialist A, B, C;
Tech w/Tank Car Specialty, Tech w/Cargo Tank

Specialty; Tech w/intermodal Tank Specialty; Tech w/
Flammable Gases Bulk Storage Specials; Tech w/

Flammable Liquids Bulk Storage Specialty

472

Industrial Fire Brigade
Incipient; Advanced Exterior;

Interior Structural, Advanced Structural, Leader
1081

Marine Fire Fighter 1, ll 1005

Public Fire & Life Safer
Educator

I; II; III; Public Information Officer;
Juvenile Firesetter Intervention Specialist

1035

Public Safety
Telecom municator

I; ll 1061

Rescue Technician
Rope; Confined Space; Trench;

Structural Collapse; Surface Water; Vehicle 8;
Machinery

1006

Wieland Fire Fighter I, u 1051

1003

danger to life and property, which means that there is normally very little time to implement
mitigating action

Table C-1: Examples of Fire Fighting Disciplines and Training Levels

Airport Fire Fighter

As a result, multiple specialized fire fighting disciplines have evolved to address certain tasks
and duties as defined by the level of training and education they receive. Table C-1 summarizes
examples of fire fighting disciplines and the standardized levels to which fire fighters can be
qualified

The last several years has seen a more widespread use of these standards, partly because five
(NFPA 1000, 1001, 1002, 1006, and 1021) are among the 27 NFPA standards adopted as
national preparedness standards by the U.S. Department of Homeland Security.*'* Each year
DHS distributes millions of dollars in aid through their "Assistance to Firefighters Grant" (AFG)
to U.S. fire departments, which is administered by the U.S. Federal Emergency Management
Agency (FEMA). A prerequisite for applying for this support is conformance to these DHS
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national preparedness standards. The 19,791 applications requesting more than $3.1 billion in
AFG grants in 2009 indicate the level of activity in this DHS/FEMA program

Training versus Education

In today's fire service the terms training and education are sometime used synonymously
however, they have different meanings." While both refer to the transfer of information from
a body of knowledge to a recipient, each has a different focus on the purpose and details of the
information transfer methodology

Training is an exercise in focused learning, and refers to the exchange of specific information
intended to enhance the proficiency of a particular skill. An example of training is a fire fighter
class that teaches the skills necessary for certification at the "Awareness Level" for a hazardous
materials incident. Training is more applicable to specific emergency events such as handling a
motor vehicle accident

In contrast, education refers to broad-based learning, with the intent of providing a foundation
of general knowledge that supports efficient analytical techniques for effective problem solving
An example is a college degree in business administration, which will provide a fire service
officer with the skill set needed to manage a large city fire department

In general, the technical content for fire service training is well-established and addresses a
wide range of topics faced by fire fighters. Much of this is captured in the mainstream
literature and national standards (e.g., NFPA standards) addressing a wide range of fire fighting
tasks, equipment, and other fire service detail. Some of this information has been developed
and refined in various arenas for decades

Specifically, multiple sources of training materials are available that extensively address useful
content on the topic of interest. These training materials can be readily adapted and used
directly by members of the fire service and other emergency responders. A wide assortment of
broadly developed training materials and guidance materials are available that provide support
This includes, for example, the training manuals provided by the International Fire Service
Training Association (since 1932), fire service training materials provided by Jones and Bartlett
Publishers, and various books and publications provided through Delmar Learning 174.175

The Fire Service Trayljng Infract_r_ucture

Fire departments are the basic organizations used by fire fighters to deliver their services
These can range from a small volunteer fire department in rural areas, to large fire departments
with all career personnel protecting a major metropolitan city. Training will also depend on the
specific hazards within the protected jurisdiction, such as the difference between an industrial
district and a bedroom community
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Fire departments, regardless of their size or type, have two distinct sources for their training
needs: (1) training programs that originate and operate internally within the organization, and
(2) those that originate and operate externally. Figure C-2 illustrates the two basic sources of
training information and materials for the fire service.

Figure C-2: Types of Training Sources

The extent of internal training sources depends on the available resources of the particular fire
department, and as a result, these internal sources tend to be more extensive and
sophisticated for larger fire departments (e.g., large city or county fire departments). These
larger fire departments generally have their own dedicated training divisions as well as training
facilities (i.e., training academy), and are able to effectively handle recruit training and in-
service training. Specialized training may be offered for specific duties such as fire apparatus
operators, incident commanders, or safety officers. They may also offer specialized courses for
duties beyond those of front-line emergency responders, such as fire investigators, fire
prevention and inspection personnel (i.e., permitting officials), and public fire and life safety
educators.

Multiple external sources of training information and materials are available from a number of
sources. These are available to directly support the many fire departments (and especially
smaller departments) with limited resources for training. In addition, they also help to
supplement and support larger fire departments with their own training departments, and
while doing so promote general consistency throughout the fire service. in some cases,
regional training centers fulfill internal training needs despite their external characteristics, and
these may be operated at the county or state level, or simply by multiple fire service
organizations joining together for this purpose. Figure C-3 provides an overview of fire service
training, from the perspective of the external sources that directly influence today's fire service
training.
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Figure C-3: Overview of the External Sources of Fire Service Training

State governments are a key external resource for fire departments, and many states have
designated an official agency to provide state-wide training for fire and emergency personnel.
Similarly but at a higher level, the federal government provides important support through the
National Fire Academy and other resources. Depending on the legislative and funding
arrangements in a particular state or region, certain colleges and universities may serve as
centers for fire service training, with or without the involvement of their respective state
agency. Supporting these training programs is a group of national fire service organizations and
private training service organizations that provide valuable components for the fire service
training infrastructure.

State training agencies and state training directors are central players in the fire service training
infrastructure. Training directors sometimes report to the state fire marshal in each state, and
many states operate a state-wide training academy. In addition, many also coordinate the
training materials and curriculums used throughout the state. In some states, fire departments
within the state are required to mandatorily use this information and material, and in others
they can voluntarily utilize it as they deem appropriate.

Independent public and private training programs that exist within the state often work in
coordination with state training programs. These may include the fire service training activities
of regional fire districts, large city fire departments, colleges and universities, and other public
or private fire service training programs. The relationships among these entities vary
significantly from state to state. For example, one state may not have a dedicated state fire
training academy and instead have multiple separate but similar training programs throughout
the state in conjunction with the state community college system. Elsewhere there may be a
state training academy, but the large city fire departments use their own training resources and
do not participate in the state programs.
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On a national level, several key programs, activities and initiatives feed into the multitude of
fire service training activities found at the local and state levels. An example is the National Fire
Academy that assists state and local organizations with curriculum development and the
national promotion of technical training content. Important baseline requirements are set by
the applicable standards that manage the training content and provide a level of agreement on
the applicable professional qualifications. These baseline requirements are effectively
implemented through accreditation and certification processes.

Administering Qualifications for the Fire Service

Fire fighting as a profession has been recognized for centuries among various civilizations. it
was not until more recently, however, that its professional status has become more distinctly
defined, with the development of standardized baseline requirements and the implementation
and quality assurance process that supports the use of these requirements.

Starting in 1974, NFPA's professional qualifications standards began to appear, becoming
increasingly used by state agencies responsible for fire service training in the years since. The
use of national standards for fire fighter professional qualifications is a concept that political
leaders have been able to widely support, and the appearance of these documents has
independently coincided with a general rise in funding and recognition for state fire service
training programs.177

As a result, most states utilize these standards as the defining measure of professional
qualifications for fire fighters. However, certification programs in many states are voluntary,
and states often do not have mandatory minimum qualifications requirements for fire service
personnel.

Figure C-4: Overview of Entities that Accredit, Certify, and Grant Degrees.178
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The baseline requirements included in national standards provide a foundation for fire fighter
professional qualifications, but how these are applied is equally important. To achieve
consistent implementation, the processes of accreditation, certification, and degree-granting
have evolved. The organizations that administer these training programs are known as
accrediting bodies, certifying entities, and degree-granting entities, respectively. These are
summarized in Figure C-4, which provides an overview of the entities that accredit, certify, and
grant degrees.

As further explanation, accreditation refers to enabling oversight (within a recognized
framework that measures and ensures quality implementation), bestowed upon another
organization. Once accredited, that organization will in turn provide certifications and/or
grants degrees to individuals. The following are definitions for accredit, certification, and
d€gflE€'Z179

"Accredit.To give official authorization to or to approve a process or procedure to recognize as
conforming to specwc criteria, and to recognize an entity as maintaining standards appropriate
to the provision of itsservices/'180

"Certil7cation..An authoritative arrestment, specwcally, the issuance of a document that states
that an individual has demonstrated the knowledge and skills necessary to function in a
porticulorfre service professionalfield."181

"Deqree. A formal recognition of completion of a prescribed program of study at the
postsecondary level. "182
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Annex D: Attendees at Fire Service Workshop on Solar Power Systems

The following is a summary of the subject matter experts that attended and participated in the
"Fire Service Workshop on Solar Power Systems", held in Detroit, Michigan on 17 March 2010.

Table D-1: Attendees at Fire Service Workshop on Solar Power Systems
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Net Metering Fights Are Bad for Business. Here's How Utilities and Solar Advocates Can Avoid Them
Collaboration and compromise are the key to making solar work for everyone.
by Silvio Marcacci
April 19, 2016

Collaboration and compromise are the key to making solar work for everyone.
by Silvio Marcacci
April 19, 2016

•

•

•

•

Last year, 46 states considered changes to compensation for rooftop solar systems. Some of those proposed changes
resulted in a contentious war of words between solar advocates and utilities.
Utilities are in a tough spot. They must now balance what their customers want -- which, increasingly, is solar -- with the
cost of maintaining the grid.
While utilities need to ensure that customers are paying their share of the costs to access the grid, they also run the risk
of angering customers if changes to net metering are too onerous. This can be bad for business.
So what's the best course of action?
Net metering pays owners of residential and small commercial rooftop systems the retail rate for every kilowatt-hour of
electricity fed back into the grid. It's been a successful tool ..- but it's a very blunt one.
In several states, compromise approaches to accurately valuing solar and managing higher penetration levels are
becoming more common, creating a model for successfully dealing with the growth of pp.
Quick action may not be best
When -- and how -- utilities get involved in a solar valuation process is inherently a business-model decision.
Rising rooftop-solar penetration levels have spurred utilities to reconsider how they compensate customer-sited
generation in order to mitigate revenue loss and avoid undue cost-shifting. But sudden revisions to incentives that solar
owners rely on for financing creates backlash. That's what happened in Nevada when solar customers flied a ciassactiori
lawsuit against NV Energy after the state slashed its net metering program for all customers.
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However, the stakeholder on different sides of the issue aren't necessarily that far apart. A GTM ResearcN survey found
that 67 percent of regulators, utilities and solar industry respondents felt customer-sited solar should be compensated
using value-of-solar tariffs that more accurately reflect grid costs and the avoided cost of building new infrastructure by
2020. \I
Decision time is fast approaching. Senators Harry Reid and Angus King proposed le,<.>;isiation to preserve net metering
nationwide, and the National Association of Regulatory Utility Commissioners iidrafting a manual based on existing
approaches and court decisions to guide future rate designs for rooftop solar.
"Utilities are taking a long-term view of how to participate in policy creation that's sustainable, where customers don't
feel there's a bait-and-switch," said Jim Heidell, a utilities expert at PA Consulting.
"A litigated process is not necessarily the best way to come to a conclusion. The collaborative process often works and
can lead to better solutions where all parties are in agreement," said Heidell.

line meets all sides in the middle
Ironically, the most innovative collaborative approach to solar valuation is found in one of America's smallest solar
markets: Maine.
Earlier this year, Maine legislators introduced a bill to replace net metering in 2017 with a system where regulators
periodically reset compensation levels applied to aggregated solar power sold into the wholesale market.
Solar owners would get market-based compensation. They'd also have an option to get grandfathered into the old net-
metering system, while paying a larger share of transmission and distribution costs.
Utilities would benefit from wholesale market and renewable energy credit revenue while managing intermittency
through project aggregation and targeting installations to the most valuable locations for each market segment.
Transparent pricing is key here, for solar owner and utility alike.
"The utility compact is providing reliable, affordable, safe, and more recently, clean electricity," said Zach Pollock, an
energy and utilities expert at PA Consulting. "By aggregating individual projects, they're able to more accurately value
those resources in terms of system planning while bringing in benefits and addressing environmental externalities."
Maine's compromise approach hasn't convinced everyone, however. Even though all sides agree with the middle-
ground proposal, Governor Paul LePage says he'll veto the bill. If the legislation does fail, Maine's Public Utilities
Commission would decide future net-metering policy ..._ and a ruling made there could be less collaborative.
The Midwest's move toward accurate solar valuation
Maine is not alone in the shift toward accurate solar valuation based on environmental and system benefits. Minnesota
was the first state to set a value~of~solar lOS} tariff including the value of delivered energy, generation and
transmission capacity, line losses, and external environmental benefits -...many of distributed solar's most important
attributes.
"The long-term value of solar is a complicated calculation, but it needs to include all the values like energy generation,
transmission and distribution capacity, the way solar offsets utility line losses, and internalizing various externalities like
the social cost of carbon," said Briana Kobor, program director of DG regulatory policy at Vote Solar.
The process included all relevant parties and granted investor-owned utilities the option of applying the vas formula to
customers instead of imposing retail-rate net metering. While the price may not have been ideal for any one side,
regulators engaged all stakeholders and determined compensation in the fairest way possible.
Minnesota's e21 Initiative is also bringing utilities and renewable energy advocates together to determine fair solar
valuation and consider proposals for remaking utility business models.
"The regulatory process has historically been pretty cumbersome and asymmetrical. That's what e21 is trying to target --
the undue burden and regulatory constraints created with the traditional rate-case process," said Pollock.
A big proposal in America's smallest solar state
The Midwest's move toward greater transparency in solar valuation is spreading. Proposed legislation in South Dakota --
which ranks last in the U.S. with just 2.4 megawatts of installed solar capacity __ could avoid future regulatory fights by
better defining solar's value to include all of the technology's benefits and costs.
South Dakota currently reimburses solar owners at an avoided cost rate of 2.78 cents to 4.33 cents per kilowatt-hour,

' dependiNg on the utility. Several additional values would be included under the new system, including unused energy,
avoided transmission capacity, reduced line losses, and the value of generation added to high-demand locations on the
grid.
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This process would seek input from all stakeholder -- utilities, customers, and solar advocates alike
acceptable value for solar generation ahead of rising demand. Unfortunately, South Dakota's solar future will have to
wait a bit longer, as the proposed bill was recently tabled until the next legislative session.
COllaboration is key, but it takes time
These examples show a collaborative path forward, but one problem remains _- they're all in nascent markets with low
penetration levels.
Similar compromise efforts have emerged in other small-scale markets like .l1t_8 i8j33_§ and §_/lontag. And 839

-i-l_am_pshire's recent net-metering expansion directs regulators to develop new compensation guidelines after the new
cap is reached.
But developed markets like gaiifornia and Slav;a_§ have made contentious net-metering changes without a VOS process
that riled utility stakeholder. And while Massachusetts' recent net-metering compromise expanded cap limits, it also
cut compensation levels without a new valuation process.
As utilities start thinking more seriously about how to properly value solar, the best course of action is likely one that
meets customers halfway.
"Customers should have the choice to consume as much or as little energy as they want from their utility," said Kobor,
pointing to Vote Solar's "Guiding Principals" policy guide, developed with partners across the energy and consumer
spectrum. "If you move beyond retail-rate net metering, the discussion should focus on energy exports."
This approach has worked in Minnesota and would likely work in Maine, if approved. A collaborative approach to
accurately valuing solar could even help re-establish a market in Arizona, where reguiatars are developing a
standardized cost of service and a value-of~solar methodology to apply to future cases.
Ultimately, a successful approach to net-metering policy will likely require patience and collaboration.
"You have less resistance to change if change comes slowly without suddenly taking rights away from people," said
Heidell. "It's got to be gradual, and it takes a long time."
This article is part of a Next Generation Utility series from PA Consulting. Find more news and analysis on the
subject QL9.

and establish an
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Minnesota Becomes First State to Set 'Value of Solar' Tariff

As some states attempt to weaken solar
crediting policies, Minnesota looks to make
them more effective and f air.

by Midwest Energy News, Dan Haugen
March 14, 2014

Photo Credit: Sundial Solar/Minnesota Solar
Challenge, Creative Commons

Minnesota utility regulators on Wednesday approved the nation's first statewide formula
for calculating the value of customer-generated solar power.

The Minnesota Public Utilities Commission voted 3-2 in f aver of a proposal aimed at
settling the perennial debate
(http://www.midwestenergynews.com/2013/06/1 0/minnesota-to-ask-what~is-the-value-
of-solar-power/) over how much solar power is worth to a utility and its ratepayers, as
well as to society and the environment.

"I think that consensus is really beginning to emerge," said Lynn Hinkle, policy director
for the Minnesota Solar Energy Industries Association. "There's no doubt what happened
today was a step forward."

Investor-owned utilities will now have the voluntary option of applying to use the value-
of-solar formula instead of the retail electricity rate when crediting customers for
unused electricity they generate from solar panels.

http://www,greentechmedia.com/articles/read/minnesota-becomes-first-stateto-set-value-of-solar-tariff 1 /4



Utilities have complained that paying the retail rate, under a policy known as net
metering, amounts to an unfair subsidy for customers that own solar panels at the
expense of those who don't. Meanwhile, solar advocates say the retail rate
underestimates the value of solar panels to the grid and to society.

Minnesota Gov. Mark Dayton signed a bill last year requiring the states energy office to
develop a formula that utilities may use to determine how it should compensate
customers who generate electricity from solar panels.

'This isn't an incentive'

Wednesday's debate, which follows nearly two years of discussions
(http://www.midwestenergynewscom/201 3/1 0/28/minnesotas-day-in-the-sun-for-
determining-the-value-of-solar/) among state officials, utility representatives and solar
advocates, focused largely on the cost of carbon emissions, of which there were three
main options.

One was referred to as the "established externality value" and was created by Minnesota
utility regulators two decades ago as a tool to help the commission evaluate resource
options.

The value has been updated for inflation but never fully reevaluated, and the commission
recently agreed with environmental groups that the numbers are "outdated and no longer
scientifically defensible (http://www.midwestenergynewscom/2014/02/20/coal~giant-
peabody-energy-enters-minnesota-poilution-debate/)."

Another was referred to as the "planning value" and was created in recent years to help
Minnesota utilities and regulators estimate the likely cost of complying with future
carbon regulations. That number doesn't reflect the cost to society in health or
environmental damages from carbon, something the Minnesota law requires to be
included in the formula.

Instead, the commission voted to adopt the federal government's social cost of carbon
(http://www.epa.gov/climatechange/EPAactivities/economics/scc.html) figure, which
environmental groups and the state's Department of Commerce argued was the best fit
for a value-of~solar formula.

"The social cost of carbon is specifically focused on measuring what is the economic and
health damage of emitting one more ton of carbon," said Erin Stojan Ruccoio, director of
electricity markets for Fresh Energy.

http://wwwgreentechmedia.com/articleslread/mirlnesota-becomes»first~stateto~set-vaiueof-solar-tariff 214



Commissioner David Boyd, one of the two dissenters, said Ne objected because the social
cost of carbon hasn't been thoroughly vetted by the utilities commission. He preferred
one of.the state-studied numbers.

"For me, this is a deal-breaker. I won't vote for this methodology with that in there." Boyd
said. "It's not the number. It's the process."

Commission Chair Beverly Jones Hey dinger, however, countered that it isn'l f air to
describe the social cost of carbon as unvented, noting the extensive and open federal
process that was involved in developing it.

"It's hardly a number that was picked out of thin air," Jones Hey dinger said.

Another "no" vote came from Commissioner Betsy Wergin, who said that other than "a
pretty miniscule number" of residents who own or plan to own solar panels, "the rest of
ratepayers were really not at the table." She also said she was unconvinced that the
formula wouldn't amount to a subsidy for solar.

Commissioner Nancy Lange restated the state energy office's position: "This isn't an
incentive. This isn't designed to be a prop-up for the solar industry."

How the formula works

Bill Grant, Minnesota's deputy commissioner for energy, said the objective was to find a
formula that accurately reflected all of the costs and benefits to all parties involved,
including utilities, solar owners and other ratepayers.

"The goal as I see it with the value of solar is to find that point...at which everyone should
be indifferent about whether this rate is imposed or not," Grant said.

The methodology for calculating a value-of-solar tariff will be the same for any utility
that wishes to propose one, but the end rate will vary depending on circumstances
specific to each utility's load and generation mix.

Grant said it isn't a "foregone conclusion" that the value-of-solar rate will be higher than
the retail or avoided cost rates. It might, but it might not, he stressed.

The state law tasked the Commerce Department with proposing a tariff design to the
utilities commission earlier this year, after which the board had 60 days to approve it or
not.

http://www.greentechmedia.com/articles/read/minnesota-becom es-first-state-to-set-valueof-solar-tariff 3/4



"We believe that the methodology we've put in front of you really is plug-and-play." Grant
said, adding that there shouldn't be need for utilities or the department to develop
addit.ional formulas or spreadsheets when a utility applies to create a value-of-solar
tariff.

Utilities' testimony over the last two months has been skeptical and questioned the
department's methodology in some areas, including the cost of carbon.

Minnesota's community solar gardens
(http://www.midwestenergynews.com/2014/02/21 /minnesota-closer-to-terms-on-
community-solar-gardens/) law says that participants in those shared solar projects
should be reimbursed at the value-of-solar rate. Beyond that, the tariff's adoption is
voluntary.

Editor's note: This article is reposted
(http://www.midwestenergynews.com/2014/03/12/minnesota-becomes-first-state-to-set-
value-of-solar-tariff/) from Midwest Energy News (http://www.midwestenergynews.com/).
Author credit goes to Dan Haugen. - -

Midwest Energy News

http://www.greentechmedia.com/articles/read/minnesota-becomes-6rst-stateto-set-valueof-solar-tariff

Mw
E N

4/4



4

VALUE AND COST OF DISTRIBUTED GENERATION

(INCLUDING NET METERING)

DOCKET no. E-00000J-14-0023

EXHIBIT

DIRECT TESTIMONY

OF

LON HUBER

ON BEHALF OF THE

RESIDENTIAL UTILITY CONSUMER OFFICE

FEBRUARY 25, 2016

III ll I



4

5

3

6

2

1

v. BENEFITS OF DG SOLAR..... . . . . .

Direct Testimony of Lon Huber

Value of Solar

Docket No. E-00000J-14-0023

I. APPLICATION OFVALUEAND COSTOF DG TO FUTURE RATEMAKING PROCEEDINGS...

II. THE CHANGING VALUE PROPOSITION OF DG SOLAR......

EXECUTIVE SUMMARY..

Ill. METHODOLOGY FOR DETERMINING VALUEAND COST..

IV. COSTS OF DG SOLAR..

TABLE OF CONTENTS

7 VL ADDITIONALCOSTAND BENEFIT CONSIDERATIONS.. .23

8

9

10

.8

.5

.1

i



Direct Testimony of Lon Huber
Value of Solar
Docket NO. E-000001-14-0023

EXECUTIVE SUMMARY

RUCO believes that this proceeding should develop a methodology for measuring
the benefits and costs of DG that can be applied in a customized manner for each
Arizona utility. This would be similar in some ways to the cost effectiveness tests
currently used for energy efficiency programs. As part of this methodology, RUCO
supports measuring benefits and costs over a 20-year time horizon. To balance
against any uncertainty this forward-looking assessment brings, the methodology
and categories of values included should be approached conservatively and
narrowly.

Ultimately, RUCO thinks the respective results from utilizing this methodology
should inform rate design, including several upcoming rate proceedings. Over
time, the method can also be used in other forums, discussions, and policy
considerations. The natural evolution of how these results can be integrated into
current and future proceedings, is yet to be determined, but RUCO envisions some
steps happening in quick succession while others occurring over a longer time
period. The first step of implementation after establishing a methodology should
be to find the level of compensation needed to deliver a cost-neutral value
proposition for non-solar ratepayers in each utility service territory. This should be
quickly followed by an exploration into the ability for the market to handle moving
beyond a breakeven transaction, thereby providing increased value to non-solar
ratepayers. Next, the Commission could examine other possible compensation
mechanisms for distributed solar that can maximize value to aft ratepayers. Finally,
the discussion could address distributed solar procurement targets and how to link
these to the IP process. in this setting, the relative costs and benefits of different
renewable energy technologies can be compared and the most efficient path to
reaching a specific policy goal can be determined. in fact, RUCO could envision
adapting the framework accepted in this proceeding to a broader class of
distributed energy resources like battery storage.

ii



Direct Testimony of Lon Huber

Value of Solar

Docket No. E-000001-14-0023

1

2

APPLICATION OF VALUE AND COST OF DG TO FUTURE RATEMAKING

PROCEEDINGS

3

4 Q.

5

This proceeding concerns the value and cost of distributed generation (DG).

What is RUCO's understanding of the term "value" in this context?

6

7

8

9

10

11

Generally speaking, value describes the direct and indirect monetized benefits

minus the monetized costs (or "net benefits") experienced by an individual or group

of individuals (e.g. ratepayers). In this case, the value being considered is the value

derived from the production of energy from DG resources. Nearly 97% of all

residential ratepayers are non-DG customers, thus, RUCO is primarily concerned

with the value these non-DG customers receive.

12

13 Q. What does "cost" mean from RUCO's perspective?

14

15

16

17

While there are many possible definitions of cost, RUCO is primarily concerned

with the costs to serve DG customers that are paid by non-DG customers. This

includes any compensation paid to DG customers through net metering, incentives

or other mechanisms.

18

19 Q. What should the purpose of this proceeding be?

20

21

22

RUCO agrees with Commissioner Little's statement: "Any recommended order

should focus on methods and process and should not be assigning costs or values

to be used in future ratemaking proceedings."

23

24

A.

A.

A.

1
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Direct Testimony of Lon Huber

Value of Solar

Docket No. E-000001-14-0023

1 Q.

2

Does RUCO believe that future rate raking proceedings should be informed

by the methods and process established in this proceeding?

3 Yes.

4

5 Q. Is cost the only standard that should govern future rate raking proceedings?

6

7

8

9 511

10

11

No. As Bon bright points out, many economists have argued that "a reasonable rate

is one intermediate between cost of production as the lower limit and value of the

service as the upper limit, the precise point being set by practical considerations

rather than by any scientific rule of ratemaking, RUCO agrees with this concept

and believes the Commission should strive to find solutions that maximize value

to all ratepayers.

12

13 Q. Do commissions generally consider value in ratemaking proceedings?

14

15

16

17

18

19

20

21

Yes. Bon bright goes on to say that "the examples of value-of-service pricing

embedded in the structure of rates are numerous."2 However, he also argues that

"[value-of-service standards] play important though subordinate roles [to cost] in

the modern theory and practice of rate regulation."3 RUCO tends to agree. Value

should be a consideration but the amount one pays should be as cost based as

possible. However, RUCO recognizes that procurement and compensation of

customer sited resources necessitates a hybrid approach due to administrative

challenges among other things.

22

23

1 Bon bright, et al. Principles of Public Utility Rates, 2nd Ed., page 125.

2 ibid, page 126.

* Ib id , page 137

2

I

A.

A.

A.



Direct Testimony of Lon Huber

Value of Solar

Docket No. E-00000J-14-0023

1 Q.

2

Has this Commission ever considered value in other proceedings related to

rate raking?

3

4

5

6

7

8

Yes. For example, in Decision No. 73130, the Commission concluded that APS

demonstrated the "unique value" of its proposed purchase of Four Corners Units

4 and 5, which included "substantial economic benefits to the Navajo Nation and

surrounding communities, the acceleration of lower emissions that will result in

environmental improvements, and maintaining the balance of APS' diverse

resource portfolio for the benefit of ratepayers."

9

10 Q. What then is the purpose of assigning costs or values to DG in future

11

12

13

14

15

rate raking proceedings?

The value (i.e. benefits minus costs) assigned to DG defines the range of possible

compensation levels for DG (through a combination of rates, incentives, and/or

other mechanisms) that can be assumed to be reasonable and in the public

interest.

16

17 Q. Do future rates need to compensate DG at the assigned value?

18

19

20

21

Not necessarily. RUCO sees this as a policy decision for the Commission to

consider. In RUCO's view, the ultimate goal should be to pay a rate that is closer

to the initial installation cost while still maintaining a healthy DER market sector for

Renewable Energy Standard compliance.

22

23 Q.

24

Are there additional policy issues that might be considered when deciding

the level of DG compensation?

25

26

Yes, there are several. Regulation of public utility rates is intended to be a

substitute for competition. Thus, RUCO believes that the rates the Commission

3

I

A.

A.

A.

A.
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1

2

3

4

5

sets should be designed to help to maintain a highly competitive and innovative

DG marketplace for the benefit of DG and non-DG customers alike. Additionally,

RUCO believes that nearly all of the benefits that DG solar could provide to utility

customers can also be provided by utility-scale or community solar. Recent reports

indicate that utility scale solar can cost as little as 3.7 cents per kwh."

6

7

8

9

10

Community scale solar projects connected within the distribution system can also

be relatively inexpensive, with one recent example costing as little as 8 cents per

kWh.5ln contrast, solar energy from DG customers are paid at retail rates, which

are typically 11-13 cents per kph.

11

12 Q.

13

Does this suggest that all investments made by utilities in solar should be

utility-scale?

14

15

16

17

18

19

20

21

22

23

Not necessarily. Presuming that both DG solar, utility-scale solar, and community

scale solar all provide net benefits to customers, then it would still make sense to

invest in each of these options. However, RUCO believes there should be heavy

consideration of how to optimally spend ratepayer money across the range of

possible solar solutions. As a hypothetical example, one could assume that the

ratio of benefits to cost for a typical community scale solar project is 311, while the

ratio for a typical DG solar project is 211. In this case both are good investments

that will yield net benefits for ratepayers. However, assuming a fixed budget,

investing more heavily in community scale projects than DG projects will yield

greater benefits to customers.

24

4 https://cleantechnica.com/2016/02/23/paIo-aIto-caIifornia-approves-solar-ppa-hecate-energy-36-76mwh-
record-|ow/
5 http://www.utilitydive.com/news/tesla-battery-storage-tapped-for-texas-first-community-solar-project/405690/

4
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1 Q. To what extent should intangible benefits be considered?

2

3

4

5

6

DG can provide intangible benefits that may not be readily quantified and/or

quantified with sufficient accuracy. Some of these include providing customers with

additional energy choices, economic benefits and environmental benefits (e.g.

lower water consumption by the power sector). The Commission could choose to

support DG to provide these benefits as a policy matter but not in ratemaking.

7

8 Q.

9

How then should any value assigned to DG via the methodology established

in this proceeding be used to inform future rate proceedings?

10

11

12

13

14

15

16

17

The Commission should first consider the current level of compensation for DG. If

the value ultimately assigned to DG is lower than the current level (i.e. DG is not

cost-effective), then the Commission should develop a reasonable and gradual

transition path towards that lower value. Even if the value the Commission

ultimately assigns to DG is higher, the Commission should set rates that

encourage increased cost effectiveness for DG installations (i.e. $/kwh of energy

produced). In either case, the overarching goal is to apply some form competitive

price pressure on DG compensation for the benefit of all ratepayers.

18

19

20 Q.

21

THE CHANGING VALUE PROPOSITION OF DG SOLAR

How was the value and cost of solar considered in the development of the

current net metering tariffs?

22

23

24

25

26

RUCO's understanding is that the original net metering tariffs were designed partly

to encourage a new market for distributed generation which largely did not exist at

the time. For example, Decision No. 69877, Finding of Fact 9 states "Net metering

provides a financial incentive to encourage the installation of DG, especially

renewable resources." Additionally, the costs to serve net metering customers

A.

A.

A.

5
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1

2

3

4

5

were assumed to be roughly offset by the benefits they provided to the grid. For

example, Decision No. 70567, Appendix C, Para. 2. states: "The public at large

would benefit from Net Metering since it would encourage more of the electricity

produced in Arizona to be generated from renewable resources and high-efficiency

facilities."

6

7

8

Over the past several years the cost of PV panels has declined significantly.

Does the declining cost of panels affect the value proposition? If so, how?

9

10

Yes, however, the change in the value proposition depends on which perspective

is assumed.

11

12 Q. How has the value proposition changed for customers that adopt PV?

13

14

15

16

For a customer purchasing PV panels, the value proposition would likely have

improved due to the lower purchase price, For a customer leasing PV panels, the

value depends upon the contract price offered by the leasing company, which may

or may not reflect changes in panel prices.

17

18 Q.

19

Do you have any examples of how contract prices have changed over time

relative to installation costs?

20

21

22

23

Yes. In its most recent earnings report, SolarCity reported that installation costs

for new system fell from $3.25 at the start of 2014 to $2.71 per watt at the end of

2015.6 In contrast, first year contract prices were actually higher in 2015 than in

2014.

24

6 http://investors.solardty.com/common/download/download.cfm?companyid=AMDA-
14LQRE&fi|€id=874112&filekey=0E1F3F06-1EE6-449C-A6D6-
9B39E58FC62C&filename=SolarCity_4Q15_Earnings_Presentation_FINAL.pdf

6

A.

A.

A.

Q.
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1 Q. How has the value proposition changed for non-DG customers?

2

3

4

5

6

7

8

9

10

11

12

For all customers (including non-DG customer) the theoretical value proposition of

solar PV has improved relative to other possible generation resources since

procurement costs have declined along with panel prices. This is true for both

distributed and utility-scale solar. However, the actual value to non-DG customers

of "procuring" distributed PV as a resource depends upon the compensation being

provided to DG customers by the utility. This in turn depends upon the underlying

rate structure (through which compensation is currently provided via net metering),

plus any incentives. In the previous era of incentives, the value of DG to non-DG

customers gradually improved as incentive prices gradually declined to zero. Since

then the value proposi t ion has remained largely unchanged, except for  the

adoption of the Grid Access Fee.

13

14 Q.

15

Is i t appropriate to factor the cost of the panels into the reimbursement rate

for net meter ing? If so, how?

16

17

Not necessarily. Panels are only one component of the overall cost to install

distributed PV, which also includes customer acquisition, O&M, and tax credits.

18

19

20

Would it be appropriate to consider the overall instal lation cost of distr ibuted

PV?

21

22

23

24

25

26

It may be appropriate, depending on the Commission's policy goals. If the

Commission's goal is to improve the cost-effectiveness of DG (which RUCO

supports), then one option might be to set a rate of DG compensation that

somehow tracks changes in installation costs ._ ideally declining stepwise over time

as installation costs decline. This in turn would help to minimize any non-DG

ratepayer costs of distributed PV over time.

A.

A.

Q.

A.

7
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1 Is there room for further declines in PV installation costs?

2

3

4

5

RUCO believes so. According to a recent study by Lawrence Berkeley National

Lab, "U.S. installed prices are high compared to many other major markets,

particularly with respect to Germany, China, and Australia."7 This is attributed

primarily to differences in soft costs of DG installation.

6

7 What does RUCO conclude from this study?

8

9

10

11

RUCO concludes that there is still room for improvement in the U.S. to drive

down installation costs. ideally, lower installation costs would lead to lower DG

prices for adopting customers as well as the possibility to step down DG

compensation over time for the benefit of non-DG customers.

12

13

14 Q.

15

METHODOLOGY FOR DETERlVllNlNG VALUE AND COST

What attributes should be considered when selecting a methodology to

assign cost and value to DG?

16

17

18

RUCO believes that any methodology applied by the Commission to assign cost

and value to DG should include the following attributes: 1) independence, 2)

transparency, 3) accessibility, and 4) ability to change over time.

19

20 Q. Please explain what RUCO means by each of these attributes.

21

22

23

24

1) Neutrality: the Commission's methodology should strive to be unbiased and not

be unduly favorable to either utilities or DG providers.

2) Transparency: all inputs, assumptions, and calculations should be clearly

described and explained.

7 https://emp.lbl_gov/sites/aII/files/Ibnl~188238_2.pdf

A.

A.

Q.

A.

A.

Q.
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1

2

3

4

5

6

3) Accessibility: the cost-benefit calculation should be made available to the public

in the form of an electronic spreadsheet that is published on the Commission's

websi te .  RUC()  suggests that  th is  spreadsheet cou ld  be deve loped in  th is

proceeding with generic, indicative values that are not related to any specific utility.

4) Ability to change: inputs and assumptions used in the calculation should change

periodically over time as conditions change.

7

8 Q.

9

Are there any threshold questions the Commission must answer before

selecting a methodology to calculate cost and value?

10

11

Yes. The Commission must decide what perspective(s) should be included and

prioritized when evaluating the overall costs and benefits of DG.

12

13 What possible perspectives could be considered when evaluating the overal l

costs and benefi ts of DG?14

15

16

17

18

Cost and benefits from DG can be considered from multiple perspectives, including

1) the DG-adopting customers, 2) non-DG customers, 3) the utility (Le. all

ratepayers), and 4) the total economy. These perspectives are similar to those

established through the traditional Demand Side Management (DSM) cost-

effectiveness tests.19

20

21 Q. Does the Commission already use any of these cost-effectiveness tests?

22

23

24

Yes, the Commission uses the Societal Cost Test to evaluate the cost-

effectiveness of utility DSM portfolio investments. This test takes the perspective

of the total economy.

25

A.

A.

Q.

A.

9
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1 Q.

z

Which perspective(s) does RUCO recommend that the Commission consider

in the proceeding for evaluating costs and benefits of DG?

3

4

5

RUCO recommends that the Commission consider the cost and benefits of DG

from each of these perspectives, however it should prioritize one perspective for

ratemaking proceedings that relate to DG.

6

7 Q. Which perspective should be prioritized for rate raking purposes?

8

9

10

11

12

13

14

15

RUCO believes the value assigned for ratemaking purposes should be limited to

the costs and benefits from the perspective of non-DG customers, which make up

the majority of residential ratepayers. It is also important to understand that this

method assumes that utilities are entitled to recover fixed costs that have already

been authorized by the Commission. Thus any reduction in utility revenues from

DG are assumed to be made up through future price increases to non-participants

(e.g. through adjustors such as the LFCR or in future rate increases approved by

the Commission).

16

17 Q. Why not just use the Societal Cost test for DG like Energy efficiency?

18

19

20

DG, and rooftop solar in particular, has many attributes that differ from energy

efficiency. RUCO believes these differences are substantial enough to warrant the

use of a different evaluation approach. These differences are explained below:

Z1

22

ZN

24

25

26

1. Less Accessibility -- Generally speaking, DG solar is not accessible to

customers that are renters, have structural impediments, or live on fixed

incomes. Thus, not all customers have an equal opportunity to benefit from DG

solar. in contrast, every customer has the opportunity to take part in some form

of energy efficiency. Cost allocation tensions can arise between DG and non-DG

A.

A.

A.

10
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1

2

3

4

5

customers in a way that is not evident with energy efficiency. For this reason,

RUCO believes that more attention must be paid to the possibility of cost-shifting

than is necessary when considering efficiency programs. This suggests to RUCO

that the evaluation approach for DG should have an increased emphasis on the

perspective of non-DG customers.

6

7 Less Diverse Grid Impacts -

8

9

10

11

12

13

14

15

16

2. Energy efficiency encompasses a large and

diverse set of measures that have different attributes and impacts. Some

measures can offset base load energy, some are just on-peak, and others

provide a mix of load impacts depending on the customer's habits. In contrast

DG solar has only a handful of configurations and orientations such that each DG

system impacts to the grid in a similar way. Solar PV systems, especially in

localized areas can mimic each other in ways energy efficiency measure cannot.

For instance, when a cloud front comes in all the areas, PV production will

decrease. Energy efficiency measures, on the other hand, do not have that type

of predictable and sequenced response.

17

18

19

20

21

22

23

24

Masking not Reducing - PV systems mask a customer's load, meaning that if

the solar panels stop functioning, for whatever reason, the grid must be available

to meet the customer's needs. In a sense, PV hides load from the utility. Energy

efficiency measures on the other hand, reduce load, often times permanently. If

an Energy efficiency measure fails (e.g. if an appliance malfunctions), the

customer load is also reduced. This lack of dependability is important when one

considers PV on an aggregated basis.

25

3.

11
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1

2

3

4

5

6

7

8

4. Can Increase Utility System Cost - The general production characteristic of

solar, aggregated and at high penetrations, can change system wide load shapes

to create new demands on the system, Large amounts of solar without batteries

can create ramping needs and fast-start backup generation requirements. The

diversity and inherent "on the margin savings" attribute of energy efficiency does

not yield these effects. Meaning Energy efficiency does not radically reduce load

to zero or get exported, rather it reduces load incrementally and broadly

throughout the system.

9

10

11

12

13

14

15

16

17

5. The Benefits are Concentrated - Solar PV can deliver energy production (e.g.

for one high usage customer with a large roof and PV system) that is equivalent

to the amount of savings achieved from many households installing energy

efficiency measures. In fact, participating solar customers can be net zero users

during peak solar hours in a way energy efficiency adopters cannot match. As

such, the benefits of DG solar are more concentrated among a smaller group of

individuals, whereas for energy efficiency the benefits are spread among a very

large and diverse group of participants.

18

19

20

For these reasons, RUCO believes it is more appropriate to evaluate impacts from

the perspective of non-DG customers, rather than the total economy.

21

22 Q.

23

How speci f i ca l l y  should costs and benef i ts  be calculated f rom the

perspective of non-DG solar customers?

24

25

26

RUCO agrees with Commissioner Little's statement that the methodology should

be "based on locational and production benefits associated with particular DG

installations." Additionally, RUCO agrees with Commissioner Little that "The

12

4
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2

3

4

5

methodology should evaluate DG installations using a levelized cost of electricity

calculation, calculated over the useful life of the system." That is, costs and

benefits should be represented as the net present value (in dollars) per kph

produced. RUCO recommends levelizing the costs and benefits over twenty

years, which is typical lifetime for a solar DG system,

6

7 Q.

8

Please summarize the key details of RUCO's preferred analysis framework

for determining cost and value of DG solar.

9

10 •

11

RUCO recommends that costs and benefits of DG solar be calculated as follows:

All DG solar generation is included (both exports and self-consumption)

Costs and benefits are considered primarily from the perspective of non-DG

12

13 •

14

15

16

•

17 •

18

19

customers.

Costs and benefits are calculated as levelized values over 20 years of DG

energy production (i.e. LCOE is used).

The methodology should only include costs and benefits that are easily

quantified and focus on categories that are related to the energy system.

Benefits or costs that are more indirect or speculative in nature (e.g. secondary

economic impacts) should be considered qualitatively, but not be calculated in

the value methodology.

20

21

22

How should the Commission capture the details of its cost and value

methodological framework?

23

24

The Commission should publish a technical reference manual that explains how

costs and benefits are determined and the major assumptions included in each.

25

A.

A.

Q.
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1

2

IV.

Q.

3

COSTS OF DG SOLAR

What cost categories should be included in the Commission's

methodology?

4

5 •

6

7

8

9

10

11

12

RUCO recommends the following costs be considered:

Utility revenues lost from DG solar customers due to DG adoption (with an

anticipated annual escalator),

» Incremental utility system costs due to DG solar adoption (e.g. integration

costs, administration costs, etc.).

RUCO believes it is important to differentiate between these two costs categories

..-. the first representing sunk costs not caused by DG customers (but could be

allocated to them) and the second representing marginal costs caused by DG

customers.

13

14 What are the most important inputs and assumptions for calculating costs?

15

16

The most important cost assumption is the change in revenue collected by the

utility from the customer before and after the customer installs a DG system.

17

18 Q. How should this change in revenue be determined?

19

20

The change in revenue should be determined by looking at the average customer's

contribution to fixed cost revenue compared to that of a DG adopter.

21

How does the intermittent nature of DG solar affect its value and costs?22 IQ.

A.23

24

25

26

RUCO believes that variability and uncertainty in solar PV's output can lead to

some incremental costs to operate the system. For example, utility system

operators may need to hold additional operating reserves to account for

unexpected changes in solar energy output. However, RUCO does not believe that

14

-1111

A.

A.

Q.

A.
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4

5

these costs are likely to play a large role in the overall value and cost of DG.

According to APS' 2012 Solar PV Integration Cost study, the incremental cost of

operating reserves needed to maintain reliability with higher penetrations of solar

was $0.002/kWh in 2020 and $0.003/kWh in 2030.8 Only a fraction of this cost

would be attributable to DG solar as opposed to utility-scale solar.

6

7 Are there technologies that could reduce the intermittency of DG solar?

8

9

10

11

12

Yes. For example, a customer could install a battery energy storage system in

conjunction with DG solar. Note, that such capabilities can be sited on the

customer side of the meter, or on the utility side of the meter. It has been shown

in other places that storage has the capability to not only reduce intermittency, but

can be used to support the grid when not being used for local services.

13

14 Q.

15

Should an "intermittency factor" be applied to more accurately determine

cost and value?

16

17

18

19

20

Possibly. To the extent that a device such as a battery storage system could

reduce DG output variability, it could lower the incremental integration costs

attributable to that system. An "intermittency factor" might be one way to represent

the lower integration costs attributable to a particular DG system that also has

storage.

21

22 Is it possible for DG solar to be more dispatchable?

23

24

Yes. This is possible through energy storage. It is also possible to some degree

with smart inverters, but may require some amount of pre-curtailment.

25

A.

8 https://www.aps.com/library/renewables/pVReserveReport.pdf

15

Q.

A.

A.

Q.
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1 Q.

2

How does this ability to dispatch or the lack of ability to dispatch affect the

value and cost of DG solar?

3

4

This could increase DG's value by providing additional ancillary services to the

utility system.

5

6 Q.

7

Will the bidirectional energy flow associated with DG solar require

modifications or upgrades to the distribution system?

8

9

10

11

12

13

DG solar may reduce distribution system costs in certain circumstances. For

example, geo-targeting high value sections of the distribution system with solar DG

can yield locational higher than average locational benefits. However, RUCO is

aware of some scenarios where costs could be increased. This might occur on

circuits with high enough PV penetration that power flows in the reverse direction,

leading to the need to upgrade certain protection equipment.

14

15 Q.

16

How should the cost of these upgrades be considered when determining the

cost and value of DG solar?

17 These costs should be treated similarly to integration costs described above.

18

19 Q. Would the required upgrades vary based on location and penetration of DG

solar?20

21 Yes.

22

23 Q.

A.

Should the costs for DG installations vary based on these factors?

24

25

Possibly. However, more information is needed about the frequency of these

upgrades and the magnitude of their costs.

26

A.

A.

A.

A.
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1 v. BENEFITS OF DG SOLAR

2

3 Q.

4

To what degree is DG solar energy production coincident with peak

demand?

5

6

7

DG solar resources can produce some energy during peak demand hours, at least

for now. Thus, DG solar provides value in terms for reducing peak demand (i.e.

"capacity value").

8

9 Q.

10

Does the cost and value of DG solar vary depending on whether or not

energy production is coincident with peak demand?

11

12

13

14

Yes. A major category of benefits that DG solar provides is avoided capacity costs.

To the extent that DG production coincides with peak demand, it has the potential

to defer investments in new capacity resources, thereby avoiding costs for all

ratepayers.

15

16 Q. Are there policies that the Commission could consider that address this

17

18

19

20

21

22

23

issue?

Yes. The Commission could assign a higher value to DG resources producing

energy that better coincides with peak hours (i.e. resources that have a higher

capacity value). The precise capacity value should be determined by calculating

the Effective Load Carrying Capability (ELCC) of the DG resource. It should be

noted that DG resources can be combined to increase the ELCC, such as

combining storage with safar.

24

25

26

17

I
i

A.

A.

A.
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1 Q. How does the value and cost of DG solar change as penetration levels rise?

2

3

4

As the penetration of solar PV increases, peak demand is pushed further into the

evening hours, thereby diminishing the capacity value of incremental DG solar

(and other PV resources).

5

6 How should this be considered in rate making and resource planning

contexts?7

8

9

10

11

12

The value of DG should reflect the capacity value as determined by the ELCC

calculation. This will adequately incorporate the effect of diminishing capacity value

as penetration increases. If capacity values are assigned to individual DG

resources, this value should reflect the value at the time the resource was installed

and should persist over the life of the asset.

13

14

15

16

Regarding resource planning, varying levels of DG deployment are typically not

analyzed in the IP process. RUCO believes that the Commission should

encourage utilities to analyze differing levels of DG deployment as they develop

their lips.17

18

19 Q. Should the fuel cost savings to the utility associated with DG solar be

considered in the value and cost determination?20

21 Yes. Fuel cost savings are a major category of benefits that DG solar provides.

22

23 How do we deal with uncertainty of future fuel prices?

24

25

26

Future fuel prices should be estimated based on e forward price curve, such as

those used in utility lips. If there are additional fuel savings after the period of the

forward price curve, a simple escalation rate can be applied.

A.

A.

Q.

A.

A.

Q.

18
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F'

1

2

3

Does the deployment of DG solar result in changes in the need for

transmission capacity? If so, how should those changes be included in the

value and cost considerations?

4

5

6

7

8

9

Possibly. To the extent that DG solar reduces peak load on the transmission

system, it may be able to defer the need to build additional transmission lines

Such deferrals should be considered as a benefit resulting from DG. However, due

to the locational nature of this benefit, RUCO believes a conservative approach is

needed unless the evidence is highly compelling. That said, transmission savings

tied to new generation is more straightforward and should be treated accordingly

10

11 Q.

12

13

Does the deployment of DG solar result in changes in the need for

distribution capacity? If so, how should those changes be included in the

value and cost considerations?

14

15

16

17

18

Possibly. To the extent that DG solar reduces peak load on certain distribution

circuits, it may be able to defer the need to perform distribution system upgrades

Such deferrals should be considered as a benefit resulting from DG. However, due

to the locational nature of this benefit, RUCO believes a conservative approach is

needed unless the evidence is highly compelling.

19

20

21

Based on your testimony thus far, what benefit categories should be

included in the Commission's methodology?

22

23

24

25 •

26

The primary benefits derived from DG are those related to the avoided costs

associated with energy production and delivery. Thus the benefits of DG should

mainly include the following categories in relative order of significance

Avoided energy costs (including line losses)

Avoided generation capacity costs (including line losses)0

19

A.

A.

Q.

A.

Q.

l l



Benefit Category Key Inputs and Assumptions

Avoided energy

costs (including line

losses)

o

o

•

Fuel price forecast and/or escalation rate

Marginal production cost of energy during hours of

DG production

Marginal line losses during hours of DG production

Societal discount rate

Avoided generation

capacity costs

(including line

losses)

o

•

•

•

•

•

a

o

9

Year in which the next marginal unit of generation

capacity is needed

Cost of the next marginal unit of generation capacity

DG capacity value

Marginal capacity losses during hours of DG

production

Planning reserve margins

Societal discount rate

inflation rate

Weighted average cost of capital

Fixed O&M costs (projected in year of capacity need)

Variable O&M costse

Avoided

transmission

system costs

9 Year in which transmission investment is needed

e Cost of avoided transmission

o DG capacity value

4

Direct Testimony of Lon Huber
Value of Solar

Docket No. E-000001-14-0023

1 •

2

Avoided transmission system costs

Avoided distribution system costs

3

4 Q. What are the key inputs and assumptions for calculating these benefits?

5 Some of the key assumptions for calculating benefits are as follows:

I
L

t

A.

20



•

•

•

•

Societal discount rate

Inflation rate

Weighted average cost of capital

o&M costs

Avoided distribution

system costs

•

•

•

•

Year in which distribution investment is needed

DG capacity value

Societal discount rate

inflation rate

Weighted average cost of capital

O8<M costs
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1

2 Q. What other benefits could be considered?

3

4

5

6

7

8

9

Another benefit that might be considered is off-system sales. To the extent that

DG solar frees up utility-owned generation capacity, this capacity could be used to

sell electricity to other utilities. These benefits should also be included as part of

the value of DG solar. Finally, locational benefits and ancillary service benefits

should be part of the framework and quantified when circumstances allow it. For

example, future load additions like electric vehicles may bring congestion to certain

portions of the distribution system that DG could relieve.

10

11 Q.

12

Does RUCO recommend defining the inputs and assumptions in this

proceeding?

13

14

15

Yes. While numerical values should not be assigned, the Commission should

establish how numerical values will be determined for each input and assumption.

For data gathering, RUCO suggests first starting in each utility's IP plan. Any

A.

A.

21
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1

2

data voids should be estimated and studied as a follow up to this track but should

not slow progress in this proceeding.

3

4 Q.

5

How does cost and value of DG solar vary based on the orientation of the

panels?

6

7

8

9

10

11

The orientation of distributed PV panels will affect the output at different times of

day. Traditionally, rooftop PV has been oriented due south to maximize overall

kph energy output. Alternatively, solar PV could be oriented to increase output

during hours of peak demand (e.g. west-facing). While this would slightly reduce

the overall kph produced, it would also have the effect of increasing the overall

capacity value of solar PV.

12

13 Q. How would the installation of single or dual axis trackers change the output

or efficiency of the DG solar system?14

15

16

Implementing single or dual axis tracking would have a similar effect of increasing

output during peak hours (and all other hours as well).

17

18 Q. Should this variability be ref lected in rates?

19

Z0

21

22

23

24

Capacity value is a major value component when considering any resource

addition, including DG. To the extent that westward orientation and tracking

systems are able to increase the capacity value of distributed solar, these

attributes should be included in the overall determination of a DG system's value.

The Commission could then in turn use this information to develop rates that

compensate DG systems accordingly.

25

A.

A.

A.

22
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1 Q.

2

How is the value and cost of DG solar affected when coupled with some type

of storage?

3

4

5

6

The incremental value that storage provides depends on how the stored energy is

dispatched. Much like the orientation and tracking systems I described earlier, if

storage is dispatched to increase output during the hours of system peak, then it

could help to increase the value of DG by increasing the capacity benefit.

7

8 Q. Should deployment of  storage technologies be encouraged? If  so, how?

9

10

11

12

RUCO believes that any compensation scheme for DG resources should strive to

be technology neutral and provide compensation based primarily on the value

provided to the grid. An appropriate compensation scheme that adequately

recognizes this value should, by extension, encourage storage.

13

14

15

16

ADDITIONAL COST AND BENEFIT CONSIDERATIONS

How does the value and cost of DG solar compare to the value and cost of

community scale and utility scale solar?

17

18

19

20

21

22

23

24

25

Generally speaking, community and utility scale solar located within the distribution

system have been shown to be more cost effective (lower $/W) than DG solar. DG

solar may yield some additional benefits in terms of avoided line losses versus

utility scale, however these are not anticipated to be large. Favorable costs of utility

and community scale solar should not be used to determine that DG solar cannot

be cost-effective, or should not be pursued. However, such findings do suggest

that other forms of solar may offer some of the same benefits but at a much lower

cost. This information should be used by the Commission to determine an overall

portfolio strategy that maximizes benefits at the best price.

26

A.

A.

VI.

Q.

A.
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1 Q. How do the value and costs of DG solar compare to that of wind or other

renewable resources?2

3

4

5

6

7

8

9

Other renewable resources can produce similar environmental benefits to DG

solar. However, these resources have very different operating profiles than DG

solar. Thus, the benefits each resource type provides to the grid is likely to be very

different than DG in terms of avoided costs. Moreover, wind and other non-DG

renewables are most commonly deployed as utility scale resources. Thus, the

costs for these resources would likely be recovered by all utility rate payers in an

equal fashion.

10

11 Q.

12

How does the value and cost of DG solar compare to that of energy

efficiency?

13

14

15

16

17

18

19

20

21

22

23

24

25

26

As a demand-side resource, energy efficiency has some similarities to DG in that

the cost and value can be evaluated from multiple perspectives. In Arizona, energy

efficiency is evaluated from the perspective of the total economy through the

Societal Cost Test. Energy efficiency programs implemented by utilities in Arizona

have generally been very cost effective with benefit to cost ratios exceeding 1.0 in

nearly all cases. RUCO is not aware of similar evaluations that have been

performed for DG, making a direct comparison difficult to make. As mentioned, one

notable difference between energy efficiency and DG is that utility energy

efficiency portfolios are designed so that all customers can participate in some type

of efficiency measure. In contrast, DG may not be available to all of a utility's

customers, and thus the full value of DG may be inaccessible for certain

customers. Moreover, the Commission has different policies for DG and energy

efficiency which can distort the overall cost picture. The Commission mandates a

4.5% DG carve-out compared to a 20% energy efficiency standard with most

A.

A.

24
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1

2

measures taking place on the customer's premises just like DG. However, the

energy efficiency portfolio requires that measures be tested for cost-effectiveness,

while DG solar is not.3

4

5 Q. Does the cost and value of DG solar vary based on the specific customer

location?6

7

8

9

10

11

12

13

Yes. However this value potential is highly location-specific and unique to each

distribution circuit. For example, under some circumstances, DG solar may be able

to defer investments in equipment upgrades on the distribution system that would

otherwise be needed to accommodate load growth. in other cases, high

penetration of DG solar may lead to reverse power flow conditions that necessitate

upgrades to protection equipment. RUCO does not anticipate these costs to be

very significant or very common at current DG penetration levels.

14

15 Q. Should this variability be reflected in rates?

16

17

18

19

20

21

22

23

24

To the extent that utilities ere willing and able to share information about their

distribution system planning activities, then it may be possible to consider the

locational variability of DG's cost and value. In turn, the Commission could use this

information to develop compensation mechanisms that reflect this locational

variability. RUC() believes it will be important to gather information about these

issues in the long run so that they can be reflected in the valuation. However,

RUCO believes these factors are less likely to be significant drivers of costs or

benefits in the near term compared to other components (e.g. avoided generation

and fuel cost) and should not distract from other elements in the valuation process.

25

A.

A.

25
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1 FQ. How much should secondary economic impacts of DG solar deployment be

considered in the value and cost considerations?2

3

4

5

For the sake of simplicity and rate making, RUCO recommends against attempting

to quantify benefits and/or costs related to larger macroeconomic impacts such as

job losses or gains.

6

7

8

Do investments in other types of generation technology have similar, greater

or lesser secondary economic impacts? If so, how?

9

10

As with my previous answer, RUCO believes these considerations stretch beyond

the scope of this proceeding and should only be considered qualitatively until

further information is available.11

12

13 Q.

14

Does the deployment of DG solar result in a reduction in the use of water in

electric generation? How should this be considered when determining DG

solar value?15

16

17

18

Yes. Traditional thermal generation requires significant amounts of water. The

costs of this should be reflected in the variable energy costs avoided from DG.

Concerns about future water shortages may also be another policy issue for the

Commission to consider.19

20

21 Q. Does this conclude your testimony?

22 Yes.

A.

A.

Q.

A.

A.
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1 Q. Do you have any major new issues to introduce in your Rebuttal Testimony?

2 No, however, there is one issue area I identified in the testimony of other interveners

3 that concerns RUCO and I would like to address in this response.

4

5 Q. What issue area is of concern to RUCO?

6

7

RUCO is concerned by the prospect of only examining the value of energy that

distributed PV systems export to the grid. Certain parties to this proceeding have

8 advocated that this docket should be limited solely to the value of exported energy, not

9 the full output of the DG system.

10

11 Q. What are the implications of examining exports only?

12 A.

13

14

15

16

Limiting the scope of this proceeding to exports would significantly reduce both the

information collected by the Commission and the policy options that the Commission

could consider. Moreover, limiting the scope to exports only increases the likelihood

that there will ultimately be different compensation levels for energy consumed on site

and energy exported to the grid. This is problematic for a variety of reasons.

17

18 Q. Please explain some of the reasons this would be problematic.

19

20

21

22

23

First, RUCO believes that the Commission should have all the data and policy options

available to create sound solar policy. Second, by examining exports only, the

Commission would be declaring, by implication, that the prevailing retail rate is an

appropriate price for compensating a major portion of a PV system's output. In fact,

on-site consumption often represents around 50% of a system's production on

1

A.

A.

A.
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1

2

3

4

5

6

7

8

9

10

11
1

12

13

14

15

16

17

average. This means that any policy option adopted under an export-only framework

will only address one half of a typical PV system's output. In order to address the

second half (i.e. self-consumption) the Commission would have to undertake a general

rate case. This would create a complex, bifurcated policy framework to address what

RUCO believes is a singular policy issue. Furthermore, several stakeholders, including

the ACC Staff, have recently taken the position that retail rate design changes

necessitated by a small subset of technology adopting residential customers, should

be applied equally to every residential ratepayer (Docket No. E-04204A-15-0142 UNS

Energy Rate Case, Direct Testimony of Thomas M. Broderick, Page 1 Line 20). This

means that if the Commission seeks to address compensation for the other 509

PV system's output it would have to do so in a way that could have significant impacts

on hundreds of thousands of ratepayers without solar. Finally, general rate design is a

blunt policy instrument with a long timetable for change and is unable to respond

quickly or precisely to the rapidly changing circumstances in the DG marketplace

Thus, relegating part of this proceeding to a general rate case thus would forgo the

ability to capture additional value from DG that could arise due to near term price

declines of DG technologies. Ultimately, this means higher costs for all ratepayers

18

19 Q.

20

Does RUCO believe that changing the rate design for every customer in order to

address DG-related issues represents a sensible long-term approach?

21 No. In fact, if the Commission were to apply this approach in subsequent rate raking

22

23

decisions, it could undoubtedly lead to very harmful consequences for customers. For

example, it is conceivable that within 10 years a solar "plus" storage technology

A.

l
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1 product could become widely available and would be able to erase most of a

2

3

4

5

6

7

8

9

10

customer's grid energy consumption except for a few peak summer hours when AC

load is the highest. RUCO wonders what the Commission's policy response would be

to such a development. For example, one possible outcome consistent with StafFs

current approach would be to change every customer's rate plan to have near

wholesale pricing for 98% of a year's hours and then charge around $100 per peak

day during the summer. While this might work for some customers, this type of pricing

would likely be strongly rejected by many customer segments and create financial

problems for the Company. instead, RUCO believes that Arizona should strive to

create fair and transparent rate design changes that treat DG customers as a unique

11 customer segment.

12

13 Q. Are there other issues with a pricing differential between self-consumption and

14 exports?

15

16

17

18

19

20

Yes. First, there is no sound economic or technical justification (at this stage of solar

penetration in Arizona) to value self-consumption substantially different than exports.

For example, why would self-consumption be compensated at 10 cents/kWh and

exports at 5 cents/kWh? While there may be policy reasons for this type of pricing

discrepancy, especially when other DG rate options exists alongside it, the electrons

are the same and the distances traveled are both likely very short.

21

22

23

A.

3
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1 Q.

2

Would it generally be good for ratepayers to apply a different approach to

valuing exports and on-site consumption?

3

4

5

It depends on the specifics, but in general, having a sizable differential in compensation

for exports and on-site consumption will make a customer's decision to evaluate solar

much more complicated and the saving projections more uncertain. The installer will

6

7

also have many more hurdles to selling systems. Absent other policy options, this will

likely increase the cost of rooftop solar in Arizona.

8
1

9 Q. Please explain the potential difficulties for prospective solar customers in more

10 detail.

11

12

13

14

15

To begin, the exact timing of when exports occur would become a key consideration.

If the compensation price for this energy approximates its value in real-time, then trying

to understand the value proposition of solar would be extremely difficult. Long term

metering would need to be put in place and if solar was to be installed, the customer

would have to be careful in changing usage patterns even if it was a conservation

16 related behavior change. On a monthly basis, it is still somewhat complicated but less

17 so. Under both situations a significant portion of the value proposition of solar would

18 be dependent on an ever changing unknown of customer load patterns.

19

20 Are there rate designs that could send appropriate price signals for both on-site

21 consumption and exports, but are easier to understand?

22

23

Yes. For example, one sensible option would be to use a DG specific seasonal on/off

peak TCU rate design. This would send accurate price signals to both exports and

4

A.

A.

A.

Q.
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1 self-consumption without being reliant on complicated load metering and export ratio

2 calculations.

3

4 Q. If it is more complicated and lacks sound justification, why are some parties

5 proposing to differentiate between self-consumption and exports?

6 Some parties have argued that DG solar is just like energy efficiency and therefore

7 any self-consumption should be treated similarly to an energy efficiency measure.

8

9 Q. Is energy efficiency the same as self-consumed distributed generation?

10 Energy efficiency is not the same as distributed generation solar. There are similarities

11 but as my direct testimony stated, starting on page 10, there are key differences. This

12 can manifest both in technology impacts and intra class equities.

13

14 Q. Do you have an example to illustrate this difference?

15 Using the methodology published in APS' most recent Technical Reference Manual

16 for Energy Efficiency Programs* I calculated that replacing a typical 60W Iightbuib with

17 an LED bulb yields approximately 41 kph of energy savings over the course of a year.

18 Thus, even if a homeowner were to replace every single light in his or her home with

19 a cutting edge LED, it would only yield about 1,858 kph in total energy savings.2 This

20

21

represents only a small fraction (<20%) of the annual energy produced from a typical

6.5 kW rooftop PV system, which l estimate to be about 11,700 kph per year.3 Most

1http://ima,qes.edocket.azcc.gov/docketpdf/0000162231.pdf
2 Assumes replacement of 45 bulbs, which is the total number of lighting sockets in a typical home.
3 Assumes a typical rooftop PV system produces 1800 kWh-ac/kW-dc, and is sized at 6.5kW-dc.

A.

A.

A.

5
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1 importantly, if one of the various 45 bulbs fails, customer load would decrease. In

2 contrast, if a customer's PV system failed, it would cause load to increase substantially.

3

4 Q. Does that conclude your testimony?

5 Yes.

6

7

6

A.
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1

BACKGROUND AND PURPOSE

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.

My name is David W. Hedrick, and my business address is 5555 North Grand

Boulevard, Oklahoma City, Oklahoma 73112-5507.

BY WHOM ARE YOU EMPLOYED, AND WHAT IS YOUR POSITION?

I am employed by Guernsey Engineers, Architects and Consultants. I am Senior

Vice-President and Manager of the Analytical Services group .

PLEASE DESCRIBE YOUR EDUCATIONAL BACKGROUND AND

WORK EXPERIENCE.

I have earned a Bachelor of Science degree from the University of Central

Oklahoma in mathematics and a M.B.A degree from Oklahoma City University. I

have been employed with Guernsey since 1981. My primary area of responsibility

is rate analysis and cost of service work for electric distribution cooperatives and

electric generation/transmission cooperatives. Attached hereto as Exhibit DWH- 1

is my resume with a listing of the projects and clients with which I have been

involved.

1
2 Q.
3 A.

4
5
6 Q.
7 A.

8
9

10 Q.

11
12 A,
13
14
15
16
17
18
19
20 Q.
21
22 A.

23
24
25

HAVE YOU PREVIOUSLY TESTIFIED BEFORE REGULATORY

COMMISSIONS?

Yes. I have testified before the Arizona Corporation Commission, the Arkansas

Public Service Commission, the Colorado Corporation Commission, the Oklahoma

Corporation Commission, the Public Utility Commission of Texas, and the

Wyoming Public Service Commission.

1

2

E
8
8
a
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Q- ON WHOSE BEHALF ARE YOU TESTIFYING IN THIS MATTER?

A. I am testifying on behalf of Grand Canyon State Electric Cooperative Association,

Inc. ("GCSECA").

Q- WHAT IS THE PURPOSE OF YOUR TESTIMONY IN THIS

PROCEEDING?

1

2

3

4

5

6

7

8

9

10

A. My testimony provides GCSECA's position regarding the cost of solar distributed

generation on its electric distribution cooperative members (the "Cooperatives").'

My testimony will address :

a. The impact of Distributed Generation ("DG") and Net Metering on the

11

12

13

14

15

16

17

18 e.

19

20

21

22

23

Cooperatives,

b. The Cooperatives' Avoided Costs and the fact that their wholesale capacity

costs are not reduced as a result of solar DG,

c. The lack of reduction in the Cooperatives' distribution costs as a result of

solar DG;

d. The negative impact of DG on the Cooperatives is more significant than for

other utilities;

The development of charges and/or credits for DG should be based on the

same criteria used to develop the rates and charges for other customers,

f. Programs to mitigate the costs of DG should be fair and equitable to all

customers, and

g. Legislation and other authoritative materials regarding the costs and benefits

of solar DG .

24

25 I GCSECA's electric distribution cooperative members include Duncan Valley Electric Cooperative, Inc., Garkane
Energy Cooperative, Inc., Graham County Electric Cooperative, Inc., Navopache Electric Cooperative, Inc.,Mohave
Electric Cooperative, Inc., Sulphur Springs Valley Electric Cooperative, Inc., and Trico Electric Cooperative, Inc.

2
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IMPACT OF DG AND NET METERING

PLEASE PROVIDE AN OVERVIEW OF THE IMPACT THAT DG

INSTALLED BY MEMBER CONSUMERS HAS ON THE

COOPERATIVES AND THEIR MEMBERS

1

2 Q.

3

4

5 A.

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

The Cooperatives deliver electric service to their members using extensive

distribution systems. Their distribution systems consist of electric facilities built to

serve the total capacity of the electric load and customer-specific electric facilities

that are required to provide service regardless of how much energy is consumed

The capacity-related facilities include substations, a portion of the overhead and

underground lines, and a portion of the transformers. The customer-related

facilities include a portion of the overhead and underground lines, a portion of the

transformers, the service lines, and the meters. The costs of providing service

associated with both the capacity- and customer-related facilities are fixed in

nature. That is, these costs do not vary based on the amount of energy (kph)

consumed by the Cooperatives' members. While a customer density per mile of

line will lessen the average per customer cost of these facilities, the Cooperatives

have relatively few customers per mile of line. Most of the Cooperatives were

formed in rural areas where the densities and operating margins were deemed too

small to attract the necessary capital investment from investor-owned utilities

("IOUs") or even any nearby municipal utility. the number of

customers per mile of line for the Cooperatives tends to be significantly lower and

the fixed investment per customer significantly higher than most IOUs

As a result,

In addition to the fixed distribution costs of providing service, the Cooperatives

also incur fixed wholesale capacity costs to provide electric service to their

I



1 x

members from their wholesale power suppliers. These costs are associated with

existing generation facilities that ensure the ability to provide continuous service to

members. These fixed costs do not vary and are represented in a fixed charge

billed by the wholesale suppliers.

Historically, the Cooperatives have recovered the costs of providing service to

Residential members through rates that include a monthly service availability

charge and an energy charge applied to the monthly kph consumption. The

monthly service availability charges approved by the Arizona Corporation

Commission have historically been set at amounts well below the total customer

related cost of providing service per customer. The energy charges have

historically been designed to recover the remainder of costs to provide service not

included in the service availability charges (which include a portion of the

customer-related costs, all of the fixed distribution demand costs, the fixed

wholesale demand costs, and the variable energy costs).
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This rate design recovers a major portion of the fixed costs in the variable

component of the rate. It can function well for the recovery of costs where all of

the customers being served in the Residential rate class are similar consuming

entities receiving all or most of their energy from a single utility. However, this

rate design does not provide for the appropriate recovery of the costs incurred in

providing service to customers that have solar DG facilities.

Customers that install DG facilities will reduce the energy (kph) that is purchased

from the Cooperatives by an amount equal to the generation output of their facility

4
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This reduction in kph purchased from the Cooperatives results in a loss of fixed

costs being recovered through the energy component of the rate. The fixed

distribution demand and customer costs that the Cooperatives incur to provide

service are similar for all Residential customers, whether they have DG or not.

These fixed distribution demand and customer costs incurred by the Cooperatives

are not reduced as a result of the installation of DG. Yet, because of the existing

rate structure and the reduction in kph purchased by the DG customers, the fixed

costs included in the energy component of the rate are not recovered. As a result,

the Cooperatives' customers with DG do not pay the appropriate fixed demand and

customer costs for the provision of electric service, while the remainder of

customers pay more than their equitable share of those costs. The installation of

DG initially results in recovery of less revenue than the existing rates were

designed to recover. This inadequate recovery of lost fixed costs and under-

recovery of authorized revenues must ultimately be recovered either from

customers with DG or from all of the Cooperatives' remaining customers with

consumption.
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ARE MEMBERS WITH DG CONTINUING TO UTILIZE THE GRID FOR

SERVICE?

Yes. Members of the Cooperatives may believe that if their net power flow is zero

that they are not using the grid. This is simply not true. First of all, those with DG

systems don't produce power all of the time. When they are producing in excess of

their own needs, the excess energy is put back on the grid. The Cooperatives'

systems then serve essentially as a battery to provide energy when the DG

customers are not producing power sufficient to meet their load requirements.

5
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It is important to understand that the grid provides much more than power. The

grid services that the Cooperatives and other utilities provide include reliability,

reserves, frequency control, voltage control, and redundancy as physical quantities

flowing through the grid. Members may have net zero power flows, but reliability

is flowing into the members, and none is flowing out: not a net zero. Voltage

control is flowing into the members, and none is flowing out: not a net zero.

Frequency control is consumed by the members, and none is provided by the

members: not a net zero. In short, while members may have reached a "net zero"

threshold on energy (kwh), they are a large net negative on very expensive grid

services that everyone else has to pay for. Stating that you don't use the grid

because you are net zero is like saying, "I drive the same road to and from work

each day, so I net zeromileage on the road and, therefore, I don't use the road."

WHAT ARE "LOST FIXED COSTS" RELATED TO DG?
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The energy charge in the Cooperatives' Residential rates include three cost

components: purchased power demand costs, purchased power energy costs, and

distribution wires costs. The purchased power demand costs and distribution wires

costs are fixed costs that do not vary based on kph consumption and are not

reduced as a result of a member's reduced consumption, even though these costs

are recovered in the energy charge of the Residential rate. Therefore, as energy

consumption is reduced due to installed DG, these fixed costs are no longer

recovered from these consumers. These costs not recovered from members with

DG are known as "lost fixed costs."

I
I
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WHAT is THE MAGNITUDE OF THE UNRECOVERED FIXED COSTS?

The impact on the various Cooperatives differs according to their member profile

and specific costs. But, I do have two examples that demonstrate the impact.

Exhibit DWH-2 provides a calculation of the lost fixed costs resulting from service

provided to Residential members with DG under Sulphur Springs Valley Electric

Cooperative, Inc.'s ("SSVEC") existing Net Metering Tariff NM-l. At the end of

2014, SSVEC provided service to 1,013 Residential members with DG. The

average size of the DG system installed is 5.62 kW (AC) with a capacity factor of

approximately 25%. The average monthly production for a unit of this size is

1,026 kph. Pursuant to its Net Metering tariff; SSVEC must compensate the

consumer for the total production from a DG unit at the full retail rate. As a result,

The total average monthly lost The estimated

1 Q.
2 A.
3
4
5
6
7
8
9

10
11
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15
16
17
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19
20
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22 1
23
24
25

every kph generated by a consumer's DG unit results in the lost fixed costs to

SSVEC identified on Exhibit DWH-2. The average monthly lost fixed costs

associated with the purchased power demand costs is $43.85 per customer under

the existing Residential rate. The average monthly lost fii<'ii1< ,(associated with

distribution wires costs is 845839 customer under the existing Residential rate.

fixed cost is $93190 per customer.

lost fixed costs for SSVEC's 1,013 customers sh annual period under the

existing Residential rate would, therefore, be $1, 139,013.
4 1 a'>4¢:h6 s

Exhibit DWH-2.1 provides a calculation of the lost fixed costs resulting from

service provided to Residential members with DG under Trico Electric

Cooperative, Inc.'s ("Trico") existing Net Metering Tariff. At the end of 2014,

Trico provided service to 1,262 Residential members with DG. The average size

of the DG system instal led is 6.51 kW (AC) with a capacity factor of

'KM
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approximately 25%. The average monthly production for a unit of this size is 922

kph. Pursuant to its Net Metering tariff, Trico must compensate the consumer for

the total production from a DG unit at the full retail rate. As a result, every kph

generated by a consumer's DG unit results in the lost fixed costs to Trico identified

on Exhibit DWH-2.1. The average monthly lost fixed costs associated with the

purchased power demand costs is $45.57 per customer under the existing

Residential rate. The average monthly lost fixed costs associated with distribution

wires costs is $37.77 per customer under the existing Residential rate. The total

average monthly lost fixed cost is $83.34 per customer. The estimated lost fixed

costs for Trico's 1,262 customers for an annual period under the existing

Residential rate would, therefore, be $l,262,079.

WHAT IMPACT DOES ARIZONA'S EXISTING NET METERING

POLICY HAVE ON THE COOPERATIVES?
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The existing Net Metering policy is found in Arizona Administrative Code

R14-2-2306, which provides as follows:

A. On a monthly basis, the Net Metering Customer shall be billed or

credited based upon the rates applicable under the Customer's currently

effective standard rate schedule and any appropriate rider schedules

B. The billing period for Net Metering will be the same as the billing period

under the Customer's applicable standard rate schedule

C. If the kph supplied by the Electric Utility exceeds the kph that are

generated by the Net Metering Facility and delivered back to the Electric

Utility during the billing period, the Customer shall be billed for the net

8
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kph supplied by the Electric Utility in accordance with the rates and

charges under the Customer's standard rate schedule.

D. If the electricity generated by the Net Metering Customer exceeds the

electricity supplied by the Electric Utility in the billing period, the

Customer shall be credited during the next billing period for the excess

kph generated. That is, the excess kph during the billing period will be

used to reduce the kph supplied (not kW or kA demand or customer

charges) and billed by the Electric Utility during the following billing

period.

E. Customers taking service under time-of-use rates who are to receive

credit in a subsequent billing period for excess kph generated shall

receive such credit during the next billing period during the on- or off-

peak periods corresponding to the on- or off-peak periods in which the

kph were generated by the Customer.

F. Once each calendar year the Electric Utility shall issue a check or billing

credit to the Net Metering Customer for the balance of any credit due in

excess of amounts owed by the Customer to the Electric Utility. The

payment for any remaining credits shall be at the Electric Utility's

Avoided Cost. That Avoided Cost shall be clearly identified in the

Electric Utility's Net Metering tariff
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I As discussed above, members with installed DG reduce the energy (kph)

purchased from the Cooperatives and, thereby, cause lost fixed costs to be incurred.

Arizona's existing Net Metering policy exacerbates the loss of fixed costs by

requiring the Cooperatives to pay (via energy credits) the full retail rate for energy

3
3

8
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generated by the members, even though the retail rate far exceeds the value of the

excess generation. Instead of full retail rates, Avoided Cost rates (discussed below)

arc the more appropriate form of compensation of excess generation. The current

policy of over-compensation for DG energy creates a cost that all members of the

Cooperatives must pay. The application of the Net Metering policy in its current

form is not equitable .

AVOIDED COST RATE AND WHOLESALE CAPACITY COSTS

WHAT ARE THE COOPERATIVES' AVOIDED COST RATES?

Avoided Costs are those costs that are eliminated as a result of power produced by

DG resources. The Cooperatives' Avoided Cost rates are calculated based on the

wholesale heel and energy cost per kph charged by the Cooperatives' wholesale

power suppliers.

WHY DO THE AVOIDED COST RATES INCLUDE ONLY THE

WHOLESALE FUEL AND ENERGY COSTS?
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Typically, the Cooperatives do not provide their own generation, but rather

contract with third-party generators, such as Arizona Electric Power Cooperative

investor-owned utilities, or other providers for their wholesale power requirements

These existing contracts, which provide the vast majority of power used to serve

the Cooperatives' customers, include a fixed charge payment for the cost of

generation capacity. This fixed charge payment is constant and does not vary

based on consumption. As any potential reduction in capacity

requirements created by the operation of DG does not translate into a reduction in

generation capacity costs for the Cooperatives. Therefore, there is no capacity

a result,

10
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component included in the calculation of the Cooperatives' Avoided Cost rates.

Only the variable components of the wholesale rate - fuel and energy - are

included in the determination of the Avoided Cost rates. To the extent that a DG

facility produces kph that offset the wholesale supplier's delivery of kph, only

the associated fuel and energy costs are truly avoided.
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DISTRIBUTION SYSTEM COSTS

ARE THERE QUANTIFIABLE AVOIDED DISTRIBUTION SYSTEM

COSTS ASSOCIATED WITH SOLAR DG?

The experience of the Cooperatives is that solar DG does not reduce their

distribution costs of providing service. Because of the intermittency and lack of

reliability of rooftop solar DG, a customer with rooftop solar must still rely on

power provided from the electric grid during times when the DG unit is not

operating or when the DG unit does not provide sufficient generation to serve the

customer's entire load. As a result, the size of the facilities required to provide

service to a customer with DG is no different than for a standard customer without

DG. This means that the metering, transformer, and service drop at the customer's

service location would be the same as for any other similarly situated customer.

The sizing of the Cooperatives' substation facilities and overhead/underground

primary distribution line facilities are, likewise, unaffected by the presence of

rooftop solar DG. The planning process for construction of distribution facilities is

affected by solar DG only to the extent that additional equipment and devices are

required to address operational issues, such as circuit loading, voltage regulation,

power factor problems, and protection coordination. Such equipment could include

but not be limited to additional regulators, capacitors, breakers, reclosers, and

11
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fuses. The need for additional equipment to deal with operational issues becomes

more significant as the number of customers with solar DG on an individual circuit

increases

6 Q.

IMPACT OF DG ON THE COOPERATIVES

DO THE ISSUES RELATED TO THE RECOVERY OF COSTS

ASSOCIATED WITH SOLAR DG HAVE A MORE PRONOUNCED

IMPACT ON THE COOPERATIVES THAN ON THEIR INVESTOR

OWNED NEIGHBORS?

Yes. All utilities share cost recovery issues related to solar DG. However, there

are two reasons why the recovery of the distribution costs of providing service to

customers with solar DG is a bigger problem for the Cooperatives

First, the Cooperatives are located in rural areas and, therefore, have a much lower

number of customers per mile. As a result, they require a much higher level of

plant investment per consumer to provide service. This leads to a higher

distribution cost of providing service per kph. Exhibit DWH-3 reflects the

differences in line density and average cost for the more rural Cooperatives in

comparison with APS and UNS. This higher level of distribution costs for the

Cooperatives means that the level of lost fixed costs created by customers with

solar DG is a more significant issue for the Cooperatives. Approving rates and

charges that allow for a better recovery of the distribution costs associated with

providing service to customers with solar DG is an essential step in ensuring that

all customers pay their fair and equitable share of the costs for distribution service

12



The second reason that the recovery of the distribution costs for service to solar DG

customers is a more significant issue to the Cooperatives is their small size and the

fact that the areas served by the Cooperatives are the most economically challenged

counties in Arizona. Their small size means there are fewer customers over which

to spread any subsidies created by solar DG. Furthermore, customers with lower

incomes are less likely to participate in rooftop solar and least able to pay any

subsidy caused by the lost recovery of fixed costs from those customers that do

deploy rooftop solar.

Q.

DEVELOPMENT OF DG CHARGES AND CREDITS

WHAT STANDARD SHOULD BE APPLIED TO DEVELOP THE

CHARGES AND CREDITS FOR SOLAR DG?
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There has been considerable discussion, not only in Arizona, but across the

country, regarding methods for quantifying the future benefits of solar DG. It

would be appropriate that the same standards used in the development of rates for

Arizona utilities be applied in determining the value of solar DG. The primary

standard in rate making is that a utility may include for recovery in its rates only

those expenses that are known, measurable, and of a continuing nature. In

addition, utilities have not been allowed to recover in current rates those costs that

are for future periods. The Cooperatives do not have information or data regarding

any future generation capacity savings, transmission savings, or environmental

savings associated with the implementation of solar DG that would comply with

the current rate-setting standard. Therefore, the Cooperatives are concerned by

proposals to develop charges and credits for current rates that would be based on a

13
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different standard, specifically one that would require recognition of future

u quantifiable benefits or potential future quantifiable benefits of solar DG

PROGRAMS TO MITIGATE DG COSTS

WHAT OTHER CONCERNS DO THE COOPERATIVES HAVE

REGARDING THE RECOVERY OF COSTS ASSOCIATED WITH SOLAR
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DG?

The Cooperatives are concerned that programs or plans implemented to mitigate

the impacts of solar DG could result in additional costs to all of their members

Discussions have taken place regarding the appropriate means by which to deal

with the recovery of lost fixed costs in an equitable manner. One option discussed

was the establishment of demand rates for all customers

For utilities that have interval demand meters in place system wide, properly

designed demand rates may provide a means of fixed cost recovery from customers

based on how they use the grid. One significant concern with this option, however

is that most of the Cooperatives have demand meters installed and utilize demand

rates only for commercial and industrial rate classes. The installation of demand

meters and the other necessary communications equipment and software to

establish demand rates for all customers would be prohibitively expensive for

many of the Cooperatives and take years to implement and, thus, would not address

the immediate issues. In addition, most of the Cooperatives have fixed generation

costs that do not get reduced by lowering the demand of the individual cooperative

Thus, a demand rate would not result in any fixed cost savings to the cooperative

which could be passed on to its members. To the extent the Commission is
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considering demand rates as one method to address the issues in this docket, it

should provide the Cooperatives with flexibility based on each Cooperative's

particular circumstances.

NON-ARIZONA AUTHORITIES

ARE THE ISSUES RELATED TO DG CUSTOMERS LIMITED ONLY TO

ARIZONA?
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No. The issues related to DG customers and Net Metering are being addressed

across the country. Other state regulatory bodies have developed laws and orders

pertaining to the cost issues that are informative. Attached as Exhibit DWH-4 is

legislation that was passed in Oklahoma that requires utilities in the state to

eliminate subsidies to customers with DG. Specifically, the law states :

C. No retail electric supplier shall allow customers with distributed generation

installed after the ejective date of this act to be subsidized by customers in the

same class of service who do not have distributed generation.

D. A higher fixed charge for customers within the same class of service that have

distributed generation installed after the e ctive date of this act, as compared to

the fixed charges of those customers who do not have distributed generation, is a

means to avoid subsidization between customers within that class of service and

shall be deemed in the public interest.

Exhibit  DW H-5 is legislat ion that was passed in Arkansas to amend the

requirements for utilities to compensate Net Metering customers. Section 3 of the

act directs the Arkansas Public Service Commission to establish rates, terns, and

conditions for net-metering contracts, including:
I

I
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1

2

3

4

5

(A)(i) A requirement that the rates charged to each net-metering customer

recover the electric utility 's entire cost of providing service to each net-metering customer

within each of the electric utility 's class of customers.

(ii) The electric urilizy's entire cost of providing service to each net metering

customer within each of the electric utility's class of customers under subdivision

6 (b)(1)(A)(i) of this section:

7

8
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(a) Includes without limitation any quantifiable additional cost associated

with the net-metering customer's use of the electric utility's capacity,

distribution system, or transmission system and any effect on the

electric utility 's reliability; and

(b) Is net of any quantifiable benefits associated with the interconnection

will and providing service to the net-metering customer, including

without limitation bane/its to the electric utility 's capacity, distribution

14 system or transmission system.
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In addition to the legislation passed in Oklahoma and Arkansas, the Wisconsin

Public Service Commission has also recently provided comment on DG subsidies.

On page 62 of the Order in Docket No. 05-DR-107 (December 23, 2014), the

commission states :19

20

21

22

23

24

25

As Wisconsin courts have long recognized, rate design is a quintessential

legislative function firmly left to the discretion of the Commission. Other

substantial state and federal programs are designed specdically to support the

development and implementation of conservation and renewable energy resources.

The Commission is not required to use rate design as a hidden subsidy for these

resources. This Commission continues to support customers who want to own

16
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their own generation; however, the Commission also has on obligation ro those

customers who do no! want to or who cannot afford to own generation to make

sure these customers are not subsidizing the cosfsfor those who choose to and are

able to own their own generation.

WHAT ADDITIONAL INFORMATION HAVE YOU PROVIDED FOR

CONSIDERATION WITH REGARD TO THE COST RECOVERY ISSUE

FOR DG CUSTOMERS?

Attached as Exhibit DWH-6 is an article from the December 2014 Electricity

Journal entitled "Valuation of Distributed Solar: A Qualitative View."2 The article

was written by Mr. Ashley Brown, the Executive Director of the Harvard

Electricity Policy Group, former Commissioner of the Ohio Public Utility

Commission, and former chairman of NARUC, and Jillian Bunyan, an attorney

formerly with the United States Environmental Protection Agency's Office of

Regional Counsel. The preface to the article provides insight regarding the content

of the article:

A critical evaluation of the arguments used by solar DG advocates shows

that those arguments may often overvalue solar DG. It is time to reassess the

value of solar DG from production to dispatch and to calibrate our pricing

policies to make certain that our efforts are equitable and carrying us in the right

direction.
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These examples of legislation and commission orders, as well as the Eleetricily

Journal article, confirm that (1) there are significant cost recovery issues associated

2 1040-6190/© 2014 Elsevier Inc. All rights reserved., http://dx.doi.org/10.1016/j.tej.20l4.l I .005 ,
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l with the provision of service to customers with installed solar DG and (2) the

current use of Net Metering is not an effective or equitable means to compensate

customers for that excess generation.

DOES THIS CONCLUDE YOUR TESTIMONY?
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Yes, it does.
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CONSULTANTS

DAVID w. HEDRICK
SENIOR VICE PRESIDENT /

MANAGER, ANALYTICAL SOLUTIONS
Page 1 of 6

EDUCATION

M.B.A., Oklahoma City University, 1993
B.S., Mathematics, University of Central Oklahoma, 1986

PERTINENT EXPERIENCE FOR THE PROJECT

Mr. Hedrick specializes in the development of revenue requirements, cost of service, rate
design, line extension analysis, special contract development, pole attachment rates
valuation analysis and other financial analysis for electric, water, and wastewater utility
systems. He is also responsible for the preparation of rate filings and has presented expert
testimony before state regulators, including Arizona, Arkansas, Colorado, Oklahoma, Texas
and Wyoming. Mr. Hedrick's clients include both distribution providers and wholesale
providers. He was instrumental in the development of the CoOPTlONS: family of computer
software for use in unbundled utility cost of service studies and financial forecasting

As Manager of the Analytical Solutions Group, Mr. Hedrick has oversight of all studies
analyses and filings that are developed by the group. He continues to represent clients before
the appropriate regulatory authority and is responsible for the preparation of rate filings and
other analytical studies

SPECIFIC CONSULTING EXPERIENCE

Acquisitions, Consolidations & Valuation Analysis

Mr. Hedrick has provided analytical support for consolidation studies in Texas and Wyoming
in addition, he has been involved in the valuation analysis of utility assets for purposes of
acquisition and determination of fair market value for clients in Oklahoma and Kansas

Retail Rate Analysis. Cost of Service Studies. and Line Extension Analysis

Mr. Hedrick's rate analysis and cost of service experience includes the following

Arizona

> Navopache Electric Cooperative, Inc. - Regulated by Arizona Corporation
Commission

> Sulfur Springs Valley Electric Cooperative, inc. - Regulated by Arizona
Corporation Comm

>> Trico Electric Cooperative, Inc. - Regulated by Arizona Corporation Commission

Arkansas

>
s»

Arkansas Valley Electric Cooperative Corporation - Regulated by Arkansas PSC
and Oklahoma Corporation Commission
Ouachita Electric Cooperative Corporation ... Regulated by Arkansas PSC
Ozarks Electric Cooperative Corporation - Regulated by Arkansas PSC

Corporate Office
5555 N. Grand Boulevard
Oklahoma City, OK 73112-5507
405.416. 8100

.guernsey.us
Direct Contact

405.416.8157
Cell: 405.623.4380

david.hedrick@guernsey.us
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Colorado

»
>
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>
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>
>
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Colorado Rural Electric Association
Delta-Montrose Electric Association
Empire Electric Association, inc.
Grand Valley Rural Power Lines
Holy Cross Electric Association, inc.
Mountain Parks Electric, Inc.
Poudre Valley REA, inc,
San Luis Valley Rural Electric Cooperative, inc.
Yampa Valley Electric Association, inc.

Iowa

Corn Belt Power Cooperative
Iowa Lakes Electric Cooperative, inc.
Midland Power Cooperative, Inc.

Kansas

>>
9
>
>
>
>
>
>»
>

Ark Valley Electric Cooperative Association
Canny Valley Electric Cooperative Association
CMS Electric Cooperative, Inc.
Flint Hills Rural Electric Cooperative Association
Kansas Electric Power Cooperative
Lyon-Coffey Electric Cooperative, Inc.
City of Meade
Ninnescah Rural Electric Cooperative Association, Inc.
Pioneer Electric Cooperative, Inc.
Sedgwick County Electric Cooperative Association, Inc.
Western Cooperative Electric Association, Inc.

Louisiana

Claiborne Electric Cooperative

Mississippi

>
9

Southern Pine EPA
Yazoo Valley EPA

Nebraska

Dawson County Public Power District

New Mexiqq

» Farmers Electric Cooperative, Inc.
Lea County Electric Cooperative, Inc.

lm

s..
'

Oklahoma

5, City of Blackwell
Cad do Electric Cooperative
Central Rural Electric Cooperative, inc.
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Choctaw Electric Cooperative, Inc.
Cimarron Electric Cooperative, Inc.
Cookson Hills Electric Cooperative, Inc.
Cotton Electric Cooperative, Inc.
City of Duncan
East Central Oklahoma Electric Cooperative
Indian Electric Cooperative. inc.
Kay Electric Cooperative, Inc.
Kiwash Electric Cooperative, Inc.
Lake Region Electric Cooperative, Inc.
City of Mangum
Northeast Oklahoma Electric Cooperative, Inc.
Northfork Electric Cooperative
Northwestern Electric Cooperative, Inc.
Oklahoma Electric Cooperative, inc.
City of Ponca city
Rural Electric Cooperative, Inc.
Southeastern Electric Cooperative. Inc.
Southwest Rural Electric Association
Tri-County Electric Cooperative, Inc.
Verdigris Valley Electric Cooperative

Texas

>
>
>
>
>
>
>
»
>
>
>
>
>
>
>
>
»
>
>
>
>
>
>
5*
x»

Bailey County ECA
Bandera Electric Cooperative, Inc.
Big Country Electric Cooperative, Inc.
Bluebonnet Electric Cooperative, Inc.
Central Texas Electric Cooperative, Inc.
Concho Valley Electric Cooperative, Inc.
Cooke County Electric Cooperative Assn.
CoServ Electric
Deaf Smith Electric Cooperative, inc.
Fannie County Electric Cooperative, Inc.
Farmers Electric Cooperative, Inc.
Fort Belknap Electric Cooperative, Inc.
Grayson-collin Electric Cooperative, inc.
Greenbelt Electric Cooperative, inc.
HILCO Electric Cooperative, inc.
Jackson Electric Cooperative, Inc.
Lamar County Electric Cooperative, inc.
Lighthouse Electric Cooperative, Inc.
Lyntegar Electric Cooperative, inc.
Magic Valley Electric Cooperative, Inc.
Medina Electric Cooperative, Inc.
Navarro County Electric Cooperative, Inc.
Navasota Valley Electric Cooperative, Inc.
North Plains Electric Cooperative, Inc.
Nueces Electric Cooperative, Inc.
Pedernales Electric Cooperative, Inc.

Illll I
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>
>
>>
>
>»
>
>
>
9
>
>
>
9

Ri ta Blanca Elect r ic Cooperat ive,  Inc.
San Bernard Elect r ic Cooperat ive,  Inc.
South Plains Elect r ic Cooperat ive,  Inc.
Southwest  Rural  Elect r ic Associat ion,  inc. ,  Okla.
Southwest  Texas Elect r i c  Cooperat ive,  Inc.
Swisher Elect r ic Cooperat ive,  Inc.
Taylor E lect r i c  Cooperat ive,  Inc.
Texas Elect r ic Cooperat ives,  inc. ,  Statewide Associat ion
Tr i -County E lect r i c  Cooperat i ve,  Inc.
Trin i ty Val ley Elect r ic Cooperat ive,  Inc.
Uni ted Cooperat i ve Serv ices
Wharton County E lect r i c  Cooperat i ve,  Inc.
Wise Elect r ic Cooperat ive,  Inc.

W yQminq

Big  Horn REC -  Regula ted by Wyoming Publ i c  Serv i ce Commiss ion unt i l  2007
Carbon Power 8< Light ,  Inc.  -  Regulated by Wyoming Publ ic  Service Commission
unt i l 2 0 0 7

>> High P la ins Power,  Inc.  -  Regulated by Wyoming Publ i c  Serv ice Commission unt i l
2 0 0 7

>> Powder  R i ver  Energy  Corpora t i on  -  Regu la ted  by  W yoming Pub l i c  Serv i ce
Commiss ion

> W yru l ec  C om pany Regula ted by  Wyoming Pub l i c  Serv i ce  Commiss ion  unt i l  2007

W h o l e s a l e  R a t e  A n a l y s i s  a n d  C o s t  o f  S e r v i c e  S t u d i e s

>
>
P
P
>
>

>
>
>
'P
9
x»

Corn Bel t  Power Cooperat i ve,  Humboldt ,  I owa
Kansas Elect r ic Power Cooperat ive,  Topeka,  Kansas
Grand River Dam Author i t y ,  V in i ta ,  Oklahoma
Oklahoma Munic ipa l  Power Author i t y ,  Edmond,  Ok lahoma
Western Farmers E lect r i c  Cooperat i ve,  Anadarko,  Oklahoma
Cent ra l  E lect r i c  Power Cooperat ive,  Columbia,  South Carol ina
Piedmont  Munic ipal  Power Author i t y ,  Greer,  South Carol ina
Brazos Elect r i c  Cooperat ive.  Waco,  Texas
Golden Spread Elect r i c  Cooperat ive,  Amari l lo ,  Texas
Old Domin ion E lect r i c  Cooperat i ve,  R ichmond,  V i rg in ia
Al legheny Elect r i c  Cooperat ive,  Harr isburg,  Pennsylvania
South Mississippi  Elect r ic Power Associat ion,  Hat t iesburg,  Mississippi
M innkota Power Cooperat i ve,  Grand Forks,  North  Dakota
Rayburn Count ry E lect r i c  Cooperat i ve,  Rockwal l ,  Texas

S p e c i a l  P r o i e c t s

Development  o f  D is t r ibuted Generat ion Procedures and Guidel ines Manual :
Western Farmers E lect r i c  Cooperat i ve.  Anadarko,  Oklahoma

> KArO E lec t r i c ,  V in i t a ,  Ok lahoma
>> Texas Elect r ic Cooperat ives,  Aust in,  Texas

8
I

i

_II

i Cha
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DAVID w. HEDRICK
SENIOR VICE PRESIDENT /

MANAGER, ANALYTICAL SOLUTIONS
Page 5 of 6

Energy Policy Act of 2005 / EISA 2007 - Testimony in Support of Cooperative Sta ff's Position
in Consideration of new PURPA Standards:

> Central Rural Electric Cooperative, Stillwater, Oklahoma
> Cotton Electric Cooperative, Walters, Oklahoma
> Farmers Electric Cooperative, Greenville, Texas
> Grand River Dam Authority, Vinita, Oklahoma
> Grayson-Collin Electric Cooperative, Van Alstyne, Texas
> HILCO Electric Cooperative, itasca, Texas
> Lake Region Electric Cooperative, Hulbert, Oklahoma
> Lyntegar Electric Cooperative, Tahoka, Texas
> Magic Valley Electric Cooperative, Mercedes, Texas
>> Northwestern Electric Cooperative, Woodward, Oklahoma
'» Oklahoma Electric Cooperative, Norman, Oklahoma
> Tri-County Electric Cooperative, Azle, Texas
> Tri-County Electric Cooperative, Hooker, Oklahoma
> United Electric Co~op Services, Cleburne, Texas

Testimony before Colorado State House and Senate Committees in support of the Colorado
Rural Electrification Association with regard to HB1169, Mandating Net Metering for Electric
Cooperatives.

The "Fresh Look" review at East Kentucky Power Cooperative on behalf of the cooperative's
distribution members as required by the Kentucky Corporation Commission. 2011 - 2012

Education and Training

Mr. Hedrick provides educational seminars and training for cooperative staff and boards of
directors, statewide associations, and professional organizations on the topics of Rate
Analysis, Cost of Service, Rate Design, Line Extension Policy, and related issues.

Expert Witness

Mr. Hedrick has provided expert testimony related to the development of revenue
requirements, cost of service, rate design, and special contract issues in Arizona, Arkansas,
Oklahoma, Texas, and Wyoming.

Financial Forecasting & Analysis

Mr. Hedrick prepares and provides training in the development of financial forecast models
for electric cooperatives and municipal utility systems.

Software Sales & Support

Mr. Hedrick provided assistance in the development of software for GUERNSEY's 10-year
Financial Forecast, Cost of Service, and Financial Performance Analysis programs. Mr. Hedrick
is proficient in the use of these software packages and provides support to client users.

Strategic Planning 8< Analysis

Mr. Hedrick has provided assistance to electric cooperative boards of directors in the
development of strategic goals and objectives.

III\ llllll ll l I l
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DAVID w. HEDRICK
SENIOR VICE PRESIDENT /

MANAGER, ANALYTICAL SOLUTIONS
Page 6 of 6

Publications and Presentations:

Articles:

Hedrick, David W. "Retail Rate Development: The Role of the Cooperative Board."
Management Quarterly, published by NRECA's Education and Training Department.
(Spring 2005): 20-35.

Presentations Made by Mr. Hedrick:

"Knowledge is Power: Financial Forecasting." Seminar written and presented by Guernsey
personnel annually since 2006 in Oklahoma City, Okla. Mr. Hedrick has been a
presenter for this seminar numerous times.

"Knowledge is Power: Understanding Rates and Cost of Service." Seminar written and
presented by Guernsey personnel annually since 2005, in Oklahoma City, Okla., as well
as other locations. Mr. Hedrick has been a presenter numerous times.

"Distributed Generation Net Metering Issues." Written for and presented at TEC Engineers
Association Annual Meeting. September 2006.

"Net Metering Issues." Written for and presented at G&T Planners Association Meeting,
Tucson. Arizona, September 2006.

"Development of Distributed Generation Policies and Procedures." Written and presented for
Texas Electric Cooperatives' Managers Meeting. San Antonio, Texas, December 2,
2004.

"Rate Design in a Restructured Environment." Written and presented for Texas Electric
Cooperatives Accountants Association. Austin, Texas, April 19. 2ooo.

EXPERIENCE RECORD:

1981-Present - c. H. Guernsey & Company, Oklahoma City. Oklahoma

2013 - Senior Vice President, Board of Directors
2008-2013 - Vice President for Guernsey
2005-Present - Manager, Analytical Solutions Group
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Act
ENROLLED SENATE
BILL NO. 14 56 By: Griffin of the senate

Turner. Echo's. Jackson
Newell, Schwartz, Murphy
Brumbaugh, Pittman
Rousselot: and Fisher of the
House

An Act relating to public utilities; amending 17 O.S
2011. Section 156. which relates to distributed
generation costs; defining terms; modifying
prohibition relating to recovery of certain fixed
costs from electric customers utilizing certain
distributed generation; prohibiting subsidization of
certain costs among customer class; requiring rate
tariff adjustment by certain date; and providing an
effective date

SUBJECT : Electrical power distribution requirements

BE IT ENACTED BY THE PEOPLE OF THE STATE OF OKLAHOMA

SECTION 1 AMENDATORY
amended to read as follows

17 O.S. 2011, Section 156. is

Section 156. A. As used in this section

"Di_stribut.ed_ generation" means

a deqicg that provide electric eneqgx goat is
operqqeg, leased or qqherwisgnptilized by the
customer

An

owned



EXHIBIT DWH _ 4

EJ. is interconnected to_ and operates in parallel with the
retail electric supplier's grid and is in compliance
with the standards established by the retail_eleet:ric
supplier,

c . _ only the energy that would have
otherwise been providegi by the retail electric
supplier to the customer during the monthly billing
period,

is intended to offset;

LL does not include generators used exclusively for
emergency purposesr

e . does not include generators operated and controlled_ by
a retail _electric soggier, a_nd

3; does not include
service which includes a

customers who receive electric
demand~based charge.

2. "Fixed charge" means any fixed monthly charge, basic
service, or . _
by the customer, which reflects the actual fixed coats of the retail
electric supplier,

other charge not based on the volume of energy consumed

3.
furnishing of ret_§.i1 electric serving within
and is rate

'Retail elacgric Supp1_ier°' means an entity_y_enga_ged inl t§1e
_ _ _ _ __ _ t:_1j1e_Stat_e _of Oklahoma

regu1_ated by. 3324 °k_!=h°w= ¢9rp°r§4§°n C°"1mi2§iQ19

B. No public utility retail electric supplier shall increase
rates charged or enforce a surcharge he the basin of the inc or
installation of a molar energy device by a consume above that
required to recover the full costs necessary to serve customers who
install distributed generation on the customer side of the meter
after the effective date of this act.

c. No retail electric: supplier shall allow customers with
dis_tributes generation instzalleg after the effective dat_e of
act to
Qc _zgqt have dist:ribut_ed generation

be subsidized by customers in the same class of
this

service who

ENR. s. B. NO. 1456 Page 2
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D. A higher fixed charge for customers within tee same class of
service that have distributed generation installed after the
effective date of this act, as compared to the fixed charges of
those customers who do not have distributed generation, is a means
to avoid subsidization between customers within that class of
service and shall be deemed in the public interest.

E.
compliance with this

Retail electric suppliers shall implement tariffs in
act no later than.December 31, 2015.

SECTION 2 . This act; shall become effective November 1, 2014 .

ENR. S _ B . NO. 1456 Page 3



OFFICE OF THE GOVERNOR

M.at o'clock20 8454914 pday of

By:

20Iday of

.2/5+
9 . M.

Approved by the Governor of the State of Oklahoma this

Received by the Office of the Governor this

QM ,
044141 Z@¢34~»€W

oM
A

Governor of he State of Oklahoma

f p m., 20

this

o'clock, a t

a
Pday o

By: G

OFFICE OF THE SECRETARY OF STATE

Received by the Office of the Secretary of state

6 gf/ /4 6' 4/0,4

EXHIBIT DWH » 4

Passed the Senate the 12th day of March, 2014 .

P sid' ffieer of the Senate

Passed the House of Representatives the 14th day of April, 2014 .

Presiding Officer of the House
of Representatives

ENR. s . B. no. 1456 Page 4
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EXHIBIT DWH - 5
Stricken language would be deleted from and underlined language would be added to present law.

Act 827 of the Regular Session

As Engrossed: H2/26/15. )/3// 7//5
A B111

State of  Arkansas

90th Genera l  Assembly

Regular Sess ion,  2015 HOUSE BILL 1004

By:  Representat ive S.  Meeks

For An Act To Be Entitled
A N  A C T  T O  R E Q U I R E  E L E C T R I C  U T I L I T I E S  T O  C O M P E N S A T E

NET-METERING CUSTOMERS FOR NET EXCESS GENERATION

CRE DI T S  I N  CE RT A I N C I RCUM S T A NCE S ;  A ND F OR OT HE R

PURPOSES I

Subtitle
T O  R E Q U I R E  E L E C T R I C  U T I L I T I E S  T O

COMPENSATE NET-METERING CUSTOMERS FOR NET

E X CE S S  GE NE RA T I ON CRE DI T S  I N  CE RT A I N

CIRCUMSTANCES •

BE  I T  E NACTE D BY  THE  GE NE RAL AS S E MBLY OF THE STATE OF ARKANSAS :

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

3 1

32

33

34

35

36

SFCTION I. Arkansas Code § 23-18-603(6), concerning a definition used
under the Arkansas Renewable Energy Development Act of 2001, is amended to

read as follows:

(6) "Net-metering facility" means a facility for the production

of electrical energy that:

(A) Uses solar, wind, nydroeleetric, geo themwal, or

biomass resources to generate electricity, including, but not limited to,

fuel cells and micro turbines that generate electricity if the fuel source is

entirely derived from renewable resources;

(8) Has a generating capacity of not more t:11an_:

(1) The greater of twenty-five kilowatts (25 kw) _Ag

one hundred percent (1002) of the net-metering customer's highest monthly

usage in the Drevious twelve (12) months for residential use.; or -eh-pee

( i i ) Three hundred kilowatts (300 kw) for any other

11-18-2014 13:44:59 JLL040
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use unless otherwise allowed by a commission under § 23-18-604 (b) (5) ;

(C) Is located in Arkansas;

(D) Can operate in parallel with an electric utility fs'
existing transmission and distribution facilities; and

(E) Is intended primarily to offset part or all of the

net-metering customer requirements for electricity; and

As Engrossed:

SECTION 2. The introductory language of Arkansas Code § 23-18-604 (b) ,
concerning the authority of the Arkansas Public Service Commission, is

amended to read as follows:

(b) Following notice and opportunity for public comment, *he ..*',..'k:,,°.r..:'.:.»
a commission:

H2/26/15 H3/17/15

EXHIBIT DWH -5
HBl004

SECTION 3. Arkansas Code § 23-18-604(b) (1), concerning the authority
of the Arkansas Public Service Commission, is amended to read as follows:

(1) Shall establish appropriate rates, terms, and conditions for
net-metering contracts, including et

(A) (1) A requirement that the rates charged to each net-
metering customer recover the electric utility's entire cost of providing
service to each net-metering customer within each of the electric util.if:y's
class of customers.

(ii) The electric utility's entire cost of providing
service ro each net-metering customer within each of the electric util.ity's

class bf customers under subdivision (b) (1) (A) (i) of this section:

(a) Includes without limitation any

quantifiable additional east associated wit(/z_ toge z3e_t-metering cos;:gmer's use
of the electric utility's capacity, distribution system, or transmission

system and any effect on the eleetrie utility's reliability: and

(b)_ Is Ne_t;_of any quantifiable Iggnefits
associated with the interconnection with and providing service to the net-
metering customer, including without limitation benefits to the electric
utility's capacity, reliability. distribution system, or transmission system:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

and

(B_) A requirement that net-metering equipment be

installed to accurately measure the electricity:

464; 1 Supplied by the electric utility to each

2 11-18-2014 13:44:59 JLL040



(5) May increase the peak generating capacity l imits for
individual net-metering facilities if doing so results in distribution
system, environmental, or public policy benefits; and

(6) Shall provide that:

(A).££l The net excess generation credit remaining in a

net-»metering eustomez".s' account at the close of _g billing cycle,-ala
to an amount equal to four (4) azontNa' average usage during the .annual
billing cycle that is closing, shall be credited to the net metering
cuctomc-r'c account for use during the next annual billing cycle; shall not
expire and shall be carried forward to subsequent billing cycles

in define tel v.

As Engrossed: H2/26/15 H3/17/15

SECTION 4. Arkansas Code § 23-18-604(b) (5) and (6), concerning the
authority of the Arkansas Public Service Commission, are amended to read as

follows:

net-metering customer; and
-CB; ( i i ) Generated by each her-metering customer

that is fed back to the electric utility over the applicable billing period;

EXHIBIT DWH _ 5

HBl004

(ii) However, for rec excess generation credits older

than twenty-four (24) months, a net-metering customer may elect to have the

electric utility purchase the net excess generation credits in  the net-

metering customer's amount at the electric utility's estimated annual

average avoided cost rate for wholesale energy .ff the sum to be paid to the

net-metering customer is at least one hundred dollars (3100) .

( i i i ) An electric utility shall purchase at the

electric ut i l i ty/ 's est imated annual average avoided cost rate for wholesale

enerzv any net excess generation credit remaining in a net-metering

customer's account when the net-metering customer:

(a) Ceases to be a customer of the electric

utiliqyi
(b) Ceases to operate the net:-metering

facilirvi or

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

go) Traggsfers the net:-metgring f_§ci1itv to
another persons and

(B) Except an provided in subdivision (b) (6)(A) of this

3 11_18_2014 13:44:59 JLL040



EXHIBIT DWH _ 5
As Engrossed: H2/26/15 H3117/15 HBl004

section, any net exeeeo generation credit remaining in e net metering

easeemcr-?-G aeeount at the close of an annual billing eyelet shall expire; and

(~G-)--Any (B) A renewable energy credit created as the

result of electricity supplied by a net:-metering customer is the property of

the net-metering customer that generated the renewable energy Credit-rg and

SECTION 5. Arkansas Code § 23-18-604(b), concerning the authority of

the Arkansas Public Service Commission, is amended to add an additional

subdivision to read as follows:

(7) May allow a net-metering facility with a generating capacity

that exceeds three hundred kilowatts (300 kw) if:

(A) The net-metering facility is not for residential use;

and

(8) Allowing an increased ,eeneratinz capaeitv for the ner-
metering facility would increase the state 's ability to attract businesses to
Arkansas.

SECTION 6. Arkansas Code § 23-18-604, concerning the authority of the

Arkansas Public Service Commission, is amended to add additional subsections

to read as follows:
(c) (1) As used in this section, "avoided costs":

(A) For the Arkansas Public Service Commission, means the
same as defined in § 23-3'7025 and

(8) For a municipal utility, is defined by the governing
body of the municipal uti l ity.

(2) Avoided costs shall be determined under § 23-3-704.
{d)_(})_ _Except as provided in subdivision (d) (2) of this section, an

electric utility shall separately meter. bill. and credit each net-metering
f facility even if one (1) or more net-metering facilities are under common
ownership.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

(2) (A) At the net-metering customer's discretion, an electric

utility may avulv net-metering credits from a net-metering facility to the

bill for another meter location if the net-meterinsz facility and the separate

meter location are under common ownership within a single electric utility/'.s'

service area.

(B) Net excess generat ion shal l  be cred ited f irst  to the
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net-metering eustolzzer's meter ro which the net-metering facility is

physically attached.

(C) After applying net excess generation under subdivision

(dj (2) (8) of this section and upon request of the net-meteri12£ customer under
subdivision (d) (2) (A) of this section, any remaining net excess generation

shall be credited to one (I) or more of the net-meterinz customer's meters in

the rank order provided by the net-metering customer.

Is/S. Meets

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36
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Valuation of Distributed Solar:
A Qualitative View

A critical evaluation of the arguments used by solar DG
advocates shows that those arguments may often
overvalue solar DG. It is time to reassess the value of solar
DG from production to dispatch and to calibrate our
pricing policies to make certain that our efforts are
equitable and carrying us in the right direction.

Ashley Brown and lillian Bunyan

I. Assessing the Value of
Distn°buted Solar
Generation - An
Overview

The purpose of this article is to
assess the value of residential
distributed generation (DG) solar
photovoltaics (PV) and
appropriate pricing for its value
and output. In particular, the
article will address the question
of whether retail net metering,
the way that it is presently ap-
plied in most states, is an equi-
table way to compensate
customers who own or lease solar
DG. The article will also critically

examine the argument for the
"value of solar" approach to
compensating residential solar
DG customers. The article will
conclude that retail net metering
and "value of solar" are severely
flawed schemes for pricing solar
DG.

email net metering overva-
lues both the energy and

capacity of solar DG, imposes
cross-subsidies on non-solar
residential customers, and is
socially regressive because it
effectively transfers wealth from
less affluent to more affluent
consumers. The "value of solar"
approach being advanced by a

II
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In its current,
most common
configuration,

solar DG has some
drawbacks that
inhibit it from

capturing its full value.
_ . 1I ... L"

N

subsidize solar DG at a decidedly
low degree of optimization. Cur-
rently, rates for most residential
consumers are based on volume.
That is, residential customers are
simply billed based on the num-
ber of kilowatt-hours that they
consume based on average costs
to serve all residential consumers.
Solar has huge potential, but to
attain it, solar DG needs to receive
the price signals to actually fulfill
its potential.

at only does net metering
deprive solar PV of the

price signals necessary to capture
its full value, it also leads the
changes in retail pricing that

EXHIBIT DWH -6
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marginal. To fully develop the
resource, therefore, it is impera-
tive to provide pricing that will
incant the fulfillment of solar PV's
potential, by linking itself to
storage, more efficient ways of
catching the sun's energy, or with
other types of generation (e.g.
wind) that complement its avail-
ability. Thus, it is critical that
prices be set in such a fashion as to
provide incentives for productiv-
ity and reliability and not to

undermine the promotion of
energy efficiency. As solar DG
becomes more widely deployed,
utilities and their regulators will
likely become increasingly con»
terned with diminution of rev-
enues required to support the
distribution system that is caused
by the use of net metering. That
concern will inevitably lead uti-
lities and regulators to recover
more of their costs through the
fixed, rather than the variable,
components of their rates. Thus,
the price signal to be more
efficient will be substantially
diluted.

Many in the solar industry
have come to recognize that retail
net metering (NEM) is, in this
age of smart grid and smart
pricing, no longer a defensible
method for pricing solar DG.
Having recognized the inevitable
demise of a pricing system that
favors solar DG through cross-
subsidization by other customers,
many solar DG advocates have
shifted to an argument that
pricing should be based on con-
sideration of the "value of solar."
While the authors do not
subscribe to that point of view,
as the argument is being included
in the national conversation,
it seems appropriate to
address it.

some solar DG advocates subjec-
tively, and often artificially,
inflates the value of solar DG and
discounts the costs. This article
also concludes that proposals for
market-based energy prices, as
well asdemand and fixed charges
as applied to solar DG hosts, are
reasonable ways to rectify the
cross-subsidies in net metering. It
suggests that market-based prices
for solar DG provide the best
incentives for malting solar more
efficient and economically viable
for the long term.

Alar PV has some very real
benefits and long-terrn

potential. The marginal costs of
producing this energy are zero.
If one looks at environmental
externalities, then the carbon
emissions from the actual pro-
cess of producing this energy
itself, without taking the sec-
ondary effects into considera-
tion, are also zero. Significantly,
the costs of producing and
installing solar PV have declined
in recent years, adding to the
potential long-terrn attractive-
ness of solar. Those are very real
benefits that would be valuable
to capture. In its current, most
common configuration,
however, solar DG has some
drawbacks that inhibit it from
capturing its full value.

Solar PV is intermittent and
thus requires backup from other
generators and cannot be relied
on to be available when called
upon to produce energy. Thus, its
energy value is entirely depen-
dent on when it is produced and
its capacity value is, at best,

II. Solar DG and Retail
Net Metering -
Definition of Terms

Powering your home with
clean energy generated from the
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else the evaluators believe to be
worthy of measure.

As you will see, while the
authors do not believe this fourth
approach to be appropriate,
analysis of the criteria its advo-
cates believe are important
should be conducted and evalu-
ated - not to set the price, but
simply to establish the context for
evaluating the reasonableness of
the pricing methodology ap-
proved 1

III. 'Value of Solar' vs.
Wholistic Analysis

solar panels on your roof, and
selling the excess energy to the
utility, are appealing prospects to
a public increasingly attuned to
environmental, energy efficiency,
and self-sufficiency consider-
ations. It is not hard to see why
solar DG has substantial public
appeal.

o begin, it is necessary to
note that the terms "net

metering," "retail net metering,"
and "net energy metering" will be
used interchangeably and syno-
nymously throughout the article.
Net metering refers to when
electricity meters run forward
when solar DG customers are
purchasing energy from the grid.
When those customers produce
energy and consume it on their
premises, the meter slows down
and then simply stops, and when
the customer produces more
energy than is consumed on
the premises, the meter runs
backwards. Thus, the solar DG
customer pays full retail value for
all energy taken off the grid,
pays nothing for energy or
distribution when self-consuming
energy produced on the premises,
and is paid the fully delivered
retail price for all energy
exported into the system. At
the end of whatever period is
specified, the meter is read and
the customer either pays the net
balance due, or the utility pays
the customer for excess energy
delivered. The reconciliation
is made without regard to when
energy is produced or con-
sumed. This is how transactions
between owners of residential

Optimally, prices for electricity
are determined by a competitive
market or, absent competitive
conditions, should be derived
from cost-based regulation. In
both cases the prices are subjected
to an external discipline that
should result in efficient resource
decisions devoid of arbitrary or
"official" biases. Subjective con-
sideration of the "value" of par-
ticular technologies and where
they may rank in the merit order
of "social desirability," effectively
removes the discipline that is
more likely to produce efficient
results. Moreover, even where
non-economic externalities are
thrown into the valuation mix, the
pricing of an energy resource
must still be disciplined by ex-
arnination of the economic merit
order in attaining the externality
objective. Whereas both the mar-
ketplace and transparent cost-
based regulation are likely to
produce coherent pricing that

There are,
conceptually,
four possible
approaches to
pricing energy
produced by
solar DG.

"'. u
L ;.._._.;...... 4

There are, conceptually, four
possible approaches to pricing
energy produced by solar DG.
One market-based approach is to
set the price to reflect the market
clearing price in the wholesale
market at the time the energy is
produced. A second approach
would be a cost~based approach,
where the price is set based on a
review of the costs or according to
standard costing methodology. A
third approach, already defined
above, would be net metering.
Finally, a fourth approach would
be to administratively derive a
"value of solar" based on analysis
of avoided costs and whatever

DG and utilities have tradition-
ally been handled.

There are other forms of net
metering such as wholesale net
metering, where exports into the
system are compensated at the
wholesale price, often the local
marginal price (LMP). There are
other variations as well, but for
purposes of the article, when the
terms NEM or net metering are
used, they refer to the retail
variety.
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Certainly,
many people
believe that
other, non-

economic
factors need to be

considered.
.... ;v. 1""l
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cation, efficiency considerations,
impact on alternative technolo-
gies, market price impact, reli-
ability, and social effects
including the environmental,
customer, and social class
impacts. There is also the issue of
whether solar DG enhances the
level of competition in the in-
dustry.

IV. Net Energy Metering
- Why Are We Paying
More for Less?

Retail net energy metering, as
practiced, does not capture all of

L . !-uw!1
K ;.._ _..
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producing energy. Beyond that,
the criteria would include avail-
ability/capacity, reliability, ener-
gy value, impact on system
operations and dispatch, trans-
mission costs and effects, distri-
bution costs and effects, and
hedge value. Solar DG propo-
nents often phrase these issues in
terms of avoided costs. In addi-
tion to those dim tensions, there are
also the following: degree of
subsidization and cross-subsidi~

allows us to enjoy a degree of

comfort knowing that efficient

performance will likely lead to

productivity, subjective consid-

eration of soft criteria, like "value

of solar," are a step away from

economic coherence and

efficiency.

economics are critical and

efficiency is of vital impor-

tance. There are also other eco-

nomic values, besides efficiency,

including those that go beyond

short-term efficiency. Certainly,

many people believe that other,

non-economic factors need to be

considered. Similarly, the fairness

of the impact on customers also

needs to be factored into any

decision. There has, for many

years, been a running debate in

electricity regulation as to

whether externalities ought to be

factored into regulatory decisions.

This article does not intend to join

that debate, nor express any point

of view as to what is permissible

or impermissible under

applicable law. Rather, this

article suggests that if

externalities are to be considered,

then all relevant ones deserve

attention, as opposed to "cherry

picking" the issues to best protect

a particular interest. Further, if

non-economic objectives are

to be factored into ratemaking,

then it is wise to carefully

consider the most economically

efficient ways of attaining those

objectives.

There are a number of criteria

that are important to the full

valuation of solar PV. One should

begin by looking at the cost of

the value enumerated above.
NEM significantly overvalues
distributed solar generation.
More specifically, it does the fol-
lowing:

1. Creates a cross-subsidy from
non-solar to solar customers,

2. Fails to reflect the
'inefficiency of small-scale solar
PV relative to other forms of
generation, including alternative
renewable resources;

3. Constitutes price
discrimination in favor of an
inefficient resource;

4. Significantly overvalues
both the capacity and reliability
value of solar DG;

5. Adversely impacts the
degree of competitiveness in the
industry;

6. Artificially inflates the
transmission value of solar DG;

7. Fails to account for the fact
that the value of energy varies
widely depending on when it is
actually produced;

8. Distorts price signals for
energy efficiency;

9. Causes socially regressive
economic impact;

10. Assumes system benefits
from solar DG that, in fact,may
not exist,

11. Overvalues its contribution
to carbon reduction;

12. Vastly inflates its value as a
fuel hedge; and

13. Undervalues and
underfunds the distribution
system.

despite failing to capture
these values, NEM has

become the prevalent form of
tariff for residential solar DG in

I
I
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If the costs of the
distribution system were
variable with energy
production, that
exemption would be
sensible, but they
are not.
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well be reasons to treat DG dif-
ferently with respect to wholesale
transmission there is, absent a
solar host leaving the grid, abso-
lutely no reason to discriminate
between wholesale and DG pro~
ducts with regard to the fixed
costs of the distribution system
and its operations.

oder NEM, however, solar
DG providers are com-

pensated at full retail prices for
what they provide. That includes
the not-insignificant cost of ser-
v1`ces that they do not provide,
including distribution costs,
administrative, and back
office operations. There can be
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the United States. This is because
NEM was never developed as
part of a fully and deliberatively
reasoned pricing policy. NEM
was simply never a conscious
policy decision. It is basically a
default product of two (no longer
relevant) considerations, one
practical and the other technolo-
gical. The practical reason is that
residential distributed generation
had such an insignificant pre~
hence in the market that its eco-
nomic impact was marginal at
best. Thus, no one was seriously
concerned about "getting the
prices right." The second, tech-
nological reason is that until
recently the meters most com-
monly deployed, especially at
residential premises, have had
very little capability other than to
run forward, backward, and stop.
Thus, for technical reasons,NEM
was simple to implement and
administer and, as a practical
matter given the paucity of DG,
there was no compelling reason to
go to the trouble of remedying a
clearly defective pricing regime.
Many states have recognized the
problems with NEM but, seeing
no alternatives, put in place pro-
duction caps to limit any harm
caused by a clearly deficient pri-
cing regime.

problems with NEM. Under
NEM, when DG providers export
energy to the system, consumers
are required to pay them full retail
rates for a wholesale product.
What everyone agrees upon is
that solar DG provides an energy
value, but there is considerable
disagreement about what that
value is. Solar proponents argue
that solar DG has a capacity value
as well. That value, if it exists at
all, is minimal. While there may

V. Residential Retail Net
Metering Sets Up Unfair
and Counterproductive
Cross-Subsidies

no justification for forcing con-
sumers to pay a provider for
service that they not only
do not provide but, in fact,
have no capability to
provide.

Solar DG producers remain
connected to the grid and are fully
reliant upon it during the many
hours of the day when solar
energy is not available. Under
NEM, that solar DG producer is
excused from paying his/her
share of the costs of the distribu-
tion system when energy is being
produced on the premises. If the
costs of the distribution system
were variable with energy pro-
duction, that exemption would be
sensible, but they are not. Distri-
bution costs are fixed, and do not
vary with energy production or
consumption. Thus, excusing
solar DG customers from paying
for their own distribution costs
when their solar units are
producing energy has no
justification in either policy or
economics. Malting matters
worse, the costs solar DG
providers do not pay under
NEM are either reallocated to
non-solar customers or have
to be absorbed by the utility.
Both outcomes are unacceptable
and unjustifiable. There is no
reason why solar DG customers
should receive free backup
service, compliments of
either their neighbors or the
utility.

Utilities are obliged to provide
full requirements service to all of
their customers, including, of
course, their solar host

Beyond failing to capture the
values above, there are other
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this gives rise to two types of
demand charge related
cross-subsidy. The first arises
when the distributor relies on the
availability of solar for making
day-ahead purchases and the
other arises when it does not do
so. When it does rely on the
availability of solar and it turns
out that solar energy is not
available when called upon, the
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customers. In regard to solar
hosts, the utility is obliged, in
case the on-premises generation
does not cover their full demand,
to fill the gap between the full
demand and the amount of
self-generation. Utilities are also
obliged to purchase energy and /
or capacity so that solar hosts
may rely on the util ity when
solar units are not generating.
Given that solar PV units are
intermittent and unpredictable
regarding when they will pro-
duce, providing that backup is
an ongoing responsibility and
cost to utilities. Compounding
those costs is the fact, as stated
elsewhere in the article, peak
times of electricity use (i.e. when
prices are highest) are trending
later in the day, when solar PV
does not produce. As such,
utilities must provide electricity
to solar hosts at times when
demand is high and energy
prices are high. It would violate
a the fundamental principle of
regulation that cost causers
should pay for the costs they
impose, not to recognize the ac-
tual costs of that backup
service in the rates paid by
solar hosts.

mother cross-subsidy
relates to the intermittent

nature of solar energy. No utility
with an obligation to serve can be
fully reliant on the availability of
solar when it is needed. Indeed,
no solar host who values relia-
bility can afford to be dependent
on his/her own solar DG unit.
While this point will be discussed
further infra suffice it to say that

utility is compelled to purchase
replacement energy in the spot
market at the marginal cost,
which is almost certainly higher
than the price of the solar energy
on whose availability it had
relied. In notable contrast to what
happens in the wholesale market
when a supplier who is relied
upon fails to deliver, those
incremental costs have to be borne
by the utility, which passes
them on to all customers, as
opposed to being borne by the
specific solar DG customer
whose failure to deliver caused
the costs to be incurred.

f the distributor, in recognition
of solar's intermittency,

instead chooses to hedge against

the risk of solar's unavailability,
the cost of the hedge is likewise
passed on to all customers rather
than simply those whose supply
unpredictability caused the cost
to be incurred. Both of these forms
of cross-subsidy violate a bedrock
principle of regulation - costs
should be allocated to the cost
causer. The function of that
principle, of course, is to
provide price signals to improve
performance, but NEM fails to
provide such signals and
essentially holds solar DG
providers harmless for their own
very low capacity factors and
inefficient performance.

NEM cross-subsidies, in large
part, provide short-term benefits
to the solar DG industry, but are
highly detrimental to the value of
solar in the long term. In the short
term they constitute a wealth
transfer from non-solar customers
to the solar industry. In the long
term, however, they are actually
harmful to solar energy because
NEM provides absolutely no
incentive to improve the
performance of a generating re-
source that, among renewables,
already ranks last in efficiency
and in cost effectiveness for re
dicing carbon emissions. In ef-
fect, the solar DG industry is
putting its short-term profits
ahead of the long-term value of
solar energy. If solar DG advo-
cates prevail in seeking to main-
tain NEM, that victory will be
short-lived, because markets,
both regulated and unregulated,
do not prop up inefficient
resources over the long term.

EXHIBIT DWH -6

32 1040-6190/ .(' 2014 Elsevier Inc. All rights resent., https/ /dx,doi.org/10.1016/j.Icj.M14.l1 .005 The Electricity journal

I-lll





Tl

F<@@1?9;-awp 9©J@1r Re rrna§r43 1338 3\91@9§ lE§<<p@ns3v@e
Fcarrrmm Qt? b9@;r5<;81t'y

LAZARD LAlLlD'l I-.ETILIIID can or 1x11at AxAu'sls-vxnsxox 1.9

Unsubsidized Levelialed Casa of Energy Comparison

it' an
'Ha NO as

CcNliuMtnnntive hncqy genanlion ledznulugies -¢ can-¢o4npcu'&w with cunvcndond gentian uclmnlogies llhdrf some
srcnarlos, beforeIiwndngin eawlmnmentalmademf mswmalides (¢.1.. REG, lnnllrnhsinnAnan§\¢1¢-up gn-ursndnn/q's\¢m
rdillhiily was)aswan!an eunwnvztien Ami fuel ems! dvnnmicsaM ... _ mm :1\8 : ml gruexanon ir<.|||.u"|uir.-

nun'-¢qn1»»u», I SN! gr:
alun°-¢qul- lralq-lub* Ono
ha ms-nivlh vulqrsa.1 ;

I

Figure 1: Rooftop Solar  Remains the Most Expensive Form of Electr ic i ty Generation

VI. Placing a Value of
Solar DG - Pricing and
Economic Efficiency

F

I

they do in the prospect of

becoming competit ive. Solar DG

is the most expensive form of

renewable generation that is

widely used today

(Figure 1).

The technological and

pract ical  reasons for permit t ing

such incoherent pr icing are no

longer present in the market-

place.  W e now have pr ic ing

methods that are capable of

measur ing DG product ion as

wel l  as consumption on a more

dynamic basis. In addit ion, solar

DG market penetrat ion has dra-

matical ly increased to the point

that  i t  can no longer be

dismissed as marginal, so

appropr iate pr ic ing is now a

non-tr ivial  issue. In addi t ion,

we now have very precise,

location-specif ic energy and

transmission price signals that

provide a very t ransparent

market  pr ice by which one can

measure the economic value of

distr ibuted generation. These

new developments,  plus the

fact  that  NEM was put  in

place on a default  basis, mean

that it is now time for a full-
blown policy consideration of
the most appropriate pricing
policy for distributed
generation.

or all of the reasons noted,

NEM pricing results in large

cross-subsidies, offers no incen-

tives for efficiency - indeed, may

even provide disincentives to

invest in efficiency improvements

.- and results in consumers paying

energy prices for solar DG that are

far in excess of its market value

and not even subject to cost-based

oversight. Moreover, i ts raison

d'étre - inability to more accu-

rately price solar DG facilities and

low market penetration by solar

energy .- no longer exists. Solar

energy is penetrating the market

in greater numbers and is likely to

continue to do so. Secondly, more

sophisticated pricing enables us

to measure solar energy and

customer behavior on a much

more efficient, dynamic basis. The

fundamental  real i ty is that NEM

completely fails to capture the

value of the product being

priced .

Needless to say, pricing is of

cr i t ical  importance. I t  is impor-

tant to address pr icing in the

context of tangible, enumerated

values. Such an analysis is in

contrast to certain efforts by so-

lar DG advocates to attach a

subject ive value to solar and

then derive pr ices from that

value. I t  is preferable to derive

prices from the values estab-

l ished by ei ther costs or market,

not ephemeral and subject ive

considerations.

t is worth re-emphasizing just

how imperfect NEM actual ly

is. The price of electric energy is

not constant. Wholesale markets

reflect that reality. Net metering

and many forms of incentives do

not reflect the values established

by the market. Rather, a net

metering regime relieves the solar

panel host of any obligation to

pay for the costs of the distribu-

tion system when energy is being

produced, even though he/she

: EXHIBIT DWH -6
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Table 1: Rooftop Solar Subsidies Heavily Utilize Funding from Non-Solar Customers

wnaunauw

UI:a~fn:v-t <*¢*Jar Quit
$ur~;3'a"f*e

On-going solar subsidy $0.11/KVJI $0.03/kWh

Net metering subsidy

(unrecovered fixed cost)

$0.99/kWh $0.09/kWh

Renewable

Surcharge

Unrecovered

fixed costs are

funded by non
solar customers

Total $olarcurrents and

Net metering subsidy

$0.20/kWh 0.12/kWh

remains reliant on it and, when
the meter runs backwards. is
effectively paid the full retail price
for energy exported from the
customer's premises. As a point of
illustration, see Table 1 for a
funding mechanism for
residential customers presented
by DTE Energy to the Michigan
Public Service Commission
According to DTE, the 9 cent per
kilowatt-hour (kph) net metering
credit represents a differential
that non-participating customers
must pay

oder NEM, compensation
at retail rates is not cost

reflective because net metering
means that solar DG energy
exported into the distribution
network is compensated at the
full bundled retail rate rather than
at a price based on the unbundled
cost of producing the energy. In

almost adj jurisdictions, that retail
rate is flat and constant. Thus, it
does not reflect the obvious fact
that the energy has greater value
at peak demand than it does off-
peak. It is a deeply flawed value
proposition. The fact is that the
wholesale market produces hour-
by-hour prices that provide gen
aerators, renewable and non
renewable alike, and consumers
with important price signals that
reflect real-time values. Both
generators and demand respond
dees are compensated according
to those real-time prices. Solar
DG-produced energy, by contrast,
is compensated on a basis that
lacks a foundation in either mar
kef or cost. The compensation is
out of market because it is a flat
price regardless of when it is
produced or, for that matter, fails
to reflect that many hours of the

day that solar panels produce
absolutely nothing. It is hard to
avoid the conclusion that on an
economic basis, the NEM-derived
price paid for solar DG energy
completely misses the value of
solar during most hours of the
day. Interestingly, part of the
cause for this incorrect valuation
is that rooftop solar units have
generally been installed facing
south, as opposed to west
Because demand peaks have been
trending later in the day
(as illustrated in the California
and New England figures below)
this southern exposure has
proven to render peak production
for solar even less coincident with
demand. Had the appropriate
market prices been in effect
it is highly unlikely that such a
costly error would have
occurred
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Figure 2- Ramping Needs Increased Due to Lack of Solar Prodution During Peak Demand

T
infra), as well as that from DTE,
illustrate the wisdom of com-
pensating solar DG at LMP, so its
price accurately reflects its value
at the time of actual production
and avoids requiring non-solar
customers to pay prices for
energy that far exceed its
value.

A. Capacity value

T

As is dramatically illustrated in
the graph at left in Figure z,
enticed by a number of factors,
not the least of which is net
metering, substantial investment
in the growth of solar capacity in
the Golden State has enormously
magnified the need for additional
fossil plants, operating on a
ramping basis, to compensate for
the dropoff in solar production at
peak. In that context, the absence
of any meaningful signal to make
solar more efficient (e.g. linking it
with storage) is simply something
that can no longer be tolerated.
Not coincidentally, the charts
from both the California and
New England ISO (found further

The capacity value of a gener-
ating asset is derived from its
availability to produce energy
when called upon to do so. If a
generator is not available when
needed, it has little or no capacity
value. By its very nature, solar DG

on its own, without its own
backup capacity (e.g. storage), can
only produce energy intermit-
tently. It is completely dependent
on sunshine. Unless sunshine is
guaranteed at all times solar DG is
called upon to produce, it cannot
be relied upon to always be
available when needed. More
over, even if all days were reliably
sunny, the energy derived from
the sun is only accessible at
certain times of the day. In many
jurisdictions, the presence and
potency of sunshine is not
coincident with peak demand.
Frequently, for example, solar DG
capacity is greatest in the early
afternoon, while peak demand
occurs later in the afternoon or in
early evening. The two charts in
Figure 3 illustrate the lack of co-
incidence of solar production and
peak demand in New England'

here two charts dramatically
demonstrate that, on the

days chosen as representative of
summer and winter in New
England, solar PV is completely
absent during the winter peak,
reaches its peak production as
peak demand is rising in the
summertime, and drops off dra-
matically during almost the entire
plateau period when demand is at
peak. It should also be noted that
on the days chosen, the sun was
shining. The graph, of course,
would look very different on
cloudy days when solar produc-
tion is virtually nil.

he Electric Power Research
Institute (EPRI) graphs in

Figure 4 reveal similar patterns on a
national level. The first graph

.I
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that largely relies on large hy-
dropower plants with large stor-
age reservoirs, solar has
considerable long-term reliability
value because whenever it gen-
erates energy it conserves water in
the reservoirs, thereby adding to
the reliability of the system.
However, in a thermal-dominated
system (like much of the United
States), where there is little or no
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marginal cost of energy that they
failed to deliver. Unless a similar
obligation is imposed on solar
DG providers, the capacity value
of solar DG is reduced even
further. Good pricing policy
would suggest that DG prices
should be fully reflective of the
value of the type of capacity that
is actually provided. As
currently implemented, net
metering does not adequately
reflect how the capacity
availability measures up to
demand.
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Many advocates of solar DG
assert that it enhances overall re~
liability because the units are
small, widely distributed but
close to load, and not reliant on
the high-voltage transmission
system. It is argued that they are
less impacted by disasters and
weather disturbances. At best,
these claims are highly specula-
tive and, for the reasons noted
below, quite dubious. It would be
a mistake to attribute added
value to solar DG because of
reliability.

Alar DG is subject to disaster
as much as any other instal-

lations. High winds, for example,
can harm rooftop solar as much as
any other facility connected or
unconnected to the grid. Cloudy
conditions can disrupt solar out-
put while not affecting anything
else on the grid.

Solar DG has more reliability
benefit in some places than others.
In Brazil, for instance, a system

storage, reliability has to be
measured on more of a mealtime
basis. Therefore, solar's intermit-
tency makes it unable to assure its
availability when called upon to
deliver energy. Indeed, it is far
more likely that a thermal unit
will have to provide reliability to
back up a solar unit than the other
way around.

It is also important to examine
rooftop solar reliability issues in
two contexts' that of the indi-
vidual customer and that of the
system as a whole. Solar DG
vendors, as part of their sales
pitch, claim that reliability is in-
creased for a specific customer
with a rooftop solar unit because
on-site generation provides the

possibility of maintaining electric
power when the surrounding
grid is down. When the sun is
shining, this claim may be true.
Conversely, without the sun, the
claim has no validity. However,
that argument only applies to the
solar host.

On a technical point, a power
inverter is an electronic device or
circuitry that changes direct
current to alternating current.
During a system outage the
power inverter is automatically
switched off to prevent the
backflow of live energy onto the
system. That is a universal pro-
tocol to prevent line workers and
the public from encountering
live voltage they do not antici-
pate. Thus, if a solar DG unit is
functioning properly, when the
grid is down, the solar DG cus-
tomer's inverter will also go
down, making it impossible
to export energy. If the solar
DG unit is not functioning
properly, then the unit may be
exporting, but will do so at
considerable risk to public safety
and to workers trying to
restore service. The result is
that the solar panel provides
virtually no reliability to
anyone other than perhaps to the
solar host.

Attributing reliability benefits
to an intermittent resource is a
stretch. By definition, intermittent
resources are supplemental to
baseioad units. The only possible
exceptions to that are, as noted
above, where there are individual
reliability benefits or where
the availability of the unit is
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intermittent resources on the
grid, including solar DG, may
well cause new, cleaner, and
more efficient generation to
appear less attractive to
investors. Over the long term,
that effect could lead to
reliability problems associated
with inadequate generating
capacity, especially at times of
peak demand .
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C. Solar DG does not avoid
transmission costs

It is nearly impossible to dem-
onstrate that solar DG will obviate
the need for transmission, much
less quantify the cost savings as-
sociated with this purported
benefit. Of course, there is a sim-
ple way to calculate any actual
transmission savings, and that is
by compensating solar DG pro-
viders in the organized markets at
the locational marginal cost of
electricity at their location. That
compensation model would have
the benefit of capturing both the
energy value and the demon-
strable transmission value of solar

coincident with peak demand or
has the effect of conserving
otherwise deletable resources.
Absent those circumstances,
and absent storage, it is almost
certainly the case that the
system provides reliability for
solar DG, rather than the other
way around. That is particularly
ironic given that in the context of
net metering, solar DG hosts do
not pay for that backup service
while generating electric energy.
In essence, in a net metering
context, non-solar customers pay
solar DG providers for reliability
benefits that solar DG does not
provide them, while solar DG
customers do not pay for the
reliability benefits they actually
do receive.

ram an investment perspec-
tive, solar DG pricing meth~

ode, like NEM, which redirect
distribution revenues from dis-
tributors to solar PV providers
who offer no distribution ser-
vices are detrimental to reliabil-
ity as they either deprive the
sector of capital needed to
maintain high levels of service or
demand additional revenues
from non-solar DG users who
would ordinarily not have to pay
such a disproportionate share of
the costs. For utilities, the
diversion of funds leaves them
with a Hobson's choice of
either delaying maintenance
and/or needed investment, or
seeking additional funds - in
effect, a cross-subsidy from
non~solar users. It is also
relevant to reliability to again
note that the prevalence of

DG. Absent that formulation,
efforts to calculate actual trans-
mission savings would be a dif-
ficult, perhaps entirely academic,
task.

Alar DG advocates assert that
real transmission savings are

achieved through the deployment
of DG, especially in systems that
use locational marginal cost pri-
cing. The argument is that by
producing energy at the distri-
bution level, less transmission
service will be required, thereby
reducing or deferring the need for
new transmission facilities. It is
also often contended that DG will
reduce congestion costs, and
perhaps even provide some
ancillary services. All of that is
theoretically possible but cer-
tainly not uniformly, or even
inevitably, true.

Of course it is true that DG,
absent any adverse, indirect effect
it might have on the operations of
the high-voltage grid, does not
incur any transmission costs in
bringing its energy to market.
However, that is quite different
than asserting that DG provides
actual transmission savings. In
fact, it would be incorrect to
simply conclude across the board
that solar DG will achieve trans-
mission savings. It is possible that
there could be transmission sav-
ings associated with solar DG
deployment, but that can only be
ascertained on a fact- and loca-
tion-specific basis. Such savings
would most likely be derived
from reducing congestion or
providing ancillary services of
some kind. It is also theoretically
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locational prices on the distribu-
tion system, there might be line
loss benefits that could be cap-
tured by DG but, since those price
signals do not exist, the argument
is purely academic.

VII. Lower Hedge Value

generation sources could change
voltage flows in ways that will
require more controls, adjust-
ments, and maintenance. Moving
from a one-way to a two-way
system will certainly increase the
need for technical equipment to
manage the reliability of the sys-
tem. While DG solar may not be
the only cause of this move the
intermittent nature of solar makes
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possible, but highly unlikely,
that massive deployment of
solar DG will eliminate
(or, more likely, defer) the need
to build new transmission
facilities. For a variety of reasons,
including the complexities of
transmission planning, the time
horizons involved, the complex
interactions of multiple parties,
and economies of scale in
building transmission, it is im-
probable that solar DG actually
saves any investment in
transmission capacity.

indeed, a mere glance at the
California ISO duck graph

showing the need for ramping
capacity to make up for the
intermittent availability of solar
DG provides a prima facie case
for believing that the opposite is
true and that solar DG may
cause a need for more trans-
mission to be built. These and
other charts also show that as
long as solar does not reduce
peak energy use, transmission is
likely needed to serve peak
hours. Regardless, it is virtually
impossible to demonstrate that,
other the possibilities of
reducing congestions costs
(a value fully captured by
LMP), there is very little
likelihood of transmission
saving being derived from solar
DG.

D. Solar DG does not avoid
distribution costs

It is more likely that solar DG
will cause more distribution costs
than it saves. That is because these

it particularly difficult to manage.
It will also inevitably increase
transaction costs for the utility to
execute interconnection agree-
ments and do the billing for an
inherently more complicated
transaction than simply supply-
ing energy to a customer. It is
impossible, unless a solar DG host
leaves the grid, to envision a cir-
cumstance where solar DG would
effectuate distribution savings.

Regarding distribution line
losses, DG offers value only to DG
providers when they consume
what they produce because any
DG output exported to the system
is subject to the same line loss
calculations that any other gen-
erator experiences. If there were

The theory advanced by some
solar DG proponents is that be-
cause the marginal cost of solar
is zero, it serves as a hedge
against price volatility. In theory,
that might make sense. In reality,
however, solar is an intermittent
resource that cannot serve as a
meaningful hedge unless such
zero-cost energy is both suffi-
ciently and timely produced .
Thus, solar DG is the equivalent
of a risky counterparty whose
financial position renders him
incapable of assuring payment
when required. Moreover, the
value of a hedge depends on the
amount of money the purchaser
of the hedge is obliged to pay for
the insurance and the amount
and probability of the price
he/she seeks to avoid paying.
With a NEM system (or the
high-priced "value of solar"
approach that solar DG advo-
cates seek), the price paid is
highly likely to exceed the fuel or
energy price most utilities would
hedge against. In short, the
argument ventures into the
realm of the absurd. It amounts
to: Pay me u fixed price that is
higher than the price you want to
avoid, in order to avoid price
volatility.

I l
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he argument that solar DG
provides a valuable hedge

function is reduced to virtual
absurdity by the fact that the so-
called hedge is not callable. In
short, if the price rises to the level
against which the hedge purcha-
ser wants to be insured against,
the solar provider of the hedge is
not obliged to pay. That being the
case, there is no hedge whatso-
ever.

1

VIII. Effects of Solar DG
on Other Renewable
Resources

order, the most cost-effective
types of generators for reducing
carbon. Lovins took issue with
Frank for using outdated data and
for not looking at energy effi~
ciency. He also argued that
nuclear ranked last in cost effec-
tiveness, and expressed some
reservations about the ranking of
natural gas. However, what is
significant is that, among renew-
able resources, Lovins concurred
with Frank that solar DG is the
least efficient renewable resource
for reducing carbon. Thus, in the
view of both men - who hold
quite divergent views on how best
to reduce carbon emissions - not

A. Impact of a low capacity
factor

only is solar DG expensive, it is
the least cost-effective renewable
resource for reducing carbon
emissions.Since 2008, as Figure 5 from the

United States Energy Information
Administration (EIA) points out,
solar PV has had the lowest ca-
pacity factor of any commonly
used renewable energy resource
in the U.S. It is also worth noting
that while the overall costs of
installing solar panels has
declined (as noted above) the

productivity of solar PV has
remained constant at consistently
low levels. It should be noted that
the chart below compares only
"utility-scale" projects. As noted
in the Lazard study above, dis-
tributed solar is even less cost
effective than utility-scale solar,
which already occupies last place
on the Department of Energy
(DOE) ratings.

he stark reality of solar PV's
combination of high prices

and poor capacity factor carries
over into the cost of reducing
carbon emissions. An interesting
dialog occurred recently between
Charles Frank, an economist at
the Brookings Institution, and
Amory Lovins of the Rocky
Mountain Institute.; Their dialo-
gue, while contentious on many
points, reflects similar views on
the realities depicted in the EIA
chart. Frank analyzed five non- or
low-emitting generation
resources by their cost effective-
ness in reducing carbon and
concluded that nuclear and nat-
ural gas, followed by hydro,
wind, and solar were, in that

B. Impact of hi8her-thaxv
market price
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Figure 5: Capaci ty Factors of Uti l i ty-scale Renewable Energy Generators

.4

Higher-than-market prices
paid for solar DG has adverse
effects on other renewable
resources. All wholesale
generators, renewable and
otherwise, have to incorporate
transmission and distribution
costs into the price of energy de-
livered to customers. As men-
tioned above, it is true that
transmission issues play out dif-
ferently for distributed generation
than for wholesale generation.
Since DG, by definition, does not
rely on transmission capacity,
although DG might impact
congestion costs in various ways,
wholesale energy's delivered cost
reflects transmission capacity
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generation, including all other
renewables. The disparity in
treatment between solar DG and
other forms of energy suggests
that net metering is not only fed-
eral preemption bait (as further
discussed below); it is fundamen-
tally anti-competitive as well.
Indeed, it compels consumers to
both cross-subsidize less efficient
producers and to pay higher prices

for the energy they export at a
price that can range from two to
six times the market price for
energy. Second, in those states
with renewable portfolio stan-
dards (RPS), the entry of a critical
mass of non-cost-justified solar
DG units into the market could
have the effect of driving more
efficient, largescale renewables
out of a fair share of the RPS
market. The effect, in a competi-
tive market, is to bias the market
to incentivize highly inefficient
small-scale solar to the detriment
of less costly larger-scale solar.

4

C. Comprehensive
environmental analysis

costs while DG's does not. Thus,
any competitive advantage for
DG on that score is quite natural.
However, under the net metering
scheme, DG providers also do not
have to incorporate distribution
costs into their end product, and
that results in a serious economic
distortion of the generation mar-
kets in general as well as specifi-
cally in renewable markets. In
fact, as noted supra, solar DG
providers under NEM are actu-
ally paid for delivering their en-
ergy even though they provide no
such service. Wholesale genera-
tors, unlike their DG counter-
parts, enjoy no such comparable
enrichment for service they do not
provide. The effect of NEM's
highly inefficient and non-cost»
reflective rates is to distort market
prices in ways that reward inef-
ficiency and will likely distort
price signals that are essential for
an efficient marketplace.

n addition, at a critical mass,
artificially elevated solar DG

prices are highly likely to create
distortions and inefficiencies in the
capacity and energy prices found
within organized markets. An
environment with two parallel
pricing regimes, one market- or
cost-based, and the other an arbi-
trary one neither rnarket~ nor cost-
based, is simply economically
incoherent and unsustainable. The
overall effect of net metering is to
increase the prices consumers pay
for energy overall, without any
assurance of any long-term
benefit. Solar DG is artificially
elevated to a preferential position
above moreefficient, larger-scale

than necessary for energy. It will
also entice investors to allocate
their capital to toward more prof-
itable but less efficient generation.
In terms of efficiency and public
benefit, the incentives inherent in
NEM are simply perverse.

Large-scale bulk power
renewables (e.g. large-scale wind
and solar farms, geothermal) are
put at a particular disadvantage
by NEM pricing of solar DG in-
dependent of costs or market for
two basic reasons. First, large-
scale renewables are more effi~
sent and more costeffective than

DG, yet net metering provides a
subsidy only to the less efficient
form of generation. In fact, solar
DG providers are compensated

Any analysis of the environ-
mental impact of the generation
mix should include an examina-
tion of the least-cost, most effi-
cient ways to get to the desired
results. Problematically, the pref-
erential pricing of less efficient
solar DG imposes an unneces-
sarily high-cost approach to re-
ducing carbon. Results such as
that cannot be justified on the
basis of externalities, which are no
different between DG and
larger-scale renewables. Indeed,
it seems probable that
overpayments for DG have the
effect of squeezing more efficient
forms of renewable energy out of
RPS markets by using preferential
pricing to grab a disproportionate
share of the RPS market and
driving up the cost of reducing
carbon.

In the long run, of course, the
inherent favoritism in pricing DG

vin
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at levels arbitrarily higher than
other renewable energy sources
does not bode well for either the
future of renewables or the objec-
tive of efficiently reducing carbon
emissions. Discrimination in favor
of inefficient resources on a long-
term basis is simply not sustain-
able. The inevitable backlash in
both the marketplace and public
perception has the potential to
sweep away public support for
renewable energy and perhaps for
strong environmental controls as
well, an outcome no one con-
cemed about the environment
would want. One of the most no-
table ironies emanating from the
use of net metering to price solar
DG is that it will almost certainly
lead to changes in retail pricing
that will undermine the promotion
of energy efficiency. The reason for
this is that as solar DG becomes
more widely deployed, utilities
and their regulators will likely
become increasingly concerned
with the diminution of revenues
required to support the distribute
son system that is caused by the

use of net metering.
hose concerns are derived
from the fact that under

NEM, when solar DG is being
se1f~consumed at the host pre-
mises, no revenues are being paid
by that host to the utility for
providing what essentially
amounts to a battery to supple-
ment their self-generation. Since
the costs of the distribution are
fixed and not variable with the
use of "behind the meter" gen-
eration, net metering results in a
delta of revenue that is either

l

made up for by non-solar custo-
mers or constitutes a loss for the
utility. Neither outcome is likely
to be satisfactory to either the
utility or the regulators. Inevita-
bly there will be raternaking
consequences. That problem is
compounded, of course, by the
fact that when the excess output
of rooftop solar is being exported
into the grid the solar provider is

costs, regulators have generally
divided the recovery of those
costs on a different basis. Some
have been recovered on a fixed
basis, while others have been re-
covered on a variable, volumetric
basis. There are two critical policy
reasons why this has been the
case. The first is that fixed charges
tend to impose a disproportionate
burden on low-income house
holds and on customers whose
consumption is relatively light.
The other reason is that volu-
metric-based charges send a sig-
nal to end users that the more they
consume, the more they pay.
Stated succinctly, the price signal
promotes the efficient use of en-
ergy. If the revenue stream to
cover distribution costs is dimin-
ished through mechanisms like
net metering, utilities concerned
about revenue requirements and
regulators, concerned about reli-
ability will, almost inevitably,
shift more costs into non-by
passable fixed charges, thus im-
posing more of a burden on low-
income households and, equally
important, diluting price signals
for energy efficiency, In short, net
metering will almost certainly, at
some point, serve to both cause
cost recovery to be socially re-
gressive, and to discourage ener-
gy efficiency. In effect, net
metering will likely become a
classic case of anti-green pricing.

he AnN-green pricing aspect

being paid as if he/she was deli-
vering the energy, a service
obviously provided by the distri-
bution utility. Thus, not only are
solar hosts not paying their fair
share of fixed costs, they are, by
the operation of net metering,
actually taking revenues away
from the entity that actually pro-
vides the service. From the
standpoint of the utility and of the
non-solar ratepayers who have to
bear the burden of such uneco-
nomic and inequitable revenue
allocation, rate design remedies
will be sought.

One likely remedy to be pro
posed is to modify the fixed/
variable ratio in rates. While dis~
tributions are indisputably fixed

of net metering is ds
exemplified by the behavioral
pattern it incepts among solar
hosts. As shown on both the
California and New England
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mechanism that causes utilities
and regulators to move costs into
the fixed category, thereby dilut-
ing the price signals that would
encourage energy efficiency

E. Possible federal
preemption

graphs above, solar production
slacks off and ultimately
disappears as demand reaches its
peak. Despite that, solar hosts are
never signaled through prices
that their consumption is no
longer being supported by
zero-marginal-cost solar
production. Indeed, in most cases
net metering determines prices on
an average-cost basis, even
though solar production, even in
the best of circumstances, is only
available a fraction of the time
period used for averaging. Thus
solar hosts are essentially lulled
into a pattern induced by low
marginal prices, which continue
in periods of peak demand
thereby driving the peak
demand even higher, a result that
is truly perverse, both
economically and environment
tally. In short, net metering and
energy efficiency are simply not
compatible

State regulators, in setting
prices for solar DG, should also be

D. Net metering and energy
efficiency are incompatible

conscious of the potential for ju-
risdictional disputes should DG
prices cause any dislocation in
wholesale markets. Because of the
economic distortions caused by
NEM, there are some who are
calling for DG to be under the
control of the Federal Energy
Regulatory Commission (FERC)
rather than state public utilities
commissions' jurisdiction." Ur
less states begin to remedy the
price distortions inherent in net
metering, it would be surprising if
many aggrieved wholesale gen
aerators did not seek relief from
FERC. In a somewhat analogous
situation, New Jersey and Mary-
land sought to use state subs
dies/mandates to support the

Many experts from all facets of
the renewable energy discussion
will assert that energy efficiency is
an important, if not the most lm
portent, means to increase carbon
reductions. Assuming those
experts are correct, it is important
to consider the ways in which net
metering impacts incentives for
energy efficiency. While solar DG
and energy efficiency are not in
fervently anathema, net metering
is not compatible with energy ef-
ficiency. As discussed above, net
metering is a compensation

construction of new power plants
in order to manipulate and /or
bypass the PIM capacity market
FERC, in a decision which was
later affirmed by the Third Circuit
Court of Appeals, struck down
the state program by preemption
State commissions that continue
to prop up a net metering regime
with no basis in either market
based pricing or cost-of-service
regulation may well discover the
prospect of preemption hanging
over them Further foreshadow
in preemption are several other
examples of state net metering
programs running contrary to
federal pricing regimes

he Public Utility Regulatory
Policies Act (PURPA) places

an avoided-cost ceiling on power
purchases; net meter°ng evades
that ceiling. Under net metering
arrangements, not only are put
chases of excess power mandated
at levels well in excess of avoided
costs, but they also include a
cross-subsidy from non-solar
customers for the distribution
costs of solar DG providers. Bulk
power renewables are subject to
all of the rules of the wholesale
market, which may include such
costs as congestion costs, ancillary
services, penalties for no avail
ability, and others. Under net
metering, solar DG providers are
subject to none of these discs
planes. In addition, some whole
sale renewable generators
complain that the arbitrarily high
prices paid under net metering
have the effect of attracting
enough solar DG providers to fill
up the RPS market, so that they
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costs into consid aeration in setting
prices for various forms of energy.

The use of external social costs,
as opposed to solely the inter~
realized economics of various
forms of energy is a controversial
subject. Many oppose the use of
externalities as a factor in pricing
because it distorts the market and
makes social judgments eco-
nomic regulators may not be

are being effectively squeezed out
of the portfolio entirely.

hat is particularly ironic
about this effect is that, as

noted above, distributed, small~
scale solar is the least efficient
form of commonly used renew-
able energy sources in the United
States. All of these factors indicate
that an increasing number of
parties are likely to be motivated
to ask FERC to preempt net
metering and other state~man-
dated regimes that allow for
unreasonably discriminatory and
anti-competitive pricing.

IX. Factors Mitigating
Environmental Benefits

Expectations of environmental
externality benefits may be the
biggest motivator for supporting
and subsidizing solar DG. Pro-
ponents of solar DG note that
solar has zero carbon or other
harmful emissions from the pro-
cess of producing energy. Addi-
tionally, to the extent that wide
deployment of solar PV avoids
the need to invest in technologies
that do have carbon and other
undesirable emissions, there is an
environmental benefit that avoids
the social costs associated with
pollution. In the absence of legal
limits on relevant emissions such
costs, solar DG advocates cor-
rectly point out, are not captured
in the internalized costs of the
competing technologies. There
fore, solar DG advocates suggest
that regulators and policymakers
should take these external social

empowered to make. In the views
of such opponents, the only ex-
ternalities that ought to be in-
corporated into pricing are those
that are internalized by legal
mandate. Proponents of incor-
porating externalities into rates
contend that doing so is the only
way to accurately reflect all social
costs. They also contend that
factoring in environmental ex-
ternalities is a form of insurance
against future regulatory
requirements. While this article
takes no position as to the merits
of incorporating externalities
into ratemaking, it will address
this issue, on the assumption
that at least some regulators
and policymakers will look at

externalities for purposes of
assessing the value of solar DG.

afore delving into this issue
any further, it is important

to note that the United States
Environmental Protection
Agency (EPA), whose
jurisdiction over carbon
emissions has been affirmed by
the U.S, Supreme Court,5 has
proposed new rules under
Section 111(d) of the Clean Air
Act that would, if promulgated,
internalize the costs of carbon
into electricity ratemaking, so
the issue of whether or not to
consider the costs of carbon
would no longer be debatable.
Thus, there is a great deal of
uncertainty which, in the short
term, effectively strengthens the
hand of those who contend
consideration of carbon
emissions would be a form of
insurance against future
regulation. In the longer term,
however, the likelihood that
carbon emissions will be
internalized gives rise to very
serious questions as to the value
of including externalities which,
over time may run contrary to
the economics of internalized
carbon costs. It is also worth
noting that there are already
several states that have adopted
controls on carbon emissions. In
those states, it is especially
important to make certain that
renewable policy and pricing
enhances efficiency in
compliance, as opposed to
confusing means and ends.
Regardless, the environmental
issue, in terms of solar DG, is

|
»
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than if they were running as pure
caseload. Thus solar DG is not
only expensive, it is also much
more likely to displace low-
emitting, more efficient
generation than less efficient,
dirtier units. In addition, as noted
earlier, net metering significantly

dilutes the price signals for
environmentally benign energy
efficiency.

demonstrates that increased dh
pendency on renewable energy
resources, particularly intermit-
tent resources, does not, as many
solar DG proponents claim, ipso
facto,mean fewer carbon emis-
sions, and may, in fact, cause the
opposite to occur. It also demon-
strates that prices will escalate
dramatically if the feed in tariffs
are as far in excess of market as
NEM prices are, as shown by the
DTE graph above. The Germans,
incidentally, have recognized their
miscalculations and are dramati-
cally recalibrating their strategy.

X. Regressive Social
Impact

I
l

i
I

how cost effective such installa-
tions are for reducing carbon.

here is little dispute that
solar DG is the least efficient

of all renewable energy resources
in common use in this country. As
noted, there is even a consensus,
which includes Amory Lovins,
that agrees that solar DG is the
least efficient renewable resource
for reducing carbon. That view is
fully supported by the facts in the
California duck graph, as well as
the ISO-New England and EPRI
Value of the Grid data, which
demonstrate conclusively that
solar DG is consistently off-peak.
When priced at net metering
levels, it is also the most expen-
sive renewable resource, thereby
producing a perverse paradigm
that where the least efficient
resource costs the most. There-
fore, it is evident, without con~
sideling any other factors, that
solar DG is the least cost-
effeetive use of renewable
energy to reduce carbon
emissions. There is also the reality
that, as a general rule the least
efficient and "dirtiest" plants are
most likely getting dispatched at
times of peak demand. Thus, in
the rare instance that solar DG is
available at peak in the United
States, it is not displacing the
most carbon emitting plants.
Instead, it is displacing more
efficient, less polluting
generating units. Moreover, as an
intermittent resource, its
availability is highly uncertain
and fossil plants are often called
upon to operate on a less efficient,
more carbon-emitting basis

K
i

Those conclusions have been
borne out by developments in
Germany. In that country, where
there has been a very dramatic
increase in reliance on intermit-
tent energy, prices have risen 37
percent since 2005, and were ac-
companied by spikes in both
carbon emissions and the use of
brown coal (lignite). While there
are very significant difference
between most states and
Germany, perhaps most notably
that Germany has decided to close
down its nuclear plants (although
it has replaced much of the do-
mestic nuclear with imported
nuclear energy), the experience
in that country is very telling."
The German example clearly

There are social effects beyond
the environment that have to be
taken into account if externalities
are to be factored into ratemaking.
Any failure to examine environ-
mental externalities without rec-
ognizing that there are other social
externalities to be considered as
well will yield highly skewed
results. Perhaps the most impor-
tant of those is the social impact,

The social impacts of solar DG
are caused by three main factors.
First, as noted above, solar DG
users have their electricity costs
cross-subsidized by their neigh-
bors who completely rely on the
grid. Second, some data suggests
that solar DG users are unusual
electricity users. Third, not ev-
eryone can afford to be a solar DG
user. To address the second point,
unlike typical residential
customers, in some regions solar

I
I
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DG users use little or no grid
power at midday but quickly
ramp up demand on peak, when
PV production wanes (as is
demonstrated by the charts in
from the New England and Cali-
fornia ISO). Utilities must be able
not only to serve full load on days
when solar PV is not performing,
but also to ramp up resources
quickly to address the peak
created by solar DG users. In
order to ramp up as needed,
utilities will purchase energy at
the marginal price and then
distribute those costs across all
users, not just solar DG users.
Thus, users without solar DG may
be penalized for the use patterns
of their solar DG neighbors. A
comparison of residential elec-
tricity consumers in the western
United States may be found
below in Figure 6.7

Arther, the impact of net
metering is not simply the

creation of a cross-subsidy from

non-solar PV customers to solar
PV customers but, as has been
pointed out in a recent study by
ET,* it is a cross-subsidy from less
affluent households to more
affluent ones. Indeed, the average
median household income of net
energy metering customers in
California is 68 percent higher
than that of the average house-
hold in the state, according to the
study. in a recent proceeding, the
staff of the Arizona Commerce
Commission noted the same
consequence." As one wry
observer in California noted,
net metering is not "Robin Hood"
but rather it is "Robbin' the hood."
In order to install rooftop solar
panels, often individuals must be
homeowners with high credit
ratings or sufficient capital.
Leasing arrangements are also
widespread, but are generally
available only to customers who
own their own premises and
they require the assignment of

most of the rooftop solar benefits
to the lessor. Many electricity
customers, particularly less
affluent ones, do not own
homes or lost their homes in
the most recent recession. The
electricity customers who are
unable to afford rooftop solar are
forced to subsidize those who are
already in a more favorable
financial position. Thus, it is
entirely fair to characterize NEM
as a wealth transfer from less
affluent ratepayers to more
affluent ones.

riffs with a regressive social
impact are certainly worthy

of consideration from a policy and
raternaking perspective. Thus, if
externalities are to be weighed in
setting pricing for solar DG, then
it is important to avoid inordinate
cost shifting and, in particular, to
avoid adding new burdens to the
less affluent in order to provide
benefits to those further up on the
income scale.

Residential Residential with Solar DG
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XI. Impact on Job
Creation

view solar DG has energy value,
the potential for reducing some
transmission costs, and perhaps
under the right circumstances,
some capacity value, and ought to
be compensated accordingly.
With regard to externalities, it is
not entirely clear, when viewed in
the entire scope of its impact, that
solar DG, has positive environ-
mental value, but it is absolutely

Endnotes:

1. Blaek, John,Update on Solar PV
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New England (June 2013).

2. See Frank, Charles R., Lovins,
Amory B., 2014, September. Alternative
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Low and No-Carbon Electricity
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Conclusions. The Brookings
Institution.See alsoFrank, Charles R.,
2014. The Net Benefits of Low and No-
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Brookings Institution Giobad Economy
and Development Program, 1939-9383
see contra Lovins, Amory B., 2014,July.
Sun, wind, and drain. The Economist;
Lovings, Amory B., 2014, August.
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Online 38 (2013).
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of solar installers employed does
not tell us much. Many aspirations
for more jobs manufacturing PV
units in the United States have not
materialized due to China's cap-
ture of the market. Other impacts
to be considered are the effect of
solar PV on electric rates and the
impact of that on the job market,
not only in terms of what happens
with rates, but also in terms of the
rate structure that is implemented
as a result of more market pen-
etration by solar DG. For example,
it is conceivable Mat any move-
ments toward more fixed costs
could discourage energy efficiency
work thus displacing jobs in
manufacturing and installing en-
ergy efficiency technology.
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Environmental Protection Agency,549
U.S. 497 (2007).

XII. Conclusion

6. 53 Melissa Eddy, German Energy
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8. Energy and Environmental
Economics, Inc. CaliforniaNet Metering
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Prepared for California Public Utilities
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There is value in solar DG, but
that value is severely diminished
and placed in peril if its pricing
discourages efficiency improve-
ments and distorts critical price
signals in the marketplace. It is
similarly counterproductive to
the future of solar DG if its pricing
has socially regressive effects and
if it sucks needed revenue away
from the essential distribution
grid. From an economic point of

clear that when net metering is
deployed, it is simply not a cost-
effective means for reducing car-
bon emissions. In fact, it is pos-
sible that solar DG might do more
harm than good if it has the effect
of removing price incentives for
energy efficiency, and if it causes
older plants to extend their lives
and to operate inefficiently on a
ramping basis for which they
were not designed. It seems clear
that if we are to capture the full
value of solar DG, net metering
must be discarded and replaced
with a market-based pricing sys-
tem that values the resource ap-
propriately and includes
incentives for making it more et
ficient over the long run.:

9. Arizona Commerce Commission.
Open Meeting re: Arizona Public
Service Company ._ Application for
Approval of Net Metering Cost Shift
Solution (Docket No. E-0135A-13-
0248). Sept. 30, 2013.
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BACKGROUND AND PURPOSE

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.

My name is David w. Hedrick, and my business address is 5555 North Grand

Boulevard, Oklahoma City, Oklahoma 73112-5507.

BY WHOM ARE YOU EMPLOYED, AND WHAT IS YOUR POSITION?

I am employed by Guernsey Engineers, Architects and Consultants. I am Senior

Vice-President and Manager of the Analytical Services group.

PLEASE DESCRIBE YOUR EDUCATIONAL BACKGROUND AND WORK

EXPERIENCE.

I have earned a Bachelor of Science degree from the University ofCentral Oklahoma

in mathematics and a M.B.A degree from Oklahoma city University. I have been

employed with Guernsey since 1981. My primary area of responsibility is rate

analysis and cost of service work for electric distribution cooperatives and electric

generation/transmission cooperatives. Attached hereto as Exhibit DWH-1 is my

resume with a listing of the projects and clients with which I have been involved.

tQ- HAVE YOU PREVIOUSLY TESTIFIED BEFORE REGULATORY

COMMISSIONS?

1

2  Q .

3  A .

4

5

6 IQ-

7 IA.

8

9

10 IQ.

11

12 1 A,

13

14

15

16

17

18

19

20

21 lA.

22

23

24

25

Yes. I have testified before the Arizona Corporation Commission, the Arkansas

Public Service Commission, the Colorado Corporation Commission, the Oklahoma

Corporation Commission, the Public Utility Commission of Texas, and the

Wyoming Public Service Commission.

1



ON WHOSE BEHALF ARE YOU TESTIFYING IN THIS MATTER?

I am testifying an behalf of Sulphur Springs Valley Electric Cooperative, Inc.

("SSVEC" or "Cooperative").

WHAT IS THE PURPOSE OF YOUR TESTIMONY IN THIS

PROCEEDING?

1 Q.
2 A.
3
4
5 Q.
6
7 A.
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

My testimony provides SSVEC's position regarding the cost of solar distributed

generation on its electric distribution cooperative members. My testimony will

address:

a. The impact of Distributed Generation ("DG") and Net Metering on the

Cooperative;

b. The Cooperative's Avoided Costs and the fact that its wholesale capacity

costs are not reduced as a result of solar DG,

c. The lack of reducion in the Cooperative's distribution costs as a result of

solar DG;

d. The negative impact of DG on the Cooperative is more significant than for

other utilities;

e. The development of charges and/or credits for DG should be based on the

same criteria used to develop the rates and charges for other customers;

f. Programs to mitigate the costs of DG should be fair and equitable to all

customers, and

g. Legislation and other authoritative materials regarding the costs and benefits

of solar DG.

2



2 Q-

IMPACT OF DG AND NET METERING

PLEASE PROVIDE AN OVERVIEW OF THE IMPACT THAT DG

INSTALLED BY MEMBER CONSUMERS HAS ON THE COOPERATIVE

AND ITS MEMBERS.

5 A. SSVEC delivers electric service to its members using extensive distribution systems.

Its distribution systems consists of electric facilities built to serve the total capacity

of the electric load and customer-specif ic electric facilities that are required to

provide service regardless of how much energy is consumed. The capacity-related

facilities include substations, a portion of the overhead and underground lines, and a

portion of the transformers. The customer-related facilities include a portion of the

overhead and underground lines, a portion of the transformers, the service lines, and

the meters. The costs of providing service associated with both the capacity- and

customer-related facilities are fixed in name. That is, these costs do not vary based

on the amount of energy (kph) consumed by the Cooperative's members. While a

customer density per mile of line will lessen the average per customer cost of these

facilities, the Cooperative has relatively few customers per mile of line. Most of the

cooperatives in Arizona were formed in rural areas where the densities and operating

margins were deemed too small to attract the necessary capital investment from

investor-owned utilities ("IOUs") or even any nearby municipal utility. As a result,

the number of customers per mile online for the cooperatives tends to be significantly

lower and the fixed investment per customer significantly higher than most IOUs.

In addition to the fixed distribution costs of providing service, the Cooperative also

incurs fixed wholesale capacity costs to provide electric service to its members 'lti'om

its wholesale power suppliers. These costs are associated with existing generation

3



facilities that ensure the ability to provide continuous service to members. These

fixed costs do not vary and are represented in a fixed charge billed by the wholesale

suppliers I

Historically, the Cooperative has recovered the costs of providing service to

Residential members through rates that include a monthly service availability charge

and an energy charge applied to the monthly kph consumption. The monthly

service availability charges approved by the Arizona Corporation Commission have

historically been set at amounts well below the total customer-related cost of

providing service per customer. The energy charges have historically been designed

to recover the remainder of costs to provide service not included in the service

availability charges (which include a portion of the customer-related costs, all of the

fixed distribution demand costs, the fixed wholesale demand costs, and the variable

energy costs).

1

2

3

4

5

6

7

8

9

10

11

i n

13

14

15

16

17

18

19

20

21

22

23

24

25

This rate design recovers a Maj or portion of the fixed costs in the variable component

of the rate. It can function well for the recovery of costs where all of the customers

being served in the Residential rate class are similar consuming entities receiving all

or most of their energy from a single utility. However, this rate design does not

provide for the appropriate recovery of the costs incurred in providing service to

customers that have solar DG facilities.

Customers that install DG facilities will reduce the energy (kph) that is purchased

from the Cooperative by an amount equal to the generation output of their facilities.

This reduction in kph purchased from the Cooperative results in a loss of fixed costs

4



being recovered through the energy component of the rate. The fixed distribution

demand and customer costs that the Cooperative incurs to provide service are similar

for all Residential customers,whether they have DGor not. These fixed distribution

demand and customer costs incurred by the Cooperative are not reduced as a result

of the installation of DG. Yet, because of the existing rate structure and the reduction

in kph purchased by the DG customers, the fixed costs included in the energy

component of the rate are not recovered. As a result, the Cooperative's customers

with DG do not pay the appropriate fixed demand and customer costs for the

provision of electric service, while the remainder of customers pay more than their .

equitable share of those costs. The installation of DG initially results in recovery of

less revenue than the existing rates were designed to recover. This inadequate

recovery of lost fixed costs and under-recovery of authorized revenues must

ultimately be recovered either from customers with DG or from all of the

Cooperative's remaining customers with consumption.

ARE MEMBERS WITH DG CONTINUING TO UTILIZE THE GRID FOR
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SERVICE?

Yes. Members of the Cooperative may believe that if their net power flow is zero

that they are not using the grid. This is simply not true. First of all, those with DG

systems don't produce power adj of the time. When they are producing in excess of

their own needs, the excess energy is put back on the grid. The Cooperative's

systems then serve essentially as a battery to provide energy when the DG customers

are not producing power sufficient to meet their load requirements.

5
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It is important to understand that the grid provides much more than power. The grid

services that the Cooperative and other utilities provide include reliability, reserves,

frequency control, voltage control, and redundancy as physical quantities flowing

through the grid. Members may have net zero power flows, but reliability is flowing

into the members, and none is flowing out: not a net zero. Voltage control is flowing

into the members, and none is flowing out: not a net zero. Frequency control is

consumed by the members, and none is provided by the members: not a net zero. In

short, while members may have reached a "net zero" threshold on energy (kwh),

they are a large net negative on very expensive grid services that everyone else has

to pay for. Stating that you don't use the grid because you are net zero is like saying,

"I drive the same road to and from work each day, so I net zero mileage on the road

and, therefore, I don't use the road."

WHAT ARE "LOST FIXED COSTS" RELATED TO DG?
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The energy charge in the Cooperative's Residential rates include three cost

components: purchased power demand costs, purchased power energy costs, and

distribution wires costs. The purchased power demand costs and distribution wires

costs are fixed costs that do not vary based on kph consumption and are not reduced

as a result of a member's reduced consumption, even though these costs are

recovered in the energy charge of the Residential rate. Therefore, as energy

consumption is reduced due to installed DG, these fixed costs are no longer

recovered from these consumers. These costs not recovered ham members with DG

are known as "lost fixed costs."

6
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WHAT IS THE MAGNITUDE OF THE UNRECOVERED FIXED COSTS?

Exhibit DWH-2 provides a calculation of the lost fixed costs resulting from service

provided to Residential members with DG under Sulfur Springs Valley Electric

Cooperative, Inc.'s e>dsting Net Metering Tarift`NM- 1. At the end of2014, SSVEC

provided service to 1,013 Residential members with DG. The average size of the DG

system installed is 5.62 kW (AC) with a capacity factor of approximately 25%. The

average monthly production for a unit of this size is 1,026 kph. Pursuant to its Net

Metering tariff; SSVEC must compensate the consumer for the total production from

a DG unit at the full retail rate. As a result, every kph generated by a consumer's

DG unit results in the lost fixed costs to SSVEC identified on Exhibit DWI-I-2. The

average monthly lost fixed costs associated with the purchased power demand costs

is $£13=8§per c storer under the existing Residential rate. The average monthly lost

tixedLt'sslassociated with distribution wires costs is $49¢85pergustomer under the

existing Residential rate. The total average monthly 'lie 5x31 cost is $gss8 pet

customer. The estimated lost fixed costs for SSVEC's 1,013 customers for 93811al

period under the existing Residential Rafe would, therefore, be $_L,l8»9§0"1'3,.

/ /5865 l t> 8

,06
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WHAT IMPACT DOES ARIZONA'S EXISTING NET METERING POLICY

HAVE ON THE COOPERATIVES?

The existing Net Metering policy is found in Arizona Administrative Code

R14-2-2306, which provides as follows:

A. On a monthly basis, the Net Metering Customer shall be billed or credited

based upon the rates applicable under the Customer's currently effective

standard rate schedule and any appropriate rider schedules.
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B. The billing period for Net Metering will be the same as the billing period

under the Customer's applicable standard rate schedule.

C. If the kph supplied by the Electric Utility exceeds the kph that are

generated by the Net Metering Facility and delivered back to the Electric

Utility during the billing period, the Customer shall be billed for the net

kph supplied by the Electric Utility in accordance with the rates and

charges under the Customer's standard rate schedule.

D. If the electricity generated by the Net Metering Customer exceeds the

electricity supplied by the Electric Utility in the billing period, the

Customer shall be credited during the next billing period for the excess

kph generated. That is, the excess kph during the billing period will be

used to reduce the kph supplied (not kW or kA demand or customer

charges) and billed by the Electric Utility during the following billing

period.

E. Customers taking service under time-of-use rates who are to receive credit

in a subsequent billing period for excess kph generated shall receive such

credit during the next billing period during the on- or off-peak periods

corresponding to the on- or off-peak periods in which the kph were

generated by the Customer.

F. Once each calendar year the Electric Utility shall issue a check or billing

credit to the Net Metering Customer for the balance of any credit due in

excess of amounts Owed by the Customer to the Electric Utility. The

payment for any remaining credits shall be at the Electric Utility's

Avoided Cost. That Avoided Cost shall be clearly identified in the

Electric Utility's Net Metering tariff

8
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As discussed above, members with installed DG reduce the energy (kph) purchased

from the Cooperative and, thereby, cause lost fixed costs to be incurred. Arizona's

existing Net Metering policy exacerbates the loss of fixed costs by requiring the

Cooperative to pay (via energy credits) the full retail rate for energy generated by

the members, even though the retail rate far exceeds the value of the excess

generation. Instead of fills retail rates, Avoided Cost rates (discussed below) are the

more appropriate form of compensation of excess generation. The current policy of

over-compensation for DG energy creates a cost that all members of the Cooperative

must pay. The application of the Net Metering policy in its current form is not

equitable.

AVOIDED COST RATE AND WHOLESALE CAPACITY COSTS

WHAT ARE THE COOPERATIVE'S AVOIDED COST RATES?

Avoided Costs are those costs that are eliminated as a result of power produced by

DG resources. The Cooperative's Avoided Cost rates are calculated based on the

wholesale fuel and energy cost per kph charged by the Cooperative's wholesale

power suppliers.
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WHY DO THE AVOIDED COST RATES INCLUDE ONLY THE

WHOLESALE FUEL AND ENERGY COSTS?

The Cooperative does not provide all of its own generation, but rather contracts with

Arizona Electric Power Cooperative and other providers for its wholesale power

requirements. These existing contracts, which provide the vast majority of power

used to serve the Cooperative's customers, include a fixed charge payment for the

cost of generation capacity. Ms fixed charge payment is constant and does not vary

9
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l based on consumption. As a result, any potential reduction in capacity requirements

created by the operation of DG does not translate into a reduction in generation

capacity costs for the Cooperative. Therefore, there is no capacity component

included in the calculation of the Cooperative's Avoided Cost rates. Only the

variable components of the wholesale rate - fuel and energy - are included in the

determination of the Avoided Cost rates. To the extent that a DG facility produces

kph that offset the wholesale supplier's delivery of kph, only the associated fuel

and energy costs are truly avoided.
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DISTRIBUTION SYSTEM COSTS

ARE THERE QUANTIFLABLE AVOIDED DISTRIBUTION SYSTEM

COSTS ASSOCIATED WITH SOLAR DG?

The experience of the Cooperative is that solar DG does not reduce its distribution

costs of providing service. Because of the intermittency and lack of reliability of

rooftop solar DG, a customer with rooftop solar must still rely on power provided

from the electric grid during times when the DG unit is not operating orren the

DG unit does not provide sufficient generation to serve the customer's entire load.

As a result, the size of the facilities required to provide service to a customer with

DG is no different than for a standard customer without DG. This means that the

metering, transformer, and service drop at the customer's service location would be

the same as for any other similarly situated customer. The sizing of the

Cooperative's substation facilities and overhead/underground primary distribution

line facilities are, likewise, unaffected by die presence of rooftop solar DG. The

planning process for construction of distribution facilities is affected by solar DG

only to the extent that additional equipment and devices are required to address

10
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operational issues, such as circuit loading, voltage regulation, power factor

problems, and protection coordination. Such equipment could include but not be

limited to additional regulators, capacitors, breakers, reclosers, and fuses. The need

for additional equipment to deal with operational issues becomes more significant as

the number of customers with solar DG on an individual circuit increases.

IMPACT OF DG ON THE COOPERATWES

THE ISSUES RELATED TO THE RECOVERY OF COSTS

ASSOCIATED WITH SOLAR DG HAVE A MORE PRONOUNCED

IMPACT ON THE COOPERATIVES THAN ON THEIR INVESTOR-

OWNED NEIGHBORS?

DO

Yes. All utilities share cost recovery issues related to solar DG. However, there are

two reasons why the recovery of the distribution costs of providing service to

customers with solar DG is a bigger problem for the cooperatives.
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First, the cooperatives are located in rural areas and, therefore, have a much lower

number of customers per mile. As a result, they require a much higher level of piant

investment per consumer to provide service. This leads to a higher distribution cost

ofproviding service per kph. Exhibit DWH-3 reflects the differences in line density

andaveragecost for the More rural cooperatives in comparison with APS and UNS .

This higher level of distribution costs for the cooperatives means that the level of

lost fixed costs created by customers with solar DG is a more significant issue for

the cooperatives. Approving rates and charges that allow for a better recovery of the

distribution costs associated with providing service to customers with solar DG is an

11
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essential step in ensuring that all customers pay their fair and equitable share of the

costs for distribution service.

The second reason that the recovery of the distribution costs for service to solar DG

customers is a more significant issue to the cooperatives is their small size and the

fact that the areas sewed by the cooperatives are the most economically challenged

counties in Arizona. Their small size means there are fewer customers over which

to spread any subsidies created by solar DG. Furthermore, customers with lower

incomes are less likely to participate in rooftop solar and least able to pay any subsidy

caused by the lost recovery of fixed costs 'from those customers that do deploy

rooftop sOlar_
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DEVELOPMENT OF DG CHARGES AND CREDITS

WHAT STANDARD SHOULD BE APPLIED TO DEVELOP THECHARGES

ANDCREDITS FOR SOLARDG?

There has been considerable discussion, not only in Arizona, but across the country,

regarding methods for quantifying the filature benefits of solar DG. It would be

appropriate that the same standards used in the development of rates for Arizona

utilities be applied in determining the value of solar DG. The primary standard in

rate making is that a utility may include for recovery in its rates only those expenses

that are known, measurable, and of a continuing nature. In addition, utilities have

not been allowed to recover in current rates those costs that are for future periods.

SSVEC does not have information or data regarding any future generation capacity

savings, transmission savings, or environmental savings associated with the

implementation of solar DG that would comply with the current rate-setting
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standard. Therefore, SSVEC is concerned by proposals to develop charges and

credits for current rates that would be based on a different standard, specifically one

that would require recognition of future unquantitiable benefits or potential future

quantifiable benefits of solar DG.

PROGRAMS TO MITIGATE DG COSTS

WHAT OTHER CONCERNS DOES SSVEC HAVE REGARDING THE

RECOVERY OF COSTS ASSOCIATED WITH SOLAR DG?
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SSVEC is concerned that programs or plans implemented to mitigate the impacts of

solar DG could result in additional costs to all of its members. Discussions have

taken place regarding the appropriate means by which to deal with the recovery of

lost fixed costs in an equitable manner. One option discussed was the establishment

of demand rates for all customers.

For utilities that have interval demand meters in place system wide, properly

designed demand rates may provide a means of fixed cost recovery from customers

based on how they use the grid. One significant concern with this option, however,

is that most of the cooperatives have demand meters installed and utilize demand

rates only for commercial and industrial rate classes. The installation of demand

meters and the other necessary communications equipment and software to establish

demand rates for all customers would be prohibitively expensive for SSVEC and

take years to implement and, thus, would not address the immediate issues. in

addition,SSVEC has fixed generation costs that do not get reduced by lowering the

demand of the individual cooperative. Thus, a demand rate would not result in any

fixed cost savings to the cooperative which could be passed on to its members. To
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the extent the Commission is considering demand rates as one method to address the

issues in this docket, it should provide the cooperatives with flexibility based on each

cooperative's particular circumstances .

4

NON-ARIZONA AUTHORITIES

ARE THE ISSUES RELATED TO DG CUSTOMERS LHVIITED ONLY TO

ARIZONA?
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No. The issues related to DG customers and Net Metering are being addressed across

the country. Other state regulatory bodies have developed laws and orders pertaining

to the cost issues that are informative. Attached as Exhibit DWH-4 is legislation that

was passed in Oklahoma that requires utilities in the state to eliminate subsidies to

customers with DG. Speciticaily, the law states:

C No retail electric supplier shall allow customers with distributed generation

installed after the ejective date of this act to be subsidized by customers in the same

class of service who do not have distributed generation.

D, A higher fixed charge for customers within the same class of service that have

distributed generation installed after the ective date of this act as compared to

the fixed charges of those customers who do not have distributed generation, is a

means ro avoid subsidization between customers within that class of service and

shall be deemed in the public interest

Exhibit DWI-I-5 is legislation that was passed in Arkansas to amend the requirements

for utilities to compensate Net Metering customers. Section 3 of the act directs the

Arkansas Public Service Commission to establish rates, terms, and conditions for

net-metering contracts, including:

14
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(AM) A requirement that the rates charged ro each net-metering customer recover

the electric utility 's entire cost of providing service to each net-metering customer within

each of the electric utility 's class of customers.

HD The electric utility's entire cost of providing service to each net metering

customer within each of the electric utility 's class of customers under subdivision

(b) (])(A)(i) of this section:

(a) Includes without limitation any quantifiable additional cost associated

with the net-metering customer's use of the electric utility's capacity,

distribution system, or transmission .system and any eject on the electric

utility 's reliability; and

(b) Is net of any quantifiable benefits associated with the interconnection

with and providing service to the net-metering customer, including

without limitation benefits to the electric utility's capacity, distribution

system or transmission system.
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In addition to the legislation passed in Oklahoma and Arkansas, the Wisconsin

Public Service Commission has also recently provided comment on DG subsidies.

On page 62 of the Order in Docket No. 05-DR-107 (December 23, 2014), the

commission states :

As Wisconsin courts have long recognized rate design is a quintessential

legislativefUnctionfirmly lei to the discretion of the Commission. Other substantial

state andfederalprograms are designed specyically to support the development and

implementation of conservation and renewable energy resources. The Commission

is not required to use rate design as a hidden subsidy for these resources. This

Commission continues to support customers who want ro own their own generation;

15
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however, the Commission also has an obligation to those customers who do not want

to or who cannot afford to own generation to make sure these customers are not

subsidizing the costs for those who choose to and are able to own their own

generation.

WHAT ADDITIONAL INFORMATION HAVE YOU PROVIDED FOR

CONSIDERATION WITH REGARD TO THE COST RECOVERY ISSUE

FOR DG CUSTOMERS?

Attached as Exhibit DWH-6 is an article from the December 2014 Electricity

Journal entitled "Valuation of Distributed Solar: A Qualitative View."' The article

was written by Mr. Ashley Brown, the Executive Director of the Harvard Electricity

Policy Group, former Commissioner of the Ohio Public Utility Commission, and

former chairman of NARUC, and Jillian Bunyan, an attorney formerly with the

United States Environmental Protection Agency's Office of Regions Counsel. The

preface to the article provides insight regarding the content of the article:

A critical evaluation of the arguments used by solar DG advocates shows

mar those arguments may ojien overvaluesolar DG. It is time to reassess the value

of solar DG from production to dispatch and to calibrate our pricing policies to

make certain that our ejorfs are equitable and carrying us in the right direction.
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These examples of legislation and commission orders, as well as the Electricity

Journal article, conflnn that (1) there are significant cost recovery issues associated

with the provision of service to customers with installed solar DG and (2) the current

use of Net Metering is not an effective or equitable means to compensate customers

l 1040-6190/02014 Elsevier IDC. All rights reserved. http://dx.doi.org/10. 1016/j.tej.2014.11.005.
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for that excess generation.

DOES THIS CONCLUDE YOUR TESTIMONY?
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Yes, it does.
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EDUCATION:

M.B.A., Oklahoma City University, 1993
B.S., Mathematics, University of Central Oklahoma, 1986

PERTINENT EXPERIENCE FOR THE PROJECT:

Mr. Hedrick specializes in the development of revenue requirements, cost of service. rate
design, line extension analysis, special contract development, pole attachment rates,
valuation analysis and other financial analysis for electric, water. and wastewater utility
systems, He is also responsible for the preparation of rate filings and has presented expert
testimony before state regulators, including Arizona, Arkansas, Colorado, Oklahoma, Texas
and Wyoming. Mr. Hedrick's clients include both distribution providers and wholesale
providers. He was instrumental in the development of the CoOPTlONS: family of computer
software for use in unbundled utility cost of service studies and financial forecasting.

As Manager of the Analytical Solutions Group. Mr. Hedrick has oversight of all studies,
analyses and filings that are developed by the group. He continues to represent clients before
the appropriate regulatory authority and is responsible for the preparation of rate filings and
other analytical studies.

SPECIFIC CONSULTING EXPERIENCE:

Acquisitions, Consolidations & Valuation Analysis

Mr. Hedrick has provided analytical support for consolidation studies in Texas and Wyoming.
In addition, he has been involved in the valuation analysis of utility assets for purposes of
acquisition and determination of fair market value for clients in Oklahoma and Kansas.

Retail Rate Analysis. Cost of Service Studies. and Line Extension Analysis

Mr. Hedrick's rate analysis and cost of service experience includes the following:

Arizona

>

>

>

Navopache Electric Cooperative, Inc. - Regulated by Arizona Corporation
Commission
Sulfur Springs Valley Electric Cooperative, Inc. - Regulated by Arizona
Corporation Comm.
Trico Electric Cooperative, Inc. Regulated by Arizona Corporation Commission

Arkansas

y

>
>

Arkansas Valley Electric Cooperative Corporation .. Regulated by Arkansas PSC
and Oklahoma Corporation Commission
Ouachita Electric Cooperative Corporation - Regulated by Arkansas PSC
Ozarks Electric Cooperative Corporation - Regulated by Arkansas PSC

Corporate Office:
S555 n. Grand Boulevard
Oklahoma City, OK 73112-5507
405.416.8100

www.guemsey.us
Direct Contact:

405.416.8157
Cell: 405.623.4380

david.hedrick@guemsey.us
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Colorado

>
N.

`;.

>

>~
>

>

Colorado Rural Electric Association
Delta-Montrose Electric Association
Empire Electric Association, Inc.
Grand valley Rural Power Lines
Holy Cross Electric Association, Inc.
Mountain Parks Electric, Inc.
Poudre Valley REA, Inc.
San Luis Valley Rural Electric Cooperative, Inc.
Yampa Valley Electric Association, Inc.

>
>

Iowa

x

" w

>
r

Corn Belt Power Cooperative
Iowa Lakes Electric Cooperative, Inc.
Midland Power Cooperative, Inc.

Kansas

P̀
>
>
>
>
>
>
>
>
>
>

Louisiana

> Claiborne Electric Cooperative

Mississippi

Ark Valley Electric Cooperative Association
Carey valley Electric Cooperative Association
CMS Electric Cooperative, inc.
Flint Hills Rural Electric Cooperative Association
Kansas Electric Power Cooperative
Lyon-Coffey Electric Cooperative, Inc.
City of Meade
Ninnescah Rural Electric Cooperative Association, inc.
Pioneer Electric Cooperative, Inc.
Sedgwick County Electric Cooperative Association, Inc.
Western Cooperative Electric Association, Inc.

>
>

Southern Pine EPA
Yazoo valley EPA

Nebraska

> Dawson County Public Power District

New Mexico

>
>

Farmers Electric Cooperative, Inc.
Lea County Electric Cooperative. Inc.

Qklahoma

>
>
>

City of Blackwell
caddy Electric Cooperative
Central Rural Electric Cooperative, Inc.
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Choctaw Electric Cooperative, Inc.
Cimarron Electric Cooperative, Inc.
Cookson Hills Electric Cooperative, Inc.
Cotton Electric Cooperative, inc.
City of Duncan
East Central Oklahoma Electric Cooperative
Indian Electric Cooperative, Inc.
Kay Electric Cooperative, Inc.
Kiwash Electric Cooperative, Inc.
Lake Region Electric Cooperative, Inc.
City of Mangum
Northeast Oklahoma Electric Cooperative, Inc.
Northfork Electric Cooperative
Northwestern Electric Cooperative, Inc.
Oklahoma Electric Cooperative, inc.
City of Ponca City
Rural Electric Cooperative, Inc.
Southeastern Electric Cooperative, inc.
Southwest Rural Electric Association
Tri-County Electric Cooperative, Inc.
Verdigris Valley Electric Cooperative

Texas

>
>
>
>
>
>

>
>
>
>
>>
>
>
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>
>
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>
>
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>

Bailey County ECA
Bandera Electric Cooperative, Inc.
Big Country Electric Cooperative, Inc.
Bluebonnet Electric Cooperative, Inc.
Central Texas Electric Cooperative, Inc.
Concho Valley Electric Cooperative, Inc.
Cooke County Electric Cooperative Assn.
CoServ Electric
Deaf Smith Electric Cooperative, Inc.
Fan fin County Electric Cooperative, inc,
Farmers Electric Cooperative, inc.
Fort Belknap Electric Cooperative, inc.
Grayson-Collin Electric Cooperative, Inc.
Greenbelt Electric Cooperative, Inc.
HILCO Electric Cooperative, Inc.
Jackson Electric Cooperative, inc.
Lamar County Electric Cooperative, Inc.
Lighthouse Electric Cooperative, Inc.
Lyntegar Electric Cooperative, inc.
Magic Valley Electric Cooperative, Inc.
Medina Electric Cooperative, inc.
Navarro County Electric Cooperative, Inc.
Navasota Valley Electric Cooperative, Inc.
North Plains Electric Cooperative, Inc.
Nueces Electric Cooperative, Inc.
Pedernales Electric Cooperative, Inc.
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Rita Blanca Electric Cooperative, Inc.
San Bernard Electric Cooperative, inc.
South Plains Electric Cooperative, inc.
Southwest Rural Electric Association, Inc., Okla.
Southwest Texas Electric Cooperative, Inc.
Swisher Electric Cooperative, Inc.
Taylor Electric Cooperative, Inc.
Texas Electric Cooperatives, inc,, Statewide Association
Tri-County Electric Cooperative, Inc.
Trinity Valley Electric Cooperative, Inc.
United Cooperative Services
Wharton County Electric Cooperative, inc.
Wise Electric Cooperative, inc.

WyQming

>
>

>

:>

w
I '

Big Horn REC - Regulated by Wyoming Public Service Commission until 2007
Carbon Power 8< Light, inc. - Regulated by Wyoming Public Service Commission
until 2007
High Plains Power, Inc, - Regulated by Wyoming Public Service Commission until
2007
Powder River Energy Corporation - Regulated by Wyoming public Service
Commission
Wyrulec Company - Regulated by Wyoming Public Service Commission until 2007

Wholesale Rate Analysis and Cost of Service Studies

>
>
>
>
>
>
>
>
>
>
;~,
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>
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Corn Belt Power Cooperative, Humboldt, Iowa
Kansas Electric Power Cooperative, Topeka, Kansas
Grand River Dam Authority, Vinita, Oklahoma
Oklahoma Municipal Power Authority, Edmond, Oklahoma
Western Farmers Electric Cooperative, Anadarko, Oklahoma
Central Electric Power Cooperative, Columbia, South Carolina
Piedmont Municipal Power Authority, Greer, South Carolina
Brazos Electric Cooperative, Waco, Texas
Golden Spread Electric Cooperative, Amarillo. Texas
Old Dominion Electric Cooperative, Richmond, Virginia
Allegheny Electric Cooperative, Harrisburg, Pennsylvania
South Mississippi Electric Power Association, Hattiesburg, Mississippi
Minnkota Power Cooperative, Grand Forks, North Dakota
Rayburn Country Electric Cooperative, Rockwall, Texas

Special Projects

Development of Distributed Generation Procedures and Guidelines Manual:
> Western Farmers Electric Cooperative, Anadarko, Oklahoma
> KAMO Electric, Vinita, Oklahoma
> Texas Electric Cooperatives, Austin. Texas
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Energy Policy Act of 2005 / EISA 2007 - Testimony in Support of Cooperative Staff's Position
in Consideration of new PURPA Standards:

> Central Rural Electric Cooperative. Stillwater, Oklahoma
> Cotton Electric Cooperative, Walters, Oklahoma
> Farmers Electric Cooperative, Greenville, Texas
> Grand River Dam Authority, Vinita, Oklahoma
> Grayson-Collin Electric Cooperative, Van Alstyne, Texas
> HILCO Electric Cooperative, itasca, Texas
> Lake Region Electric Cooperative, Hulbert, Oklahoma
> Lyntegar Electric Cooperative, Tahoka, Texas
> Magic Valley Electric Cooperative, Mercedes, Texas
> Northwestern Electric Cooperative, Woodward, Oklahoma
> Oklahoma Electric Cooperative, Norman, Oklahoma
> Tri-County Electric Cooperative, Azle, Texas
> Tri-County Electric Cooperative, Hooker, Oklahoma
> United Electric Co-op Services, Cleburne. Texas

Testimony before Colorado State House and Senate Committees in support of the Colorado
Rural Electrification Association with regard to HBll69, Mandating Net Metering for Electric
Cooperatives.

The "Fresh Look" review of East Kentucky Power Cooperative on behalf of the (:cooperative's
distribution members as required by the Kentucky Corporation Commission. 2011 - 2012

Education and Trairlinq

Mr. Hedrick provides educational seminars and training for cooperative staff and boards of
directors. statewide associations, and professional organizations on the topics of Rate
Analysis, Cost of Service, Rate Design, Line Extension Policy, and related issues.

Expert Witness

Mr. Hedrick has provided expert testimony related to the development of revenue
requirements, cost of service, rate design, and special contract issues in Arizona, Arkansas,
Oklahoma, Texas, and Wyoming.

Financial Eorecasting 8< Analysis

Mr. Hedrick prepares and provides training in the development of financial forecast models
for electric cooperatives and municipal utility systems.

Software Sales & Support

Mr. Hedrick provided assistance in the development of software for GUERNSEY's 10-year
Financial Forecast, Cost of Service, and Financial Performance Analysis programs. Mr. Hedrick
is proficient in the use of these software packages and provides support to client users.

Strategic Planning 8¢ Analysis

Mr. Hedrick has provided assistance to electric cooperative boards of directors in the
development of strategic goals and objectives.

I'll II
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Publications and Presentations:

Articles:

Hedrick, David w. "Retail Rate Development: The Role of the Cooperative Board."
Management Quarterly, published by NRECA's Education and Training Department.
(Spring 2005): 20-35.

Pre$entatiQns Made by Mr. Hedrick:

"Knowledge is Power: Financial Forecasting." Seminar written and presented by Guernsey
personnel annually since 2006 in Oklahoma City, Okla. Mr. Hedrick has been a
presenter for this seminar numerous times.

"Knowledge is Power: Understanding Rates and Cost of Service." Seminar written and
presented by Guernsey personnel annually since zoos, in Oklahoma City, Okla., as well
as other locations. Mr. Hedrick has been a presenter numerous times.

"Distributed Generation Net Metering issues." Written for and presented at TEC Engineers
Association Annual Meeting. September 2006.

"Net Metering Issues." Written for and presented at G&T Planners Association Meeting,
Tucson. Arizona, September 2006.

"Development of Distributed Generation Policies and Procedures." Written and presented for
Texas Electric Cooperatives' Managers MeetIng. San Antonio, Texas, December 2,
2004.

"Rate Design in a Restructured Environment." Written and presented for Texas Electric
Cooperatives Accountants Association. Austin, Texas, April 19, 2000.

EXPERIENCE RECORD:

1981-present - C. H. Guernsey & Company, Oklahoma City, Oklahoma

2013 - Senior Vice President, Board of Directors
2008-2013 - Vice President for Guernsey
2005-present - Manager, Analytical Solutions Group
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EXHIBIT DWH -4

An Act
ENRGLLED SENATE
BILL no. 1456 By: Griffin of the Senate

and

Turner, Echols, Jack on,
Newell, Schwartz, Murphy,
Brumbaugh, Pittman,
Rousselot and Fisher of the
House

An Act relating to public utilities; amending 17 o.s.
2011, Section 156, which relates to distributed
generation costs; defining terms; modifying
prohibition relating to recovery of certain fixed
costs from electric customers utilizing certain
distributed generation; prohibiting subsidization of
certain costs among customer class; requiring rate
tariff adjustment by certain date: and providing an
effective date.

SUBJECT : Electrical power distribution requirements

BE IT srmcrnn BY THE PEOPLE OF THE STATE DF OKLAHOMA :

SECTION 1. AMENDATORY
amended to read as follows :

17 o.s. 2011, Section 156, is

Section 156 . A. As used in this section:

"Di tributes generation" means:

a . a device that provides electric energy that is owned,
operated, leased or otherwise utilized by the
customer,
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8 is interconnected to and operates in parallel with the
retail electric supplier's grid and is in compliance
with the standards established by the retail electric
supplier,

E.; is intended to offset only the energy that would have
otherwise been provided by the retail electric
supplier to the customer during the monthly billing
period,

d. does not include generators used exclusively for
emergency purposes ,

e . does not include generators operated and controlled by
a retail electric supplier, and

:L does not: include customers who receive electric
service which includes a demaNd-based charge .

2. "Fixed charge" means any fixed monthly charge, basic
service, or other charge not based on the volume of energy consumed
by the customer, which reflects the actual fixed costs of the retail
electric supplier.

3. "Retail electric supplier" means an entity engaged in the
furnishing of retail electric service within the state of Oklahoma
and is rate regulated by the Oklahoma Corporation commission .

B. No ;" '*" 'c u**""":y retai l  electric supplier shall increase
rates charged or enforce a surcharge on- thc baotou of the Ono or
énaeearléere-rein-of a solar energy doviceby a eeaaea=tner:_= above that
required to recover the full costs necessary to serve customers who
i ns ta l l  d iet i r ibuted generat ion  on  the cost :omex'_  s ide of  tea meter
after the effective date of this act.

c.. No retai l __ _ _ _
distributed generéitlican installed after the effective date of this
act to be subsidized by customers in the same class of service who
do not have distributed generation.

electric suppgigr shall allow customers with

ENR. S. B. NO. 1456 Page 2
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D. A higher fixed charge for customers within the same class of
service that have distributed generation installed after the
effective date of this act, as compared to the fixed charges of
those customers who do not have distributed generation, is a means
to avoid subsidization between customers within that class of
service and shall be deemed in the public interest.

E. Retail electric suppliers shall implement tariffs in
compliance with this act no later than December 31. 2015.

SECTION 2 ¢ This act shall become effective November 1, 2014 .

END. S. B. NO. 1456 Page 3
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Passed the senate the 12th day of March, 2014 .

officer of the Senate

Passed the House of Representatives the 14t:b day of April, 2014 .

<
. J

Presiding Officer of the House
of Representatives

ENR.  S .  B .  MO.  1456 Page 4
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Stricken langwlnge would be deleted from and underlined language would be added to present law.

Act 827 of the Regular Suasion

As Engrossed: H336 15 53//7/15
fain

State of Arkansas

90th General Assembly

Regular Session, 2015 HOUSE BILL 1004

By: Representative S. Meets

For An Act To Be Entitled
AN ACT TO REQUIRE ELECTRIC UTILITIES TO COMPENSATE

MET-METERING CUSTOMERS FOR NET EXCESS GENERATION

CREDITS IN CERTAIN CIRCUMSTANCES; AND FOR OTHER

PURPOSES a

Subtitle
TO REQUIRE ELECTRIC UTILITIES ' ro

COMPENSATE NET-METERING CUSTOMERS FOR NET

EXCESS GENERATION CREDITS IN CERTAIN

CIRCUMSTANCESI

1

2

3

4

5

6

7

8

g

1 0

1 1

1 2

1 3

1 4

15

1 6

17

1 8

1 9

2 0

2 1

2 2

23

2 4

25

26

27

28

29

3 0

3 1

3 2

3 3

3 4

3 5

36

BE IT ENACTED BY THE GENERAL Assnnsur OF THE STATE OF ARKANSAS :

SECTION 1. Arkansas Code § 23-18-&03(6), concerning a definition used
under the Arkansas Renewable Energy Development Act of 2001, is amended to

read as follows:

(5) "Net-metering facility" means a facility for the production

of electrical energy that:
(A) Uses solar, wind, hydroelectric, geothermal, or

biomass resources to generate electricity, including, but not limited to,
fuel cells and micro turbines that generate electricity if the fuel source is
entirely derived from renewable resources;

(8) Has a generating capacity of not more than_:
(1) The greater of twenty-ffve kilowatts (25 kw) 9£

one hundred percent (1001) of the net-metering customer's highest monthly

usage in the previous twelve (12) months for residential use; or ehfee
( i i ) Three hundred kilowatts (300 kw) for any other

11-18-2014 13:44:59 JLL046

H
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As Engrossed: H2126/15 H3/17/15 HBI004

use unless otherwise allowed by s commission under § 23-/8-604(b) (5) 4
(C) Is located in Arkansas;

(D) Can operate in parallel with an electric util.ity's

existing t r ansmiss ion  and  d i s t r i bu t i on  fac i l i t i es ;  and
( F )  I s  i n t e n d e d  p r i m a r i l y  t o  o f f s e t  p a r t  o r  a l l  o f  t h e

net-metering customer requ i remen ts  fo r  e lec t r i c i ty ;  and

SE6'TION 2. Me introductory language of Arkansas Code § 23-18-604(b),

concerning the authority of the Arkansas Public Service Co mission, is

amended to read as follows:

(b) Following notice and opportunity for public eommeut, the Arkansas

:HU

.n I l I I'l l I I i' 11n1 ¢ l lll
`_*___ » 4 ~|. » » - kuuUunu l-|- nu

SECTION 3. Arkansas Code 5 23-18-604(b) (1), concerning the authority

of the Arkansas Public Service Commission, is amended to read as follows:

( I ) Shall establish appropriate rates, rems, and conditions for
net-metering contracts, including at

(A) (1) A requirement that the rates charged ro each net-
metering customer recover the electric utilltv's entire east of providing

service co each net-metering customer within each of the electric utility/'s

class of customers.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

3 1

32

33

34

35

36

( i i )  T h e  e l e c t r i c  u t i 1 . i t y ' s  e n t i r e  c o s t  o f  p r o v i d i n g
serv ice  to  each net-meter ing  customer  wi th in  each o f  the  e lectr ic  u t . i l1 ty 's
class of customers under  subdivis ion (b)  (1) (A)  (1)  o f th is sect ion:

fa )  In c l u d e s  w i th o u t  l i m i ta t i o n  a n y
quanti f iable addi t ional  east associated wi th the net-meter ing customer 's use
o f  the  e lec t r i c  u t i1 . f  Ty 's  capac i ty ,  d is t r ibu t ion  system, o r  t ransmiss ion
sys te m  a n d  a n y  e f f e c t  o n  th e  e l e c t r i c  u t i l i t y ' s  r e l i a b i l i t y ;  a n d

(b) __'§.__13.et of any quantifiable benefits

associated with the interconnection with and Droviding service to the net-

metering customer, including w._l§§_hout - l - im i ta t ion  bene f i ts  to  the  e lec t r i c
ut i l i ty 's  capac i ty ,  r e l i ab i l i ty ,  d i s t r i bu t i on  system,  o r  t r ansmiss i on  system;

and
(B) A requirement that net-metering equipment be

installed to accurately measure the electricity:

414:* I Supplied by the electric utility to each

2 11-18-2014 13 : 44 z 59 .JLL040 r
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As Engrossed: H2/26/15 113117/15 HB1004

net-metering customer; and
-68; ( i i ) Generated by each net-metering customer

that is fed back to the electric utility over the applicable billing period;

SECTION 4. Arkansas Code 5 23-18-604(b) (5) and (6), concerning the

authority of the Arkansas Public Service Commission, are amended to read as

follows:

(5) May increase the peek generating capacity' limits for
individual net-metering facilities if doing so results .fn distribution

system, environmental, or public policy benefits; and

(6) Shall provide that:

(A)_(§_2 The net excess generation credit remaining in a

net metering custoluez".s' account at the close of an annual _a billing cycle,--up
rrm .:..:..i:l..*.rf: L:4.-=-J' to ..t'\:1 f 'FJ ...'.:1:.z;:!L.1' :Qui nn l q t l » 1»- 11.1 r

ll L...'.....{;'L. 'HIJI L-»L'L.» Ll. . II......:.r.g .L..L2. lFl'HllHlilLldl

b1.l.Z1ng c)'c'.L t'.h'.t' JE.: ...Zo.:f.nu., :Wall b... ercdiscl se: Rh; no: 5's-:...fn8
shall not

expire and shall be carried forward to subsequent billing cycles
indefinitely.

Warn - L......L.... u all H L» L Hul4»1H ll- u n- 1111 H
, | ,In . »-! . 1  | I  I I- I  I re  l 'T  I
HI '.'.'.'.."....'..',' . it . ' . ' . . . ' .".. ' U1NllllllDHl lu | u  n l l l l l E ...  - *II

(11) _ _However, for net excess generation credits _older

than twenty-four (24) months, a net-metering customer may elect to have the

electric utility purchase the rec excess generation credits in the nec-
metering customer's account at the electric utIlity's estimated annual
average avoided east rate for wholesale energy if :Ne sum to be paid to the
net-metering customer is at least one hundred dollars (.§'100) .

( i i i)  An electr ic ut i l i ty ' shall purchase at the
electric utility's estimated annual average avoided east rate for wholesale
energy any net excess generation credit remaining in a net-meterinlg

customer's account when the net-metering customer:

ca) Ceases to be a customer of the electric

u t i l i t y ;

Cb) Ceases to operate the net-metering

faci1:LtYi or

1

2

3

4

S

6

7

8

g

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

(c) Transfers the net-metering facility to
another person; and

(B) Except to provided in subdivision (b) (6) (A) of this

3 11-18-2014 13:44:59 JLL040
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As Engrossed: H2/26/15 H3/17/15

eees-ian,-ea5=-ae-e------ereeGo generation credit remaining in n not-meteiiazg

eaeeeaaer'-e--aeeeunt at the elope of an annual billing eyelet nhel-L-eaepé=se4-aa=é
44;9 glag,y (B) A renewable energy credit created as the

result  o f  e lectr ic i ty suppl ied by a net-metering customer is the property of

the net-metering customer that generated the renewable energy credit-r i  and

SECTION 5. Arkansas Code 5 23-18-604 (b), concerning the authority of
the Arkansas Public Service Commission, is amended to add an additional

subdivision to read as follows:
(7) Hay allow a net-metering facility with a generating canaciry

that exceeds three Nundred kilowatts (300 kw) if:

(A) Me net-metering facility is not for .residential use
and

(B) Allowing an increased generating capacity for the net

metering facility would increase the stare's ability to attract businesses to

Arkansas.

SECTION 6. Arkansas Code § 23-18-604, concerning the authority of the
Arkansas Public Service Commission, is amended to add additional subsections

to read as follows :
(c) (1) As used in this section, "avoided costs":

(A) For the Arkansas Public Service Commission, means the

same as_d'efined _:lg § 23-32ZQ2; and_
(B) For a municipal utility, is defined by the governing

body of the municipal util ity.
(2) Avoided costs shall be determined under § 23-3-704.

{d)(1) Except as provided in subdivision (d)(2) of this section, an
electr ic uti l i ty shal l  separately meter, bi l l ,  and credit each net-metering
facility even if one (1) or more net-metering facilities are under common

ownership.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

3 1

32

33

34

35

36

(2) (A) At the net:-u;gter:L_ng _¢ust:omer's discretion, an electric
utility m=av apply net-metering credits from a net:-metering, facility to the
bill for another meter location i f the net-metering faci l i ty and the separate
meter location are under common ownership within a single electr ic uti1ir:y's
service 8/'88.

(B) Net excess generation shall be credited first to the

4 11-18-2014 13 : 44:59 JLL040
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As Engrossed: 82126115 H3/17/15 I-IB}004

net-metering customer's meter to which the net-metering facility is

pNvsically attached.

(C) After applying net excess generation under subdivision

(d) (2) (B) of this section and upon request o the net-metering customer under

subdivision (d) (2) (A) of this section, any remaining net excess generation

shall be credited to one (1) or more of the net-metering customer's meters in

the rank order provided by the net-metering customer.

Is/S. Meets

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

APPROVED: 03/3//2015

5 11-18-2014 13: 44 :59 JLL040
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Valuation of Distributed Solar:
A Qualitative View
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A critical evaluation of the arguments used by solar DG
advocates shows that those arguments may often
overvalue solar DG. It is time to reassess the value of solar
DG from production to dispatch and to calibrate our
pricing policies to make certain that our efforts are
equitable and carrying us in the right direction. I

Ashley Brown and Lillian Bunyan
Ashley Brown is Executive

Director of the Harvard Electricity
Policy Group and Of Counsel in the

Boston office of the law firm
Greenberg Traurig LLP. Mr. Brown

is a former Commissioner of the
Public Utilities Commission of Ohio

and former Chair of the National
Association of Regulatory
Commissioners Electricity

Committee.

I I. Assessing the Value of
Distributed Solar
Generation - An
Overview

jillion Bunyan is an associate in the
Philadelphia of/'ice of Greenberg

Traurig LLP. Prior to joining the
firm, Ms. Bunyan was an attorney Ir:

the United States Environmental
Protection Agency's Office of
Regional Counsel in Seattle,

Washington.

W

4

i
l
1
1
I

1

rl

The purpose of this article is to
assess the value of residential
distributed generation (DG) solar
photovoltaics (PV) and
appropriate pricing for its value
and output. In particular, the
article will address the question
of whether retail net metering,
the way that it is presently ap-
plied in most states, is an equi-
table way to compensate
customers who own or lease solar
DG. The article will also critically I

examine the argument for the
"value of solar" approach to
compensating residential solar
DG customers. The article will
conclude that retail net metering
and "value of solar" are severely
flawed schemes for pricing solar
DG.

email net metering overva-
lues both the energy and

capacity of solar DG, imposes
cross-subsidies on non-solar
residential customers, and is
socially regressive because it
effectively transfers wealth from
less affluent to more affluent
consumers. The "value of solar"
approach being advanced by

December 2014, Vol. 27, Issue10 1040-6190/ ( 2014 Elsevier Inc. All rights reserved., http:/'/dx.doi.org/l().1l)16/i.tej.2014.]1.005 27
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marginal. To fully develop the
resource, therefore, it is impera-
tive to provide pricing that will
incept the fulfillment of solar PV's
potential, by linking itself to
storage, more efficient ways of
catching the sun's energy, or with
other types of generation (e.g.
wind) that complement its avail-
ability. Thus, it is critical that
prices be set in such a fashion as to
provide incentives for productiv-
ity and reliability and not to

s

i

I

1

I

In its current,
most common
configuration,

solar DG has some
drawbacks that
inhibit it from

capturing its full value.

E
I
I

[

l
I
1

>

I

undermine the promotion of
energy efficiency. As solar DG
becomes more widely deployed,
utilities and their regulators will
likely become increasingly con-
cerned with diminution of rev-
enues required to support the
distribution system that is caused
by the use of net metering. That
concern will inevitably lead uti-
lities and regulators to recover
more of their costs through the
fixed, rather than the variable,
components of their rates. Thus,
the price signal to be more
efficient will be substantially
diluted.

Many in the solar industry
have come to recognize that retail
net metering (NEM) is, in this
age of smart grid and smart
pricing, no longer a defensible
method for pricing solar DG.
Having recognized the inevitable
demise of a pricing system that
favors solar DG through cross-
subsidization by other customers,
many solar DG advocates have
shifted to an argument that
pricing should be based on con-
sideration of the "value of solar."
While the authors do not
subscribe to that point of view,
as the argument is being included
in the national conversation,
it seems appropriate to
address it.

4

I

9
I

3

some solar DG advocates subjec-
tively, and often artificially,
inflates the value of solar DG and
discounts the costs. This article

also concludes that proposals for

market-based energy prices, as
well as demand and fixed charges

as applied to solar DG hosts, are

reasonable ways to rectify the

cross-subsidies in net metering. It

suggests that market-based prices
for solar DG provide the best

incentives for making solar more
efficient and economically viable

for the long term.

Alar PV has some very real
benefits and long-term

potential. The marginal costs of
producing this energy are zero.
If one looks at environmental
externalities, then the carbon
emissions from the actual pro-
cess of producing this energy
itself, without taking the sec-
ondary effects into considera-
tion, are also zero. Significantly,
the costs of producing and
installing solar PV have declined
in recent years, adding to the
potential long-term attractive-
ness of solar. Those are very real
benefits that would be valuable
to capture. In its current, most
common configuration,
however, solar DG has some
drawbacks that inhibit it from
capturing its full value.

Solar PV is intermittent and
thus requires backup from other
generators and cannot be relied
on to be available when called
upon to produce energy. Thus, its
energy value is entirely depen-
dent on when it is produced and
its capacity value is, at best,

I

subsidize solar DG at a decidedly
low degree of optimization. Cur-
rently, rates for most residential
consumers are based on volume.
That is, residential customers are
simply billed based on the num~
Ber of kilowatt-hours that they
consume based on average costs
to serve all residential consumers.
Solar has huge potential, but to
attain it, solar DG needs to receive
the price signals to actually fulfill
its potential.

at only does net metering
deprive solar PV of the

price signals necessary to capture
its full value, it also leads the
changes in retail pricing that

II. Solar DG and Retail
Net Metering -
Definition of Terms

Powering your home with
clean energy generated from the
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DG and utilities have tradition-
ally been handled.

There are other forms of net
metering such as wholesale net
metering, where exports into the
system are compensated at the
wholesale price, often the local
marginal price (LMP). There are
other variations as well, but for
purposes of the article, when the
terms NEM or net metering are
used, they refer to the retail
variety.

else the evaluators believe to be
worthy of measure.

As you will see, while the
authors do not believe this fourth
approach to be appropriate,
analysis of the criteria its advo-
cates believe are important
should be conducted and evalu-
ated .- not to set the price, but
simply to establish the context for
evaluating the reasonableness of
the pricing methodology ap-
proved.

1
3
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III. 'Value of Solar' vs.
Wholistic Analysis8
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There are,
conceptually,
four possible
approaches to
pricing energy
produced by
solar DG.
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There are, conceptually, four
possible approaches to pricing
energy produced by solar DG.
One market-based approach is to
set the price to reflect the market
clearing price in the wholesale
market at the time the energy is
produced. A second approach
would be a cost-based approach,
where the price is set based on a
review of the costs or according to
standard costing methodology. A
third approach, already defined
above, would be net metering.
Finally, a fourth approach would
be to administratively derive a
"value of solar" based on analysis
of avoided costs and whatever

5

Optimally, prices for electricity
are determined by a competitive
market or, absent competitive
conditions, should be derived
from cost-based regulation. In
both cases the prices are subjected
to an external discipline that
should result in efficient resource
decisions devoid of arbitrary or
"official" biases. Subjective con-
sideration of the "value" of par-
ticular technologies and where
they may rank in the merit order
of "social desirability," effectively
removes the discipline that is
more likely to produce efficient
results. Moreover, even where
non-economic externalities are
thrown into the valuation mix, the
pricing of an energy resource
must still be disciplined by ex-
amination of the economic merit
order in attaining the externality
objective. Whereas both the mar-
ketplace and transparent cost-
based regulation are likely to
produce coherent pricing that

E

solar panels on your roof, and
selling the excess energy to the
utility, are appealing prospects to
a public increasingly attuned to
environmental, energy efficiency,
and self-sufiiciency consider-
ations. It is not hard to see why
solar DG has substantial public
appeal.

o begin, it is necessary to
note that the terms "net

metering," "retail net metering,"
and "net energy metering" will be
used interchangeably and syno-
nymously throughout the article.
Net metering refers to when
electricity meters run forward
when solar DG customers are
purchasing energy from the grid .
When those customers produce
energy and consume it on their
premises, the meter slows down
and then simply stops, and when
the customer produces more
energy than is consumed on

I the premises, the meter runs
backwards. Thus, the solar DG
customer pays full retail value for
all energy taken off the grid,
pays nothing for energy or

; distribution when self-consuming
l energy produced on the premises,
f and is paid the fully delivered
l retail price for all energy
1 exported into the system. At

the end of whatever period is
specified, the meter is read and
the customer either pays the net

= balance due, or the utility pays
the customer for excess energy
delivered. The reconciliation
is made without regard to when
energy is produced or con-
sumed. This is how transactions
between owners of residential

December 2014, Vol. 27, Issue 10 1040-6190/ 2014 Elsevier Inc. All rights reserved., http://dx.doi.org/ll).1016/j.tcj.°0l4,11.005 29
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producing energy. Beyond that
the criteria would include avail
ability/capacity, reliability, ener-
gy value, impact on system
operations and dispatch, trans-
mission costs and effects, distri-
bution costs and effects, and
hedge value. Solar DG propo-
nents often phrase these issues in
terms of avoided costs. In addi-
tion to those dimensions, there are
also the following: degree of
subsidization and cross-subsidi- 3.
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Certainly,
many people
believe that
other, non-

economic
factors need to be

considered.
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cation, efficiency considerations,
impact on alternative technolo-
gies, market price impact, reli-
ability, and social effects
including the environmental,
customer, and social class
impacts. There is also the issue of
whether solar DG enhances the
level of competition in the in-
dustry.

i

i

\
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the value enumerated above
NEM significantly overvalues
distributed solar generation.
More specifically, it does the fol-
lowing:

1. Creates a cross-subsidy from
non-solar to solar customers,

2. Fails to reflect the

inefficiency of small-scale solar
PV relative to other forms of

generation, including alternative

renewable resources;
Constitutes price

discrimination in favor of an
inefficient resource;

4. Significantly overvalues
both the capacity and reliability
value of solar DG;

5. Adversely impacts the
degree of competitiveness in the
industry;

6. Artificially inflates the
transmission value of solar DG;

7. Fails to account for the fact
that the value of energy varies
widely depending on when it is
actually produced;

8. Distorts price signals for
energy efficiency;

9. Causes socially regressive
economic impact;

10. Assumes system benefits
from solar DG that, in fact, may
not exist;

11. Overvalues its contribution
to carbon reduction;

12. Vastly inflates its value as a
fuel hedge; and

13. Undervalues and
underfunds the distribution
system.

!

i
I
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F
r

IV. Net Energy Metering
- Why Are We Paying
More for Less? despite failing to capture

these values, NEM has
become the prevalent form of
tariff for residential solar DG in

r
r
f

allows us to enjoy a degree of
comfort knowing that efficient
performance will likely lead to
productivity, subjective consid-
eration of soft criteria, like "value
of solar," are a step away from
economic coherence and
efficiency.

economics are critical and
efficiency is of vital impor-

tance. There are also other eco-
nomic values, besides efficiency,
including those that go beyond
short-term efficiency. Certainly,
many people believe that other,
non-economic factors need to be
considered. Similarly, the fairness
of the impact on customers also
needs to be factored into any
decision. There has, for many
years, been a running debate in
electricity regulation as to
whether externalities ought to be
factored into regulatory decisions.
This article does not intend to join
that debate, nor express any point
of view as to what is permissible
or impermissible under
applicable law. Rather, this
article suggests that if
externalities are to be considered,
then all relevant ones deserve
attention, as opposed to "cherry
picking" the issues to best protect
a particular interest. Further, if
non-economic objectives are
to be factored into ratemaking,
then it is wise to carefully
consider the most economically
efficient ways of attaining those
objectives.

There are a number of criteria
that are important to the full
valuation of solar PV. One should
begin by looking at the cost of

Retail net energy metering, as
practiced, does not capture all of I

I

E
I
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problems with NEM. Under
NEM, when DG providers export
energy to the system, consumers
are required to pay them full retail
rates for a wholesale product.
What everyone agrees upon is
that solar DG provides an energy
value, but there is considerable
disagreement about what that
value is. Solar proponents argue
that solar DG has a capacity value
as well. That value, if it exists at
all, is minimal. While there may

I

i
|

;
i

5

1

I

i

If the costs of the
distribution system were
variable with energy
production, that
exemption would be
sensible, but they
are not.
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the United States. This is because
NEM was never developed as
part of a fully and deliberatively
reasoned pricing policy. NEM
was simply never a conscious
policy decision. It is basically a
default product of two (no longer
relevant) considerations, one
practical and the other technolo-
gical. The practical reason is that
residential distributed generation
had such an insignificant pre-
sence in the market that its eco-
nomic impact was marginal at
best. Thus, no one was seriously
concerned about "getting the
prices right." The second, tech-
nological reason is that until
recently the meters most com-
monly deployed, especially at
residential premises, have had
very little capability other than to
run forward, backward, and stop.
Thus, for technical reasons, NEM
was simple to implement and
administer and, as a practical
matter given the paucity of DG,
there was no compelling reason to
go to the trouble of remedying a
clearly defective pricing regime.
Many states have recognized the
problems with NEM but, seeing
no alternatives, put in place pro-
duction caps to limit any harm
caused by a clearly deficient pri-
cing regime.
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V. Residential Retail Net
Metering Sets Up Unfair
and Counterproductive
Cross-Subsidies i

;

L .

Beyond failing to capture the
values above, there are other I

well be reasons to treat DG dif-
ferently with respect to wholesale
transmission there is, absent a
solar host leaving the grid, abso-
lutely no reason to discriminate
between wholesale and DG pro-
ducts with regard to the fixed
costs of the distribution system
and its operations.

oder NEM, however, solar
DG providers are com-

pensated at full retail prices for
what they provide. That includes
the not-insignificant cost of ser-
vices that they do not provide,
including distribution costs,
administrative, and back
office operations. There can be

no justification for forcing con-
sumers to pay a provider for
service that they not only
do not provide but, in fact,
have no capability to
provide.

Solar DG producers remain
connected to the grid and are fully
reliant upon it during the many
hours of the day when solar
energy is not available. Under
NEM, that solar DG producer is
excused from paying his/her
share of the costs of the distribu-
tion system when energy is being
produced on the premises. If the
costs of the distribution system
were variable with energy pro-
duction, that exemption would be
sensible, but they are not. Distri-
bution costs are fixed, and do not
vary with energy production or
consumption. Thus, excusing
solar DG customers from paying
for their own distribution costs
when their solar units are
producing energy has no
justification in either policy or
economics. Making matters
worse, the costs solar DG
providers do not pay under
NEM are either reallocated to
non-solar customers or have
to be absorbed by the utility.
Both outcomes are unacceptable
and unjustifiable. There is no
reason why solar DG customers
should receive free backup
service, compliments of
either their neighbors or the
utility.

Utilities are obliged to provide
full requirements service to all of
their customers, including, of
course, their solar host

December 2014, Vol. 27, Issue 10 1040~6190/ 2014 Elsevier Inc. All rights reserved., htrp://dxdoi.org/l0.10l6/j,tej.20l4.I 1.0051" 31
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this gives rise to two types of
demand charge related
cross-subsidy. The first arises
when the distributor relies on the
availability of solar for making
day-ahead purchases and the
other arises when it does not do
so. When it does rely on the
availability of solar and it turns
out that solar energy is not
available when called upon, the
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customers. In regard to solar
hosts, the utility is obliged, in
case the on-premises generation
does not cover their full demand,
to fill the gap between the full
demand and the amount of
self-generation. Utilities are also
obliged to purchase energy and/
or capacity so that solar hosts
may rely on the utility when
solar units are not generating.
Given that solar PV units are
intermittent and unpredictable
regarding when they will pro-
duce, providing that backup is
an ongoing responsibility and
cost to utilities. Compounding
those costs is the fact, as stated
elsewhere in the article, peak
times of electricity use (i.e. when
prices are highest) are trending
later in the day, when solar PV
does not produce. As such,
utilities must provide electricity
to solar hosts at times when
demand is high and energy
prices are high. It would violate
a the fundamental principle of
regulation that cost causers
should pay for the costs they
impose, not to recognize the ac-
tual costs of that backup
service in the rates paid by
solar hosts.

mother cross-subsidy
relates to the intermittent

nature of solar energy. No utility
with an obligation to serve can be
fully reliant on the availability of
solar when it is needed. Indeed,
no solar host who values relia-
bility can afford to be dependent
on his/her own solar DG unit.
While this point will be discussed
further infra suffice it to say that

utility is compelled to purchase
replacement energy in the spot
market at the marginal cost,
which is almost certainly higher
than the price of the solar energy
on whose availability it had
relied. In notable contrast to what
happens in the wholesale market
when a supplier who is relied
upon fails to deliver, those
incremental costs have to be borne
by the utility, which passes
them on to all customers, as
opposed to being borne by the
specific solar DG customer
whose failure tO deliver caused
the costs to be incurred.

f the distributor, in recognition
of solar's intermittency,

instead chooses to hedge against
3
I

I
I

the risk of solar's unavailability
the cost of the hedge is likewise
passed on to all customers rather
than simply those whose supply
unpredictability caused the cost
to be incurred. Both of these forms
of cross-subsidy violate a bedrock
principle of regulation - costs
should be allocated to the cost
causer. The function of that
principle, of course, is to
provide price signals to improve
performance, but NEM fails to
provide such signals and
essentially holds solar DG
providers harmless for their own
very low capacity factors and
inefficient performance.

NEM cross-subsidies, in large
part, provide short-term benefits
to the solar DG industry, but are
highly detrimental to the value of
solar in the long term. In the short
term they constitute a wealth
transfer from non-solar customers
to the solar industry. In the long
term, however, they are actually
harmful to solar energy because
NEM provides absolutely no
incentive to improve the
performance of a generating re-
source that, among renewables,
already ranks last in efficiency
and in cost effectiveness for re-
ducing carbon emissions. In ef-
fect, the solar DG industry is
putting its short-term profits
ahead of the long-term value of
solar energy. If solar DG advo-
cates prevail in seeking to main-
tain NEM, that victory will be
short~lived, because markets,
both regulated and unregulated,
do not prop up inefficient
resources over the long term.
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subsidies. The fact that conscious
subsidies and/or cross-subsidies
are designed to promote a parti-
cular technology raises two key
issues. First, many would argue
that the government, including
regulators, should not be picking
winners and losers in the mar-
ketplace. While there may be
merit to that view, it must also be
recognized that, there may be
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NEM is also woefully
ineffective at providing the
appropriate price signals.
Electricity prices can be quite
volatile over the course of every
day and vary seasonally as well.
Rather than reflecting those
prices, NEM simply treats all en-
ergy the same regardless of the
time during which it is produced.
For example, NEM fails to dif-
ferentiate between energy pro-
duced on-peak and off-peak. In
one scenario, it prices off-peak
solar DG at a level that is averaged
with on-peak prices, thus effect
lively over-valuing the energy.
Conversely, if solar DG were
actually produced on-peak, NEM
would average that price with
off-peak prices, thus
undervaluing the energy. Any
form of dynamic pricing, ranging
from time of use to real-time,
could address this issue with
more precision than flat, averaged
prices. Interestingly, under the
first scenario, cross-subsidies
would be paid to solar producers,
while in the second scenario,
solar producers would be
cross-subsidizing the other rate-
payers. In short, the price signal,
and the efficiency that would
flow from that, is rendered
incoherent.

Ame may argue that cross-
subsidies are necessary to

promote the growth of renewable
energy, and certainly that can be
debated. However, modernizing
NEM to provide appropriate
price signals would not remove
the tax credits and other govern-
ment-sanctioned or -sponsored

1

4

circumstances where, far policy
reasons, government might want
to provide support for a socially
and economically desirable tech-
nology and/or assist it with
research funding and to get it over
the commercialization hump.
That leads inexorably to the
second and more relevant issue
concerning solar DG: namely, that
subsidies and cross-subsidies
need to be designed as near-term
boosts rather than a permanent
crutch, and should be transpar-
ent. In other words, subsidies/
cross-subsidies should be
designed to serve as both a sti-
mulus for the designated tech-
nology and an incentive to the
producers and vendors of the

technology to become more effi-
cient. It might also be noted that
subsidies from the Treasury are
more appropriate for achieving
broad social benefits that are
cross-subsidies derived from a
subset of the full society deriving
the benefit.

In the case of solar DG, the
objective of a subsidy/cross-
subsidy would be to attain grid
parity, assuming reasonably
efficient operations, with other
resources. The objective is to
assist a technology to achieve
commercial viability. The
problem with NEM, of course, is
that it is effectively an arbitrary
financial boost of potentially
endless duration, with
absolutely no built-in incentive
to increase efficiency and/or to
achieve grid parity. In effect it
requires non-solar customers to
pay more for the least efficient
renewable resource in common
use and provide the solar
industry with no economic
incentive to improve its
productivity or availability or
wean itself off dependence on
the cross-subsidy. It also has the
effect of putting more efficient
resources, particularly other
renewables, at a competitive
disadvantage. In short, NEM
effectively substitutes political
judgment for economic
efficiency to determining
marketplace success.

The reason why solar DG
vendors and providers cling to
cross-subsidies is because they
find more comfort in receiving
substantial cross-subsidies than

December 2014, Vol. 27, Issue to 10404190/9 2014 Elsevier Inc. Allrightsreserved.,http; f' /dx.doi.org/ l8.1016/j.tcj."0]4.1l.005 33
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Figure 1: Rooftop Solar Remains the Most Expensive Form of Electricity Generation
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VI. Placing a Value of
Solar DG - Pricing and
Economic Efficiency
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they do in the prospect of
becoming competitive. Solar DG
is the most expensive form of
renewable generation that is
widely used today
(Figure 1).

The technological and
practical reasons for permitting
such incoherent pricing are no
longer present in the market-
place. We now have pricing
methods that are capable of
measuring DG production as
well as consumption on a more
dynamic basis. In addition, solar
DG market penetration has dra-
matically increased to the point
that it can no longer be
dismissed as marginal, so
appropriate pricing is now a
non-trivial issue. In addition,
we now have very precise,
location-specific energy and
transmission price signals that
provide a very transparent
market price by which one can
measure the economic value of
distributed generation. These
new developments, plus the
fact that NEM was put in
place on a default basis, mean

I

that it is now time for a full-
blown policy consideration of
the most appropriate pricing
policy for distributed
generation.

or all of the reasons noted,
NEM pricing results in large

cross-subsidies, offers no incen-
tives for efficiency - indeed, may
even provide disincentives to
invest in efficiency improvements
- and results in consumers paying
energy prices for solar DG that are
far in excess of its market value
and not even subject to cost-based
oversight. Moreover, its raison
d'étre - inability to more accu-
rately price solar DG facilities and
low market penetration by solar
energy .- no longer exists. Solar
energy is penetrating the market
in greater numbers and is likely to
continue to do so. Secondly, more
sophisticated pricing enables us
to measure solar energy and
customer behavior on a much
more efficient, dynamic basis. The
fundamental reality is that NEM
completely fails to capture the
value of the product being
priced.

Needless to say, pricing is of
critical importance. It is impor-
tant to address pricing in the
context of tangible, enumerated
values. Such an analysis is in
contrast to certain efforts by so-
lar DG advocates to attach a
subjective value to solar and
then derive prices from that
value. It is preferable to derive
prices from the values estab-
lished by either costs or market,
not ephemeral and subjective
considerations.

t is worth re-emphasizing just
how imperfect NEM actually

is. The price of electric energy is
not constant. Wholesale markets
reflect that reality. Net metering
and many forms of incentives do
not reflect the values established
by the market. Rather, a net
metering regime relieves the solar
panel host of any obligation to
pay for the costs of the distribu-
tion system when energy is being
produced, even though he/she

34
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$0.11/kwh

$0.99/kWh
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Table 1: Rooftop Solar Subsidies Heavily utilize Funding from Non-SoIar Customers

squucurnuntsauunrumviwmnuwnnauucuunu
farms/Ewntialcusramuors

fimefsf m Us

fut wilt $2.40/W $0.20/W

On-going solar subsidy $0.03/kWH

Net metering subsidy
(unrecovered fixed cost)

$0.09/kWh

Renewable

Surcharge

Renewable

Surcharge

'Unrecovered

fixed costs are

funded by non~

solar customers
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Total SolarCufnnn and
Nu MaNn; subsidy

0.12/kWh
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remains reliant on it and, when
the meter runs backwards, is
effectively paid the full retail price
for energy exported from the
customer's premises. As a point of
illustration, see Table 1 for a
funding mechanism for
residential customers presented
by DTE Energy to the Michigan
Public Service Commission.
According to DTE, the 9 cent per
kilowatt-hour (kph) net metering
credit represents a differential
that non-participating customers
must pay.

oder NEM, compensation
at retail rates is not cost-

reflective because net metering

means that solar DG energy
exported into the distribution

network is compensated at the
full bundled retail rate rather than
at a price based on the unbundled
cost of producing the energy. In

9

almost all jurisdictions, that retail

rate is flat and constant. Thus, it

does not reflect the obvious fact

that the energy has greater value
at peak demand than it does off-

peak. It is a deeply flawed value

proposition. The fact is that the
wholesale market produces hour-

by-hour prices that provide gen-

erators, renewable and non-

renewable alike, and consumers
with important price signals that
reflect real-time values. Both
generators and demand respon-

ders are compensated according
to those real-time prices. Solar

DG-produced energy, by contrast,
is compensated on a basis that

lacks a foundation in either mar-
ket or cost. The compensation is

out of market because it is a flat
price regardless of when it is
produced or, for that matter, fails
to reflect that many hours of the

day that solar panels produce
absolutely nothing. It is hard to
avoid the conclusion that on an
economic basis, the NEM-derived
price paid for solar DG energy
completely misses the value of
solar during most hours of the
day. Interestingly, part of the
cause for this incorrect valuation
is that rooftop solar units have
generally been installed facing
south, as opposed to west.
Because demand peaks have been
trending later in the day
(as illustrated in the California
and New England figures below),
this southern exposure has
proven to render peak production
for solar even less coincident with
demand. Had the appropriate
market prices been in effect,
it is highly unlikely that such a
costly error would have
occurred.I

!
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infra), as well as that from DTE,
illustrate the wisdom of com-
pensating solar DG at LMP, so its
price accurately reflects its value
at the time of actual production
and avoids requiring non-solar
customers to pay prices for
energy that far exceed its
value.

W
4

A. Capacity value I

As is dramatically illustrated in
the graph at left in Figure 2,
enticed by a number of factors,
not the least of which is net
metering, substantial investment
in the growth of solar capacity in
the Golden State has enormously
magnified the need for additional
fossil plants, operating on a
ramping basis, to compensate for
the dropoff in solar production at
peak. In that context, the absence
of any meaningful signal to make
solar more efficient (e.g. linking it
with storage) is simply something
that can no longer be tolerated .
Not coincidentally, the charts
from both the California and
New England ISOs (found further

The capacity value of a gener-
ating asset is derived from its
availability to produce energy
when called upon to do so. If a
generator is not available when
needed, it has little or no capacity
value. By its very nature, solar DG

on its own, without its own
backup capacity (e.g. storage), can
only produce energy intermit-
tently. It is completely dependent
on sunshine. Unless sunshine is
guaranteed at all times solar DG is
called upon to produce, it cannot
be relied upon to always be
available when needed. More-
over, even if all days were reliably
sunny, the energy derived from
the sun is only accessible at
certain times of the day. In many
jurisdictions, the presence and
potency of sunshine is :not
coincident with peak demand.
Frequently, for example, solar DG
capacity is greatest in the early
afternoon, while peak demand
occurs later in the afternoon or in
early evening. The two charts in
Figure 3 illustrate the lack of co-
incidence of solar production and
peak demand in New E:ng1and.

here two charts dramatically
demonstrate that, on the

days chosen as representative of
summer and winter in New
England, solar PV is completely
absent during the winter peak,
reaches its peak production as
peak demand is rising in the
summertime, and drops off dra-
matically during almost the entire
plateau period when demand is at
peak. It should also be noted that
on the days chosen, the sun was
shining. The graph, of course,
would look very different on
cloudy days when solar produc-
tion is virtually nil.

he Electric Power Research
Institute (EPRI) graphs in

Figure4 reveal similar patterns on a
national level. The first graph

3I
I
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match, solar DG hosts use
the grid for purchasing or

selling energy most of the

time.

I

depicts the peak load reduction and
ramp rate impacts resulting from

high penetration of solar PV.

The second illustrates the fact

that because residential load
and PV system output do not

s noted above, providers of
capacity in the wholesale

market may also have availability
issues. In their case, however, if
they are not available when called
upon to produce, they are typi-
cally obligated to either provide
replacement energy or to pay the
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that largely relies on large hy-
dropower plants with large stor-
age reservoirs, solar has
considerable long-term reliability
value because whenever it gen-
erates energy it conserves water in
the reservoirs, thereby adding to
the reliability of the system.
However, in a thermal-dominated
system (like much of the United
States), where there is little or no
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marginal cost of energy that they
failed to deliver. Unless a similar
obligation is imposed on solar
DG providers, the capacity value
of solar DG is reduced even
further. Good pricing policy
would suggest that DG prices
should be fully reflective of the
value of the type of capacity that
is actually provided. As
currently implemented, net
metering does not adequately
reflect how the capacity
availability measures up to
demand.
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B. Availability and reliability
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Many advocates of solar DG

assert that it enhances overall re-
liability because the units are

small, widely distributed but

close to load, and not reliant on
the high-voltage transmission
system. It is argued that they are

less impacted by disasters and

weather disturbances. At best,

these claims are highly specula-
tive and, for the reasons noted
below, quite dubious. It would be

a mistake to attribute added
value to solar DG because of

reliability.

Alar DG is subject to disaster
as much as any other instal-

lations. High winds, for example,
can harm rooftop solar as much as
any other facility connected or
unconnected to the grid. Cloudy
conditions can disrupt solar out-
put while not affecting anything
else on the grid.

Solar DG has more reliability
benefit in some places than others.
In Brazil, for instance, a system

storage, reliability has to be
measured on more of a real-time
basis. Therefore, solar's intermit-
tency makes it unable to assure its
availability when called upon to
deliver energy. Indeed, it is far
more likely that a thermal unit
will have to provide reliability to
back up a solar unit than the other
way around.

It is also important to examine
rooftop solar reliability issues in
two contexts: that of the indi-
vidual customer and that of the
system as a whole. Solar DG
vendors, as part of their sales
pitch, claim that reliability is in-
creased for a specific customer
with a rooftop solar unit because
on-site generation provides the

possibility of maintaining electric
power when the surrounding
grid is down. When the sun is
shining, this claim may be true.
Conversely, without the sun, the
claim has no validity. However,
that argument only applies to the
solar host.

On a technical point, a power
inverter is an electronic device or
circuitry that changes direct
current to alternating current.
During a system outage the
power inverter is automatically
switched off to prevent the
backflow of live energy onto the
system. That is a universal pro-
tocol to prevent line workers and
the public from encountering
live voltage they do not antici-
pate. Thus, if a solar DG unit is
functioning properly, when the
grid is down, the solar DG cus-
tomer's inverter will also go
down, making it impossible
to export energy. If the solar
DG unit is not functioning
properly, then the unit may be
exporting, but will do so at
considerable risk to public safety
and to workers trying to
restore service. The result is
that the solar panel provides
virtually no reliability 1:0
anyone other than perhaps to the
solar host.

Attributing reliability benefits
to an intermittent resource is a
stretch. By definition, intermittent
resources are supplemental to
caseload units. The only possible
exceptions to that are, as noted
above, where there are individual
reliability benefits or where
the availability of the unit is

I

4
I

E

J
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intermittent resources on the
grid, including solar DG, may
well cause new, cleaner, and
more efficient generation to
appear less attractive to
investors. Over the long term,
that effect could lead to
reliability problems associated
with inadequate generating
capacity, especially at times of
peak demand.
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C. Solar DG does not avoid
transmission costs
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coincident with peak demand or
has the effect of conserving
otherwise deletable resources.
Absent those circumstances,

' and absent storage, it is almost
certainly the case that the
system provides reliability for
solar DG, rather than the other
way around. That is particularly
ironic given that in the context of
net metering, solar DG hosts do
not pay for that backup service
while generating electric energy.
In essence, in a net metering
context, non-solar customers pay
solar DG providers for reliability

I benefits that solar DG does not
provide them, while solar DG
customers do not pay for the
reliability benefits they actually
do receive.

ram an investment perspec-
tive, solar DG pricing meth-

ods, like NEM, which redirect
distribution revenues from dis-
tributors to solar PV providers
who offer no distribution ser-
vices are detrimental to reliabil-
ity as they either deprive the
sector of capital needed to
maintain high levels of service or
demand additional revenues
from non-solar DG users who
would ordinarily not have to pay
such a disproportionate share of
the costs. For utilities, the
diversion of funds leaves them
with a Hobson's choice of
either delaying maintenance
and/or needed investment, or
seeking additional funds - in
effect, a cross-subsidy from
non-solar users. It is also
relevant to reliability to again
note that the prevalence of

It is nearly impossible to dem-
onstrate that solar DG will obviate
the need for transmission, much
less quantify the cost savings as-
sociated with this purported
benefit. Of course, there is a sim-
ple way to calculate any actual
transmission savings, and that is
by compensating solar DG pro-
viders in the organized markets at
the locational marginal cost of
electricity at their location. That
compensation model would have
the benefit of capturing both the
energy value and the demon-
strable transmission value of solar

DG. Absent that formulation,
efforts to calculate .actual trans-
mission savings would be a dif-
ficult, perhaps entirely academic,
task.

Alar DG advocates assert that
real transmission savings are

achieved through the deployment
of DG, especially irl systems that
use locational marginal cost pri-
cing. The argument is that by
producing energy at the distri-
bution level, less transmission
service will be required, thereby
reducing or deferring the need for
new transmission facilities. It is
also often contended that DG will
reduce congestion costs, and
perhaps even provide some
ancillary services. All of that is
theoretically possible but cer-
tainly not uniforrnlv, or even
inevitably, true.

Of course it is true that DG,
absent any adverse, indirect effect
it might have on the operations of
the high-voltage grid, does not
incur any transmission costs in
bringing its energy to market.
However, that is quite different
than asserting that DG provides
actual transmission savings. In
fact, it would be incorrect to
simply conclude across the board
that solar DG will achieve trans-
mission savings. It ispossible that
there could be transmission sav-
ings associated with solar DG
deployment, but that can only be
ascertained on a fact- and loca-
tion-specific basis. Such savings
would most likely be derived
from reducing congestion or
providing ancillary services of
some kind. It is also theoretically

December 2014, Vol. 27, Issue 10 1040-6190/;(' 2014 Elsevier Inc. All rights reserved, http;/"/dx.dc>i.nrg/10,1016/i.tf:).2014.l 1.005 39
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locational prices on the distribu-
tion system, there might be line
loss benefits that could be cap-
tured by DG but, since those price
signals do not exist, the argument
is purely academic.

generation sources could change
voltage flows in ways that will
require more controls, adjust-
ments, and maintenance. Moving
from a one-way to a two-way
system will certainly increase the
need for technical equipment to
manage the reliability of the sys-
tem. While DG solar may not be
the only cause of this move the
intermittent nature of solar makes

VII. Lower Hedge Value
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possible, but highly unlikely,
that massive deployment of
solar DG will eliminate
(or, more likely, defer) the need
to build new transmission
facilities. For a variety of reasons,
including the complexities of
transmission planning, the time
horizons involved, the complex
interactions of multiple parties,
and economies of scale in
building transmission, it is im-
probable that solar DG actually
saves any investment in
transmission capacity.

indeed, a mere glance at the
California ISO duck graph

showing the need for ramping
capacity to make up for the
intermittent availability of solar
DG provides a prima facie case
for believing that the opposite is
true and that solar DG may
cause a need for more trans-
mission to be built. These and
other charts also show that as
long as solar does not reduce
peak energy use, transmission is
likely needed to serve peak
hours. Regardless, it is virtually
impossible to demonstrate that,
other the possibilities of
reducing congestions costs
(a value fully captured by
LMP), there is very little
likelihood of transmission
saving being derived from solar
DG.
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D. Solar DG does not avoid
distribution costs

l

It is more likely that solar DG
will cause more distribution costs
than it saves. That is because these

it particularly difficult to manage.
It will also inevitably increase
transaction costs for the utility to
execute interconnection agree-
ments and do the billing for an
inherently more complicated
transaction than simply supply-
ing energy to a customer. It is
impossible, unless a solar DG host
leaves the grid, to envision a cir-
curnstance where solar DG would
effectuate distribution savings.

Regarding distribution line
losses, DG offers value only to DG
providers when they consume
what they produce because any
DG output exported to the system
is subject to the same line loss
calculations that any other gen-
erator experiences. If there were

1

s

The theory advanced by some
solar DG proponents is that be~
cause the marginal cost of solar
is zero, it serves as a hedge
against price volatility. In theory,
that might make sense. In reality,
however, solar is an intermittent
resource that cannot serve as a
meaningful hedge unless such
zero-cost energy is both suffi-
ciently and timely prociuced.
Thus, solar DG is the equivalent
of a risky counterparty whose
financial position renders him
incapable of assuring payment
when required. Moreover, the
value of a hedge depends on the
amount of money the purchaser
of the hedge is obliged to pay for
the insurance and the amount
and probability of the price
he/she seeks to avoid paying.
With a NEM system (or the
high-priced "value of solar"
approach that solar DG. advo-
cates seek), the price paid is
highly likely to exceed the fuel or
energy price most utilities would
hedge against. In short, the
argument ventures into the
realm of the absurd. It amounts
to: Pay me u fixed price that is
higher than the price you want to
avoid, in order to avoid price
volatility.

40 1040.6190/© 2014 Elsevier Inc. All rights reserved., hnp=//ax.aoi.<»rg/1u.101¢/i.tej.2o14.11.005
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he argument that solar DG
provides a valuable hedge

function is reduced to virtual
absurdity by the fact that the so-
called hedge is not callable. In
short, if the price rises to the level
against which the hedge purcha-
ser wants to be insured against,
the solar provider of the hedge is
not obliged to pay. That being the
case, there is no hedge whatso- 1

1
ever.

1
9
!

VIII. Effects of Solar DG
on Other Renewable
Resources i

%I

order, the most cost-effective
types of generators for reducing
carbon. Lovins took issue with
Frank for using outdated data and
for not looking at energy effi-
ciency. He also argued that
nuclear ranked last in cost effec-
tiveness, and expressed some
reservations about the ranking of
natural gas. However, what is
significant is that, among renew-
able resources, Lovins concurred
with Frank that solar DG is the
least efficient renewable resource
for reducing carbon. Thus, in the
view of both men -- who hold
quite divergent views on how best
to reduce carbon emissions - not
only is solar DG expensive, it is
the least cost-effective renewable

A. Impact of a low capacity
factor

resource for reducing carbon
emissions.

B. Impact of higher-than-
market price

Since 2008, as Figure 5 from the
United States Energy Information
Administration (EIA) points out,
solar PV has had the lowest ca-
pacity factor of any commonly
used renewable energy resource
in the U.S. It is also worth noting
that while the overall costs of
installing solar panels has
declined (as noted above) the

[

l

l

productivity of solar PV has
remained constant at consistently
low levels. It should be noted that
the chart below compares only
"utility-sca1e" projects. As noted
in the Lazard study above, dis-
tributed solar is even less cost
effective than utility-scale solar,
which already occupies last place
on the Department of Energy
(DOE) ratings.

he stark reality of solar PV's
combination of high prices

and poor capacity factor carries
over into the cost of reducing
carbon emissions. An interesting
dialog occurred recently between
Charles Frank, an economist at
the Brookings Institution, and
Amory Lovins of the Rocky
Mountain Institute? Their dialo-
gue, while contentious on many
points, reflects similar views on
the realities depicted in the EIA
chart. Frank analyzed five non- or
low-emitting generation
resources by their cost effective-
ness in reducing carbon and
concluded that nuclear and nat-
ural gas, followed by hydro,
wind, and solar were, in that

Capacity Fadols of Utility-Scale Renewable Energy Generators
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Figure 5: Capacity Fac10rs of Utility-scale Renewable Energy Generators

Higher-than-market prices
paid for solar DG has adverse
effects on other renewable
resources. All wholesale
generators, renewable and
otherwise, have to incorporate
transmission and distribution
costs into the price of energy de-
livered to customers. As men-
tioned above, it is t:rue that
transmission issues play out dif-
ferently for distributed generation
than for wholesale generation.
Since DG, by definition, does not
rely on transmission capacity,
although DG might impact
congestion costs in various ways,
wholesale energy's delivered cost
reflects transmission capacity

December 2014, Val. 27, Issue 10 1040-6190/C 2014 Elsevier Inc. All rights reserved., http://dx.doi.org/10.1016/'j.tej.2014.1HXJ5 41
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generation, including all other
renewables. The disparity in
treatment between solar DG and
other forms of energy suggests
that net metering is not only fed-
eral preemption bait (as further
discussed below); it is fundamen-
tally anti-competitive as well.
Indeed, it compels consumers to
both cross-subsidize less efficient
producers and to pay higher prices

l
l
1,»

I

s
I

for the energy they export at a
price that can range from two to
six times the market price for
energy. Second, in those states
with renewable portfolio stan-
dards (RPS), the entry of a critical
mass of non-cost-justified solar
DG units into the market could
have the effect of driving more
efficient, large-scale renewables
out of a fair share of the RPS
market. The effect, in a competi-
tive market, is to bias the market
to incentivize highly inefficient
small-scale solar to the -detriment
of less costly larger-scale solar.
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C. Comprehensive
environmental analysis
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costs while DG's does not. Thus,
any competitive advantage for
DG on that score is quite natural.
However, under the net metering
scheme, DG providers also do not
have to incorporate distribution
costs into their end product, and
that results in a serious economic
distortion of the generation mar-
kets in general as well as specifi-
caily in renewable markets. In
fact, as noted supra,solar DG
providers under NEM are actu-
ally paid for delivering their en-
ergy even though they provide no
such service. Wholesale genera-
tors, unlike their DG counter-
parts, enjoy no such comparable
enrichment for service they do not
provide. The effect of NEM's
highly inefficient and non-cost-
reflective rates is to distort market
prices in ways that reward ines
ficiency and will likely distort
price signals that are essential for
an efficient marketplace.

n addition, at a critical mass,
artificially elevated solar DG

prices are highly likely to create
distortions and inefficiencies in the
capacity and energy prices found
within organized markets. An
environment with two parallel
pricing regimes, one market- or
cost-based, and the other an arbi-
trary one neither market- nor cost-
based, is simply economically
incoherent and unsustainable. The
overall effect of net metering is to
increase the prices consumers pay
for energy overall, without any
assurance of any long-term
benefit. Solar DG is artificially
elevated to a preferential position
above more-efficient, larger-scale

than necessary for energy. It will
also entice investors to allocate
their capital to toward more prof-
itable but less efficient generation.
In terms of efficiency and public
benefit, the incentives inherent in
NEM are simply perverse.

Large-scale bulk power
renewables (e.g. large-scale wind
and solar farms, geothermal) are
put at a particular disadvantage
by NEM pricing of solar DG in-
dependent of costs or market for
two basic reasons. First, large-
scale renewables are more effi-
cient and more cost-effective than
DG, yet net metering provides a
subsidy only to the less efficient
form of generation. In fact, solar
DG providers are compensated

Any analysis of the environ-
mental impact of the generation
mix should include an examina-
tion of the least-cost, most effi-
cient Ways to get to the desired
results. Problematically, the pref-
erential pricing of less efficient
solar DG imposes an unneces-
sarily high-cost approach to re-
ducing carbon. Results such as
that cannot be justified on the
basis of externalities, which are no
different between DG and
larger-scale renewables. Indeed,
it seems probable that
overpayments for DG have the
effect of squeezing more efficient
forms of renewable energy out of
RPS markets by using preferential
pricing to grab a disproportionate
share of the RPS market and
driving up the cost of reducing
carbon.

In the long run, of course, the
inherent favoritism in pricing DG

i
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made up for by non-solar gusto
mere or constitutes a loss for the
utility. Neither outcome is likely
to be satisfactory to either the
utility or the regulators. Inevita-
bly there will be ratemaking
consequences. That problem is
compounded, of course, by the
fact that when the excess output
of rooftop solar is being exported
into the grid the solar provider is
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costs, regulators have generally
divided the recovery of those
costs on a different basis. Some
have been recovered on a fixed
basis, while others have been re-
covered on a variable, volumetric
basis. There are two critical policy
reasons why this has been the
case. The first is that fixed charges
tend to impose a disproportionate
burden on low-income house-
holds and on customers whose
consumption is relatively light.
The other reason is that volu-
metric-based charges send a sig~
pal to end users that the more they
consume, the more they pay.
Stated succinctly, the price signal
promotes the efficient use of en~
e rg . If the revenue stream to
cover distribution costs is dimin-
ished through mechanisms like
net metering, utilities concerned
about revenue requirements and
regulators, concerned about reli-
ability will, almost inevitably,
shift more costs into non-by
passable fixed charges, thus im-
posing more of a burden on low-
income households and, equally
important, diluting price signals
for energy efficiency. In short, net
metering will almost certainly, at
some point, serve to both cause
cost recovery to be socially re-
gressive, and to discourage ener-
gy efficiency. In effect, net
metering will likely become a
classic case of anti-green pricing.

he anti~green pricing aspect
E

t

l
1*

at levels arbitrarily higher than
other renewable energy sources
does not bode well for either the
future of renewables or the objec-
tive of efficiently reducing carbon
emissions. Discrimination in favor
of inefficient resources on a long-
term basis is simply not sustain-
able. The inevitable backlash in
both the marketplace and public
perception has the potential to
sweep away public support for
renewable energy and perhaps for
strong environmental controls as
well, an outcome no one con-
cerned about the environment
would want. One of the most no-
table ironies emanating from the
use of net metering to price solar
DG is that it will almost certainly
lead to changes in retail pricing
that will undermine the promotion
of energy efficiency. The reason for
this is that as solar DG becomes
more widely deployed, utilities
and their regulators will likely
become increasingly concerned
with the diminution of revenues
required to support the distribu-
tion system that is caused by the
use of net metering.

hose concerns are derived
from the fact that under

NEM, when solar DG is being
self-consumed at the host pre-
mises, no revenues are being paid
by that host to the utility for
providing what essentially
amounts to a battery to supple-
ment their self-generation. Since
the costs of the distribution are
fixed and not variable with the
use of "behind the meter" gen-
eration, net metering results in a
delta of revenue that is either

being paid as if he/she was deli-
vering the energy, a service
obviously provided by the distri-
bution utility. Thus, not only are
solar hosts not paying their fair
share of fixed costs, they are, by
the operation of net metering,
actually taking revenues away
from the entity that actually pro-
vides the service. From the
standpoint of the utility and of the
non-solar ratepayers who have to
bear the burden of such uneco-
nomic and inequitable revenue
allocation, rate design remedies
will be sought.

One likely remedy to be pro-
posed is to modify the fixed /
variable ratio in rates. While dis-
tribudons are indisputably fixed

of net metering is also
exemplified by the behavioral
pattern it incepts among solar
hosts. As shown on both the
California and New England
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mechanism that causes utilities
and regulators to move costs into
the fixed category, thereby dilut-
ing the price signals that would
encourage energy efficiency.
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E. Possible federal

preemption

State regulators, in setting
prices for solar DG, should also be

I

I

E
r

E
rI
I
!I
8

¥

1
1
i

F

3 3
|I
I
K
i

i

I

I

1

\

graphs above, solar production
slacks off and ultimately
disappears as demand reaches its
peak. Despite that, solar hosts are
never signaled through prices
that their consumption is no
longer being supported by
zero-marginal-cost solar
production. Indeed, in most cases
net metering determines prices on
an average-cost basis, even
though solar production, even in
the best of circumstances, is only
available a fraction of the time
period used for averaging. Thus,
solar hosts are essentially lulled
into a pattern induced by low
marginal prices, which continue
in periods of peak demand,
thereby driving the peak
demand even higher, a result that
is truly perverse, both
economically and environmen-
tally. In short, net metering and
energy efficiency are simply not
compatible.

I

D. Net metering and energy
efficiency are incompatible
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Many experts from all facets of
the renewable energy discussion
will assert that energy efficiency is
an important, if not the most im-
portant, means to increase carbon
reductions. Assuming those
experts are correct, it is important
to consider the ways in which net
metering impacts incentives for
energy efficiency. While solar DG
and energy efficiency are not in-
herently anathema, net metering
is not compatible with energy ef-
ficiency. As discussed above, net
metering is a compensation

conscious of the potential for ju-
risdictional disputes should DG
prices cause any dislocation in
wholesale markets. Because of the
economic distortions caused by
NEM, there are some who are
calling for DG to be under the
control of the Federal Energy
Regulatory Commission (FERC)
rather than state public utilities
commissions' jurisdiction Un-
less states begin to remedy the
price distortions inherent in net
metering, it would be surprising if
many aggrieved wholesale gen-
erators did not seek relief from
FERC. In a somewhat analogous
situation, New Jersey and Mary-
land sought to use state subsi-
dies/mandates to support the

g
i
Il
)
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construction of new power plants
in order to manipulate and/or
bypass the PIM capacity market.
FERC, in a decision which was
later affirmed by the Third Circuit
Court of Appeals, struck down
the state program by preemption.
State commissions that continue
to prop up a net metering regime
with no basis in either rnarket-
based pricing or cost-of-service
regulation may well discover the
prospect of preemption hanging
over them.4 Further foreshadow-
ing preemption are several other
examples of state net metering
programs running contrary to
federal pricing regimes.

he Public Utility Regulatory
Policies Act (PURPA) places

an avoided-cost ceiling on power
purchases; net metering evades
that ceiling. Under net metering
arrangements, not only are pur-
chases of excess power mandated t
at levels well in excess of avoided é
costs, but they also include a
cross-subsidy from non--solar
customers for the distribution
costs of solar DG providers. Bulk
power renewables are subject to
all of the rules of the wholesale
market, which may include such
costs as congestion costs, ancillary
services, penalties for no avail-
ability, and others. Under net
metering, solar DG providers are
subject to none of these disci-
plines, In addition, some whole-
sale renewable generators
complain that the arbitrarily high
prices paid under net metering
have the effect of attracting
enough solar DG providers to fill
up the RPS market, so that they
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costs into consideration in setting
prices for various forms of energy .

The use of external social costs,
as opposed to solely the inter-
nalized economics of various
forms of energy is a controversial
subject. Many oppose the use of
externalities as a factor in pricing
because it distorts the market and
makes social judgments eco-
nomic regulators may not be

1
1

f

are being effectively squeezed out
of the portfolio entirely

hat is particularly ironic
about this effect is that, as

noted above, distributed, small-
scale solar is the least efficient
form of commonly used renew-
able energy sources in the United
States. All of these factors indicate
that an increasing number of
parties are likely to be motivated
to ask FERC to preempt net
metering and other state-man-
dated regimes that allow for
unreasonably discriminatory and
anti-competitive pricing.
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IX. Factors Mitigating
Environmental Benefits I
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Expectations of environmental
externality benefits may be the
biggest motivator for supporting
and subsidizing solar DG. Pro-
ponents of solar DG note that
solar has zero carbon or other
harmful emissions from the pro-
cess of producing energy. Addi-
tionally, to the extent that wide
deployment of solar PV avoids
the need to invest in technologies
that do have carbon and other
undesirable emissions, there is an
environmental benefit that avoids
the social costs associated with
pollution. In the absence of legal
limits on relevant emissions such
costs, solar DG advocates cor-
rectly point out, are not captured
in the internalized costs of the
competing technologies. There
fore, solar DG advocates suggest
that regulators and policymakers
should take these external social

i
i!
I
I

empowered to make. In the views
of such opponents, the only ex-
ternalities that ought to be in-
corporated into pricing are those
that are internalized by legal
mandate. Proponents of incor-
porating externalities into rates
contend that doing so is the only
way to accurately reflect all social
costs. They also contend that
factoring in environmental ex-
ternalities is a form of insurance
against future regulatory
requirements. While this article
takes no position as to the merits
of incorporating externalities
into ratemaking, it will address
this issue, on the assumption
that at least some regulators
and policymakers will look at

externalities for purposes of
assessing the value of solar DG.

afore delving into this issue
any further, it is important

to note that the United States
Environmental Protection
Agency (EPA), whose
jurisdiction over carbon
emissions has been affirmed by
the U.S, Supreme Court,5 has
proposed new rules under
Section 111(d) of the Clean Air
Act that would, if promulgated,
internalize the costs of carbon
into electricity ratemaking, so
the issue of whether or not to
consider the costs of carbon
would no longer be debatable.
Thus, there is a great deal of
uncertainty which, in the short
term, effectively strengthens the
hand of those who contend
consideration of carbon
emissions would be a form of
insurance against Nature
regulation. In the longer term,
however, the likelihood that
carbon emissions will be
internalized gives rise to very
serious questions as to the value
of including externalities which,
over time may run contrary to
the economics of internalized
carbon costs. It is also worth
noting that there are already
several states that have adopted
controls on carbon emissions. In
those states, it is especially
important to make certain that
renewable policy and pricing
enhances efficiency in
compliance, as opposed to
confusing means and ends.
Regardless, the environmental
issue, in terms of solar DG, is

December 2014, vol. 27, Issue 10
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than if they were running as pure
caseload. Thus solar DG is not
only expensive, it is also much
more likely to displace low-
emitting, more efficient
generation than less efficient,
dirtier units. In addition, as noted
earlier, net metering significantly
dilutes the price signals for
environmentally benign energy
efficiency. I
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demonstrates that increased dh
pendence on renewable energy
resources, particularly intermit-
tent resources, does not, as many
solar DG proponents claim, ipso
facto, mean fewer carbon emis-
sions, and may, in fact, cause the
opposite to occur. It also demon-
strates that prices will escalate
dramatically if the feed in tariffs
are as far in excess of market as
NEM prices are, as shown by the
DTE graph above. The (Jermans,
incidentally, have recognized their
miscalculations and are dramati-
cally recalibrating their strategy.
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X. Regressive Social
Impact
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how cost effective such installa-
tions are for reducing carbon.

here is little dispute that
solar DG is the least efficient

of all renewable energy resources
in common use in this country. As
noted, there is even a consensus,
which includes Amory Lovins,
that agrees that solar DG is the
least efficient renewable resource
for reducing carbon. That view is
fully supported by the facts in the
California duck graph, as well as
the ISO-New England and EPRI
Value of the Grid data, which
demonstrate conclusively that
solar DG is consistently off-peak.
When priced at net metering
levels, it is also the most expen-
sive renewable resource, thereby
producing a perverse paradigm
that where the least efficient
resource costs the most. There-
fore, it is evident, without con-
sidering any other factors, that
solar DG is the least cost~
effective use of renewable
energy to reduce carbon
emissions. There is also the reality
that, as a general rule the least
efficient and "dirtiest" plants are
most likely getting dispatched at
times of peak demand. Thus, in
the rare instance that solar DG is
available at peak in the United
States, it is not displacing the
most carbon emitting plants.
Instead, it is displacing more
efficient, less polluting
generating units. Moreover, as an
intermittent resource, its
availability is highly uncertain
and fossil plants are often called
upon to operate on a less efficient,
more carbon-emitting basis

Those conclusions have been
borne out by developments in
Germany. In that country, where
there has been a very dramatic
increase in reliance on intermit-
tent energy, prices have risen 37
percent since 2005, and were ac-
companied by spikes in both
carbon emissions and the use of
brown coal (lignite). While there

are very significant difference
between most states and
Germany, perhaps most notably
that Germany has decided to close
down its nuclear plants (although
it has replaced much of the do-
mestic nuclear with imported
nuclear energy), the experience
in that country is very telling*
The German example clearly

EI
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I

There are social effects beyond
the environment that have to be
taken into account if externalities
are to be factored into ratemaking.
Any failure to examine environ-
mental externalities without rec-
ognizing that there are other social
externalities to be considered as
well will yield highly skewed
results. Perhaps the most impor-
tant of those is the social impact.

The social impacts of solar DG
are caused by three main factors.
First, as noted above, solar DG
users have their electricity costs
cross-subsidized by their neigh-
bors who completely rely on the
grid. Second, some data suggests
that solar DG users are unusual
electricity users. Third, not ev-
eryone can afford to be a solar DG
user. To address the second point,
unlike typical residential
customers, in some regions solar

46 1040-6190/43i 2014 Elsevier Inc. All rights reserved., http://dx.doi.org/11H(}1h/j.tci.2(1l4,l 1 .ans
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most of the rooftop solar benefits
to the lessor. Many electricity
customers, particularly less
affluent ones, do not own
homes or lost their homes in
the most recent recession. The
electricity customers who are
unable to afford rooftop solar are
forced to subsidize those who are
already in a more favorable
financial position. Thus, it is
entirely fair to characterize NEM
as a wealth transfer' from less
affluent ratepayers to more
affluent ones.

riffs with a regressive social
impact are certainly worthy

of consideration from a policy and
rate-making perspective. Thus, if
externalities are to be weighed in
setting pricing for solar DG, then
it is important to avoid inordinate
cost shifting and, in particular, to
avoid adding new burdens to the
less affluent in order to provide
benefits to those further up on the
income scale.

I

DG users use little or no grid
power at midday but quickly
ramp up demand on peak, when
PV production wanes (as is
demonstrated by the charts in
from the New England and Cali-
fornia ISOs). Utilities must be able
not only to serve full load on days
when solar PV is not performing,
but also to ramp up resources
quickly to address the peak
created by solar DG users. In
order to ramp up as needed,
utilities will purchase energy at
the marginal price and then
distribute those costs across all
users, not just solar DG users.
Thus, users without solar DG may
be penalized for the use patterns
of their solar DG neighbors. A
comparison of residential elec-
tricity consumers in the western
United States may be found
below in Figure 6.7

Arther, the impact of net
metering is not simply the

creation of a cross-subsidy from

non-solar PV customers to solar
PV customers but, as has been
pointed out in a recent study by
Es," it is a cross-subsidy from less
affluent households to more
affluent ones. Indeed, the average
median household income of net
energy metering customers in
California is 68 percent higher
than that of the average house-
hold in the state, according to the
study. In a recent proceeding, the
staff of the Arizona Commerce
Commission noted the same
consequence." As one wry
observer in California noted,
net metering is not "Robin Hood"
but rather it is "Robbin' the hood."
In order to install rooftop solar
panels, often individuals must be
homeowners with high credit
ratings or sufficient capital.
Leasing arrangements are also
widespread, but are generally
available only to customers who
own their own premises and
they require the assignment of
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view solar DG has energy value,
the potential for reducing some
transmission costs, and perhaps
under the right circumstances,
some capacity value, and ought to
be compensated accordingly.
With regard to externalities, it is
not entirely clear, when viewed in
the entire scope of its impact, that
solar DG, has positive environ-
mental value, but it is absolutely
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The impact of solar PV on jobs is
often cited as an externality bene-
fit. Any analysis of the job impact

must be comprehensive and not an
effort to cherry pick data. For in-
stance, merely citing the number

of solar installers employed does
not tell us much. Many aspirations

for more jobs manufacturing PV

units in the United States have not
materialized due to China's cap-

ture of the market. Other impacts

to be considered are the effect of
so lar  PV  on e lect  ra tes and  the

impact of that on the job market,

not only in terms of what happens

with rates, but also in terms of the
rate structure that is implemented

as a result of more market pen-
etration by solar DG. For example,

it is conceivable that any move-
ments toward more fixed costs

could discourage energy efficiency

work thus displacing jobs in

manufacturing and installing en-
ergy efficiency technology. / /
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There is value in solar DG, but
that value is severely diminished
and placed in peril if its pricing
discourages efficiency improve-
ments and distorts critical price
signals in the marketplace. It is
similarly counterproductive to
the future of solar DG if its pricing
has socially regressive effects and
if it sucks needed revenue away
from the essential distribution
grid. From an economic point of

clear that when net metering is
deployed, it is simply not a cost-
effective means for reducing car-
bon emissions. In fact, it is pos-
sible that solar DG might do more
harm than good if it has the effect
of removing price incentives for
energy efficiency, and if it causes
older plants to extend their lives
and to operate inefficiently on a
ramping basis for which they
were not designed. It seems clear
that if we are to capture the full
value of solar DG, net metering
must be discarded and replaced
with a market-based pricing sys-
tem that values the resource ap-
propriately and includes
incentives for making it more ef-
ficient over the long run.:
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TEENA JIBILAN
ASSISTANT CHIEF ADMINISTRATIVE LAW JUDGE
ARIZONA CORPORATION COIVIISSION (Acc)
1200 West Washington Street
Phoenix, AZ 855007 2f8§b ApR l L1 pL1:I'I

IN THE MATTER OF THE COMMISSION'S l~vEst1G9=%1§<38 9188l1¥l399*~°
COST OF DISTRIBUTED GENERATION

P I
L

Dear Judge Jibilian,

Thank you for your response to my April 11, 2016 Disability EHS Intervener
Request.

I am now informed by staff that I can participate as requested and am informed
relative to how I can connect via phone, with your meeting on this Friday, at 10
AM.

When ACC staff informed me that as an intervener I had the right to request an
Expert Witness, I asked Elizabeth Kelly, Director of Electromagnetic Safety
Alliance, Inc., and a director of the International EMF Scientist Appeal
campaign. Elizabeth has been associated with the ACC generic Docket E-
OOOOOC-11-0328 since its inception and is an intervener on that docket. She
and I both consider it appropriate for generic Docket E-00000C-11-0328 t:o be
linked to dockets that may consider the use of controversial wireless
technologies, such as E-00000J-14-0023. It is our guess, based on the
December 2014 testimony of Mr. Thomas Mum aw, (that al/ AZ public service
companies that he knew about, require 'smart meters' for solar customers),
that solar customers may still be dealing with A.R.S.40-
334.Discrimination A and B issues.

We agree that analog meter compliance with A.R.S.40-361.B is desirable for
Arizona patrons, employees and the public. A majority of generic E-00000C-11-
0328 public comments favor analog meters.

Elizabeth Kelly accepted to serve as an expert witness and sent me the attached
document for submission. Elizabeth Kelly states she can attend a meeting to
present at the Acc regarding this matter, on either Thursday, April 21, 2016 or
Thursday, April 28, 2016. Elizabeth, who lives in Tucson, requests to be
finished by 3 PM on the day selected.

Respectfully submitted,
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Docket #E-00000J-14-0023

APHI7,2016

Arizona Corporation Commissioners
BOB STUMP
BOB BURNS
TOM FORESE
AN DY TOBIN
DOUG L1TrLE
And,
Judge Jibilian, Assistant Administrative Law Judge, ACC

1200 West Washington Street
Phoenix, AZ 85007

DOCKET no. E-000001-14-0023

IN THE MATTER OF THE COMMISSION'S INVESTIGATION OF
VALUE AND COST OF DISTRIBUTED GENERATION

Notice of Direct Testimony

Dear Commissioners and Judge Jibilian,

I am submitting the direct testimony of Elizabeth A. Kelley, MA.,
Director of Electromagnetic Safety Alliance, Inc., an Arizona State
registered corporation, who also directs the International EMF
Scientist Appeal campaign.

Signed,

/*"*»»».

Patricia Ferre

In
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Docket #E-00000J-14-0023

Summary of Direct Testimony of Elizabeth Kelley, MA

I am Elizabeth Kelley, Director of Electromagnetic Safety Alliance, Inc,
an Arizona State registered corporation. Since 2011, I have testified at
hearings before the Arizona Corporation Commission regarding the
environmental impacts of electromagnetic fields and radiofrequency
radiation (often referred to as "EMF") on human health and the
environment.

The AZCC needs to do better to assure greater health
protections from electromagnetic fields and radiofrequency
radiation in regulating solar panel technologies

I am an intervener in the generic docket on smart meters (Docket #E-
00000C-11-0328) and have submitted many scientific studies, reviews
and expert statements on this subject to that docket. In that docket
are also dozens of filings of scientific studies, reports and expert
statements by others. Also there are many anecdotal reports of harm
that has been or is being caused by wireless utility meters (AMR and
AMI meters) that transmits pulse modulated radiofrequency signals
through the air and "dirty electricity" (pulse modulated radiofrequency
radiation signals from wired and wireless sources that couple with
electrical wiring in buildings.

On December 12, 2014, I brought Dr. Martin Blank, paD, of Columbia
University, to provide expert witness testimony at a hearing before the
Arizona Corporation Commission. Dr. Blank is an internationally known
expert who has published peer reviewed studies in scientific journals on
EMF biological and health effects.

At that hearing, the Arizona State Department of Health Services
presented a report it had been commissioned to do by the AZCCon
smart metering. They found that, based on its investigation, smart
meters were safe. I testified in opposition to this report as there were
many errors and omissions in it and it seems to have been politically
influenced to favor the electrical utilities that are regulated by the
AZCC.

2
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I highly recommend that Docket #E-00000C-11-0328 "Generic Docket
for the Investigation of Smart Meters", opened in 2011" be
incorporated by reference into Docket E-00000J-11-0023, as it
contributes to the current discussion by providing critically important
evidence of environmental costs due to DG of solar energy, namely the
potential for environmental harm from wireless utility metering from
AMI and AMR meters and solar inverters.

One of the stated purposes of evaluating the value and cost of
distributed generation was to evaluate environmental benefits.
I think that, as shown in Docket E-00000C-11-0328, that there are also
environmental costs involved with solar generation.

The utility meters that utilities are mandating be placed on the
buildings of all customers who provide DG through solar panels on
their rooftops or nearby to their buildings, are capable of causing harm
due to the wireless signals transmitted through the air that are used to
transmit energy use date to the utility. AMI and AMR meters time-of-
use meters are being used for this purpose. Solar customers have two
or more meters installed on their buildings to monitor solar panel
operations and to report energy usage.

Adverse health effects are being reported by solar customers and their
neighbors due to the signal transmissions from these meters. Use of
AMI and AMR meters and solar inverters installed by the solar
companies needs to be closely reviewed for safety. The Federal
government's health agencies, the U.S. Department of Energy and the
FCC are not properly exercising its responsibilities to assure EMF
emitting technologies are safe under pre and post market conditions.
Under Arizona's Revised State Statues, A.R.S.40-361.B, A.R.S.40-
321.A, A.R.S.40-202.C.1 and, A.R.S. 44-1522, the Arizona Corporation
Commission is responsible for ensuring a safe environment for workers,
building occupants and the general population.

Clearly, it is now well known that solar energy generation, including
distributed power generation through solar panels installed on
individual homes and commercial buildings, reduces the health impacts
of fossil fuels. These benefits have been pointed out in many filings to
this docket.

aw
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Western Resource Advocates, 2/14/14
Clean Power recommends that utility ratemaking give consideration
to environmental and societal impacts of their generation sources as
"these categories absolutely deserve through discussion and
consideration, 2/14/14.
Steven Olea, former Director of AZCC's Utilities Division, pointed to
the environmental benefits of reducing society's reliance on fossil
fuels, 1/27/14.
etc....

The opposite perspective was stated by RUCO (AZCC's Residential
Utility Consumer's Office) who advised to "keep it simple", in analyzing
costs and benefits as "it is hard to quantify national environmental and
health benefits" and would "detract from the main objective of this
docket."

I disagree whole heartedly with the narrow approach advocated by
RUCO. AZCC's RUCO is charged with assisting consumers in Arizona in
getting their concerns addressed in dealing with all corporate entities
and their services that are regulated by theAZCC.

International EMF Scientist Appeal to the UN and related
agencies signed by zoo scientists from 41 nations

I serve as the Director of EMFscientist.org, which is sponsoring a
campaign to bring attention to the International EMF Scientist Appeal.
This Appeal was initially signed by 190 scientists from 39 nations and
was submitted on May 11, 2015 to the leaders of the United Nations,
the World Health Organization and the United Nations Environmental
Program. Since then, the number of signatures has increased to 220
signatory from 41 nations. Each signatory that has signed this Appeal
qualifies to sign as they have published peer reviewed studies that
demonstrate biological and health effects of EMF. I am one of the
signatory to this Appeal

The Appeal starts by stating that, "We are scientists engaged in the
study of biological and health effects of non-ionizing electromagnetic
fields (EmF). Based upon peer-reviewed, published research, we have
serious concerns regarding the ubiquitous and increasing exposure to
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EMF generated by electric and wireless devices. These include-but are
not limited to-radiofrequency radiation (RFR) emitting devices, such as
cellular and cordless phones and their base stations, Wt-Fi, broadcast
antennas, smart meters, and baby monitors as well as electric
devices and infra-structures used in the delivery of electricity
that generate extremely-low frequency electromagnetic field
(ELF EMF).."

This Appeal is a powerful public statement by concerned scientists that
is being reported worldwide by major media outlets, blogs, health,
environmental and consumer groups and in testimony to local, national
and international bodies. The concerned scientists who are signing it
recognize its significance and the inherent risks of doing so.
Nevertheless, they are willing to join in common cause in order to
increase public awareness about the large body of scientific research
that points to serious EMF risks posed by EMF emitting technologies
with the hope and expectation that the knowledge gained as a result
would inform the public and lead to more protective policies to guide
technological innovation and application that involve electromagnetic
fields and radiofrequency radiation transmissions.

The complete Appeal is attached under Appendix A and may be found
at www.emfscientist.org.

Sincerely,

Elizabeth A. Kelley, MA
Director, EMFscientist.org
Director, Electromagnetic Safety Alliance, Inc.

info@emfscientist.org
Ls§!Lev_.4 §@msn_-.9933
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Appendix A

International EMF Scientist Appeal, taken from the EMFscientist.org website :

International EMF Scientist Appeal

To: His Excellency Ban Ki-moon, Secretary-General of the United
Nations;

Honorable Dr. Margaret Chan, Director-General of the World
Health Organization;

Honorable Achier Steiner. Executive Director of the . .
Environmental Programme;

U.N. Member Nations

International Appeal

Scientists call for Protection from Non-ionizing

Electromagnetic Field Exposure

We are scientists engaged in the study of biological and health effects of
non-ionizing electromagnetic fields (EmF). Based upon peer-reviewed,
published research, we have serious concerns regarding the ubiquitous and
increasing exposure to EMF generated by electric and wireless devices.
These include-but are not limited to-radiofrequency radiation (RFR) emitting
devices, such as cellular and cordless phones and their base stations, Wi-Fi,
broadcast antennas, smart meters, and baby monitors as well as electric
devices and infra-structures used in the delivery of electricity that generate
extremely-low frequency electromagnetic field (ELF EMF).

Scientific basis for our common concerns

Numerous recent scientific publications have shown that EMF affects living
organisms at levels well below most international and national guidelines.
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Effects include increased cancer risk, cellular stress, increase in harmful free
radicals, genetic damages, structural and functional changes of the
reproductive system, learning and memory deficits, neurological disorders,
and negative impacts on general well-being in humans. Damage goes well
beyond the human race, as there is growing evidence of harmful effects to
both plant and animal life.

These findings justify our appeal to the United Nations (UN) and, all member
States in the world, to encourage the World Health Organization (WHO) to
exert strong leadership in fostering the development of more protective EMF
guidelines, encouraging precautionary measures, and educating the public
about health risks, particularly risk to children and fetal development. By not
taking action, the WHO is failing to fulfill its role as the preeminent
international public health agency.

Inadequate non-ionizing EMF international guidelines

The various agencies setting safety standards have failed to impose
sufficient guidelines to protect the general public, particularly children who
are more vulnerable to the effects of EMF.

The International Commission on Non-Ionizing Radiation Protection (ICNIRP)
established in 1998 the "Guidelines For Limiting Exposure To Time-Varying
Electric, Magnetic, and Electromagnetic Fields (up to 300 GHz)"11i. These
guidelines are accepted by the WHO and numerous countries around the
world. The WHO is calling for all nations to adopt the ICNIRP guidelines to
encourage international harmonization of standards. In 2009, the ICNIRP
released a statement saying that it was reaffirming its 1998 guidelines, as in
their opinion, the scientific literature published since that time "has provided
no evidence of any adverse effects below the basic restrictions and does not
necessitate an immediate revision of its guidance on limiting exposure to
high frequency electromagnetic fields[2]. ICNIRP continues to the present day
to make these assertions, in spite of growing scientific evidence to the
contrary. It is our opinion that, because the ICNIRP guidelines do not cover
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long-term exposure and low-intensity effects, they are insufficient to protect
public health.

The WHO adopted the International Agency for Research on Cancer (IARC)
classification of extremely low frequency electromagnetic field (ELF EMF) in
2002131 and radiofrequency radiation (RFR) in 201114]. This classification
states that EMF is a possible human carcinogen (Group 28). Despite both
IARC findings, the WHO continues to maintain that there is insufficient
evidence to justify lowering these quantitative exposure limits.

Since there is controversy about a rationale for setting standards to avoid
adverse health effects, we recommend that the United Nations
Environmental Programme (UNEP) convene and fund an independent
multidisciplinary committee to explore the pros and cons of alternatives to
current practices that could substantially lower human exposures to RF and
ELF fields. The deliberations of this group should be conducted in a
transparent and impartial way. Although it is essential that industry be
involved and cooperate in this process, industry should not be allowed to
bias its processes or conclusions. This group should provide their analysis to
the UN and the WHO to guide precautionary action.

Collectively we also request that:

1. children and pregnant women be protected;
2. guidelines and regulatory standards be strengthened;
3. manufacturers be encouraged to develop safer technology,
4. utilities responsible for the generation, transmission, distribution, and

monitoring of electricity maintain adequate power quality and
ensure proper electrical wiring to minimize harmful ground current,

5. the public be fully informed about the potential health risks from
electromagnetic energy and taught harm reduction strategies;

. medical professionals be educated about the biological effects of
electromagnetic energy and be provided training on treatment of
patients with electromagnetic sensitivity;

8
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7. governments fund training and research on electromagnetic fields and
health that is independent of industry and mandate industry cooperation
with researchers,

. media disclose experts' financial relationships with industry when citing
their opinions regarding health and safety aspects of EMF-emitting
technologies; and

9. white-zones (radiation-free areas) be established.

1) http://www.icnirp.org/cms/upload/publications/ICnIRpemfgdI.pdf

2) hLtp;lLxc4ym.,.i.gn.i.§Q..Qrgicm§Lu_Q!;;§n.Q/_Q.4.l;liga;iQL1§Q$83.
3) http://monographs.iarc.fr/ENG/Monographs/voI80/

4) http://monographs.iarc.fr/ENG/Monographs/vol102/

m f

Release date: May 11, 2015
This version's date: October 15, 2o15.

All inquiries, including those from qualified scientists who request
that their name be added to the Appeal, may be made by contacting
Elizabeth Kelley, M.A., Director, EMFscientist.org,
at info@EMFscientist.org.

Note: the signatories to this appeal have signed as individuals, giving their
professional affiliations, but this does not necessarily mean that this
represents the views of their employers or the professional organizations
they are affiliated with.

Signatories

Armenia

Prof. Sinerik Ayrapetyan, Ph.I -I UNESCO Chair - Life Sciences
International Postgraduate Educational Center, Armenia

9
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Australia

Dr. Priyanka Bandara, Ph. 'I Independent Environmental Health
Educator/Researcher, Australia, Advisor, Environmental Health Trust and
Doctors for Safer Schools

Dr. Bruce Hocking, MD, MBBS, FAFOEM (RAcp), FRACGP, FARPSI

specialist in occupational medicine; Victoria, Australia

Dr. Gautama (Vini) Khurana, ph.I »., F.._A_l . Director, C.N.S.
Neurosurgery, Australia

Dr. Don Maisch, Ph.D., Australia

Dr. Elena Pirogova, Ph.l 'I Biomed Eng., B. Eng (Hon) Chem. Eng.,
Engineering & Health College; RMIT University, Australia

'I Department of Epidemiology & Preventive
Medicine, Monash University, Australia
Dr.Mary Redmayne, Ph.l

Member of the Order of Australia, Director,
Centre for Minimally Invasive Neurosurgery at Prince of Wales Hospital,
NSW, Australia

Dr. Charles Teo, BM, as, MBBS,

Austria

Dr. Michael Kundi,

Dr. Gerd Oberfeld, Mo,

Mo, University of Vienna, Austria

Public Health Department, Salzburg Government,
Austria

Dr. Bernhard Poll fer, mo, Poll fer Research, Austria

Prof. Dr. Hugo w. Riidiger, MD, Austria

Bahrain

Dr. Amer Kamas, Mo, Physiology Department, College of Medicine, Arabian
Gulf University, Bahrain

Belgium

10
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Prof. Marie-claire Cammaerts, pp. Free University of Brussels, Faculty
of Science, Brussels, Belgium

Brazil

Vania Araéjo Condessa, Msc.,

Prof. Dr. Joho Eduardo de Araujo, Mo,

Dr.Francisco de Asses Ferreira Tejo,

Electrical Engineer, Belo Horizonte, Brazil

University of Sao Paulo, Brazil

D. Sc., Universidade Federal de
Campina Grande, Campina Grande, State of Paraiba, Brazil

Prof. Alvaro desalles, Ph.D., Federal University of Rio Grande Del Sol,
Brazil

Prof. Adilza Dode, pp. Msc.~., Engineering Sciences, Minas Methodist
University, Brazil

Federal University of Medicine, Brazil

Michael Condessa Dode, Systems Analyst, MRE Engenharia Ltda, Belo
Horizonte, Brazil

Dr.Daiana Condessa Dode, Mo,

Prof. Orlando Furtado Vieira Filho, who, Cellular&Molecular Biology,
Federal University of Rio Grande do Sul, Brazil

Canada

Dr. Magda Havas, Ph.l 'I Environmental and Resource Studies, Centre for
Health Studies, Trent University, Canada

Dr. Paul Héroux, Ph.D., Director, Occupational Health Program, McGill
University, InvitropIus Labs, Royal Victoria Hospital, McGill University,
Canada

Dr. Tom Hutchinson, Ph.D., Professor Emeritus, Environmental and
Resource Studies, Trent University, Canada

., InvitroPlus Labs, Dept. of Surgery, Royal Victoria
Hospital, McGill University, Canada
Prof. Ying Li, Ph.I
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James McKay M.sc, Ecologist, City of London; Planning Services,
Environmental and Parks Planning, London, Canada

Dr. Anthony B. Miller, MD, FRCP, Professor Emeritus, Dalla Lana School of
Public Health, University of Toronto, Canada

Prof. Klaus-peter Ossenkopp, Ph.I ' I Department of Psychology
(Neuroscience), University of Western Ontario, Canada

Dr. Malcolm Paterson, Ph.D. Molecular Oncologist (ret.), British Columbia,
Canada

Behavioural Neuroscience and
Biomolecule Sciences, Laurentian University, Canada
Prof. Michael A. Persinger, Ph.D.,

China

Prof. Huai Chiang, Bioelectromagrietics Key Laboratory, Zhejiang
University School of Medicine, China

Prof. Yuqing Duan, Ph.l 'I Food & Bioengineering, Jiangsu University,
China

Dr.Kaijun Liu, Ph.D., Third Military Medical University, Chongqing, China

Prof. Xiaodong Liu, Director, Key Lab of Radiation Biology, Ministry of
Health of China, Associate Dean, School of Public Health, Jilin University,
China

Prof. Wen jun Sun, . 'I Bioelectromagnetics Key Lab, Zhejiang
University School of Medicine, China

Prof. Minglian Wang, Ph.D., College of Life Science & Bioengineering,
Beijing University of Technology, China

., College of Materials Science & Engineering, Beijing
University of Technology, China
Prof. Qun Wang, Ph.l

Prof. Haihiu Zhang, Ph.D., School of Food & BioEngineering, Jiangsu
University, China
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Associate Dean, Life Science and Technology School,
Xi'an Jiaotong University, China
Prof. Jianbao Zhang,

Prof. Hui-yan Zhao, Director of STSCRW, College of Plant Protection,
Northwest I F University, Yangling Shaanxi, China

Prof. J. Zhao, Department of Chest Surgery, Cancer Center of Guangzhou
Medical University, Guangzhou, China

Croatia

Ivancica Trosic, pp. Institute for Medical Research and Occupational
Health, Croatia

Egypt

Prof. Dr. Abu Bakr Abdel Fatth El-Bediwi, Ph.D., Physics Dept., Faculty
of Science, Mansoura University, Egypt

'r Medical Division, Hormones
Department, National Research Center, Egypt
Prof. Dr. Emad Fawzy Eskander, Ph.l

Prof. Dr. Heba Salah EI Din Aboul Ezz, Ph.D., Physiology, Zoology
Department, Faculty of Science, Cairo University, Egypt

'I Neurophysiology, Faculty of Science, CairoProf. Dr. Nasr Rad van, pp.
University, Egypt

Estonia

Dr. Hiie Hinrikus, Ph. -.Sc, Tallinn University of Technology, Estonia

Mr. Tarmo Koppel, Tallinn University of Technology, Estonia

Einland

Dr. Marjukka Hagstrom, LL.M.,

Dr. Mikko Ahonen, ph.D, University of Tampere, Finland

M.soc.sc, Principal Researcher, Radio
and EMC Laboratory, Finland
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'I Head of Bio-cybernetics Department of
Georgian Technical University, Georgia

Dariusz Leszczynski, Ph.D., Adjunct Professor of Biochemistry, University
of Helsinki, Finland; Member of the IARC Working Group that classified cell
phone radiation as possible carcinogen

Prof. Dr. Dominique Belpomme, MD, MPH, Professor in Oncology, Paris V
Descartes University, ECERI Executive Director

Dr. Pierre Le Ruz, Ph.D., Criirem, Le Mans, France

Prof. Besarion Partsvania, pp.

France

researcher, Finland
Dr. Georgiy Ostroumov, Ph.l

Docket #E-oooooJ-t 4-0023

Prof. Dr. Oslo Héinninen, pp. 'I Dept. of Physiology, Faculty of
Medicine, University of Eastern Finland, Finland, Editor-In-Chief,
Pathophysiology

(in the field of RF EMF), independent

Prof. Dr. Franz Adlkofer, MD, Chairman, Pandora Foundation, Germany

Prof. Dr. Hynek Burda, Ph.D., University of Duisburg-Essen,Germany

Dr. Horst Eger, MD, Electromagnetic Fields in Medicine, Association of
Statutory Health Insurance Physicians, Bavaria, Germany

Dr. ret. not. Lebrecht von Klitzing, Ph.I 'I Head, Institute of Environ.
Physics, Ex-Head, Clinical Research, Fribourg Medical University, Germany

'I Florian KOnig Enterprises (FKE) GmbH,Dr.sc. Florian M. Koenig, pp.:
Munich, Germany

Dr. Ulrich Warnke, Ph.D., Bionik-Institut, University of Saarlandes,
Germany

Greece
14
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-., Department of Cell Biology
. Biophysics, Biology Faculty, University of Athens, Greece

Dr. Christos Georgiou, Ph.D., Biology Department, University of Patras,
Greece

Dr.Adamantia F. Fragopoulou, M.Sc., pp.

Prof. Emeritus Lukas H. Margaritis, ph.I 'I Depts. Cell Biology,
Radiobiology & Biophysics, Biology Faculty, Univ. of Athens, Greece

Dr. Aikaterini Skouroliakou, M.Sc., pp. 'I Department of Energy
Technology Engineering, Technological Educational Institute of Athens,
Greece

Dr. Stelios A Zinelis, MD, Hellenic Cancer Society-Kefalonia, Greece

Iceland

Dr. Ceon Ramon, Ph.D., Affiliate Professor, University of Washington, USA,
Professor, Reykjavik University, Iceland

India

Fmr. Head, Environmental Biochemistry z
Molecular Biology Laboratory, Department of Biochemistry, University
College of Medical Sciences, University of Delhi, India

Prof. Dr. . . Banerjee, Ph.l

., Ex-Dean, Jawaharlal Nehru University,
presently, Emeritus Professor, Amity University, India
Prof. Jitendra Behari, pp.

Prof. Dr. Madhukar Shivajirao Dama, Institute of Wildlife Veterinary
Research, India

Associate Prof. Dr Amarjot Dhami, PhD' I Lovely Professional University,
Phagwara, Punjab, India

Dr. Kavindra K. Kesari, MBA, Ph. 'I Resident Environmental Scientist,
University of Eastern Finland, Finland, Assistant Professor, Jaipur National
University, India

Electrical Engineering Department, Indian
Institute of Technology, Bombay, India
15
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Dr. Pabrita Mandal Ph.D.,Department of Physics, Indian Institute of
Technology, Kanpur, India

Ph.D., Fellow - National
Academy of Biological Sciences, Prof. of Zoology, Biotechnology e
Bioinformatics, Dept. Advanced Zoology & Biotechnology, Loyola College,
Chennai, So India

Sivani Saravanamuttu, M.Sc., M.phiI., Dept. Advanced Zoology and

Dr. . Sharma, , Sr. Deputy Director General, Scientist - Chief
Coordinator - EMF Project, Indian Council of Medical Research, Dept. of
Health Research, Ministry/Health and Family Welfare, Government of India,
Ansari Nagar, New Delhi, India

I

Prof. Rash mi Mathur, Ph.

Prof. Dr. Dorairaj Sudarsanam, M.Sc., M.Ed.,
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Prof. N.N. Sareesh, pp.
University, India

Biotechnology, Loyola College, Chennai, India

-., Head, Department of Physiology, All India
Institute of Medical Sciences, New Delhi, India

ran ( I sI  mi Republic of)a c

MD

°.r Mela ka Mani pal Medical College, Mani pal

Prof. Dr. Sheila Abdi, Ph.D., Physics, Islamic Azad University of

Safadasht, Tehran, Iran

Prof. G.A. Jelodar, D.V.M., Ph.D., Physiology, School of Veterinary
Medicine, Shiraz University, Iran

Prof. Hamid Mobasheri, pp. -., Head, BRC, Head, Membrane Biophysics I
Macromolecules Lab; Institute of Biochemistry and Biophysics, University of
Tehran, Iran

Prof. Seyed Mohammad Mahdavi, who., Dept of Biology, Science and
Research, Islamic Azad University, Tehran, Iran

Prof. S.M.J. Mortazavi, . -., Head, Medical Physics & Engineering, Chair,
NIER Protection Research Center, Shiraz University of Medical Sciences, Iran
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'I Clinical Biochem., National Tumor
Bank, Cancer Institute, Tehran Univ. Medical Sciences, Iran
Prof. Amirnader Era mi Razavi, pp.

Dr. Masood Sepehrimanesh, Ph.D., Gastroenterohepatology Research
Center, Shiraz University of Medical Sciences, Iran

Prof. Dr. Mohammad Shabani, pp. ~., Neurophysiology, Kerman

Neuroscience Research Center, Iran

Israel

communications engineer and researcher,
Technion - Israel Institute of Technology, Israel

Dr. Yael Stein, MD, Hebrew University of Jerusalem, Hadassah Medical
Center, Israel

Michael Pelee, M.Sc., radio

Dr. Danny Wolf, Mo, Pediatrician and General Practitioner, Sherutey Briut

Clalit, Shron Shomron district, Israel

Dr. Ronni Wolf, mo, Assoc. Clinical Professor, Head of Dermatology Unit,

Kaplan Medical Center, Rehovat, Israel

ItoIv

Prof. Sergio Adamo, Ph.I

Dr. Pasquale Avino, Ph.D.,

'I La Sapienza University, Rome, Italy

Prof. Fernanda AmicarelIi,ph.D., Applied Biology, Dept. of Health, Life
and Environmental Sciences, University of L'Aquila, Italy

INAIL Research Section, Rome, Italy

Dr. Fiorella Belpoggi, pp. »., FIATP, Director, Cesare Maltoni Cancer
Research Center, Ramazzini Institute, Italy

Department of Physics and Earth Sciences,
University of Messina, Italy
Prof. Emanuele Calabro,

Prof. Franco Cervellati, ph. -., Department of Life Science and
Biotechnology, Section of General Physiology, University of Ferrara, Italy
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Vale Crocetta, Ph.D. Candidate, Bimolecular and Pharmaceuthical
Sciences, Iv.. l'Annurizio" University of Chieti, Italy

Prof. Giovanni Di Bonaventura, PhD, School of Medicine, ll . . d'Ar\nunzio"
University of Chieti-pescara, Italia

Prof. Stefano Falone, pp. .., Researcher in Applied Biology, Dept. of
Health, Life and Environmental Sciences, University of L'Aquila, Italy

Prof. Dr. Speridione Garbisa, ret. Senior Scholar, Dept. Biomedical
Sciences, University of Pad ova, Italy

Dr. Settimio Grimaldi. pp. 'I Associate Scientist, National Research
Council, Italy

Prof. Livio Giuliani, Ph. 'I Director of Research, Italian Health National
Service, Rome-Florence-Bozen, Spokesman, ICEMS - International
Commission for Electromagnetic Safety, Italy

Dr. Angelo Levis, Mo, Dept. Medical Sciences, Padua University,
Italy

Prof. Salvatore Magazine, Ph.D., Department of Physics and Science,
Messina University, Italy

Prof.

'I Researcher, Molecular Genetic Institute of
the National Research Council, Italy

Dr. Arian fa Pompilio, who, Dept. Medical, Oral & Biotechnological
Sciences. "G. D'Annunzio" University of Chieti-pescara, Italy

Prof. Raoul Saggini, University G. D'Annunzio, Chieti, Italy

Dr. Fiorenzo Marinelli, pp.

Dr. Morando Soffritti, Mo, Honorary President, National Institute for the
Study and Control of Cancer and Environmental Diseases B. Ramazzini,
Bologna, Italy

'I Center for Inter-University Research on
Sustainable Development, Rome, Italy
Prof. Massimo Sperini, pp.
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Japan

Prof. Tsuyoshi Hondou, Ph.l 'r Graduate School of Science, Tohoku
University, Japan

Prof. Hidetake Miyata, Ph.I 'I Department of Physics, Tohoku University,
Japan

Jordan

, Department of Electrical Engineering,
American University of Madaba, Madaba,
Prof. Mohammed s. H. Al Salameh

Kazakhstan

Dr. Timur Saliev, Mo, Ph. -., Life Sciences, Nazarbayev University,
Kazakhstan, Institute Medical Science/Technology, University of Dundee, UK

New Zealand

Dr. Bruce Rapley, Bsc, Mphil, Ph.D., Principal Consulting Scientist,
Atkinson & Rawley Consulting Ltd., New Zealand

Nigeria

D r .  I d o l  A y i s a t Obe, Department of Zoology, Faculty of Science,
University of Lagos, Akoka, Lagos, Nigeria

Prof. Olatunde Michael Oni , Ph.D, Professor of Radiation & Health
Physics, Ladoke Akintola University of Technology, Ogbomoso, Nigeria

Oman

Prof. Najam siadiqi, MBBS, pp. »., Human Structure, Oman Medical
College, Oman

Poland

Department of Microwave Safety, Military
Institute of Hygiene and Epidemiology, Poland
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Prof. Dr. Stanislaw Szmigielski, Mo, Ph.l -., Military Institute of Hygiene

and Epidemiology, Poland

Republic of China

Prof. Dr. Tsun-Jen Cheng, MD, Sc.I ~., National Taiwan University,

Republic of China

Romania

Alina Cobzaru, Engineer, National Institute of Research & Development,
Institute of Construction & Sustainability, Romania

Russian Federation

Prof. Vladimir n. Binni, Ph. 'I A.M.Prokhorov General Physics Institute of
the Russian Academy of Sciences, ..Lomonosov, Moscow State University

Dr. Dleg Grigoriev, Dsc., Ph.I 'I Deputy Chairman, The Russian National
Committee on Non-Ionizing Radiation Protection, Russian Federation

Chairman, Russian National Committee on Non-
Ionizing Radiation Protection, Russian Federation
Prof. Yury Grigoryev, MD,

Dr. Anton Merkulov, ph.= -., Russian National Committee on Non-Ionizing
Radiation Protection, Moscow, Russian Federation

Kazan Federal University, RussiaDr. Maxim Trushin, who.,

Serbia

Dr. Snezana Raus Balind, pp. 'I Research Associate, Institute for
Biological Research "Sinisa Stankovic", Belgrade, Serbia

Prof. Danica Dimitrijevic, pp. 'r Vinca Institute of Nuclear Sciences,
University of Belgrade, Serbia

Dr. Sladjana Spasic, Ph.l . Institute for Multidisciplinary Research,
University of Belgrade, Serbia
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sIa vak Rhpubloc

Dr.Sc., Cancer Research Institute, Slovak
Academy of Science, Bratislava, Slovak Republic
Dr. Igor Belyaev, pp.

South Korea (Republic of Korea)

Prof. Young Hwan Ahn, ph.D,MD, Ajou University Medical School, South

Korea (Republic of Korea)

Prof. Kwon-seok Chae, Ph.D., Molecular-ElectroMagnetic Biology Lab,
Kyungpook National University, South Korea (Republic of Korea)

. ~., School of Electronics and Electrical
Engineering, Dan kook University, South Korea (Republic of Korea)
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1 Q1. Please state your name and business address

2 Al. Scott Northrup. My business address is 4601 South Butterfield Drive, Tucson, Arizona

85714
3

4 QS. Please describe your present position, background, and experience

AS. I am the Business Manager/Financial Secretary for Intervenor, International Brotherhood

of Electrical Workers, Local 1116. The position of Business Manager/Financial

Secretary is an elected union position, but due to the recent retirement of my predecessor

Frank Grij Alva, I was appointed by our Executive Board to my present position on

February 1, 2016

Because all IBEW Local Unions also have a President, persons outside of our

organization commonly believe that the President is the principal officer of the Local

This is not the case. Article 17, §§4 and 8 of the Constitution of the International

Brotherhood of Electrical Workers, AFL-CIO, provides that the Business

Manager/Financial Secretary is the "principal officer" of any IBEW Local Union

Prior to becoming Business Manager/Financial Secretary, I was employed by TEP for

sixteen years in various positions, most recently as a Training Specialist. While

employed at TEP, I was an active member of IBEW Local 1116, and previously served as

the Local's President for eight years

18 Qs. Are IBEW Locals 1116, 387, and 769 separate legal entities?

19 A3.

20

Yes. Additionally, our International Union and its constituent local unions, including my

own, are separate legal entities. However, the various IBEW local unions in the state of

Arizona meet on a regular basis to discuss issues of mutual concern. Generally speaking

we are familiar with and supportive of the actions of each other. IBEW Locals 1116

387, and 769 have chosen to collectively intervene in these proceedings. As a result, I

am testifying today on behalf of IBEW Local 1116 as well as IBEW Locals 387 and 769



1 Q4. Have you testified in other matters before the Arizona Corporation Commission?

2 A4. No

Qs. What is IBEW Local 1116?

A5. IBEW Local 1116 is a labor organization that serves as the exclusive representative for

approximately seven-hundred non-managerial Tucson Electric Power ("TEP")

employees, including linemen/cablemen, substation electricians, electronics technicians

equipment servicemen, field technicians, designers, heavy equipment and transport

operators, maintenance electricians, maintenance mechanics, and meter repairmen

IBEW Local 1116 also represents approximately thirty-seven members working for Trico

Electrical Cooperative

IBEW Local 1116 and TEP's series of collective bargaining agreements ("CBA") date

back to November 16, 1937. and its current CBA extends to December 31. 2018. IBEW

Local 1116 was a pa.rty to the 2008 TEP Rate Case Settlement Agreement, approved in

Decision No. 70628, and to the 2012 TEP Rate Case Settlement Agreement, approved in

Decision No. 73912, and to the ongoing TEP Rate Case in Docket No. E-01933A-15

0322. IBEW Local 1116 was also involved in the 2009 Trico rate case. See Trico

Electric Cooperative, Ire. General Rate Case, 2009 Ariz. PUC LEXIS 186 (Aug. 6

2009)

QS. What is IBEW Local 387?

A6. IBEW Local 387 is the duly-elected and recognized exclusive bargaining agent for

approximately one-thousand-five-hundred employees of the Arizona Public Service

Company ("APS"). IBEW Local 387 is also the exclusive representative of employees at

Navopache Electric Cooperative, Inc., and of employees working for Unisource Electric

Workers in Nogales and for Gradiam County Electric Cooperative



IBEW Local 387 and APS have a long series of CBAs dating back to 1945 concerning

rates of pay, wages, hours of employment, and other terms and conditions of

employment. See generally Int'l Ehd. ofElec. Workers v. NLRB, 788 F.2d 1412, 1413

(9th Cir. 1986). IBEW Local 387 intervened in Docket No. E-01933A-11-0224, among

many other proceedings before the ACC involving APS and other regulated utilities, and

was a party to the APS rate case settlement agreement dated January 6, 2012 and

approved in Decision No. 73 l83

Q7. What is IBEW Local 769?

A7. IBEW Local 769 represents employees of subcontractors working for virtually all of

Arizona's utility companies, large and small. IBEW Local 769 is the exclusive

bargaining agent for all IBEW outside line workers in Arizona, and its scope of work also

includes teledata, street light, and trenching for APS and throughout the state of Arizona

At any given time, IBEW Local 769 has between five and two-hundred of its bargaining

unit employees worldng for subcontractors of APS

IBEW Local 769 intervened in Docket No. E-01933A-11-0224, among several other

proceedings before the ACC involving APS and other utilities, and was a party to the

January 6, 2012 APS rate case settlement agreement approved in Decision No. 73183

IBEW Local 769 is also the exclusive bargaining representative of approximately 80

employees of UNS Electric Corporation in Mohave County

18 QB. What is the purpose of your testimony

19 AB.

20

I am testifying to share the position and perspective of our represented utility workers on

the cost and value of solar service. I am also testifying in support of the adoption of a

new price plan for rooftop solar customers, similar to that implemented by SRP in early

: lm II



We believe that our members bring a unique and important perspective to this discussion

As you know, Article XV, § 3 of the Arizona Constitution expressly recognizes the

employees of public service corporations as central stakeholders whose interests are on

par with those of patrons with respect to any potential Commission action. Specifically

the Arizona Constitution provides that "[t]he corporation commission shall have full

power to, and shall ... make and enforce reasonable rules, regulations, and orders for the

convenience, comfort, and safety, and the preservation of the health, of the employees

and patrons of [public service] corporations

QS. How are utility workers currently being impacted by net-metering

A9. In the last one-hundred years, utility workers, including those represented by the IBEW

Locals, built the North American grid, which has been called by IBEW International

President Edwin D. Hill "the largest and most complex machine in human history, the

key to our country's economic future." See The Electrical Worker Online, How Will

Distributed Generation Change the Grid?, (May 2015), available at

http:j/wwvLibew.org/artQles/ l5EleQric8\lWorker/EWl505/So1arRooftop,0515.html

Distributed generation solar power promises to dramatically change the grid in the near

future. How that change occurs will impact the jobs and iiutures of thousands of IBEW

workers, including those in Arizona. The IBEW Locals' principal concern is that solar

customers use and rely on the grid without contributing a fair share to the cost of its

maintenance, thereby requiring utilities to either absorb or shift the cost to other users

and fundamentally destabilizing the environment in which utility workers do their jobs

Regardless of how much expansion the solar power field experiences, for it and for all

renewable energy to succeed on a large scale, the grid is indispensable. In truth the grid

won't die, but rather must grow exponentially - in function, complexity, and usefulness

See Charles Bayless, The Death of the Grid?, Fortnightly (Dec. 2014), available at

http://magfortnightlv.cgm/arti9le e§+Death+of+thetGrid%3 F+/ l886505/23895 l /article

§.html. The grid ensures that for solar users, energy is still available at night and in

inclement weather and when a solar system is being maintained or fails. It also allows
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4

5

excess energy to flow back to die grid, among other important services. Thus, the grid is

essential to solar customers. Indeed, in its antitrust complaint against SRP, SolarCity,

America's largest installer of distributed solar energy systems, conceded that "solar

customers are unable to completely disconnect from SRP's grid-they still need power in

the evening hours and at other times when their energy demands exceed what their solar

energy systems produce[.]" See Complaint, Case No. 2:15-cv-00374-DLR (Doc. l, p. l,

114) (D. Ariz. March 2, 2015).
6

7

8

9

10

11

12

13

14

15

16

17

18

Currently however, utilities compensate solar customers for their surplus electricity at full

retail value. Thus, they are excused from paying their fair share of the costs derived from

their use of the grid, including its maintenance and the transmission and distribution it

facilitates. Solar customers are compensated for the energy that they generate, but that

compensation does not account for the fact that less than half of the cost of providing

energy comes from generating it. See The Electrical Worker Online, How Will

Distributed Generation Change the Grid?, (May 2015), available at

http://www.ibew.org/anticiesl15ElectricalWorker/EWl 505/SolarRooftop.05 l5.html. In

fact, thirty-seven cents of every dollar charged by utilities goes towards building and

maintaining the grid. Id. And regardless of the growth of solar, that fact may not change.

The Executive Director of the Harvard Electricity Policy Group, estimates that solar does

not avoid transmission costs and may actually increase distribution costs. Ashley Brown,

Valuation of Distributed Solar: A Qualitative Wew, 27 The Electricity Journal 10 (2014),

available at

http://www.ksg.harvard.edMepg/Papers/20l 4/12. l 4/Brown%20%20Valuation%20of"/>2

0%2ODistributed%20Solar%20%20l l | l4_pdf_

19

20

21

22

Thus, regardless of how much solar grows, utilities will still need workers to build and

maintain the grid. The fact that these utilities will not receive a fair price for their

services jeopardizes job stability for utilities workers, and reduces utilities' ability to

provide a safe and efficient workplace for these workers. This is obviously an

unfavorable outcome for the IBEW Locals' members. The IBEW Locals also posit that
23

24
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2

3

this outcome should concern the Arizona Corporation Commission, which is bound by

Article XV, § 3 of the Arizona Constitution to protect the employees of public service

corporations, as notably opposed to the interests of distributed-solar companies, many of

which are actually from California.

4

5
Q10. To what degree do intermittency and non-dispatchability affect the value of solar?

A10.
6

7

8

9

10

11

12

13

In response to this question, posed by Commissioner Stump in his February 19, 2016

letter to the docket, the IBEW Locals assert that these drawbacks of solar not only reduce

its value, but also accentuate the benefit, along with the associated cost, of traditional

generation through the grid. By way of example, when a storm hits and it is raining and

the lines are down, solar customers not only rely on electricity produced by electric

utilities, they also rely on the skilled employees of those utilities, or their contractors, to

make all necessary repairs to the grid in short order. In other words, the utilities and

those working directly for or with them must be, and in fact are, prepared to jump into

action and get to work on behalf of everyone tied into the grid. This readiness to work is

in itself a costly, albeit necessary, expense that needs to be borne by everyone reliant on

the grid. The same cannot be said of those who install distributed solar energy systems.

14
Q11. Are the IBEW Locals concerned about the regressive social costs currently imposed

15

16 A l l .

17

18

19

20

21

22

by net-metering?

Yes. In many cases, the costs that solar customers are excused from paying are

reallocated to non-solar customers. Solar customers typically must be able to pay many

thousands of dollars for a solar unit, have a single-family home, and possess a good credit

score. Those without these abilities, including those living in apartments or multi-unit

low-income housing, cannot access rooftop solar power for their home. Thus, the cost

shift from solar users to non-solar users is actually a cost shift Hom affluent families to

low-income families. As the bargaining representative for utilities workers supporting

worldng class families in non-managerial jobs, this strikes the IBEW Locals as especially

unjustifiable.
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1 Q12. Left unchecked, how do the IBEW Locals estimate that net metering, in its current

state, will impact the value of solar power in the long run?
2

Al2.
3

4

5

6

7

8

The IBEW Locals support clean energy and efforts to reduce carbon emissions.

Currently, however, rooftop solar is the least effective renewable energy source for

reducing carbon emissions. Ashley Brown, Valuation of Distributed Solar: A Qualitative

Wew, 27 The Electricity Journal 10 (2014), available at

http://www.ksg.harvard.edWhepg/Papers/20 l4/12. 14/Brown%20%20Valuation%20ot'/12

0%20Distributed%20Solar%20%201 l.14.pd£ Preferential pricing for rooftop solar

results in solar occupying a disproportionate share of the energy market, making it less

likely that other more efficient forms of renewableenergy are successful. This result is

inconsistent with the IBEW Locals' goal of supporting and advancing renewable energy.
9

10 Q13. How would the IBEW Locals prefer that the concerns raised herein be addressed?

11
A13.

12

13

14

15

16

17

The IBEW Locals believe that utilities' mechanisms for pricing solar must accurately

account for its benefits. Moreover, they also must account for, as Commissioner Stump

referred to it in his February 19, 2016 letter to the docket, the "regressive social costs ...

of solar, given that non-solar utility customers subsidize solar customers." At the same

time, any solution must distinguish between value and cost. Valueconsiderations

pertinent to solar power, such as environmental benefit, may properly inform policy

planning, but should remain separate from costs considerations, which must effectively

recover outlays-the actual dollars and cents-expended by a utility. Ultimately, to

effectively and safely employ the workforce necessary to deliver cost-effective power to

the public, utility rates must be cost-based.
18

19

20

21

22

The IBEW Locals support the adoption of a plan similar to SRP's new Customer

Generation Price Plan, or E-27 plan. Rather than charging customers for power based on

how much energy they use, which fails to reflect an equal share of the fixed energy costs

used by a solar customer, the E-27 plan breaks down a customer's energy costs according

to the costs incurred by the utility in providing it, such as transmission, distribution,

23

24

9
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1 customer service, and more. Solar customers are still able to send their surplus energy

back to the grid, and will receive a credit towards their energy charge for doing so.
2

3
Q14. Does this conclude your testimony?

4 A14. Yes.

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
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1 Q1. Please state your name and business address.

2 Al. Scott Northrup. My business address is 4601 South Butterfield Drive, Tucson, Arizona

85714.

I_

3

4 Qz. Are you the same Scott Northrup whose direct testimony was filed in this docket on

February 25, 2016.
5

AS.
6

Yes .

7 Qs. What outcome do the IBEW Locals hope to see this Value of Solar docket

accomplish?8

9
AS.

10

11

12

13

14

15

16

17

18

In short, equity. The IBEW Locals hope that a clear separation between tangible and

intangible costs and benefits is established through the Value of Solar docket. This

requires a segregation of the utility's cost of service from any societal and/or forward

looldng benefits that are associated Mth solar DG. Doing so will facilitate the

identification of the revenue streams needed to fairly compensate the utility as well as the

customer. Incorporating intangible benefits into this calculation would invite: (i) a high

level of subjectivism, (ii) a focus on generalities, (iii) arbitrary and/or policy presumptive

determinations regarding what external considerations are more important than others ,

and (iv) an opening of the door for discrimination. In addition, the IBEW Locals believe

that die intangible benefits would be more appropriately addressed through State and

local governments providing an economic value or incentive to consumers in the form of

some tax benefit. After all, secondary economic impacts are of the greatest benefit to

society at large.

19

20
Q4. Are you aware of any tangible or quantifiable distribution system costs associated

with solar DG that are avoidable?
21

A4.

22

23

No. As I understand it, solar DG does not reduce the distribution costs of providing

service. The reason for this is due to rooftop solar DG's lack of reliability and its

intermittency (as explained in my previous testimony). Because of these factors, rooftop

24

3
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solar customers must still rely on the power provided from the electric grid during the

times that the DG unit is not operating or when the DG unit provides insufficient

generation to serve the customers' demands. This means that the size of the facilities

required to provide service to a customer with DG is exactly the same as a standard

customer without DG. That is, the metering, transformer, and service drop at the

customer's service location is the same for all similarly situated customers, whether solar

DG or not. In fact, Nevada recently faced this exact same issue. In its decision, the

Public Utilities Nevada Commission found that DG was no longer economical for neV7'"l°

systems, and existing customers who expected modest savings from their solar

investments faced substantial added costs for electric services.

Environmental benefits, on the other hand, are non-quantifiable. While enthusiasm for

solar DG and other renewable resources is undoubtedly a positive goal, it really has no

place in a customer's utility bill. By their very nature, utility bills are designed to recover

the costs incurred in the provision of service and utilities to customers. As an economic

matter, this gives utilities an opportunity to earn a fair return on their capital (that they are

obliged to prudently manage), and as a result, the public has historically invested in them

with confidence.

Finally, a quantifiable detriment has been identified _._ the generation capacity o f rooitop

solar will proceed to decline as it continues to be added. This is because the typical peak

hour for energy commences around 5:00 p.m. (when the workforce begins to arrive at

home) and continues into the subsequent hours. The problem is that rooftop solar is

contributing less during these peak times, yet the consumption and demand have not

declined. Conversely, they have increased, and the demand for energy after sunset will

continue to grow. Rooftop solar energy will have a diminishing impact on the capacity

needed to meet this demand because any mitigation rooftop solar can offer is only

possible until around 5:00 p.m.

4
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1 Qs.

2
A5.

3

4

5

6

7

8

9

10

l l

12

13

14

15

You previously testified about the regressive social costs related to net-metering and

solar DG; are you aware of any other related social impediments?

Yes. My previous testimony focused on the impact of solar DG on those living in

apartments or multi-unit low-income housing versus those affluent enough to have a

single-family home, possess a good credit score, and afford to pay thousands of dollars

for a solar unit. In addition to this, most rural areas are serviced by Cooperatives and

have a far lower number of customers per mile. The result is that these areas pay a higher

distribution cost of providing service per kph. A higher level of distribution costs means

that those serviced by Cooperatives incur a greater amount of fixed costs due to

customers with solar DG. Many of the IBEW Locals' members live in these

communities and have been financially burdened by this imbalance in cost sharing. with

the approval of rates and charges that allow for an equitable recovery of the distribution

costs associated with providing service to customers with solar DG, those living in rural

areas (which also happen to be the most economically challenged in Arizona) pay only

their fair share of the costs. As Theodore Roosevelt explained, "I stand for the square

deal ... But when I say that I am for the square deal, mean not merely that I stand for

fair play under the present rules of the game, but that I stand for having those rules

changed so as to work for a more substantial equality of opportunity and of reward for

equally good service." A plan similar to SRP's new Customer Generation Price Plan, or

E-27 plan will accomplish this goal.

16

17

18

19

20

21

In addition to the negative impact that solar DG has had on rural areas, recent research

regarding this issue has shown that subsidies for rooftop solar, over the years, have led to

a significant loss in jobs and a decreased readth for Arizona as a whole.1 The root of this

problem is that money spent on DG depletes the amount of money available to spend in

other sectors of the economy. While the opposition may argue that rooftop solar creates

additional jobs, these jobs are temporary (only created by the installation of rooilop solar)

and worse, they are counteracted by what the ASU Study has referred to as their "long-

22

23
1 Evans, Anthony, Tim James, and Lora Mwaniki-Lyman. "The Economic Impact of Distributed Solar in
Me APS Service Territory, 2016-2035."Report, L. William Seidman Research Institute, W.P. Carey
School of Business, Arizona State University, February 16, 2016. (ASU Study).
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1

2

run/legacy effects." This study predicts that over billions of dollars of lost gross state

product and thousands of 'job years" (i.e., years of employment) are lost. This is a

significant social regression for Arizona and for the members of the IBEW Locals.

3

4

5

6

7

8

9

10

11

12

13

14

15

16

There is a further consideration to take into account when dealing with employees of

public servicecorporations, such as the members of the IBEW Locals. According to

Article XV, § 3 of the Arizona Constitution, employees of public service corporations are

central stakeholders with respect to the Commission's power to "make and enforce

reasonable rules, regulations, and orders . . .." This is an added constitutional protection

that other types of employees, such as non-utility employees of solar companies, do not

have. This additional consideration seems to have been overlooked in the Commission

Staffs direct testimony. According to the Staff, "secondary economics should not be

considered" and "[c]omparison of local job content can vary between technologies and

whether jobs are construction, operations or maintenance, sales and finance." (Direct

Testimony of Howard Solganick, pg. 25). Similarly, RUCO seems to have omitted

taldng this constitutional protection into consideration. According to RUCO, "[f]or the

sake of simplicity and rate making, RUCO recommends against attempting to quantify

benefits and/or costs related to larger macroeconomic impacts such as job losses or

gains." (Direct Testimony of Lon Huber, pg. 26). While this may be true for other types

of employment, the Arizona Constitution requires that additional protection be given to

employees of public service corporations, and therefore any negative impact on their jobs

should be quantified and considered in this matter.
17

18

19

20

21

22

Finally, if non-solar customers are saddled with absorbing the fixed costs for rooftop

solar customers, a few problems come to mind. First, what if the non-rooftop solar

customers who are prob ected to absorb the fixed costs move away prior to realizing the

absorption? And second, what if the intangible benefits of rooftop solar do not

materialize? These two scenarios would result in economic burden shifting to other

undeserving groups. This would only serve to intensify the deleterious and inequitable

financial impact that solar DG has on Arizona citizens.
23

24
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QS. Does this conclude your testimony?

Yes.i
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Publication History

Original version published April 13, 2004.

Corrected version published January 31, 2006, including these changes:
1. Authors' e-mail addresses have been updated.
2. Total person-yrs/GWh for O&M and fuel processing, for the Wind 2 technology

in Table 2 has been corrected to read 0.03 (instead of 0.78) .
3. Employment under Scenario l in Table ES-2, Table 3 and Figure l has been

corrected as follows: O&M and Fuel Processing: 111, 136 (instead of 188,317)
and Total Employment: 163,669 (instead of 240,850).

4. The contents of Appendix 2 were printed with the Appendix 3 heading in Me
original publication, giving the impression that Appendix 2 was missing.
Appendix 2 has the correct heading in this version.

Cite this report as:

Daniel M. Karmen, Kamal Kapadia, and Matthias Fri pp (2004)Putting Renewables to
Work: How Many Jobs Can the Clean Energy Industry Generate? RAEL Report,
University of California, Berkeley.



Energy Technology Source M Estimate

Average Employment Over Life of Facility
(j¢bsImwa)

Construction,
Manufacturing,

Installation

O&M and fuel
processing

Total
Employment

PV 1

PV2
Wind 1

Wind 2

Biomass - high estimate

Biomass - low estimate

Coal

Gas

REPP, 2001

Greenpeace, 2001

REPP, 2001

EWEA/Greenpeace, 2003

REPP, 2001

REPP, 2001

REPP, 2001

Karmen, from REPP, 2001 ,
CALPIRG, 2003, BLS, 2004

6.21

5.76

0.43

2.51

0.40

0.40

0.27

0.25

1 .20

4.80

0.27

0.27

2.44

0.38

0.74

0.70

7.41

10.56

0.71

2.79

2.84

0.78

1.01

0.95
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PUTTING RENEWABLES TO WORK:

HOW MANY JOBS CAN THE CLEAN ENERGY INDUSTRY GENERATE?

Daniel M. Karmen , Kamal Kapadial & Matthias Frippl1,2,*

'Energy and Resources Group, Goldman School of Public Policy
University of California, Berkeley, CA 94720-3050

kammen berkeley.edu • kama1k§§berkeley.edu • tripp berke1ey.edu

OVERVIEW

Expanding the use of renewable energy is not only good for our energy self-sufficiency and the
environment, it also has a significant positive impact on employment. This is the conclusion of
13 independent reports and studies that analyze the economic and employment impacts of the

clean energy industry in the United States and Europe. These studies employ a wide range of
methods, which adds credence to the findings, but at the same time makes a direct comparison of
the numbers difficult. In addition to reviewing and comparing these studies, we have examined
the assumptions used in each case, and developed a job creation model which shows their
implications for employment under several future energy scenarios.

Table ES-1: Average employment for different energy technologies. "MWa"refers to average installed
megawatts De-rated by the capacity factor of the technology, for a 1 Mwsolar facility operating on
average 21 % of the time, the power output would be 0.21 MWa. References in parentheses and sources
refer to the studies reviewed in the text.

* Address correspondence to: Professor Daniel M. Karmen, Energy and Resources Group, 310 Barrows Hall
#3050, University of California, Berkeley, CA 94720-3050. URL: http://socrates.berkeely.edu/~karnrnen.
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Scenarios

Average employment associated with each
scenario Gobs)

Construction,
Manufacturing,

Installation

O&M and Fuel
Processing

Total
Employment

Scenario1: 20% Renewable Portfolio Standard (RPS) by 2020
(85% biomass, 14% wind energy, 1% solar PV)

Scenario 2: 20% Renewable Portfolio Standard (RPS) by 2020
(60% biomass, 37% wind energy, 3% solar PV)

Scenario3: 20% Renewable Portfolio Standard (RPS) by 2020
(40% biomass, 55% wind energy, 5% solar PV)

Scenario4: Fossil Fuels as Usual to 2020
(50% coal and 50% natural gas)

Scenario5: 20% Gas Intensive by 2020
(100% natural gas)

52,533

85,008

111,879

22,711

22,023

111,136

91 ,436

76,139

63,657

61,964

163,669

176,444

188,018

86,369

83,987

r
]

KAMMEN, KAPADIA & FRIPP ENERGY AND JOBS PAGE 2

Table ES-2: Comparison of the estimated employment created by meeting the equivalent of 20 percent
of current U.S. electricity demand via and expansion of fossil or renewable-based electricity generation.

A key result emerges from our work: Across a broad range of scenarios, the renewable energy
sector generates more jobs than the fossil fuel-based energy sector per unit of energy delivered
(i.e., per average megawatt).

In addition we find that the employment rate in fossil fuel-related industries has been declining
steadily for reasons that have little to do with environmental regulation. Finally, we find that
supporting renewables within a comprehensive and coordinated energy policy that also supports
energy efficiency and sustainable transportation will yield far greater employment benefits than
supporting one or two of these sectors separately. While certain sectors of the economy may be
net losers, policy interventions can help minimize the impact of a transition from the current
fossil fuel dominated economy to a more balanced portfolio that includes significant amounts of
clean energy. Further, generating local employment through the deployment of local and
sustainable energy technologies is an important and underutilized way to enhance national
security and international stability.
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INTRODUCTION

It is often assumed that environmental protection inevitably comes at a financial cost. However,
an increasing number of studies are finding precisely the opposite is true in the case of renewable
energy: that greater use of renewable energy systems provides economic benefits through
investments in innovation, and through new job creation, while at the same time protecting the
economy from political and economic risks associated with over-dependence on too limited a
suite of energy technologies and fuels.

This report reviews the range of recent studies on the job creation potential of the renewable
energy industry. We critically analyze the studies with a view to answering four main questions:

How can one compare and make sense of employment impact numbers derived through
different methods, and presented in different units?
What are the potential regional employment impacts of large-scale growth in the renewable
energy sector?
What would large-scale growth in the renewable energy sector mean for those employed in
the fossil fuel energy sector?
What policy measures would maximize the net positive economic and employment benefits
that the renewable energy industry offers?

A summary of all studies reviewed, and methods used therein, is provided in Appendix 1. While
a simple analytic comparison across studies is difficult for reasons discussed below, we can still
draw a number of clear general conclusions:

The renewable energy sector generates more jobs per megawatt of power installed, per unit
of energy produced, and per dollar of investment, than the fossil fuel-based energy sector.
Jobs in the fossil fuel sector are declining for reasons that are, for the most part, not related to
environmental regulations. Nevertheless, a shift from fossil fuels to renewables in the energy
sector, at whatever scale, will create some job losses. These losses can be adequately
mitigated/ameliorated/alleviated through a number of policy actions.
Embedding support for renewables in a larger policy context of support for energy efficiency,
green building standards, and sustainable transportation will greatly enhance net positive
impacts on the economy, employment and the environment.

lIl



How can one compare and make sense of employment impact numbers derived through
deferent methods, and presented in deferent units?

1 2004 The Institute for America's Future, The Center On
Wisconsin Strategy and The Perryman Group, Waco Tx.

The Apollo Jobs Report: For Good Jobs & Energy Independence New
Energy for America (I-O model)

2 2003 Greenpeace/European Wind Energy Association wind Force 12. A Blueprint to Achieve 12% of the World's Electricity
from wind Power by 2020. (Analytical model)

3 2003 Environment California Research and Policy Center (Brad
Heavner and Bernadette Del Chiaro)

Renewable Energy and Jobs. Employment Impacts of Developing
Markets for Renewables in California (Analytical model)

4 2002 CALP!RG (Brad Heavner and Susannah Churchill) Renewables Work.Job Growth from Renewable Energy Development
in California (Analytical model)

5 2001 World Wide Fund for Nature (Study conducted by Tellus
Institute and MRG Associates)

Clean Energy: Jobs for America's Future (I-O model)

G 2001 Renewable Energy Policy Project (co-authored by
Virender Singh of REPP and Jeffrey Fehrs of BBC
Research and Consulting)

The Work that Goes into Renewable Energy (Analytical model)

7 2001 Daniel Karmen and Kamal Kapadia, Energy and
Resources Group, University of California, Berkeley

Jobs from Renewables, study for Kerry/Kennedy (Analytical model)

8 2001 Greenpeace 2 Million Jobs by 2020. Solar Generation. Solar Electricity for over 1
billion people and 2 million jobs by 2020. (Analytical model)

9 2001 Environmental Law & Policy Center (study done by the
Regional Economics Applications Laboratory: Geoffrey
Hewings and Moshe Yanai)

Job Jolt: The Economic Impactof Repowering the Midwest. A Clean
Energy Development Plan for the Heartland (I-O model)

10 2000 Michael Renner, Worldwatch Institute Working for the Environment: A Growing Source of Jobs
(Worldwatch Paper 152)

11 1999 European Wind Energy Association/European
Commission Directorate-General for Energy

Wind Energy: The Facts (Analytical model)

12 1999 European Commission/ALTEnER Programme DG for
Energy and Transport

Meeting the Targets and Putting Renewables to Work (I-O model)

13 1998 Skip Laitner, Stephen Bernow, John DeCicco "Employment and other macroeconomic benefits of an innovation-led
climate strategy for the United States." Energy Policy 26, 5: 425-432.
(l-o model)

r
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RENEWABLE ENERGY AND JOBS: KEY ISSUES

We now return to the four questions, and address each in some detail.

The studies reviewed use different basic methods and models, and often report employment
impacts in different units, which can make comparison difficult. In this section we discuss: a)
different ways to derive employment figures for the energy sector, focusing on methods of
analysis, and ways of reporting employment impacts, and b) the framework and format we use to
provide comparisons for employment across different technologies.

Calculating employment from renewables: methods of analysis

Table 1 contains a list of the studies reviewed. Additional details on each study are compiled in
Appendix 1.

Table 1 : List of studies reviewed.

Studies that focus on calculating the employment impacts of the renewables industry can be
divided into two main types: a) those that use input-output (I-O) models of the economy, and b)
those that use simpler, largely spreadsheet-based analytical models. Among the studies reviewed
and listed in Table 1, reports number 1, 5, 9, 12 and 13 are based on I-O models, and the rest are
based on analytical models. Analytical models typically only calculate direct employment
impacts. Direet employment includes those jobs created in the manufacturing, delivery,

I
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construction/installation, project management and operation and maintenance (O&M) of the
different components of the technology, or power plant, under consideration. I-O models
calculate direct employment but also account for indirect jobs that are induced through multiplier
effects of the industry under consideration. For example, the task of installing wind turbines is a
direct job, whereas manufacturing the steel that is used to build the wind turbine is an indirect
job. I-O models capture such multiplier effects, as well as the economic impacts of spending by
workers in the new jobs. Both types of models have advantages and disadvantages.

I-O models provide the most complete picture of the economy as a whole. They capture
employment multiplier effects, as well as the macroeconomic impacts of shifts between sectors,
that is to say, they account for losses in one sector (e.g. coal mining) created by the growth of
another sector (Ag. the wind energy industry). Analytical models generally ignore these
multiplier effects, and are more likely to under-report overall employment impacts.

The disadvantage of I-O models is that they can be opaque, and make a number of assumptions
in order to reach a high level of aggregation. All the I-O based studies we reviewed model the
impacts of an entire suite of clean energy policies -- including renewable portfolio standards,
energy efficiency programs, and policies for sustainable transportation - and present impacts on
the economy as aggregated net results. Only in one case (the Apollo Jobs Report, see study 1 in
Appendix 1) are the employment and economic impacts attributed to separate policy categories
such as "strengthening the renewables market," "bio-energy resource development" and "fuel
cell R&D and deployment." Even in this report, however, each of these categories includes a
suite of specific policies, whose individual impacts are impossible to discern. It is also generally
impossible to calculate employment generated by different technology types such as solar PV
and wind energy within a larger I-O model, nor are there employment numbers for the fossil fuel
industry to draw comparisons with.

Further, all of the studies model only one "idealized" scenario. This makes it is impossible to
gauge the effects of alternative policy scenarios (short of actually getting hold of the model
itself), or the impact of even slight deviations from the reported scenario. For example, in the
WWF study, while all states are net winners under the scenario they present, some states are
projected to gain as few as 2,600 jobs (in North Dakota) by 2020 (despite being a state with a
tremendous wind-energy resource). It is entirely possible that small differences in only a few
parameters could turn these job gains to net losses. It is not possible to know which specific set
of policies are creating those jobs for each state, nor can one tell what would happen to projected
employment in a particular state should one or more policies be implemented in a different form
from what is recommended in the report. In comparison, the analytical models are much more
transparent. The assumptions are clear, and it is possible for the reader to conduct sensitivity
analyses (like changing the nature and types of policy support to see how impacts may change)
on their results .

1 See study 5 in Appendix 1

Ill\
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Reporting employment impacts

Distinguishing between jobs in manufacturing, construction and installations vs. jobs in
operations and maintenance, fuel production, extraction and processing
Most of the reports summarized here distinguish between employment in rnanufacturing/con-
struction and in O&M/fuel processing. However, none of them discuss the policy implications of
the different lands of jobs created by different energy technologies or facilities, which we believe
to be important. While the majority of jobs in the fossil fuel industry are in fuel processing, and
operations and maintenance (O&M) (see Table 1), the majority of jobs created in the renewable
energy industry are in manufacturing and construction. Biomass energy is an exception, where
the majority of jobs are also in fuel production and processing (in agriculture), and O&M.

Paying attention to the types of jobs created is especially important for regional and state-level
policy. For a particular state or region, even if total person-yrs lost in the fossil fuel energy sector
are counterbalanced by total person-yrs gained in the renewable energy industry, the actual shift
may be from jobs in O&M, to jobs in manufacturing. It is important to know therefore what type
of jobs are being lost, and what type created, to determine what sorts of retraining and retooling
programs one would need to make sure that jobs remain in the state.

Making the distinction between these two kinds of jobs is also important because the categories
'scale' differently as the industry expands. For example, an expansion of the U.S. PV industry
could also lead to the manufacture of more renewable energy system components for export.
This would create additional jobs in manufacturing, but no corresponding jobs in O&M.

Most studies report jobs in manufacturing and construction in terms of "person-years per MW,"
i.e., the amount of labor required to manufacture equipment or build a power plant which can
deliver a maximum of one megawatt of power. In contrast, jobs in O&M and fuel processing are
usually reported in terms of "jobs per MW," i.e., the number of people who will need to be
employed continuously to provide for the ongoing operation of a plant with a maximum output
of one megawatt.

In order to calculate the total employment associated with each energy technology, it is
necessary to put these job numbers on a common basis and add them together. To do this, we
converted the manufacturing and installation jobs (person-years per MW) into jobs per MW by
averaging this type of employment over the life of the facility. For example, if it takes 32.3
person-years to make and install one megawatt of solar photovoltaic modules, and the modules
last 25 years, then this technology will give employment to an average of 32.3 + 25 = 1.3 persons
in the manufacturing and installation sector over the lifetime of the modules. In reality,
manufacturing and installation jobs are concentrated at the beginning of the life of each facility,
however, if many facilities of a given type are being built (and eventually replaced) throughout
the economy, then this average employment number will indicate the ongoing manufacturing and
installation employment that results from these facilities. Once manufacturing and installation
jobs have been converted to average values over the life of the energy equipment (in job-years
per MW-year, or jobs per MW), it is a simple matter to add to this the ongoing employment
required to fuel and operate the equipment (also measured in jobs per MW). The total

2 This is a simplification. Most commercial power plants have peak outputs of hundreds of megawatts. In that case,
the total labor used to build the larger plant is divided by the maximum output of the plant.
3 Source: REPP Report. See study 6 in Appendix l.
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employment values which we then report can be seen either as the simple average employment
over the life of the first set of energy facilities built under a given policy scenario, or as the
steady-state employment that will result from installing (and eventually replacing) those facilities
M perpetuity.

Jobs per peak megawatt vs. jobs per average megawatt
Another important issue in reporting employment across different energy technologies has to do
with whether one calculates jobs per peak (or nameplate) megawatt (MWp), or jobs per average
megawatt (MWa). None of the studies surveyed treat this issue adequately. Once again,
understanding the differences between these two ways of reporting employment holds
implications for policy. This is especially relevant when we are trying to compare employment
across different energy technologies.

Suppose we are interested in implementing a policy under which 20% of the electricityproduced
in the United States comes from renewable energy sources. This is not the same as saying that
20% of the installed energy eapaeiliv should be renewable. Since it is the actual production of
energy that causes environmental problems like global wanning or acid precipitation, it makes
more sense to think of the renewable/fossil fuel mix in terms of energy produced rather than
energy capacity installed. But one megawatt of installed coal capacity does not produce the same
amount of electricity as one megawatt of installed solar panels, for instance. A coal power plant
is likely to operate for 80% of the time (the rest of the time it is likely to be shut down for
maintenance), so one megawatt of installed coal capacity will produce MW x 0.8 x 24 hrs/day =
19.2 megawatt-hours (Mwh) of electricity over one day. In comparison, a solar array of MW
capacity will only operate for as many hours as the sun shines. On average, there is the
equivalent of five hours of peak sunshine in one day in the US. So the capacity factor for solar
PV is 5hr/24hrs = 21%. One megawatt of solar PV will therefore produce on average 1 MW X
0.21 x 24hrs/day = 5 MWh of electricity in one day. In other words, the same nameplate (or
peak) capacity of coal and solar PV (lMwp) will produce very different amounts of electricity
over a day, the coal facility will produce 19.2MWh, while the solar PV panel will produce 5
MWh per day.

Therefore, to get the same amount of electricity from a solar PV module as from a coal facility,
we need about four times more capacity (Mwp) of solar PV (i.e. 19.2MWh/5MWh) than of coal
capacity (MWp). To account for this, we convert nameplate or peak capacities (Mwp) for each
energy technology into an average capacity value (MWa), which indicates the average power
output that can be expected from that technology over the course of a year. The average
megawatt rating puts all technologies on an equal footing. Peak capacities (Mwp) are converted
to average capacities (MWa) by multiplying the MWp rating by the capacity factor for the
technology under consideration (e.g., a l MWp solar plant would be counted as 0.21 MWa,
while a 1 MWp coal plant would be counted as 0.80 MWa). Conversely, employment per MWp
can be converted to employment per MWa by dividing by the capacity factor (since power
appears in the denominator of these calculations) .

It is not possible to directly compare jobs per MWp or jobs per MWa across all the studies, since
the assumptions, and types of scenarios modeled vary significantly. Some studies only include
direct jobs while others include both. Further, most studies do not report jobs by individual
technology type. Given these limitations, we need a more consistent method to understand how
jobs from renewables compare with jobs from the fossil fuel sector across technologies, and

-1111111111 I ll I
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between manufacturing, construction and installation,
extraction and processing.

and operation, maintenance and fuel

The numbers provided ire three reports (REPP, 2001, Greenpeace, 2001 and Greenpeace/EWEA,
20034) allow us to develop simple scenarios to accomplish this. The results presented in Table 2
demonstrate that:

a) Every technology in the renewables industry generates more jobs per average megawatt
of power in the construction, manufacturing and installation sectors, as compared to the
coal and natural gas industry.

b) There is not such a clear distinction between fossil-fuel and renewable technologies in the
number of jobs created in O&M and fuel processing. Reliable, low-maintenance wind
turbines are estimated to require fewer jobs to operate than are needed to fuel and operate
coal and gas plants. However, more jobs are created in O&M of PV systems than in the
O&M and fuel processing for coal and gas plants, while biomass plants may create more
or fewer jobs in O&M and fuel processing than do coal or gas plants, depending on the
way biomass collection is organized.

Table 2 allows for a simple comparison between the jobs created per urlit of power delivered
from each energy technology. However, it is unlikely that the nation's electricity supply will ever
rely on any single technology. So a better way to compare employment generation across
technologies is to create scenarios that allow us to compare a range of realistic and feasible
combinations of renewable and fossil fuel energy sources.

To do this, we have built five scenarios. In scenarios 1-3, we assume a 20 percent Renewable
Portfolio Standard (RPS) will be achieved by 2020. The mix of renewables (exclusive of hydro)
used to meet the RPS in these scenarios is varied as follows:

Scenario 1: The renewables mix stays approximately the same as it is in 2002, biomass energy
(wood and waste electricity) makes up 85% of the RPS, wind energy contributes
14%, and solar PV 1%.

Scenario 2: The proportion of biomass energy is decreased from its current contribution to 60%
of the RPS, wind energy constitutes 37%, and solar PV 3% of the RPS.

Scenario 3: We decrease the contribution Horn biomass energy even further to 40% of the RPS,
wind energy now dominates at 55%, and solar PV is at 5% of the RPS.

In scenarios 4 and 5, we assume that all the electricity that would be produced by renewables
under a 20 percent RPS by 2020 is produced instead by fossil fuels. We include two scenarios:

Scenario 4: Coal-powered electricity contributes 50% to the mix, and natural gas the other 50%.
(i.e., coal makes up 50% and gas the other 50% of the 20% of the total electricity
generated in 2020 that we previously assumed to come from renewables)

Scenario 5: NatL1ral Gas constitutes 100% of the electricity mix (i.e., 100% of 20% of the total
electricity generated in 2020 that we previously assumed to come from renewables).

4 Studies 6, 8 and ll in Appendix 1.

l HI nI 1-1111
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To facilitate comparison, we have considered jobs in the manufacturing, construction and
installation sector, as well as jobs in the O&M and fuel-processing sector. A summary of results
of the modeling exercise are presented in Table 3, and represented graphically in Figure 1. In
Appendix 2, we provide a more detailed discussion of the assumptions and sources used in this
modeling exercise. However, two of these assumptions bear mention here:

a) Our RPS is highly simplified, assuming that electricity production in 2020 is the same as
in 2002. One interpretation of this assumption could be that energy efficiency measures
will offset any growth in total electricity demand.

b) Our scenarios do not account for learning effects that may occur in these industries, nor
for employment that may result from manufacturing energy equipment for export.

We believe these assumptions are compatible with the purpose of this model, which is to
compare indicative employment figures across technologies, in terms of average employment
over the lifetime of facilities.

The results show that dirt in all cases, the RPS produces more jobs in manufacturing,
construction and installation, as well as in O&M and fuel production and processing, than the
corresponding fossil-fuel scenarios.

Illllll II l
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Scenarios

Average employment associated with each
scenario (jobs)

Construcilon,
Manufaciurlng,

Installation

O8\M and Fuel
Procasslng

Total
Employment

Scenario 1: 20% Renewable Portfolio Standard (RPS) by 2020
(85% biomass, 14% wind energy, 1% solar PV)

Scenario 2: 20% Renewable Portfolio Standard (RPS) by 2020
(60% biomass. 37% wind energy, 3% solar PV)

Scenario 3: 20% Renewable Portfolio Standard (RPS) by 2020
(40% biomass, 55% wind energy, 5% solar PV)

Scenario 4: Fossil Fuels as Usual to 2020
(50% coal and 50% natural gas)

Scenario 5: 20% Gas Intensive by 2020
(100% natural gas)

52,533

85,008

111,875

22,711

22,023

111,136

91 ,436

76,139

63,657

61,964

163,669

176,444

188,018

88,389

83,987

noauanaruurwenang
Commdon. awmg lnstalatunn
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Table 3: Comparison of the estimated employment created by meeting the equivalent of 20 percent of
current U.S. electricity demand via an expansion of fossil- or renewable-based electricity generation.
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Figure 1: Comparison of average employment from five electricity generation scenarios.
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These two questions are linked, so we address them together. There is little doubt that shifting
our energy dependency from fossil fuels to renewables will affect jobs in the fossil fuel sector
The Worldwatch Institute rightly notes that in a shift from fossil fuels to clean energy, while

the losers are likely to be far outnumbered by the winners, some workers will be hurt in the
economic restructuring toward sustainability-primarily those in mining, fossil fuels, and
smokestack industries."° The "winners" versus "losers" debate also depends critically on the
state of the overall energy economy. When demand for energy is rising, as it is now, there is
more room for all new suppliers to benefit. A recession, or economic or policy drivers of a shift
from one technology to another - such as a shift away from coal that could result from a carbon
tax - changes the equation dramatically

However, it is essential to put the issue of job losses in the fossil fuel industry in perspective

Overall, the renewable energy industry generates more jobs per MWa than the fossil fuel
based industries (mining, refining and utilities)

Our analysis in the previous section demonstrates that for a variety of feasible scenarios, the
renewables industry consistently generates more jobs per MWa in construction, manufacturing
and installation, and in O&M and fuel processing, than the fossil fuel industries

Investment in renewables also generates more jobs per dollar invested than the fossil fuel energy
sector. The REPP study" calculates that the solar PV industry generates 5.65 person-yrs of
employment per million dollars in investment (over 10 years) and the wind energy industry
generates 5.7 person-yrs of employment per million dollars in investment (over 10 years). In
contrast, every million dollars invested in the coal industry generates only 3.96 person-yrs of
employment, over the same time period

Supporting the renewable energy industry will benefit sectors of the economy and states
that currently suffer from high unemployment

The renewable energy industry creates comparatively more jobs in manufacturing than in
services and O&M, which will provide a boost to US manufacturing. The results of our model
indicate that as we build a clean energy future, jobs in the energy sector are likely to shift from
mining and related services to manufacturing, construction and agriculture (if biomass energy
fonts a large part of the renewables mix). This shift would benefit sectors of the economy
suffering from very high unemployment. As Table 4 demonstrates, while unemployment rates in
manufacturing and mining are somewhat on par, unemployment rates in construction and
agriculture are currently extremely high

World Watch Study, page 30; study 10 in Appendix 1
Study 6 in Appendix 1



Sector of the Economy
National Annual Average
Unemployment Rate (%)

2002

National Annual Average
Unemployment Rate (%)

2003
Mining 6.3 6.7
Construction 9.2 9.3
Manufacturing 6.7 6.6
Agriculture 10.1 10.2

Technology

Construction
Employment for

International
Market

Conshructicn
Employment for
In-State Market

Operating
Employment for
In-Sta&e Market

Total

Wind 28,900 1 ,490 18,930 49,320

Geothermal 800 1 ,230 59,030 61 ,070
Biomass na 540 38,070 38,610

Solar PV 20,300 1,120 1 ,540 23,000

Fuel Cells 28,100 no na 28,100

Solar Thermal na 390 550 940

Total 78,100 4,770 118,120 201,040

I
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Table 4: Unemployment rates in February 2003 and February 2004. Source: Bureau of Labor Statistics,
2004 .

Our model also does not include jobs that may be generated if the US develops a renewable
energy industry for export. The study by the Research and Policy Center of Environment
Californian shows that for California alone, a renewable energy industry servicing the export
market can generate up to I6 times more employment thanan industry that only manufactures for
domestic consumption (see Table 5). Of course, manufacturing for export means producing at an
internationally competitive cost, which can be achieved all the easier if the domestic market
creates sufficient demand to bring renewables rapidly down the cost curve.

Table 5.' Total California employment growth from renewable energy development (person-years).
Source. Environment California, 2003.

It is not just states suffering from high unemployment in manufacturing that stand to benefit. The
Midwest, for instance, is particularly well suited for wind energy development, with the best
wind power resources in the United States. According to Greenpeace-USA, North Dakota alone
has enough wind power to produce 1.2 million gigawatt-hours of electricity each years, which
amounts to 32 percent of total U.S. electricity consumption in 2002. The Environmental Law and
Policy Center estimates that a renewable energy portfolio standard of 22 percent can generate
36,800 jobs by 2020 in the ten mid-western states, of which over 52 percent will be in the wind
energy industry.

7 Bureau of Labor Statistics website http://www.bls.gov/webapps/legacy/cpsatab11.htm, accessed on 03/19/04.
8 Study 3 'm Appendix 1
9 Greenpeace USA website. http://www.greenpeaceusa.org/media/publications/1osing_racetext.htm. Accessed on
3/3/04.
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Extractive industries and utilities provide declining number of jobs, for reasons that have
little or nothing to do with environmental regulations

According to the Worldwatch Institute, jobs in extractive industries are on the decline, as
mechanization and mergers lead to continuous layoffs. While coal production in the US
increased 32 percent between 1980 and 1999, coal-mining employment declined 66 percent,
from 242,000 to 83,000 workers. Further, jobs in the coal industry are expected to fall by 36,000
workers between 1995 and 2020, even without any greenhouse gas-reducing policies, such as
carbon caps or taxes, in place. In the oil industry, over 40 percent of US oil-refining jobs were
lost between 1980 and 1999. Petroleum refining and wholesale distribution account for only 0.3
percent of all US employment in 2000. Further, commodity prices' boom-bust cycles make these
industries, and employment in them, very volatile.10

Contrary to popular belief, very few of these job losses are caused by environmental regulations.
The Worldwatch Institute reports: "A survey of 224 pennanent plant closings in 1980-86 by the
Oil, Chemical, and Atomic Workers' Union found that just 12 plants listed environmental
reasons as a partial motive for closure. And surveys conducted by the U.S. Bureau of Labor
Statistics from 1987-92 and again from 1995 on show that environment-related reasons for
layoffs were of minute significance: 0.14 percent of all layoffs in 1995-97 (the surveys cover
layoffs of 50 people or more for a month or longer). All in all, annual layoffs from plants shut
down due to environmental regulation have averaged 1,000-3,000 in the United States since the
1970s. Relative to economy-wide layoffs of typically more than 2 million workers each year, this
is less than one tenth of l percent."l1

The Worldwatch study also demonstrates that mining and utility companies are responsible for
substantial toxic pollution. In 1998, the Environmental Protection Agency revealed that 48
percent of the 7.3 billion pounds of toxic pollutants tracked by its Toxic Release Inventory, are
released by mining companies (a category which includes extraction of metals, coal, oil and gas) .
Another 15 percent of TRI releases were attributed to the utility sector. Although these two
sectors were responsible for 63 percent of the toxic releases tracked by the EPA, together they
provided only 1.4 million jobs, or 1.3 percent of all private enterprise jobs in the United States in
that year.

The fossil fuel industry provides little overall new employment, but generates huge economic
externalities through pollution that somebody has to pay to clean up, or has to endure. These
externalities become manifest in the loss of productive work days caused by illness due to
pollution exposure, costs borne by industry (and eventually consumers) to clean up pollution, or
costs borne directly by taxpayers for clean-up.

Although winners will outnumbers the losers, some sectors and regions will clearly be hurt
by restructuring the energy industry away from fossil fuels and towards renewables

A net gain to the economy and to employment still means that some people will lose jobs,
whatever die state of the fossil fuel industry. It is possible, as already discussed, that people
employed in fossil fuel-based industries may not have the required skills for new jobs, and will

10 Worldwatch Study, pages 33-34, study 10 in Appendix 1
11 Worldwatch Study, pages 26-27, study 10 in Appendix 1
12 Worldwatch Study, pages 22-23; study 10 in Appendix 1



Overall for all sectors of
the economy

+ 1,314,000

Coal mining 23,900
Oil and gas mining 61,400
Oil refining 6,300
Electric Utilities 35,100
Natural Gas Utilities 26,200
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Texas 123,400 by 2020, West Virginia is expected to gain only 6,000 new jobs.
population,

need retraining. It is also likely that new jobs may arise in other locations. According to the
WWF study13, even under an optimistic scenario in which all states benefit economically and in
terms of net employment by implementing a suite of clean energy policies, some states gain
more than others. For example, while California is projected to gain 141,400 new jobs, and

Controlling for
this means that Texas will gain almost 70% more jobs than West Virginia by 202014.

Table 6.' Net projected losses by sector of the economy in comparison to overall projected net gains.
Source. Worldwide Fund for Nature. Listed as study 5 in Appendix 1.

According to the same study, certain sectors will be net losers, as shown in Table 6.

The fact that there will be some losers does not take away from the case for making a shift in the
energy economy towards clean technologies. Perpetuating a region's dependence on volatile and
polluting industries with low and steadily declining employment rates is bound to negatively
affect that region's development in the long run. This would be especially tragic when we have
the option to switch to supporting the growth of a sustainable new sector, which will generate
substantial employment.

Of course, negatively impacted people and communities must be adequately compensated. They
will need retraining to develop the new skills needed in the clean energy industry. Locally
relevant programs will be needed for retooling and retraining, and for attracting new industries.
As the Worldwatch study states, "as with any fundamental economic transformation, the
transition will require attention. The question facing society today is whether this change can be
shaped so that the vast majority of people benefit, and so that social pain duMb the transition is
kept to a minimum."15

It is also worth noting that there are energy companies based today largely on fossil-fuels which
are well prepared to make a substantial shift in their energy business. Both British Petroleum
(BP) and Shell, for instance, own two of the world's three largest solar energy companies. In
2002, BP Solar supplied 14 percent of global PV shipments, and Shell Solar 10 percent.

The United States has a lot of catching up to do. For instance, in 2003, total US production of
solar PV modules amounted to 121 MWp (21 percent of global solar PV production). This was
less than half of Japan's 251 MWp (45 percent of global production) and also less than Europe's
135 MWp (24 percent of global production) that same yearly. Of the top ten solar PV module

13 Study 5 in Appendix 1
14 Assuming that the ratio of population distribution between states remains the same as today.
15 Worldwatch Study, pages 9-10, study 10 in Appendix 1
is PVNews, 22(3), March 2003
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What policy measures would maximize the net positive economic and employment benefits
that the renewable energy industry offers?
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producers in 2002, only one was an American company (Astropower), although some of the
others manufacture (and thus generate jobs) in the United States (for example, BP Solar and
Shell Solar both have manufacturing plants in the US).

There are a suite of policy instruments that can be used to promote renewable energy
technologies. These range from financial instruments like tax credits and bond measures to
renewable portfolio standards, and support for R&D. Since the focus of this report is die
employment dimension of renewables, we will not provide here a complete Mn-through of policy
options. This has been done elsewhere, and a set of recommended highest-priority policies is
listed in brief in Appendix 3. This section focuses instead on policy requirements to maximize
employment benefits while minimizing the negative impacts on people employed in the fossil
fuel energy sector. We identify two key areas of intervention, discussed below.

Placing support for renewables in a broader context of support for clean energy measures,
including energy efficiency and sustainable transportation will greatly augment economic
and employment benefits
Renewable energy, energy efficiency and sustainable transportation are complementary sectors
that support and enhance each other. For example, using a solar PV system in the most economic
way possible requires that all the appliances being used are energy efficient. Measures that make
it easy for an electricity customer to install a solar PV system and retrofit his or her building to
be energy efficient will enhance the likelihood of that customer doing both. Consider the market
for biomass energy fuels: bio-fuels like ethanol or bio-diesel require that bio-fL1el powered cars
are easily available, supported by an infrastructure of fuelling stations. In other words, the
growth of a particular segment of die clean energy family - be it renewable energy, energy
efficiency or sustainable transportation -- is often partly dependent on growth in other parts of the
energy industry.

This is not to say that a certain sector cannot grow by itself (for instance, a renewable portfolio
standard is a good idea irrespective of the presence of other complementary policies). However,
it is likely that the renewables sector, and jobs in it, will grow much more quickly if
complementary policy measures are in place. This is partly why some of the studies reviewed
model an array of policies in all clean energy sectors together. For example, the Apollo Jobs
study's models a comprehensive scenario of policy and program support in which federal
investment of $300 billion is made over 10 years in four categories: increasing energy diversity,
investing in industries of the future, promoting high performance buildings, and rebuilding
public infrastructure. In this scenario, supporting renewables alone is projected to create 459,189
jobs, while the total investment is projected to yield over 3.3 million jobs.

17 Testimony of Daniel M. Karmen for the U. S. Senate Commerce, Science and Transportation Committee,
"Technology and Policy Options to Address Climate Change". July 10, 2001. Senator John Kerry (D-MA), Chair.
Testimony adapted and published in journal form as: Herzog, A. V., Lip ran, T., Edwards, J. and Karmen, D. M.
(2001) "Renewable Energy: A Viable Choice", Environment, 43 (10), 8.20. Note that most of the studies reviewed
also provide detailed lists of policy prescriptions for spurring die development of the clean energy sector.
18 Study 1 in Appendix l



Conclusion .- Clean Energy for a Sustainable and Prosperous Future

KAMMEN, KAPADIA & FRIPP ENERGY AND JOBS PAGE 17

Programs are needed to retool and retrain those who stand to lose their jobs in the fossil
fuel industry
As discussed above, workers who lose their jobs in the fossil fuel industry should have the
opportunity to retrain themselves for employment in the clean energy industry. Programs could
include:
l Free or low-cost training and certification courses in installation and maintenance of

renewable energy systems
Financial/tax incentives for renewable energy companies which absorb and train unemployed
workers
Support for community colleges and schools that offer training and certification programs in
renewables and energy efficiency

Transitioning from a fossil fuel-based economy to a renewably powered one will spur economic
growth and provide considerable employment. A review of 13 studies and our own analysis
concur with this conclusion. The national and international security implications of spurring
employment through local, sustainable energy generation are compelling. The United States
needs to regain its international position as a technology leader, and the technologies of Me
future are in clean energy. The time is ripe to move beyond studies to action.

IH
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APPENDIX 2: ASSUMPTIONS AND SOURCES FOR OUR MODEL AND SCENARIOS

The results in our scenarios are only indicative. Comparing jobs/MWa figures from different
sources is very difficult, since each study and method draws boundaries at different points in
terms of the direct and indirect jobs to include.

Sources and Assumptions for Employment Figures in Table 2 (page 10)

1. For solar PV, wind energy, biomass energy and coal, we have used data from the REPP
Report (study 6 in Appendix 1), the Greenpeace Solar Energy Report (study 8 in
Appendix 1), and the Greenpeace/EWEA Wind Energy Report (study 11 in Appendix 1),
as specified in the table.

2. For wind energy, as the Greenpeace/EWEA study has not specified employment from
O&M, we have used the employment figure from the REPP study for both wind energy
cases cited.

3. For biomass energy, the high-estimate figures for jobs in O&M and fuel extraction and
processing, are based on the upper-end of estimates provided for switchgrass cultivation,
and the low estimates are based on the low-end of estimates provided for energy from
urban wood waste. As no numbers were supplied in the REPP Report for the
manufacture, construction and installation of the energy facility per se, we have assumed
that the energy facility would be similar to a coal-fired power plant, and used
employment figures for "making coal plant components and for on-site activities, not
including O&M" as provided in the REPP report in Appendix B (page 25) .

4. For natural gas-based electricity, we have used three different sources:
Manufacturing and construction of the power plant facility is assumed to be the
same as for a coal-powered facility, as given in the REPP study. The CALPIRG
Study (no. 4 in Appendix 1) also provides employment figures for construction of
natural gas facilities, but not for manufacturing the components.

b. O&M employment figures for the natural gas industry have been taken from the
CALPIRG study.

c. Employment from natural gas extraction and distribution is calculated from data
from the Bureau of Labor Statistics and the Energy Infonnation Agency (EIA).
The Bureau of Labor Statistics reports 112,510 jobs in 2002 in Natural Gas
Distribution and 119,130 jobs in 2002 in Oil and Gas Extraction
(http://www.bls.gov). In 2002, natural gas provided 61 percent of the total energy
delivered by oil and gas extracted in the U.S., so we assigned 61 percent of the oil
and gas extraction jobs (72,900 jobs) to natural gas. Taken with the gas
distribution jobs, this yields a total of 185,400 people employed in gas extraction
and distribution in the U.S. in 2002. In the same year, 24.7 percent of natural gas
consumed in the U.S. was used for electricity production, so we estimate that
45,900 people were employed in the U.S. to extract and deliver natural gas for the
electricity sector. The EIA also reports that 685,800 GWh of electricity were
produced from natural gas in the U.S. in 2002, so we calculate that each GWh of
electricity produced Nom natural gas requires 0.067 person-years of employment
in gas extraction and distribution. (Source: Tables 6.5 and 8.2a of the EIA Annual
Energy Review 2002, available on-line at http://www.eia.doe.gov/emeWaer/)

5. We have not included any numbers for nuclear energy, as we have been unable to locate
data sources.

a.
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APPENDIX 2: ASSUMPTIONS AND SOURCES FOR OUR MODEL AND SCENARIOS

Sources and Assumptions for Scenarios 1-5 (page 11)

1. All electricity generation figures are taken from the EIA Annual Energy Review 2002,
available on-line at http://www.eia.doe.gov/emeWaer/.

2. Total electricity generated in the US in 2002 was 3,858,452 Gwen. We assume this figure
stays constant till 2020, as efficiency gains accompanying a large-scale renewable energy
deployment offset the current rate of increase M electricity demand of 2-3 percent a year.
This assumption will almost certainly prove to be incorrect, but it does provide a
consistent way to compare policies, and our comparative findings will continue to hold
even with different assumptions about growth of the electricity supply.

3. We have not included hydro-power as a renewable energy source, as the environmental
impact of large hydro facilities is a point of considerable contention. Further, we do not
anticipate any substantial increase in hydropower capacity in the country, nor is it a large
employer within the energy industry (as there is no ongoing manufacturing, nor fuel
extraction involved).

4. Our scenarios are scaled around the current existing mix of renewables in electricity, in
which 85% is from biomass energy (wood and waste fuel), 14% from wind energy, and
1% from solar PV.

5. In cases where we have low and high estimates for jobs (solar PV, wind energy and
biomass energy), we have averaged the two estimates.
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APPENDIX 3: POLICY RECOMMENDATIONS
FOR ACCELERATING THE DEPLOYMENT OF RENEWABLES

Rapidly but efficiently expanding the renewable energy sector is the most important single step
to achieve energy independence, job growth, and meaningful environmental protection. To

achieve this goal, markets must be opened for new, clean renewable energy and energy
efficiency innovations. In our view, the Renewable Portfolio Standard provides the best near-

term mechanism and framework for growth of the solar, wind, biomass, and geothennal
generating sectors. A variety of other mechanisms are needed to spur innovation and
implementation of clean energy options, but the RPS provides the most natural framework.

We find that a 20% RPS - either as a federal standard or as a federally-supported patchwork of
state measures - by 2020 is not only achievable, but would provide a major economic boom to
the U.S. economy through job creation and through the export markets we could then address.

By 2050 our energy economy could be driven by over 40 percent renewable energy sources, with

higher levels quite plausibly - technologically, economically, and environmentally possible.

The critical move is the first step. A suite of recommended policies would include the following
measures, most of which were first proposed by Professor Karmen at the July 10, 2001 Senate
Committee on Science, Commerce and Transportation chaired by Senator Kerry.19

19 Karmen, D. M. (2001) Testimony for the Hearing on 'Technology and Policy Options for Climate
Change' for the U. S. Senate Committee on Commerce, Science, and Transportation, July 10 (United States Senate:
Senate Committee on Commerce, Science, and Transportation). URL http://www.senate.gov/~commerce/

Appeared in revised form as: D. M. Herzog, A. V., Lip ran, T., Edwards, J. and Karr men, D. M. (2001)
"Renewable Energy: A Viable Choice", Environment, 43 (10), 8 - 20.



Energy Policy Recommendations

• Increase Federal R&D Funding for Renewable Energy and Energy Efficiency
Technologies

Federal investment in renewable energy and energy efficient technologies has been sparse and erratic20,
with each year producing an appropriations battle that is often lost. A combination of a federal program
for steadily increasing funding and active political leadership would transform the clean energy sector
from a good idea to a pillar of the new economy.

Provide Tax Incentives for Companies the Develop and Use Renewable Energy and
Energy Efficiency Technologies

Support for the production and further development of renewable fuels, all found domestically, would
have a greater long-term effect on the energy system than any expansion of fossil-fuel capacity, with
major health and environmental benefits as an added bonus. We should extend the existing production tax
credits (PTC) for electricity generated from wind power and closed loop biomass for five years. Also, this
production credit should be expanded to include electricity produced by open loop biomass (i.e.,
agricultural and forestry residues but excluding municipal solid waste), geothermal energy, and landfill
gas. The same credit should be provided to closed loop biomass co-fired with coal, and a smaller credit
(one cent per kph) should be provided for electricity from open-loop biomass co-fired with coal. We
support a minimum of a 15 percent investment tax credit for residential solar electric and water heating
systems. In addition, we recommend a 30 percent investment tax credit for small (75 kW and below) wind
power systems .

• Improved Federal Standards for Vehicle Fuel Economy and Increased Incentives for
High Fuel Economy Vehicles

We need to first remove the separate fuel economy standards for cars and light trucks (i.e., close the light
truck 'loophole' as proposed in 2001 by Senators Feinstein and Snowe and by Rep. Olver). We then
believe that a 40 mpg combined car and light truck fuel economy standard could be accomplished in the
2008 to 2012 timeframe with negligible net cost. We support tax credits of up to $5,000 for hybrid
electric vehicles, up to $6,000 for battery electric vehicles, and $8,000 for fuel cell vehicles, and an
incentive scheme for energy-use performance that rewards both fuel savings and lower emissions.

• A Federal Renewable Portfolio Standard (RPS) to Help Build Renewable Energy Markets
We support a 20 percent RPS by 2020. A number of studies indicate that this would result in renewable
energy development in every region of the country with most coming from wind, biomass, and
geothermal sources. A clear and properly constructed federal standard is needed to set a clear target for
industry research, development, and market growth. We recommend a renewable energy component of 10
percent in 2010 and 20 percent by 2020 that would include wind, biomass, geothermal, solar, and landfill
gas.

4
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20 Margolis, R. and Karmen, D. M. (1999) "Underinvestmentz The energy technology and R&D policy challenge"
Science,285, 690 - 692

9



• Federal Standards and Credits to Support Distributed Small-Scale Energy Generation
and Cogeneration (CHP)

Small scale distributed electricity generation has several advantages over traditional central-station utility
service, including reducing line losses, deferring the need for new transmission capacity and substation
upgrades, providing voltage support, and reducing the demand for spinning reserve capacity. In addition,
locating generating equipment close to the end use allows waste heat to be utilized to meet heating and
hot water demands, significantly boosting overall system efficiency. We support at least a 10 percent
investment tax credit and seven-year depreciation period for renewable energy systems or combined heat
and power systems with an overall efficiency of at least 60-70 percent depending on system size.

• Enact New and Strengthen Current Efficiency Standards for Buildings, Equipment, and
Appliances

Significant advances in heating and cooling systems, motor and appliance efficiency have been made in
recent years, but more improvements are technologically possible and economically feasible. A clear
federal statement of desired improvements in system efficiency is needed to remove uncertainty and
reduce the economic costs of implementing these changes. Under such a federal mandate, efficiency
standards for equipment and appliances could be steadily increased, helping to expand the market share of
existing high efficiency systems .

• Institute a National Public Benefits Fund
We recommend a public benefits fund financed through a $0.002/kWh charge on all electricity sales.
Such a fund could match state funds to assist in continuing or expanding energy efficiency, low-income
services, the deployment of renewables, research and development, as well as public purpose programs
the costs of which have traditionally been incorporated into electricity rates by regulated utilities.

• Investigate and Work Towards a Carbon Tax
A diverse range of analyses environmental, economic, and from an energy policy perspective all
support the notion that a carbon tax provides one of, if not the, most effective means to efficiently and
cost-effectively safeguard the environment while encouraging economic growth. We strongly support the
notion of a carbon tax, and would welcome the public discussion and exchange that high-level recognition
of this vehicle would engender. A carbon tax could be gradually implemented, beginning at a token level,
and could be managed to work effectively between mobile and stationary sources of emission
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Copies of this report can be downloaded from the

Renewable and Appropriate Energy Laboratory website at:

http://socrates.berkeley.edu/~rael/papers.html

1
*

Cite this report as:

Daniel M. Karmen, Kamas Kapadia, and Matthias Fri pp (2004) Putting Renewables to
Work: How Many Jobs Can the Clean Energy Industry Generate? RAEL Report,
University of California, Berkeley.
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The Arizona solar workforce is generally less di-
verse than the state's workforce as a whole, with
women (29.5%], African-Americans (3.0%),
Asian or Pacific Islanders (1.9%), and Latinos
(12.5%) ail relatively underrepresented. How-

ever; many of these otherwise underserved de-
mographics - women, Latinos, older workers,
and veterans - are represented in the state solar
workforce at higher rates than their  counter-
parts in the solar industry nationwide.
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O w m< I (55+) 28.2% 20.6% 18.6%
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Veterans of the U.S. Armed Forces represent a
uniquely valuable source of human capital for
solar employers. With a proven work ethic and
practiced discipline, veterans bring a wealth of
readily transferable skills and leadership acu-
men to the industry Through the Solar Ready
Vets program, the U.S. Department of Energy is
helping the industry capitalize on this resource

by facilitating the transition from military ser-
vice to employment in the civilian solar work-
force." Arizona solar [ilrms clearly under-
stand this value proposition, with veterans
comprising 11.5% of the state's solar work-
force, compared to just 9.3% of the state's
total workforce and 8.1% of the solar work-
force nationally
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1I-mi1E $18.00 $20.00 $21.00

RPI 1
Ii $36.06 $33.65 $28_85

S TES 1339; D $22.00 $25.50 $26.92

Solar Assembly Worker $18.00

Wages paid by firms in the Arizona solar indus-
try differ slightly from those paid by solar em-
ployers across the other states in the U.S. Census
Bureau's Mountain Division" and the indus-
try nationwide. Solar installers in the state are
among the lowest paid in the country at $18.00
per hour but solar sales representatives are bet-
ter paid than their counterparts nationally

ivied candidates to fill openings on their payrolls
than other solar firms across the country. Solar
employers in Arizona and the Mountain Division
require greater work experience and less edu
cation than reported by firms nationally. Arizo
na firms required related work experience for
nearly 86% of positions hired. In contrast, they
required a bachelor's degree or more for only
12.1% oppositions

Solar employers in Arizona experience a slightly
higher level of difficulty on average finding quai

Difficulty Hiring in Arizona

Arizona 257%

Mou tai n

National 4.2

100%20%

Not Difficult I Somewhat Difficult I Very Difficult
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