
l

2

3

4 pm as
5

6

7

8

9

10

l l

12

13

14

15

16

17

18

19

20 The Energy Freedom Coalition of America ("EFCA") hereby submits the Direct Testimony

21 of William A. Monsen in the above-referenced matter.

22

23

24

25

26

27

28

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 Energy Freedom Coalition of America

IN THE MATTER OF THE
APPLICATION OF TRICO ELECTRIC
COOPERATIVE, INC, AN ARIZONA
NONPROFIT CORPORATION, FOR A
DETERMINATION OF THE
CURRENT FAIR VALUE OF ITS
UTILITY PLANT AND PROPERTY
AND FOR INCREASES IN ITS RATES
AND CHARGES FOR UTILITY
SERVICE AND FOR RELATED
APPROVALS.

Respectfully submitted this let day of June, 2016.

Arizona Corporation Commission

DOUG LITTLE
CHAIRMAN

JUN

BEFORE THE ARIZONA CORPORATION COMMISSION

CRIGINAL

\ :1n»l1
1;-=t-r* >

TOM FORESE
COMMISSIONER

2016
."-1

l
t

BOB STUMP
COMMISSIONER

/s/ C9411 S. Rich
Court s. Rich
Rose Law Group pc
Attorney for EFCA

)
)
)
)
)
)
)
)
)
)
)

THE ENERGY FREEDOM COALITION
OF AMERICA'S NOTICE OF DIRECT
TESTIMONY OF WILLIAM A. MONSEN

DOCKET NO. E-01461A-15-0363

2815 JUN

AZ C@RP
waxer

ANDY TOBIN
COMMISSIONER

1

cw 5
_ , a

BOB BURNS
COMMISSIONER

W N NW M
go() 0 7 00

I III

.u

s.

8

a

1I



1 Original and 13 copies filed on

this let day of June, 2016 with:
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

Janice Alward
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, Arizona 85007

Patrick Black
Fennemore Craig, P.C
2394 E. Camelback Road, Suite 600
Phoenix, Arizona 85016

9

10

11

Thomas Broderick
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, Arizona 85007

C. Webb Crockett
Fennemore Craig, P.C
2394 E. Camelback Road, Suite 600
Phoenix, Arizona 85016

12

13
Vincent Nitido
8600 W. Tangerine Road
Mara fa, Arizona 85658

14

Dwight Nodes
Arizona Corporation Commission
1200 W. Washington Street
Phoenix, Arizona 85007-2927

15

16

Kevin Higgins
215 South State Street, Ste. 200
Salt Lake City, Utah 84111

Robert Hall
4809 Pier Mountain Place
Mara fa, Arizona 85658

17

18

Barbara LaWall
Pima County Attorney's Office
32 N. Stone Avenue, Suite 2100
Tucson, Arizona 85701

19

Michael Patten
Snell & Wilmer L.L.P.
One Arizona Center
400 E. Van Buren Street
Phoenix, Arizona 8500420

21

Charles Wesselhoft
Pima County Attorney's Office
32 N. Stone Avenue, Suite 2100
Tucson, Arizona 85701

22

23

Jason Gellman
Snell & Wilmer
One Arizona Center
400 E. Va11 Buren Street, Suite 1900
Phoenix, Arizona 85004

24

25

COASH & COASH
1802 n. 7th Street
Phoenix, Arizona 85006

26

27 By: /s/ Hopi_L. Slaug11@r

28



DIRECT TESTIMONY OF WILLIAM A. MONSEN
ON BEHALF OF THE ENERGY FREEDOM COALITION OF AMERICA

(EFCA)
(Docket No. E-01461A-15-0363)

Table of Contents

I. Introduction and Summary of Testimony ..

II. Summary of Trico's Proposals..

III. Trico's Grandfathering Proposal Is Unfair and Harmful ..

IV. Trico's Rate Proposals Would Significantly Harm Solar Market ..

V. Trico's Proposed Increase in Residential Fixed Charges is Excessive..

A. Trico Proposes an Excessive Increase in Residential Fixed Charges ..

Trico's Proposed Compensation for Excess Energy Produced by Distributed Solar

.3

.6

.7

.10

.18

.19

VI.

Generation Customers is Inadequate .. .22

A. Trico's Proposal Would Inappropriately Set Its Export Credit for Residential Solar DG

Customers at a Backward-Looldng Energy-Only Rate ., .22

B. Trico's Proposed Buyback Rate Does Not Compensate Solar DG Customers for Costs

That They Avoid.. .23

C. Trico's Buyback Rate Forces Solar DG Customers to Accept Unreasonable Price Risk 25

D. Trico's Proposal is Premature Since It Has Not Evaluated Its Impact On Future Solar DG

.25Customers 4

Trico Has Ignored Residential Solar Generation Deployment in Malting Resource

.28

E.

Decisions..

F. Estimates of the Value of Solar Indicate that Trico's Retail Residential Electric Rates

May Be Appropriate Compensation for Residential Solar Generation Exports to the

Distribution Grid..

VII. Trico Overstates the Lost Fixed Cost that Results from Service Provided to Members

.29

with Distributed Generation..

VIII. Conclusions..

l l

i



List of Tables

Table 1. Assumptions for Analysis of Trico Rate Proposal Economic Impact on New Solar DG

Customer Economics .....13

Table 2. Economics of Solar DG Under Trico Rate Proposal .. .16

ii

I lll-l



1

2

3

4

5

DIRECT TESTIMONY OF WILLIAM A.MONSEN
ON BEHALF OF THE ENERGY FREEDOMCOALITIONOF AMERICA

(EFCA)
(Docket No. E-01461A-15-0363)

I. Introduction and Summary of Testimony

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

My name is William A. Monsen. I am a Principal at MRW & Associates, LLC (MRW).

My business address is 1814 Franklin Street, Suite 720, Oaldand, California.

Q, On whose behalf are you providing this testimony?

I am providing this testimony on behalf of the Energy Freedom Coalition of America

(EFCA) .

Q- Please describe your background, experience and expertise.

I have been an energy consultant with MRW since 1989. During that time, I have assisted

independent power producers, electric consumers, financial institutions, and regulatory

agencies with issues related to power project development, project valuation, purchasing

electricity, and regulatory matters. I have directed or worked on projects in a number of

states and regions in the United States, including Arizona, Colorado, California, Nevada,

New England, and Wisconsin. Prior to joining MRW, I worked at Pacific Gas and

Electric Company ("PG&E"). At PG&E, I held a number of positions related to energy

conservation, forecasting, electric resource planning, and corporate planning. I hold a

Bachelor of Science degree in engineering physics from the University of California at

Berkeley, and a Master of Science degree in mechanical engineering from the University

of Wisconsin-Madison.
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Q- Have you previously testified as an expert witness?

Yes. I have previously testified before the Commission on behalf of AES NewEnergy,

Strategic Energy LLC, and die Alliance for Solar Choice (TASC). In addition, Shave

testified before the California Public Utilities Commission (CPUC) on behalf of the City

A.

A.

A.

A.

num



of San Diego, the City of Long Beach, Bear Mountain, Snow Summit, the Independent

Energy Producers Association, the California Cogeneration Council, Duke Energy North

America, the Alliance for Retail Energy Markets, the Center for Energy Efficiency and

Renewable Technologies, the Local Governmental Commission Coalition, Clearwater

Port, Commercial Energy, and The Vote Solar Initiative. I have also submitted testimony

in proceedings before the Federal Energy Regulatory Commission as well as state utility

commissions in Colorado, Massachusetts, Nevada, and Oregon. Additional information

about my qualifications is provided in Exhibit WAM-l .

Q~ What is the purpose of your testimony in this proceeding?

A. My testimony reviews Trico Electric Cooperative's (Trico's) proposals to revise its

revenue allocation and rate design.1 Based on this review, I recommend various changes

to Trico's proposals as they relate to residential customers who install distributed solar

generation.

Q. How is your testimony organized?
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My testimony is organized around several of Trico's rate proposals. These include

shortcomings in Trico's approach to rate design and implementation, the impact of

Trico's proposals on residential customers' ability to economically go solar, and Trico's

estimated lost fixed cost recovery. I will first address the problematic approach that Trico

has proposed to use with regard to implementing new Net Energy Metering (NEM) rates

and grandfathering customers onto the current NEM rates. I will then discuss the impact

that Trico's rate proposals would have on solar DG (distributed generation) economics

for residential customers and specific shortcomings in certain aspects of Trico's proposed

residential rates. Finally, Twill address the fact that Trico's estimated lost fixed cost

recovery is poorly supported and should not be relied upon.

Q. Please summarize your recommendations and conclusions.

1 In The Matter Of The Application Of Trico Electric Cooperative, Inc., An Arizona Nonprofit Corporation, For A
Determination Of The Current Fair Value Of Its Utility Plant And Property And For The Establishment Of Just And
Reasonable Rates And Charges Designed To Realize A Reasonable Rate Of Return On The Fair Value Of The Plant
And Properties And For Related Approvals, Docket No. E-0146lA-l5-0363, "Application, Testimony, and
Exhibits," October 23, 2015 (Application).

4
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In general I recommend dirt the Commission modify Trico's rate proposals in order to

better employ the principal of gradualism in implementing new rate design elements and

modifying existing rate options

Trico has proposed to aggressively change certain residential rate elements, particularly

with regard to customers who choose to buy or lease solar DG systems. As discussed

below, Trico has proposed to significantly increase its current fixed monthly charge

while reducing the bill credits that it offers for any excess solar generation that is

exported from the customer to the Trico grid. Trico has made this proposal with minimal

analysis of the actual costs imposed on and benefits provided to its system by residential

solar DG customers. These dramatic proposed rate changes would seriously harm the

economics for new residential solar DG customers, limiting the likelihood that further

Trico customers will choose to go solar. Furthermore, Trico proposes an inherently unfair

approach to grandfathering existing residential solar DG customers onto its current NEM

tariflf`, as it would set a retroactive deadline of February 28, 2015 for submitting NEM

applications. Given these issues, I recommend the following

The Commission should modify Trico's grandfathering proposal such that it applies
to all NEM customers that have existing solar DG systems and to customers that
submitted a completed jurisdictional permit application by no more than 30 days after
the decision in this docket becomes unappeasable

The Commission should order Trico to adopt a minimum monthly bill that is trued up
annually for residential customers that is revenue neutral relative to its current fixed
charge in place of a fixed charge

Trico should maintain its current NEM tariff, and proceed in the future consistent
with the outcome of the Value of Solar proceeding

2.

4.

3.

1.

The Commission should give no weight to Trico's lost fixed cost recovery estimate
and decline to consider it in making a final decision regarding Trico's rate proposals



1 ll. Summary of Trico's Proposals

3 Q What are Trico's key proposals in this proceeding regarding residential distributed

solar generation issues

Trico has two broad proposals in this proceeding related to distributed solar generation

First, Trico proposes to grandfather existing solar DG customers or customers that

submitted a completed jurisdictional permit application by February 28, 2015 on Trico's

existing NEM tariff." For new solar DG customers and customers who submitted a

completed jurisdictional penni application after February 28, 2015, Trico proposes to

significantly change its NEM tariff by decreasing the compensation rate for power

delivered by the customer to the Trico distribution grid: the new compensation rate for

those deliveries would be equal to a price that Trico characterizes as avoided costs." As

discussed in more detail below, the rate is not equal to Trico's true avoided costs

resulting from deliveries by NEM customers

In addition to the proposed changes to the NEM tariff, Trico proposes the following two

changes to its residential rate design: (l) increase the monthly fixed charge for all

residential customers from $15/month to $20/month and (2) create a two-tier inclining

block monthly energy rate for its non-time of use residential customers, with a reduced

rate for the first 800 kph per month and a higher rate for all other usage

Application, p. 4
Application, p. 4. I assume that Trico's proposal provides NEM customers with payments based on the customer's

hourly deliveries of excess generation. However, Trico's proposal is unclear on this issue. If Trico's proposal is
instead to base payments on the difference between monthly load and monthly solar generation, then I reserve the
right to supplement my testimony regarding that proposal

Application, p. 4



III. Trice's Grandfathering Proposal Is Unfair and Harmful

Q. What is Trico's grandfathering proposal?

Trico proposes to grandfather existing solar DG customers or customers that submitted a

completed jurisdictional penni application by February 28, 2015 on the existing NEM

tariff 5

Q- Do you have concerns about this proposal?

Yes. While I applaud Trico for proposing to grandfather existing NEM customers on the

existing NEM tariff, Trico's proposal to only grandfather customers that have completed

applications by February 28, 2015 is both unfair, harmful, and, while I am not an

attorney, it appears Trico's preferred treatment is illegal according to the Commission's

own chief legal counsel as discussed below.

Q- Why is this proposal unfair?

Trico's proposed cutoff date is arbitrary. Trico could have just as easily established a

cutoff date that was after the Commission takes final action on Trico's application. As a

result, Trico's application is unfair to customers that had been planning to pursue solar

DG for their homes just before February 28, 2015.

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

Q- Has the Commission addressed this issue of establishing grandfathering cutoff dates

prior to the date of a final decision by the Commission?

Yes. The Commission rejected Arizona Public Service's (APS's) proposal to establish a

grandfathering cutoff date prior to the final Commission decision on APS's application.6

In Decision No. 74202, the Commission rejected APS's proposal to grandfather only

5 Application, p. 4.
6 Decision No. 74202, December 3, 2013. p, 29
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1

2

3

4

5

6

7

8

existing customers and customers who had submitted an application and a contract with a

solar installer prior to October 15, 2013, which was prior to the date of the Commission's

final decision,7 the Commission instead ordered that this deadline be set on December 3 l ,

2013, roughly one-month after the Commission issued its final decision.8 In a separate

discussion in Docket No. E-01933A- l5-0100, Commissioners and the Commission's

chief legal counsel, Ms. Alward, expressed significant concerns about establishing a date

for grandfathering prior to the Commission issuing a decision on the matter because it

appears to be retroactive ratemaking:

COM. LITTLE: In your experience, Ms. Alward, how many
times has the Commission approved retroactive rate structures? And I'm
not looldng for a precise number, but is it frequent, infrequent, nearly,
nonexistent? What is your assessment?

MS. ALWARD: I would have to say in all of the many years
probably it's nearly nonexistent.

COM. LITTLE: So what you're really saying is, is that there is no
precedent for -- there is no meaningful precedent for retroactive rate
changes in this Commission?

MS. ALWARD: That's true. And typically, the case law across the
country, as well as here, would be against retroactive rate making as a rate
malting principle.

COM. LITTLE: It would almost, in fact, be an ex-postfacto type
situation, would it not?

MS. ALWARD: Yes, it could be viewed that way.
COM. LITTLE: Okay. Thank you.
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* * *

COM. BOB BURNS: The other thing is on the discussion of
whether or not the Commission ever does a retroactive rate increase, I
agree that it probably doesn't happen even.

But the message that gets sent out if the -- if the utility is sending
out to their customers a notice that they're going to go into a rate case and
diey're going to consider asking for a retroactive rate increase, that's a
word that everybody -- or a notice that everybody reads and sees. They
don't hear and understand that it doesn't really happen at the Commission.

I mean, we don't have that newsletter ability, I guess, is what I'm
trying to say. So they have a -- they have a much -- much easier method of

7 Decision No. 74202, December 3, 2013. p. 5
8* Decision No. 74202, December 3, 2013. p. 29

8
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notifying the public, even if it's not something that might come to pass, so

COM. LITTLE: Yeah, I'd just like to echo the comments of
Commissioner Bums

I think, in the absence of any specific rulemaldng, I think, you
know, I would agree that it is probably inappropriate to have companies
putting out grandfather dates that says this is the date we're going to stick
in the sand and it's going to be a retroactive increase

And I say that because of precisely what Ms. Alward just shared
with us. It's inappropriate to do that because it simply has no precedent at
die Commission. And I -- I would strongly encourage all utilities in the
state of Arizona, not just the electric utilities, but all utilities to avoid
trying to communicate that message to their ratepayers

From the discussion at this Open Meeting, it is clear that Commissioners and their

attorneys have a significant legal concerns about the potential for retroactive ratemaldng

based on establishing a grandfather date prior to the close of the proceeding

22 Q- Why is Trico's proposal harmful?

Trico should anticipate that its proposal to arbitrarily limit grandfathering will create

regulatory uncertainty for all of its existing NEM members that either installed solar DG

after February 28, 2015 or planned to install solar DG in the future, which would

undermine Trico's stated goal of sustainable development of DG on its system

28 Q What do you recommend?

The Commission should modify Trico's grand fathering proposal such dirt it applies to all

NEM customers that have existing solar DG customers or customers that submitted a

completed jurisdictional penni application by no more than 30 days after die final

Excerpts from Transcript of Proceedings, Open Meeting, Agenda Item No. 28, Docket No. E-01933A-15-0100
August 18, 2015, pp, 18-21. (see Exhibit WAM-2)



decision in this docket is no longer appealable. This proposal is consistent with prior

Commission precedent

4

5

IV. Trico's Rate Proposals Would Significantly Harm Solar
Market

7 Q What is Trico's goal with regard to the impact of its proposed rates on solar DG

development on its electric system

Trico states that it "is proposing a new net metering tariff to continue to encourage

sustainable deployment of DG systems

12 Q How does Trieo define sustainable solar DG development?

According to Trico, "[s]ustainable deployment of DG would include one that increases

the use of DG within the Trico service area without undue cost shifts between rate classes

and undue disruption of Trico to provide safe, reliable power to its Members at a

reasonable cost. If there is not (or very minimal) cost shift and the DG does not have a

negative impact on system reliability, then the program would be sustainable

19 Q- Has Trico completed a forecast of the solar DG it expects on its system under either

its current or proposed rate design

No. it has not

Direct Testimony of Karen Cathers on Behalf of Trico Electric Cooperative, Inc.," October 23, 20 l5 (Cathers
Testimony) at 9

Trico Response to EFCA DR 1-26 (emphasis added) (see Exhibit WAM-3)
Trico Response to EFCA DR 1-58 (see Exhibit WAM-3)

10



Q. It is reasonable for Trico to dramatically change its residential fixed charges and

solar Net Metering export credit value without evaluating the likely impact on solar

DG development within its service area?

1

2

3

4

5

6

7

8

9

10

I do not believe so. In addition, doing so would appear to be inconsistent with Trico's

goal of encouraging sustainable solar DG development on its electric system, which

includes increasing the use of solar DG on its system. If Trico has no sense of the likely

impact of its proposals on its members' ability to economically install solar DG, Trico

cannot be reasonably certain whether its rate proposals will help or significantly harm its

ability to meet this goal.

Q. Did you analyze the economic effect of Trico's proposed increase in fixed charges

and its proposed reduction in Net Metering export credit value for new solar DG

customers?

Yes. I found that Trico's proposal renders solar not cost-effective for new (i.e. non-

grandfathered) residential customers. If a customer leases a solar system, they would

likely pay more for power compared to purchasing power from the grid. If a customer

purchases a solar system, it would not pay back in a reasonable amount of time. Again,

this clearly indicates that die proposed rate will simply not work.

11
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16
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18

19

2 0

21

Q- Please describe how you came to this conclusion.

22

23

24

25

26

27

In the UNS Electric rate case (Docket No. E-04204A-15-0142), Arizona Public Service

introduced a spreadsheet model to evaluate the costs and benefits of rooftop solar from

the customer's perspective. Various parties, including Arizona Corporation Commission

(ACC) Staff and The Alliance for Solar Choice (TASC), used this model with refined

inputs to evaluate UNS's proposal. For my analysis here, I entered the proposed Trico

buyback rates into the model. Also, I incorporated assumptions for billed residential load

before solar and the percentage of solar output offsetting on-site load at the time of

11
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A.

A.
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1

2

generation based on my analysis of data provided by Trico and consistent with the fact

that Trico has not proposed seasonally differentiated residential rates."

3

4 Q. What are your basic input assumptions?

5 A.

6

7

8

9

10

11

12

13

14

15

16

17

18

19

First, I used the proposed rates from Trico's application for both full service (Schedule

RSI) and those with solar DG (schedules NM and NMI). Second, I used available inputs

from Trico's testimony, including the average solar system size (6.51 kW (AC)) and

average monthly production (922 kph) from Mr. Hedrick's testimony'4 and a discount

rate equal to Trico's proposed return on fair value rate base (FVRB) from Ms. Cather's

testimony." As noted above, I incorporated assumptions for billed residential load before

solar and the percentage of solar output offsetting on-site load at the time of generation

based on my analysis of data provided by Trico and consistent with the fact that Trico has

not proposed seasonally differentiated residential rates. I have incorporated a solar lease

rate of 9.0 cents/kWh, which is consistent with the ACC Staff's lease rate assumption,

however, I would note that this is an indicative assumption rather than an average of

Trico customers' solar lease rates. I adjusted three assumptions that Staff made: (1) I

changed the model's default degradation factor (how much output it loses with age) from

0.25% to 0.5%,16 (2) I added an annual maintenance cost of $21 per kilowatt per year,17

and (3) I adjusted the assumed cost of die solar system from that used by Mr. Liu in the

13 I have also made minor modifications to the model in order to incorporate a discounted payback calculation, a
more precise simple payback calculation, and O&M costs for the solar DG system properly accounting for the
impact of the Federal Investment Tax Credit (ITC). The simple payback calculation that I have included is based on
the assumed utility grid escalation, solar DG degradation, and a discount rate of zero.
14 "Pre-Filed Direct Testimony of DavidHedrick onBehalfof Trico Electric Cooperative, Inc.," October 23, 2015
(Hedrick Testimony) at 15.

is Cathers Testimony at 7.
16 NREL, Distributed Generation Renewable Energy Estimate of Costs,
http://www.nrel.gov/analvsis/tech_lcoe_re_cost_est.html (see Exhibit WAM-4)
17 NREL, Distributed Generation Renewable Energy Estimate of Costs,
http://www.nrel.gov/analysis/tech_lcoe_re_cost_est.html (see Exhibit WAM-4)

12



Assumptions Values Sources

Location Tucson Comparable to Trico SeMce Area

Solar Size (DC), kW 7.15 Scaled from kW AC at 1.1 AC/DC20

Solar Size, (AC), kW 6.5 Hedrick, p. 15

Degradation, % per year 0.5%

NREL, Distributed Generation Renewable Energy
Estimate of Costs,

http://www.nrel.gov/analysis/tech coe re cost est.html
(see Exhibit WAM-4)

Maintenance Costs, $/year/kW
DC

$21

NREL, Distributed Generation Renewable Energy
Estimate of Costs,

http://www.nrel.gov/analysis/tech coe re cost est.html
(see Exhibit WAM-4

Ave. let Year monthly solar output 922 Hedrick, p. 15

Solar Cost, $/kW DC $3,600 Lawrence Berkeley National Laboratory, Tracking the Sun
VIII, August 2016, p. 32 (see Exhibit WAM-6)

Solar Lease Rate, ¢/kwh 9.0 Liu, p. 16 (see Exhibit WAM-5)

Trico and Lease escalation rates 2.90%

CESA. "A Homeowner's Guide to Solar Financing," May
2015. p .10, http://www.cesa.org/8ssets/2015-

Files/Homeowners-Guide-to-Solar-Financing.pdf (see
Exhibit wAm-7)

SolarCity. "Utility Rate Increase Estimates,"
http://www.solarcity.com/residential/soiar-energy-

faqs/uti1itv-rate-increase-estimates (see Exhibit WAM-8)

User discount rate 6.33% Cathers, p .7 - Trico proposed return onFVRB

Taxes and Fees 10% Liu, Schedule YL-1 (see Exhibit WAM-5)

Solar Off-Setting Load at Time of
Generation 38.7%

Analysis of Trico Response to EFCA DR 1-36, EFCA 1-
36 Attachment Average Hourly Loads for 112 Residential

DG Customers 20l4.xlsx (see Exhibit WAM-3)

Billed Load Before Solar (kph) 1,162
Analysis of Trico Response to EFCA DR 1-36, EFCA 1-
36 Attachment Average Hourly Loads for 112 Residential

DG Customers 2014.xlsx (see Exhibit WAM-3)

1

2

3

4

UNS Electric rate case ($2,750A<w)18 to the value presented in a recent Lawrence

Berkeley National Laboratory (LBNL) study for residential solar systems installed in

Arizona ($3,600/kW).19 These and other assumptions used in my analysis are

summarized in Table l.

5

6

7

Table 1. Assumptions for Analysis of Trico Rate Proposal Economic Impact on New Solar DG
Customer Economics

8

18 E-04204A-15-0142, Yue Liu Surrebuttal Testimony (Liu) at 7 (see Exhibit WAM-5)
19 Lawrence Berkeley National Laboratory, Tracking the Sun VIH, August 2016, p. 32 (see Exhibit WAM-6). Note
also this is consistent with the NREL data source from which I took the operating and maintenance cost.
20 NREL PV Watts calculator default assumption

13



1 Q- Are these assumptions reasonable?

Yes. Using these assumptions will result in a conservative yet reasonable estimate of the

damage that Trico's proposal will do to solar customers' economics

5 Q. Why did you use a discounted payback as a metric to evaluate the economics of

purchasing a solar system

A discounted payback is the number of years it would take for an investment in solar PV

to pay off in comparison to an investment with a return equal to the discount rate. In this

way, it accounts for the opportunity cost and time value of money. Thus, if the discounted

payback is equal to the life of the solar system (i.e., approximately 30 years), then the

customer would be indifferent between malting an investment in solar versus an

investment of similar risk wide a life of 30 years at the assumed discount rate. If the

discounted payback is less than the life of the asset, then compared to the alternative

investment, solar is favorable. If not. then the solar investment is not favorable

16 Q Does this mean that customers are willing to make investments in solar with 30-year

discounted paybacks

Not at all. Customers may not have the information available to perform such an analysis

in order to make a decision based on discounted paybacks. Instead, they may rely on

other metrics, such as a simple payback, in their decision-making process. In fact, NREL

has noted that "[r]esidential customers may use relatively simple metrics, such as simple

payback period, to decide whether to invest in a PV system Simple payback periods

are much shorter than Mcse using discounted payback

25 Q- What did your analysis find?

NREL. "The Solar Deployment System (SolarDS) Model: Documentation and Sample Results." September 2009
p. 13, seehttp://www.nrel.gov/docs/fy10osti/45832.pdf(see Exhibit WAM-9)
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1 A. Table 2 summarizes the results of my analysis. This table presents results for four

metrics useful for evaluating the impact of Trico's present and proposed residential rates,

including its present and proposed NEM credits to customers who export solar generation

to the Trico electric system. I also provide an estimate of the percentage impact that

Trico's proposed rate changes will have on each of these metrics for new residential

NEM customers.

The first row of the table presents estimated annual savings (or costs) in dollars under a

lease arrangement, where the customer is billed per kph generated by its solar provider.

The second row shows the break-even lease rate, which is the lease rate at which a solar

lease would generate either zero or positive overall cash flows for die customer." The

third row shows the discounted payback to customers who elect to purchase a solar PV

array. The fourth row shows the simple payback to customers that elect to purchase a

solar PV array.

Q~ What do your results show?

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

A. These results broadly demonstrate the abrupt and dramatic effect Trico's proposed

residential rate and NEM changes would have on customers who are considering

purchasing or leasing solar PV (see the last column in the tables). More specifically:

20

21

22

23

The first row shows that customers who lease solar PV arrays will likely be
paying more than the alternative of paying Trico's rates exclusively for their
power, rather than less as they do now.

24

25

26

27

2. The second row shows that a common solar lease rate of 9 ¢/kwh will be

nearly 1 cent/kWh more expensive than the break-even lease rate, rather than

significantly less as is now the case under Trico's current rates and NEM

program. That is, customers would need to obtain a solar lease rate of

22 The break-even lease sums all of the benefits that flow to the customer as a result of installing solar under Trico's
NEM program. It does not account for the cost of the system.

15
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Trico Present Rates
(incl. NEM Credit)

Trico Proposed Rates
(incl. Proposed Excess

Generation Credit)
% Change

Ave. Annual Savings (cost),
Lease* $484 ($l46) -13000

Break-even lease rate,
c/kWh 13.4 7.7 -43%

Discounted Payback
(years), Purchase 23.3 100.0 >300%

Simple Payback (years),
Purchase 12.9 20.4 >50%

1

2

approximately 7.7 ¢/kwh to not lose money by going solar under the Trico
proposal .

3

4

5

6

The third and fourth rows show that, under Trico's proposal, customers face

extremely long payback periods if  they elect to purchase solar PV arrays. This

indicates that under Trico's proposed rates, investment in new solar purchases

wil l  be dramatical ly reduced, if  not completely el iminated.

7

8

9

These results appear to be contrary to Trico's goal of encouraging sustainable

deployment of DG systems, if  rate changes actively discourage investment in solar DG,

they by definition do not encourage sustainable deployment.

10

11

12
Table 2. Economics of Solar DG Under Trico Rate Proposal

13

14

15

Regardless of the metric used, the future for solar is bleak in the Trico service tem'tory

under Trico's proposals in this docket.

16

17 Q.

18

What evidence do you have demonstrating the relationship between solar DG

customer payback time and deployment of solar DG?

19

2 0

21

NREL has previously studied this issue and found that there is a clear correlation between

solar DG payback time and deployment, with deployment decreasing as payback time

1n01°€aS€S_23

22

23NREL. "The Solar Deployment System (SolarDS) Model: Documentation and Sample Results." September 2009,
pp. 18-20, seehttp://www.nrel.gov/docs/fyl0osti/45832.pdf (see Exhibit WAM-9)
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1 Q. Why should the Commission care about the payback to solar customers?

2 A.

3

4

5

6

7

8

9

The Commission typically considers the impact that rates will have on customers. In fact,

that is one of the core functions of the Commission: to protect ratepayers from

discriminatory or harmful proposals by the monopoly service provider. Here, the utility is

proposing a new rate structure that is specifically designed to impact only certain

customers who utilize certain energy-saving technologies. The Commission absolutely

should consider this impact, which is certainly within its purview. This is especially true

in the case of solar DG, considering that the official policy of the State as expressed via

the Commission's REST Rules is to promote the adoption of rooftop solar.24

10

Q.

12

Please describe NREL's findings regarding the relationship solar DG customer

payback time and deployment of solar DG in greater detail.

13 A. NREL has illustrated the maximum market share of residential solar DG as a fiction of

14

15

payback time using a variety of assumptions, showing that maximum market share of

residential solar DG declines rapidly as payback times increase (see Figure l below).25

16

17 Figure 1: Residential Solar Market Share Versus Payback Times"

Maximum PV Market Share: Residential
18
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24 Ari:
25 NREL. "The Solar Deployment System (SolarDS) Model: Documentation and Sample Results." September 2009,
p. 19; see http1//www.nrel.gov/docs/fy10osti/45832.pdf (see Exhibit WAM-9)
26NREL. "The Solar Deployment System (SolarDS) Model: Documentation and Sample Results." September 2009,
p. 19; see http://www.nrel.gov/docs/fy10osti/45832.pdf (see Exhibit WAM-9)
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Q. What does your analysis mean for solar customers?

1

2

3

4

5

6

The poor up-front economics will likely dramatically reduce, if not eliminate, fixture

investment in solar DG in Trico's territory.

7

8

9

10

V. Trice's Proposed Increase in Residential Fixed Charges is

Excessive

Q . What changes to its residential electric rate design is Trico proposing?

11 Trico proposes the following key changes in its residential electric rate design:

12 • Increase residential fixed charges from $15/customer/month to $20/customer/month.

13 • Introduce a two-tiered inclining block energy rate for non-TOU customers, with the

14 first 800 kWh/month billed at a reduced rate relative to kph in excess of 800

15 kWh/month.

16 • Reduce die credit for excess generation from NEM customers from the full retail rate

17 to $0.03662 per kph for customers that are not grandfadlered."

18 Trico does not propose to create a new rate class for residential NEM customers.

19

20 Q- Do you agree with Trico's proposed residential rate design?

21 Not entirely. While I agree with Trico's proposal not to create a new customer class for

22 NEM customers and, as I discussed above, support a modified version of Trico's

23 grandfathering proposal, I do have some concerns regarding certain aspects of Trico's

27 Trico Application, at 3-4.

A.

A.

A.

18



rate design proposal, which I discuss in this section (I will address the inadequacy of

Trico's proposed rate for excess generation credits under its NEM program later in my

testimony)

5 Q What are your concerns regarding Trico's specific residential rate design

proposals

I am concerned with the magnitude of Trico's proposed increase in its fixed charge for

residential customers as well as its focus on using a fixed charge rather than a minimum

bill approach to ensure customers pay their fair share of infrastructure costs

11 Q

Trico Proposes  an Excessive Increase in Residential Fixed Charges

What is the magnitude of Trico's proposed increase in its residential fixed charge

Trico is proposing to increase its fixed charge by approximately 33% for customers on

flat rates and by 26% for its residential TOU customers

15 Q Is the magnitude of Trico's proposed increase in its residential fixed charge

reasonable?

No. This is a significant rate increase, especially for customers that have relatively low

usage

Is such a significant rate increase consistent with good ratemaking practices

No. As discussed by Bonbright, gradual rate changes are preferable to sudden changes

23 Q Does Trico agree that its proposed change in its fixed charge is substantial?

Cithers Testimony, pp. 10-11. ($20-$15)/$15 = ~33%. ($24-$19)/$19 =~26%
Bonbright, Danielson, and Kamerschen "Principles of Public Utility Rates," 1988, p. 383 (see Exhibit WAM-10)
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Yes. Trico recognizes that this is a very large rate increase and has tried to take other

measures in its application to mitigate the damaging effects of this proposal. For

example, Trico proposes a new two-tier inclining block residential rate, stating that this

would "help offset the impact of the increased customer charge on lower usage

members

7 Q. Why does Trice believe a large increase in its residential fixed charge is necessary

Trico believes that "[t]his change allows for a greater recovery of fixed customer related

costs through the Fixed charge and thus helps to reduce subsidies between members

within the rate class

12 Q Is a large increase in the residential fixed charge the only way to reduce any alleged

intra-class subsidy

No. An alterative would be a monthly minimum bill that is trued up on an annual basis

16 Q Please describe how a minimum bill would function

Rather than billing customers based on a fixed charge each month plus usage charges on

a per kph basis, a minimum bill would allow Trico to maintain a residential rate

structure that is predominately usage charges. Customers would be billed under Trico's

current rate structure, subject to any changes in overall revenue requirement and revenue

allocation established in this proceeding. Customers would have a total minimum bill at

the end of the year that would be trued up against charges that the customer paid during

the year. If the customer's payments over the 12-month period were less than twelve

Cathers Testimony, p. 10
Pre-Filed Testimony of David Hedrick on Behalf of Trico Electric Cooperative, Inc. October 23, 2015 (Hedrick

Testimony) at 16

20



1 times the monthly minimum bill, the customer would pay Trico the difference between

2 the annual sum of the monthly minimum bills and the annual payments.

3

4 Q. Why is the minimum bill approach superior to increasing Trico's residential fixed

5 charge?

6 A. As discussed in more detail by R. Thomas Beach in the ongoing Value of Solar docket

7 (Docket No. E-00000J-14-0023),32 a rate design that imposes a minimum bill instead ofa

8 fixed charge has several positive attributes, since the minimum bill:

9 • Ensures that all customers make a minimum contribution toward payment for the utility

10 infrastructure that serves them (e.g., metering, billing, and customer accounts service),

11 • Ensures that all customers contnlbute to costs that do not vary with usage,

12 • Allows customers to impact their bills to the greatest extent possible by participating

13 in demand-side resources such as self-generation, energy efficiency, or demand

14 response,

15 • Establishes rate designs that customers consider fair, understandable, and equitable,

16 • Avoids discrimination between low- and high usage customers, and

17 • Mitigates the risk of competitive bypass by DG customers by providing incentives for

18 DG vendors to reduce sizing of systems such that customer usage results in bills above

19 the minimum."

20 I agree with Mr. Beach. These are all sound reasons to adopt a minimum bill rate design

21 rather than a rate design based on fixed charges.

32 "Direct Testimony AfR. Thomas Beach on Behalf of The Alliance for Solar Choice," Docket No. E-00000J-l4-
0023, February 25, 2016, pp. 27-28. (see Exhibit WAM-11)
33 "Direct Testimony of R. Thomas Beach on Behalf of The Alliance for Solar Choice," Docket No. E-00000J-l4-
0023, February 25, 2016, pp. 27-28. (see Exhibit WAM-11)
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1

2 Q- What do you recommend?

3 I recommend that Trico adopt a minimum monthly bill that is trued up annually for

4 residential customers that is revenue neutral relative to its current fixed charge.

VI. Trico's Proposed Compensation for Excess Energy

Produced by Distributed Solar Generation Customers is

Inadequate

5

6

7

8

9

10

11

12

13

14

15

Q. What does this section of your testimony address?

I discuss Trico's flawed proposal regarding compensation for excess energy deliveries by

solar DG customers. Trico's proposed buyback rate does not compensate solar DG

customers for costs that they avoid on the Trico system, it forces solar DG customers to

accept pricing risk that other owners of solar projects do not accept, and, as discussed

earlier, Trico's proposal would have unknown consequences on the future of solar DG on

die Trico system.

Q.

A. Trico's Proposal Would inappropriately Set I ts Export Credit for

Residential  Solar DG Customers at a Backward-Looking Energy-Only

Rate

Is Trico proposing to credit residential solar DG customers based on residential

rates for any power exported to the grid?

16

17

18

19

20

21

22

23

No. Trico proposes to compensate all excess distributed generation energy at an export

rate that Trico claims is equal to its avoided cost rate.34

34 "Direct Testimony of Vincent Nitido on Behalf of Trico Electric Cooperative, Inc.," October 23, 2015 (Nitido
Testimony) at 22-23

22
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1 Q- What does Trico's avoided cost rate represent?

2

3

4

5

6

Trico's avoided cost rate "is calculated as the average annual cost of energy purchased by

Trico in the test year divided by the total energy served by Trico."35 Given that Trico uses

a historic test year, this annual average avoided cost rate is by definition backward

1ooldng.36 Also, since Trico's avoided cost rate is based on the prior year's costs, this

would result in the avoided cost rate changing annually.

7

8 Q. What is the value of the Trico's avoided cost rate?

9

10

Per the Application and Trico's testimony, Trico's annual average avoided cost is equal

to $0.03662/kWh.37 This rate is not time-differentiated.

11

12 Q.

13

14

15

16

17

Is Tric0's "avoided cost" a reasonable export rate?

No. There are at several reasons that this rate is not reasonable. First, the export rate is

not Trico's avoided cost because the proposed export rate does not reflect the long-run

value that solar DG provides to Trico. Second, the buyback rate would change annually.

Third, Trico's proposal is premature and could have unintended consequences. I discuss

each of these issues below.

18

19

20

B. Trico's Proposed Buyback Rate Does Not Compensate Solar DG

Customers for Costs That They Avoid.

21

22 Q. Why do you not believe that Trico's export rate is an avoided cost?

23 A.

24

While the export rate is labeled "avoided cost," I do not believe that it is. Avoided cost

should be forward looldng. Per the Arizona NEM Rules, "Avoided Costs" means the

35 Trico Response to EFCA DR 1-31 (see Exhibit WAM-3)
36 Trico Response to EFCA DR 1-34 (see Exhibit WAM-3)
37 Trico Application at 3-4, Nitido Testimony at 23
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incremental costs to an Electric Utility for electric energy or capacity or both which, but

for the purchase from the Net Metering Facility, such utility would generate itself or

purchase from another source."38 Instead, Trico's proposed export rate would be

backward-looldng. This clearly is not consistent with the notion of avoided costs.

6 Q. Why do you believe that Trico's buyback rate does not reflect the long-run value

provided by NEM customers?

8 A. Trico's buyback rate only accounts for a single value stream that solar DG customers

provide to Trico when they deliver excess energy to Trico's grid.

11 Q- What are the value streams that should be considered when compensating solar DG

users when they provide power back to the grid?

In Arizona's Value of Solar proceeding, testimony by Thomas Beach recommended that

the Commission include several potential benefits of solar DG into its net metering

methodology, including:

1. Avoided Energy

2. Avoided Generating Capacity

3. Avoided Line Losses

4. Avoided Ancillary Services

5. Avoided T&D Capacity

6. Avoided Environmental Costs

7. Avoided Carbon Emissions

8. Fuel Hedge

9. Market Price Mitigation

10. Avoided Renewables

ll. Societal Benefits (e.g. criteria pollutant reductions, reduced water usage, land use

impacts, among other things)39

38 R14-2-2302 (see Exhibit WAM-12)
39 Docket No. E-000001_14-0023, Direct Testimony of B. Thomas Beach, at 20-21 (see Exhibit WAM-11)
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1

2

3

I agree that these are appropriate potential values to consider in establishing an

appropriate export value for excess generation from solar DG systems .

4

5

6

7

8

9

1 0

11

1 2

13

Q-

C. Trico's Buyback Rate Forces Solar DG Customers to Accept

Unreasonable Price Risk

Why is a buyback rate that can change dramatically each year a problem?

Trico's buyback rate could change significantly each year. This would cause great

economic uncertainty for customers who are considering long-term investments in solar

DG systems. It is unlikely that a developer of utility-scale solar systems would be willing

to enter into a long-term Power Purchase Agreement with Trico that had such a highly

uncertain purchase price. However, Trico appears to believe that solar DG customers

should be forced to accept risks that other owners of solar projects would not accept.

D. Trico's Proposal is Premature Since It Has Not Evaluated Its

Impact On Future Solar DG Customers

Q. Has Trico analyzed the impact of its proposed changes to its NEM program?

No. Trico and its consultants appear to have conducted little, if any, analysis of solar DG

on its system.

14

15

16

17

18

19

20

21

22

23

Q- Has Trico studied the impact of DG on ancillary services costs on its system?

No, in fact it does not track these costs for DG customers at alL40

40 Trico Response to EFCA DR 1-35a (see Exhibit WAM-3)
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1 Q Has Trico studied the deferred costs and maintenance related to distributed

generation and/or DSM, including energy efficiency and demand response

No. it has not

5 Q Has Trico studied DG customers' use of its electric system more generally

No. it has not

8 Q Has Trico studied the benefits of either utility-scale or distributed solar PV on its

system

Trico has conducted a study for a commercial customer, but has apparently not conducted

any studies of residential or utility-scale solar PV on its system." Furthermore, it is worth

noting that Trico apparently has only studied a single commercial customer

Does Trico track the directional orientation of solar DG systems installed on its

system

No, it does not.45 As a result, Trico does not know the average orientation of the solar DG

projects in its service temtory

19 Q Has Trico studied the integration costs related to solar generation on its system

No. it has not

22 Q Has Trico experienced any backflow from its distribution system onto the

transmission system as a result of residential solar DG?

Trico Response to EFCA DR 1-35c (see Exhibit WAM-3)
Trico Response to EFCA DR 1-35b (see Exhibit WAM-3)
Trico Response to EFCA DR 1-61 (see Exhibit WAM-3)
Trico Response to EFCA DR 1-61 (see Exhibit WAM-3)
Trico Responses to EFCA DR 1-42 and DR 1-43 (see Exhibit WAM-3)
Trico Response to EFCA DR 1-60 (see Exhibit WAM-3)
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1

2

No. The only instance in which Trico has experienced such backflow is a single

distribution circuit that is associated with a commercial solar DG system.47

3

4 Q- What does the lack of backflow from Trico's residential distribution circuits to the

5 transmission system indicate to you?

6

7

8

9

10

11

12

13

14

15

16

17

This indicates that residential solar PV is currently providing Trico with multiple benefits

in addition to energy. The lack of backflow from Trico's distribution system onto the

transmission system indicates to me that excess generation from residential solar PV

systems is being consumed on the same distribution circuit on which it is being

generated. As a result, there is necessarily reduced flow from the transmission system

onto the distribution system, suggesting that the aggregate output of these residential

solar systems, including excess generation, is at a minimum providing avoided generation

capacity, transmission capacity, and distribution substation capacity benefits. In addition,

the lack of backflow also means that Trico avoids transmission and primary distribution

line loss because of solar DG. Also, Trico's customers receive environmental benefits

associated with renewable energy generation. Depending on where and how the solar

generation is consumed on Trico's distribution system, it also may also provide avoided

distribution capacity benefits.18

19

20 Q. Has Trico attempted to quantify these benefits?

21

22

No. As demonstrated above, Trico has not yet even attempted to study solar PV and its

benefits in detail.

23

24 Q.

25

Do you have evidence to support your conclusion that residential solar PV may also

create avoided distribution capacity value?

47 Trico Response to EFCA DR 1-45 (see Exhibit WAM-3)
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1

2

3

4

5

6

7

8

Unfortunately, Trico does not maintain hourly data by customer class,48 and also does not

have hourly load data for residential customers with and without solar distributed

generation "readily available."49 In addition, Trico has not yet installed generation meters

on residential solar PV systems installed prior to 2013,50 so it only has generation data on

a subset of the residential solar PV installed on its system. Thus, it is difficult to say

broadly what the precise degree to which solar PV could avoid distribution capacity on

Trico's electric system, however, it would also be inappropriate to state that the value is

zero based on available data.

9

10

11

12 Q-

E. Trico Has Ignored Residential Solar Generation Deployment in

Making Resource Decisions

Has Trico evaluated solar DG as a resource option when making long-term

13

14

procurement decisions?

15

16

17

18

19

20

No. As discussed above, Trico and its consultants appear to have conducted little, if any,

analysis of solar DG on its system. In addition to Trico's failure to evaluate the impact of

solar DG customers on its electric system, Trico has also failed to evaluate the resource

offered by its solar DG customers as an alternative to its selected resource purchases.

Trico's failure to consider solar DG as a resource option {ilrther illustrates the fact that

Trico's proposal to dramatically modify its rates for crediting generation exports from

solar DG customers is premature.

21

22 Q- Has Trico recently completed transactions for new wholesale energy and capacity?

23

24

Yes. Trico signed a 10-year Power Purchase Agreement (PPA) with Tucson Electric

Power, under which Trico will purchase 50 MW of capacity and energy each year

48 Trico Response to EFCA DR 1-46d (see Exhibit WAM-3)
49 Trico Response to EFCA DR 1-36f (see Exhibit WAM-3)
50 Trico Response to Staff DR3.11 (see Exhibit WAM-3)
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through 2017, and 85 MW each year thereafter, this PPA became effective January 1,

2015 and will end in 2025.51

Q. Why did Trico enter into this PPA?

According to Trico, the main driver for it to enter into this new PPA was to replace power

that was previously purchased under two other PPAs that terminated on October 31 ,

2014.52 Thus, Trico had advance knowledge that its existing PPAs would terminate, and

could have considered resoLu'ce options other than signing a new PPA, or alternatively

could have considered signing a PPA for a smaller amount of capacity and energy.

Q- Did Trico consider whether increasing amounts of residential and commercial solar

DG on its electric system could have avoided the need for this new PPA?

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Trico apparently did not consider additional solar DG as a resource alternative to the

PPA, along with potential future investment in other grid infrastructure, as it based its

analysis underlying die PPA on a 2012 load forecast that included distributed generation

as a historical load reduction rather than a future resource option."

F. Estimates of the Value of Solar Indicate that Trico's Retail

Residential Electric Rates May Be Appropriate Compensation for

Residential Solar Generation Exports to the Distribution Grid

18

19

20

21

22

23

24

Q- Are you aware of any recent estimates of the full value of solar DG?

Yes. In the recent UNSE rate case, Mark Fuller testified on behalf of TASC that when

the full suite of benefits that solar DG can provide is considered, the proper "avoided

51 Nitido Testimony, at 8-9
52 Trico Response to EFCA DR 1-7a (see Exhibit WAM-3)
53 Trico Response to EFCA DR 1-7a-b (see Exhibit WAM-3)
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1

2

3

cost" or "value of solar" for is approximately 9.5¢ to l4¢ per ldlowatt-hour. 54 Mr.

Fulmar's analysis incorporated six elements taken from the 2014 UNS Electric Integrated

Resource Plan (IP):

4

5 1. Avoided energy: Avoided energy is the variable cost of power plants that is avoided

6 due to the effective load reductions provided by solar DG. They can be calculated

7 assuming a specific proxy power plant (e.g., a combustion turbine) or using forward

8 looldng wholesale market prices. This is the only element that SSVEC includes in its

9 avoided cost.

10 2. Avoided generation capacity: Avoided generation capacity cost is value of the

11 forgone or deferred power plants caused by die load reduction provided by solar DG.

12 3. Avoided transmission costs: Avoided transmission cost is value of the forgone,

13 deferred or downsized transmission investments caused by the load reduction

14 provided by solar DG.

15 4. Avoided distribution costs: Avoided distribution cost is value of the forgone,

16 deferred or downsized distribution investments caused by the load reduction provided

17 by solar DG.

18 5. Avoided greenhouse gas (GHG) emissions costs: Avoided GHG emissions costs

19 are the emissions associated with the reduced output of the marginal power plants

20 which set the avoided energy cost. These emissions are multiplied by an assumed

21 carbon dioxide (CON) cost (S/metric ton) to amlve at the avoided greenhouse gas cost.

54 Docket No. E-04204A-15-0142, Surrebuttal of Mark Fulmer For The Alliance for Solar Choice, at 30-40. (see
Exhibit WAM-13)
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1 6. Incremental integration costs: Even with geographic diversity, there is a cost to

2 integrate solar DG into the grid. These integration costs cover the incremental

3 ancillary services to support the added solar generation."

4

5

6

7

In addition to these values, Mr. Fulmer's analysis included estimated values for avoided

environmental externalities, including criteria air pollutant emissions (i.e., NOt, SOx, and

fine particulate matter) associated with the reduced output of the marginal power plants

which set the avoided energy cost and the estimated marginal cost of water.56

8

9 Q. What did Mr. Fulmar conclude from his value of solar analysis?

10

11

12

13

Mr. Fulmer concluded that the levelized value of solar (9.5-l4¢/kWh) "is relatively

close to UNSE's average residential rate, indicating that in the long run, full-service

customers would be held neutral and, in fact, could even receive a net benefit by

continuing current net metering policies."57

14

15 Q- Do you think this conclusion is applicable here, too?

16

17

Although the Trico electric system may differ from UNS Electric's in some respects, I

believe that were I to conduct a comparable analysis, I would reach a similar conclusion.

18

19 Q. What do you recommend?

20

21

22

23

24

In light of existing estimates of the value of solar DG, the ongoing ACC proceeding

addressing this issue, and the lack of supporting data and analysis that Trico has provided

with regard to its proposal for modifying its NEM tariff, I recommend that the

Commission order Trico to maintain its current NEM tariff, and proceed in the future

consistent with the outcome of the Value of Solar proceeding.

55 Docket No. E-01575A-15-0312, Direct Testimony of Mark Fuller, p. 14 (see Exhibit WAM-14)
56 Docket No. E-01575A-15-0312, Direct Testimony of Mark Fulmar, p. 14 (see Exhibit WAM-14)
57 Docket No. E-04204A-15-0142, Surrebuttal of Mark Fuller For The Alliance for Solar Choice, at 3. (see Exhibit
WAM- 13)
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1

2

VII. Trico overstates the Lost Fixed Cost that Results from

Service Provided to Members with Distributed Generation

3

4 Q.

5

6

According to Trico, it "is now experiencing a significant issue of lost fixed cost

recovery due to significant increases in DG deployment in its service area."58 Has

Trieo met its burden of proof regarding this assertion?

7

8

9

10

11

12

No. When asked to provide all workpapers and documentation supporting this statement,

Trico could only provide a calculation of estimated lost fixed cost recovery in which it

simply multiplies cumulative residential DG installs by Trico's estimated average lost

fixed cost for existing rates of $83.34/month.59 In short, Trico apparently has not

conducted any meaningful analysis of the specific cost impacts of DG on its system, as it

has not provided any justification or analysis supporting its methodology.

13

14 Q.

15

16

17

18

Trico states that "[i]n fact, the cost to serve DG Members may be higher [than for

other residential customers] due to the greater usage of the network (typical

customers do not push power into the grid). Trico has increased costs related

ensuring (sic) the grid continues to operate at proper voltages, particularly when

significant DG is being pushed back into the network."'° Has Trico substantiated

19

20

21

22

23

this statement?

No. Trico has no workpapers or analysis to support this statement, and has conducted no

load research or grid studies that support this statement.°' Furthermore, Trico does not

track ancillary services-related costs with respect to DG customers,62 has not studied

integration costs related to solar generation on its system,63 and has in general not

58 Cathers Testimony, at 8
59 Trico Response to EFCA DR 1-22a-b, Attachment (see Exhibit WAM-3)
60 Nitido Testimony, at 17
61 Trico Response to EFCA DR 1-17a-b (see Exhibit WAM-3)
62 Trico Response to EFCA DR 1-35a (see Exhibit WAM-3)
63 Trico Response to EFCA DR 1-60 (see Exhibit WAM-3)
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1

2

completed any studies of residential solar generation on its system.64 Therefore, Trico has

not provided an adequate basis for malting this claim.

3

4 Q. Do you have a recommendation regarding Trico's lost fixed cost recovery estimate?

5

6

7

8

Yes. Given the lack of detailed supporting data and analysis that Trico has provided with

regard to this estimate, the Commission should give no weight to this aspect of Trico's

testimony and decline to consider it in madding a final decision regarding Trico's rate

proposals.

9

am. Conclusions

Q- Does this complete your opening testimony?

10

11

12

13 Yes.

64 Trico Response to EFCA DR 1-61 (see Exhibit WAM-3)
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RESUME FOR WILLIAM ALAN MONSEN

PROFESSIONAL
EXPERIENCE

Principal
MRW & Associates, LLC
(1989 - Present)
Specialist in electric utility generation planning, resource auctions,
demand-side management (DSM) policy, power market
simulation, power project evaluation, and evaluation of customer
energy cost control options. Typical assignments include: analysis,
testimony preparation and strategy development in large, complex
regulatory intervention efforts regarding the economic benefits of
utility mergers and QF participation in California's biennial
resource acquisition process, analysis of markets for non-utility
generator power in the western US, China, and Korea, evaluate the
cost-effectiveness of onsite power generation options, sponsor
testimony regarding the value of a major new transmission project
in California, analyze the value of incentives and regulatory
mechanisms in encouraging utility-sponsored DSM, negotiating
non-utility generator power sales contract terms with utilities, and
utility ratemaking.

Energy Economist
Pacific Gas & Electric Company
(1981 _ 1989)
Responsible for analysis of utility and non-utility investment
opportunities using PG&E's Strategic Analysis Model. Performed
technical analysis supporting PG&E's Long Term Planning efforts.
Performed Monte Carlo analysis of electric supply and demand
uncertainty to quantify the value of resource flexibility. Developed
DSM forecasting models used for long-term plamling studies.
Created an engineering-econometric modeling system to estimate
impacts of DSM programs. Responsible for PG&E's initial efforts
to quantify the benefits of DSM using production cost models.

Academic Staff
University of Wisconsin-Madison Solar Energy Laboratory
(1980 _ 1981)
Developed simplified methods to analyze efficiency of passive
solar energy systems. Performed computer simulation of passive
solar energy systems as part of Department of Energy's System
Simulation and Economic Analysis worldng group.

EDUCATION M.S., Mechanical Engineering, University of Wisconsin-Madison,
1980.
B.S., Engineering Physics, University of California, Berkeley,
1977.

1



William A. Monsen

Prepared Testimony and Expert Reports

California Public Utilities Commission (CPUC) Applications 90-08-066, 90-08-
067, 90-09-001
Prepared Testimony with Aldyn W. Hoekstra regarding the California-Oregon
Transmission Project for Toward Utility Rate Normalization (TURN). November
29, 1990.

CPUC Application 90- 10-003
Prepared Testimony with Mark A. Bachels regarding the Value of Qualifying
Facil ities and the Determination of Avoided Costs for the San Diego Gas &
Electric Company for the Kelco Division of Merck & Company, Inc. December
21, 1990.

California Energy Commission Docket No. 93 -ER-94
Rebuttal Testimony regarding the Preparation of the 1994 Electricity Report for
the Independent Energy Producers Association. December 10, 1993 .

CPUC Rulemaking 94-04-031 and Investigation 94-04-032
Prepared Testimony Regarding Transition Costs for The Independent Energy
Producers. December 5, 1994.

Massachusetts Department of Telecommunications and Energy DTE 97-120
Direct Testimony regarding Nuclear Cost Recovery for The Commonwealth of
Massachusetts Division of Energy Resources. October 23, 1998.

CPUC Application 97-12-039
Prepared Direct Testimony Evaluating an Auction Proposal by SDG&E on Behalf
of The California Cogeneration Council. June 15, 1999.

CPUC Application 99-09-053
Prepared Direct Testimony of William A. Monsen on Behalf of The Independent
Energy Producers Association. March 2, 2000.

CPUC Application 99-09-053
Prepared Rebuttal Testimony of William A. Monsen on Behalf of die Independent
Energy Producers Association. March 16, 2000.

CPUC Ruleinaddng 99-10-025
Joint Testimony Regarding Auxiliary Load Power and Stand-By Metering on
Behalf of Duke Energy North America. July 3, 2000.

2
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9.
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10. CPUC Application 99-03-014
Joint Testimony Regarding Auxiliary Load Power and Stand-By Metering on Behalf
of Duke Energy North America. September 29, 2000.

11. CPUC Rulemaking 99-11-022
Testimony of the Independent Energy Producers Association Regarding Short-
Run Avoided Costs. May 7, 2001 .

12. CPUC Rulemaking 99-11-022
Rebuttal Testimony of the Independent Energy Producers Association Regarding
Short-Run Avoided Costs. May 30, 2001 .

13. CPUC Application 01-08-020
Direct Testimony on Behalf of Bear Mountain, Inc. in the Matter of Southern
California Water Company's Application to Increase Rates for Electric Service in
the Bear Valley Electric Customer Service Area. December 20, 2001 .

14. CPUC Application 00- 10-045 , 01 -01 -044
Direct Testimony on Behalf of the City of San Diego. May 29, 2002.

15. CPUC Rulemaldng 01 - 10-024
Prepared Direct Testimony on Behalf of Independent Energy Producers and
Western Power Trading Forum. May 31, 2002.

16. CPUC Rulemaddng 01-10-024
Rebuttal Testimony on Behalf of Independent Energy Producers and Western
Power Trading Forum. June 5, 2002.

17. Arizona Corporation Commission Docket Numbers E-00000A-02-0051 , E-
01345A-01-0822, E-0000A-01-0630, E-01933A-98-0471, E01933A-02-0069
Rebuttal Testimony on Behalf of AES NewEnergy, Inc. and Strategic Energy
L.L.C.: Track A Issues. June 11, 2002.

18. CPUC Application 00-11-038
Testimony on Behalf of the Alliance for Retail Energy Markets in the Bond
Charge Phase of the Rate Stabilization Proceeding. July 17, 2002.

19. CPUC Rulemaldng 01-10-024
Prepared Testimony in the Renewable Portfolio Standard Phase on Behalf of
Center for Energy Efficiency and Renewable Technologies. April 1, 2003 .

20. CPUC Rulemaldng 01-10-024
Direct testimony of William A. Monsen Regarding Long-Term Resource
Planning Issues On Behalf of the City of San Diego. June 23, 2003 .

3
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21. CPUC Application 03-03-029
Testimony of William A. Monsen Regarding Auxiliary Load Power Metering
Policy and Standby Rates on Behalf of Duke Energy North America. October 3,
2003 .

22. CPUC Rulemaking 03- 10-003
Opening Testimony of William A. Monsen Regarding Phase One Issues Related
to Implementation of Community Choice Aggregation On Behalf of the Local
Government Commission Coalition. April 15, 2004.

23. CPUC Rulemaldng 03- 10-003
Reply Testimony of William A. Monsen Regarding Phase One Issues Related to
Implementa t ion of  Community Choice Aggrega t ion on Beha lf  of  Loca l
Government Commission. May 7, 2004.

24. CPUC Rulemaldng 04-04-003
Direct  Testimony of William A. Monsen Regarding the 2004 Long-Term
Resource Plan of San Diego Gas & Electric Company on Behalf of the city of
San Diego. August 6, 2004.

25. Sonoma County Assessment Appeals Board
Expert Witness Report of William A. Monsen Regarding the Market Price of
Electricity in the Matter of the Application for Reduction of Assessment of
Geysers Power Company, LLC, Sonoma County Assessment Appeals Board,
Application Nos.: Ol/01-137 through 157. September 10, 2004.

26. Sonoma County Assessment Appeals Board
Presentation of Results from Expert Witness Report of William A. Monsen
Regarding the Market Price of Electricity in the Matter of the Application for
Reduction of Assessment of Geysers Power Company, LLC, Sonoma County
Assessment Appeals Board, Application Nos.: Ol/01-137 through 157. September
10, 2004.

27. Sonoma County Assessment Appeals Board
Presentation of Rebuttal Testimony and Results of William A. Monsen Regarding
the Market Price of Electricity in the Matter of the Application for Reduction of
Assessment of Geysers Power Company, LLC, Sonoma County Assessment
Appeals Board, Application Nos.: Ol/01-137 through 157. October 18, 2004.

28. CPUC Rulemaddng 04-03-017
Testimony of William A. Monsen Regarding the Iron Report on Behalf of the
city of San Diego. April 13, 2005.

29. CPUC Rulemaking 04-03-017
Rebuttal Testimony of William A. Monsen Regarding the Cost-Effectiveness of
Distributed Energy Resources on Behalf of the City of San Diego. April 28, 2005 .

4
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30. CPUC Application 05-02-019
Test imony of William A.  Monsen SDG&E's  2005 Rate Design Window
Application on Behalf of the City of San Diego. June 24, 2005.

31. CPUC Rulemaldng 04-01-025, Phase II
Direct Testimony of William A. Monsen on Behalf of Crystal Energy, LLC. July
18, 2005 .

32. CPUC Application 04-12-004, Phase I
Direct Testimony of William A. Monsen on Behalf of Crystal Energy, LLC. July
29, 2005 .

33. CPUC Application 04-12-004, Phase I
Rebuttal Testimony of William A. Monsen on Behalf of Crystal Energy, LLC.
August 26, 2005.

34. CPUC Rulemaldngs 04-04-003 and 04-04-025
Prepared Testimony of William A. Monsen Regarding Avoided Costs on Behalf
of the Independent Energy Producers. August 3 l , 2005 .

35. CPUC Application 05-01-016 et al.
Prepared Testimony of William A. Monsen Regarding SDG&E's Critical Peak
Pricing Proposal on Behalf of the city of San Diego. October 5, 2005 .

36. CPUC Rulemaldngs 04-04-003 and 04-04-025
Prepared Rebuttal Testimony of William A. Monsen Regarding Avoided Costs on
Behalf of the Independent Energy Producers. October 28, 2005 .

37. Public Utilities Commission of the State of Colorado Docket No. 05A-543E
Answer Testimony of William A. Monsen on Behalf of AES Corporation and the
Colorado Independent Energy Association. April 18, 2006.

38. CPUC Application 04-12-004
Prepared Testimony of William A. Monsen Regarding Firm Access Rights on
Behalf of Clearwater Port, LLC. July 14, 2006.

39. CPUC Application 04-12-004
Prepared Rebuttal Testimony of William A. Monsen Regarding Firm Access
Rights on Behalf of Clearwater Port, LLC. July 31, 2006.

40. Public Utilities Commission of Nevada Dockets 06-06051 and 06-07010
Testimony of William A. Monsen on Behalf of the Nevada Resort Association
Regarding Integrated Resource Planning. September 13, 2006.
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41. CPUC Application 07-01-047
Testimony of William A. Monsen on Behalf of the City of San Diego Concerning
the Application of San Diego Gas & Electric Company For Authority to Update
Marginal Costs, Cost Allocation, and Electric Rate Design. August 10, 2007.

42. Public Utilities Commission of the State of Colorado Docket No. 07A-447E
Answer Testimony of William A. Monsen on Behalf of the Colorado Independent
Energy Association. April 28, 2008 .

43. CPUC Application 08-02-001
Testimony of William A. Monsen On Behalf of The city of Long Beach Gas &
Oil Department Concerning The Application of San Diego Gas & Electric
Company And Southern California Gas Company For Authority To Revise Their
Rates Effective January 1, 2009 In Their Biennial Cost Allocation Proceeding.
June 18, 2008.

44. CPUC Application 08-02-001
Rebuttal Testimony of William A. Monsen On Behalf of The City of Long Beach
Gas & Oil Department Concerning The Application of San Diego Gas & Electric
Company And Souther California Gas Company For Authority To Revise Their
Rates Effective January 1, 2009 In Their Biennial Cost Allocation Proceeding.
July 10, 2008.

45. CPUC Application 08-06-001 et al.
Prepared Testimony of William A. Monsen On Behalf of The California Demand
Response Coalition Concerning Demand Response Cost-Effectiveness And
Baseline Issues. November 24, 2008 .

46. CPUC Application 08-02-001
Testimony of William A. Monsen On Behalf of The City of Long Beach Gas &
Oil Department Concerning Revenue Allocation And Rate Design Issues In The
San Diego Gas & Electric Company And Southern California Gas Company
Biennial Cost Allocation Proceeding. December 23, 2008 .

47. CPUC Application 08-06-034
Testimony of William A. Monsen On Behalf of Snow Summit, Inc. Concerning
Cost Allocation And Rate Design. January 9, 2009.

48. CPUC Application 08-02-001
Rebuttal Testimony of William A. Monsen on Behalf of The City of Long Beach
Gas & Oil Department Concerning Revenue Allocation and Rate Design Issues in
The San Diego Gas & Electric Company and Southern California Gas Company
Biennial Cost Allocation Proceeding. January 27, 2009.
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49. CPUC Application 08-11-014
Testimony of William A. Monsen on Behalf of The city of San Diego
Concerning the Application of San Diego Gas & Electric Company tor Authority
to Update Cost Allocation and Electric Rate Design. April 17, 2009.

50. Public Utilities Commission of the State of Colorado Docket No. 09-AL-299E
Answer Testimony of William A. Monsen on Behalf of Copper Mountain, Inc.
and Vail Summit  Resor ts,  Inc.  - Notice of Confidentia lity: A Por t ion of
Document Has Been Filed Under Seal. October 2, 2009.

51. Public Utilities Commission of the State of Colorado Docket No. 09-AL-299E
Supplemental Answer Testimony of William A. Monsen on Behalf of Copper
Mountain, Inc. and Vail Summit Resorts, Inc. October 8, 2009.

52. Public Utilities Commission of the State of Colorado Docket No. 09AL-299E
Surrebuttal Testimony of William A. Monsen on Behalf of Copper Mountain, Inc.
and Vail Summit Resorts, Inc. December 18, 2009.

53. United States District Court for the District of Montana, Billings Division, Rocky
Mountain Power, LLC v. Prolec GE, S De RL De CV Case No. CV-08-112-BLG-
RFC, "Evaluation of Business Interruption Loss Associated with a Fault on
December 15, 2007, of a Generator Step-Up (GSU) Transformer at the Hardin
Generating Station, Located in Hardin, Montana," September 15, 2010.

54. United States District Court for the District of Montana, Billings Division, Rocky
Mountain Power, LLC v. Prolec GE, S De RL De CV Case No. CV-08-112-BLG-
RFC, "Supplemental Findings and Conclusions Regarding Evaluation of Business
Interruption Loss Associated with a Fault on December 15, 2007, of a Generator
Step-Up (GSU) Transformer at the Hardin Generating Station, Located in Hardin,
Montana," November 2, 2010.

55. CPUC Application 10-05-006
Testimony of William Monsen on Behalf of the Independent Energy Producers
Association in Track III of the Long-Term Procurement Planning Proceeding
Concerning Bid Evaluation. August 4, 201 l.

56. Public Utilities Commission of the State of Colorado Docket No. 11A-869E
Answer Testimony of William A. Monsen on Behalf of Colorado Independent
Energy Association, Colorado Energy Consumers and Thermo Power & Electric
LLC. June 4, 2012.

57. CPUC Application 11- 10-002
Testimony of William A. Monsen on Behalf of the City of San Diego Concerning
the Application of San Diego Gas & Electric Company for Authority to Update
Marginal Costs, Cost Allocations, and Electric Rate Design. June 12, 2012.
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58. Public Utilities Commission of the State of Colorado Docket No l 1A-869E
Cross Answer Testimony of William A. Monsen on Behalf of Colorado
Independent Energy Association, Colorado Energy Consumers and Thermo
Power & Electric LLC. July 16, 2012.

59. CPUC Rulemaldng 12-03-014
Reply Testimony of William A. Monsen on Behalf of the Independent Energy
Producers Association Concerning Track One of the Long-Term Procurement
Proceeding. July 23, 2012.

60. CPUC Application 12-03-026
Testimony of William A. Monsen on Behalf of the Independent Energy Producers
Association concerning Pacific Gas and Electric Company's Proposed
Acquisition of the Oakley Project. July 23, 2012.

61. CPUC Application 12-02-013
Testimony of William A. Monsen on Behalf of Snow Summit, Inc. Concerning
Revenue Requirement, Marginal Costs, and Revenue Allocation. July 27, 2012.

62. CPUC Application 12-03-026
Rebuttal Testimony of William A. Monsen on Behalf of the Independent Energy
Producers Association Concerning Pacific Gas and Electric Company's Proposed
Acquisition of the Oakley Project. August 3, 2012.

63. CPUC Application 12-02-013
Rebuttal Testimony of William A. Monsen on Behalf of Snow Summit, Inc. in
Response to the Division of Ratepayer Advocates' Opening Testimony. August
27, 2012.

64. Public Utilities Commission of the State of Colorado Docket No 11A-869E
Supplemental Answer Testimony of William A. Monsen on Behalf of Colorado
Independent Energy Association, Colorado Energy Consumers and Thermo
Power & Electric LLC. September 14, 2012.

65. Public Utilities Commission of the State of Colorado Docket No 11A-869E
Supplemental Cross Answer Testimony of William A. Monsen on Behalf of
Colorado Independent Energy Association, Colorado Energy Consumers and
Thermo Power & Electric LLC. October 5, 2012.

66. Public Utilities Commission of the State Oregon Docket No UM 1182
Northwest and Intermountain Power Producers Coalition Direct Testimony of
William A. Monsen. November 16, 2012.
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67. Public Utilities Commission of the State Oregon Docket No UM 1182
Northwest and Intermountain Power Producers Coalition Exhibit 300 Witness
Reply Testimony of William A. Monsen. January 14, 2013.

68. CPUC Rulemaking 12-03-014
Testimony of William A. Monsen on Behalf of the Independent Energy Producers
Association Concerning Track 4 of the Long-Term Procurement Plan Proceeding.
September 30, 2013.

69. CPUC Rulemaddng 12-03-014
Rebuttal Testimony of William A. Monsen on Behalf of the Independent Energy
Producers Association Concerning Track 4 of the Long-Term Procurement Plan
Proceeding. October 14, 2013.

70. CPUC Application 13-07-021
Response Testimony of William A. Monsen on Behalf of Interest Energy
Alliance Regarding the Proposed Merger of NV Energy, Inc. with Midamerican
Energy Holdings Company. October 24, 2013.

71. CPUC Application 13-12-012
Testimony of William A. Monsen on Behalf of Commercial Energy Concerning
PG&E's 2015 Gas Transmission and Storage Rate Application. August ll, 2014.

72. Public Utilities Commission of Nevada Docket No. 14-05003
Direct Testimony of William A. Monsen on Behalf of Or ratNevada Inc. August
25, 2014.

73. CPUC Application 13-12-012/1.14-06-016
Rebuttal Testimony of William A. Monsen on Behalf of Commercial Energy
Concerning PG&E's 2015 Gas Transmission & Storage Application. September
15, 2014.

74. CPUC Rulemaking 12-06-013
Testimony of William A. Monsen on Behalf of Vote Solar Concerning
Residential Electric Rate Design Reform. September 15, 2014.

75. CPUC Rulemaldng 13-12-010
Opening Testimony of William A. Monsen on Behalf of the Independent Energy
Producers Association Regarding Phase1A of the 2014 Long-Term Procurement
Planning Proceeding. September 24, 2014.

76. CPUC Application 14-01-027
Testimony of William A. Monsen on Behalf of the City Of San Diego
Concerning the Application of SDG&E for Authority to Update Electric Rate
Design. November 14, 2014.
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77. CPUC Application 14-01 -027
Rebuttal Testimony of William A. Monsen on Behalf of the City Of San Diego
Concerning the Application of SDG&E for Authority to Update Electric Rate
Design. December 12, 2014.

78. CPUC Rulemaldng 13- 12-010
Testimony of William A. Monsen on Behalf of the Independent Energy
Producers Association Regarding Supplemental Testimony in PhaselA of the
2014 Long-Term Procurement Planning Proceeding. December 18, 2014.

79. CPUC Application 14-06-014
Opening Testimony of William A. Monsen on Behalf of the Independent Energy
Producers Association Regarding Standby Rates in Phase 2 of SCE's 2015 Test
Year General Rate Case. March 13, 2015.

80. CPUC Application 14-04-014
Opening Testimony of William A. Monsen on Behalf of ChargePoint, Inc.
Regarding SDG&E's Vehicle Grid Integration Pilot Program. March 16, 2015.

81. Public Utilities Commission of the State of Hawaii Docket No. 2015-0022
Direct Testimony on Behalf of AES Hawaii, Inc. July 20, 2015.

82. Federal Energy Regulatory Commission Docket Nos. EL02-60-007 and EL02-
62-006 (Consolidated)
Prepared Answering Testimony of William A. Monsen on Behalf of Iberdrola
Renewables Regarding Rate Impacts of the Iberdrola Contract. July 21, 2015.

83. Public Utilities Commission of Nevada Docket Nos. 15-07041 and 15-07042
Prepared Direct Testimony of William A. Monsen on Behalf of The Alliance for
Solar Choice (TASC). October 27, 2015.

84. Arizona Corporation Commission Docket No. E-00000J-14-0023
Rebuttal Testimony of William A. Monsen on Behalf of The Alliance for Solar
Choice (TASC). April 7, 2016.
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E-01933A-15-0100 Tucson Electric Power 08-18-2015 Page 1

1
2

BEFORE THE ARIZONA CORPORATION COMMISSION

NO. E-01933A-15-0100
3

4

5

6

IN THE MATTER OF
TUCSON ELECTRIC POWER
<E-01933A-15-0100> -
Recommended Order
Dismissing the
Application and
Administratively Closing
the Docket.

OPEN MEETING

)
)
)
)
)
)
)
)
) AGENDA ITEM no. 28

At :

Date :
Phoenix, Arizona
August 18, 2015

TRANSCRIPT OF PROCEEDINGS

TRANSCRIBED FROM AN AUDIO RECORDING

7
8
9

10
11
12
13
14
15
16
17
18
19

(File: acc-a4af9510e41-49e7-96f4-e975d7996b81.mp4.)

20
ARIZONA REPORTING SERVICE, INC.

Audio Transcription Specialists
2928 North Evergreen Street
Phoenix, Arizona 85014-550821

22
23

24

25

Transcribed by:
Katherine A. Mcnally
CERTIFIED TRANSCRIBER
CET**D- 323

ARIZONA REPORTING SERVICE, INC.
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E-01933A-15-0100 Tucson Electric Power 08-18-2015 Page 2

1
2
3
4
5
6
7

BE IT REMEMBERED that a Commission Open Meeting
was held at the Arizona Corporation Commission,
1200 West Washington Street, First Floor, Hearing
Room 1, Phoenix, Arizona, commencing on the 18th day of
August 2015.

BEFORE :

8

SUSAN BITTER SMITH, Chairman
BGB STUMP, Commissioner
BOB BURNS, Commissioner
DOUG LITTLE, Commissioner
TOM FORESE, Commissioner9

10
APPEARANCES :

11
Jane Rodder, Administrative Law Judge

12
For Arizona Corporation Commission:

13

14
15
16
17
18
19
20
21
22
23
24
25

Janice Alward, Chief Counsel, Legal Division
Elijah Abinah, Staff for Utilities Division

For Tucson Electric Power:
Michael W. Patten, Snell & Wilmer

For the Residential Utility Consumer Office:
Daniel Pozefsky, Chief Counsel

For Alliance For Solar Choice:
Court Rich, Rose Law Group

For the ASDA:
Garry Dale Hays II, Law Office of Garry Hays

For Solar and Western Resource Advocates:
Tim Hogan

ARIZONA REPORTING SERVICE, INC.
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E-01933A-15-010() Tucson Electric Power 08-18-2015 Page 3

1

2

3

4

5

PUBLIC SPEAKERS:
K ev i n  C ook
G r e g  D a r l a nd
Ryan Dahl
K y l e  L a w r e ns o n
Loui s  W oo fenden
B e n j a m i n  B u n t i n g
C u r t  K i l l i a n
Grego ry  Moore

6
7
8
9

10
1 1
12
13
14
15
16
17
18
19
20
21
22

23
Katherine A. Mcnally
CERTIFIED TRANSCRIBER
CET**D-323

ARIZONA REPORTING SERVICE, INC.
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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

(Commencement of Item Number 28 at 03:54:50.)

CHMN. BITTER SMITH: Then let's move on to Item

Number 28, Tucson Electric Power Recommended Order

Dismissing the Application and Administrative Closure.

The parties are reconvening. And I am going to

turn to Judge Rodda for a brief overview. As I do that,
I am reminded that there were no exceptions filed by the

parties to this case. So unless there are objections,

I'm not going to ask the parties to spend time running

through comments. If you have something you absolutely

needed to do, please let me know. But we do have --

we're obviously wanting to get on to the final item of
the day.

So with that, Judge Ronda, just very briefly,

Item Number 28.

JUDGE RODDA: Thank you. TEP filed an

application to modify its net metering tariff.

Following oral argument on whether the application

should be heard in the context of a rate case, TEP

withdrew its application and stated it would seek to

have its proposed -- proposal considered in a rate case

to be filed in the near future. This order dismisses

the application and adopts disclaimer language for

distributed generation applications.

CH1V1N. BITTER SMITH: Great I Thank you.

ARIZONA REPORTING SERVICE, INC.



E-01933A_15-0100 Tucson Electric Power 08-18-2015 Page 5

1 And I realize I did not introduce the parties.

2 They are all the -- well, they're not the same. So let

3 me do that very quickly. If there's something you

4 absolutely need to say, do that, but otherwise we have

5 no exceptions and we'd like to move on.

6 Mr. Patten, we know who you are, but for the

7 record, one more time.

8 MR. PATTEN: Thank you. Michael Patten, Snell &

9 Wilmer, on behalf of Tucson Electric Power.

10 CHMN. BITTER SMITH: Mr. Cook.

11 MR. COOK: Kevin Cook, representing myself.

12 Okay. Mr. Pozefsky, you are a new entry.

13 MR. POZEFSKY: Thank you, Chairman,

14 Commissioners, good afternoon. Daniel Pozefsky, chief

15 counsel, RUCO.

16 CHMN. BITTER SMITH:

17 Mr. Rich.

18 MR. RICH: Good afternoon, again. Chairman,

19 Commissioners, Court Rich, from the Rose Law Group on

20 behalf of the Alliance For Solar Choice.

21 CHMN. BITTER SMITH: Great. Mr. Hays.

22 MR. HAYS: Garry Hays, ASDA.

23 CHMN. BITTER SMITH: Okay. Mr. Hogan.

24 MR. HOGAN: Tim Hogan, representing both Solar

25 and Western Resource Advocates.

Thank you .

ARIZONA REPORTING SERVICE, INC.
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And have I missed

anyone ?

we've captured

CHMN. BITTER SMITH: Okay.

I do not see Mr. Holli fan.

Okay. It looks like we've got

everybody that is here at the table.

All right. Again, there were no exceptions, and

there are no proposed amendments.

Commissioners, any questions for the judge or

the parties?

If not, Commissioner Stump, if you would like to

move Item Number 28, please.

COM. STUMP: Thanks, Madam Chair. I move
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Item 28.

CHMN. BITTER SMITH: Oh, do that.

got some speakers. I apologize.

COM. STUMP: Okay, yeah. Move Item Number 28.

CHMN. BITTER SMITH: Okay. Then I do have a

number of people signed in to speak on Item Number 28.

Let me quickly call them, and if you would -- because we

are moving on to the later in the afternoon, if you are

going to duplicate something that someone's already

said, please try to be judicious in doing that.

Greg Garland -- or excuse, Greg Darland

(phonetic) . Is Mr. Darland still here?

MR. DARLAND: Good afternoon, Commissioners,

thank you very much. By continuing to advertise a "yet

And then I've

ARIZONA REPORTINGSERVICE, INC.
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even to be approved, " retroactive, grandfathering date

with regards to it's net metering proposal, TEP and

other utilities have purposefully created a what-if

environment. In the Arizona Daily Star's letter to the

editor section on Sunday Joseph Entered (phonetic) , a

self-described Tucson citizen who is excited about the

opportunity of moving to solar for his home, seeded that

he'd been reading about TEP's net metering proposal and

that he is, and I quote, now having serious misgivings

about the upfront investment into solar.

It's simple. When a utility is allowed to

create a what-if environment, the outcome seems fairly

obvious and a monopoly should not be allowed to use its

status for intention -- to intentionally undermine the

private sector.

I'd also like to draw your attention to Tucson

City Councilman Steve Kozachik' s recently submitted

letter to the Arizona Corporation Commission on

July 24th of this year, in which he asks the Commission

to -- and again I quote -- send a very public message

indicating that the efforts of Tucson Electric Power to

make solar rates retroactive will be denied. Please

adopt a policy which prohibits utilities from

advertising cutoff or grandfathering dates without the

established approval of the Corporation Commission.
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Thank you.

CHMN. BITTER SMITH; Thank you. Ryan Dahl

(phonetic) , filed by Kyle Lawrenson (phonetic).
MR. DAHL: Good morning, Commission. My name is

Ryan Dahl. I 'm a Tucson resident and customer of Tucson

Electric Power. I've been looking into putting solar

onto my home; and I've done some research and I

discovered the net metering proposal that TEP has filed.
And I understand that they withdrew that application.

What's confusing to me is that though they have

withdrawn that application, there's no guarantee that if

I decide to go solar that I won't be greatly affected
even though this proposal has been withdrawn and hasn't

even been reviewed. This is different than staying

connected to TEP and seeing a slight increase each year.
I don't know if what I pay each month will double after

the rate case or only slightly affect me.

I request that the ACC pass a policy that rate

changes be adopted on an ongoing basis and not on a

retroactive basis.

CHMN. BITTER SMITH: Thank you.

Kyle Lawrenson; followed by Louis Woof enden.

MR. LAWRENSON: Thank you for the privilege to

speak today. My name is Kyle Lawrenson, and I 'm a

customer of one of the private solar companies within

ARIZONA REPORTING SERVICE, INC.
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the territory of TEP.

In withdrawing their proposal, TEP should

certainly have expected the withdrawal of all aspects of

said proposal -- not everything except for the

grands adhering clause. The lingering of the

grands adhering issue has now created an uncertainty

lasting until TEP files a rate case, forcing unnatural

marketing conditions and stifling competition, all while

TEP coincidentally rules out its own rooftop solar

offerings.

They've managed to establish an insurmountable

barrier to market entry or in this case reentry, the

duration of which is essentially being decided by TEP.

Tucson council member Mr. Steve Kozachik has filed a

letter in this docket in which he urges the Acc, as I

do, to consider the effects of the grandfathering issue

on the competitive market. As Mr. Kozachik wrote: In a

free market buyers must be assured of the costs

associated with the purchase of goods and services.

The lingering issue of retroactive rate changes

for rooftop solar customers is undoubtedly preventing

this to occur. Mr. Kozachik continues by stating:

Where uncertainty exists the market is hampered and

stagnates.

ARIZONA REPORTING SERVICE, INC.

III



E-01933A_15-0100 Tucson Electric Power 08-18-20113

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

Page 10

Mr. Kozachik, but also an opinion of any basic economic

principles. If TEP did not intend to stifle competitive

rooftop solar and put thousands of families at serious

financial risk, then it should remove the June let stop

date. There are too many parties held hostage by this.

TEP has claimed the stop to mean an emergency measure to

halt this so-called cost shift. It argues that those

without solar pay more because of solar customers.

Should such claims be not thoroughly

investigated before the halt of an entire industry is

permitted, even implicitly? The view expressed by TEP

on this subject is oversimplified and unproven as most

independent studies initiated by utility commissions

show that solar actually provides long-term benefits to

all customers. Most importantly, the alleged cost shift

claim is old and outdated.

If TEP truly believes that this proposed cost

shift situation is now in a state of emergency, then it

is due simply to TEP's f allure to plan properly for the

continuing advancement of the energy industry according

to clear economic indicators -- the same indicators

realized successfully by countless other companies

participating in the industry.

These other companies should not be penalized or

effectively shut down because of TEP's f allure to act.

ARIZONA REPORTING sERvlc:E; INC.
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I will go further to say that this has more

accurately become a sort of bailout at the expense of

TEP's customer base by way of the inability to go solar.

Certainly an emergency such as the one claimed

by TEP is worthy of a rate case backed with some

legitimate research, rather than baseless, unverified

claims.
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TEP's actions are simply a ploy to undermine the

authority of the Commission and therefore self-regulate

through the creative use of paperwork. So I ask that

the Commission addresses retroactive (indiscernible)

changes announcements like the one put forth by TEP.

(Indiscernible) talk about regulatory certainty and

surely no ratepayers have said certainty. However, a

nonsolar customer does not contribute energy to the

grid. Is there not the same uncertainty to apply to the

value of power supplied to the utility from nonsolar

customers?

CHMN. BITTER SMITH:

would wrap up, please.

MR. LAWRENSON: Absolutely. Thank you.

However, a nonsolar ratepayer does at least know how

they're getting billed. And that's the certainty I

pushed for. Thank you.

CHMN. BITTER SMITH:

And Mr. Lawrenson, if you

Thank you.

ARIZONA REPORTING SERVICE, INC.
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1 Mr. Woofenden, followed by Benjamin Bunting.

2 MR. WOOFENDEN: Good afternoon, Chairman Bitter

3 Smith and Commissioners.

4 CHMN. BITTER SMITH: Good afternoon. And

5 obviously if you can give us new information, that would

6 be helpful.

7 MR. WOOFENDEN: Just a couple pieces.

8 CHMN. BITTER SMITH: Thank you.

9 MR. WOOFENDEN: I do support the Staff

10 recommendation and Judge Rodda's order in this matter as

ii well. I do think again same issues with uncertainty,

12 and I also do want to note that you'll see docketed

13 today a letter from Karin Uhlich who is the vice mayor

14 of Tucson and Councilwoman, substantially similar to

15 Mr. Kozachik ' s comments.

16 So that's all I have. Thank you.

17 CHMN. BITTER SMITH: Thank you very much.

18 Mr. Bunting, followed by Curt Killian

19 (phonetic) .

20 MR. BUNTING: Thank you. In the interest of

21 time and not to be duplicative of everybody else who

22 spoke before me, I'll skip to the basic point.

23 CHMN. BITTER SMITH: Thank you.

24 MR. BUNTING: I represent one of thousands of

25 families who will be unable to risk our family's

Page 12
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financial health on a prospective rate change and will

thus not be installing solar into my house currently.

Whether or not the intention of TEP is to deliberately

undermine the solar market and my ability to choose

solar energy, it will do just that by injecting

uncertainty with the prospective rate change. To

preserve the choice of the citizens of Tucson to choose

their source of energy, we do ask that you choose and

adopt a policy that rate changes are adopted on a

going-forward basis. Thank you.

CHMN. BITTER SMITH: Great.

Mr. Killian (phonetic) .

MR. KILLIAN: Thank you, Commission, for this

opportunity. A lot of what I have planned to talk about

has already been spoken on, but I just want to make sure

that things are clear. I plan on going solar, and no

matter what decision is made by the ACC, by the

Commission. And I expect that the ACC will do what's

right for myself, my family, and the _hundreds and

thousands of -- you know, hundreds or thousands of

customers that choose solar, You know, during -- after

June let, until that rate case is made.

I'm asking if Commission to please adopt a

policy regarding rate changes. Please make a

standardized ~- standardized rule regarding the

Thank you .

ARIZONA REPORTING SERVICE, INC.
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1 retroactive dating. If not, TEP and other utilities

2 will continue to undermine the Commission and submit

3 retroactive dates if they do not agree with the

4 decision. Thank you.

5 CHMN. BITTER SMITH; Thank you.

6 And I do have one individual on the phone that

7 wishes to comment. Let's see if I can get them.

8 Mr. Moore (phonetic) ?

9 MR. MOORE: yes.

10 CHMN. BITTER SMITH: Oh, good. Mr. Moore, you

11 have your three minutes of public comment.

12 MR. MOORE: Thank you very much. I am an older

13 builder of apartment projects. And I'm currently in the

14 process of building a 100-unit apartment project that's

15 supposed to be 100 percent solar. Without the ability

16 to bank electricity for the hot times, the project just

17 does not work financially. Going forward, fine;

18 retroactive, it's just unacceptable.

19 THE COURT: Great.

20 MR. MOORE: Those are my comments.

21 CHMN. BITTER SMITH: Thank you, very much.

22 Thank you for your patience. I know you've been on the

23 phone quite some time. I appreciate that. All right.

24 MR. MOORE: Certainly.

25 CHMN. BITTER SMITH: That concludes the public

ARIZONA REPORTING SERVICF INC.
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1 comment that I have. Is there anyone in the room that

2 thought they were signed up to speak but was not called

3 on?
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MR. RICH: Chairman, I'd like to make one

comment based on something that came up in the public

comment, if I could.

CHMN. BITTER SMITH: Mr. Rich, please.

MR. RICH: Thank you.

Chairman, Commissioners, I 'd like to point out

one difference with the grandfathering discussion we

just had with Trico that is present in TEP, and someone

mentioned it. It's that TEP has been authorized to

provide a utility-owned distributed generation --

utility-owned rooftop solar product that competes

against the private sector.

The way that they're offering that product,

however, they are offering certainty to their customers.

They are offering them a rate that lasts for, I believe

it's 20 years, but it's a date certain. And they've

promised them that if you all, the Commission, change

that rate in a substantial manner that they'll take the
solar off their house and give them back the ability to

be treated just like every other ratepayer.

Well, that works great when you're a monopoly,

and when you take that asset down everybody else pays

ARIZONA REPORTING SERVICE, INC.
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Commission
Little I

1 for it. But that doesn't work Sc well in the private

2 industry. And so I think that's, lm particular, a

3 unique scenario in TEP service territory. And they

4 should not be allowed to offer their customers a level

5 of certainty that the private sector is not permitted to

6 offer their customers. Thanks.

7 CHMN. BITTER SMITH: Thank you.

8
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COM. LITTLE:

Staff and Legal.

To Staff, just a quick question regarding the

utility scale -- or excuse me -- the utility-owned
rooftop solar that Tucson Electric has.

Is that not very limited to a very small number
of people?

MR. ABINAH: Good afternoon, Chairman,

Commission, Eliza Abinah for Staff. I don't know the

answer right now. I can ask someone to check into it.

But I believe there is a limit on what they can do. So

subject to check, the answer is yes.

COM. LITTLE: Because I -- I'm recalling another

proceeding that was going along at about the same time

which involved utility-owned rooftop solar for Arizona

Public Service. And that was very specifically limited

to a certain size community. And I believe, if I

Actually a couple of questions for

ARIZONA REPORTINGSERVICF INC.
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remember correctly, the project was characterized as

more of a prototype or experimental-type project, which,

you know, I think there's ample precedent for the

Commission and the Utilities to protect people that are

on what are considered to be experimental rates.

Is that not your understanding as well?

MR. ABINAH: Yes, Chairman and Commissioner

Little, again, Eliza Abinah, for Staff. Again I believe

it's a pilot program, and Commission in the past has

approved pilot program for companies. So as to the

number, I believe TEP should give you the number of the

system that they are allowed to install.

So I 'll defer to the company on the number of

the systems.

But yes, the Commission, in the past, as

approved pilot programs for companies.
COM. LITTLE: Mr. Patten, do you have that

information?

MR. PATTEN; I do, Commissioner Little. In the

Tucson Electric Power Renewable Energy Standard Plan

that was approved by the Commission late last year, the
Commission approved a $10 million budget for the pilot

That was estimated to cover up to 600 homes.

com. LITTLE: Okay.

And Mr. Rich, what I don't want to do is

ARIZONA REPORTING SERVICE, INC.
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invalidate anything you just said, because what you said

in the classic market sense, if the utility were

actually competing directly against rooftop solar in a

meaningful way would be absolutely correct. It would be

inappropriate

But in a pilot program like this, I think, you

know, there are ample protections for the industry to

ensure that the utility is not unfairly competing

against competitive rooftop solar installations

So I just wanted to clarify that because, you

know, this is a very small, little program

And I think the other the other thing I

wanted to address to Legal and this is a newbie

question

In your experience, Ms. Alward, how many times

has the Commission approved retroactive rate structures?

And I'm not looking for a precise number, but is it

frequent, infrequent, nearly, nonexistent? What is your

assessment?

MS. ALWARD: I would have to say in all of the

many years probably it's nearly nonexistent

COM. LITTLE; So what you're really saying is

is that there is no precedent for there is no

meaningful precedent for retroactive rate changes in

this Commission?

ARIZONA REPORTING SERVICE. INC
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ms. ALWARD: That's true. And typically, the

case law across the country, as well as here, would be

against retroactive rate making as a rate making

principle.

COM. LITTLE: It would almost, in fact, be an

ex-postfacto type situation, would it not?

Ms. ALWARD: Yes, it could be viewed that way.

COM. LITTLE: Okay. Thank you.

CHm . BITTER SMITH: Thank you, Commissioner
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Little •
Commissioner Burns.

com. BOB BURNS: Just a couple of points to

follow up on Commissioner Little's comments.

First of all, I don't know that we used -- I

don't think we used the word "approve" in that program,

TEP program. It wasn't a -- it wasn't a vote to

approve, I don't believe. I could be wrong, but I don't

believe that was it.

The other thing is on the discussion of whether

or not the Commission ever does a retroactive rate

increase, I agree that it probably doesn't happen even.

But the message that gets sent out if the -- if

the utility is sending out to their customers a notice

that they're going to go into a rate case and they're

going to consider asking for a retroactive rate

ARIZONA REPORTING SERVICE, INC.
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1 increase, that's a word that everybody -- or a notice

2 that everybody reads and sees. They don't hear and

3 understand that it doesn't really happen at the

4 Commission.

5 I mean, we don't have that newsletter ability, I

6 guess, is what I'm trying to say. So they have a --

7 they have a much -- much easier method of notifying the

8 public, even if it's not something that might come to

9 pass, so --

10 CHIVIN. BITTER SMITH :
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Burns I

Commission Little?

COM. LITTLE: Yeah, I'd just like to echo the

comments of Commissioner Burns.

I think, in the absence of any specific

Rulemaking, I think, you know, I would agree that it is

probably inappropriate to have companies putting out

grandfather dates that says this is the date we're going

to stick in the sand and it's going to be a retroactive

increase.

And I say that because of precisely what

Ms. Alward just shared with us. It's inappropriate to

do that because it simply has no precedent at the

Commission. And I -- I would strongly encourage all

utilities in the state of Arizona, not just the electric

ARIZONA REPORTING SERVICE, INC.
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utilities, but all utilities to avoid trying to

communicate that message to their ratepayers.

CHMN. BITTER SMITH: Thank you, Commissioner

Page 21

Little.

Seeing no questions, Commission Stump, if you

would move Item Number 28, please.

COM. STUMP: Thanks, Madam Chair. I move
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Item 28.

CHMN. BITTER SMITH:

Seeing nee, Shea?

Commissioner Burns aye Commissioner Forese aye,

Commissioner Stump aye, Commissioner Little, aye.

Chairman Bitter Smith. Aye. By your votes of five

ayes, zero nays, you have passed Item Number 28.

(Conclusion at 04:15:50.)

Any further discussion?
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Exhibit WAM-3: Trico Data Request Responses

This Exhibit includes the following Data Responses: EFCA 1-7, EFCA 1-17, EFCA 1-22, EFCA 1~26, EFCA 1-

31, EFCA 1-34, EFCA 1-36, EFCA 1-42, EFCA 1-43, EFCA 1-45, EFCA 1-46, EFCA 1-58, EFCA 1-60, EFCA 1-

61, Staff 3.11
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ENERGY FREEDOM COALITION OF AMERICA'S
FIRST SET OF DATA REQUESTS TO

TRICO ELECTRIC COOPERATIVE, INC.
DOCKET no. E-0l46lA-I5-0363

MAY 12, 2016

b.

EFCA 1-7. Pages 8-9 of the Direct Testimony of Vincent Nitido state that "Trico
entered into a 10-year Power Purchase Agreement with Tucson Electric Power
Company ("TEP) effective January 1, 2015, under which Trico will purchase 50 MW
of capacity and energy each year through 2017, and 85 MW each year thereafter until
2025," and the Direct Testimony of Karen Cathers also references this new contract
on page 3. With regard to this Power Purchase Agreement, please provide the
following:

a. Any and all load forecasts used to determine the need for this additional
capacity and energy.
Any and all assumptions regarding growth in distributed generation
installations within Trico's service area incorporated either explicitly or
implicitly (e.g. via assumptions embedded in load forecasts) used in
detennining the need for this additional capacity and energy.
The capacity and energy prices that will be paid to TEP under this Power
Purchase Agreement. If the Power Purchase Agreement requires only a single
payment for both products, please provide that price and the approximate
share of that price accounted for by capacity and energy.

d. The capacity and energy prices paid under any expiring contracts tllat this new
Power Purchase Agreement will replace. If the Power Purchase Agreement(s)
requires only a single payment for both products, please provide that price and
the approximate share of that price accounted for by capacity and energy.

e. Any and all load foleeasts used to determine the need for any expiring power
purchase contracts that this new Power Purchase Agreement will replace.

c.

RESPONSE: a. The main driver for Trico to enter into a new Purchase Power
Agreement (PPA) was to replace the power that Trico was
receiving from two other PPAs that terminated on October 31,
2014. The Trico 2012 Load Forecast was utilized in the majority of
the analysis, attached as EFCA 1-7 Attachment Trico20l2 Load
Forecast Report and EFCA 1-7 Attachment Trico 2012 Load
Forecast Worksheets.

b. The growth in distributedgeneration was included as historical
load reduction which is part of the load forecast econometric
process. See EFCA 1-7 Attachment2012 Load Forecast Report.

c. The pricing terms are Confidential/Competitively Sensitive
Information and will be provided after execution of a protective
agreement.

d. The pricing terms are ConfidemiaVCompetitively Sensitive

7
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ENERGY FRFEDOM COALITION OF AMERlCA'S
FIRST SET OF DATA REQUESTS TO

TRICO ELECTRIC COOPERATIVE, INC.
DOCKET no. E-0 I46 l A-l 5-0363

MAY 12, 2016

Information and will be provided after execution of a protective
agreement.

e. The PPAs that terminated on October 3I, 2014 were negotiated
by AEPCO for all of its Class A Members including Trico, in2003
and would have beenbased on a 2002 Load Forecast. Trico only
has a hard copy of this 2002 Load Forecast. Trico does not have
load forecasts for the other Class AMembers of AEPCO.

RESPONDENT: Karen Cashers, ChiefOperating Officer
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c.

EFCA 1-17. Page 17, lines 6-9, Mr. Nitido states, "In fact, the cost to serve DG
Members may be higher due to the greater usage of the network (typical customers do
not push power into the grid). Trico has increased costs related ensuring (sic) the grid
continues to operate at proper voltages, particularly when significant DG energy is
being pushed back into the network."

a. Please provide all wodcpapers and documentation supporting this statement.
b. Has TEC conducted any load research or grid studies that support this

statement?
Are there any circuits in TEC's distribution system that are experiencing
backflow (Le, generation in excess of daily minimum load at the distribution
substation). If so, please identify these circuits. If not, please describe any
operational challenges that exist when "significant DG energy is being pushed
back into the network."
Please itemize each grid-related cost incurred by TEC to which Mr. Nitido is
referring by month and year, that can be attributed to "significant DG energy
is being pushed back into the network."

d.

RESPONSE: a. Trico does not have any work papers that support the statement
that typical customers do not push power back into the grid.
Typically, our Members do not have generators at their residences.

b. No.

c. Yes, the Trico Sandario Substation circuit number
experiences backflow due to DG PV solar installations.

106

d. Please see EFCA I-l , STF 7.10.

RESPONDENT: Karen Cashers, Chief Operating Officer
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EFCA 1-22 Page 8. lines 2-4, Ms. Cathers states that "Trico is now experiencing
significant issue of lost fixed cost recovery due to significant increases in DG
deployment in its service area

a. Please provide all workpapers and documentation supporting this statement
b. What is the annual percentage impact on fixed cost recovery and sales in

TEC's territory from rooftop solar since the last rate case? Please provide
costs and reduction in sales attributed to rooiiop solar by year
Does demand response have a significant impact on fixed cost recovery and
sales in TEC's territory? Please fully explain why or why not

d. What is the annual percentage impact on fixed cost recovery and sales in
TEC's territory from demand response since the last rate case? Please provide
costs and reduction in sales attributed to demand response by year

e. Do EE technologies have a significant impact on fixed cost recovery and sales
in TEC territory? Please fully explain why or why not

£ What is the annual percentage impact on fixed cost recovery and sales in
TEC's territory from EE technologies since the last rate case? Please provide
costs and reduction in sales attributed to EE by year

g. Do DSM programs have a significant impact on fixed cost recovery and sales
growth in TEC's territory? Please fully explain why or why not

h. What is the annual percentage impact on fixed cost recovery and sales growth
in TEC's territory from DSM programs since the last rate case? Please provide
costs and reduction in sales attributed to DSM by year

c.

RESPONSE a. Please see EFCA 1-22Attachment Summaryof Lost FixedCost
b. Please see EFCA 1-22 Attachment Summary of Lost Fixed Cost
The most significant issue relating to lost fixed cost recovery is the
shifting of costs from DG Members to non-DG Members
c. No, Trico has very little interruptible load and is proposing in its
rateapplication to freeze the current interruptible rate and phase it

d. We do not track this data but it would be very small. Trico has a
total of 23 accounts and only 6 Members currently on its
intemiptible rate
c. No, Trico's EE programs are relatively small
f. Please see EFCA 1-22 Attachment Summary of LostFixed Cost
and see EE reports since the last Trico rate case, which include the
reduction of energy estimated
g. Trico does not distinguish between DSMandEE
h. Trico does not distinguish betweenDSM andEE

RESPONDENT: Karen Cithers, Chief Operating Officer
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ENERGY FREEDOM COALITION OF AMERICA'S
FIRST SET OF DATA REQUESTS TO

TRICO ELECTRIC COOPERATIVE. INC
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EFCA 1-26. Page 9, lines 8-1 I, Ms Cathers states that "Trico is proposing a new net
metering tariff to continue to encourage sustainable deployment of DG systems, by
reducing but not eliminating the fixed cost shift and resultant subsidies to Members
who install rooftop solar or other distributed generation aRea February 28, 2015?

a. How does TEC define "sustainable deployment
b. What is TEC's forecast of DG deployment assuming its proposed rate change

implemented?
How does this forecast compare to deployment observed prior to
providing notice to Members of a possible DG rate change

Please explain why February 28, 2015 is an appropriate cutoff date for
grand fathering

d. Please explain in detail TEC's grand fathering proposal

c.

RESPONSE a. Sustainable deployment of DG would include one that increases
the use of DG within the Trico service area without undue cost
shifts between rate classes and undue disruption of Trico to
provide safe, reliable power to its Members at a reasonable cost. If
there is no (or very minimal) cost shift and the DG does not have a
negative impact on system reliability, then the program would be
sustainable
b. Trico's forecast for 2016 was approximately 10 DG applications
per month. The actual DG applications in 2016 have averaged
over 40 per month, which is 4 times higher than forecasted
c. The date of February 28, 2015, is the date that Trico informed its
Members and the DG contractors that Trico would seek to
grandfather on the existing net metering tariff all Members prior to
that date. Trico believes that it is fair to grandfather net metering
Members who made a long term decision based on Trico's current
net metering tariff even though the Commission has not
historically grandfathered rate tariffs. The Members after the date
of notice have the information to make their long term decision
and can consider our proposed new net metering tariff
d. Trico is proposing to grandfather net metering Members who
have submitted applications with a completed jurisdictional permit
application prior to February 28, 2015 on the current net metering

RESPONDENT: Karen Cithers, Chief Operating Officer
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EFCA 1-31. Page 13 Ms. Cathers states that Trico is proposing to reset the base cost of
purchased power and transmission to $0.0817l l/kwh. with respect to the cost of
purchased power and transmission:

a. Please explain the differences between the calculation of this number and the
calculation of Trico's avoided cost rate of $0.03662/kWh identified on page
14 of the Direct Testimony of Karen Cathers.

b. Please provide all data and workpapers used to develop this number. Please
provide workpapers in Excel format with all formulas intact.

c. How often does TEC plan to adjust this rate with respect to excess generation
compensation for DG customers?

RESPONSE: a. The based cost of purchase power and transmission of
$0.08l71 l/kwh includes the fixed and variable (or energy cost) of
generation and transmission. Avoided cost rate is calculated as the
average annual cost of energy purchased by Trico in the test year
divided by the total energy served by Trico. The base cost of
purchase power and transmission is developed in the test year cost
of service.
b. Please see EFCA l-l, Cost of Service Study and associated
work papers.
c. Trico adjusts the base cost of purchase power and transmission
in each rate case it files with the Commission. Trico plans to
adjust the avoided cost energy rate each year based on actual cost
of energy.

RESPONDENT: KarenCashers,Chief OperatingOfficer
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EFCA 1-34. Page 16, lines 13-18, Ms. Cithers states that TEC's current rates "were
based on Members taking a certain amount of energy from the grid, so that Trico
could have a reasonable opportunity to recover its revenue requirement. With more
DG Members and with the rapid rise of DG systems interconnected in Trico's service
territory, the result is Trico's current rates are not designed to recover its revenue
requirement given this phenomenon."

a. When TEC designed its current rates, did they take into account potential
declines in energy consumption due to energy efficiency, demand response, or
DSM?

RESPONSE: No, rates are designedon a historical test yearand do not take into
account future load conditions unless they are known and
measurable.

RESPONDENT: Karen Cathels, Chief Operating Officer

39

II



ENERGY FRFEDOM COALITION OF AMERlCAIS
FIRST SET OF DATA REQUESTS TO

TRICO ELECTRIC COOPERATIVE, INC.
DOCKET no. E-0I461A_15-0363

MAY 12, 2016

EFCA 1-35. Page 17, lines 18-21, Ms. Cithers states that "Trico incurs additional costs
from the two-way interconnection required by DG systems, such as reliability,
reserves, frequency control, voltage control, and redundancy."

a. Please list all DG-related costs that TEC has incurred to date with regard to
the functions below. Please provide a breakdown of costs by year.

i. Reliability
ii. Reserves
iii. Frequency control
iv. Voltage control
v. Redundancy

b. Has TEC conducted any grid studies in recent years?
c. Has TEC conducted any analyses examining deferred costs and maintenance

related to adoption of:
i. Energy efficiency
ii. Demand response
iii. Distributed generation

d. Please provide all workpapers and documentation supporting this statement
and costs in EFCA l-30(a)(i)-(v). If in Excel format please provide Files with
fully functional formulas.

RESPONSE: a. Trico does not currently track these costs with respect to DG
customers.
b. Trico has not completed any studies directly related to DG
customersuse of the grid.
c. Trico has not completed any studies specifically related to
deferred cost however these are included in the 2007 test yeardata
used to develop the cost of service and rate design for the Trico
rate case.
d. See EFCA l-l , the Trico 2013 to 2016 Construction Work Plan
and LoadForecasts.

RESPONDENT: Karen Cashers, Chief Operating Officer
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EFCA 1-36. Page 18 of the Direct Testimony of Karen Cathers states that "Trico
believes that systems should be sized to address DG Members base load."

a. Please provide the average system to electric consumption offset ratio for
residential DG customers.

b. Please provide the distribution of Member energy offset ratios.
c. Please provide all workpapers and documentation supporting this ratio. If in

Excel format please provide files with fully functional formulas.
d. Please provide the average base load and peak load by season for all

residential customers.
e. Please provide the average base load and peak load by season residential

customers who have installed solar distributed generation.
£ Please provide hourly load data, for the most recent historical year for which

data is available, for average residential customers with and without solar
distributed generation.

RESPONSE: a. The average system to electric consumption offset ratio for all
Trico residential DG customers is 65%.
b. Please see EFCA 1-36 Attachment Residential DG Data
c. Please see EFCA 1-36 Attachment Residential DG Data
d. Trico does not have this data readily available.
e. Trico does not have this data readily available.
£ Trico does not have this data readily available.

RESPONDENT: KarenCashers, Chief OperatingOfficer
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EFCA 1-42. Please provide the number of residential customers who have installed
solar generation, number of megawatts of installed residential solar generation, and
the numberof megawatt-hours generated by residential solar generationin 2010-
2014, brokendown by solar array orientationas follows.

If Trico does not have data broken down by these categories, please so state and
instead provide this data in the most similar categories that Trico does have available.

a.

c.

d.

Primarily north-facing solar systems (approximately 3 l S degrees to 45
degrees orientation)
Primarily east-facing solar systems (approximately 45 degrees to 135 degrees
orientation)
Primarily west-facing solar systems (approximately 135 degrees to 225
degrees orientation)
Primarily south-facing solar systems. (approximately 235 degrees to 315
degrees orientation)

RESPONSE: Trico does not have any data relating to the solar system

orientation.

RESPONDENT: Karen Cathers, Chief Operating Officer
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EFCA 1-43. Please provide Trico'saverage residential solar customer load profileand
average residential solar customer excess power export profileby solar array
orientation as follows:

a.

b.

If Trico does not have data broken down by these categories, please so state and
instead provide this data in the most similar categories that Trico does have
available.

Primarily north-facing solar systems (approximately 315 degrees to 45
degrees orientation)
Primarily east-facing solar systems (approximately 45 degrees to 135 degrees
orientation)
Primarily west-facing solar systems (approximately 135 degrees to 225
degrees orientation)

d. Primarily south-facing solar systems. (approximately 235 degrees to 315
degrees orientation)

c.

RESPONSE: Trico does not have any data relating to the solar system
orientation.

RESPONDENT: Karen Cithers, Chief Operating Officer
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e.

EFCA 1-45. Has Trico identified any backflow from its distribution system onto its
transmission system through Trico's distribution substations as a result of solar DG?
If the answer is anything other than an unequivocal "no," please provide the
following, as well as any supporting data and analysis in Excel format with all
formulas and links intact:

a. On what portion of all Trico distribution feeders has Trico seen backilows?
b. in what hours of the day has this occurred on each distribution feeder

involved?
c. Please provide, in Excel format, hourly load data, for the most recent

historical year for which data is available, for each distribution feeder where
backiiow has occurred.

d. What percentage of all residential solar generation exported onto Trico's
distribution system does the total backtiow represent?
On Trico's distribution feeders where backflow occurred, please identify the
predominant orientation of residential solar systems according to the
categories used in questions EFCA 1-42 and EFCA 1-43 of this data request.
Are there circumstances in which backflow occurs on a distribution feeder but
there is no backflow through the distribution substation to the transmission
system? If so, please explain why there was no backfeeding onto the
transmission system and provide the date(s) and tit'ne{s) in which there was
backfeeding from individual distribution feeders but no backfeeding onto the
transmission system.

f_

RESPONSE: a. See response to EFCA l~l7, the Sandario Substation circuit
number 106 currently has backflow onto the distribution system
and onto the transmission system at times during the year. Anytime
that a Member self generates in excess of their load it creates
backflow onto the distribution system.
b. See response to EFCA 1-44.
c. See response to EFCA 1-44.
d. The backflow associated with circuit 106 is attributed to
commercial DG systems.
e. The solar systems interconnected to circuit 106 are tracking
systems.
£ The backflow occurs on both the distribution system and the
transmission system at times during the year. At times the
backflow is only on the distribution system.

RESPONDENT: Karen Cashers, ChiefOperating Officer
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h.

EFCA 1-46. Page 14, lines 15-19, Mr. Hendrick discusses the TEC's proposed avoided
cost rate, stating "The Cooperatives Avoided Cost rate is the appropriate value for
compensation of the excess generation."

a. Please discuss in detail the costs included in TEC's avoided cost rate.
b. Does this rate take into account the contribution of DG to system peak load?
c. Please provide the hour of day of the monthly coincident peak over the last 7

years for the system as a whole, and for each customer class.
d. Please provide the Company's hourly demand for each of the past years for

each customer class, residential, small commercial, medium commercial,
large commercial & industrial.

e. Please provide any load research studies that collected peak demand and/or
the hour of day of individual residential customer monthly peaks. If this data
exists, please describe how the customers in this load research were selected
and to what extent the data is representative of the wider residential class.

f. Please provide the hourly results from any Loss of Load Probability studies or
Probability of Peak studies that TEC has conducted in the last 7 years.

g. Please provide the date, time, and demand of TEC's system peak load by
month.

i. For each of these peaks, please provide an estimate of the contribution
of residential onto TEC's system.

Please provide the date, time, and demand of the 10 highest peak load
incidents on TEC's system each year for the past 7 years.

i. For each of these peaks, please provide an estimate of the contribution
of residential onto TEC's system.

Please provide any workpapers, relating to the coincidence between customer
loads and system loads.

.
I .

RESPONSE: a. Trico utilized its actual wholesale power cost data for 2014 to
calculate the average annual avoided cost rate. Please see the
decision and docket for Docket No. E~0146lA-l5-0057. The
avoided cost spreadsheet is Confidential Information and will be
provided after execution of protective agreement.
b. Yes, the actual DG would be pan of the actual data for 2014.
c. Please see the response to STF 3.14 and the STF 3.14
Attachment _ _ which includes
summary monthly information for Trico from January 2010
through the present.
d. Trico docs not maintain hourly data by customer class.
e. Trico does not conduct load research studies.
£ Trico does not conduct any loss of load probability studies.
g. See attached EFCA 1-46 Attachment Trice Operating Peaks.

Customers Energy_NCP CP,
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Trico estimates that about the residential class contributes about
67% of the peak demand and all other classes contribute about
33%
h. Trice does not have this data readily available
i. Trico does not have this data readily available relating to the
coincidence between customer and system loads

RESPONDENT: Karen Cithers, Chief Operating Officer
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EFCA 1-58. Please provide TEC's forecast of penetration of solar photovoltaics owned
or contracted for by customers in the residential and commercial sectors (a) under
current rate design, and (b)underits proposals for higher residential and commercial
customer charges. Provide supporting analyses and workpapers

RESPONSE Trico does not have such a forecast. In order to begin such a
forecast, Trico would need access to the business models and
strategies of companies that provide solar photovoltaics in Trice's
servicearea

RESPONDENT: KarenCathers, ChiefOperating Officer
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EFCA 1-60. Has Trico conducted or obtained any studies of solar integration costs on
its system? If so, please provide these studies.

RESPONSE: No

RESPONDENT: Karen Cithers, ChiefOperating Officer
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EFCA 1-61. Has Trico completed any studies ofdistributed or utility-scale solar PV
resources on its system? If so, pleaseprovide any such studies.

RESPONSE: Yes, Trico has conducted one study for a commercial customer.
This is Confidential Information. Trico will provide the
Confidential Information upon execution of a protective
agreement. Moreover, for interconnection of DG systems, Trice
reviews the transformer capacity and other information to
determine if the Trico system must be upgraded to handle the
increased load from backflow from the DG system.

RESPONDENT: Karen Cashers, ChiefOperating Officer
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STF 3.11 Renewable Resources: Please provide a narrative discussing how
the Company has either implemented and/or researched the use of
metering at PV connections (upstream of the utility meter) to
monitor PV generation at the source

RESPONSE
Trico proposed and received ACC approval in its 2013 REST Plan a program to install
Trico PV generation meters on all existing and new residential and commercial PV
systems. Since 2013, Trico has installed generation meters on all new residential and
commercial PV systems, however due to an increase in the number of new
interconnections, Trico has not yet had the resources to complete the installation of the
generation meters on all of the systems existing prior to 2013

The generation meters are billing quality and electronically read by Trico and the data
recorded. With the installation of the PV generation meters, Trico will be able to better
analyze the impacts of the renewable generation (e.g. system reliability, additional or
modified system infrastructure requirements, potential reduction of the need for area
facilities through better system planning, rate design, etc.). The data will allow Trico to
provide better information to its customers that have PV systems regarding their system
output/efficiency and will help with responding to billing questions associated with Net
Metering. The meter information will also provide Trico with known and measurable
data of the actual output of the renewable generation in its service territory

RESPONDENT
Karen Cathers, Chief Operating Officer
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NREL: Energy Analysis - Energy Technology Cost and Performance Data

Capabilities & Expertise

Energy Analysis Home

Market Analysis

Policy Analysis

Sustainability Analysis

Technology Systems Analysis

Geospatial Analysis

Technology and Program
Market Data

Renewable Energy
Certificate and Green Power
Markets

Energy Technology Cost and
Performance Data for
Distributed Generation

Leading Clean Energy Innovation

Overview
Estimates of total installed costs and operation and maintenance costs are for grid-tied distributed generation
(DG) scale systems appropriate for residential, commercial, industrial, and Federal facilities. Technologies
considered are technically proven and commercially available. Electric generating technologies included are
solar photovoltaic (PV) systems, wind energy, and biomass combined heat and power (cap). Thermal
technologies included are biomass heat, solar water heating (SWH), solar ventilation preheat (SVP) using
transpired solar collectors, and ground source heat pumps. Values provided are not to be interpreted as
statistically significant. They are only meant to provide rule-of-thumb information, accurate enough for a first
pass screen of economic viability.

Distributed Generation Renewable Energy Estimate of Costs
(updated February 2016)

Table 1 - Costs for Electric Generating Technologies
Technology Mean Installed Fixed Fixed Variable Variable

Type installed cost std. O&M O&M O&M O&M
cost Dev. (S/kw-vr) Std. (s/kwh) (+/'
(s/kw) (+/-s/kw> Dev. s/kwh)

(+I-
$/kW-vr)

x ' 4 3 .Mr * '

Search NREL.gov

3?4, ¢ ;

8 Printable Version

5/24116,3:29 PM

SEARCH

$3,897

$3,463

$889

$947

$21

$19

$20

$18

n/a

n/a

n/a

n/a

33

33

11

11

n/a

n/a

n/a

n/a

Key Activities

Models & Tools

Data & Resources

Publications

Partnerships

Staff

Working with Us

Related Links

News
$2,493 33 11

PV <10 kW

PV 10-100
kW

PV 100-
1,000 kW

pp 1-10 Mw $2,025

Wind <10 kw $7,645

Wind 10-100 $6,118
kW

$774

$694

$2,431

$2,101

$19

$16

$40

$35

$15

$9

$34

$12

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

33

14

19

9

9

5

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Wind100-
1000kW

0

Wind1-10
MW

$3,751

$2,346

$1,376

$770

$31

$33

$10

$16

n/a

n/a

n/a

n/a

16

20 7

n/a

n/a

n/a

n/a

Biomass
Combustion
Combined
Heat &
Power*

$5,792 $2,762 $98 $29 $0.04 $0.02 28 8 $0.04 $0.02

*Unit cost is per kilowatt of the electrical generator, not the boiler heat capacity

Table 2 - Costs for Solar T
Technology Mean

Type installed
cost
($/ft2)

thermal Technologies
O&MInstalled

cost range
(+/- $/522)

Lifetime
(vi)

Lifetime
Std. Dev.

(vi)

Fuel and/or Fuel and/or
water cost water std.

cs/ton) Dev.
($/tun)

swf, flat plate
& evacuated
tube

$162 $91
0.5 to 1.0 °/o
initial installed
cost

31 14 n/a n/a

SWH, plastic
collector

$59 $15 0.5 to 1.0 °/o 20 10 n/a n/a

SVP $31 $14 n/a 25 n/a 1 warr/fr2 fan power

Table 3 - Costs for Wood-Fired Heat System
Technology Mean Installed Fixed O&M Fixed O&M

(S/KW) (+/- S/kw)
Lifetime

(yr)
Lifetime Fuel Fuel

http:/lwww.nreI.gov/analysisltech_lcoe_re_cost_est.html Page 1 of 6
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Type installed
cost*
($/kW)

cost range
(+/- $/kW)

std. Dev.
(vi)

and /or
water cost

($/kWh)

a nd /or
water Std .

Dev.
($/kWh )

Biomass wood 7 252 29 32
heat* $5 5 $ $98 $

* Biomass wood heat converted from thermal energy capacity (Btu/hr)

8 $0.03 $0.01

Table 4 - Costs for Ground Source Heat Pump

Technology Mean Installed O&M
Type installed cost range

cost (+/- $/ton)
(s/ron)

Lifetime
(vi)

"Lifetime
Std. Dev.

(yr)

Fuel and/ or
water cost

($/ton)

Fuel and/or
water Std.

Dev.
(S/ton)

Ground Source
Heat Pump

$7,765 $4,632 $109 +/- $94 38 25 $397 $392

Figure 1. Installed Costs for Electric Generating Technologies
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Figure 2. Installed Costs for Solar Thermal Technologies

300

250 . u

200

8?
3

150

100

50

Q

SWH Flat Plate8¢ ET ($lft2) SWH Plastic (S/ft2) SVP (S/ft2)

(50)
| Averaqe ' Averaqe + t st Dev. Averaqe - 1 st. Dev.

NREL: Feb. 2016

Figure 3. Installed Costs for Biomass Wood Heat
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Figure 4. Installed Costs for Ground Source Heat Pump
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General  Discussion
Many often-cited cost studies and reports for renewable energy focus on systems deployed at utility scale. Both
initial capital costs and operations and maintenance (O&M) costs can vary significantly with project size and
geographic location. In states and regions with high retail electricity rates and/or strong financial incentives
(e.g. PV in California, New Jersey, and Colorado) or particularly suited for a given technology (e.g. SWH in
Florida), there are cost differences that result from local market maturity and competition. This study reports
cost information at a national level, most regional differences are captured in the ranges provided, especially as
system sizes increase.

Distributed electrical generation was set at 0 to 10 MW, a fairly large upper limit that may be appropriate for
large, multi-building sites such as a military base or Federal laboratory.

In general O&M costs are not as available as total installed costs. The O&M cost information is mostly from
interviews with industry experts and contractors. Cost, useful life, and size information was gathered from the
following reference types:

1.
2.

3 .
4 .
5 .

Published document
Actual project information - publically available in on-line case studies, public presentations, database, or
articles
Actual project information - internal, not publically available
Discussion with or quote from vendors
Informed opinion or experience of NREL experts, or screening or assessment report by NREL experts that
relies on some or all of the above reference types

Methodology
Most capital cost data used in the calculations are from the 2012-2015 sources. 2012-2013 data was used to

http://www.nrel.gov/analysis/tech_lcoe_re_cost_est.html Page 3 of 6
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supplement the update or when new data was unavailable. The data behind the DG cost estimates were given
as an average or as a high/low range. When the data was given as a high/low range it was entered as a high
value and a low value for that particular category. The mean installed cost presented in the Installed Costs
charts was calculated from the average and the high/low data, as was the +/- 1 standard deviation range.

Data for O&M were similarly given as an average or as a high/low range. These data were combined with the
O&M data from the previous update because of the lower number of sources for O&M data, as well as the
general assumption that O&M has not significantly changed over the last few years. The given range is also +/-
1 standard deviation.

Photovoltaics (PV)
PV cost data is more numerous because it is a widely deployed technology. The data, however are often out of
date as a result of significant decreases in the price of modules and moderate decreases in the price of inverters
and balance of system components over the last few years. Installation costs have also decreased due to scale,
learning curves, and increased competition. The most recent report documenting current U.S. market prices is
Green Tech Media's quarterly Marker Insight report. Other references include consulting firm reports, prices
from recent government projects, and numerous interviews with NREL experts and solar project
developers/installers. PV is broken down into four size categories to reflect the effect of project scale on price.
Since the 2013 update, the cost of PV has fallen by an average of 15 percent per year

Wind
There is a steep declining unit cost curve ($/kW) as the size of a wind turbine and wind project increases.
References show a wide range of O&M costs for wind systems, and O&M costs do not necessarily decrease with
increased installed project size at the DG scale. Older installations tend to have higher yearly O&M costs. Newer
wind turbines are better designed and have lower installed and lifetime O&M costs than machines deployed in
the last decade. Total installed costs for utility scale wind projects are readily available but more challenging to
find for smaller systems. References include the American Wind Energy Association report as well as interviews
with NREL experts and wind project developers/installers.

Biomass Combined Heat and Power (CHP)
A review of the literature reveals that the most common biomass generators at the DG scale make use of the
power plant's waste heat to provide needed thermal energy, which allows projects to be economically viable.
CHP is described in some of the references as a technically sound and economically competitive technology that
has not yet experienced wide-scale deployment. In the US, most CHP systems are installed in large industrial
facilities with both significant electrical and thermal loads. CHP is also often installed at facilities that have a
significant waste stream (such as a lumber or paper mill) that serves as a free fuel that would otherwise incur a
disposal cost. Cost information for renewable wood-fired steam systems is reported here for system sizes
between 100 kW and 10 MW.

Biomass Heat
Wood fired heat systems are technically mature and their costs have not changed significantly over the last few
years.

Solar Water Heat (SWH)
Installed cost data on SWH systems were found from installers and NREL engineers who have access to a
significant number of system costs. However O&M costs are difficult to find. Two references (Birchen Perlman)
provided O&M estimates for residential sized systems only in cost per system. O&M as a percent of initial cost
was estimated from these reports as well as interviews with subject matter experts. For commercial systems,
economy of scale is assumed to achieve a minimum annual O&M of 0.5% of capital cost. O&M for systems with
plastic collectors is assumed to be the same.

Solar Ventilation Preheat (SVP)
sup, also known as transpired solar collectors, is the least deployed, and has the fewest publications, of those
technologies included in this study. Cost information is difficult to acquire. The values reported in the table are
from actual installed projects and the ranges are supported by discussions with a major vendor. In general,
systems installed in new construction would be at the lower end of the cost range, while retrofit systems that
may have significant integration costs (e.g. additional ductwork and fans) would price at the higher end of the
range. It is assumed there is no maintenance cost for the transpired collectors; however; there is an operating
cost for the fan power required to draw intake air through the collector. This is estimated to be 1 Watt per
square foot of collector when the system is operational (collector is operated only when useful energy is
available; collector is bypassed at all other times).

Ground Source Heat Pump (GSHP)
GSHP information came from listed sources as well as interviews with subject matter experts at NREL and
installation companies. Capital costs vary significantly depending on geographical location, which dictates land
prep prices and horizontal versus vertical drilling for ground loops. Useful life varies significantly between
interior components with standard 20 year warranties and ground loop components with 100 year expected
lifetimes.

Useful  l i fe
Useful life of the technology was estimated by interviewing NREL experts who have been working with the
technologies and also by performing a literature search. Limited information on actual lifetime studies was
found. The bulk of the literature referenced included an assumed useful life for a given technology. These
numbers are useful since they provide conventional thinking of experts in each field, it is important to
understand that they do not include lifetime statistical data of actual projects. The bibliography table shows the
reports and papers that were reviewed to establish the conventionally accepted lifetimes.

http://www.nrel.gov/analysis/tech_lcoe_re_cost_est.htmI
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Table 5 -  Useful  L ife

System Useful Life Years

PV

Wind

Biomass Combined Heat and Power

Biomass Heat

s w f

SVP

25 to 40 yr

20 yr

20 to 30 yr

20 to 30 yr

10 to 25 yr

30 to 40 yr

GSHP 20 yr for interior components
100 yr for ground loop

Size
System size for each technology is intended to be used for a high level estimation of initial system capacity.
Actual size may vary. The information was compiled by performing a literature search, using an NREL database
with data from actual systems in the field, and interviewing NREL experts. Default system size values from
NREL tools such as Renewable Energy Optimization (REopt)1 and pvwarr2 were also used. The mean system
size was calculated from the average and the high/low data, as was the +/- 1 standard deviation range.

1 REopt is a screening tool that identifies and prioritizes renewable energy projects at a single site, or across a portfolio of geographically
dispersed sites. http:uwww.nrel.oovLdg4;s/fy13osti/57727.pdf

2pvwatt tool estimates the energy production and cost of energy of grid-connected photovoltaic (PV) energy systems throughout the world. It
allows homeowners, small building owners, installers and manufacturers to easily develop estimates of the performance of potential PV
installations.

Table 6 - System Size
Technology Type Size

(acres/mw)
Size Std. Dev.

(acres/MW)

PV <10 kW

PV 10 - 100 kW

PV 100 - 1,000 kW

PV 1 - 10 MW

Wind <10 kW

Wind 10 - 100 kW

Wind 100- 1000 kW

Wind 1 - 10 MW

3.2

5.5

5.5

6.1

30

30

30

44.7

2.2

0.7

0.7

1.7

n/a

n/a

n/a

25.0

Biomass Combustion Combined Heat &
Power

3.5 1.9

Technology Type Size
(Btu/ft2/day)

SWH, flat plate & evacuated tube

swf, plastic collector

sup

774

n/a

n/a

Size Std. Dev.
(Btu/R2/day)

320

n/a

n/a

Technology Type Size
( acres/ MW )

Size Std. Dev.
(acres/mw)

Biomass wood heat 0.3 0.3

Technology Type Size
(Btu/ft2/day)

Size Std. Dev.
(Btu/R2/day)

Ground Source Heat Pump n/a n/a
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EXECUTIVE SUMMARY
UNSELECTRIC. INC

DOCKET no. E-04204A-15-0142

y Surrebuttal Testimony will address the estimated Enancial net savings or net costs in
purchasing or leasing a rooftop solar system from a typical UNS Electric, Inc. ("UNSE" or
Company") residential customer's perspective. I provide a comparison of the net savings and

net costs for a customer considering solar based on four different rate designs, namely, the
Company's current effective Residential Service rate schedule ("Existing RES-01"), the
Company's proposed Residential Service Demand rate schedule in its Application ("Company
Original Proposed RES-01 Demand"), the Company's proposed Residential Service Demand
Time-of-Use rate schedule in its Application ("Company Original Proposed RES-01 TOU
Demand"), and the revised Residential Service Demand Time-of-Use rate schedule in the
Companyfs Rebuttal Testimony ("Company Rebuttal RES-01 TOU Derward")

By modeling the bill savings under four different rate designs, Staff intends to demonstrate
that vldth the Company Rebuttal RES-01 TOU Demand customers can achieve a reasonable
Internal Rate of Return ("ERR") when purchasing a rooftop solar system, which makes it a
financially feasible investment. With an annual future utility rate escalation of 2.5 percent, the
IRis can reach 8.10 percent and 7.64 percent, respectively, for an Average Customer and a Lark
Customer. This level of ERR is higher than the annual return on a 10-year Treasury Bond ("10
year T-Bond"), which is generally accepted as the discount rate for long-term investment. The
IRis are slightly higher than the recent 10-year (2006-2015) average annual return on the Standard
& Poor's 500 ("S&P 500"). In addition, the [RRs are higher than mortgage rates for all three
electric escalation scenarios shown in this testimony. My preliminary analysis shows that
purchasing a rooftop solar system would still be an economically viable choice with the adoption
of the Company Rebuttal RES-01 TOU Demand rate schedule. Nevertheless, the pace of rooftop
solar installations would be expected to be reduced, at least temporarily, if Company Rebuttal
RES-01 TOU Demand is adopted, all else being constant
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1 INTRODUCTION

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

3 A.

4

5

My name is Yuh Liu. I am a Public Utilities Analyst III employed by the Arizona Corporation

Commission ("Cornlnission") in the Utilities Division ("StafF'). My business address is 1200

West Washington Street, Phoenix, Arizona 85007.

6

7 Please describe your educational background and professional experience.
i

8

Q.

A.

9

10

11

12

13

14

In 2013, I graduated with high distinction from the University of Minnesota, receiving a

Bachelor of Arts degree in economics, mathematics and statistics. In 2014, after working as an

investment-banking analyst for one year, I enrolled in the graduate program in statistics at the

University of California Berkeley and received a Master of Arts degree in 2015. Before joining

the Commission in December 2015, worked on several research projects of various disciplines

as a statistical consultant, offering clients advisory services on experimental designs, sampling

methodologies, data analytics and statistical inferences.

15

16 Briefly describe your responsibilities as a Public Utilities Analyst 111.

17

Q.

A.

18

In my capacity as a Public Utilities Analyst III, I have been assigned to analyze and provide

recommendations to the Commission on assigned cases. This is my Best proceeding as a Public

19 Utilities Analyst with the Commission.

20

21 Q. Did you tile Direct Testimony in this proceeding?

22 A. No.

23

24 Q . What is the scope of your testimony in this case?

25 A.

26

I provide estimates of Financial net savings and net costs in purchasing or leasing a rooftop

SOM system from the perspective of a typify UNS Electric, Inc. ("UNSE" or "Company")
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1 residential customer using a bill and solar cost estimation model I sponsor herein. Among

2

3

4

5

6

7

8

9

10

11

other things, I provide a comparison of the net savings and net costs for a customer considering

solar based c 1 four different rate designs, namely, the Company's current effective Residential

Service rate schedule ("Existing RES-01"), the Company's proposed Residartial Service

Demand rate schedule in its Application ("Company Original Proposed RES~01 Demand"),

the Company's proposed Residential Service Demand Time-of-Use rate schedule in its

Application ("Company Original Proposed RES-01 TOU Demand"), and the rev ised

Residential Service Demand Time-of-Use rate schedule in the Company's Rebuttal Testimony'

("Company Rebuttal RES-01 TOU Demand"). I also performed a sensitivity analysis to

examine the impacts of potential new solar incentives on the cost effectiveness of Distributed

Generation ("DG") solar for residential customers.

12

13 Q.

14

Have you reviewed di1:ect and rebuttal testimony submitted by the various parties in

this case as it relates to the subject matter of your Surrebuttal Testimony?

15 A.

16

Yes. My reviews included testimony from DG solar industry representatives and associations

which intervened in this case.

17

18

19

20

21

22

23

24

The DG solar industry interveners are opposed to demand kW rates due, in part, to concern

for the future viability of their DG solar business model(s) which appear to now be at a

crossroads as electric utilities such as UNSE propose significant rate design changes to address

their various concerns. However, the DG solar industry has not introduced into this case any

of its business models, yet it is well-known that residential customers are provided with a

detailed electric rate savings analysis that is compared to the various cost of purchase or leasing

DG solar at the time a customer considers a DG solar purchase. To address these concerns,

']ones, Rebuttal Exhibit CA]-R-4, page 4 of 7.
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Staff vldtness, Mr. Broderick, tasked me vn'th preparation of the analysis I discuss in my

tcstl1'I10i1y

4

5 Q

BILL ESTIMATION AND SOLAR COST MODEL AND ASSUMPTIONS

How was the bill estimation and solar cost model established?

On January 6, 2016, Staff issued a data request to Arizona Public Service Company ("APS")

and The Alliance for Solar Choice ("TASC") requesting a spreadsheet template which

quantitatively captures from a residential customer's perspective the typical Financial net savings

or net costs of purchasing or leasing a rooftop solar system. APS responded with an initial

model including relevant inputs and assumptions. TASC objected and did not provide any

analysisat that time. Staff then forwarded the APS modelto bothUNSE and TASC requested

their reactions and suggestions for improving the model

The Final model used in Staff's surrebuttal tesdrnony was based on the APS model and

augmented by relevant revisions and improvements from incorporation of UNSE and TASC

input and Staffs internal review and best judgment. Staff is grateful to APS, UNSE and TASC

for their thoughtful and useful assistance. The raw information regarding irnplernentation of

three part rates provided by APS and UNSE generally showed DG solar as cost effective for

customers; whereas, TASC estimated DG solar as less cost effective. UNSE provided its input

on February 1, 2016 and TASC on February 5, 2016

The model used here should be viewed as Staff's model for which it is responsible. Staff is

confident in the relative DG solar cost effectiveness demonstrated under the various rate

options presented herein. Staff acknowledges there is uncertainty concerning the input

assumptions and, therefore, in the absolute values of the resulting estimations
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1 Q. Has Staff used such an approach or modelbefore?

No. And we are not aware omit being used by any other state. However, we believe it adds an

unportant new dimension to the analysis of rooftop solar and Hnanciad considerations of

customers who are or may become DG customers. We are continuing to evaluate the model

ongoing basis look for any ways the model can be improved

7 Q. What are the key assumptions used in modeling the net savings or net costs in

purchasing or leasing a rooftop solar system

assumptions include the 1) solar system size (kW-DC); 2) solar system conversion

factor (kph-Ac/kw-Dc); 3) seasonal shaping of solar generation; 4) solar off-setting load at

time of generation; 5) a typical residential customer kph and kW before solar by season; 6)

related taxes and fees; 7) solar purchase cost ($/kW-DC);and 8) applicable federal and state

investment edits. The numerical values of those assumptions are listed in Schedule YL-1

15 Q. Please discuss each key necessary assumption starting with the customer's solar system

size (kw-Dc)

For this assumption, Staff utilized UNSE response to Staff data requests for the average

residential customer and Schedule H-4, Page 1 of 22, data for the large residential customer

assuming a 90 percent offset of a customer's energy. This means the customer's DG solar

system generates 90 percent of its energy requirement. UNSE assumed 100 percent and TASC

assumed 80 percent. Staff selected the midpoint of 90 percent, resulting in 4.77 kW and 6.86

kW system sizes, respectively, for average and Mge customers

Staff to UNSE 29.1
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l Q. What is the solar system conversion factor (kph-Ac/kw-Dc)?

That assumption represents the energy kph generation estimate per kw. UNSE provided

1.800 kph annually per one kw. UNSE provided 1,800 based on Tucson and TASC provided

1,698 based on Flagstaff using the National Renewable Energy Laboratory's ("NREL") System

Advisor Model. This assumption is also used in the formula for the customer's solar system

size as described above. Staff selected the UNSE provided amount based on the NREL Tucson

area data

9 Q. Why did you use NREL's Tucson area data?

NREL has data covering several areas in Arizona. In responses to Staff data requests, the

Company (Staff to UNSE 29.1) and TASC (email response) used Tucson and Flagstaff area

data, respectively. Flagstaff is on a similar latitude as the Company's major service territory

(Kinsman and Lake Havasu City). However, Flagstaff has a much higher elevation (6,910 feet)

compared to Kinsman (3,333 feet), Lake Havasu City (735 feet) and Nogales (3,832 feet). Thus

the electricity consumption and weather characteristics are quite different in Flagstaff compared

to the Company's service territory. Flagstaff would have higher winter electricity consumption

(for customers with electric heating) and lower summer consumption (little to no air

conditioning requirement) as compared to Tucson which Staff concluded would introduce a

potential for bias as a key characteristic of DG solar is the carryover of banked electricity into

higher tariff summer periods, at least under Staffs analyses of scenarios which continue the

existing net metering. Staff concluded the bias would be in the direction of reducing the

financial attractiveness of DG solar to residential customers. Tucson has an elevation of 2.643

feet and its latitude is between Nogales and Mohave County, which makes it a better proxy for

the Company s service territory than Flagstaff Recently, Staff became aware that NREL has

lllllll I I lllmlllll l l uluu
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useful data for other Arizona communities, but time did not permit its use in this surrebuttal

testimony

4 Q. What did you assume for seasonal shaping of solar generation

Seasonal shaping is each season's average monthly DG solar generation as a percentage of the

monthly average DG solar generation. UNSE provided a 105 percent summer to annual solar

generation percentage and a 95 percent winter to annual solar generation percentage. TASC

provided 110 percent and 90 percent, respectively, for summer and winter. Staff selected the

UNSE provided percentages

10

11 Q. What is solar off-setting load at time of generation?

Solar off-setting load at time of generation represents the percentage of a customer's solar

production which is self-consumed at the time of generation. The balance, then, is exported

UNSE provided a summer percentage of 44 percent and winter percentage of 37 percent

TASC provided 44 percent and 34 percent, respectively. SMf selected UNSE's assumption

Stated alternatively, UNSE assumed that 56 percent of solar generation in summer is exported

and 63 percent is exported in winter. This assumption is obviously important to the estimated

value of solar exports in the various tariff scenarios

20 Q. What is customer load before solar by season?

22

This is the UNSE provided customer load profile data for the average customer. Staff pro

rata scaled this data for the large customer

3 Others include Phoenix, Scottsdale, Kinsman, Prescott, and etc

I l l l l
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1 Q. What is On-peak solar generation

Of the total solar generation, this assumption represents the percentage occurring by season

for the On-peak tariff periods in the tariff analyses. UNSE provided 22 percent On-peak and

5 percent On-peak for summer and winter, respectively. TASC provided similar figures, which

are 20 percent and 7 percent, respectively. Staff selected the UNSE provided percentages

7 Q- What is the solar purchase cost assumption ($/kW-DC)?

This assumption is the installed purchase price to the customer. UNSE provided a cost of

$2,500 per kW and TASC provided $3,000 per kw. Staff selected $2,750 as a midpoint

assutnptlon

12 Q. What are the taxes, fees and investment tax credit assumptions

14

These assumptions relate to applicable avoidable taxes on electric bills and applicable

investment tax credits. UNSE provided 10 percent as the percentage of taxes and government

fees. TASC provided 0.87 percent. Staff selected the UNSE provided percentage. AH parties

agreed on the assumptions on federal investment tax credit and Arizona residential solar tax

credit provided in Schedule YL-1

19 Q.

20

Please provide more information on the two types of residential customers examined

in your analyses as depicted in YL-2

Two types of customers are used in the bill saving model, an Average Customer and a Large

Customer. An Average Customer has a pre-DG solar monthly kph usage of 795, which is the

mean monthly kph usage based on a sample of 2,309 UNSE non-DG residential customers

A Large Customer has a pre-DG solar monthly kph usage of 1,14-4, which is the "Large

Customer" monthly kph defined in Schedule H-4 of the Compa.ny's Application for customers

under the existing RES~01. Other characteristics of a Large Customer are adjusted
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proportionally to those of an Average Customer in the model. The list of the numeric values

is shown in Schedule YL-2. Large Customers are modeled because the Company indicated that

customers who installed DG tend to have higher consumption on average

5 Q. Lastly, what assumptions are made on Net Energy Metering (NEM)?

Under the Existing RES-01 and Company Rebuttal RES-01 TOU Demand, the current

effective NEM is assumed, with banking and rollover for excess generation. For modeling

purposes, the accumulated excess generation is represented as an average credit spread over all

months and the excess generation banked during the winter months is assumed to evenly offset

summer months' energy usage. The year-end balance of excess generation is paid out to

customers at the Company's current effective Market Cost of Comparable Conventional

Generation ("MCCCG") of 150.03003 per kph used in Existing RES-01 and $0.03697 per kph

used in Company Rebuttal RES-01 TOU Demand

Under the Company Original Proposed RES-01 Demand and Company Original Proposed

RES-01 TOU Demand, the proposed NEM alternative in the Company's Application is

assumed. With the proposed NEM alternative, no banking or rollover for excess generatlon is

allowed, and all exported electricity from a customer to the Company is paid out each month

to the customer at a rate of 150.00584 per kph

21

22

RESULTS AND COMPARISON

Q What evaluation measures did you select for purchasing a rooftop solar system?

In order to evaluate the purchasing option, the simple payback and the Internal Rate of Return

("ERR") measures were selected. The purpose of using those two measures is to capture the

total Financial impact of purchasing a rooftop solar system, by evaluating bill savings together

with system capital cost recovery

lllulu
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summarizes the resultingsimple paybacks for an Average Customer and a Large Customer.

the initial cost of purchasing a rooftop solar system through bill savings. Table 1 below

What are the resulting simple payback?

Simple payback is a straightforward measure of how many yearsa customer needs to recover

Si'='°PI°P'W"'**(yen-.)
Avmne Cuauomu I Lange Customer

9.2

14.9

15.5

7 Tabk 1: Resulting Simple Paybacks

8

9 The results suggest that, under theExistingRES-01, both the Average Customer andLarge

10 Customer can achieve a better simple payback. However, with the Company Rebuttal RES-01

11 TOU Demand, both customers have effective improvement in terms of simple payback, as

12 compared to the Company Original Proposed RES-01 Demand and Company Original

13 Proposed RBS-01 Demand.

14

15 Q. What is the formula of the ERR?

16 A. The ERR is a Enancial metric used to evaluate the profitability of any potential investments.

I 17 The ERR is a discount rate that makes the net present value ("NPV") of all cash Hows from a

18 particu.Iar invesnnent equal to zero. In the bill saving model, the ERR is calculated based on

19 the formula below:

20 NPV = = - $1 s
0 Co + 14-:Ra + (1+!RR)2 + + (1+mR)2° '

$20

II I I

Q
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1

2

where CO is the total cost of purchasing the rooftop solar system, and SI, So, ..., S20 are

the annual bill savings during the period of year 1, 2, ..., 20 after the rooftop solar system is

3 installed.

4

5 Q.

6

Why is the ERR used to evaluate a customer's investment decision in purchasing the

rooftop solar system?

7 A.

8

9

10

11

12

13

14

15

16

17

Staff is using the ERR because, unlike the NPV, it does not make a numerical assumption

regarding discount rate. Given different perspectives on discount rates for various customers,

using the ERR simplifies the evaluation. Generally speaking, the higher an investment's ERR,

the more desirable it is to undertake the investment from the customer's perspective. Thus,

the ERR can be used to rank mudtiple potential investments. In the bill saving model, the ERR

provides an effective comparison for the financial feasibility of investing in a rooftop solar

system under the four rate designs. Moreover, the ERR can also be compared against the

prevailing rate of return in the securities market or accepted discount rate which are reference

points for customers. For a customer considering an investment in a rooftop solar system, if

the ERR for the investment is higher than his/her (publicly unknown) but accepted discount

rate, the investment is economically viable.

18

19 Q. Are there additional assumptions in calculating the ERR?

20 A.

21

22

Yes. An annual DG solar degradation rate of 0.25 percent and a lifespan of 20 years are

assumed for the solar system. Moreover, in order to perform a sensitivity analysis, three levels

of annual future utility rate escalation are assumed: 0 percent, 1.5 percent and 2.5 percent.

23

24 Q. Haw does the change of those assumptions affect the resulting IRis?

25 A.

26

The change of assumptions on annual degradation rate and annual future utility rate escalation

will affect the numeric values of the resulting IRis. However, the relative ranking among the
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utility rate escalation are summarized in Table 2 below:

What are the resulting IRis for an Average Customer?

The resulting IRis for an Average Customer under the four rate designs with three levels of

the fourrate designs with thevarious assumptions ofutility rateescalation.

here as an evaluation measure. Table 2 and Table 3 illustrate the unchanged rankings among

four rate designs should be unchanged and accurate, which is the reason why the ERR is used

Company Ouugmal Proposed RBS-01 Demand

C M W L * Pro used RBS-01 TOU Demand

4

Utility Rate Escalation
E='i$'i¢\s RES-01

R _iv

3.13%

8.72%

Mn (°/°)

1.50%

10.14%

4.52%

11 .09°/o

5.44%

5.01%

250°/o

I

9 Tabk 2: Resulting IRis for an Avenlge Customer

10 From the table above, it can be observed that an Average Customer is better off under the

l l CompanyRebuttalRES-01 TOU Demandcompared to the Company OldginalProposed RES-

12 01 Demand and Company OriginalProposed RES-01 TOUDemand. Even though the ERR

13 is lower comparedto the ERR under the ExistingRES-01, with theCompanyRebuttal RES-01

14 TOU Demand purchasing a rooftop solar system is still an economically viable investment,

15 especially when a highutilityrate escalationis expected.

16
i
I

1 7 Q . What are the resulting IRis for a Large Customer?

18 A. TheresultingIRis for a Large Customer under the four rate designs with threelevelsof utility

19 rate escalation are summarized in Table 3 below:

2 0

Utility Rate Escalation

E"i=*'i°8 RBS-01
Company Odgiaual Proposed RES-01 Demand

0.00%
8.69%
2.74%

ERR ('/°)
1.50%

10.11%
4.12%

2.50%
11 .06%
5.03%

Ill I

-Ill
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1 Table 3: Resulting ERR; for a Lange Customer

2

3 The results illustrated in the above table for a Large Customer are similar to the results shown

4 in Table 2 for an Average Customer.

5

6 Q.

7

Can you provide a prevail ing rate of return in the securit ies market or a generally

accepted discount rate for comparison purposes?

8 A.

9

10

l l

12

13

14

15

16

17

Yes. The Standard 8: Poor's 500 ("S8cP S00") is an American stock market index based on the

market capitalizations of 500 large companies with common stock listed on the NYSE or

NASDAQ. The S&P 500 has a diverse constituency and is widely considered as one of the

best representations of the U.S. stock market and the U.S. economy. Therefore, the return on

the S&P 500 can be used as a prevailing rate of return in the securities market. In addition, the

raurns on a 3-month Treasury Bill ("3~month T-Bil1") and a 10-year Treasury Bond ("10-year

T-Bond") are generally accepted discount rates for long term and short term investments,

respectively. Table 4 below summarizes the geometric averages of the annual returns on the

S8zP 500, the 3-month T-Bill and the 10-year T-Bond for three different mc periods. The

raw data of annual returns during 1928 - 2015 was retrieved from Dr. Aswan Damodaran's

18

19

online database (h¢1p=//p ges~st°ta~nw.edu/~ad2modar0. Dr. Damodaran is a Professor of

Finance at mc Stem School of Business at New York University. The raw data is listed in

20 Schedule YL-2.

21

I'll II
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3-month T-Bill 10-year T-Bond

9.61% 6.71%

%

Table 4: Geometric Averages of the Annual Returns

3 Q- Are there ally other prevailing discount rates that can be used for comparison purposes?

Mortgage rate is another widely used prevailing discount rate. The Primary Mortgage Market

Survey ("PMMS") results provided by Freddie Mac are presented in this surrebuttad testimony

Through the PMMS, Freddie Mac surveys lenders each week on the rates, fees and points for

the most popular mortgage products. Three types of mortgage products will be shown, Hamel

30-Year Fixed-Rate Mortgages ("30-Yr FRM"), 15~Year Fixed-RateMortgages ("15-Yr PRM")

and5-Year Adjustable-Rate Mortgages ("5/1-Yr ARM"). Table 5 below lists the average rates

of these three mortgage products for 2005-2015

Mortgage Products

30-Yr FRM 15-Yr FRM 5/1-Yr ARM

Average Rate (2005-2015) 4.95% 4.35%

Table 5: Average Rates of Three Mortgage Products

Please summarize your Endings from your analysis

With an annual future utility rate escalation of 2.5 percent, the IRis can reach 8.10 percent and

7.64 percent, respectively, for an Average Customer and a Large Customer. This level of ERR

is relatively higher than the annual return on a 10-year T-Bond, which is generally accepted as

the discount rate for long-tenn investment. The IRis are slight higher than the recent 10

year (2006-2015) average annual return on the S&P 500. In addition, the IRis are higher than

mortgage rates for all three electric escalation scenarios. Therefore, purchasing a rooftop solar

_ llllllll I I'l l H lll\II\I llllll Ill l l l l l l! lllllll _ l l



Surrebuttal Testimony of Yue Liu
Docket No. E-04204A-15-0142
Page 14

system would still be an economically viable choice even with the adoption of Company

Rebuttal RES-01 TOU Demand. Nevertheless, the pace of rooftop solar installations would

be expected to be reduced, at least temporarily, if Company Rebuttal RES-01 TOU Demand

adopted, all else being constant

6 Q Please explain the difference in the resulting IRis under the Existing RES-01 and the

Company Rebuttal RES-01 TOU Demand

With the same assumptions of rooftop solar system cost, degradation rate and annual future

utility rate escalation, die difference in the resulting IRis under the above-mentioned two rate

designs is mainly due to the variation in the annual bill savings. Table 6 below summarizes the

monthly average saving results under the two rate designs for both an Average Customer and

a Large Customer

Monthly Average Bills

BeforeSolar After Solar Credit for Excess
Generation

Average
Customer

Existing RES-01 $93.13 $18.64 $0

Company Rebuttal RES-
01 TOU Demand

$108.37 $49.61

Large
Customer

Existing RES-01 $152.88 $21.96

Company Rebuttal RES
01 TOU Demand

$148.74 $64.24

Table 6: Monthly Average Savings Summary

From Table 6, we can observe that. for an Average Customer, the amount of monthly average

savings under the Company Rebuttal RES-01 TOU Demand is $15.06 lower Dian that under

the Existing RES-01. Moreover, the reduction in monthly average savings is $25.44 for a Large

Customer. In addition, the monthly Basic Service Charge is $10 and $15 under the Existing

RES-01 and the Company Rebuttal RES-01 TOU Demand, respectively. This $5 increase in
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Basic Service Charge would be applied to all residential customers, so it has been excluded from

the reduction 'm monthly average savings. Therefore, the reduction in monthly average savings

is $10.06 and $20.44, respectively, for an Average Customer and a Large Customer. The

reduction represents 20.28 percent and 31.82 percent of the monthly after-solar average bill

under the Company Rebuttal RES-01 TOU Demand for an Average and a Large Customer

respectively

8 Q. What is the impact on the resulting simple paybacks or IRis under the Company

Rebuttal RES-01 TOU Demand if new solar incentives are temporarily offered to

residential customers?

A. With solar incentives, the cost of purchasing a rooftop solar system will be reduced for

a residential customer. The initial cost plays a very critical role in calculating simple payback

and the ERR as suggested by the formulas. Thus with lower cost, the resulting simple

paybacks and the IRis will improve significantly. In order to evaluate those impacts

quantitatively, a sensitivity analysis is performed to capture the impacts with different levels of

solar incentives. With the assumptions of 0.25 percent annual degradation rate and 2.5 percent

annual future utility rate escalation, the resulting simple paybacks and IRis under the Company

RebuttalRBS-01 TOU Demand for different levels of solar incentives are summarized inTable

SoM Incentives
151

Average
Customer

Large
Customer

Simple Paybacks (Y
ERR
Simple Paybacks (Yeats)
ERR 8.64% 11

13.48%
8.2

12-65%

. 15;52%

7.3

.. :2 14.51%

Table 7: Resulting Simple Paybacks and IRis with Different Levels of Solar Incentives

ll ml i ll
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It can be observed from Table 7 that the solar incentives offer both Average Customer and

Large Customer with shorter simple payback and greater IRis. Moreover, with 15 percent

solar incentives, both customers can achieve slightly better simple payback and ERR compared

to those under the Existing RES-01.

6 Q . What are the net payoffs under the four rate designs if a customer chooses to lease a

rooftop solar systan?

$0.09/kWh is assumed as the rooftop solar system lease rate, and all parties agreed on this

assumption. Themonthly average net payoffs under the four rate designs for both an Average

Customer and a Large Customer are sununnarized in Table 8 below. The parentheses in the

table indicate a net loss .

Ea=islingRES-01
C°vnm~myoqg§mp°pmdnEso1nmma
c°¢1m\nyoqmuaprupmdnlzs-01 rounw»»»a

Monthly A
Average Customer

" T Net Payof f

s
$
s

149 la~ f . L

148° Customer
18.26

(z4.45)
| -r i 5 (2".9")
5 'J

Table 8: MonthlyAveuuge Net Payoffs for Leasing

15 Q Please summarize your findings from the modeling of the net payoffs for leasing a

rooftop solar system

As Table 8 suggests, leasing a rooftop solar system is an economically viable option only under

the Easting RES-01 for both customers. However, those resulting net payoffs are based on

the assumption of zero utility rate escalation. With an assumption of 2.5 percent annual future

utility rate escalation, under the Company Rebuted RES-01 TOU Demand, both customers

would start to have positive net payoffs in the Fifth year after they lease a rooftop solar system.

In order to further evaluate the leasing option for a residential customer under the Company

Rebuttal RES-01 TOU Demand, the NPV is analyzed to reflect the overall payoffs. In these

I-Illll I II
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1

2

calculations a 20-year leasing term is assumed and, moreover, a sensitivity analysis is performed

to illustrate the NPVs under different assumptions of discount rate. Table 9 below shows the

3 resulting NPVs.

4

Discount Rate

Average Customer

Large Customer

NPV

4.71%
$1,335.07

$1,915.60

7.20%

$92252

$1,323.05

5 Table 9: Resulting NPVs under the Company Rebuttal RES-01 TOU Demand

6

7

8

9

1 0

The resulting NPVs in Table 9 suggest both Average Customer and Large Customer can

achieve positive NPVs under different assumptions of discount rate. Thus, leasing a rooftop

solar system could still be economically viable under the Company Rebuttal RES-01 TOU

Demand in the long baud for residential customers. I

11

12 Q. Does this conclude your Sunebuttal Testimony?

13 Yes, it does.

l l I I I  I

A.
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Schedule YL-1

Key Assumptions

Solar system Slze (kw-Dc)

Average Customer

Large Customer

Solar system conversion factor (kph-Ac/kw-Dc)

Seasonal shaping of solar generation
1800 (south orientation)

Summer

Winter
105% of monthly average

95% of monthly average
Solar off-setting load at time of generation

Summer

Winter
44% of total solar kph

37% of total solar kph

See Schedule YL-2Customer load before solar by season

On-peak solar generation

Summer

Winter
22% of total solar kph

5% of total solar kph
Customer on-peak load before solar

Summer

Winter

Taxes and government fees

Solar purchase cost (S/kw-Dc)

Federal investment tax credit

Arizona residential solar tax credit

24% of total kph

26% of total kph

10%

$1.000



Schedule YL-2
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Customer Profiles
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i

i

I
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1

Average Customer Large Customer
Monthly kph

Solar system size kW-DC

Monthly kph - Summer

Monthly kph - Winter

On-peak kW - Summer

On-peak kW - Winter

On-peak kW offset - Summer

On-peak kW offset - Winter

795

4.77

935

665

4.13

3.34

0.13

0

1,144

6.86

1,345

943

6

4.81

0.19

0
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Tracking the Sun VIII
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Photovoitaic Systems in the United States
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1

5

Energy Technologies Area, Lawrence Berkeley National Laboratory
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What's New in Tracking the Sun

Focus on Residential and Non-Residential PV.
Prior editions of the report have included
installed pricing trends for utility-scale PV.
Starting with this year's edition, the report now
focuses exclusively on the residential and non-
residential markets. Installed pricing dataand
other marketdatafor the utility-scale sector are
published in LBNL's companionUtility-Scale
Solarannual report series.

Expanded Data Sources.To supplement and
benchmark the primary set of installed pricing
trends, the report also selectively incorporates
installed price and cost data from a variety of
other sources 1

New Trends. This year'sreport includes new
analyses related to system size and module
efficiency trends, differences in installer-level
pricing, and more details on the characteristics of
PV systems in the data sample.

Executive Summary

Now in its eighth edition, Lawrence Berkeley National Laboratory (LBNL)'s Tracking the Sun
report series is dedicated to summarizing trends in die installed price of grid-connected solar
photovoltaic (PV) systems in the United States. The present report focuses on residential and non-
residential systems installed dirough year-end 2014, with preliminary trends for the first half of
2015. As noted in the text box below, this year's report incorporates a number of important changes
and enhancements. Among those changes, this year's report focuses solely on residential and non-
residential PV systems, data on utility-scale PV are reported in LBNL's companion Utility-Seale
Solar report series.

Installed pricing trends presented within this report derive primarily from prob et-level data reported
to state agencies and utilities that administer PV incentive programs, solar renewable energy credit
(SREC) registration systems, or interconnection processes. In total, data were collected for roughly
400,000 individual PV systems, representing 81% of all U.S. residential and non-residential PV
capacity installed through 2014 and 62% of capacity installed in 2014, though a smaller subset of
this data were used in analysis. 1

Important to note is that the data analyzed within
this report:

• Represent the up-front price paid by the PV
system owner, prior to receipt of incentives

• Are self-reported data provided by PV installers
to program administrators

• Differ from the underlying cost borne by the
developer and installer

• Are historical and therefore may not be
indicative of prices for systems installed more
recently or prices currently being quoted for
prospective projects

Exclude third-party owned (TPO) systems for
which reported installed prices represent
appraised values, but include TPO systems for
which reported prices represent the sale price
between an installation contractor and customer
finance provider (see Text Box 2 within the
main body of the report for further details)

Key findings from this year's report are as follows, with all numerical results denoted in real 2014
dollars and DC watts:

Installed Prices Continued their Rapid Descent through 2014 and into 2015. National median
installed prices in 2014 declined year-over-year by $0.4/W (9%) for residential systems, by $0.4/W
(10%) for non-residential systems S500 kw, and by $0.7/W (21%) for non-residential systems >500

•

1 The sample coverage for 2014 installations is temporarily eroded as California transitions its solar data collection from
the California Solar Initiative program to the utilities' net metering and interconnection processes.
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kw. Preliminary data for the first half of 2015 indicate that installed price declines have persisted
into 2015 and are on pace to match those witnessed in recent years.

Recent Installed Price Reductions Have Been Driven Primarily by Declines in Soft Costs.
Installed price reductions over the 2008 to 2012 period were a steep drop in global prices for PV
modules. Since then, however, module prices have generally flattened, while installed prices have
continued to fall as a result of a steady decline in non-module costs. From 2013 to 2014 specifically,
residential non-module costs fell by $0.4/W, representing virtually the entire year-over-year decline
in total installed prices. Recent non-module cost declines can be partly attributed to reductions in
inverter and racldng equipment costs, but are primarily associated with reductions in PV soft costs,
which include such items as marketing and customer acquisition, system design, installation labor,
permitting and inspection costs, and installer margins. Soft cost reductions are partly due to steady
increases in system size and module efficiency, though likely also reflect a broad and sustained
emphasis within the industry and among policymakers on addressing soft costs.

Installed Price Declines Have Been Partially 0j]%et by Falling Incentives. Cash incentives (i.e.,
rebates and performance-based incentives) provided through state and utility PV incentive programs
have fallen substantially since their peak a decade ago. Depending on the particular program,
reductions in cash incentives over the long-term equate to roughly 70% to 120% of the
corresponding drop in installed prices. This trend is partly a response to installed price declines and
the emergence of other forms of incentives, but it has also been a deliberate strategy by program
administrators to provide a long-term signal to the industry to reduce costs, and is likely among the
many drivers for recent declines ire solar soft costs.

NationalMedian Installed Prices Are Relatively High Compared to Other Recent Benchmarks,
Partieularlyfor Residential andSmaller Non-Residential Systems. Across all systems in the data
sample installed in 2014, the median installed price was $4.3/W for residential systems, $3.9/W for
non-residential systems _<50()kW in size, and $2.8/W for non-residential systems >500 kw. By
comparison, a number of other recent benchmarks for PV system prices or costs range from $2.8/W
to $4.5/W for residential systems, and from 881.7/W to $4. 1/W for non-residential systems.
Differences between national median prices and these other benchmarks reflect the diversity of
underlying data sources, methodologies, and definitions. For example, national median prices are
historical in nature, represent prices not costs, are heavily impacted by several large and relatively
high-priced state markets, and in some instances may be subj et to inconsistent reporting practices
across installers. These national median prices presented in this report thus should not necessarily
be taken as indicative of "typical" pricing in all contexts, and should not be considered equivalent to
the underlying costs faced by installers.

Installed Prices in the United States Are Higher than in Most Other Major National PV Markets.
Compared to median U.S. prices, installed prices reported for residential systems and non-
residential systems <_500kW in size are substantially lower in a number of other key solar markets -
most notably Germany, China, and Australia. These pricing disparities are primarily attributable to
differences in soft costs.

Installed Prices Vary Widely Across IndividualProjects. Although installed price distributions
have generally narrowed over time, considerable pricing variability continues to persist. For
example, among residential systems installed in 2014, roughly 20% of systems were priced below
$3.5/W (the 20 percentile value), while 20% were priced above $5.3/W (80"' percentile). Non-
residential systems <_500 kW exhibit a similar spread, while the distribution for non-residential
systems >500 kW is somewhat narrower. The potential underlying causes for this variability are
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numerous, including differences in project characteristics, installer characteristics, and local market
or regulatory conditions

Economies ofSeale Oeeur Among Both Residential and Non-Residential Systems. For residential
systems installed in 2014, median prices for systems in the 8-10 kW range are roughly 15% lower
than for smaller 2-4 kW systems. Among non-residential systems installed in 2014, median installed
prices for the largest class of systems >l,000 kW in size were 36% lower than for the smallest set of
non-residential systems S10 kw. Even greater economies of scale may arise when progressing to
utility-scale systems, which are outside the scope of this report

Installed Prices Deer Among States, with Relatively High Prices in Some Large State Markets
For residential systems installed in 2014, median installed prices range from a low of $3.4/W in
Delaware and Texas to a high of $4.8/W in New York. Some of the largest state markets
California, Massachusetts, and New York - are relatively high-priced, which tends to pull overall
U.S. median prices upward, pricing in most states is below the aggregate national median price
Cross-state installed pricing differences can reflect a wide assortment of factors, including installer
competition and experience, retail rates and incentive levels, project characteristics particular to
each region, labor costs, sales tax, and permitting and administrative processes

Installed Prices Reported for Third-Party Owned Systems Are Generally Similar to Thosefor
Customer-Owned Systems. This report does not evaluate lease terms or power purchase agreement
(PPA) rates for TPO systems, however, it does include data on the dollar-per-watt installed price of
TPO systems that are sold by installation contractors to non-integrated customer finance providers
Although prices for these TPO systems are not perfectly comparable to purchase prices paid for
customer-owned systems, median prices for the two classes of systems are, in fact, quite similar, at
least when comparing nationally. Within individual states, however, median prices for TPO and
customer-owned systems can differ, in some cases substantially

Prices Vary Considerably Across Residential Installers Operating within the Same State. In
examining four large residential markets (Arizona, California, Massachusetts, and New Jersey)
installer-level median prices within each state differ by anywhere from $1 . 1/W to $1 .4/W between
die upper and lower 20M percentiles, suggesting a substantial level of heterogeneity in pricing
behavior or underlying costs. Low-priced installers in these states - e.g., 20% of installers in
Arizona have median prices below $3.0/W .- can serve as a benchmark for what may be achievable
in terms of near-term installed price reductions within the broader market. Interestingly, however
no obvious or consistent relationship is observed between installer volume and prices - i.e., high
volume installers are not associated with lower-priced systems

Residential New Construction Offers Sign#icant Installed Price Advantages Compared to
Retrofit Applications. Within California, systems installed in residential new construction have
been consistently lower-priced than those installed on existing homes, with a median differential of
$0.7/W in 2014, despite the significantly smaller size and higher incidence of premium efficiency
modules among new construction systems. If comparing among systems of similar size and module
technology, the installed price of new construction systems was $1 .4/W lower than for retrofits

Installed Prices Are Higher for Systems at Tax-Exempt Customer Sites than at For-Profit
Commercial Sites. Tax-exempt site hosts include schools, government facilities, religious
organizations, and non-profits, and these customers collectively represent a substantial share of the
non-residential data sample. Systems at tax-exempt customer sites are consistently higher priced
than similarly sized systems at for-profit commercial customer sites. In 2014, the median
differential was roughly $0.3/W for systems $500 kW and $0.6/W for >500 kW systems. Higher
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prices at tax-exempt customer sites reflect potentially lower negotiating power and higher incidence
of prevailing wage/Lmion labor requirements, domestically manufactured components, and shade or
parldng structures

Installed Prices Are Substantially Higher for Systems with High-Efieieney Modules. Roughly
one-quarter of the 2014 systems in the data sample have module efficiencies greater than 18%, and
installed prices for systems in this class have consistently been higher-priced than those with lower
or mid-range module efficiencies (<18%). In 2014, the median differential was roughly $0.8/W
within both the residential and <500 kW non-residential segments. These trends suggest that die
price premium for high-efficiency modules in many cases has outweighed any offsetting reduction
balance-of-system (BOS) costs associated with a smaller array footprint

Micron vergers Have a Seemingly Small Ejfeet on Installed Prices. Microinverters have made
significant gains in market share in recent years, representing more than 35% of residential systems
and roughly 20% of smaller (sub-500 kw) non-residential systems in the data sample installed in
2014. Microinverter costs are higher than standard string inverters, though the data suggest that the
net impact on total system prices is smaller, potentially as a result of offsetting reductions in non
inverter BOS and soft costs

Installed Prieesfor Large Non-ResidentialSystems Vary with the Use of Tracking Equipment
Many of the large non-residential systems in the data sample have tracking equipment, including
roughly 20% of systems installed in 2014. The median installed price of those systems was $0.4/W
(15%) higher than fixed-tilt, ground-mounted systems and $0.5/W (19%) higher than roof-mounted
projects. Although these pricing differentials are based on a relatively small underlying data sample
they are generally of a similar magnitude to the increased electricity generation associated with
single-axis tracking equipment
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Related National Lab Research Products

Tracking the Sun is produced in conjunctionwith
several related and ongoing research activities:

• Utility-Scale Solar is a separate annual report
series produced by LBNL that focuses on utility-
scale solar and includes trends and analysis related
to project cost, performance, and pricing.

• The Open PVProject is an online data-
visualization tool developed by the National
Renewable Energy Laboratory (NREL) that
incorporates data 'from Tracking the Sun and
Utility-Scale Solar.

• Photovoltaie System Pricing Trends: Historical,
Reeent, and Near-Term Projections is an annual
briefing produced jointly by NREL andLBNL that
provides a broad overview of PV pricing trends,
based on ongoing research activities at both labs.

• In-Depth Statistical Analyses of PV pricing data
by researchers at LBNL and several academic
institutions seek to further illuminate PV pricing
dynamics and the underlying drivers, using more-
advanced statistical techniques.

These and other solar energy publications are
available athttp://emp.1bl.gov/projects/solar.

1. Introduction

The market for solar photovoltaics (PV) in the United States has been, and continues to be,
driven by incentives and other forms of policy support for solar and renewable energy. Given the
relatively high historical cost of PV, a key goal of these policies has been to encourage cost
reductions over time. The U.S. Department of Energy (DOE)'s SunShot Initiative seeks to reduce
the cost of PV-generated electricity by 75% between 2010 and 2020, and various state and local
programs have also aimed to drive down solar costs through deployment scale and targeted
interventions. As public and private investments in these efforts have grown, so too has the need for
comprehensive and reliable data on the cost and price of PV systems - in order to track progress
towards cost reduction targets, assess the efficacy of existing programs, identify opportunities for
further cost reduction, and evaluate transparency and competition within current solar markets.

To address these varied needs, Lawrence
Berkeley National Laboratory (LBNL)
initiated the annual Traeking the Sun report
series to summarize historical trends in the
installed price of grid-connected PV systems
in the United States. The present report, the
eighth in the series, describes installed price
trends for projects installed from 1998
through 2014, with preliminary trends for the
firsthalf of 2015. Beginning with this year's
edition, the report covers only the residential
and non-residential sectors, data on utility-
scale PV are reported separately in LBNL's
companion Utility-Scale Solar report series.

The installed price trends in the present
report are based primarily on prob et-level
data collected from more than 400,000
residential and non-residential PV systems,
representing roughly 81% of all residential
and non-residential PV capacity installed in
the United States through 2014 and
comprising one of the most comprehensive
and detailed sources of installed PV price
data. These data are subject to a variety of
quality controls, and several categories of PV
systems are excluded from the final analysis.
Based on the final cleaned dataset, die report describes historical installed price trends over time,
and by location, market segment, and technology and application type. The report briefly compares
recent PV installed prices in the United States to those in other major international markets, and
describes trends in customer incentives for PV installations. The report also includes, for the first
time, a summary and comparison to other data sources and benchmarks for PV system pricing and
costs.

It is essential to note at the outset what the primary data presented within this report
represent. These data derive primarily from system prices reported to state agencies and utilities
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that administer PV incentive programs, solar renewable energy credit (SREC) registration systems,
or interconnection processes. These reported prices represent the up-front price paid for PV systems
by the system owner, prior to receipt of incentives, and for a variety of reasons may differ from the
underlying costs borne by the developer or installer. Furthermore, these data are, by their nature,
historical, and therefore may not be indicative of prices for systems installed more recently or prices
currently being quoted for prospective projects. Finally, the trends presented in this report exclude
data for the subset of third-party owned (TPO) systems installed by integrated companies that
perform both the installation and customer financing, as the prices reported for these systems
represent appraised values, rather than transaction prices.

The remainder of the report is organized as follows. Section 2 summarizes the data sources, key
methodological details, and characteristics of the data sample. Section 3 presents an overview of
long-term, installed-price trends, focusing on median values drawn from the large underlying data
sample. The section illustrates and discusses a number of the broad drivers for those historical
installed-price trends, including reductions in module prices and reductions in non-module costs
associated with increasing system sizes, increasing module efficiencies, and declining state and
utility incentives. The section also compares median installed prices for systems installed in 2014 to
a variety of other recent U.S. benchmarks, and to prices in other international markets. Finally,
Section 4 describes the variability in installed prices within the dataset, and explores a series of
specific sources of installed pricing differences across projects, including: system size, state,
installer, customer-owned vs. TPO, residential new construction vs. retrofit, for-profit commercial
vs. tax-exempt site host, module efficiency level, microinverter vs. standard inverter, and rooftop
vs. ground-mounted with or without tracing. The appendices provide additional details on the
analysis methodology and data sample. The values plotted in each figure are available in tabular
form in an accompanying data file, which can be downloaded from the report publication page
accessible via trackingthesun.lbl.gov.
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2. Data Sources, Methods, and Sample Description

The trends presented in this report derive from data on individual residential and non-residential
PV systems. This section describes the underlying data sources and the procedures used to
standardize and clean the data, with further information provided in the Appendix. The section then
describes the sample size over time and by market segment, comparing the data sample to the
overall U.S. PV market and highlighting any significant gaps. Finally, the section summarizes
several key characteristics of the data sample, including: trends in system size over time and by
market segment, the geographical distribution of the sample across states, and the distribution
between host customer-owned and TPO systems over time and across states

Data Sources

The data are sourced primarily from state
agencies and utilities that administer PV
incentive programs, solar renewable energy
credit (SREC) registration systems, or
interconnection processes. Ultimately, project
level installed price data were provided by
roughly 50 state and utility entities (see Table
B-1 in the Appendix for a list of these
organizations and associated sample sizes). A
limited amount of additional prob et-level data
for states or market segments not covered by
the aforementioned set of sources were
collected from the U.S. Treasury Department's
Section 1603 Grant Program and other
miscellaneous sources (e.g., FERC Form 1,
SEC filings, company presentations, trade press
articles).

The data sources for this report series have
evolved over time, particularly as incentive
programs in a number of states have expired. In
these instances, data collection has generally
transitioned to other administrative processes
such as system interconnection or SREC
registration. In California, this transition is
currently underway, as the state's primary
incentive program reaches its end, and data collection is transferred to utilities' net metering and
interconnection process. As described further below, the data sample for California is somewhat
depleted during this transitional period, though it nevertheless continues to include a significant
share of the California market. In Arizona, the state's largest utilities have also discontinued their
PV incentive programs, but have continued to collect prob et-level data through their
interconnection processes (though the completeness of installed pricing data has diminished
somewhat). In most other significant state markets, PV incentive and SREC programs are still
offered and provide a continuing source of prob et-level data
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Text Box 2. Treatment of Third-Party Owned Systems in the Data Sample and Analysis

Third-party ownership of customer-sited PV systems through power purchase agreements and leases has
become the dominant ownership model in many markets, and this trend has created certain complications for
the tracking of installed prices. The nature of these complications, however, depends on whether the
company providing the customer financing also performs the installation (i.e., an "integrated" TPO provider)
or instead procures the system through an independent installation contractor.

For systems financed by integrated TPO providers, installed price data reported to PV incentive program
administrators generally represent appraised values, as there is no sale of the PV system from which a price
is established. To the extent that systems installed by integrated TPO providers could be identified, they were
removed from the final data sample. Further details on the number of excluded appraised-value systems are
provided below, and details on the procedure used to identify those systems are described in Appendix A,
along with data on installed prices reported for those systems. Although excluded from the installed price
trends presented in this report, we do summarize installed cost data from the financial reports of several
integrated TPO providers in Figure 13, as a point of comparison.

In contrast, systems financed by non-integrated TPO providers were retained in thedata sample. The
installed price data reported for these systems represent an actual transaction price: namely, the price paid to
the installation contractor by the customer finance provider. That said, differences may nevertheless exist
between these prices and those reported for customer-owned systems. Later sections compare installed prices
reported for non-integrated TPO systems and customer-owned systems, in order to discern whether those
differences are potentially significant.

Data Standardization and Cleaning

Various steps were taken to clean and standardize the raw data. First, all systems with missing
data for system size or installation date, as well as any utility-scale PV systems, were removed from
the raw sample. The resulting dataset is referred to hereafter as the"preliminary" data sample.
These data were then cleaned by correcting text fields with obvious errors and by standardizing the
spelling of installers and module and inverter manufacturers and models. To the extent possible,
each PV system was then classified as building-integrated PV or rack-mounted, the module
technology type and efficiency was determined, and the system was classified as using either a
micro-inverter or central or string inverter. Most programs provided data on system ownership type
(customer-owned vs. TPO), in cases where these data were not provided, system ownership was
inferred, where possible, based on the installer name and state. Finally, all price and incentive data
were converted to real 2014 dollars (20l4$), and if necessary, system size data were converted to
direct current (DC) nameplate capacity. Further details on diesel steps, as well as other elements of
the data cleaning process, are described in Appendix A

Aside from the removal of incomplete observations from the data sample, various other
categories of systems were excluded from the analysis. The most significant group of excluded
systems are those installed by integrated TPO providers that provide both the installation service
and the customer financing, as the installed price data for these systems generally represent some
form of appraised value (see Text Box 2 below). Also excluded from the analysis are systems with
battery-back up, self-installed systems, systems with missing installed price data, and systems with
installed prices less than $ l/w or greater than $20/W (assumed to be data entry errors). The
resulting dataset after these various additional exclusions is referred to hereafter as the "final" data
sample, and is die basis for all trends presented in the report, unless otherwise indicated.
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Sample Size

The preliminary data sample consists of more than 400,000 individual residential and non-
residential systems totaling 7,600 MW, including roughly 1,500 MW installed in 2014. This
represents 81% of all residential and non-residential PV capacity installed in the United States
through 2014 and 62% of residential and non-residential capacity additions in 2014. As shown in
Figure 1, coverage declined in the latter two years of the analysis period. This is primarily due to
the transitional data collection issues in California, noted previously. As a result of this temporary
loss of data availability, the sample includes just over one-third of 2014 capacity additions in
California. The only other gap in sample coverage is Hawaii, largely absent from the dataset owing
to the fact that the state's primary incentive program (a state income tax credit) does not collect
installed pricing data from participating systems. Coverage for most other major state markets is
relatively complete.2
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Figure 1. Comparison of Preliminary Data Sample to U.S. Residential and Non-Residential PV Market

The final data sample, following removal of integrated TPO and all other excluded systems,
consists of roughly 320,000 residential and non-residential PV systems totaling 6,000 MW (see
Table 1). The difference between the preliminary and final data samples is primarily due to the
removal of integrated TPO systems (roughly 75,000 systems), though a relatively sizable number of
self-installed systems (approximately 8,000) and systems with missing installed price data
(approximately 7,500) were also excluded from the final data sample. The section below,
Distribution between Customer-Owned and TPO Systems, provides further details on the quantity of
integrated TPO systems removed from the data sample over time and by state.

2 The gaps in sample coverage for California and Hawaii may skew the national median values downward, given that
both are generally high-cost states. Within California, one might also wonder whether the omission of data from
systems outside of the incentive programs could bias the median prices for California - for example, if incentives
induce higher prices through value-based pricing, or if administrative costs associated with participating in the program
drive up prices. The direct CSI incentives provided in 2014, however, were likely far too small to have any appreciable
effect on system prices, and thus we have no specific reason to suspect that pricing for California systems in the sample
significantly differs from other California systems outside the sample frame.
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Installation
Year

No. of Systems

Residential

Capacity (MWDc)

Non-Res. Non-Res.
S500 kWDc >500 kWDC TotalResidential

Non-Res. Non-Res.
S500 kWDc >500 kWDC Total

1998 31 2

8

0

0

33

188

0.1 0.1
»

0.0

0.0

0.0

0.2
I
I
6

1999 180 0.6 0.3
2000 214 6 0 220 0.8 0.2
2001 1,312 19 0 1,331 4 1

2002 2,516 79 3 2,598 10 7 2
2003 3,407 174 6 3,587 15 11 5
2004 5,457 314 7 5, 77s 25 15 5
2005 5,392 474 11 5,877 27 30 8

19

2

45

65

94

134

243

317

8

1,119

1,299

1,163

954

2006 8,607 618 22

34

91

9,247

13,201

14,302

25,395

43 33 18

63 44 27

78

94

65 100

129 94

2007
2008
2009
2010
2011
2012
2013
2014

12,370

12,708

797

1,503

23,450 1,853 92

34,683 3,411 150 38,244 208 183 156
38,714 4,811 400 43,925 239 329 551

610

558

450

46,964

51,507

5,872

4,067

396 53,232

55,924

301 388

259350 -346
45,368 2,634 213 48,215 314 189

Total 292,880 26,642 1, 775 321,297 1, 792 1,684 2,564 6,040

Table 1. Final Data Sample by Installation Year and Market Segment

Sample Characteristics

Characteristics of the data sample provide important context for understanding installed price
trends presented in this report, and in most cases correspond reasonably well to the broader market
from which the sample is drawn. Below, we highlight trends associated with three key
characteristics of the data sample: the evolution of system sizes over time, the geographical
distribution among states, and the distribution between customer-owned and TPO systems. Unless
otherwise indicated, the trends refer to the final data sample.

System Size Trends

As shown in Figure 2, residential systems in the data sample have grown steadily in size over the
analysis time frame, rising from a median size of 2.4 kW in 1998 to 6.2 kW in 2014. System sizes
for the large (>500 kw) non-residential class have also risen considerably, with the median system
size surpassing 1,100 kW in 2014. System sizes in this customer segment have become
progressively larger with the growing prevalence of multi-MW rooftop systems and "baby ground-
mount" systems in the 1-5 MW range. The class of smaller non-residential systems <500 kW have
not followed a regular temporal trend. If anything, they've declined somewhat in size over time,
though have generally vacillated between roughly 20 to 30 kW over the past decade. Thus, although
the upper bound for this class of systems is 500 kw, the vast majority of systems in this group is
considerably smaller. This set of systems is thus sometimes referred to in this report as "small" or
"smaller" non-residential systems.
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Figure 2. Median System Size over Time

Geographic Distribution

The data sample includes systems installed across 42 states. As with the broader U.S. PV market,
however, the sample is concentrated in a relatively small number of state markets, though it has
diversified over time. In terms of installed capacity (see Figure 3), California has historically
dominated the sample, though its share has declined considerably in recent years as North Carolina
and Massachusetts have emerged as significant state markets, and as data availability for California
has contracted. Sample capacity additions in 2014 are distributed across California (27%), North
Carolina (18%), Massachusetts (16%), New Jersey (13%), New York (8%), Arizona (7%), and all
other states (12%).3
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Figure 3. Sample Distribution among States (Installed Capacity)

3 By comparison, total U.S. residential and commercial PV capacity additions in 2014, as reported by GTM Research
and SEIA (2015), were distributed across states in the following shares: California (41%), North Carolina (<1%),
Massachusetts (13%), New Jersey (7%), New York (6%), Arizona (6%), and all other states (27%). These state-shares
differ from the sample distribution, due partly to incomplete sample coverage and partly to differences in how the non-
residential and utility-scale sectors are defined. The definitional differences are most acute for North Carolina, where
most of the capacity classified as non-residential in this report is installed on the utility-side of the meter, and therefore
is classified by GTM Research and SEIA (2015) as utility-scale.
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The geographic mix of the data sample varies across customer segments, as shown in Figure 4,
again, mirroring trends within the broader market. For example, California has remained most
dominant within the residential sector, though it constitutes a large share of the non-residential
sample as well. North Carolina's prominence in the data sample, on the other hand, is limited
largely to the class of non-residential systems >500 kw. To a lesser extent, several other states also
tend to be concentrated within particular segments (e.g., Arizona in the residential segment and
New York in the residential and <500 kW non-residential segments). Also worth noting is that the
sample of >500 kW non-residential systems has the least amount of geographic diversity among the
three segments, with almost 90% of 2014 systems concentrated in four states (California, New
Jersey, North Carolina, and Massachusetts), albeit with a fairly even split among those states.
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Figure 4. Sample Distribution among States (Number of Systems)

Distribution between Customer-Owned and TPO Systems

The composition of the data sample reflects the rapid growth of third-party ownership. This is
shown in Figure 5, which includes the integrated TPO systems otherwise excluded from our data
sample, along with the retained TPO and customer-owned systems. Within the residential sample,
the percentage of systems that are TPO increased dramatically from 2007 up until 2012, reaching
roughly 65% of the sample, and remained at that level through 2014.4 The percentage of systems
associated with integrated TPO providers, however, has continued to grow even after 2012, as those
companies have taken over larger shares of the residential market. This growth in the market share
of integrated TPO systems has thus eroded the sample frame, given that those systems are excluded
from the core analysis.

Similar trends also apply to the class of sub-500 kW non-residential systems, with roughly 55%
to 60% of the raw data sample consisting of TPO systems over the past several years, but a growing
share of integrated TPO systems. The trends for large non-residential systems >500 kw, however,
differ in several important respects. First, significant TPO shares extend much further back in time
than for the other two customer segments, but have plateaued at a somewhat lower level. Second,
integrated TPO systems constitute a negligible fraction of the raw sample, thus, relatively few such
systems were screened out of the data sample for the large non-residential segment.

4 The TPO percentage in the raw data sample is consistent with the broader U.S. market, where TPO share of the
residential market, nationally, was 62% in 2012, 67% in 2013, and 72% in 2014 (GTM Research 20l5c).
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Figure 5. Distribution in Preliminary Data Sample between Customer-Owned and TPO Systems

The distribution of system ownership models can vary significantly by state, as shown in Figure

6, which focuses on the residential sample Bom 2006 onward. The figure helps to illustrate, first,
which states may be most impacted by the removal of integrated TPO systems from the final

sample. Of the five states highlighted - the five largest state residential markets in the data sample -

Arizona is clearly the most impacted in this respect, though all are affected to some degree. The

figure also illustrates the relative balance between TPO and customer-owned systems within the

final data sample, following the removal of integrated TPO systems. For California, Arizona, and

New York, the final samples of 2014 residential installations are, roughly speaking, evenly split

between TPO and customer-owned. In contrast, the final sample for Massachusetts is almost

entirely customer-owned, while for New Jersey, it is almost entirely TPO. Outside of these five

states, TPO concentrations are generally lower, but consist primarily of integrated TPO systems,

resulting in a final data sample consisting primarily of customer-owned systems.
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Figure 6. Distribution in Preliminary Data Sample between Customer-Owned and TPO Residential
Systems
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3. Historical Trends in Median Installed Prices

This section presents an overview of long-term historical trends in the installed price of
residential and non-residential PV, focusing throughout on median values derived from the large
underlying data sample. It begins by describing the installed price trajectory over the full historical
period of the data sample (1998-2014), along with preliminary data for the first half of 2015. The
section then discusses a number of the broad drivers for those historical trends, including reductions
in module prices and reductions in non-module costs associated with increasing system sizes,
increasing module efficiencies, and declining state and utility incentives. It then compares median
installed prices for systems installed in 2014 to a variety of other recent benchmarks for the
installed price or cost of PV, and finally compares installed prices between the United States and
other international markets .

Long-Term Installed Price Trends
Figure 7 presents trends in median installed prices from 1998 through 2014, according to the date

of system installation. Over the duration of the available time series data, median installed prices
declined by 6% to 12% per year, on average, depending on the customer segment. Those declines,
however, have not occurred at a steady pace. In particular, installed prices fell until 2005, but then
stagnated through 2009, while surging global demand strained PV supply chains. Starting in 2009,
installed prices resumed their descent and have fallen steeply and steadily since, with average
annual declines of 13% to 18% per year across the three customer segments. As discussed in a later
section, these recent price declines are the result of reductions in global PV module prices, as well
as declines in other hardware costs and "soft" costs. Within the last year of the analysis period, from
2013 to 2014, median installed prices fell by $0.4/W (9%) for residential systems, by $0.4/W (10%)
for non-residential systems _<50() kw, and by $0.7/W (21%) for non-residential systems >500 kw.

* *

O O Q8
s
8" Median Installed Price

* Residential

x Non-Residential $500 kW

--S-Non-Residential >500 kW
9

$12

$10

$8

$6

$4

$2

$0 I I I I I I I I I I I I I I I I

Installation Year

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure 7. Median Installed Price Trends over Time

Notes: See Table I for sample sizes by installation year. Median installed priees are shown only 1f20 or more
observations are available for a given year and customer segment.

Preliminary data for the first half of 2015 (see Figure 8) indicate that installed prices have
continued to decline beyond 2014. The figure is based on data from a subset of PV incentive
programs and states covered elsewhere in this report (including most of the larger state markets).
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2014 (HI) 2014 (H2) 2015 (HI)
n=15,529 n=13,688 n=14,368

2014(H1) 2014(H2) 2015(H1)
n=1,038 n=865 n=704

2014 (H1) 2014 (H2) 2015 (H1 )
n=77 n=78 n=71

Compared to 2014, median installed prices in the first half of 2015 fell by an additional $0.3/W
(8%) for residential systems, $0.5/W (13%) for non-residential systems $500 kw, and $0.2/W (6%)
for non-residential systems >500 kw. Although the data should be considered provisional -- both
because they are drawn from a limited pool of programs and because they may be impacted by
seasonal trends - they suggest that installed price declines in 2015 are on pace to match those
witnessed in recent years. As discussed further in the next section, however, the prospect for
continued price declines in the latter half of 2015 (and beyond) will depend in large measure on
continued declines in solar soft costs.

$5

$4 Median Installed Price
(Az, CA, CT, MA, NJ, NY)

x
$3 o o Q!

g
8 $2

$1 * Residential x Non-Residential S500 kW -e- Non-Residential >500 kW
l

$0

Installation Period

Notes: The figure is based on data from only a subset ofprogramsfrom the larger dataset, and therefore cannot be
directly compared to Figure 7.

Figure 8. Installed Prices for Systems Installed in 2014 and the First Half of 2015

Module and Non-Module Cost Reductions

Over the long-term, installed price reductions reflect a combination of declines in PV module

costs as well as declines in various non-module costs, such as inverters, racldng equipment, and the

wide assortment of soft costs - which include such things as marketing and customer acquisition,

system design, installation labor, pennitting and inspection costs, and installer margins.5 This is
apparent in Figure 9, which focuses on residential systems, and shows the historical trajectory of

module prices along with the aggregate set of non-module costs (calculated as the residual between

the total installed price and the module price index in each year, and therefore including whatever

margin installers receive). Over the entirety of the historical period shown, from 1998 to 2014,

module prices fell by $4.4/W (85%) and implied non-module costs fell by $3.7/W (52%).

Recent years have seen a shift in the relative importance of module and non-module cost
reductions. Following a lengthy period of little price movement, module prices began a steep

descent in 2008, falling by $2.7/W in real 2014 dollars from 2008 to 2012. Over this period, module

price reductions were the dominant driver for the overall decline in installed prices, constituting

roughly 80% of the total drop in installed price of residential systems.6 Since 2012, however,

5 The line between module costs and non-module costs can become somewhat blurred, such as for modules with
integrated racldng and AC modules with micro-inverters.
5 Installed prices have not moved in perfect lock-step with changes in global module prices, and in some years appear to
lag behind movements in module prices. This may reflect differences in time between when installation contracts are
signed and when systems are installed, excess module inventory held by installers, higher-than-normal distributor mark-
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module prices have flattened considerably, but installed prices have continued to fall with the steady
decline in non-module costs. Over the last year of the analysis period, from 2013 to 2014,
residential non-module costs fell by $0.4/W, or 10% year-over-year, more or less continuing the
pace of non-module cost declines since roughly 2009.7

Residential PV
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Figure 9. Installed Price, Module Price Index, and Implied Non-Module Costs over Time for
Residential PV Systems

Notes: The Module Price Index is the US. module price index published by SPVMarket Research (Mints 2015).
Implied Non-Module Costs are calculated as the Total Installed Price minus the Module Price Index, and therefore
include installer profit margin.

Just as non-module costs are diverse, so too are the reasons for their recent declines. In part,
these declines are the result of price reductions for key (non-module) hardware components, the
largest being inverters and racldng equipment. Based on data from GTM Research and SEE
(2015), the annual average cost of inverters and racking for residential PV fell, from 2013 to 2014,
by roughly $0.04/W for systems with string inverters, or by $0.08/W for systems with
microinverters. These hardware price declines constitute roughly 10-20% of the overall reduction in
implied non-module costs from 2013 to 2014.

Non-module cost reductions have also been partly driven by changes in two specific technical
attributes of residential systems: namely, their increasing system size and increasing module
efficiency. As noted earlier in reference to Figure 2, median residential system sizes have grown
substantially over time, enabling reductions in non-module costs-per-Watt by spreading fixed
project costs across a larger base of installed watts. Within the last year of the analysis period, Hom
2013 to 2014, the median size of residential systems grew by 0.3 kw. Based on cost modeling by
Goodrich et al. (2012), this increase in system size corresponds to a roughly $0.04/W decrease in
non-module costs, or 10% of the total drop in implied non-module costs from 2013 to 2014.8

ups, variation in installer purchasing power or module technologies, and the ability of some installers to potentially
retain some portion of module cost reductions as increased margin.
7 Figure 9 suggests that Implied Non-Module Costs spiked in 2009. In fact, this apparent rise is likely just an artifact of
the manner in which non-module costs are calculated and the previously noted lag between module and system prices.
8 Goodrich et al. (2012) model installed prices over a wide range of system sizes. Based on that relationship and on their
underlying module cost assumptions, we estimate the incremental change in non-module costs associated with an
increase in residential system size from the median size in 2013 (5.9 kw) to the median size in 2014 (6.2 kW).
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Au Systems
- - Poly Systems

Increased module efficiencies have helped to drive non-module cost reductions, by reducing
certain project costs that scale with the dimensional area of the array (e.g., the cost of mounting
equipment and associated installation labor). As shown in Figure 10, median module efficiencies
within the data sample rose steadily from 2010 through 2014. Within the last year of the analysis
period, from 2013 to 2014, median module efficiencies increased from 15.5% to l6.0%. Relying
again on the modeled PV cost relationships developed by Goodrich et al. (2012), this increase in
module efficiency equates to a roughly $0.06/W reduction in non-module costs, representing 15%
of the total drop in implied non-module costs over the corresponding period.
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Notes: "All Systems " is based on all residential and non-residential systems in the data sample, regardless of module
technology, while "Poly Systems" is based on only those systems with poly-crystalline modules. the figure is based on
data from 200,930 systems installed over the 2006 to 2014 period, for which module iciencies could be identified.

Figure 10. Module Efficiency Trends over Time within the Project Data Sample

Increased system sizes and module efficiency serve to reduce both hardware and soft costs.
Given the overall drop in non-module costs, however, it is clear that the decline in soft costs is
much greater than what could be attributed to those teclmical factors alone. In particular, recent
years have seen a significant shift of emphasis within the industry and among policymakers toward
developing a wide assortment of strategies for targeting soft costs. Although it is beyond the scope
of this report to evaluate the efficacy of those varied efforts, one might reasonably presume that this
broad and sustained focus has played an important role in driving recent soft cost reductions. Also,
as discussed in the next section, many states have continued to ramp down financial incentives for
PV, applying sustained pressure on installers and others in the supply chain to streamline their
business processes and reducing opportunities for value-based pricing.

Finally, it should be noted that recent reductions in non-module costs have occurred despite
several countervailing cost drivers. First, residential loan products have become more prevalent in
recent years, and origination fees associated with these loans are likely embedded in installed prices
paid by system owners. Although data on the cost of these products is generally not publicly
available, anecdotal sources report origination fees in the range of 5-20% of the loan amount. Based
on the median installed price of residential PV in 2014, this could equate to an additional $0.2/W to
$0.8/W for customer-owned systems financed through such loan products. A second source of
potential upward pressure on installed prices is the increasing penetration of microinverters. Over
the course of 2014, prices for microinverters averaged roughly $0.3/W higher than standard
residential inverters (GTM Research and SEIA 2015), though that cost premium may be offset to
some degree by indirect project cost impacts, as explored later.
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State and Utility Cash Incentives

Financial incentives provided through utility, state, and federal programs have been a driving
force for the PV market in the United States. For residential and non-residential PV, those
incentives have - depending on the particular place and time - included some combination of cash
incentives provided through state and/or utility PV programs (rebates and performance-based
incentives), the federal investment tax credit (ITC), state ITs, revenues from the sale of solar
renewable energy certificates (SRECs), accelerated depreciation, and retail rate net metering.

Focusingsolely on direct cash incentives provided in the form of rebates or performance-based
incentives (PBIs), Figure ll shows how these incentives have declined steadily and significantly
over the past decade across all of the major incentive programs. At their peak, these programs were
providing incentives of $5-7/W (in real 2014 dollars). By 2014, direct cash incentives were largely
phased-out in many key markets - including California, Arizona, and New Jersey - and had
diminished to well below $1/W elsewhere. This continued ratcheting-down of incentives is partly a
response to the steady decline in the installed price of PV and the emergence of other fonts of
financial support (for example, SRECs, as discussed in Text Box 3). In many states, it is also a
deliberate strategy intended to provide a long-term signal to the industry to reduce costs and
improve installation efficiencies. Thus, in some sense, this steady decline in incentives is both a
cause and an effect of the corresponding installed price reductions.

Residential and Non-Residential PV
Median Pre-Tax Rebate or PBI (Present Value)
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Notes: The figure depicts the pre-tax value of rebates and PBIpayments (calculated on a present-value basis) provided
throughstate/utility PV incentive programs, among only those systems that received such incentives. Although not
shown in the figure, a growing portion of the sample received no direct cash incentive. Also note that the data are
organized according to the year of installation, not the year in which incentives were reserved.

Figure 11. State/Utility Rebates and PBIs over Time

From the perspective of the customer-economics of PV, however, one thing is clear: the steady
reduction in cash incentives has offset reductions in installed prices to a significant degree. Among
the five markets profiled in Figure 11, the pre-tax value of cash incentives has declined by $4-7/W
from each market's respective peak. This is equivalent to anywhere from roughly 70% to 120% of
the drop in installed PV prices over the corresponding period of time. Of course, other forms of
financial support have simultaneously become more lucrative over this period of time - for
example, the increase in the federal ITC for residential solar starting in 2009 and the emergence of
SREC markets - and new financing structures have allowed greater monetization of existing tax
benefits. Thus, the customer economics of solar has undoubtedly improved, on balance, over the
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long-term, but the decline in state and utility cash incentives has nevertheless been a significant

counterbalance to falling installed prices.

Comparison of National Installed PriceData to Other Recent US. Benchmarks

Across the full set of systems in the dataset installed in 2014, the median installed price was

$4.3/W for residential systems, $3.9/W for non-residential systems <500 kW in size, and $2.8/W for

non-residential systems >500 kW (as shown previously in Figure 7). Importantly, these median

values represent central tendencies, and considerable spread exists among the data, as will be

illustrated and explained throughout much of the remainder of the report. Related, median installed

prices drawn from the dataset at large are dominated by several high-cost states that constitute a

large fraction of the total U.S. market (and hence the data sample). Later sections will show that
prices in many other states are well below the national medians. Finally, as with any estimate or

benchmark for PV system pricing, the data used in this report have their inherent limitations. Chief
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Eighteen states plus the District of Columbia have enacted renewables portfolio standards with either a
solar or distributed generation set-aside (also known as a "carve-out"), and many of those states have
established solar renewable energy certificate (SREC) markets to facilitate compliance. PV system owners in
these states (and in some cases neighboring states) may sell SRECs generated by their systems, either in
addition to or in lieu of direct cash incentives received from state/utility PV incentive programs. Many solar
set-aside states have transitioned away from standard-offer based incentives, particularly for larger and non-
residential systems, and towards SREC-based incentive mechanisms with SREC prices that vary over time.

Prior to 2011, SREC prices in most major RPS solar set-aside markets ranged from $200 to $400/MWh,
topping $600/MWh in New Jersey (Figure 12). Starting around 2011, SREC supply began to outpace
demand in these markets, leading to a steep drop in SREC pricing. As with the broader decline in solar
incentives, this contraction in SREC pricing served as a source of further downward pressure on installed
prices. Since 2013, that pressure has begun to ease in several states, as SREC prices slowly recover, though
few are predicting a return to the pre-2011 pricing regime.

Text Box 3. SREC Price Trends
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Figure 12. Monthly Average SREC Prices for Current or Nearest Future Compliance Year
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among these are that the data are historical and therefore do not capture more-recent trends, that the

data are self-reported by installers and therefore susceptible to inconsistent reporting practices, and

that the final sample excludes integrated TPO systems (which represent some of the largest U.S.

installers) and has limited coverage in several key markets.

To provide a more-robust snapshot than can be offered by any single source, Figure 13

summarizes a broad, though by no means comprehensive, set of recent PV price and cost

benchmarks, and compares those benchmarks to installed price statistics derived from the LBNL

data sample. These other benchmarks are varied in nature and include modeled PV system prices,

price quotes for prospective PV systems, and average costs reported directly by several major

residential installers. A range is presented in each case, though depending on the particular

benchmark, the data points bounding the range may refer either to average quarterly prices/costs or

to some benchmark-specific values, as described in the detailed notes below the figure. Importantly,

these various PV pricing benchmarks, including the LBNL data, each have their merits and

limitations, and must be applied appropriately.
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Notes: LBNL data are the median and 20"'and80" percentile values among projects installed in 2014. NREL data are
the median and 20'hand80'h percentile ranges from Monte Carlo modeling of US. turnkey pricesfor 5 kW residential
and 200 kW commercial systems, representative of bids issued circa Q4 2013 (Davidson et al. 2014, Feldman et al.
2014). GTM/SEIA data are modeled turnkey pricesfor Q1 and Q42014; residential price isidor 5-10 kW system with
standard crystalline modules installed by company with at least 600 systems per year, while eommercialprice isidor a
300 kW "minimalist "flat-roofsystem, with further details available from the reference source (GYM Research and
SEIA 2015). Lazard data are the range reported in their Sept. 2014 levelized cost of energy analysis (Lazard 2014).
EnergvSage data are the 20'hand80" percentile range among price quotes issued in 2014, calculated by LBNLfrom
data provided by EnergySage. Petersen-Dean data are the minimum and maximum values from a series of online price
quotes for turnkey systems across a range of sizes (3.3 to 8.3 kvl0 and states (AZ, CA, and TX), queried from the
company website by LBNL in May 2015. SolarCity and Vivint data are the companies' reported average costs,
inclusive of general administrative and sales easts, for Q1 and Q4 2014 (SolarCity 2015, Vivint Solar 2015).
SolSystems data are the lowest and highest "developer all-in asking prices " among the company 's monthly Sol
Project Finance Journal reports issued in 2014 (e.g., SolSystems 2014).

Figure 13. Comparison to Other Installed Price or Cost Benchmarks
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Clearly, great variability exists both across and within the benchmark ranges summarized in
Figure 13, reflecting a diversity of data, methods, and definitions. Among the non-LBNL sources
benchmarks for residential PV range from $2.8/W to $4.5/W. The median price of 2014 residential
systems in the LBNL dataset falls within, though is near the upper end of, that broad range, and is
notably higher than several other frequently cited sources. For non-residential systems, the non
LBNL benchmarks span a particularly wide range from $1 .7/W to $4.1/W. The LBNL data for large
non-residential systems >500 kW fall squarely within that broader benchmark range, while the
median price for sub-500 kW non-residential systems is near the upper end (or well above) most of
the other non-residential benchmarks

•

•

Deviations among these benchmarks arise for a number of general reasons, and in many cases
help to explain why median values drawn Bom the LBNL data sample for residential and smaller
non-residential systems are higher than some of the other benchmarks

Timing: The LBNL data in Figure 13 are based on systems installed over die course of 2014. A
number of the other benchmarks cited in the figure are instead based on systems installed in Q4
2014, while others are based on price quotes, which may precede installation by several months
to a year or more (for larger non-residential projects). These differences in timing can be
significant given the rapid pace of cost and price declines within the industry

Price versus cost: The LBNL data represent reported prices paid to installers or project
developers. Several of the other published benchmarks - in particular, the data points drawn
from SolarCity's and Vivint's publicly-available financial reports - represent costs borne by
these companies, which may differ, for a variety of reasons, from the prices ultimately paid by
PV system owners

Value-basedpricing: Benchmarks may reflect developer/installer margins based on some
minimally sustainable level, as may occur in highly competitive markets. In contrast, the market
price data assembled for this report are based on whatever profit margin developers are able to
capture or willing to accept, which may exceed a theoretically competitive level in markets with
high incentives and/or barriers to entry

Location: As noted earlier, statistics derived from the LBNL dataset are dominated by several
high-cost states that constitute a large fraction of the sample (and of the broader U.S. market)
Other benchmarks may instead be representative of lower-cost or lower-priced locations

System size and components: A number of the benchmarks in Figure 13 are based on turkey
project desigrls and prototypical system sizes. The LBNL data instead reflect the specific sizes
and components of projects in the sample. For example, roughly 30% of 2014 systems in the
sample have high efficiency modules, microinverters, or tracing equipment, and most of the
non-residential systems in die <500 kW class are, in fact, smaller than 30 kW

Scope of costs included: The set of cost components embedded in the installed price data
collected for this report undoubtedly varies across projects, and in some cases may include items
such as re-roofing costs or loan origination fees that typically would not be included in other
benchmarks for PV pricing or costs (though, from the customer's perspective, are part of the
price of "going solar")

•

• Installer characteristics: Finally, the LBNL data reflect the characteristics and reporting
conventions of the particular installers in the sample, many of which are relatively small or
regional. Moreover, by virtue of excluding appraised value systems, the LBNL dataset excludes
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several of the largest U.S. residential installers. The other benchmarks in Figure 13 may, in
many cases, be reflective of relatively large and experienced installers.

The above discussion highlights and seeks to explain differences between LBNL's installed price

data and other recent PV price or cost benchmarks. Much of the remaining analysis in this report,

however, will show how these differences may be less significant than they first appear. Later

analyses will show, for example, that pricing in many states and by many installers is well below

the median values (or even below the 20"' percentile values) shown in Figure 13 and aligns well

with even the lowest of the other benchmarks shown. The national median installed prices in Figure

13 therefore should not necessarily be taken as indicative of "typical" pricing in all contexts.

Comparison of ITS. Median Installed Prices to Owner International Markets

Notwithstanding the significant installed price reductions that have already occurred in the

United States, international experience suggests that greater near-term reductions are possible.

Figure 14 compares median installed prices for residential and sub-500 kW non-residential systems

installed in the United States in 2014 to system prices for a number of other major national markets.

To be sure, these data are not perfectly comparable to one another. Perhaps most importantly, U.S.

prices are based on median values, while prices for other countries refer to "turnkey" systems, as

reported by each country in its annual National Survey Report to the International Energy Agency's

Photovoltaic Power Systems Prograrnme.9 Nevertheless, even considering the broader set of U.S.

benchmarks presented in the previous section, the data suggest that U.S. installed prices are high

compared to many other major markets, particularly with respect to Germany, China, and Australia.

$8 40

$6 30

8
E
8 $4 20 8

<9

$2 10

$0 -  0
Germany Japan Italy USA China France Australia

Notes: Installed priee data for all countries other than the US. are based on annual country reports submitted to the
lEA Photovoltaic Power Systems Programme (IEA-PVPS2015). Prices for all countries exclude sales or value-added
tax (VAL). Data for cumulative distributed PV capacity additions are based on REN21 (2015), IEA-PVPS (2015),
EPIA (2014), Shaw (2015).

Figure 14. Comparison of Installed Prices in 2014 across National Markets (Pre-Sales Tax/VAT)

Other than the potential impacts of import duties, modules and other hardware items are

similarly priced across countries. It therefore stands to reason that differences across countries in

total system prices can be attributed primarily to differences in soft costs. Indeed, installer surveys

9 In addition, although limited information is available about underlying data sources, it is reasonable to presume that
some significant differences in data quality may exist across the system prices in each country report.
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in Germany, Australia, and Japan have confirmed that soft costs in those countries, across all major
soft cost elements, are substantially lower than in the United States (Seel et al. 2014, Ardani et al
2012, Friedman et al. 2014, RMI and GTRI 2014). Several time-and-motion studies have further
homed in on installation costs, identifying specific aspects of installation practices in Germany and
Australia that enable lower labor costs in those countries than in the United States (RMI and GTRI
2013, 2014)

At a high-level, differences in soft costs between countries may be attributable partly to
differences in market size, on die theory that larger markets facilitate cost reductions through
learning-by-doing and economies of scale that enable reductions across the broad swath of sort cost
elements. Indeed, as shown in Figure 14, cumulative distributed PV capacity in several of the
lower-priced national PV markets (Germany, Japan, and Italy) is greater than in the United States
That said, China and Australia - also relatively low-priced compared to the United States - have
much smaller distributed PV markets in absolute terms (though China has a larger base of installed
capacity if utility-scale is included, and Australia has a larger distributed PV market on a per-capita
basis). It is therefore clear that other factors, beyond absolute market size, contribute to installed
price differences across countries. These may include things such as differences in: incentive levels
and incentive design, solar industry business models, demographics and customer awareness.
building architecture, systems sizing and design, interconnection standards, labor wages, and
permitting and interconnection processes
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4. Variation in Installed Prices

While the preceding section focused on trends in median installed prices drawn from the dataset
as a whole, this section instead highlights the substantial variability in installed prices and explores
drivers for pricing differences across projects. The section begins by describing the distribution in
installed prices across the dataset as a whole, and how that distribution has evolved over time. It
then examines a series of specific sources of installed pricing differences across projects, including
differences in: system size, state, installer, customer-owned vs. TPO, residential new construction
vs. retrofit, tax-exempt vs. for-profit commercial site hosts, module efficiency, use of microinverters
vs. standard inverters, and rooftop vs. ground-mounted systems with and without tracking.

These comparisons focus primarily on systems installed in 2014, but include time series data in
many cases as well, in order to illustrate whether the observed relationships are consistent over
time. Due to limited availability of certain data elements (e.g., missing data on module models),
these comparisons are, in many cases, drawn from a subset of the data sample. It should also be
noted that the analysis presented here is purely descriptive in nature, and does not control for the
many potential correlations among installed price drivers and other confounding dynamics. Thus the
results should be construed as illustrative, but other methods - such as more-advanced statistical
analyses or bottom-up cost modeling - would be required to develop precise estimates of particular
installed price drivers.

Overall Installed Price Variabililv

Considerable spread exists within the data, as clearly illustrated in Figure 15, which presents
installed price distributions for systems installed in 2014 within each customer segment. Among
residential systems, roughly 20% of systems installed were priced below $3.5/W (the 20"' percentile
value), and 20% were above $5.3/W (80"' percentile), with the remaining 60% of systems
distributed across the wide range in between. Non-residential systems in the sub-500 kW class
exhibit a similar spread, with 20*" and 80"' percentile values of $3. l/w and $4.9/W, respectively.
The installed price distribution for larger >500 kW non-residential systems is somewhat narrower
than for the other two segments, though by no means uniform, with a 20"'-t0-80"' percentile band of
$2.3/W to $3.6/W.

Residential Non-Res. s500 kwDc Non-Res. >500 kWoc
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Figure 15. Installed Price Distributions for Systems Installed in 2014
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Notwithstanding the significant pricing variability that exists among systems installed in 2014
installed price distributions have generally narrowed over time. This can be seen in Figure 16
which shows the range between the 20"' and 80"" percentiles over time, relative to the median
installed price in each year. This narrowing trend was especially pronounced during the early years
(1998 to 2004) of the U.S. residential market. Since then, the percentile spreads have remained
relatively stable, though prices have been slowly - but steadily - converging across all three
customer segments since roughly 2010. This narrowing trend is consistent with a maturing market
characterized by increased competition among installers and vendors and by better-informed
consumers

$6
Percentile Range for Installed Price Distributions

$4
(Vertical axis shows distance from median) Residential

Non-Residential 5500 kW
Non-Residential >500 kW

8$2
80"" Percentile

20"' Percentile
_ _ -'l.-»'-\"»'ul

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Installation Year

Notes: See Table I for sample sizes by installation year. Percentile ranges are shown only if20 or more observations
are available for a given year and customer segment

Figure 16. Installed Price Percentile Ranges over Time

The potential underlying causes for the remaining variability are numerous. These may include
project characteristics (e.g., related to system size, technology type, or configuration) as well as
attributes of individual installers. Installed price variation likely also reflects differences in regional
or local market and regulatory conditions. For example, markets with less competition among
installers, higher incentives, and/or higher electricity rates for net metering may have higher prices
if installers are able to value-price their systems or if overheated demand strains the capacity of the
local supply chain. Variability in prices also likely derives from differences in administrative and
regulatory compliance costs (e.g., permitting and interconnection) as well as differences in labor
wages and taxes. Many of these potential pricing drivers are explored throughout the remainder of
this report. In addition, LBNL and its collaborators are also engaged in a series of separate analyses
using more sophisticated statistical methods, to further understand and isolate the sources of PV
pricing variability (see Text Box 4). Regardless of its causes, however, the fact that such variability
exists underscores the need for caution and specificity when re fening to the installed price of PV, as
clearly there is no single "price" that uniformly and without qualification characterizes the U.S
market, or even particular market segments, as a whole
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Installed Price Dwerences by System Size

Larger PV installations benefit from economies of scale by spreading fixed project and overhead
costs over a larger number of installed watts and, depending on the installer, through price
reductions on volume purchases of materials. These scale economies are evident in preceding
figures that show higher installed prices for residential systems than for non-residential systems
They also arise, to varying degrees, among both residential and non-residential systems
contributing to the overall pricing variability within each customer segment

Among residential systems installed in 2014 (Figure 17), economies of scale are most apparent
widiin the range of 2 kW to 10 kw, where the vast majority of residential systems reside. Across
this range, median prices are roughly 15% lower for systems 8-10 kW in size ($4.0/W, compared
to 2-4 kW systems ($4.7/W). The relatively low median price for systems S2 kW is associated with
the high proportion of those systems installed in new construction - which are relatively low-priced
as will be shown later. Beyond 10 kw, further price declines taper off for residential systems
suggesting strongly diminishing returns to scale. Table B-2 in the appendix presents time series data
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for residential system installed prices by system size, and shows generally consistent trends to those
observed in Figure 17

For non-residential systems (Figure 18), economies of scale are substantial across the broad
range of system sizes. Among systems installed in 2014, median installed prices were 36% lower
for the largest class of non-residential systems >l,000 kW in size ($2.7/W) than for the smallest
non-residential systems 510 kW ($4.2/w).10 Of course, even greater scale effects may arise when
moving from large non-residential systems to utility-scale, though the latter are not covered in this
report. See Table B-3 in the appendix for time series data on non-residential pricing by system size

Residential Systems Installed in 2014
Median Installed Price and 20"V80'h Percentiles

T

SO kW
n=1 ,784
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n=7,389
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n=12,826
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8-10 kW
n=6.842

10-12 kW
n=3.151

12-14 kW
n=1 .438

14-16 kW 16-18 kW 18-20 kW >20 kW

System Size Range (kWD€)
Figilre 17. Installed Price of 2014 Residential Systems by Size
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s10kw 10-20 kW 20-50 kW 50-100 kW 100-250 kW 250-500 kW 500-1000 kW >1000 kW
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Figure 18. Installed Price of 2014 Non-Residential Systems by Size

I n s t a l l e d  P r i c e Dw eren ces across Sta tes

The U.S. PV market is fragmented into regional, state, and local markets, each with potentially
unique pricing dynamics. Figure 19 and Figure 20 focus, in particular, on state-level differences for
systems installed in 2014 (see Table B-4 in the Appendix for time series data by state). Although
the specific prices shown for some individual states should be interpreted with caution - either

Economies of scale for non-residential systems appear to become much more pronounced at system sizes beyond 500
kw. Although that may partially be true, the effect is exaggerated in the graphic due to the irregular size groupings
(with much wider size bins required for large non-residential systems in order to capture a sufficient sample size)
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Among residential systems installed in 2014, median installed prices range from a low of $3.4/W
in Delaware and Texas to a high of $4.8/W in New York. Pricing for non-residential systems 5500
kW similarly varies across a wide range, from $2.9/W in Texas and Nevada to $4. l/w in California
and Massachusetts. For both of these customer segments, three of the largest state markets -
California, Massachusetts, and New York - are relatively high-priced, which naturally tends to pull
overall U.S. median prices upward (also shown in the figures). Pricing in most states, however, is
below - in some states, far below - the aggregate national level. For larger non-residential
systems>500 kW in size, the cross-state comparisons are somewhat less telling, given the limited
set of states for which sufficient data are available. Nevertheless, even among this small set, median
installed prices range from $2.6/W in Massachusetts to $3, 1/W in California.

because of small sample sizes or because of potentially irregular reporting by particular installers -
the figures nevertheless serve to illustrate the significant variability in pricing both across and

within states.

Figure 19. Installed Price of 2014 Residential PV Systems by State
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Figure 20. Installed Price of 2014 Non-Residential PV Systems by State
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The potential reasons for cross-state pricing differences are numerous, many of which have been

explored through the research highlighted in Text Box 4. All else being equal, one would expect

larger or more mature state markets to have lower prices, as a result of greater competition and

experience among installers. Clearly, though, other countervailing factors can predominate, given

the trends noted above. For example, higher incentives and/or higher electricity rates - often a key

driver behind large state markets - may lead to higher pricing. This could reflect value-based

pricing, though it may also simply be the result of the fact that rich incentives increase demand for

solar, and higher demand for solar (as for any product) leads to higher prices in the short-run.

Installed prices may also vary across states as a result of differences in labor costs, permitting and

administrative processes, or sales tax. For example, differing sales tax rates and the fact that roughly

half of the states shown in the figures exempt PV systems from state sales tax can lead to installed

price differences of as much as $0.2/W between states with relatively high sales tax and those that

exempt PV systems from sales tax (or that do not have state sales taxes). 11

State-level price variation can also arise from differences in the characteristics of systems

installed in each state, such as typical system size and configuration, as well as differences in the

composition of the PV customer base and installer base. For example, a high percentage of systems

in California have premium-efficiency modules, which, as shown later, are priced substantially

higher than systems with mid-range module efficiencies. Also in California, a large fraction of non-

residential systems are at government, school, or non-profit facilities, which also tend to have high

installed prices relative to systems at for-profit commercial facilities. This contrasts with North

Carolina, for example, where non-residential systems consist primarily of relatively large

commercial, ground-mounted systems.

Notwithstanding the significant cross-state differences, substantial pricing variation also clearly
exists within each state, and for many states is at least as wide as the cross-state differences. This
intra-state pricing variability reflects many of the same factors that contribute to pricing variability
across states, as discussed above. Some of these pricing drivers, such as differences in permitting
processes or installer experience, may manifest at more localized geographical scales than the
individual state. To some extent, intra-state pricing variability may also reflect anomalous price
reporting by individual installers in a state, for example, the exceptionally wide distribution for
residential systems in Maryland is associated with a single installer with exceptionally high prices.

Installed Price Dwerenees between Custom et-Owned and TPO Systems

As described previously in Text Box 2, systems financed and installed by integrated TPO

providers are excluded from the analysis, while those financed by non-integrated TPO providers are

retained. 12 Installed prices reported for retained TPO systems represent the price paid to the

installation contractor by the customer finance provider. In principle, these prices might be either

lower or higher than for similar customer-owned systems. For example, installers selling systems to

TPO providers may face incremental costs associated with arranging financing, which would tend

to elevate reported system prices. On the other hand, for some TPO projects, the customer

acquisition and project development functions may be performed by entities other than the installer,

in which case the reported price might reflect pure "wrench-work". One might also anticipate that

11 Most, if not all, residential and non-residential PV systems are exempt from state sales tax in AZ, CO, CT, DE, FL,
MA, MD, MN, NJ, NM, NY, RI, VT, WA, and WI (DSIRE 2015). Two other states, TN and UT, also have sales tax
exemptions, though they apply to a much more limited set of PV systems.
12 For reference, installed prices reported by integrated TPO providers, which are otherwise excluded from figures in
this report, are summarized in Appendix A and compared to installed prices reported for non-integrated TPO systems.
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TPO finance providers have significant negotiating power with installation contractors, or have a

preference towards relatively standardized system designs, also tending to push pricing lower

compared to customer-owned systems

At an aggregate national level, differences in installed prices between non-integrated TPO and

customer-owned systems have generally been small. As shown in Figure 21, TPO systems in 2014

were modestly higher-priced within the residential and sub-500 kW non-residential segments (by

$0.2/W and $0.3/W respectively), but somewhat lower-priced for non-residential systems >500 kW

(by $0.2/W). In years prior to 2014, pricing differences between TPO and customer-owned systems

were also generally small, though the direction of that differential has inverted over time. In

particular, Figure 21 shows that, among the residential and smaller non-residential segments, TPO

systems in 2010 and2011 had slightly lower median prices than customer-owned systems, but those

median prices declined more slowly over time than for customer-owned systems. This might reflect

any number of factors, for example, a relatively rapid expansion of TP() into higher-priced markets

and/or increased demand and prices in markets driven by the entry of TPO. Regardless, the absolute

differences between TPO and customer-owned systems have remained relatively small, suggesting

that the growth of TPO business models seemingly has not had a sizable effect on aggregate

national installed price trends

Median Installed Price and 20"'I80*h Percentiles

TPO Customer-Owned

8
3Q
3
N

$6

2010 2011 2012 2013 201412010 2011 2012 2013 201412010 2011 2012 2013 2014

Residential Non-Residentials500 kW Non-Residential >500 kW

Notes: t11e values shown hereford TPO systems are based on systems financed by non-integrated TPO providers, for
which installed price data represent the sale price between the installation contractor and customerfinanee provider

Figure 21. Installed Prices Reported for Customer-Owned vs. TPO Systems over Time

Within individual states, however, differences in installed prices between TPO and customer
owned systems have in some cases been sizeable. This can be seen in Figure 22 which focuses on
residential systems installed in 2014. Out of the nine states shown, TPO systems were substantially
lower-priced than customer-owned systems in Arizona, Colorado, and Massachusetts, but were
higher-priced in New York, and roughly similar in all other states. These trends might reflect real
differences in TPO business practices across states - e.g., a greater prevalence of installation-only
transactions in certain markets. That said, the small sample sizes and potentially idiosyncratic
pricing behavior of individual installers in particular states warrants some caution in attributing too
much significance to these comparisons. Whatever their cause, though, the trends in Figure 22 do
suggest that the growth of TPO has potentially impacted installed price trends in some states, and is
another contributor to observed cross-state pricing differences
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Residential Systems Installed in 2014
Median Installed Price and 20'h/80"' Percentiles
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Figure 22. Installed Prices Reported for Customer-Owned vs. TPO Residential Systems by State

I n s t a l l e d  P r i c e  D w e r e n e e s  a c r o s s  I n s t a l l e r s

The U.S. PV market is serviced by a large number of installers of varying size, experience, and
business models. Although the residential market, in particular, has become increasingly dominated
by several large national companies, a great many smaller regional players and "mom-and-pop
shops continue to operate throughout the country. The data sample assembled for this report
includes more than 2.000 com antes that installed PV systems in 2014, most of which were active
only in the residential sector Because of the removal of integrated TPO systems, the sample is
considerably less concentrated than the broader market. For example, among the 2014 residential
systems in the sample, the highest installer-share is 6%, and the top 5 installers comprise 16% of
systems - compared to 34% and 54%, respectively, for the U.S. residential market as a whole in
2014 (GTM Research 2015b)

In order to illustrate how installed pricing may vary across installers, Figure 23 shows median
prices for individual installers in four of the largest state markets, focusing on residential systems
installed in 2014. In each of these four states, installer-level median prices differ by anywhere from
$1.1/W to $1 .4/W between the upper and lower 20"' percentiles of installers, demonstrating
substantial heterogeneity in pricing across installers. Related, the figure serves to highlight "low
price leaders" that provide a benchmark for what may be achievable in terms of near-term installed
price reductions within the broader market. In Arizona, for example, 20% of installers have median
prices below $3.0/W - compared to $3.6/W for all 2014 residential systems in Arizona and $4.3/W
nationally. At the other end of the spectrum, of course, are the high-priced installers. In some cases,
these may be companies that specialize in "premium" systems of some foot, or that include in their
reported prices additional items beyond what might be typically counted as part of the PV system

The spelling of installer names often varies within the raw data received from program administrators. As part of the
data cleaning, we attempt to standardize these spellings, though this process is undoubtedly imperfect and thus the
actual number of unique installers within the data sample will be somewhat lower than the number cited here
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Figure 23. Median Installed Prices by Installer for Residential Systems in 2014

One might also anticipate that installer-level pricing varies according to the size of the company,

and in particular, that larger installers may be able to offer lower pricing due to economies of scale

within their business operations and greater levels of efficiency that arise through their accumulated

experience. The data, however, do not necessarily bear this out. Figure 24 presents installed prices

for residential systems installed in 2014, segmented according to the number of systems that the

corresponding installer completed in 2014 within the specified state. In both Arizona and New

Jersey, there is virtually no discernable difference in median prices across the installer volume

ranges. In California and Massachusetts, the relationship that does emerge is rather irregular, with
relatively low prices for small installers and the highest prices for mid-sized installers.

$8
Residential Systems Installed in 2014

Median Installed Price and 20'h/80"' Percentile fin-state residential systems completed in 2014.
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Figure 24. Installed Prices According to Installer Volume by State
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It is conceivable, of course, that scale advantages do exist but are simply washed out by the
greater variability in the dataset, or that they materialize over geographical scales other than the
state-level (either more locally or within broader regions). It is also possible that the scale
advantages of high-volume installers are offset by other competing dynamics. For example, large
installers may have relatively high customer acquisition costs and other business operation costs
associated with aggressive growth. It is also conceivable drat l1igh-volume installers (or, for that
matter, smaller installers with a dominant presence in particular locations) may enjoy a certain
degree of market power, permitting higher pricing. These competing hypotheses have, to varying
degrees, been substantiated in Gillingham et al. (2015) and are a subject of continuing investigation
by Berkeley Lab and its collaborators in the study series referenced in Text Box 4.

Installed Price Dwerenees between Residential New Construction and Retro/its

Residential solar markets in some states include a sizeable contingent of systems installed in new
construction. Within the data sample assembled for this report, roughly 17% of all residential
systems installed in California in 2014 were new construction - though, to be clear, the actual
market share of new construction in California is much smaller, given the erosion of the residential
retrofit sample for California and the exclusion of integrated TPO systems. The following analysis
focuses specifically on California, as the vast majority of all residential new construction systems
identifiable within the overall dataset are in that state, but may apply to other states as well. 14

Residential systems installed in new construction differ from retrofit systems in several
important ways relevant to any comparison of installed prices. First, new construction systems tend
to be quite small. This is shown in the left-hand panel of Figure 25, which compares median system
sizes for residential retrofit and new construction systems in California. Among systems installed in
2014, residential new construction systems had a median size o f just 2.2 kw, compared to 6.1 kW
for retrofits. Second, new construction systems have a much higher incidence of mono-crystalline
modules and, in earlier years, building integrated PV (BIPV). This is shown in the right-hand panel
of the figure, where almost 90% of new construction systems in 2014 had premium-efficiency or
BIPV modules, compared to roughly 40% for retrofit systems in California. These two differences -
smaller systems and higher incidence of premium or BIPV modules - would generally be expected
to boost the installed price-per-watt of new construction systems relative to retrofits.

California Residential Systems
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Figure 25. Key Characteristics of Residential Retrofit vs. New Construction 'm California

14 Data from most other states did identify residential systems as either retrofit or new construction.
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Aside from those technical differences are several other inherent features of new construction
systems that may have implications for their installed price. First and foremost, perhaps, is that most
new construction systems (in California, at leélst) are installed in new housing developments with
multiple solar homes, and may therefore benefit from scale economies and bulk purchasing that
reduce unit costs. New construction systems may also benefit from economies of scope, where
certain labor or materials costs can be shared between PV installations and other elements of home
construction. Conversely, some installers have reported more complex scheduling and logistics for
new construction that might conceivably boost costs. Clearly, there are a variety of countervailing
factors that could steer installed prices for new construction either higher or lower relative to
systems on existing homes.

In order to reveal how these competing dynamics play out, Figure 26 compares the installed
price of PV systems in residential retrofit and new construction in California. The left-hand half of
the figure compares the two classes of systems, irrespective of key differences in their technical
characteristics. As shown, new construction systems have consistently (with the exception of 2010)
been lower-priced than retrofit systems, with a differential of roughly $0.7/W in 2014, despite the
smaller size and higher incidence of premium efficiency modules among new construction systems
To the extent that California's market includes a larger share of new construction systems than
elsewhere, this also suggests that the state might appear even higher-priced relative to others, were
it not for the large number of new construction systems.

In order to better control for the differing technical characteristics between new construction and
retrofit systems, the right-hand side of Figure 26 focuses solely on 1-4 kw, rack-mounted (i.e., non
BIPV) systems with mono-crystalline modules. Not surprisingly, the cost advantages of new
construction appear even greater in this comparison. Among systems installed in 2014, for example
the median price of systems installed in new construction was $1 .4/W below similarly sized and
configured residential retrofit systems. These trends therefore suggest that the economies of scope
and scale with large developments of new solar homes may indeed offer quite substantial savings on
PV system pricing.

California Residential Systems
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Figure 26. Installed Price of Residential Retrofit vs. New Construction in California

Notwithstanding the consistency of the trends exhibited in Figure 26, some degree of caution is
warranted, given potential complications or ambiguities in how installed price data may be reported
for new construction systems. For example, to the extent that certain costs are shared between the
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PV installation and other aspects of home construction (e.g., roofing and electrical work), there may
be some discretion on the part of those reporting data in terms of how those costs are allocated to
the PV system. It is also common practice for identical installed prices to be reported for all PV
systems within an individual development, consistent with the manner in which those systems are
procured by the housing developer, which partly explains the greater uniformity of pricing observed
among new construction systems

Installed Price Dwerenees between Tax-Exempt Custom et Sites and For-Profi

Commercial Sites

The non-residential solar sector is highly diverse in terms of the composition of the underlying
customer base, including not only for-profit commercial entities, but also a sizeable contingent of
systems installed at schools, government buildings, religious organizations, and non-profits. That
latter set we collectively refer to as "tax-exempt" site hosts. In 2014, systems at tax-exempt
customer sites comprised about 10% of the sub-500 kW non-residential systems and 30% of the
>500 kW non-residential systems - based on the sub-set of the sample for which data on type of site
host could be obtained

Installed prices for systems at tax-exempt customer sites are consistently higher than at for-profit
commercial facilities. This is evident in Figure 27, which compares installed prices for these two
sub-sectors over time. In 2014, systems at tax-exempt customer sites were roughly $0.3/W higher-
priced within the sub-500 kW non-residential segment, and $0.6/VV higher among >500 kW non-
residential systems. Similar or larger price differentials also exist in prior years. In addition to
higher median values, installed prices also tend to be more varied at tax-exempt customer sites
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Figure 27.

Non-Residential s500 kW

Installed Price Variation across Host Customer Sectors

These trends potentially reflect a number of underlying sources of higher costs or prices at tax-
exempt customer sites, including prevailing wage/union labor requirements, preferences for
domestically manufactured components, a high incidence of shade and parldng structure PV arrays,
additional permitting requirements, more complex government procurement processes, and different
incentives. Tax-exempt customers may also have less negotiating power than their for-profit
commercial counterparts. And finally, systems at tax-exempt customer sites are also

s
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disproportionately located in relatively high-priced states - specifically, two-thirds of 2014 systems
are in California -. which also contributes to their higher prices relative to commercial systems

Installed Price Dwerenees by Module Eficleney

The conversion efficiency of commercially available PV modules varies considerably, from less
than 13% for amorphous silicon and certain other types of thin-film modules to 20% or more for
high-perfonnance mono-crystalline silicon modules. Within the data sample for this report, the
distribution of module efficiencies has a distinctly "bi-modal" shape (see Figure 28). Among
residential systems installed in 2014, most have module efficiencies between 15.0% and 16.5%
characteristic of current poly-crystalline silicon module technology, though high-efficiency modules
also comprise a sizable share (27% of the 2014 residential sample of systems had module
efficiencies greater than lb%). The distributions for non-residential systems exhibit similar trends

Residential Non-Res. S500 kW Non-Res. >500 kW

17% 19% 21% 13°/< 21% 13% 15% 17% 19% 21%
Module Efficiency

Notes: Module efficiencies were identu'ied or estimatedfor the roughly 70% ofsystems in the2014samplefor which
data on module manufacturer and model were available

Figure 28. Module Efficiency Distributions for Systems Installed in 2014

Module efficiency impacts the installed price of PV systems in countervailing ways. On the one
hand, increased module efficiency reduces area-related balance-of-systems (BOS) costs. Cost
modeling by Goodrich et al. (2012) estimate that, for example, an increase in module efficiency
from 15% to 16% would reduce residential BOS costs by roughly $0. l/W. On the other hand, high
efficiency modules are typically more expensive than standard efficiency modules. In 2014, for
example, global average selling prices (ASPs) were roughly $0.3/W higher for mono-crystalline
than for poly-crystalline modules (Mints 2014), though pricing for both classes of module
technology can vary considerably by manufacturer and module wattage

To examine the net effect of these opposing cost drivers, Figure 29 compares installed prices
according to module efficiency for systems installed in 2014. The figure focuses only on residential
and sub-500 kW non-residential systems, and distinguishes between systems with module
efficiencies less than 18% (primarily poly-crystalline modules) and those with module efficiencies

Alternatively, one might reason that installed prices are higher in California because of the prevalence of tax-exempt
systems. Both are true, however the fact that installed prices for residential and commercial systems in California are
also relatively high-priced suggests that other causes are also at play, beyond the high incidence of PV systems at tax
exempt customer sites
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greater than 18% (primarily mono-crystalline modules). As shown, systems with high-efficiency

modules have consistently been higher-priced than those with lower- or mid-range module

efficiencies. In 2014, for example, the median differential was roughly $0.8/W within both the

residential and non-residential segments, and was of generally similar magnitude in prior years

Among other things, the trends exhibited in Figure 29 suggest that the price premium for high

efficiency modules generally has outweighed the corresponding reduction in BOS costs. To be

clear, that implication applies to the specific mix of modules and systems represented within the

data sample, and does not necessarily extend generically to a comparison between systems with

poly- and mono-crystalline modules. Indeed, the installed price premium for systems with high

efficiency modules is substantially larger than the global ASP premium for mono-crystalline over
poly-crystalline modules, implying that high-efficiency systems in the data sample may have even

higher priced modules, or may differ in others ways (e.g., greater prevalence of tracking systems or

more complex, space-constrained installations) compared to the lower-efficiency PV systems in the

data sample
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Figure 29. Installed Price Differences Based on Module Efficiency
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Microinverters have made significant gains in market share in recent years, as suggested by their

steadily increasing share within the data sample (see Figure 30). That growth has been most

pronounced within the residential sector, though has also been significant among sub-500 kW non

residential systems. Penetration among larger non-residential systems, by comparison, has remained

rather limited. Note that the figure shows microinverter penetration levels within both the final data

sample, as well as the preliminary sample that includes integrated TPO systems. The latter is

perhaps more representative of the broader U.S. market, and suggests that microinverters may be

slightly over-represented within our final data sample for residential systems

The increased adoption of microinverters has been driven by their performance advantages

relative to standard central or string inverters. 16 Microinverters typically sell at a premium relative

Deline et al. (2012) estimate 4-12% greater annual energy production from systems with microinverters. Such
performance gains are associated primarily with the ability to control the operation of each panel independently, thereby
eliminating losses that would otherwise occur on panels in a string when the output of a subset of panels is
compromised (e.g., due to shading or orientation) or when mismatch exists among modules in the string

Traeldng the Sun VIII



2010
n=4111 ,
23544

2014
n=12316,
20984

2013
n=14368
29175

2012
n=1118&
30197

2011
n=8010,
24548

Residential

2013
n=498,
2304

2014
n=395,
1654

2012
n=7917
3602

2010
n=94,
2051

2011
n=284,
3014

Non-Re9denHaI s500kvv

to standard inverters, with a difference in component pricing of roughly $0.28/W for residential
inverters in 2014, and $0.36/W for commercial inverters (GTM Research and SEIA 2015). All else
being equal, this would tend to increase installed prices for systems with microinverters, and
dampen installed price reductions over time with the rising penetration of microinverters. However,
aside from their direct impact on inverter costs, microinverters may have indirect impacts on other
non-inverter balance of system (BOS) and soft costs, for example on installation labor, system
design, and electrical costs, and thus the net impact of microinverters on overall system-level
installed prices may either be larger or smaller than the difference in component pricing.
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Figure 30. Microinverter Penetration within the Data Sample
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Figure 31. Installed Price Differences between Systems with Microinverters and Standard Inverters

Ultimately, the levelized cost of electricity (LCOE) is the most meaningful metric for comparing
the cost of systems with microinverters and those with standard inverters, however, the up-Hont
installed price is one key driver for that broader cost comparison. In order to discern how
microinverters impact up-front installed prices, Figure 31 compares reported installed prices for
systems with microinverters and those with standard inverters. The figure focuses on residential and
sub-500 kW non-residential systems, as those are the segments for which microinverter adoption
has been most significant. As shown, installed price differences between systems with
microinverters and standard inverters have generally been small, and have also varied in both
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magnitude and direction over time. Among residential systems, median installed prices for systems
with microinverters were lower than for systems with standard inverters in 2014, however, the
opposite was true for sub-500 kW non-residential systems, and for residential systems in some
earlier years.

One must be cautious about ascribing too much precision to the comparisons shown here. That
said, the fact that differences in median installed prices are generally less than the component price
premium for microinverters does loosely suggest that they offer some offsetting reduction to non-
inverter BOS and soft costs. Moreover, it is conceivable that installers tend to choose microinverters
for more-complex installations (e.g., systems on multiple roof planes), especially for small systems
where space constraints are binding. To the extent that this is the case, microinverters might provide
greater savings on non-inverter BOS and soft costs than suggested by Figure 3 l .

Installed Price Dwereneesfor Systems with Tracking vs. Fbced- Tilt

Unlike residential and smaller sub-500 kW non-residential systems, which are almost entirely
roof-mounted, a sizeable fraction of large >500 kW non-residential systems are ground-mounted
arrays, often with tracking equipment. For example, among the large non-residential systems within
the data sample installed in 2014, almost 70% were ground-mounted, and 20% had tracking
(primarily single-axis). Thus, many of what are referred to within this report as large non-residential
systems might elsewhere be classified as small utility-scale systems (see Text Box l).

Not surprisingly, these differences in system configuration can impact installed prices, as shown
in Figure 32, which focuses on non-residential systems >500 kW and is drawn from the (relatively
small) sub-sample of systems for which data on mounting location and use of tracing equipment
were available. 17 As one would expect, installed prices are consistently higher for systems with
tracking than for others. In 2014, for example, the median installed price of systems with tracing
was $0.4/W (15%) higher than for fixed-tilt, ground-mounted systems and $0.5/W (19%) higher
than for roof-mounted projects.
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Figure 32. Installed Price of Large Non-Residential Systems by Mounting Configuration over Time

17 Information on mounting location and use of tracking equipment was available for roughly 40% of large non-
residential systems in the data sample installed in 2014.
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To be sure, the size of these differentials varies irregularly from year-to-year, reflecting the small
underlying data sample and abundance of other competing cost-drivers, thus, the figure does not
necessarily provide an accurate measurement of the incremental cost of tracing equipment, per se.
As one point of comparison, earlier cost modeling by Goodrich et al. (2012) estimated a $0.6/W
premium for tracing equipment in utility-scale applications, though that estimate applied to
systems quoted in 2010 and thus does not capture any intervening drop in tracing equipment costs.

It is also important to stress that the purpose of tracking equipment is to increase electricity
production, Drury et al. (2013) estimate that systems with single-axis tracing generate 12% to 25%
more electricity than fixed-tilt systems. The relevant metric of comparison between systems with
and without tracing is therefore the levelized cost of electricity (LCOE). The fact that the
perfonnance gain associated with tracking equipment is similar in magnitude to the difference in
median installed price in 2014 illustrates (loosely) how the additional up-front cost of tracing
equipment can be offset by performance gains.
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5. Conclusions

The number of PV systems installed in the United States has grown at a rapid pace in recent
years, driven in large measure by government incentives. Given the relatively high historical cost of
PV, a key goal of these policies has been to encourage cost reductions over time through increased
deployment. Key research and development efforts to drive cost reductions have also been led by
the U.S. DOE's SunSpot Initiative, which aims to reduce the cost of PV-generated electricity by
about 75% between 2010 and 2020.

Available evidence confirms that the installed price of PV systems (i.e., the up-front cost borne
by the PV system owner, prior to any incentives) has declined substantially since 1998, though both
the pace and source of those cost reductions have varied over time. Following a period of relatively
steady and sizeable declines, installed price reductions began to stall around 2005, as the supply-
chain and delivery infrastructure struggled to keep pace with rapidly expanding global demand.
Beginning in 2008, however, global module prices began a steep downward trajectory, and diode
module price reductions were the driving force behind the decline in total system prices for PV
from 2008 through 2012. Since 2012, however, module prices have remained relatively flat (or risen
slightly), yet installed prices have continued to fall as a result of a steady decline in non-module
costs. Given die limits to further reductions in module prices, continued reductions in non-module
costs will be essential to driving further deep reductions in installed prices.

Unlike module prices, which are primarily established through global markets, non-module costs
consist of a variety of soft costs that may be more readily affected by local policies - including
deployment programs aimed at increasing demand (and thereby increasing competition and
efficiency among installers) as well as more-targeted efforts, such as training and education
programs. The heightened focus on cost reductions within die solar industry and among
policymakers, and recognition of the importance of soft costs for achieving further price reductions,
has spurred a flurry of initiatives and activity in recent years, aimed at driving reductions in solar
soft costs. The fact that installed prices fell substantially in 2013 and 2014 and continued to fall
through the first half of 2015 - despite level or slightly rising module prices - suggests that these
efforts have begun to bear fruit.

Nevertheless, lower installed prices in other major international markets, as well as the wide
diversity of observed prices within the United States, suggest that broader soft cost reductions are
possible. Although such cost reductions may accompany increased market scale, it is also evident
that market size alone is insufficient to fully capture potential near-term cost reductions - as
suggested by the fact that many of the U.S. states with the lowest installed prices are relatively
small PV markets. Achieving deep reductions in soft cost thus likely requires a broad mix of
strategies, including: incentive policy designs that provide a stable and straightforward value
proposition to foster efficiency and competition within the delivery infrastructure, targeted policies
aimed at specific soft costs (for example, permitting and interconnection), and basic and applied
research and development.
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Appendix A: Data Cleaning, Coding, and Standardization

To the extent possible, this report presents data as provided directly by PV incentive program administrators
and other data sources, however, several steps were taken to clean and standardize the data

Conversion to 2014 Real Dollars: Installed price and incentive data are expressed throughout this report in
real 2014 dollars (2014$). Data provided by PV program administrators in nominal dollars were converted
to 2014$ using the "Monthly Consumer Price Index for All Urban Consumers," published by the U.S
Bureau of Labor Statistics

Conversion of Capacity Data to Direct Current (DC) Watts at Standard Test Conditions (DC-STC)
Throughout this report, all capacity and dollars-per-watt ($/W) data are expressed using DC-STC capacity
ratings. Most PV incentive programs directly provided data in units of DC-STC, however, several provided
capacity data only in terms of the California Energy Commission Alternating Current (CEC-AC) rating
convention, which represents peak AC power output at PVUSA Test Conditions (PTC). DC-STC capacity
ratings in these cases were calculated based on information provided about the module model (from which
DC ratings could be obtained from manufacturer spec sheets) and module quantity. If this approach was not
feasible for any reason, DC capacity was estimated based on an assumed conversion between W

CEC_A¢, derived from other similar systems

Incorporation of Data on Module and Inverter Characteristics.The raw data provided by PV incentive
program administrators generally included module and inverter manufacturer and model names. We cross
referenced that information against various databases of PV component specification data (primarily
SolarHub") to characterize the module technology efficiency, module technology (e.g., mono-crystalline vs
poly-crystalline, building-integrated PV vs. rack-mounted systems), and inverter technology (microinverter
vs. standard central or string inverter

Identification of Customer Segment: Almost all programs provided some explicit segmentation of host
customers. at least into residential and non-residential customers. In the rare cases where even this minimal
level of segmentation was not provided, systems less than or equal to 20 kW in size were assumed to be
residential, and those larger than 20 kW were assumed to be non-residential. The choice of this threshold was
based on an inspection of data where customer segmentation was available, and is roughly the value that
minimizes the error in these assignments to customer segments

Identification of Customer-Owned vs. TPO Systems: Most programs explicitly identify the ownership
type of each system as either customer-owned or TPO. Where such data were not provided, however
inferences were made wherever possible. First, systems were assumed to be customer-owned if: (a) installed
in a state where TPO was not allowed at the time of installation, (b) installed in a state where TPO is
technically allowed but actual market activity is known to be quite low, or (c) the PV incentive program
providing data is not available to TPO systems. Next, any remaining systems with unknown ownership type
were assumed to be TPO if installed by companies known to be providers almost exclusively of TPO
systems, including: SolarCity, Sungevity, Vivint, Sur Run, and Roof Diagnostics & Solar

Identification and Removal of Integrated TPO Systems: A total of 75,126 integrated TPO systems were
removed from the data sample, on the grounds that the installed prices reported for these systems represent
appraised values. 111 the vast majority of cases, integrated TPO systems were identified simply based on the
reported installer name and system ownership type. Specifically, all TPO systems installed by these
companies were flagged as integrated TPO and removed from the data set: So1arCity, Sungevity, or Vivant
(Host customer-owned systems installed by those entities, however, were retained within the sample)

Hp1//Rp.bls.gov/pub/special.requests/cpi/cpiai.txt
http://www.solarhub.com/
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If information on installer name was not available, appraised-value systems were identified using a "price
clustering" approach. The logic for the price clustering approach is founded on the observation that systems
installed by integrated TPO providers are typically clustered with an identical price reported for a large group
of systems (which may reflect, for example, the average per-kW assessed fair market value of a bundle of
systems sold to tax equity investors). The first step in the price clustering analysis was to identify the price
clusters among the systems explicitly identified within the dataset as being TPO and installed by an
integrated TPO provider. Then, among the set of systems for which data on installer name was unavailable
systems were identified as appraised value if they fell within any of those price clusters (provided that the
system was not also identified as host customer-owned). The price clustering analysis resulted in 2,279
systems being identified as integrated TPO systems (out of the aforementioned total) and removed from the
data sample

For reference, Figure 33 compares the reported installed prices for these integrated TPO systems to prices for
other, non-integrated TPO systems that are retained in the data sample. For simplicity, the figure focuses on
residential systems installed over the past five years. As shown, through 201 l, installed prices reported for
integrated TPO systems were dramatically higher than for non-integrated TPO systems. For many integrated
TPO systems, the appraised values used as the basis for reported installed prices were an assessed "fair
market value", which is often based on a discounted cash flow from the project. Starting in 2012, however, at
least one major integrated TPO provider changed its installed price reporting methodology for PV incentive
programs, and is now reporting a standard appraised cost rather than an appraised fair market value. As a
result, the disparity between installed prices reported for integrated and non-integrated TPO systems has
since largely disappeared, as shown in Figure 33

$12 Residential TPO Systems
Median Installed Price and 20th/80*h Percentiles

$8

n=22220 n=24084 n=17733
11961 22223 27111

Figure 33. Installed Prices Reported for Non-Integrated and Integrated Residential TPO Systems

n=3520 n=9628

Identification of Self-Installed Systems: Self-installed systems were identified in several ways. In some
cases, these systems could be identified where the installer name was listed as "owner" or "self". In addition
all systems installed by Grid Alternatives were treated as self-installed, as this is a non-profit entity that relies
on volunteer labor for low-income solar installations

Calculation of Net Present Value of Reported PBI Payments: Six PV incentive programs in the data
sample provided performance-based incentives (PBIs), paid out over time based on actual energy generation
and a pre-specified payment rate, to some or all systems. In order to facilitate comparison with up-front
rebates provided to the other systems in data sample, the net present value (NPV) of the expected PBI
payments were calculated based on an assumed 7% nominal discount rate
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Exhibit WAM-7: CESA: A Homeowner's Guide to Solar Financing
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Exhibit WAM-8: Solar City: Utility Rate Increase Estimates
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Utility Rate Increase Estimates |Solarcity 6/1/16, 12:47 PM

Utility Rate
Increase Estimates

1 (888) 765-2489 Solar Bonds Careers News LOGIN MENU

lltilitv Rate Increase Fstimates

SolarCity

How much customers will save is basically the difference between ii) what they pay SolarCity for the electricity their solar

systems generate, and (2) what they would have paid the utilities for the same amount of electricity. The first of these we
know: it's secured in the SolarCity customer agreement. The second of these, we have to estimate

Calculating what customers will save in the first year is fairly straight-forward, because current utility rates are easy to
determine. To project long-term savings, however, we have to estimate utility rates over the next 20_30 years. To do that

we work with third parties who assist us in creating estimation models. Their methodology draws from recently announced
utility rate increases and externally developed forecasts of the key variables that influence rates, such as fuel prices
general inflation, and the cost to comply with environmental mandates (such as renewable portfolio standards and CON
emission reductions). We review this methodology and periodically update inputs to reflect new and locally~specific
information

This methodology generally results in varying ranges of growth rates depending on the utility district. We then review how
the results compare to historical rate increases, as well as to external rate forecasts (Ag, those of the U1S. Energy
information Administration). We also evaluate the sensitivity of the results to key drivers of rate changes, and adjust the
assumptions in our proposals as appropriate in light of that information. Our proposals then estimate savings using the
estimated rate of increase in electricity prices for a given customer in a given utility district

If the customer has a different view on future utility prices, the sales representative and the customer can evaluate

potential savings using alternative values, though SolarCity's proposal software does place utility-speciNc upper limits on
the rate increase assumptions

Our proposals expressly state that we do not guarantee customer savings, and this is explained to our customers during the

sales process 4. Projecting retail rates twenty or more years in the future necessarily is an uncertain exercise, and the
ultimate effect on customers' Pills depends on not only the average rate increase, but also on factors such as the
customers' rate structure and energy usage patterns, which may change over that horizon

At the same time, we are also clear about what we can and do guarantee to customers: a certain amount of solar
production at an agreed-upon rate over the course of their contract with SolarCity. Customers can choose a lease or PPA
with no upfront cost and with payments escalating at a set rate, typically 2.9% per year, or they can select a lease or PPA
that has some upfront cost and no annual increase in payments. Alternatively, the customers can choose to finance the
purchase of the systems via a My Power Solar Loan. The fuel-free nature of solar technology allows us to provide long-term
fixed rate structures for the solar electricity produced onsite that are not available in conventional utility-supplied rates

http://www.solarcity.com/residentiaI/solar-energy-faqs/utility-rate-increase-estimates Page 1 of 2
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While we cannot be certain as to the precise amount of savings a customer will enjoy over the term of the lease, PPA, or
loan, we do believe that the savings will be positive, and our initial monthly lease or PPA rate enables customers to generate
their own electricity for less than what utilities typically charge

[2] For example, every residential proposal we give a potential customer says: Please note this proposal is an estimate and does not guarantee actual system

production or savings. The system design may change based on a detailed engineering site audit. Actual system production and savings will vary based on the final

system size, design, configuration, utility rates, applicable rebates and your family's energy usage. The electricity rates or lease payments set forth in this

proposal are set by SolarCity. Utility annual increases are estimated. Actual rate increases may be higher or lower than indicated in this proposal. Utility rates

charges and fee structures imposed by your local utility are not affected by this proposal or any contract you may sign with SolarCity and are subject to change

in the future at the discretion of the authority or entity that regulates or governs your local uti l ity

A solar power system is customized tor your home. so pricing and savings vary based on location, system size government rebates and local utility rates. Savings on your total electricity cost

is not guaranteed. Financing terms vary by location and are not available in all areas. SO due upon contract signing. No security deposit required. A 3 kW system starts at S25.$100 per Mont!

with an annual increase of 0-2.9% each year for 20~30 years, ort approved credit. SolarCi'<y Corporation will repair or replace broken warranted components CA CSLB 888104. MA Hl(

572/EL-iiI'>6MR. other contractor licenses. All loans provided by Solar City Finance Company, LLC CA Finance Lenders license 6064796 Solar City Finance Compariy, LLC is licensed by true

Delaware State Bank Commissioner to engage in business in Delaware under license number 0i9422, MD Consumer Loan License 2241, NV Installment Lorri License lLii023 / lL li024. Rhode

Island licensed Lender #20i'>8i03LL, TX Registered Creditor i400056963-2024()4, VT Lender License #6766

Savings based on residential PPA and lease customers witlw at least twelve months of billing data. Sayings Rate calculated by subtracting PPA or equivalent lease kph rate from relevant utility
kph rate Sayings calculated by multiplying actual i<Wh supplied by SolarCity in customers' first year times Savings Rate Excludes fully or partially prepaid contracts

http://www.solarcity.com/residentiaI/solar-energy-faqs/utility-rate-increase-estimates Page 2 of 2
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Executive Summary

The Solar Deployment System (SolarDS) model is a geospatially rich, bottom-up
market-penetration model that simulates the potential adoption of photovoltaics (PV) on
residential and commercial rooftops in the continental United States through 2030
SolarDS was developed by the National Renewable Energy Laboratory (NREL) to
examine the market competitiveness of PV based on regional solar resources, capital
costs, electricity prices, utility rate structures, and federal and local incentives. SolarDS
calculations are run at a high level of disaggregation by calculating PV generation in 216
solar resource regions, shown in Figure Es-l, and combining PV output with state-based
electricity rate distributions from 3000 utilities. Regional PV financial performance
used to simulate PV adoption rates for each customer type and building type. SolarDS
then aggregates regional PV adoption to the state and national level. This document
introduces the SolarDS model, describes how it works, and shows model results for a
series of PV penetration scenarios

A TMY srauun

AnasshownarahaaedonU.s.Cos1susblcck
groups.  Aluuwu1uassignadbTMylhtianl
based on plwihifyiiblhi shtlon

Figure ES-1. The 216 solar resource regions used in SolarDS with observation stations
shown as red triangles

SolarDS Components
Figure ES-2 shows the main components of the SolarDS model, which are described in
detail below

Figure ES-2. SolarDS model structure



1.

2.

PV Performance Simulator. The PV performance simulator estimates the
amount of electricity that a PV module of a given size will generate each hour, for
hundreds of locations in the continental United States and for a variety of module
orientations. Hourly PV performance is simulated at 216 locations in the using
solar insulation and weather data from Typical Meteorological Year (TMY)
stations. PV output is calculated for multiple module orientations to characterize a
range of roof types and orientations

PV Annual Revenue Calculator. The annual revenue calculator combines the
PV technical performance simulations with electricity rates, electricity rate
structures, and building load simulations to calculate the expected annual savings
for a multiple PV systems in each location. PV revenue is defined as the avoided
cost of electricity and is calculated from the combination of hourly PV output and
regional electricity rates. For residential buildings, annual PV revenues are
calculated for both standard flat rates and time-of-use rates. For commercial
buildings, annual revenues are calculated for standard flat rates, time-of-use rates
and demand-based rates

3. PV Financial Performance Calculator. The financial performance calculator
combines the annual revenue generated by a PV system with PV costs and
financing assumptions to generate financial performance metrics for individual
PV systems. PV costs are based on current price data and price projections from
the Energy Information Agency (EIA) or the U.S. Department of Energy (DOE)
Solar Energy Technologies Program (SETP) targets. Users can also specify their
own PV cost projections or set PV learning rates (which characterize the decrease
in cost with each doubling of cumulative installed capacity). Federal and state
incentives are applied, reducing the up-front cost of PV systems. A distribution of
financing parameters is used including cash payments, home-equity type loans
and conventional loans. For residential PV systems, the financial performance
module calculates a "time-to-net-positive" cash flow as the base financial metric
For commercial systems, the internal rate of return (ERR) is calculated as the base
financial metric

4. PV Market Share Calculator. The PV market share calculator uses financial
performance metrics (generated in the financial performance calculator) to
simulate PV purchasing probabilities that are unique to each solar resource region
local utility electricity rate and rate structure, customer type, customer financing
panel orientations, building size, and building age. Financial performance metrics
are used to calculate both the total potential PV market share (using market
penetration curves) and the adoption rate (using Bass diffusion). Different PV
market-penetration curves are used to characterize residential and commercial
customers in new and retrofit markets

5. Regional Aggregator. The regional aggregator module combines the hundreds of
thousands of PV adoption probabilities with the number of buildings associated
with each unique system type, and aggregates PV adoption statistics to the state
and national level. The number of residential and commercial buildings suitable
for PV is generated using census data and projected into the future using
population growth estimates. The total number of buildings that adopt PV is
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calculated by combining PV purchasing probabilities with the total number of
buildings suitable for PV and then aggregates over each system type and region to
generate state and national PV adoption statistics. The model outputs the
cumulative and annual installed PV capacity, the number of buildings with PV,
fractional PV market share, and PV payback times at the state and national levels
for each time period.

SolarDS Results
SolarDS simulates a wide range of installed PV capacity for a wide range of user-
specified input parameters. In preliminary model runs, we have simulated PV market-
penetration levels from 15 to 193 GW by 2030, as shown in Figure ES-3. SolarDS results
are primarily driven by three model assumptions: (1) future PV cost reductions, (2) the
maximum PV market share assumed for systems with a given financial performance, and
(3) PV financing parameters and policy-driven assumptions, such as the possible future
cost of carbon emissions.

Cumulative Installed PV Capacity
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Figure ES-3. Cumulative installed PV capacity through 2030 for a range of model input
parameters, including PV costs (EIA and DOE SETP), PV market adoption rates (NEMS and

Navigant), and PV financing and policy assumptions (base case and aggressive case)

The lower range of PV penetration represents higher PV costs, based on EIA cost
projections, where PV reaches $4.23/W for residential systems and $2.85/W for
commercial systems by 203o.' The higher range of PV penetration represents lower PV
costs, based on cost projections from the SETP targets, where residential and commercial
PV reaches $2.10/W and $1 .66/W, respectively, by 2030. The highest PV penetration
scenarios include attractive PV financing parameters (e.g. attractive loan rates, increased

1 Here and elsewhere, PV costs and revenues are given in nominal $2008 U.S. dollars. All model interest
and escalation rates are real, not nominal.
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loan terms, lower down payment fractions), an annual increase in electricity rates of 1%,
and the value added for avoided carbon emissions. The large range in SolarDS results
illustrates the model's sensitivity to key parameters, where simulated PV adoption is
primarily driven by PV costs, financing parameters and the assumption relating PV
financial performance to PV market share. Results are discussed in detail in section 4.
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1 Background and Introduction

1.1 Existing DOE PV Market-Penetration Models
The primary market-penetration model used by the Energy Information Administration
(EIA) is the National Energy Modeling System (NEMS). NEMS is a very large model
that covers all sectors of the U.S. energy economy with sufficient detail to analyze many
energy issues (LaCommare et al. 2003, EIA 2008a, 2008b, 2008c). NEMS models the
market penetration of rooftop solar PV within two building modules: the Residential
Sector Demand Module (EIA 2008b) and the Commercial Sector Demand Module (EIA
2008a). NEMS is a complex model designed to evaluate the entire U.S. energy system
not individual technologies-in detail. As a result, it is difficult to simulate the complexity
of the distributed PV market using NEMS (Margolis and Wood 2004). Other U.S. PV
market-penetration models include a spreadsheet model developed by Navigant
Consulting, Inc. (NCI) for the DOE's Renewable System Interconnection study in 2007
(Paidipati et al. 2008)

Because NEMS and other models do not consider either the large range of building and
customer types or the geographical variation in PV performance and electricity rates, the
Solar Deployment System (SolarDS) model was developed as a stand-alone tool to
evaluate the potential market penetration of residential and commercial PV

1.2 SolarDS Design Goals
SolarDS was developed as an easy-to-use alternative to the NEMS model that can
provide a more detailed simulation of market-penetration dynamics for distributed PV
technologies under a range of assumptions. Other design goals included short model run
times (less than one hour) and reasonably transparent model assumptions and
formulation

SolarDS uses many of the same input parameters as NEMS and employs a method for
calculating PV market penetration that is similar to the method used by NEMS. Inputs to
SolarDS include regional solar insulation data, which are combined with a distribution of
current electricity rates and rate structures, to calculate the value of PV in multiple
regions

1.3 SolarDS Model Formulation
SolarDS was written as a collection of Visual Basic for Applications (VBA) modules
with a Microsoft Excel interface. The front end was designed to allow users to easily
modify key input parameters, and thus simulate PV market penetration under a variety of
assumptions

Figure 1 illustrates the basic structure of the SolarDS model, which consists of an input
database, a PV Annual Value Preprocessor, and the main SolarDS module. The PV
Annual Value Preprocessor simulates the annual revenue generated by a PV system in
each geographical location. The preprocessor also simulates module orientation
electricity price region, and utility rate structure. The main SolarDS module combines the
annual revenue and the cost of the PV system (including various incentives and financing
scenarios) to produce a financial performance metric. This performance metric is then
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used to calculate a market share, which is aggregated over all regions to estimate state
and national PV market share. SolarDS forecasts PV market share in two-year increments
from 2008 to 2030.2
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Figure 1. SolarDS components

Section 2 describes the PV annual value module in more detail, and section 3 describes
the financial performance calculations used to determine PV market share.

2 PV Annual Value Preprocessor

The Annual Value Preprocessor calculates the annual revenue generated by residential
and commercial PV systems with a variety of system orientations, electricity rates, and
utility rate structures. Figure 2 shows an overview of the major components of SolarDS,
including the PV Annual Value Preprocessor, which calculates the revenue generated by
PV systems for thousands of combinations of input parameters including location, PV
orientation, electricity rate structures, and customer types.

__

Figure 2. PV annual value preprocessor

2 SolarDS has the capability to run through 2050, but this option requires users to extrapolate PV cost
reductions, electricity rates, and rate structures from 2030 through 2050.

2
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2.1 PV Performance Simulator
The PV technical performance simulator estimates the amount of electricity that a PV
module of a given size will generate each hour, at hundreds of locations in the continental
United States, and for a variety of module orientations (multiple tilt and orientation
angles). Figure 3 is a simplified diagram of the simulation process for generating PV
performance libraries

Binning

Binned PV Output

Figure 3. PV energy output calculator

The amount of electricity generated per 1 kW of PV capacity is calculated using hourly
solar insulation data from 216 locations in the Typical Meteorological Year 3 (TMY3)
data set' from the National Solar Radiation Database (NSRDB) (NREL 2007, Wilcox
and Marion 2008). The amount of AC electricity generated by a given amount of PV
capacity at each location and module orientation is calculated using the
PVFORM/PVWATTS model," which includes direct current (DC) to alternating current
(AC) aerate factor and a temperature-based parameterization of PV efficiency (Marion et
al. 2005). TMY3 stations are associated with adjacent census blocks, which are defined
as solar resource regions in SolarDS as shown in Figure 4. Further information on PV
module aerate factors, orientations and the location of TMY3 sites is provided in
Appendix A

3 The 216 locations chosen for this analysis are, with a few exceptions, the stations in the original 1961
1990 NSRDB. Although the updated (1991-2005) NSRDB contains several hundred additional sites, the
216 original sites provide adequate coverage to capture the variation in solar resource within each state. For
additional detailabout the NSDRB, refer to NREL (2007)
4 PVFURMis the PV performance model used in the PVWatts tool.PVFORMaccounts for changes in
module efficiency with temperature and the variation in inverter efficiency as a function of load. Additional
details are available at http://www.nrel.gov/rredc/pvwatts/

3
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Figure 4. The 216 TMY3 sites used in SolarDS and associated solar
resource regions

The hourly PV simulations are archived in a PV performance library that is used by the
Annual Revenue Calculator

2.2 PV Annual Revenue Calculator
The PV Annual Revenue Calculator combines the PV technical performance, electricity
rates and rate structures, and building load simulations to create the expected annual
savings associated with a specific PV system

Annual revenue is calculated for each unique combination of TMY site, electricity price
region, rate structure, and orientation. The combination of TMY site and electricity price
region is defined as a SolarDS region. There are 435 unique SolarDS regions in the
United States. The definition of a SolarDS region is demonstrated in Figure 5, which
shows TMY3 sites for New York state
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Figure 5. SolarDS regions in New York

The most appropriate TMY site is not always located within a state's borders. For
example, a consumer evaluating potential PV system performance in far northeastern
New York would likely use the insulation data for Burlington, Vermont. To calculate the
financial performance of a PV system in northeastern New York, a combination of New
York electricity rates and a TMY site in Vermont would be used. For the state of New
York, 14 TMY sites (7 internal and 7 external) are combined with the state's electricity
rates, resulting in 14 SolarDS regions. At the national level, the unique combinations of
TMY sites and state-based rate structures results in 435 SolarDS regions.

Figure 6 illustrates how the SolarDS calculates the annual PV revenue for each simulated
PV system. Annual PV revenue is calculated as the avoided cost of electricity, or the
amount the customer would have paid the utility without the PV system.

Hourly pp
Output

h.

-----0-

Figure 6. Annual PV revenue submodule
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The revenue generated by a PV system is calculated by multiplying the hourly PV output
by the hourly cost of electricity at each location. The cost of electricity is determined by
the rate structure, which may be a flat, time-of-use (TOU) rate or a demand rate
(discussed in more detail in the next section)

In SolarDS, the escalation in electricity rates through 2030 is estimated using either the
Energy Information Agency's Annual Energy Outlook (AEO)2009 forecast (EIA 2009a)
or a user-supplied escalation scenario. The end product is a database containing the
annual revenue generated by a PV system in each unique combination of geographic
location, module orientation, rate region, rate structure, and rate escalation scenario

2.2.1 Treatment of Basic Rate Structures
The large variation in electricity rates and rate structures used by U.S. utilities is
challenging to capture in national end-use models. The average retail price of electricity
can vary significantly both within and among states. Regional variation in electricity
prices can significantly impact the simulated adoption rate of PV. For example, using the
average of electricity rates for each state would underestimate PV adoption because of
the non-linear relationship assumed between PV revenue/cost and customer adoption
rates (sections 3.2-3.3). Capturing early adopters in this manner is especially important
when calculating learning based cost reductions (discussed later in section 3.1 and
appendix B)

Most residential customers in the United States are billed based on flat or seasonal flat
rates. However, time-of-use (TOU) rates are offered for an increasing number of
customers, and TOU rates may increase the value of PV to many consumers (Hoff and
Margolis, 2004, Mills et al. 2008). TOU rates establish two or three billing periods within
each day (on-peak, off-peak, and "shoulder") and may include two or three demand
seasons" (summer, winter, and spring/fall), leading to a total of four to nine rate periods

Another common rate structure combines one of three basic rate structures (flat, seasonal
flat, or TOU) with "block" or "tiered" rate structures. Combinations of structures like
these charge a different amount for electricity based on the quantity used. Increasing
block/tiered rates are most common in California's investor owned utilities

SolarDS simulates the availability of several rate types as well as the regional variation in
electricity costs. SolarDS establishes a base rate, flat rate, and TOU rate for 53 price
regions, based on the current tariff sheet from the largest utility in that region. The price
regions include all 48 continental U.S. states and D.C., with California andNevada split
into two regions (north and south), and New York separated into three regions (New
York City, Long Island, and the rest of New York). Appendix A provides a list of the
SolarDS utility regions and representative utilities. Once the base rates are determined, a
distribution of electricity rates for residential and commercial customers in each region is
generated

To characterize the cost reduction of a manufactured good with cumulative amount produced, we use a
learning- or experience-based parameterization. Historic PV prices show a range of price decreases from 17
to 26% with each doubling in manufactured PV capacity (Nemet 2006). The NEMS model uses a learning
rate that is approximately 13% (EIA 2008a)



l Colorado
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l Pennsylvania

l Washington

This distribution consists of five rate bins, representing the range of electricity prices in
each region and the fraction of customers in each rate bin. This range is derived from the
EIA form 861 data set, which provides total revenue and total sales for each electricity
service provider in the United States.6 Creating a distribution based on average revenue
assumes that the rate structure for the remaining utilities is essentially the same as the
largest utility, which roughly captures the price difference for utilities in the state.7

Modeling tiered rates is difficult because PV installations reduce electricity use at the
marginal tier. Tiered rates can exceed 30 cents/kWh for residential customers in the
highest tier, but only a fraction of customers will consume a substantial amount of energy
at that tier. Many customers in California pay for electricity using tiered rates that are
roughly captured by the wide spread in the electricity rate distributions in California.

Figure 7 illustrates the distribution of residential electricity rates within each state and the
differences among states.
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Figure 7. Distribution of residential flat electricity rates in five states

SolarDS offers several options for treating net metering. The user can choose a full net
metering option where surplus PV generation (output that exceeds building load) is sold
back to the utility at retail rates. Alternately, the user can choose a no net metering option
where a fraction of the PV electricity is assumed to be used by the customer when it is
produced and valued at retail electricity rates (as it directly offsets electricity purchases),
and the remaining PV generation is exported to the grid and sold at "avoided costs."

6 Ideally, utility-level data for 2008 would be used. Because they were not available, the state average 2008
escalation was applied to 2007 utility data.
7 This method could not be used to evaluate a single PV system, but it does capture general trends.
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Avoided costs are generally equal to the cost of avoided fuel use and can be set at the
prevailing cost of natural gas generation (which is typically at the margin during hours of
peak PV output) or equal to the cost of the fuel for the average generation mix for each
state (EIA, 2009b)

The escalation in electricity prices from 2008 through 2030 is approximated using
residential and commercial rates escalations from the Annual Energy Outlook 2009 (EIA
2009a), which are estimated at the census level. Alternatively, SolarDS users can specify
different rate escalations at the state level to capture different fume scenarios

2.2.2 Simulation of Demand Rates
Small commercial customers are often charged on Hat and TOU rates and are captured in
SolarDS using the same method as residential customers. However, many large
commercial customers are billed based on demand rates which charge for both the
amount of energy use ($/kWh) and the amount of peak power use ($/kW peak demand)
The value of PV in a demand rate is the sum of two components: the value of reducing
peak demand each month and the value of electrical energy generated by the PV system
(Mills et al. 2008). The demand reduction value is calculated for each building type by
multiplying the building-specific reduction in peak load demand by the demand charge of
a representative utility for each state. The PV energy value is calculated for flat or TOU
rates, depending on the representative utility rate structure

PV demand reductions are calculated by simulating hourly load profiles for a range of
commercial buildings types. First, a commercial building load library was generated
based on 22 "benchmark" commercial building types that were simulated using
EnergyPlus8 (Griffith et al. 2008). EnergyPlus models energy use in buildings, including
heating, cooling, ventilation and lighting loads. The load profiles for these benchmark
building types are associated with the 14 building types in the EIA's Commercial
Buildings Energy Consumption Survey (CBECS) database (EIA 2003), which are
described in detail in Appendix C. Hourly load profiles for these 14 building types
simulated in each of the 216 solar resource regions to derive a "normal" building load
profile for a total of 3024 unique building type/location combinations. To evaluate the
potential demand reduction from PV, the hourly building load simulations were
combined with hourly PV output. Both the EnergyPlus building simulations and PV
simulations use the same weather data, which allows us to capture the coincidence of
weather driven electricity demand and solar resource availability. To increase simulation
speed and limit data requirements, hourly data were used in all simulations. As a result
the SolarDS model does not capture short-term fluctuations in PV output (e.g. passing
clouds) that could significantly impact demand charges. Demand-responsive controls
(e.g. solar load controls) could mitigate most of these impacts, even if they are only
installed on HVAC components (Hoff et al 2007)

The end product of the PVFORM and EnergyPlus simulations is a library of peak
demand reductions for commercial buildings. Figure 8 illustrates the process of
generating the demand reduction library

EnergyPlus is a publically available model that can be downloaded at http://www.energyplus.gov/
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Figure 8. Commercial demand reduction calculator

Figure 9 demonstrates the demand reduction output for four building types. The general
pattern of PV demand reduction is similar for most buildings and locations. Summer
building peak loads are primarily driven by air conditioning demand, and PV reduces
peak demand by 20%-60% of its installed capacity. Demand reduction is not 100%
because of the 2-4 hour difference between solar peak (around l p.m. Daylight Saving
Time) and thermal peak (around 3-6 p.m. DST). As a result, a 10-kW PV system can be
expected to reduce peak demand by 2-6 kw. Winter building loads are primarily driven
by heating and lighting that are not coincident with peak PV output. During winter
months, PV frequently reduces peak demand by less than 10% of its installed capacity.
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Figure 9. Monthly building demand reduction for various locations in the United States
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SubmodulesPV Revenue
(1) Value of Avoided Electricity
(2) Federal and State Incentives
(3) Value of Avoided Carbon PV Cash Flow Calculator

PV System Cost

PV Market Share
CalculatorM a r k e t  S h a r e

(1) Maximum Market share curves
(2) Market Adoption rate

PV and Building
Aggregator

R e s i d e n t i a l  &  C o m m e r c i a l
B u i l d i n g  S t o c k

2.2.3 Value of Avoided Carbon Emissions
SolarDS allows for the potential impact of a carbon constraint and corresponding increase
in the price of retail electricity.9 Since the future price of carbon is highly uncertain, the
reference SolarDS model does not include a price for carbon emissions. However, users
can specify the price of carbon emissions ($/ton C02) at each two-year model time step.
Users have three options for estimating the carbon intensity of displaced electricity. They
can: (1) set a carbon intensity based on the local mix of fuels used to generate
electricity,1° (2) select a carbon intensity based on natural gas generation, which is
frequently at the margin when PV output is highest (Denholm et al. 2009), or (3) set the
carbon intensity for each state based on other criteria. These options allow users to
quantify the sensitivity of PV adoption to multiple carbon price scenarios.

3 PV Market Share Module

The main SolarDS module simulates the market adoption of PV in each SolarDS region,
based on the price of PV systems, the revenue generated by PV systems, and system
financing parameters. SolarDS first generates financial metrics of PV performance from
PV cash f`lows over a fixed analysis period. SolarDS then simulates the decision-making
process used by potential PV customers. The time-to-net positive cash flow metric is used
for residential customers, and internal rate of return (ERR) is used for commercial
customers. These financial metrics are used to estimate the maximum potential PV
market share and the rate of PV adoption. Figure 10 illustrates the three submodules that
calculate PV cash flows, simulate PV market share and adoption rates for each region,
and aggregate the regional results to state and national PV market adoption rates.

F i g u r e  10 .  Over v i ew of  com p u ta t i on a l  s tep s  i n vol ved  i n  th e  P V  m ar k et  sh ar e  m od u l e

9 A price for carbon will increase the price of electricity generated using fossil fuels, which will increase
the value of avoided electricity purchases.
10 Carbon intensity for each state is adapted from Paidipat i  et al.  (2008) based on the EIA AEO 2007.
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3.1 PV Costs
The total cost of a PV system is the sum of the initial cost of the unit (module, inverter
and installation fees) plus the variable cost incurred for operation and maintenance
(O&M). Substantial PV cost reductions are expected in the future. However, estimates
for these cost reductions are highly uncertain. SolarDS users can characterize PV costs
over time in three ways. They can: (1) choose PV cost reductions based on the EIA
projections (EIA 2009a) or the SETP targets (DOE 2008); (2) specify their own PV cost
trajectory, or (3) choose learning-based cost reductions where the cost of PV is reduced
by the user-specified rate for each doubling of cumulative installed PV capacity. In the
literature, historical PV learning rates range from 17% to 26% (Nemet 2006). SolarDS
users can specify different learning rates for each 2-year model time step to characterize
evolving market dynamics as the PV industry matures. PV cost projections (EIA and
SETP targets) and learning-based cost reductions are discussed in more detail in
Appendix B.

Larger PV systems typically have lower costs per unit of capacity (Wiser et al 2007), and
SolarDS simulates this decrease in PV cost with system size for both commercial and
residential PV systems. Residential PV costs ($/kW) are based on 4-kW PV systems and
adjusted by 2% per kW for larger or smaller systems (a 3-kW system is 2% more
expensive and a 5-kW system is 2% less expensive than a base 4-kW system per unit of
capacity (Wiser et al. 2007)). SolarDS assumes a distribution of residential PV
installation sizes ranging from 1 to 6 kw, with mean PV installation sizes of 3.7 kW and
3.0 kW for pre-existing detached and attached single-family homes and 4.25 and 3.2 kW
for new detached and attached single-family homes. Mobile homes are assumed to have
an average PV installation size of 1.7 kw. For commercial buildings, the base PV cost
represents a 300-kW PV installation and the price is adjusted by 0.02% per kW11 for
larger and smaller installations. Since PV systems installed on new buildings typically
cost less than systems installed on existing buildings, SolarDS allows the user to set a
cost premium for PV on new buildings. In the reference case, PV is assumed to be 10%
less expensive on new buildings.

3.2 Federal and State PV Incentives
Many PV incentives are available, including the federal investment tax credit (ITC), state
incentives and local incentives at the municipal and utility levels. Incentives can be
broadly categorized as capacity-based and production-based. Capacity-based incentives
are based on the size or cost of the PV system. Production-based incentives are based on
the amount of electrical energy (kph) a PV system generates. SolarDS includes both
capacity-based and production-based incentives at the federal and state levels. In a few
states (e.g. Colorado), state-level incentives are not offered, but utility incentives are
available to more than 50% of the population. These utility-level incentives are included
as state-level incentives in SolarDS, but they are capped by their budgets and expiration
dates.

PV incentives are implemented in SolarDS to achieve two design goals: (1) to accurately
characterize the current federal and state PV incentives for reference case simulations,

11 For example, a 200-kW PV system will be 2% more expensive per kW than a 300-kWPVsystem.
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and (2) to allow users to simply and intuitively adjust incentive amounts, durations and
budgets to quantify the impact of a wide range of potential incentive scenarios. SolarDS
includes federal and state PV tax credits, state rebates, state production-based incentives
and the option to include federal production-based incentives, as discussed below

Federal tax credits. The federal investment tax credit ((Tc)12 is included in
SolarDS. This 30% tax credit has no residential or commercial cap and expires in
2016. After 2016, we assume a 10% commercial tax credit but no residential tax
credit. Users can either run SolarDS with the current ITC or adjust the incentive
amount, expiration date, or incentive cap

Federal production-based incentive. Although there are no federal production
based PV incentives, the user can add a federal production based incentive to
quantify the impact of various incentives. A federal solar production tax credit
(PTC) would be analogous to the incentives currently for wind generation
SolarDS users can set the incentive amount ($/kWh), duration, and expiration

4.

State tax credits. State PV tax credits range from 15% to 100% of installed
system costs. Incentive caps vary widely by state and the type of installation
(residential or commercial). State-level incentives were characterized using the
DSIREUSA database's and the information provided by each state. In the
reference case, state tax credits are applied until their legislated expiration dates if
they are specified or until 2014 if they are not specified. As with the other
incentives, user can adjust incentive parameters, including whether the state
budget allocation limits the incentives, or whether budgets will be expanded

State rebates. State rebates are capacity-based incentives similar to state tax
credits. As with state tax credits, we include the most current existing state
rebates, but users are allowed to adjust incentive parameters as specified above

5. State production-based incentive.Production-based incentives are based on the
amount of electrical energy generated. This production-based revenue is added to
the net revenue of the PV system in the year it is generated

The cost of both federal and state PV incentives is calculated for residential and
commercial installations at each time step. The amount of money spent on incentives is
tracked and compared with the budgets allocated for PV incentives at the state level
Tracking the money spent also enables users to quantify the relative impact per dollar
spent for different incentives

The Energy Improvement and Extension Act of 2008 (EIEA), passed in October 2008, extended the 30%
PV Investment Tax Credit through 2016, lifted the cap on residential PV installations, allowed utilities to
use the ITC, and allowed customers to apply the tax credit against the alterative minimum tax (AMT)
vs Incentives and incentive caps are adapted from http://www.dsireusa.org/

3.

2.

1.
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3.3 Cash Flow Calculator
PV installations require a large initial capital investment that is followed by operation and
maintenance costs. The initial capital expenditure is generally financed, and the SolarDS
model projects multiyear cash flows to generate financial performance metrics.

Many financial performance metrics are available, including payback period (simple or
discounted), net present value, cost to benefit ratio, and the levelized cost of electricity.
The metric used in a given analysis depends largely on consumer types. Residential
customers may use relatively simple metrics, such as simple payback period, to decide
whether to invest in a PV system. Commercial customers may use more sophisticated
metrics to account for capital depreciation.

SolarDS model users can specify the loan rate, loan term, and down payment fraction for
financing PV systems. SolarDS uses the combination of PV cost and revenue to: (1)
generate different financial performance metrics for residential and commercial systems,
both of which were adopted from the NEMS model, and (2) simulate the different
decision-making process used by the different customer types. Residential systems use
the time-to-net positive cash flow metric (LaCommare et al. 2003), which represents the
first year that the revenue generated by the PV system exceeds the costs of ownership.
Commercial systems use the internal rate of return (ERR) (EIA 2008a), which is
equivalent to the discount rate that makes the net present value of PV cash flows equal to
zero. The ERR metric is likely used to analyze the cost effectiveness of PV on commercial
buildings. The ERR metric also better captures the value of PV with oscillating positive
and negative cash flows, based on the accelerated capital depreciation schedule for
renewable energy technologies.'4 The details of these calculations are outlined below.

The method for calculating time-to-net positive cash flow for residential systems is based
on an annual cash flow analysis. The initial cash flow is given by the down payment on
the PV system. The loan amount is given by the PV system cost minus relevant state
rebates and federal and state tax credits. The annual loan payment is calculated from the
loan amount using the uniform capital recovery factor (UCRF) given by

r(1 + r) n
UCRF = n

(1 + r) - 1

following summarizes the cash flows in the initial year. Loan amounts and loan payments
are calculated using the following equations:

9 where r is the interest rate and n is the loan term in years. The

Loan Amount = PV System cost - Down payment
- Federal and State Tax Credits & Rebates

Loan Payment = Loan Amount * UCRF

(1)

(2)

Residential systems are financed using a distribution of down payment fractions
(Appendix D) to capture a range of financing options. Users can modify both residential

14 Capital depreciation for renewable energy systems follows the five-year Modified Accelerated Cost
Recovery System (MACRS) schedule.
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and commercial down payment fractions. With these options, users can characterize both
systems that are not financed (l00% down payment) and the impact of new financing
options (Fuller et al., 2009). For financed PV installations, the annual loan payment is
calculated following equations 1 and 2 above.

Fixed incentives are subtracted from the initial PV system costs. Fixed incentives are
generally onetime payments, such as federal or state investment tax credits or system
buydowns (rebates). Buydowns, which are available in the form of state or utility credits,
are subtracted from the initial purchase price. The base case assumes that state-level tax
credits are federally taxable, 15 however, state and utility-level buy downs are not
considered taxable income.

Annual cash flows for PV systems are used to calculate both the time-to-net positive cash
flow and ERR metrics. We set the PV cash flow at year zero to be the down payment
assumed for the system. In subsequent years, the annual cash flow is calculated from the
sum of avoided electricity costs, tax savings on loan interest, state production incentives,
avoided carbon costs (if there is a charge for carbon emissions in the future) minus the
loan payment and annual operation and maintenance fees :

Year 0:
Annual Cash flow(t=0) - Down Payment (3)

Years 1-30:
Annual Cash flow(t) = Avoided Electricity Costs
+ tax savings on the loan interest
+ State production-based incentives
+ avoided cost of carbon emissions
- Loan Payment
- Operations and Maintenance costs (4)

The tax savings on the loan interest is given by:

Interest deductions = Marginal Tax Rate * r * Loan Principally (5)

where r is the interest rate. Production-based incentives are often available at the state
and utility level and are added to the PV cash flow in the years they are earned. The
Operations and Maintenance costs are primarily based on inverter replacement. Inverter
costs and lifetimes are based on SETP targets and Wiser et al. (2009) and inverter
replacement costs are subtracted from PV cash flows in the year they are replaced.

Residential cash flows are calculated for 30 years. If the net cash flow becomes positive,
the payback period is calculated by interpolating over the last time period to find the
fractional number of years to reach net positive cash flow. If the net cash flow remains
negative through the 30-year analysis, the payback period is set to 30 years, which results
in zero market penetration. Figure ll illustrates the process of calculating the time-to-net
positive cash flow metric for residential systems.

15 State buydowns reduce customers' state tax burdens, which are tax deductable at the federal level.

l 4



Yes

Time to Positive Cash Flow Calculator

Yes
Cash Flow (y'30) <0

No

\L=t+1

PV Capital Costs

Payback Period
= 30 years

PV Revenue +
Incentives

Cash Flow 01404 < 0
No interpolate

Payback Perlod
Financing

parameters (loan
rate, loan term,
down payment

fraction)

|

Figure 11. Time-to-net positive cash flow calculation

To calculate the payback period for commercial PV installations, we first separate

potential customers into for-profit and not-for-profit categories. With not-for-profit

buildings, where cash flows are similar to residential buildings with tax considerations

removed, a similar time-to-net positive cash flow simulation was run. with for-profit

buildings, customers have more complicated tax structures that include capital both

depreciation of PV systems and tax deductable energy and O&M costs. These additional

tax considerations often lead to net cash flows that oscillate between positive and

negative values over the analysis period, making the time-to-net positive cash flow metric

difficult to interpret. We account for the following four tax impacts for commercial PV

customers:

PV system costs are depreciated, decreasing the tax burden according to the

depreciation schedule. SolarDS uses the Modified Accelerated Cost Recovery

System (MACRS) schedule.

Since electricity expenses are tax deductible, the net annual savings from a PV

system is reduced by the marginal tax rate.

The interest on a PV system loan is tax deductable.

• Operation and maintenance (O&M) expenses are tax deductible.

To calculate the payback period for PV installations, we use the internal rate of return

(ERR) metric for commercial for-profit customers. ERR is the annualized effective rate of

return that can be earned by investing capital in a PV system, and is calculated from the

annual cash flow generated by a PV system. At year zero, the cash flow is negative and
equal to the down payment for the PV system. In each subsequent year, cash flow is
calculated by the sum of PV revenue, loan payments, and tax credits. This calculation is

similar to the calculation in equations 1 to 5 but with added tax considerations. ERR is

calculated by finding the equivalent rate of return necessary for the PV system to have a

net present value (NPV) of zero :

•

N
N P V  =

ZN (1 + ERR)'

c,
0 (6)
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where C, is the annual net revenue of the PV system in year t. Following the methodology
used in the NEMS commercial distributed generation module, we derive a simple
payback period (T) for a PV system by calculating the time required for capital to double
in value while appreciating at the annualized ERR (EIA 2008b)

T

(1 + ERR)

log(2)

log(I+ ERR)

(7)

(8)

ERR is translated into payback time because the market adoption curves used by NEMS
and many other studies are "calibrated" to payback time (Kastovich et al. 1982, Paidipati
et al., 2008, R.W. Beck, 2009). We cap the maximum payback time (T) at 30 years
which results in zero PV market penetration

While ERR is likely a better metric for simulating the decision process for installing
commercial PV systems, the ERR of a system is often difficult to interpret. Since PV
incentives are highest in the first few years of ownership (e.g. tax rebates, buydowns and
accelerated depreciation), a financed system will frequently have positive cash flows in
the first five years followed by negative cash flows. This can lead to a circumstance with
very high IRis that significantly discount the negative cash flows following the
accelerated depreciation schedule

Both payback calculations require a number of inputs, including PV capital costs, O&M
costs, and various policy-based incentives. The base case assumptions for these values
are described in section 4, along with user-defined options for adapting the model to
additional run scenarios

3.4 Market Share Calculator
Forecasting PV adoption by end users based on the financial performance of a PV
investment is perhaps the most subjective aspect of any market-penetration model. The
model must simulate both the ultimate fraction of customers16 that will adopt PV
technology and the rate of customer adoption. Considerable literature exists on this
subject; however, solar PV has unique characteristics that differentiate it from many of
the products and services examined in market-penetration studies. As a result, there is
considerable uncertainty about which consumer behavior studies are applicable to solar
PV adoption

Most market-penetration models use a "market diffusion" or "S-curve" model that
simulates the rate of market adoption over time. The general characteristics of an S-curve
model are shown in Figure 12, which illustrates the annual adoption rate as a function of
payback time and diffusion rate used in the NEMS model for PV systems on new
buildings (EIA 2008a)

A 'customer' refers to the occupant of a building that is suitable for PV adoption as described in section

16



Peuetra son Function Simulations
For VeNous Yeals Until a Positive Cumulative Cash Flow is Achieved

Source:  Adopted f rom LaCommare et  al . ,  2003

Figure 12. Market share as a function of payback period used in NEMS
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The curves in Figure 12 represent different payback periods, where products with a
quicker payback time achieve a higher market share and have faster adoption rates
Market-penetration is simulated in the NEMS model by the product of the maximum
market share and the adoption rate, expressed as follows

PV Market Share(PV payback time, time)
Max Market Share(PV payback time) * Adoption Rate(time) (9)

SolarDS uses a similar dynamic market share calculator that is based on an S-Curve
market diffusion model. PV market share is calculated by the product of the maximum
market share (which is approximated using an empirical relationship to payback time)
and the rate of adoption (which is approximated using a Bass diffusion model [Bass
1969, Mahajan, et al. 1990]). Figure 13 illustrates the computational steps in the market
share module

Payback Period

Adoption Rate
(S -Cu m )

Figure 13. Computational steps involved in the market share module

SolarDS users have three options for characterizing the maximum market share as a
function of payback time: (1) use theNEMS maximum market share curves (EIA 2004)
(2) use the Navigant Consulting, Inc. curves (Paidipati et al. 2008), or (3) supply user
defined maximum market share curves. Each method has different maximum adoption
curves to capture the different market dynamics for new and existing buildings. User
defined curves are calculated using an exponential tit (R.W. Beck 2009), defined as
follows

Maximum Market Fraction = e Payback Sensit iv ity * Payback Time ( 1 0 )
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The Payback Sensitivity variable determines the shape of the maximum market fraction
curve and can be set by the user to characterize different PV market dynamics and
conduct sensitivity analysis. A value of 0.3 has been used previously (R.W. Beck 2009)
to tit the mean of two market adoption curves (Kastovich et al. 1982, Paidipati et al.
2008). Figure 14 shows the maximum market fraction curves modified from NEMS and
Navigant, and a user-defined market adoption curves with Payback Sensitivity = 0.3 for
commercial and residential customers.
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Figure 14. Maximum residential (a) and commercial (b) PV market share expressed as
a function of payback time"

17 The minimum payback time allowed in SolarDS is one year.
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The rate of PV adoption (S-Curve) is calculated using the Bass-Diffusion model
expressed as follows

(11+q)°T

Adoption Rate (t)
q L-(p+q)°T

(ll)
1 +

where T is the time from the initial year the product was introduced, p represents the
coefficient of innovation" characterizing early adopters of a technology, and q

represents the "coefficient of imitation" characterizing late adopters of a technology. We
simulate increasing adoption rates with decreasing payback times, as indicated by the
three S-curves used in SolarDS that are shown in Figure 15. Additionally, users can
modify the p and q parameters to simulate different PV diffusion rates

100%

80%

60%

40%

20%

15 20 25 30

Years the Technology has been in the Market

Figure 15. PV adoption rates based on PV payback times and the amount of time PV has
been in the market

One complication of using multiple S-curves is transitioning from one curve to another
when PV payback periods decrease with PV cost reductions and/or increasing electricity
rates. Since the market-penetration fraction scales the total building stock, this transition
would lead to a step increase in PV adoption in the year that the model switched from one
curve to another. To smooth this transition, we calculate the position on the new S-curve
by solving for the "equivalent year" that represents the previous year's market share
shown in Equation 12, which is equivalent to equation ll solved for Tusing the previous
year's market share



Equivalent Year

Max Market Share(t - I)

Max Market Share (0

Max Market Share(t -1)

Max Market Share (u  )  p

(p + q)
(12)

After the equivalent year is calculated, the model steps forward in time by two years and
solves for the total market share using the p and q parameters from the new S-curve. The
initial year for the diffusion curves is set to 2001, when the total U.S. installations
exceeded 25 MW. The initial year is set to 1999 in California to characterize the quicker
adoption rates (Paidipati et al. 2008)

3.5 Calculating building stock and aggregating PV installations
The market share calculator produces an array containing hundreds of thousands of PV
purchasing probabilities that are unique to each building type, size, age, utility rate
structure. and local solar insulation. To estimate the number of buildings that will have
PV installed, PV adoption probabilities must be multiplied by the actual number of
buildings corresponding to the combination of input parameters. The number of buildings
is calculated in a building stock database that consists of multidimensional arrays that
characterize the range of unique buildings types for residential and commercial buildings
This building stock database is populated from a variety of sources

Residential Building Array
The residential buildings stock for attached and detached single-family homes, mobile
homes. and rental units is estimated from the 2000 U.S. Census. The fraction of each
building type that is occupied by an owner or renter is estimated using the EIA's 2005
Residential Energy Consumption Survey (RECS) (EIA 2005). The base building stock is
scaled down to remove homes that are unsuitable for PV, primarily due to shading
Shading estimates are applied at the EIA's "Census + 4" regions, which includes the
census regions plus the four largest states. Data on shading are limited, and the base
SolarDS case uses a previous national estimate that is adjusted to increase shading in the
easter United States and decrease shading in the Southwest. Shading fraction
assumptions are listed in Appendix C

The growth rate of residential building stock is forecasted in two-year increments from
2008 to 2030, based on census population projections at the state level. We assume that
(1) the building stock will grow in proportion to the state population, (2) the regional
distribution of the population will stay fixed, and (3) the distribution of building types
will remain constant

After simulating the base number of homes suitable for PV, the building stock library
categorizes these homes, based on the following seven array dimensions: SolarDS region
building size, roof orientation, finance type, rate type, rate bin, and building vintage

1. SolarDS Region. Census data provide the numbers of detached single-family
homes, attached single-family homes, and mobile homes in each state. The states
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are then divided into SolarDS regions, based on census blocks. Each census block
is assigned to a specific TMY meteorological site. The number of buildings in
each SolarDS region is calculated from the fraction of the state population that
resides in the associated census blocks

2.

3.

Building PV Size. SolarDS calculates a range of residential PV system sizes
based on building types, where the "average" size for a residential PV installation
is 4.3 kW and 3.8 kW for new and existing detached single-family homes, 3.2 kW
and 3.0 kW for new and existing attached single-family homes, and 2.0 kW for all
mobile homes. The size distribution is assumed to be uniform in all geographical
regions

Roof Orientation. We assume a distribution of solar orientations in the SolarDS
model. For residential homes we assume that 10% of buildings have flat roofs
and the remaining 90% have pitched roofs characterized by seven solar
orientations that are uniformly distributed around 360°. Roof characteristics
assumed to be identical for all geographical regions. A table of roof orientations
and distributions is provided in Appendix C

4. Finance Type. SolarDS uses a distribution of down payment fractions and
marginal tax rates to characterize the variety of financed residential PV systems
(see Appendix D). Users can modify customer down payment fractions, marginal
tax rates, loan rates, and loan terms to quantify the sensitivity of PV adoption to
various scenarios

5. Rate Type. SolarDS allows users to select from three rate types: all flat, all time
of-use (TOU), and a combination of flat and TOU rates that changes over time to
reflect the gradual adoption of TOU rates. The "all flat" and "all TOU" options
are provided to test the sensitivity of PV deployment using the two rate structure
bounds

6. Rate Bin. SolarDS splits residential customers into five rate bins in each region to
characterize the distribution of customer rates, as discussed in section 2.2

7. Vintage. The cost of PV installations on pre-existing buildings is higher than the
cost of PV installations on new construction. SolarDS allows users to specify the
relative cost reduction for new buildings, which in the reference case is set to
10%. New and existing buildings also use different maximum market-penetration
curves, reflecting the different decision process made by the builder and
homeowner. Existing buildings are calculated from the census data, as described
above. New construction is primarily driven by the growth in building stock but
also from rebuilds

Rental properties represent a large fraction of commercial and residential buildings. This
significantly limits the use of solar PV. Building owners, who do not pay the electric bill
have no incentive to install PV. Renters have limited incentive to make long-tenn capital
investments on property they do not own. The fraction of homes that are rented for
attached single-family, detached single-family, and mobile homes are 12%, 34%, and
17%, respectively, as taken from the 2001 Residential Energy Consumption Survey



(RECS) at the EIA's "Census + 4" regions. PV adoption on rental units is simulated
separately using decreased market-penetration curves that can be modified by the user.

Commercial Building Array
Creation of the commercial building array begins with the "base" number of commercial
buildings in the EIA's 2003 Commercial Buildings Energy Consumption Survey
(CBECS) (EIA 2003), allocated for the "Census + 4" regions. To account for roof
shading, the amount of roof area is decreased by a regional shading fraction using a
similar methodology as was used for residential buildings. Leased units are estimated
using a uniform rent/own fraction for each region, based on the CBECS tax status in
owned buildings (taxable/non-taxable). PV adoption on leased buildings is simulated
using decreased market-penetration curves. This establishes the "base" number
commercial buildings suitable for PV, which the building stock library then categorizes
based on six array dimensions: SolarDS region, roof orientation, occupant class, building
type, rate type, rate bin, and age.

1.

2.

3.

4.

5.

SolarDS Region. Commercial buildings are allocated to SolarDS regions, based
on the fraction of the state population in census blocks associated with TMY
stations, as described previously.

Roof Orientation.Commercial PV orientations are based on the type on the
"predominant roof material" of each building type, as reported in the CBECS
database. If the reported roof material is shingle, wood, or slate, the roof is
assumed to be pitched. For pitched roofs, we assume the same roof slope as
residential buildings and the azimuth orientations listed in Appendix C. For the
remaining roof types, we assume a flat roof surface filled with equal parts flat
oriented PV and southerly facing PV, tilted at 25°. Fewer commercial roof
orientations are evaluated than residential roof orientations because of the much
larger size of the commercial building stock array.

Occupant Class. There are four classes of building occupants: for-profit owner
occupied, non-profit owner occupied, leased, and government owned. These
distinctions are made for three reasons. First, non-profit and government buildings
are not taxable. Second, non-profit and government buildings may have a
different decision-making process for evaluating PV investment. Finally, leased
buildings likely have either a significantly lower market adoption rate or a third-
party owner of the PV systems. Ownership data are derived from the CBECS tax
status in owned buildings (taxable/non-taxable).

Building Type. SolarDS uses 14 building types from the Commercial Buildings
Energy Consumption Survey database (EIA, 2003). Available roof area for PV is
calculated by building type. PV installation sizes are calculated for each building
type by scaling the available roof space by the module efficiency (W/ft2). The
types of buildings and associated roof areas are listed in Appendix C.

Utility RateClass. SolarDS allows users to select from four rate types: all flat
rates, all time-of-use (TOU) rates, all demand-based rates, and mixed rates, which
represent a combination of flat, TOU, and demand-based rates. The all flat, all
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6.

TOU, and all demand options are provided as benchmarks to test the sensitivity of
PV adoption to commercial rate structures

Vintage. As with residential buildings, users are given the option to set how much
less expensive PV will be on new commercial buildings than on existing
buildings. Also, new and existing buildings use different maximum market
penetration curves, reflecting the different decision-making processes followed by
builders and owners. New and existing commercial building stock is calculated
from census projections, similar to the way in which building stock is calculated
for residential buildings

Based on these assumptions, the total potential PV capacity (technical potential)
SolarDS by 2030 is 583 GW, including 271 GW of residential and 312 GW of
commercial PV capacity, which is in line with previous estimates of U.S. rooftop PV
capacity (Denholm and Margolis 2008). Using the Navigant Consulting maximum
market-penetration curves, the maximum obtainable rooftop PV capacity's by 2030 is
425 GW (182 GW residential, 243 GW commercial). Using the NEMS market
penetration curves, the maximum obtainable rooftop PV capacity by 2030 is 225 GW (95
GW residential, 130 GW commercial)

Buildings Aggregator
Once the residential and commercial buildings databases are established, the number of
buildings adopting PV is calculated by multiplying the number of buildings in each class
by the adoption fraction associated with each class. Figure 16 illustrates general approach
for aggregating the new and existing buildings with PV. This process is run separately for
residential and commercial buildings

Figure 16. Aggregating buildings with PV

The submodule begins by calculating the existing building stock available for PV for
each unique building type. The number of existing buildings with PV is calculated from

Minimum PV payback times are capped at one year in SolarDS due to model resolution
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the product of the fractional market share and the total number buildings in that particular
building class

The model similarly calculates the fraction of new buildings that install PV. The number
of new buildings is calculated from the sum of (1) building growth calculated from
census population projections at the state level, and (2) building rebuilds, which are
assumed to be 1% of the existing buildings per year. The adoption of PV on new
buildings is calculated from the product of the number of new buildings and the current
adoption rate, calculated by the market share calculator. New buildings that do not adopt
PV are then placed into the existing building stock

The number of buildings with PV is summed over each building type to produce the
amount of installed PV capacity (MW), and the fraction of buildings with PV for each
state and time period. Total PV capacity (MW) is calculated from the product of the
number of buildings that install PV and the size of the PV installation by building type
The state results are further aggregated to give national PV statistics for each time period

4 SolarDS Results

SolarDS outputs the results of each simulation to a new Microsoft Excel workbook that
includes user-defined run parameters saved in a main worksheet and the model output (at
the state and national level) in a series of worksheets that include

1. Annual PV Capacity

2. Cumulative PV Capacity

3. Annual Residential PV Capacity

4. Cumulative Residential PV Capacity

5. Annual Commercial PV Capacity

6. Cumulative Commercial PV Capacity

7. Annual # of Residential Buildings that Installed PV

8. Cumulative # of Residential Buildings that Installed PV

9. Annual # of Commercial Buildings that Installed PV

10. Cumulative # of Commercial Buildings that Installed PV

l l. Fraction of Residential Buildings with PV

12. Fraction of Commercial Buildings with PV

13. Annual Cost of Residential Incentives

14. Annual Cost of Commercial Incentives

15. Cumulative Cost of Residential and Commercial Incentives

16. Residential Payback Times (aggregated to the state level)

17. Commercial Payback Times (aggregated to the state level)
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The output file also contains an automated plotting tool to help the user quickly visualize
SolarDS results

4.1 SolarDS Example Results
The amount of PV penetration simulated by SolarDS is highly dependent on model input
parameters, primarily (1) future PV cost reductions, (2) the assumed maximum PV
market-penetration curves as a function of PV financial performance, and (3) PV
financing and policy-based assumptions. We illustrate the range of SolarDS output using
six PV penetration scenarios. In the first four scenarios, we simulate PV adoption for
combinations of high and low PV cost reductions and two maximum market share curves
In the last two scenarios, we illustrate the upper bound on PV penetration using high PV
cost reductions in addition to aggressive financing and policy-based parameters. These
parameters are defined by (1) decreasing the loan rate from 6% (real) to 4% (real), (2)
increasing the loan term from 15 to 30 years for residential retrofit and commercial
systems, (3) changing the residential loan structure so that 30% of customers pay no
down payment on PV loans and 70% of customers pay a 20% down payment, (4)
increasing the electricity rate escalations from AEO 2009 estimates to a 1% annual
increase, and (5) adding a cost to future carbon emissions. The input parameters for the
six model scenarios are summarized in Table l
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Scenario PV Cost I Market-Penetration Curve I Finance & Policy
EIA/

NEMSI
Base

EIA/
Navigant/

Base

DOE
SETPI
NEMS/
Base

DOE
SETPI

Navigantl
Base

DOE SETPI
NEMS/

Aggressive

DOE SETP/
Navigant/

Aggressive

PV Cost EIA EIA DOE-
SETP

DOE-
SETP

DOE-SETP DOE-SETP

Max PV Market
Share

NEMS Navigant NEMS Navigant NEMS Navigant

Rate Escalation AEO 2009 AEO 2009 AEO 2009 AEO 2009 1% Annual 1% Annual
Rate Structures Base Mix Base Mix Base Mix Base Mix Base Mix Base Mix

Carbon Price'
$20/ton CO2
2010 - 2020
$30/tOn CON
2021 - 2030

$20/ton CON
2010 - 2020
$30/ton CON
2021-2030

Federal ITC 30% to
2016
com: 10%
after

30% to
2016
com: 10%
after

30% to
2016
com: 10%
after

30% to
2016
com: 10%
after

30% to 2016
res: 10%
after
com: 10%
after

30% to 2016
res: 10%
after
com: 10%
after

State Incentives Current
Incentives

Current
Incentives

Current
Incentives

Current
Incentives

Current
Incentives

Current
Incentives

Loan Rate 6% real 6% real 6% real 6% real 5% real 5% real
Loan Term

(years)
Com: 15°
Res few: 30
ReSexisting-
15

Com: 15
Res few: 30
ReSexisting-
15

Cam: 15
Res few: 30
ReSexisting-
15

Com: 15

Res few: 30

Re Sexisting .
15

Com: 30
Res few: 30
Re$existing-

Com: 30
Res few: 30
ReSexisting-

Down
Payment

(%)

Com 20% 20% 20% 20% 20% 20%
20% of
Res

Homes
100% 100% 100% 100% 0% 0%

80% of
Res

Homes
20% 20% 20% 20% 20% 20%

Table 1. SolarDS Input Parameters

U.S. $2008 dollars
Bolinger (2009)

Simulated PV penetration is shown in Figures 17 through 19. It ranges from 15 to 193

GW of PV capacity installed by 2030. The amount of installed PV capacity is highly

dependent on future PV cost reductions. Modeled cumulative installed PV capacity
reaches approximately 12 GW if future cost reductions follow EIA estimates (PV reaches
$4.23/W and $2.85/W by 2030 for residential and commercial systems). Simulated PV

capacity is approximately five times higher if PV cost reductions follow the DOE SETP
targets (PV reaches $2.09/W and $1 .66/W for residential and commercial systems by

2030). PV penetration is also highly sensitive to financing parameters, where a

combination of the attractive financing parameters and a cost associated with carbon

emissions (summarized in Table l) leads to 158-193 GW of PV capacity by 2030

The different PV maximum adoption fractions based on PV financial performance
(NEMS and Navigant, see Figure 14) lead to small differences in the lower penetration
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PV Cost / Market Penetration I Finance & Policy
- DOE SETPI Navigant I Aggressive

DOE SETP I NEMS I Aggressive
DOE SETP I Navigant I Base
DOE SETPI NEM I Base
EIAI Navigant I Base

-_ EIAI NEMS I Base

PV Cost I Market Penetration I Finance & Policy
-_ DOE SETP I Navigant I Aggressive

DOE SETPI NEMS I Aggressive
-l:>oE SETP I NEMS I Base

DOE SETP I Navigant I Base
EIA/ NEMS I Base
EIAI Navigant I Base

scenarios, but significant differences (> 25 GW) in the high penetration scenario. This
reflects similar adoption estimates for PV systems with higher payback times but a
fundamental difference in estimated PV adoption for systems with very short payback
periods. Additionally, the Navigant maximum market share curves lead to a significantly
higher fraction of commercial to residential PV installations.

200
Cumulative Installed PV Capacity

175

E 150

9 125
8*
g 10o
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o
>
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Figure 11. Cumulative installed PV capacity through 2030 for a range of model input
parameters, including PV costs (EIA and DOE SETP), PV market adoption rates (NEMS and

Navigant), and PV financing and policy assumptions (base case and aggressive case)
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Figure 18. Cumulative installed residential PV capacity

2030

28



PV Cost I Market Penetration I Finance & Policy
DOE SETP I Navigant I Aggressive
DOE SETP I NEMS I Aggressive
DOE SETP I Navigant I Base
DOE SETP l NEMS I Base
EIA/ Navigant I Base

-EIAI NEMS I Base
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Figure 19. Cumulative installed commercial PV capacity

2030
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Appendix A: Model Regions and Electricity Rates

Figure A-1. EIA Census + 4 Regions

SolarDS Price
Region

Table A-1. SolarDS Electricity Price Regions

Representative Utility Residential Electricity
Prices

MinMean Max Mean

Commercial Electricity
Prices
Min

Alabama
Arizona
Arkansas
California (North)
California (South)
Colorado
Connecticut
Delaware
District of Columbia
Florida

9.32
9.66
8.73

14.41
14.41
9.25

19.08
13.15
11.15
11.22

6.40
5.31
5.43
8.40
5.88
6.06

11.68
10.78
11.16
7.63

13.70
13.19
12.59
23.42
24.21
13.80
20.62
15.70
14.26
14.32

8.70
8.27
6.91

13,23
11.86
7.62

13.60
10,59
9.72
9.75

5.58
2.05
4.10
6.11
2.55
2.24

10.81
8.55

10.98
6.79

13.87
12.06
10.73
14.21
21.44
18.55
17.42
15.29
14.01
14.41

Georgia
Idaho
Illinois
Indiana

8.079.10
6.36

10.12
8.26
9.45
8.19
7.34
9.37
9.62

11.83
15,53
10.21
9.18
9.36

5.47
4.91
4.51
4.80
4.95
4.85
5.47
3.10
9.37
7.37
9.21
6.21
5.36
7.22

13,63
9.81

13.35
10.98
14.31
14.42
9.48

12.36
34.64
14.42
18.65
18.31
14.58
12.01

7.29
7.15
6.84
6.76
9.13
8.27

10.23
12.56

5.79
4.09
4.92
4.21
3.10
2.74
5.29
2.94
9.23
7.06

10.06
6.38
1 .88
6.94

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi

Alabama Power Co
Arizona Public Service Co
Energy Arkansas Inc
Pacific Gas & Electric Co
Southern California Edison
Colorado Springs
United Illuminating Co
Delmarva Power & Light Co
Potomac Electric Power Co
Florida Power Corp (Progress
Energy)
Georgia Power Co
Idaho Power Co
Commonwealth Edison Co
PSI Energy inc (Cinergy)
Interstate Power (Alliant)
Kansas City Power & Light
Kentucky Utilities Co
Energy Louisiana Inc
Central Maine
Baltimore Gas & Electric Co
Boston Edison (Nstar)
Detroit Edison Co
Northern States Power Co
Energy Mississippi Inc

7.48
8.92

12.50
8.19

11.00
20.71
14.73
34.12
11.11
33.33
23.82
18.11
19.87
17.01
13.59
12.70
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Union Electric Co (Ameren)
Northwestern Energy LLC
Omaha Public Power District
Sierra Pacific Power Co
Nevada Power Company
Public Service Co of NH
Jersey Central Power & Lt Co
Public Service Co of NM
Long Island Power Authority

7.69
8.77
7.59
8.40

11.92
14.88
14.14
9.12

20.25

4.67
4.67
4.90
5.64
5.50

10.18
9.11
7.59

18.49

13.48
11.16
12.87
13.04
13.26
31.70
15.30
16.65
22.67

6.34
8.18
6.39
6.09

10.76
12.65
11.75
7.66

16.11

3.96
1.57
1.85
4.15
0.87

10.20
9.18
3.86

16.81

13.52
10.58
15.12
12.56
14.06
16.37
15.98
41.97
20.99

Missouri
Montana
Nebraska
Nevada (North)
Nevada (South)
New Hampshire
New Jersey
New Mexico
New York (Long
Island)
New York (NYC)
New York (Remain)
North Carolina

19.08
13.30
9.40

19.08
2.64
6.70

30.62
19,36
13.86

17.50
10.40
7.43

17.18
3.37
5.94

19.75
18.42
16.67

North Dakota
Ohio
Oklahoma
Oregon

7.30
9.35
8.58
8.19

4.93
5.56
5.37
4.22

9.73
12.85
16.40
10.70

6.58
8.22
7.33
7.11

1 .90
4.71
4.48
3.40

9.32
13.24
28.99
10.96

Pennsylvania
Rhode island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia

10.86
14.04

9.19
8.07
7.84

12.34
8.15

14.15
8.74

6.99
13.85

7.50
4.85
1.37
7.32
2.64
8.16
6.26

20.45
40.12
15.63
11.49
11.51
18.16
11.90
16.91
12.99

8.98
11.89

7.74
6.61
8.09
9.87
6.54

12.29
6.38

5.09
12.15

4.61
1.98
5.61
4.10
2.08
9.63
5.51

17.94
42.02
11.32
17.16
12.97
16.24
13.25
18.51
13.14

Washington
West Virginia
Wisconsin
Wyoming

Consolidated Edison-NYC
Niagara Mohawk Power Corp
Carolina Power & Light
(Progress)
Northern States Power Co
Ohio Power Co (AEP)
Oklahoma Gas 8¢ Electric Co
Portland General Electric
Company
PECO Energy Co
Narragansett Electric Co
South Carolina Electric & Gas
Black Hills Power Inc
Memphis City of
TXU Energy Retail Co LP
PacifiCorp
Central Vermont Pub Service
Virginia Electric & Power
(Dominion)
Puget Sound Energy Inc
Appalachian Power Co
V\hsconsin Electric Power Co
PacifiCorp __ _

7.26
6.73

10.87
7.75

2.27
6.15
6.17
2.94

9.92
13.15
15.45
13.06

6.56
5.85
8.71
6.25

2.28
5.58
5.G5
1.68

10.00
13.20
13.87
13.12

Because load patterns may vary for different climate patterns in northern and southern
California, the state is separated into two regions to allow for different TOU rates.
Nevada is split into two regions to allow for escalation based on the NEMS EMM
regions. New York is separated into three regions. Generation and transmission into New
York City and Long Island is severely constrained, resulting in much higher than average
prices.

Table A-2. AEO 200919 Rate Escalation by Region: Resi

2016 2018 2020 2022 2024

denial

2056 2028 2030Regina 2008
NE 1.00
MA 1.00
ENC 1.00
WNC 1.00
SA 1.00

ESC 1.00
WSC 1.00
MTN 1.00
PAC 1.00

a Regions are sh

2010 2012 2014

0.93 0.97 0.97
0.89 0.93 0.97
0.95 0.97 0.99
1.01 1.02 1.03
0.96 0.99 1.00
0.98 0.98 0.98
0.93 0.95 0.97
1.02 1.02 1.03
0.96 0.94 0.93

own in Figure A-1.

0.98
0.99
1.01
1.02
1.02
0.99
1.00
1.09
0.94

0.97
0.98
1.00
1.02
1.01
0.98
0.98
1.05
0.93

0.99
1.00
1.02
1.02
1.03
0.99
1.03
1.11
0.94

0.98
1.00
1.04
1.02
1.04
1.00
1.04
1.12
0.94

0.99
1.03
1.05
1.02
1.06
1.02
1.06
1.17
0.95

1.01
1.06
1.08
1.03
1.10
1.05
1.10
1.22
0.98

1.02
1.08
1.10
1.04
1.13
1.08
1.13
1.26
1.00

1.03
1.09
1.12
1.06
1.14
1.10
1.14
1.30
1.01

%
0.1
0.7
0.5
0.3
0.8
0.8
0.7
1.4
0.1

19 Real, not nominal, electricity rate escalations (EIA 2009).
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Table A-3. AEO 2009 Rate Escala

2016 2018

son by

2020

Regio

2022

n: Com

2024Region'
NE
MA

mercia

2026 2028 2030 %
-0.1
0.6
0.7
0.8
0.7
0.3
0.5
0.9

2008
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Regions are sh

2010 2012 2014
0.89 0.89 0.87
0.85 0.86 0.89
0.92 0.91 0.91
0.99 0.99 1.00
0.92 0.94 0.94
0.95 0.94 0.92
0.90 0.90 0.92
0.97 0.94 0.93
0.97 0.92 0.89

own in Figure A-1

0.87
0.92
0.93
0.99
0.94
0.92
0.92
0.94
0.89

0.89
0.94
0.95
1.00
0.95
0.93
0.96
0.97
0.90

0.91
0.95
0.97
1.00
0.96
0.93
0.99
0.98
0.90

0.90
0.96
0.99
0.99
0.96
0.94
1.00
0.98
0.89

0.92
0.99
1.00
1.00
0.98
0.96
1.03
1.02
0.90

0.94
1.03
1.04
1.01
1.02
0.99
1.08
1.06
0.93

0.97
1.06
1.07
1.03
1.05
1.02
1.12
1.10
0.95

0.99
1.08
1.10
1.06
1.06
1.04
1.14
1.13
0.97 -0. 1

SolarDS Site
Number

Table A-4. SolarDS Regions and Population Allocation

SolarDS TMY Site
Electricity (State & City)

Rate Region

Allocated
Population
(yr 2000)

Fraction of

Population
1 .572.515

907.369
759.750
620.977
302.428
102.777

35.36%
20.40%
17.08%
13.96%
6.80%
2.31%

97.596
69.559
14.129

1.329.509
628. 182
395.581
170.909
139.097

10. 122
3.275.528
1 .094.445

296.989
179.906
140.581
122.405

2. 19%
1 .56%
0.32%

49.73%
23.50%
14.80%
6.39%
5.20%
0.38%

83.84%
21.33%
5.79%
3.51%
2.14%
2.39%
0.18 %

0.15%

25 CA So

26 CA No

8.706.405
0.07%

25.70%

7.101.835 20.97%

27
28
29
30
31
32
33
34
35
36
37
38

CA So
CA No
CA So
CA So
CA So
CA So
CA So
CA No
CA No
CA No
CA So
CA So

6.245.807
3.859.322
3.285.362
1568.991
1 .103.365

750.676
658.686
348.186
136.149
74.816
14.411

18.44%
11 .39%
9.70%
4.63%
3.26%
2.22%
1 .94%
1 .03%

AL Birmingham
AL Huntsville
AL Montgomery
AL Mobile
GA Columbus
MS Meridian
TN
Chattanooga
FL Tallahassee
GA Atlanta
AR Little Rock
AR Fort Smith
TN Memphis
LA Shreveport
MO Springfi
MS Jackson
AZ Phoenix
AZ Tucson
Az Flagstaff
AZ Prescott
NV Las Vegas
CA San Diego
UT Cedar City
NM
Albuquerque
co Grand
Junction
CA Long Beach
CA San
Francisco
CA Los
Angeles
CA Sacramento
CA San Diego
CA Fresno
CA Daggett
CA Bakersfi
CA Santa Maria
CA Arcata
NV Reno
OR Medford
AZ Prescott
NV Tonopah

0.22%
0.04%
0.02%
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39
40
41
42

CA So
CA No
CA So
CO

7,002
1,594
1,540

2,773,036

0.02%
0.00%
0.00%

64.47%

43 CO 667,357 15.52%

44
45
46
47
48
49
50
51
52
53
54

CO
CO
CO
CO
CO
CO
CO
CT
CT
CT
CT

251,827
205,112
178,849
87,957
65,940
46,235
23,387

1 ,681 ,647
1 ,415,748

204,546
54,689

5.85%
4.71%
4.16%
2.04%
1.53%
1.01%
0.s4%

49.38%
41 .57%

6.01%
1.61%

55
56
57
58
59
60
61
62

CT
DC
D C
DE
DE
DE
FL
FL

48,935
308,382
263,677
715,639

65,930
2,031

4,380,438
3,871,126

1 .44%
53.91 %
46.09%
91 .33%

8.41 %
0.26%

27.41 %
24.22%

63 FL 2,863,036 17.91%

64
65
66
67
68
69
70
71
72
73

FL
FL
F L
F L
F L
F L
GA
GA
GA
GA

2,004,991
1 ,493,393

677,509
526,559

89,085
76,241

4,094,795
824,151
754,462
545,545

12.55%
9.34%
4.24%
3.29%
0.56%
0.48%

50.02%
10.07%

9.22%
6.66%

74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

GA
GA
GA
GA
GA
GA
GA
KS
KS
KS
KS
KS
KS
KS
KS
KS

455,212
435,625
430,861
386,233
223,874

30,782
4,913

879,236
654,336
603,638
252,352
226,679
213,387

43,869
37,013
14,291

5.56%
5.32%
5.26%
4.72%
2.73%
0.38%
0.06%

30.05%
22.36%
20.63%

8.62%
7.75%
1.29%
1 .50%
1 .26%
0.49%

90
91
92
93

KS
I D
I D
I D

NV Las Vegas
OR Burns
AZ Phoenix
CO Boulder
CO Colorado
Springs
CO Grand
Junction
CO Pueblo
CO Eagle
CO Alamosa
v s  C h e y e n n e
KS Goodland
NE Scottsbluff
CT Bridgeport
CT Hartford
Rl Providence
MA Worchester
NY New York
c i t y
VA Sterling
MD Balt imore
DE Wilmington
NJ Atlantic City
PA Philadelphia
FL Tampa
FL Miami
F L  D a y t o n
Beach
FL West Palm
Beach
FL Jacksonville
FL Tallahassee
AL Mobile
AL Montgomery
FL Key West
GA Atlanta
GA Macon
GA Athens
GA Savannah
TN
Chattanooga
GA Columbus
GA Augusta
FL Tallahassee
FL Jacksonville
TN Knoxvil le
NC Ashevil le
IA Des Moines
IL Moline
IA Waterloo
IA Sioux City
lA Mason City
NE Omaha
WI La Crosse
SD Sioux Falls
MN Rochester
MO Kansas
c i t y
ID Boise
ID Pocatello
WA Spokane

1 ,523
584,342
425,334
267,814

0.05%
45.16%
32.87%
20.70%
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14.240

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

IL
IL
IL
IL
IL
IL
IL
IN
IN
IN
IN
IN
IN
IN
IN
KS

7.930.677
886.011
872.763
793.140
696.099
384.252
380.800
325.274
92.878
55.277

MT Missoula
NV Elko
IL Chicago
IL Springfi
MO st. Louis
IL Rockford
IL Peoria
IN Evansville
IL Moline
WI Milwaukee
IN Indianapolis
MO Columbia
WI Madison
IN Indianapolis
IN Fort Wayne
IN South Bend
IL Chicago
IN Evansville
KY Louisville
KY Covington
OH Dayton

Wichita
MO Kansas

2.563.710
939.718
811 .154
639.617
484.918
383.808
176.230
81.330

854.287

1. 10%
0. 10%

63.86%
7. 13%

%
6.39%
5.60%
3.09%
3.07%
2.62%
0.15%
0.45%
0.02%

42. 169
15.45%
13.34%
10.52%
7.97%
6.31%
2.90%
1.34%

31.78%

116
117
118
119
120

KS
KS
KS
KS
KS

742.639
602.412
247.028
85.965
60.854

27.62%
22.41 %
9.19%
3.20%
2.26%

121
122
123
124

KS
KS
KS
KS

44.366
42.533

KS Topeka
KS Dodge City
OK Tulsa
Mo Springy
NE Grand
Island
KS Goodland
NE North Platte
TX Amarillo
KY Louisville
KY Lexington
IN Evansville
KY Covington
\/\N Huntington
TN Nashville
TN Bristol
TN Knoxville
TN Memphis

1.179.255
1 .024.225

521.506
401.353
343.734
295.411
138.437
123.850
13.046

1 .65%
1 .58%
0.22%
0.09%

29. 18%
25.34%
12.90%
9.93%
8.50%
7.31%
3.43%
3.08%
0.32%

1.650.111 36.92%

1.342.161
789.351

30.03%
17.66%

581.675
101.030

142
143
144
145
146
147
148
149
150

MA
MA
MA
MA
MA
MA
MD
MD
MD

3.942.239
942.773
681.104
667.208
112.944

Orleans
LA Baton
Rouge
LA Shreveport
LA Lake
Charles
MS Jackson
TX Port Arthur
TX Lulkin
AR Little Rock
MA Boston
MA Worchester
Rl Providence
CT Hartford
NY Albany
NH Concord
MD Baltimore
VA Sterling
DE Vlhlmington

3.812.860
1.074.159

225.657

13.02%
2.26%
0.05%

%
0.02%

62.09%
14.85%
10.73%
10.51%
1 .78%
0.04%

71.999
20.28%
4.26%
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151
152
153
154
155
156
157
158
159
160

MD
MD
MD
MD
MD
ME
ME
ME
MI
MI

101,035
33,529
24,184
22,844
2,218

1,106,971
161,071

6,879
4,119,864
1,521,185

1 .91 %
0.63%
0.46%
0.43%
0.04%

86.83%
12.63%

0.54%
41 .45%
15.31 %

161
162
163
164

MI
MI
MI
MI

1,268,740
916,640
466,710
403,237

12.77%
9.22%
4.70%
4.06%

165
166
167
168

MI
MI
MI
MI

402,807
312,555
161,440
159,262

4.05%
3.14%
1.62%
1.60%

169
170
171

MI
MI
MI

83,312
82,885
39,807

0.84%
0.83%
0.40%

172
173
174
175
176
177
178
179
180
181
182

MN
MN
MN
MN
MN
MN
MN
MN
MN
MN
Mo

2,925,313
750,930
290,122
277,098
275,310
128,968
102,273
100,571
66,761
2,133

2,305,473

59.46%
15.26%
5.90%
5.63%
5.60%
2.62%
2.08%
2.04%
1.36%
0.04%

41 .20%

183
184
185
186
187
188
189
190
191
192
193
194
195

MO
MO
MO
MO
MO
MO
MO
MO
MO
MS
MS
MS
MS

1 ,339,611
928,348
789,478
183,023
25,526

7,522
6,541
5,576
3.29o

987,829
640,766
566,672
392,699

23.94%
16.59%
14.11 %

3.27%
0.46%
0. 13%
0. 12%
0. 10%
0.06%

34.73%
22.53%
19.92%
13.80%

196 MS 107,514 3.78%

197
198
199
200
201
202
203
204
205

MS
MS
MS
MS
MT
MT
MT
MT
MT

WV Elkins
NJ Atlantic City
VA Norfolk
PA Harrisburg
VA Richmond
ME Portland
ME Caribou
NH Concord
MI Detroit
MI Flint
MI Grand
Rapids
MI Lansing
Ml Muskegon
OH Toledo
Ml Traverse
City
IN South Bend
Ml Alhena
Ml Houghton
Ml Sault Ste.
Marie
WI Green Bay
IN Fort Wayne
MN
Minneapolis
MN Saint Cloud
MN Rochester
ND Fargo
MN Duluth
SD Sioux Falls
MN Inf. Falls
IA Mason City
WI La Crosse
Ml Houghton
MO St. Louis
MO Kansas
city
MO Sp['ingfield
MO Columbia
TN Memphis
IA Des Moines
NE Omaha
IL Moline
AR Fort Smith
AR Little Rock
MS Jackson
TN Memphis
MS Meridian
AL Mobile
LA Baton
Rouge
LA New
Orleans
AL Huntsville
AL Birmingham
AR Little Rock
MT Helena
MT Billings
MT Missoula
MT Kalispell
MT Great Falls

106,861
35,500
4,255
2,552

215,795
160,099
156,726
114,474
92,603

3.76%
1.25%
0. 15%
0.09%

23.92%
17.75%
17.37%
12.69%
10.26%
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206
207
208
209
210
211
212
213
214
215
216
217

MT
MT
MT
MT
MT
NC
NC
NC
NC
NC
NC
NC

48,210
46,451
30,864
26,874
9,725

2,415,001
1 ,937,866
1 ,565,781

968,937
553,844
186,361
117,225

5.34%
5. 15%
3.42%
2.98%
1 .08%

30.00%
24.07%
19.45%
12.04%
6.88%
2.32%
1 .46%

218
219
220
221
222
223
224
225
226
227
228

NC
NC
NC
NC
ND
ND
ND
ND
ND
ND
NE

MT Lewistown
MT Miles City
MT Glasgow
MT Cut Bank
JAN Sheridan
NC Raleigh
NC Charlotte
NC Greensboro
NC \Ahlmington
NC Asheville
VA Norfolk
TN Bristol
NC Cape
Hatteras
SC Greenville
TN Knoxville
VA Richmond
ND Fargo
ND Bismarck
ND Minot
SD Rapid City
SD Huron
MT Miles City
NE Omaha
NE Grand
Island
NE Norfolk
NE North Platte
NE Scottsbluff
IA Sioux City
KS Topeka
SD Pierre
KS Goodland
SD Rapid City
NH Concord
MA Boston
MA Worchester
ME Portland
NJ Newark

99,890
77,647
72,009
54,752

299,370
169,768
161,314

5,255
3.288
3,205

1 ,003,230

1 .24%
0.96%
0.89%
0.68%

46.62%
26.44%
25. 12%
0.82%
0.51%
0.50%

58.63%

229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

NE
NE
NE
NE
NE
NE
NE
NE
NE
NH
NH
NH
NH
NJ
NJ

255,129
170,039
123,185
87,861
44,784
14,250
4,749
3,696
3.378

1 ,036,495
90,888
67,484
40,919

4,737,665
1,393,310

14.91%
9.94%
7.20%
5. 13%
2.e2%
0.83%
0.28%
0.22%
0.20%

83.87%
7.35%
5.46%
3.31%

56.30%
16.56%

244
245
246
247

NJ
NJ
NJ
NJ

1,183,079
802,935
218,664
78,697

14.06%
9.54%
2.60%
0.94%

248
249
250
251
252

NM
NM
NM
NM
NM

1 ,160,120
330,045
150,391
88,442
53,246

63.78%
18.14%
8.27%
4.86%
2.93%

253
254
255
256
257
258
259

NM
NM
NM
NM
NV South
NV North
NV North

22,789
7.509
4,324
2,180

1 ,402,358
498,607
46,363

1.25%
0.41 %
0.24%
0.t2%

70. 18%
24.95%
2.32%

260
261

NV North
NV North

PA Philadelphia
NY New York
City
NJ Atlantic City
PA Allentown
DE V\hlmington
NM
Albuquerque
TX El Paso
NM Tucumcari
TX Midland
CO Alamosa
CO Grand
Junction
CO Pueblo
Az Tucson
TX Lubbock
NV Las Vegas
NV Reno
NV Elko
NV
Winnemucca
NV Ely

29,454
10,799

1.47%
0.54%
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262
263

NV north
NV North

8.231
2,445

0.41%
0.12%

264
265
266
267
268
269
270
271
272
273
274
275

NYC
NY Long Is.
NY Remain
NY Remain
NY Remain
NY Remain
NY Remain
NY Remain
NY Remain
NY Remain
NY Remain
NY Remain

10,444,179
1 ,609,017
1 ,363,859
1 ,301,957
1 ,194,945
1 ,167,876

683,302
600,670
177,545
162,687
123,234
65,309

55.04%
8.48%
7. 19%
6.86%
6.30%
e. 15%
3.60%
3. 17%
0.94%
0.86%
0.65%
0.34%

276
277
278
279
280
281
282
283
284

NY Remain
NY Remain
NY Long Is.
OH
OH
OH
OH
OH
OH

43,752
30,434
7,253

2,081 ,112
1,971 ,782
1,575,838
1,430,359
1,401 ,769

950,637

0.23%
0. 16%
0.04%

18.33%
17.37%
13.88%
12.60%
12.35%
8.37%

285
286
287
288
289
290
291

OH
OH
OH
OH
OH
OH
OH

706,904
584,256
264,509
187,418
89,023
86,071
22,699

6.23%
5. 15%
2.33%
1.65%
0.78%
0.76%
0.20%

292
293

OK
OK

1,532,614
1,205,649

44.42%
34.94%

294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316

OK
OK
OK
OK
OK
OK
OK
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
PA
PA
PA
PA

258,003
245,796
79,327
64,081
39,340
22,345
2,625

1,496,864
600,743
416,059
339,927
165,561
129,504
124,757
63,423
33,681
19,947
19,267
11 ,269

3,234,722
2,725,698
1,770,423
1,447, 170

7.48%
7. 12%
2.30%
1.86%
1 I 14%
0.65%
0.08%

43.75%
17.56%
12. 16%
9.94%
4.84%
3.79%
3.65%
1 .85%
0.98%
0.58%
0.58%
0.83%

26.34%
22.19%
14.42%
11 .78%

317 PA

NV Tonopah
UT Cedar City
NY New York
City
CT Bridgeport
NY Albany
NY Buffalo
NY Syracuse
NY Rochester
NJ Newark
NY Binghamton
NY Massena
PA Bradford
VT Burlington
PA Vlhlliamsport
PA Vwlkes-
Barre
PA Erie
Rl Providence
OH Cleveland
OH Columbus
OH Dayton
OH Akron
KY Covington
OH Toledo
OH
Youngstown
OH Mansfield
JAN Huntington
PA Pittsburgh
\AN Charleston
IN Fort Wayne
PA Erie
OK Oklahoma
City
OK Tulsa
TX Wichita
Falls
AR Fort smith
TX Fort Worth
KS Wichita
KS Dodge City
TX Amarillo
MO Springfield
OR Portland
OR Salem
OR Eugene
OR Medford
OR Redmond
OR Pendleton
OR north Bend
OR Astoria
ID Boise
OR Burns
WA Yakima
CA Arcata
PA Philadelphia
PA Pittsburgh
PA Harrisburg
PA Allentown
PA Wilkes-
Barre 763,011 6.21%
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318
319
320
321

PA
PA
PA
PA

566.515
524.237
429.600
417.499

4.61 %
4.27%
3.50%
3.40%

207.952
87.401
67.329
27.144

1.043.056

322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341

PA
PA
PA
PA
PA
PA
RI
RI
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SD
SD

1 .146.765
989.877
895.614
340.746
205.513
203.937
161 .436
40.482
17.608

343
344
345
346
347
348
349
350

SD
SD
SD
SD
SD
TN
TN
TN

261.762
180.019
170.861
74.640
23.383
21 .031
14.552

1.838.670
1.388.930
1.085.595

1 .69%
0.11 %
0.55%
0.22%
0.05%
0.05%

99.50%
0.50%

28.58%
24.67%
22.32%
8.49%
5. 12%
5.08%
4.02%
1 .01 %
0.44%
0.23%

34.68%
23.85%
22.64%
9.89%
3. 10%

%
1 .93%
1 . 14%

32.32%
24.41 %
19.08%

351
352
353
354
355
356
357
358
359

TN
TN
TN
TN
TX
TX
TX
TX
TX

691 .610
486.175
186.174
12.129

5.608.872
4.955.756
1 .916.970
1 .434.729

978.369

12. 16%
8.55%
3.21%
0.21 %

26.90%
23.77%

9. 19%
6.88%
4.69%

360
361
362
363
364
365
366
367
368
369
370

TX
TX
TX
TX
TX
TX
TX
TX
TX
TX
TX

750.132
748.004
690.669
637.769
494.013
431 .235
390.808
389.346
382.332
309.567
273.952

3.60%
3.59%
3.31%
3.06%
2.37%
2.07%
1.87%
1.87%
1.83%
1.48%
1.31%

371
372
373

TX
TX
TX

224.372
208.457

t2.779

1.08%
1.00%

374 TX

PA Williamsport
PA Bradford
DE lMlmington
PA Erie
OH
Youngstown
VA Sterling
NY Binghamton
V\N Elkins
MD Baltimore
NJ Newark
Rl Providence
MA Worchester
SC Greenville
SC Columbia
SC Charleston
NC Charlotte
GA Augusta
NC Vlhlmington
GA Savannah
GA Athens
NC Asheville
NC Raleigh
SD Sioux Falls
SD Rapid City
SD Huron
SD Pierre
NE Norfolk
IA Sioux City
ND Fargo
ND Bismarck
TN Nashville
TN Memphis
TN Knoxville
TN
Chattanooga
TN Bristol
AL Huntsville
NC Asheville
TX Fort Worth
TX Houston
TX San Antonio
TX Austin
TX Brownsville
TX Corpus
Christi
TX Waco
TX EI Paso
TX Lufkin
LA Shreveport
TX Port Arthur
TX Midland
TX Lubbock
TX Amarillo
TX Abilene
TX Victoria
TX Wichita
Falls
TX San Angelo
NM Tucumcari
LA Lake
Charles 0.03%
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375
376

TX
TX

AR Fort Smith
KS Dodge City
UT Salt Lake

0.02%
0.01%

377
378

UT
UT

1.999.247
167.106

89.53%
7.48%

379 UT 34.848

27.207

1.56%

380
381
382
383

UT
UT
UT
VA 2.331.222

1.596.461
1.298.552

686.010
598.542
308.708
114.750
100.092
26.430
14.425

1 .22%
m.

0.07%
32.93%
22.55%
18.34%
9.69%
8.46%
4.36%
1 .62%

385
386
387
388
389
390
391
392
393

VA
VA
VA
VA
VA
VA
VA
VA
VA

0.37%
0.20%
0.05%

77. 17%
10.00%
8.07%

399
400
401
402
403
404
405
406
407
408
409

WA
WA
WA
WA
WA
WA
WA
WA
WI
WI
WI

2.12%
61.37%

412 WI

UT Cedar City
we Rock
Springs
CO Grand
Junction
ID Pocatello
NV Ely
VA Sterling
VA Norfolk
VA Richmond
VA Lynchburg
VA Roanoke
TN Bristol
NC Greensboro
WV Elkins
NC Raleigh
WV Charleston
TN Knoxville
vi Burlington
NH Concord
NY Albany
MA Worchester
CT Hartford
WA Seattle
WA Spokane
WA Yakima
OR Portland
WA Olympia
OR Pendleton
OR Astoria
WA Quillayute
WI Milwaukee
Wl Green Bay
WI Madison
WI Eau Claire
WI La Crosse
IL Rockford

469.834
60.899
49. 152
16.013
12.929

3.616.970
572.474
476.574
440.819
427.598
253.513
63.216
42.957

1 .981 .735
1203. 284

997.047
446.623
297.580
157.144

9 . 71  %
8 . 0 9 %
7 . 4 8 %
7 . 2 5 %
4 . 3 0 %
1 . 07%
0 . 7 3 %

3 6 . 9 5 %
2 2 . 4 3 %
1 8 . 5 9 %

8 . 3 3 %
as

2 . 9 3 %

413
414
415

WI
WI
WI

117.746
96.387
46.879
11.857

2.20%
1.80%
0.87%

M
0. 13%

43.03%
24.94%
10.52%

778.188
450.975
190.247
166.590
147.523
69.468

9.21%
8. 16%
3.84%
0.30%

24.79%
19.11 %
15.59%
10.67%

122.428
94.348
76.994
52.669

Minneapolis
MN Duluth
MI Houghton
IL Moline
MN Rochester
WV Charleston
WV Elkins
vs Huntington
PA Pittsburgh
VA Sterling
VA Roanoke
TN Bristol
\AN Cheyenne
vs Casper
vs Sheridan
WY Lander
w e  R o c k
S p r i n g s
MT Billings
ID Pocatello

49.670
29.315
25.100

10.06%
5.94%
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Appendix B: PV Performance and Cost Reductions

Table B-1. PV Derate Factor by Component

Component Derate Factor
PV module nameplate DC rating
Inverter and transformer
Mismatch
Diodes and connections
DC wiring
AC wiring
Soiling
System availability
Overall DC-to-AC aerate Factor

This corresponds to the aerate factor of a new module. We also assume that PV output
degrades over time, resulting in a 10% reduction in 20 years

Table B-2. PV Cost Reductions

Residential
($/kw)

Commercial

PV Inverter"
DOE _ SPT

PV Inverter PV Inverter
DOE _ SPT

PV Inverter

In nominal 2008 U.S. dollars
Inverter replacement is scheduled every 10-20 years, with inverter lifetime increasing over time

Learning-based Cost Reductions
The idea of learning-based cost reductions stems from the observation that workers in
manufacturing plants become more efficient as they produce more units. This idea has
been extended to describe the cost reductions and quality improvements in a wide variety
of manufactured products. One reason for its widespread use is the availability of data on
unit production and unit cost. The learning rate, LR, is derived from cost data, Cf, and
cumulative manufactured data, qt, using the following relationship

In(l-LR, )

C... C (B-1)
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The global cumulative installed PV amount/rate is inferred from the cumulative amount
of PV installed in a given time period using the fraction of PV installed in the Us,fus.,,
as follows

q (B-2)

Recent surveys of PV learning rates suggest values ranging from 17% to 26% (Maycock
2002; Strategies Unlimited 2003; Nemet 2006). The NEMS model uses a constant PV
learning rate of approximately 13%. SolarDS allows users to specify both the learning
rate and the fraction of U.S. to global cumulative installed PV capacity for each time
period in SolarDS. Figure B-l shows the PV cost reductions for fixed learning rates of
17% and 26%, assuming a fixed U.S. to global cumulative installed PV capacity fraction

Relative Cost of PV

20 30

Installed PV (GW)

Figure B-1. PV Cost reductions for Mo PV learning rates (LR) derived in recent studies

Although PV prices can be reasonably expected to decrease with cumulative production
users should keep certain factors in mind when using learning rates. Extrapolating
learning rates from historical PV price and production data may not reflect the current
and future reductions in PV costs. Additionally, learning rates are based on the
cumulative global PV market, of which the U.S. share has declined steadily from more
than 30% in the mid-1990s to l 1% in 2006. SolarDS does not forecast the global PV
market, and the user must specify the U.S. fraction of the global PV market from 2008 to
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Title 14

10%
15%

E.

c.

D. F.

E.

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
used Renewable Energy Requirement from residential Applica
sons 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
4.

New Section made by final Rulemaking at 13 A.A.R
2389, effective August 14, 2007 (Supp. 07-2)

5.

B.
G

"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
tty shall be multiplied annually for the life of the facility by a
factor determined by multiplying .5 times the percent of Ari
zone 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
aerator 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
tty'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
biped Extra Credit Multiplier shall not exceed 2.0

c.

Historical Note
New Section made by final rulemaddng at 13 A.A.R

2389, effective August 14, 2007 (Supp. 07-2)

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 apply
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
Elechicity Generator that was installed and began operations
between January l, 2001, and December 31, 2003, shall be eli
bible 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

3
2

B.

R14-2-1807. Manufacturing Partial Credit
A. An Affected Utility may acquire RenewableEnergy 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 maniac

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

c.
D.

Historical Note
New Section made by final rulemaldng at 13 A.A.R

2389, effective August 14,2007 (Supp. 07-2)

"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

R14-2-1808. Tan'ff
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
mies that proposes methods for recovering the 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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in applicable annual percentage to the retail kph sold by the
Affected Utility during that calendar year

c.

D.

1.25%

1.50%

1.75%

2.00%

2.50%

ll. "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 l, 1997
The Commission may adopt pilot programs in which Addi
tonal technologies are established as Eligible Renewable
Energy Resources. Any such additional teclmologies 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)

4.00%

m,

%

6.00%

7.00%

8.00%

B.

After 2024

10.00%

11.00%

12.00%

13.00%

14.009

15.00%

c.

c.

D.

F.

R14-2-1803. Renewable Energy Credits
A. One Renewable Energy Credit shall be created for each kph

derived from an Eligible Renewable Energy Resource
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 Industrial Process Heating and Cooling System, Solar
Space Cooling System, Biomass Thermal System, Biogas
Thermal System or a Solar Space Heating System
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
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
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 and 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

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 funding mechanism is approved
An Affected 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 attributes 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)

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

Historical Note
New Section made by final mlemMng at 13 A.A.R

2389, effective August 14, 2007 (Supp. 07-2)

R14-2-1805. Distributed Renewable Energy Requirement
. 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
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TITLE 14. PUBLIC SERVICE CORPORATIONS; CORPORATIONS AND ASSOCIATIONS; SECURITIES REGULATION

CHAPTER 2. CORPORATION COMMISSION
FIXED UTILITIES

Authority: Article XV, § 3, Constitution of Arizona and A.R.S. §40-202 et seq

Editor 's Note: The Ojiee of the Secretary of State publishes all Code Chapters on white paper (Supp. 02-1)

The Corporation Commission has determined that rules in this Chapter are exempt from the Attorney General certification prove
Zions of the Arizona Administrative Procedure Aet (A.R.S. §41-1041) by a court order (State ex. reL Corbin v. Arizona Corporation Com
mission, I74 Ariz. 216 848 R2d301 (App. 1992)). This exemption means that the rule was not eernfied by the Attorney General. Because
this Chapter wasjiled under a Rulemaking exemption, as determined by the Corporation Commission, other than a statutory exemption
the Chapter is printed on green paper.

Chapter 2, consisting of Sections R14-2-104, R14-2-105, R14-2-201 through R14-2-213, R14-2-301 through R14-2-313, R14-2-401
through R14-2-411, R14-2-501 through R14-2-510, and R14-2-601 through R14-2-610, adopted et%ctive Moreh 2, 1982

ARTICLE 1. GENERAL PROVISIONS

Former Sections R14-2-103, R14-2-127, and R14-2-128
renumbered as Sections R14-2-I01 through R14-2-103 respectively
and former Section R14-2-135 renumbered as Section R14-2-314
erective March 2, I982

R14-2-307.
R14-2-308.
R14-2-309.
R14-2-310.
R14-2-311.
R14-2-312.
R14-2-313.
R14-2-314.

Main extensions
Provision of service
Meter reading
Billing and collection
Termination of service
Administrative and Hearing Requirements
Conservation
Intermittent gas ignition

Former Sections R14-2-101, R14-2-102, R14-2-104, R14-2
106 through R14-2-126, R14-2-129, R14-2-130, R14-2-132 through
R14-2-134 repealed ejizctiveMarch 2. 1982 ARTICLE 4. WATER UTILITIES

Section
Rl4-2- l01 .
R14-2-102.
Rl4-2- l03 .

Section
R14-2-401 .
R14-2-402.

R14-2-104.
R14-2-105.
R14-2-106.

R14-2-107.

Accident reports
Treatment of depreciation
Def ining Fil ing Requirements in Support of  a
Request by a Public Service Corporation Doing
Business in Arizona for a Determination of the
Value of Property of the Corporation and of theRate
of  Return Thereon, or in Support of  Proposed
Increased Rates or Charges
Inspection of annual reports
Notice of rate hearings
Commission Color Code to Identify Location of
Underground Facilities
Electric or Natural Gas Cooperative Alterative
Rate Application Filing Requirements and Process

ARTICLE 2. ELECTRIC UTILITIES

R14-2-403.
R14-2-404.
R14-2-405.
R14-2-406.
R14-2-407.
R14-2-408.
R14_2_409.
R14-2-410.
R14-2-411.

Definitions
Certificates of Convenience and Necessity for Water
Utilities: Extensions of Certificates of Convenience
and Necessity for Water Utilities, Abandonment
Sale, Lease, Transfer, or Disposal of a Water Utility
Discontinuance or Abandonment of Water Utility
Service
Establishment of service
Minimum customer information requirements
Service connections and establishments
Main extension agreements
Provision of service
Meter reading
Billing and collection
Termination of service
Administrative and Hearing Requirements

Section
Rl4-2-201 .
R14-2-202.

Definitions
Certificate of Convenience and Necessity for Elec

ARTICLE 5. TELEPHONE UTILITIES

Section
R14-2-501 .
R14-2-502.R14-2-203 .

R14-2-204.
Rl4-2-205 .
R14-2-206.
R14-2-207 .
Rl4-2-208 .
R14-2-209.
R14-2-210.
Rl4-2-211 .
R l 4-2-212.
Rl4-2-2 la .

Eric Utilities
Establishment of Service
Minimum Customer Information Requirements
Master Metering
Service Lines and Establishments
Line Extensions
Provision of Service
Meter Reading
Billing and Collection
Termination of Service
Administrative and Hearing Requirements
Conservation

R14-2-503.
R14-2-504.
R14-2-505.
R14-2-506.
R14-2-507.
R14-2-508.
R14-2-509.
R14-2-510.

Definitions
Certificate of Convenience and Necessity for tele
phone utilities; additions/extensions, abandonments
Establishment of service
Minimum customer information requirements
Service connections and establishments
Construction Agreements
Provision of Service
Billing and collection
Termination of service
Adlninistrative and Hearing Requirements

ARTICLE 6. SEWER UTILITIES
ARTICLE 3. GAS UTILITIES

Section
R14-2-301 .
R14-2-302.

Definitions
Certificate of Convenience and Necessity for gas
utilities: additions/extensions, abandonments
Establishment of service
Minimum customer information requirements
Master metering
Service lines and establishments

Section
R14-2-601 .
R14-2-602.

R14-2-303.
R14-2-304.
R14-2-305.
R14-2-306. R14-2-603.

Definitions
Certificates of Convenience and Necessity for Sewer
Utilities_ Extensions of Certificates of Convenience
and Necessity for Sewer Utilities, Abandonment
Sale, Lease, Transfer, or Disposal of a Sewer Utility
Discontinuance or Abandonment of Sewer Utility
Service
Establishment of service
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Q33: Does this conclude your prepared direct testimony?

A33: Yes, it does.
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High-teeh Synergies. Rooftop solar appeals to those who
embrace the latest in technology. Solar has been described as the
gateway drug" to a host of other energy-saving and clean energy

technologies. Studies have shown that solar customers adopt more
energy efficiency measures than other utility customers, which is
logical given that it makes the most economic sense to add solar
only after making other lower-cost efficiency improvements to
your premises. Further, with net metering, customers retain the
same incentives to save energy that they hadbefore instal l ing
solar. These synergies will only grow as the need to make deep
cuts in carbon pollution drives the increasing electrification of
other sectors of the economy, such as transportation

Customer Engagement. Customers who have gone through the
process to make the long-term investment to install solar learn
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. There is a long-term
benefit to the utility and to society from a more informed and
engaged customer base, but only if these customers remain
connected to the grid. As we have seen recently in Nevada, this
positive customer engagement can turn to customer "enragement
if the utility and regulators do not accord the same respect and
equitable treatment to customers' long-term investments in clean
energy infrastructure that is provided to the utility's investments
and contracts. Emerging storage and energy management
technologies may allow customers in the future to "cut the cord
with their electric utility in the same way that consumers have
moved away from the use of traditional infrastructure for landline
telephones and cable TV. Given the important long-term benefits
that renewable DG can provide to the grid if customer-generators
remain connected and engaged, it is critical for regulators and
utilities to avoid alienating their most engaged and concerned
customers

Self-reliance. The idea of becoming independent and self-reliant
in the production of an essential commodity such as electricity, on
your own property using your own capital, has deep appeal to
Americans, with roots in the Jeffersonian ideal of the citizen
(solar) farmer

The benefits of choice listed above are difficult to express in dollar terms

however, all are strong policy reasons for ensuring that the development of

clean energy infrastructure includes policies which sustain a robust market

for rooftop solar

Crossborder Energy
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There are many benefits to a technology that allows customers greater

choice in how they obtain their electricity. These include

• New Capital. Customer-owned or customer-sited generation
brings new sources of capital for clean energy infrastructure. Given
the magnitude and urgency of the task of moving to clean sources
of energy, expanding the pool of capital devoted to this task is
essential

New Competition. Rooftop solar provides a competitive
alternative to the utility's delivered retail power. This competition
can spur the utility to cut costs and to innovate in its product
offerings. With the widespread availability in the near future of
customer-sited storage paired with rooftop solar, energy efficient
appliances, and load management technologies, this competition
will only intensity, given that the combination of solar and storage
in the future may offer an electric supply whose quality and
reliability is comparable to utility service

Grid Services. With deployment of smart inverters in 2016
rooftop solar systems can provide voltage services, reactive power
and other grid services. In addition, by reducing load on individual
circuits, rooftop solar systems reduce thermal stress on distribution
equipment, thereby extending its useful life and deferring the need
to replace it. All of these additional values are difficult to quantify
because there are not currently markets for these services, and
utilities do not have an incentive to procure these types of seMces
from third-party providers

Enhanced Reliability and Resiliency. Renewable distributed
generation resources are installed as thousands of small, widely
distributed systems and thus are highly unlikely to fail at the same
time. Furthermore, the impact of any individual outage at a DG
unit will be far less consequential, and less expensive for
ratepayers, than an outage at a major central station power plant
DG is located at the point of end use, and thus also reduces the risk
of outages due to transmission or distribution system failures. Most
electric system interruptions result from weather-related transmission
and distribution system outages. In these more Hequent events
renewable DG paired with on-site storage can provide customers with an
assured back-up supply of electricity for critical applications should the
grid suffer an outage of any kind. This benefit of enhanced reliability
and resiliency has broad societal benefits as a result of the increased
ability to maintain government, institutional, and economic functions
related to safety and human welfare during grid outages
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Although the locational difference between utility-scale and rooftop solar

is the most apparent distinction between these two types of solar, there are

other differences that bear on the comparative value of these resources

including the value of these resources in meeting the demand for

renewable power. Solar generation contributes tomeetingRenewable

Portfolio Standard ("RPS") requirements in many states. Each state with

an RPS has its own unique rules for counting a renewable resource's

contribution to RPS requirements. For example, some states, such as

Arizona, have set-asides for renewable DG, others, like Nevada. have

adopted multipliers for DG in determining DG's compliance with RPS

needs. In addition, rooftop solar output reduces the utilities' sales, and

thus further lowers RPS requirements (and ratepayer costs) which are tied

to an increasing percentage of sales

Further, rooftop solar provides additional societal benefits compared to

utility-scale solar, including greater economic benefits for the

communities which have a vibrant local solar installation industry and the

resiliency benefits of local power production. These are quantified in the

accompanying study on APS. Rooiiop solar also uses the built

environment, avoiding the land use and biological impacts of the

significant land areas that are required by both utility-scale solar projects

and the associated transmission facilities used to deliver that generation

25 Q32 : Are there any other important policy reasons why a state should

maintain a supportive environment for customer-sited. distributed

renewable generation

28 A32: Yes. Rooftop solar and other renewable distributed energy technologies

allow customers to tadce greater responsibility for their supply of

electricity, compared to traditional service from the monopoly utility

Crossborder Energy



1 VII. Utility-scale and Rooftop Solar

3 Q30: It is sometimes argued that, because utility-scale solar benefits from

economies of scale and thus has lower capital costs than smaller

rooftop systems, utilities should encourage utility-scale solar to the

exclusion of rooftop systems. Do the capital cost differences between

utility-scale and rooftop solar represent the relative costs to

ratepayers for these resources

9

10

A30:

14

No, they do not, because rooftop and utility-scale solar systems do not

provide ratepayers with the same product. Rooftop solar provides a retail

product, while utility-scale solar supplies a wholesale product. The

majority of the output of a rooftop solar facility provides power directly to

end-use retail loads, behind the meter, where it displaces retail power Hom

the utility. A minority of power is exported to the distribution grid, where

it immediately serves neighboring loads, also displacing retail power Hom

theutility. In most states, the DG customer is compensated for thispower

at the retail rate, through net energy metering. In contrast, utility-scale

solar projects supply wholesale power to the utility, delivering power to

the high-voltage transmission system and competing with other sources of

wholesale power

22

23

24

Q3l: Explain how to compare the differences between these products

27

A31: The retail, rooftop product has been delivered to load, whereas the

wholesale, utility-scale product has not. Thus, for an apples-to-apples

comparison between the two resources, one must add to the cost futility

scale solar, at a minimum, themarginal costs associated with delivering

this power to the same customers that can be served by rooftop solar, The

correct rate to use in this comparison is the marginal cost for transmission

and distribution which the utility avoids if rooiiop solar supplies a

customer and his neighbors, thus avoiding the need for the utility to

provide delivery service from a more remote wholesale generation source
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1
2
3
4
5
6
7
8
9

10
11
12
13
14

value of their DG output and when Ir is best to either consume or conserve
energy.

Customer acceptance. California, which has the nation's largest
distributed solar market, has adopted a $10 per month residential
minimum bill for the large electric utilities in that state, and the minimum
bill was recently increased in Hawaii, where solar penetration is far higher
than any other state. In contrast, attempts to implement monthly fixed
charges on solar customers have not been well-received in other states,
and have been perceived as efforts to tax solar production such that it
would no longer be economic." In essence, minimum bills are perceived
as a fair balance between allowing customer choice and ensuring that all
customers make an equitable contribution to the costs of utility
infrastructure. Significantly, although California and Nevada recently
issued very different decisions on net metering, both commissions rejected
proposals to apply demand charges to residential solar customers due to
concerns with customer acceptance."

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Non-discrimination. Many states, including Arizona, have statutory
prohibitions against undue discrimination in the design of utility rates.28 If
fixed charges are raised for all residential customers, there can be adverse
bill impacts on all low-usage customers, including low-income ratepayers.
A minimum bill is more likely to avoid such problems, as it will apply to a
relatively small number of non-net-metered customers.

Avoid competitive bypass. A minimum bill can address impacts on non-
participants by providing DG vendors with a signal to reduce the sizing of
DG systems to keep customers above the minimum bill level, thus
reducing the costs of net metering for other ratepayers. This still allows
scope for customer choice of DG for usage above the minimum bill level.
In contrast, if a fixed charge on residential DG is set too high, as DG and
on-site storage technologies continue to develop and as their costs
continue to fall, the response of consumers ultimately may be to "cut the
cord" completely ham utility service, as has happened with landline
telephone service in many areas. In my opinion, such a result would be
unfortunate, because the utility grid would lose important benefits that DG
and on-site storage could provide for all ratepayers, and DG customers
would lose the still-important benefits of interconnection to the grid.

26 For example, IdahoPUC, Final Order No. 32846 in Case No. ]'pC_E_12-27 (July s,2013), at pp. 3-5.
See PUCN December23, 2015Order in DocketsNos. 15-07-041 and 15-07-042, at p. 91, alsoCPUC

Decision 16-01-044, at pp. 75 and 79.
is Ariz. Const. Article XV, § 12.

27
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1

2

recovered through volumetric rates. The preferred rate design solutions are the

following:

Encourage increased adoption of time-of-use rates that align rates more
closely to the changes in the utility's costs over the course of a d3y.24

Adopt a monthly minimum bill to recover customer-related costs, thus
ensuring that all customers make a minimum contribution to the costs of
the utility infrastructure that serves them.

Remove public benefit charges lion the NEM export rate, so that all
customers contribute to these public purpose programs on the equitable
basis of the power they take from theutility system."

These solutions are preferable for the following reasons:

Address the central equity issue. Minimum bills, for example, ensure
that all customers make a minimum contribution to the utility
infrastructure that serves them. The minimum bill can be set to cover the
utility's customer-related costs (for metering, billing, and customer
account services) which clearly do not vary with usage. In this way, they
address directly the issue of equity between participating and non-
participating ratepayers by ensuring that dl customers contribute equally
to such costs. Similarly, it is equitable for all customers to contribute to
public purpose programs on the same basis, that is, based on the amount of
service which they take from the utility system.

Consistent with cost causation. TOU rates align rates more closely with
the utility's underlying costs than do flat volumetric rates. A minimum
bill can be set to assure recovery Hom all customers of customer-related
costs which do not vary with usage. Thus, both TOU rates and minimum
bills are consistent with cost causation principles.

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
37
38
39

Encourages customer choice. Because a minimum bill only imposes a
floor on the customer's bill and does not apply if usage remains above the
minimum bill level, it provides the greatest scope for customers to impact
their energy bills by exercising their free-market choice to participate in
self-generation, energy efficiency, or demand response. Similarly, TOU
rates send more accurate price signals to customers concerning both the

24 This can include on-peak volumetric rates that recover capacity-related costs. Residential TOU rates
should be kept simple and promoted through outreach and education programs, to ensure customer
acceptance. Residential demand charges should be avoided due to their complexity, lack of time
sensitivity, and unfamiliarity for residential customers. California has mandated that, once the state's 5%
NEM cap is reached, succeedingN E M customers must elect a TOU rates.
is California and Nevada have implemented this modif ication to NEM export rates.
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and undervalue the pealing capacity that solar DG provides. As a result, SCE and

other California utilities have designed rate options with reduced demand charges

but correspondingly higher volumetric time-of-use rates, and make those rate

options available to C&I customers who install solar

6

7

Q28 :

A282 No. Customer-generators should not be placed into a separate class without

sufficient data to justify distinct treatment. It cannot be assumed that. after

installing DG, customers will become significantly different than other customers

in the class. In general, data &om many states show that adding solar tends to

change a larger-than-average customer into a smaller-than-average one, but both

pre-and post-solar customers are well within the range of sizes typical of the

residential class

Should customer-generators be placed into their own rate classes?

15

16

Q29: If the Commission's analysis finds that there is a east shift from customer

generators to non-participating ratepayers that is large enough to require

mitigation, what are the recommended rate design approaches to remedying

this problem

19 A29: There are several. Impacts on non-participants are most likely to be a concern in

the residential market, because residential solar systems export a higher

percentage of their output and because most of the residential cost of service is

See California PUC Decision No. 14-12-080, adopting Option R rates for PG&E after a fully-litigated
proceeding, Decision No. 13-03-031 (March 21, 2013), at p. 31, discussing Option R rates for Medium and
Large Power customers; and CPUC Decision No. 09-08-028 (August 20, 2009), at p. 22, list implementing
Option R rates for SCE's Medium and Large Power customers who install solar

In 2014, the Colorado PUC has held workshops on net metering issues. Data from those workshops
showed that the typical residential customer in Colorado who installs solar tends to have greater usage than
an average customer, with an average monthly pre-solar bill of $126 compared to the average residential
bill of $77 per month. After adding solar, the typical solar customer's bill drops to $50 per month. This
information is based on data from solar customers on the Public Service of Colorado system. See "On-Site
Solar Industry Answer to Questions set forth in Attachment A of Commission Decision No. C14-0776~I
filed July21, 2014 in Colorado PUC Docket No. 14M-0235E, at pp. 8-9

In 2014, the Utah Public Service Commission reached a similar conclusion in rejecting a proposal from
Rocky Mountain Power to impose a net metering facilities charge. In Utah, the typical residential customer
uses 500-600 kph per month, with net metered customers falling at the low end of this range at 518 kph
per month. The Utah commission concluded that "[t]hese facts undermine Paci1i Corp's reasoning that net
metered customers shift distribution costs to other residential customers in a fashion that warrants distinct
rate treatment." See Utah PSC, Order issued August 29, 2014 in Docket No. 13-035-184, at p. 62

26 Crossborder Energy
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1 VI. Application of the Benefit-Cost Methodology to Determine Rates

3 Q26: How should the analysis which you have outlined above be used to determine

the rates and charges which will apply to NEM customers

5 A26: Any new charge or rate design applicable to net-metered customers should be

tested to ensure that, after it is applied, DG will remain a viable economic

proposition for participating ratepayers, the utility system, and the state as a

whole, while not imposing undue upward pressure on the rates of non

participants. Such a balancing test should use a long-term benefit-cost analysis

from multiple perspectives, because DG is an important long-term resource whose

economics should be assessed over its full economic life, in the same way that

other resource options are assessed

14 Q27: Are there important lessons from other states in terms of how the results of a

cost-benefit analysis of NEM may differ among different types and classes of

17

customers?

Yes. The impacts of net metering on non-participating ratepayers will vary

significantly across customer classes. For example, the costs oflNEM are

typically lower for commercial and industrial (C&I) classes than for residential

customers. for several reasons. First, C&l rates tend to be lower than residential

rates. Second, the solar DG systems of C&I customers tend to export less power

to the grid than residential systems, because the diurnal load profile of C&I

customers often is a better match for the profile of solar output and because the

DG systems installed by C&l customers typically are smaller relative to the size

of the on-site load. Finally, rate design has a major impact on the bill savings that

NEM customers can realize, and thus on the lost revenues that are the major cost

of NEM for non-participating ratepayers. C&I rate designs often recover a

significant portion of' the utility's costs through monthly customer and demand

charges that are difficult for C&I customers to avoid. Cost studies adopted by the

California PUC have demonstrated that demand charge structures actually

overcharge solar customers relative to the costs that they impose on the system

Crossborder Energy
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l v. New Benefit-Cost Study of DG in Arizona: APS

3

4

Q24: Have you performed a benefit-cost study of solar DG for an Arizona utility?

A24: Yes, I have. Exhibit 2 to this testimony is a new study of the benefits and costs

of solar DG on the APS system which expands and updates the study Crossborder

Energy conducted in 2013. This study follows the general approach discussed

above, including the use of multiple perspectives, a comprehensive list of benetits

and costs, and a long-tenn analysis that focuses on generation exports

10

11

Q25:

A25: The principal conclusions of our analysis are as follows

What are the key conclusions of the APS study

Solar DG is a cost-effective resource for APS, as the benefits equal or exceed
the costs in the Total Resource Cost and Societal Tests

2. There is a balance between the costs and benefits of residential DG for both
participants andnon-participants, as shown by the results for the Participant and
Ratepayer ImpactMeasure tests

Significant rate design changes for residential DG customers, such as
requiring solar DG customers to take service under the ECT-2 TOU rate with
demand charges, would upset this balance

The benefits of DG significantly exceed the costs in the commercial market.
Encouraging growth in this market would help to ensure that DG resources as a
wholeprovidenet benefits to the APS system. Removing rate designbarriers such
as excessivedemand charges would be one way to assist the commercial solar
market in Arizona

The benefits of solar DG in APS's service territory arehigher for west-facing
systems. If there is a concern about the cost of DG to non-participating
ratepayers, particularly for residential customers, an important step to address
sucha concern would be to encourage and incentivize west-facing systems

The analysis indicates lower costs of solar DG to non-participants under
APS's existing residential time-of-use (TOU) rates. Lost revenues under
APS's existing residential TOU rates are about one cent per kph lower than
under its flat rate (Schedule E-12). Thus encouraging greater use of TOU rates
also will improve the cost-effectivenessof solar DG

4.

3.

3.
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social cost of carbon (SCC) values. The EPA proposal increases the certainty

that the utilities will incur significant future costs for reducing carbon emissions.

3

4

4

9

10

I I

12

13

10

All of the above considerations underscore the point that a reasonable assumption

for future carbon costs is not zero, but should consider a range of possible future

mitigation costs. Such a range is shown in Figure6, with carbon costs varying

from those that APS has assumed in its 2014 IP up to, in the high case, the

federal SCC values.
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I Q23: Do you have any general observations on these specific categories of benefits

and costs

3 A23 : Yes. First, all of the above categories of benefits and costs are quantifiable, and

have been quantified in other NEM or DG benefit/cost studies

Second, the quantification of these benefits may require data and/or calculations

that the utilities may not produce today in the normal course of business. For

example, not all utilities calculate marginal line losses or marginal T&D capacity

costs, although many do, and there are well-accepted techniques to perform these

calculations

Third, to the extent that studies of relatively complex issues - such as solar or

wind integration costs - have yet to be performed, reasonable values for these

costs can be derived from such studies performed for other utilities

Finally, if there is uncertainty about the magnitude of a specific benefit or cost

the default should not be to assign a zero value to that category. For example

although the costs for mitigating carbon emissions are uncertain, the liPs of the

Arizona utilities mace clear that these costs are not zero for ratepayers, because

the utilities are planning today, and spending money today, to reduce their carbon

emissions through the replacement of older coal plants with new natural gas-tired

generation. For example, the selected case in the 2014 APS IP includes

reductions in the tltility's fleet of aging coal plants, and their replacement with

new gas-fired and renewable resources. The APS 2014 IP is based on CO

emissions costs of $ la per ton in 2020, escalating to almost $16 per ton in 2029

Further, the EPA's proposed regulations of greenhouse gas (GHG) emissions

from power plants under Section l I l(d) of the Clean Air Act indicate that the

federal govcmmcnt may regulate such emissions based on the administration

APS 2014 IP, al Figure 15
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1.

markets) or through the costs of
resource choices intended to reduce
carbon emissions (such as the
replacement of coal with natural gas or
the construction of carbon-free nuclear
or renewable ca c' .

Fuel Hedge

Costs to lock in the future price of
fuel to match the fixed-price
attribute of renewable DG.

n

Can be approximated through the use of
forward natural gas prices to forecast
future avoided energy costs, plus the
transaction costs of such hedgy .

Market Price Mitigation

Reduction in energy and capacity
wholesale market prices as a
result of lower demand resulting
from DG adoption.

This benefit of demand-side resources
has been quantified In certain U.S.
markets (New England and California).

Avoided Renewables

Reduction in above-market
generation costs associated with
the utility's acquisition of
renewable resources, if DG will
contribute Io meeting the utilitys
renewable procurement goals.

This benefit will apply to the extent that
renewable DG meets a state goal that
otherwise would be met with utility-
owned or contracted resources.

Sod8tal Bene5ts
(for only the Societal Test)

Benefits for citizens of the utility's
service territory or state that are
not reileaed directly in customer's
energy costs.

Lower environmental costs from..

• Damages due to climate change
» Consumption or withdrawal of

scarce water resources
• Land use impacts

Health benzene from..

• Lower criteria air emissions
Economic benefits from..

• Fewer power oulalges
• Greater local economic activity

DG Resource
capital and O&M costs of the DG
resource.

Integration
increased costs for regulation and
operating reserves to integrate
variable renewable DG resources.

Integration costs should be those
attributable to DG that are inaementa!
to the costs to meet load variable .

Administrative /
Interconnection

Utility costs to administer the
NEWDG program, as well as utility
costs to interconnect DG
resources that are not paid by the
DG customer.

Should Induce the incremental costs
associated with net metering above
those required for regular billing. as well
as other administrative costs.
Interconnection costs should mt induce
such mosts if they are paid by the DG
customer ieerf.

For RIM Test..

Lost Revenues II •
Bill credits provided to NEM
wstomers for e red ere y,

VWII vary depending on the tariff under
which the DG customer takes service.

- nInf ratlbn Same as above

Administrative/
lnterconnedon

Same as above



Avoided Energy

Change in the variable costs of the
marginal systemresource,
inducing fueluse and variable
O&M, associatedwith theadoption
of DG.

Typically calculated from market energy
prices (In deregulated markets), from
production cost analyses (for regulated
monopoly utilities), or from the energy
costs of the proxy marginal resource.
Calculation should be granular enough
to calculate avoided energy costs of DG
resources accurately. These energy
costs should be adjusted for the
appropriate ere y losses (see below).\

Avoided Generating Capacity

Change in the fixed costs of
building and malntaln4ng new
conventional generation resources
associated with the adoption of
DG.

Forecast of marginal generation
capacity costs calculated from market
capacity prices (in deregulated
markBt$), from the cost of the least
expensive new capacity resource -
typically a new combustion turbine
weaker (for regulated monopoly utilities).
or from the capacity cost d the proxy
marginal resource. These capacity
mosts should be based on public.
transparent data, should be adjusted for
the appropriate losses (see below), and
should reflect the capacity contribution
of each type of renewable DG resource.

Avoided LineLosses

Change in electricity losses from
the points of generation to the
points of delivery associated with
the adoption ofDG.

Applies to both energy and generating
capacity. Should be based on marginal
line loss data and DG generation
profiles. Pa a first approximation,
marginal line losses are double the
system average losses used in cost of
service studies and tarilTs.

Avoided Ancillary Services

Change in the costs of services
like operating reserves, voltage
control, and frequency regulation
needed for grid stability associated
with the adoption of DG .

These costs can be avoided if sum
reserves are procured based on loads
that DG will reduce. Future DG
technologies like 'smart inverters" may
provide services sudl as voltage
Eu oiLI•

Avoided T&D capacity

Change in costs associated with
expandinglreplacing/upgrading
I vo » capacity associated with the
adoption of DG.

Based on marginal capacity costs to
expandlreplaoe/upgrade capacity on a
utility's T&D system. Contribution of a
DG resource to avoiding transmission or
distribution capacity will depend on the
contribution of DG to reducing peak
loads on the transmission or distribution
systems. This analysis will become
more location-spedfic as one moves to
lower voltages on the distribution
system, where distribution feeders will
peak at different limes.

Avoided Environmental Costs

Change incosts associatedwith
mitigation of so,, no., and PM~2.5
emissions or with waste disposal
costs (e.g.coal ash) due to the
change in production from each
IOU's marginal generating
resources as a result of the
adoption of DG generation.u

Can be included in the Avoided Energy
component.

AvoidedCarbon Emissions

Change in costs to mitigate CON or
equivalent emissions due to the
change in production from each
IOU's marginal generating
resources associated with the
adoption of DG.

Based on estimates of the value of
carbon emission reductions from utility
integrated resource plans (IRis) or from
regulatory agencies with jurisdiction
over such emissions. Such reductions
can have quantifiable value to
ratepayers through avoiding direct
emission costs (as in cap & trade

1 Table 2: Avoided Cost Benefits (for TRC, Soeietal, and RIM Tests)
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l There are several literature reviews or meta-studies which have reviewed the

existing NEM/DG benefit/cost studies and have summarized the benefits and

costs included in this growing literature

10

A2013 literature review from the Vermont Commission
The Rocky Mountain Institute's (RMI)2013 meta-analysis of solar DG
benefit and cost studies
The New York State Energy Research and Development Authority
(NYSERDA) recently conducted a literature review of NEM benefit/cost
studies, with assistance from ET, in preparation for a NEM study in New

12

14

18

20

Based on this literature, several recent studies have formulatedrecommended

approaches to conducting such analyses, including the specific benefits and costs

that should be considered." These lists of benefits and costs are also consistent

with the list, cited by Commissioner Little in his December 22, 2015 letter to this

docket, that was assembled by Timothy James of the W.P. Carey School of

Business at Arizona State University. Finally, cost effectiveness analyses of other

types of demand-side programs also draw upon the same categories of benefits

and costs, although the fact that DG is generation that can be exported to the grid

introduces the new category of integration costs

22
Based on the above sources and our prior experience with such studies, Tables 2

and 3 list the specific benefits and costs, respectively, that should be quantified 'm

the Commission's net metering methodology, along withbrief comments on the

methodology for the quantification of each specific category

This literature review, as well as the report and analysis of net metering that the Vermont Commission
completed, are available at
http//publicser iqevermont.gov/topics/renevyable_energy/nct_metcri_n g

Rocky Mountain Institute (RMI), "A Review of Solar PV Benefit and Cost Studies" (July 2013)
available at http:/jyvww.rmi.org_/Knowledge-Center%2FI.ib;ary%2F2013- 13 eLabDERCostValue

See the November 10, 2014 NYSERDA presentation listed at http://nv-sun.nv.gov/About/Stakeholder
Meetings.aspx

Interstate Renewable Energy Council and Rabago Energy, A REGULA TOR 'S GUIDEBOOK
Calculating the 8enq'i!s and Costs ofDisfributed Solar Generation (October 2013) and Synapse Energy
Economics, Benefit-Cosf Analysis for Distributed Energy Resources: A Frameworkfor Aecountingfor All
Relevant Costs and Ben4its (prepared for the Advanced Energy Economy Institute, September 2014)
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load at least as large as the DG project's output,'6 which will limit the amount
of power than is exported to the grid. For example, an important attribute of
DG is its ability to serve loads without the use of the transmission system
Accordingly, an analysis of DG benefits should consider the avoided costs for
transmission and distribution losses and capacity. Renewable DG also will
avoid the costs associated with environmental compliance at marginal fossil
fueled power plants. On the cost side, the analysis should consider whether
solar or wind DG will result in new costs to integrate these variable resources
The next section of this testimony discusses in more detail the specific
benefits and costs that should be considered and that can be quantified

3. Analyze the benefits and costs in a long-term, lifecycle time frame. The
benefits and costs of DG should be calculated over a time frame that
corresponds to the useful life of a DG system, which, for solar DG, is 20 to 30
years. This treats solar DG on the same basis as other utility resources, both
demand- and supply-side. When a utility assesses the merits of adding a new
power plant, or a new EE program, the company will look at the costs to build
and operate the plant or the program over its useful life, compared to the costs
avoided by not operating or building other resource options. The same time
frame should be used to assess the benefits and costs of DG

4. Focus on NEM exports. This testimony has explained how the retailrate
credit for power exported to the utility is the essential characteristic of net
metering. There would be no need for net metering ifno power was
exported, and without exports a DG customer appears to the utility grid as
simply a retail customer with lower-than-normal consumption. From a legal
perspective, PURPA requires the utility to interconnect with the DG
customers and to allow theDG customer, at thecustomer's election, to use its
privately-fUnded generation to serve its own load, on its own private property
It is only when the customer exports power to the utility - power to which the
utility takes title at the meter and uses to serve other customers - that the
question arises of how to compensate the DG customer for that power. This is
the essential question that net metering answers, and the focus of the net
metering analysis should be determining a credit for NEM exports that is fair
to all affected parties

38

39

40

Iv. Specific Quantifiable Benefits and Costs

Q22: Please list and provide comments on the specitie benefits and costs that

should be quantified in the net metering methodology

customers on the islands of Oahu and Maui have installed solar. Such penetrations are not expected to be
reached in Arizona for many years

Like many states, Arizona limits the size ofNEM systems

18 Crossborder Energy
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1 A20:

12

No. Net metering does not involve the storage of electricity, or of energy in any

form. This idea is one of the common myths of net metering. Again, the NEM

customer is both a consumer and generator of electricity. When the NEM

customer is a generator, exporting power in excess of the onsite load, as a matter

of physics that generation is immediately consumed by nearby customers. 111 no

way is the power stored for later use. When the solar customer later consumes

power from the grid .- for example, aRea the sun sets - the power used is

generated and transmitted by the utility at that time. The fact that NEM credits

from exports are used to offset the costs of subsequent usage simply represents an

accounting transaction - offsetting a credit with a debit on the customer's account

by changing the direction that themeter is recording; it does not represent any

actual use of the grid to "store" or "bank" electrons or energy

Key Attributes of a DG Benefit-Cost Methodology

16 Q2l: Please discuss the key attributes of a methodology to assess the benefits and

costs of net metered DG resources

18 A211 There are four key attributes

19
20 1.

22

24

Analyze the benefits and costs from the multiple perspectives of the key
stakeholders. As discussed above, it is important that the Commission assess
the benefits and costs of net metering from the perspectives of each of the
major stakeholders - the utility system as a whole, participating NEM
customers, and other ratepayers - so that the regulator can balance all of these
important interests. Examining all of these perspectives is critical if public
policy is to support customer choice and equitable competition between DG
providers and the monopoly utility

29
30

2.

32

Consider a comprehensive list of benefits and costs. The location
diversity, and technologies of DG resources will require the analysis of a
broader set of benefits and costs than, for example, traditionalQF facilities
installedunder PURPA. Renewable DG projects produce power in many
small (less than 1 MW) installations that are widely distributedacross the
utility system. The power is produced and consumed on the distribution
system indeed, each net-metered DG project is generally associated with a

It is possible that, at high penetrations, DG output to a distribution circuit could exceed the minimum
load on the circuit. as has occurred at some locations in Hawaii where, for example, more than 15% of

17 Crossborder Energy



customer who uses power in the morning, evening, and at night, but who turns

everything off in the middle of the day, as illustrated by the dashed "Load on the

Grid" line in Figure 3. Such a customer may come home unexpectedly in the

middle of the day, tum on lights, a computer, and run an appliance, and produce a

sudden spike in usage. But these load fluctuations are something the utility

well-prepared to serve on an aggregate basis, and the costs of such normal "stand

by" service are included in the utility's regular rates

Similarly, a solar customer may suddenly imposed demand on the system if a

cloud temporarily covers the sun in the middle of the day. Again, however, this

variability is manageable due to the small sizes and geographic diversity of solar

DG systems - for example, at the time one PV system is being shaded, another

will be coming back into full sunlight

It is possible that, as solar penetration increases, the aggregate variability of all

solar customers' electric output may add to the variability of the power demand

that the utility must serve, and impose additional costs for regulation and

operating reserves on the system operator. The costs of meeting this added

variability is one of the factors considered in solar integration studies, such as the

several such studies that APS has conducted." These studies, as well as others

done in other states," show that such costs are low at the current level of solar

DG penetration

24 Q20' Doesn't the utility incur costs to store the excess kph produced by NEM

systems, allowing the NEM customer to "bank" kph which the customer

uses later when the meter is rolling forward?

For example, see Black & Veatch, "Solar Photovoltaic (PV) Integration Cost Study" (B&V ProjectN o

1_74880, November 2012)

. Duke Energy Photovoltaic Integration Study: Carolinas Service Areas (Battelle Northwest National

Laboratory, March 2014); hereafter the "Duke Integration Study

14 For example, the Duke Integration Study calculates that, with 673 MW of PV capacity on the Duke

uti l i ty systems in 2014, integration costs are about $0.0015 per kph. See Table 2.5 and Figure 2.51
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sum of (1) the net metering credit that the utility provides to the solar customer

and (2) the utility's integration and program costs

4 Q18: So if a NEM customer ends up with a small, zero, or even negative bill at the

end of a month. does this mean that the NEM customer is not paying for the

utility service the customer is receiving

7 A182 Absolutely not. First, whenever the solar customer uses the utility system (by

importing power and rolling the meter forward), the solar customer pays fully for

the use of the utility system, at the same rate as any other customer. If the solar

customer ends the month with a small or zero bill from the utility, this is the result

of crediting the customer for the value of thepower which the customer supplies

to the_utility (from exporting power and inning the meter backwards). These

credits can offset the solar customer's costs of utility seMce when the customer

imports power and the meter runs forward. However, these credits are not the

result of the solar customer's use of the utility system, instead, they are the means

to account for the exported generation which the solar customer has provided to

the utility at the meter. Thus, the solar customer has paid fully for all actual use

which the customer has made of the utility system, even though the customer's

net bill at the end of the year may be small or even zero. There is the public

policy issue of whether the bill credits for exported power at the retail rate are the

right credit for those exports - and this case focuses on the methodology for

analyzing this issue - but this does not change the fact that the solar customer has

paid fully for his or her actual use of the utility system

25 Q19: Doesn't the utility incur costs to "stand by" to serve a solar customer when

the solar customer is exporting power to the grid?

27 A192 No. The costs which the utility incurs to serve a solar customer are no different

than those it incurs to stand by to serve a regular utility customer whose usage for

periods may be very low - for example, in the middle of the day when the

occupants of a house are away at work and school - but who may suddenly

impose a load on the system. As a consumer, a solar customer looks like a

Crossborder Energy
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Exploding Common Myths about Net Metering

3 QI7: Does the fact that DG customers can be both consumers and producers of

electricity mean that they make more use of the utility system than regular

6 A17:

utility customers?

No. The DG customer either imports power from, or exports power to, the

utility's distribution system. When the DG customer imports power from the

utility, the customer is using the utility system (including generation

transmission, and distribution), and the meter runs forward. The customer pays

the standard tariff rate for that service, including the utility's standard charges for

generation and for delivery of the power over the utility's transmission and

distribution ("T&D") system

With exported power, it is not the solar customer who is using the utility system

it is the utility and the solar customer's neighbors, because the title to the exported

power transfers to the utility at the solar customer's meter. This is no different

than when the utility buys power from any other type of generator - the generator

is not responsible for and does not have to pay to deliver the power to the utility's

customers. Instead, that delivery service becomes the utility's responsibility when

it accepts and takes title to the exported power at the generator's meter. As a

generator, the only utility costs for which the generator may be responsible are the

incremental costs of interconnecting to the utility system to enable the transfer of

generation (and these are often paid by the customer-generator)

As a matter of fact, the utility will save money by using the solar customer's

exported power to serve the neighbors, because the utility will avoid the costs of

the power that the utility would otherwise have had to generate at a more distant

power plant and deliver to that local area over its transmission and distribution

system. The essential public policy issue with net metering is whether these

avoided costs" which the utility saves are less than, equal to, or greater than the
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2

3

4

5

Q16: Please discuss the implications for evaluating NEM of the fact that most DG

customers are "qualifying facilities" (QFs) under the Public Utilities

Regulatory Policies Act of 1978 (PURPA)

A16: As generators, renewable DG customers typically have legal status as QFs under

PURPA. As a result, the sewing utility is required under this federal law to do the

following

to interconnect with a customer's renewable DG system

10 to allow a DG customer touse the output of his system to offset his on-site
load, and

to purchase excess power exported &om such ay_stems at a state-regulated
price that is based on the utility's avoided costs

These provisions of federal law are independent of whether a state has adopted

NEM; thus, the adoption of NEM only impacts the accounting credits which the

customer-generator receives for power exports to the grid, and the analysis of the

economics of NEM should focus on those exports

22

30

An important implication of the focus on exports is that, even if it is found that

there isa "cost shift" from solar DG customers to non-participating ratepayers

any calculation of such a cost shift should only consider the power exported by

DG customers, not the DG output that a customer uses on-site, behind the meter

without the power ever touching the grid. As noted above, DG exports are

typically a minority, often just 30% to 40%, of DG production. There are always

cost shifts when a customer reduces the demand placed on the grid, or shifts load

to a different time period, as the result of many types of actions that utilities and

regulators encourage - energy efficiency, demand response, or using DG to serve

your own load. Such actions by DG customers should not be singled out

penalized, or treated differently than other steps that consumers take to manage

their energy demand and reduce their utility bills

The PURPA requirements can be found in 18 CFR §292.303

13 Crossborder Energy



use. The on-site solar power serves the customer's entire load, and excess
PV generation flows onto the utility's distribution circuit, The utility
meter runs backward, producing a net metering credit for the solar
customer. In these hours, the solar customer is no longer just a consumer.
but is also a producer of power, i.e. a generator. The net metering credit is
the solar customer's compensation for the generation it is supplying to the
grid. As a matter of physics, the exported power will serve neighboring
loads with 100% renewable energy, displacingpower that the utility
would otherwise generate at a more distant power plant and deliver to that
local area over its transmission and distribution system

This state is the only one in which the customer's generation touches the
utility's distribution system or in which a bill credit is produced. In
typical PV installations, the percentage of solar output exported to the
utility is, on average, about one-third of total PV production, the export
percentage can vary above or below this average, depending on the size of
the PV system and the hourly profile of the host customer's load
Residential solar customers tend to export a higher percentage of their
power output than commercial solar customers

21

22

Q l 5 :

A l 5 : Net metering only provides bill credits for power exported to the grid. On-site

generation from customer-sited PV that is not exported, i.e., electricity generated

in the Energy Efficiency State in Figure 3, is not compensated through net

metering. In that case, the customer simply uses his on-site generation to reduce

his load, and to the utility the installation of such a DG system appears no

different than if the customer had installed a more efficient air conditioner or

simply decided to reduce his power usage in the middle of the day. In fact, if the

solar customer did not export power to the grid and 100% of the solar output was

consumed on-site, there would be no need for NEM

What do you conclude from this description

Thus, the essence ofNEM is the ability of a customer with a solar PV system to

run the meter backwards" when the customer has more generation than the on

site load and is sewing as a generation source for the utility system. When the

meter runs backward, the DG customer receives credit for his generation exports

in the form of a retail rate credit from the utility. In the accounting used to

calculate the DG customer's bill, the customer can use these credits to offset the

cost of usage from the grid when the meter runs forward

12 Crossborder Energy
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3 QI4: Please explain these multiple roles in more detail, using the example of a

typical residential NEM customer

5 AI4: To illustrate in detail how net metering works, Figure 5 shows the three different

states" of a residential net-metered PV system over the course of a day

7 Figure 5: The Three States of Net Metering

(Noon - a p.m.)

I the Grid
Seer Output 9

1 2 3 4 s s 1 I 11 18

Customer load by Hour of the Day

9 IO 11 12 13 15 15 17 19 20 oz 22 23 21

The "Retail Customer State." There is no PV production - for example
at night. At this time, the customer is a regular utility customer, receiving
its electricity from the grid. The utility meter rolls forward, and the
customer pays the full retail rate for this power

The "Energy Efficiency State." In this state, the sun is up, and there is
some PV production but not enough to serve all of the customer's
instantaneous load. The customer is supplied with power from the solar
PV system as well as with power from the utility. Onsite solar reduces the
customer's load on the utility's system in the same fashion as an energy
efficiency measure. None of the solar customer's PV production flows out
to the utility grid, the meter continues to roll forward, and the customer
will pay the utility the full retail rate for his net usage from the grid during
these hours

The "Power Export, or Net Metering, State." In this state, the sun is
high overhead, and PV production exceeds the customer's instantaneous
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concern that NEM bill savings at the retail rate will not provide adequate benefits

to drive significant adoption of solar DG in the state. As a result, the study

suggested that solar customers should be compensated at a rate higher than retail

rates. This higher rate would be based on the utilities' avoided cost benefits, so

that it would not shift costs to non-participants." Finally, the Mississippi Study

criticized the use of the traditional RIM test, particularly in the context of a new

NEM program. The problem with the RIM test is that the cost shift measured by

the RIM test is simply a re-allocation of costs which the utilities have already

incurred and which are not incremental costs resulting from the NEM program

Due to this limitation, the RIM test should not be used to judge the merits of the

new NEM program

The DG Customer as "Prosumer

15

16

Ql3:

18

The framework you have proposed and illustrated with examples from the

Nevada, California, and Mississippi commissions draws on benefit/cost

analyses used for other types of demand-side programs. But isn't there a

crucial difference between DG and other demand-side resources: DG is

generation that at times can supply power to the grid, whereas EE and DR

only reduce the demand for power

21

22

A l l :

26

This difference exists, is important, and should be considered. DG located behind

the meter will both reduce the demand for power from the utility, and, at times

will supply power to the utility. When a DG system produces more power than

the on-site load requires, the excess is exported to the grid, and the DG owner is

no longer a consumer, but becomes a supplier (i.e. a generator). Some have

applied a new label - "prosumers" to DG customers in recognition of this dual

role. Appreciating these multiple roles is important, and should be considered in

establishing the framework for evaluating the benefits and costs of DG

Mississippi Study, at 49-50
Md. at 41-43 and Figure 18
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9

10

A121

12

Yes. The Public Service Commission of Mississippi completed a NEM

benefit/cost analysis in 2014, and NEM is being implemented for the first time in

Mississippi.8 As in the Nevada NEM study, the Mississippi study considered the

three principal perspectives discussed above, with a focus on the TRC test

because that test best captures the benefits and cost for the state as a whole from

this new resource. The Mississippi study also used a 25-year time horizon. The

following figure summarizes the mid-casc costs and benefits from Mississippi's

TRC analysis, plus the maximum low andhigh sensitivity cases for the benefits

Figure 4: Public Service' Commission of Mis5issippi NEM Study Results

I Adminisuauvc

sls0
l EnvlronmemalComdnnce

I SystemLassa

$100

I Capacity

Energy

I Cost of adar

Costs All Low Mid Case All Hugh

Benefits. Combined Scenarios

16 As a result of this analysis, the Mississippi study concluded that net metered solar

projects wil l provide a net benefit to Mississippi in almost all of the cases

considered. However, the study's analysis of the Participant cost test expressed

Elizabeth A. Stanton, et al., Net Metering in Mississippi.. Costs, Benefits. and Policy Considerations
(Synapse Energy Economics for the Public Service Commission of Mississippi, released September 19
2014), hercahcr "Mississippi Study." Available at htt_p:.'/wwwsynapse
energy.convsiles/default/files/Net%20Melering%20in%20Mississippi.pdf
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controversy has been particularly heated because the PUCN applied the new rates

to existing solar customers as well as to prospective ones. The changes have

sparked significant public outcry, a ballot initiative, and lawsuits from unhappy

customers whose investments in renewable DG have been severely and

unexpectedly been made uneconomic

7 QI I: Did the California Public Utilities Commission recently review the benefits

and easts of net metered DG"

9 Al  l : Yes. The investor-owned utilities in California are approaching that state's 5%

cap on NEM systems. In 2015, the California Commission asked parties to

analyze their proposals for a NEM successor tariff using a common "Public Tool

spreadsheet program similar to the Nevada NEM benefit-cost model. Like the

Nevada model, the Cali fomia Public Tool analyses a proposed tariff from

multiple perspectives, using all of the SPM's cost-effectiveness tests and looking

at the long-term, life-cycle costs and benefits. The CPUC received detailed

analyses of NEM benefits and costs using the Public Tool from a variety of

parties. In January 2016, the California commission decided to extend NEM in

California until a further review in 2019, with certain changes such as requiring

NEM customers to be on time-of~usc ("TOU") rates, removing certain public

benctit charges from export rates, and requiring NEM customers to pay

interconnection costs. The CPUC's order does not rely on the Public Tool

analyses, because important information related to both costs (rate design

changes) and benefits (locational benefits on the distribution grid and societal

benefits) remain under development in other CPUC proceedings. However, the

CPUC made clear that it intends to continue to refine and to use this SPM-based

long-term benefit-cost approach in its future evaluations of NEM and DG

28 Ql2: Do you have any other recent examples

For example, see"Regulators vote against grandfather clause for existing solar customers" (Las Vegas
Sun, February 12, 2016), available at hrtp;.»' m.lasvegassulncomnew. *UH1 lebc I" reuulawrs-\ ole:-agauisr

rundfather-clause-lbr-exi .VsN4d5lCIss.twiner
See CPUC Decision 16-01-044. at pp. 48-50, 54-61, and 80~82

4?
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and small commercial customers who install solar DG. The PUCN's recent

decision on December 23, 2015 accepted the results of that study, and, based on

that evidence, found that there was a significant cost shift from non-participating

ratepayers to solar DG customers. As a result, the PUCN ended NEM in Nevada

increased the fixed monthly customer charge for DG customers, and reduced the

export rate credited to DG systems from the full retail rate (about l l cents per

kph for residential customers) to an energy-only avoided cost rate of 2.6 cents

per kph. The PUCN took this action even though its order found that there are

the following ll components to the value of DG (based on an adopted stipulation

on NEM issues from South Carolina), and that it was only able to quantify the

first two components of DG value in the adopted 2.6cents per kph export rate

l. Avoided energy costs
2. Line losses
3. Avoided capacity
4. Ancillary services
5. Transmission and distribution capacity
6. Avoided criteria pollutants
7. Avoided CO; emission costs
8. Fuel hedging
9. Utility integration and interconnection costs
10. Utility administration costs
I l. Environmental costs

Q10= What has been the result of the PUCN decision25

26

2 7

Al 0 :

29

30

The reduction in the export rate and the increased fixed charge have reduced the

bill savings available to NEM customers in Nevada by 40% or more DG is no

longer economic for new systems, and existing customers who expected modest

savings from their solar investments now face substantial added costs for electric

service. Even though the PUCN has subsequently decided to phase-in the new

DG rates over a 12-year period, the elimination of NEM and, in particular, the

reduction in the export rate, has decimated the rooftop solar market in Nevada

resulting in more than 1,000 documented layoffs at solar companies." The

See PUCN December 23. 2015 Order in Dockets Nos. 15-07-041 and 15-07-042, al PP- 66-67 and 95-96
See Prepared Direct and Rebufml Teslinronies qtR. Thomas Beach on behalfqf TASC, served February

l and 5. 2016 in PUCN Dockets Nos. 15-07-041 and I5-07~042
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Figure 3: Public Utilities Commission o/'Nevada NEM Bane/it-Cost Results
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Notably, the Nevada study showed that NEM is cost-effective for non

participating ratepayers (i.e., the benefits in the RIM test exceeded the costs)

while the costs are somewhat higher than the benefits for participants (i.e., for

solar customers). As with any such set of cost-effectiveness tests. it is not

reasonable or practical to expect each of these tests to achieve a precise 1.0

benefit/cost ratio. Instead, the goal should be to achieve a reasonable, equitable

balance of benefits and costs for all concerned - solar customers, other ratepayers

and the utility system as a whole. In my judgment, the Nevada study

demonstrated that NEM at the full retail rate, without any further rate design

modifications, achieved that desired "rough justice" balance of interests in

Nevada

18 Did the Nevada Commission subsequently move away from the use of a long

term benefit-cost approach to analyze NEM in that state

20 AS: Yes, it did. In 2015, in response to new legislation, the PUCN reviewed a study

from NV Energy that was limited to the short-term cast of service for residential
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those benefits are principally the costs which the utility can avoid from the

reduction in demand for electricity. The Societal Test adds the broader benefits to

citizens as whole,benefits that may not be reflected in utility rates. The

Ratepayer Impact Measure (RIM) test gauges the impact on other, non

participating ratepayers: if the utility's lost revenues and program costs are greater

than its avoided cost benefits, then rates may rise for non-participating ratepayers

in order to recover those costs. This can present an issue of equity among

ratepayers. The RIM test sometimes is called the "no regrets" test because, if a

program passes the RIM test, then all parties are likely to benefit from the

program. However, it is a test that measures equity among ratepayers, not

whether the program provides an overall net benefit as a resource (which is

measured by the TRC and Societal tests)

Experience inOther States:Nevada, Cadifomia,and Mississippi

16 Can you provide examples of other state commissions which have developed

analyses of NEM from the three perspectives which you have described?

18 Yes. The Public Utilities Commission of Nevada ("PUCN") adopted this multi

perspective approach in the net metering study which it released on July l, 2014

The consulting fem Energy and Environmental Economics (E3) performed the

analytic work for this sandy, and I served on a Stakeholder Committee that the

PUCN convened to provide input on the study methodology and analysis. Figure

3 below shows the costs and benefits of net-metering for solar PV systems in

Nevada going forward, in the years 2014-2016, from each of the key

stakeholders' perspectives

The PUCN's net metering study, including the spreadsheet models used in the study, can be
found at
ht {puc.nv.goy_LAbout/media_Outreach/Annguncements/Anno4n_cementg7/20m
__Net_Metering__Studv/
This figure is from the "Results" tab of the "Nevada Public Tool" model, with the model set
to produce results for solar PV and for the going-forward period of 2014-2016
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Capital and O8<M Costs of
the DG Resource -

Customer Bill Savings or
Utility Lost Revenues + -
Benefits (Avoided Costs)
-- Energy
-- Hedging/market mitigation
-- Generating Capacity
-- T&D, including losses
-. Reliabilicy/Resiliency/Risk
-- Environmental I RPS

+ +

Federal Tax Benefits + +
Program Administration,
Interconnection & Integration
Costs

benef i ts of  al l  demand-side resources EE,  DR,  and DG - using the same cost

ef fect iveness f ramework wi l l  help to ensure that  al l  of  these resource opt ions are

evaluated in a fair and consistent manner

Each of the principal demand-side cost-effect iveness tests uses a set of costs and

benef i ts appropriate to the perspect ive under considerat ion.  These are

summarized in Table 1 below.  "+"  denotes a benef i t a cost

Table 1: Demand-side Cost/Benefit Tests

The key goal  for regulators is to implement  demand-side programs that  produce

balanced, reasonable results when the programs are tested from each of these

perspect ives.  A program wi l l  need to pass the Part icipant  test  i f  i t  is to at t ract

customers by of fering them an economic benef i t  for thei r part icipat ion . - thus

their bi l l  savings and tax benef i ts should be comparable to the cost  of

part icipat ing.  The program also should be a net  benef i t  as a resource to the ut i l i ty

system or society more broadly . - thus,  the Total  Resource Cost  (TRC) and

Societal  Tests compare the costs of  the program to i ts benef i ts.  In the TRC Test
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rates that are applied to DG customers, or of future changes to the structure of

NEM in Arizona

5 111. Proposal for a Benefit-Cost Methodology for Net-Metered DG

National Context: Toward a Consistent Approach

9

10

Is there a developing consensus on the best practices for designing benefit

cost analyses of behind-the-meter DG resources, including solar photovoltaic

(PV) systems, that should inform how the Commission undertakes this

analysis

13

14

A7:

19

22

Yes, there is. In this regard, the first and perhaps most important observation is

that the issues raised by the growth of demand-side DG are not new. The same

issues of impacts on the utilities, on non-participating ratepayers, andon society

as a whole arose when state regulators and utilities began to manage demand

growth through energy efficiency ("EE") and demand response ("DR") programs

To provide a framework to analyze these issues in a comprehensive fashion, the

utility industry developed a set of standard cost-effectiveness tests for demand

side programs.' These tests examine the cost-effectiveness of demand-side

programs from a variety of perspectives, including from the viewpoints of the

program participant, other ratepayers, the utility, and society as a whole

24

29

This framework for evaluating demand-side resources is widely accepted, and

state regulators have years of experience overseeing this type of cost-effectiveness

analysis, with each state customizing how each test is applied and the weight

which policymakers place on the various test results. This suite of cost

effectiveness tests is now being adapted to analyses of NEM and demand-side DG

more broadly, as state commissions recognize that evaluating the costs and

See the California Standard Practice Manual: Economic Analysis ofDemand-Side Programs and
Projects (October 2001), available at http://www.energy.ca.gov/greenbuilding/documents/background/07
J CPUC STANDARD-PRACTICE-MANUAL.PDF

3 Crossborder Energy



Carolina, South Carolina, Texas, and Virginia. In the last three years, I have co

authored benefit-cost studies of NEM or distributed solar generation in Arizona

(focusing on Arizona Public Service ["APS"]), Colorado, North Carolina. and

California. I also co-authored a chapter on Distributed Generation Policy in

America 's Power Plan, a report on emerging energy issues,which was released in

2013 and is designed to provide policymakers with tools to address key questions

concerning distributed generation resources

9

10

On whose behalf are you testifying in this proceeding

I am testifying on behalf of The Alliance for Solar Choice ("TASC")

Background

15 Why is the Commission considering proposals for a cost-benefit methodology

through this proceeding

17 A5: The Commission initiated this generic investigation to review NEM issues and to

help inform future Commission policy on the value that DG installations bring to

the grid. On October 20, 2015, the Commission ordered that an evidentiary

hearing be held in this generic docket, at which the parties should present

testimony with "their proposals regarding cost of service to DG customers and

value of DG, including any studies and methodologies

24

25

Is your testimony limited to the "value of DG" aspect of this proceeding

My testimony focuses on how the Commission should establish the long-term

value of DG, through an analysis of the benefits and costs of DG technologies. In

that regard I sponsor both this testimony on the methodology to determine the

value of DG as well as a study that applies this recommended approach to a

specific Arizona utility, APS. I also comment on how and why the results of this

methodology should inform any further investigation of the cost of service and the

Crossborder Energy



Introduction / Qualifications

Please state for the record your name, position, and business address3

4 Al: My name is R. Thomas Beach. I am principal consultant of the consulting firm

Crossborder Energy. My business address is 2560 Ninth Street, Suite 2l3A

Berkeley, California 94710

Please describe your experience and qualifications8

9

10

A2: My experience and qualifications are described in my cubiculum vitae, attached

as Exhibit 1. As reflected in my CV, I have more than 30 years of experience in

the natural gas and electricity industries. I began my career in 1981 on the staff at

the Cal i f ornia Publ ic Ut i l i t ies Commission ("CPUC"),  working on the

implementat ion of  the Publ ic Uti l i t ies Regulatory Pol icies Act of  1978

("PURPA"). Since 1989, I have had a private consulting practice on energy

issues and have appeared, testif ied, or submitted testimony on numerous

occasions before state regulatory commissions in Arizona, California, Colorado

Idaho. Minnesota. Nevada, New Mexico, North Carolina, Oklahoma, Oregon

Georgia, South Carolina, Texas, Utah, Vermont and Virginia. My CV includes a

list of the formal testimony that I have sponsored in various state regulatory

proceedings concerning electric and gas utilities

22

23

24

25

26

Please describe more specifically your experience on benefit-cost issues

concerning distributed generation

In addition to working on the initial implementation of PURPA while on the staff

at the CPUC, in private practice I have represented the full range of qualifying

facility ("QF") technologies - both renewable small power producers as well as

gas-fired cogeneration QFs - on avoided cost pricing issues before the utilities

commissions in California, Idaho, North Carolina, Oregon, Utah, and Nevada

With respect to benefit-cost issues concerning renewable distributed generation

("DG"), I have sponsored testimony on net energy metering ("NEM") and solar

economics in California. Colorado, Idaho, Minnesota, New Mexico, North

CrossborderEnergy
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The testimony next discusses how the results of the adopted methodology can be
used to make cost of service or rate design changes, if necessary, that impact the balance
of the interests of the affected stakeholder. The types ofchanges that the Commission
should prioritize are those that align rates more closely with utility costs, such as time-of
use rates, or that continue to allow the greatest scope for customers to exercise the choice
to adopt DG, such as a minimum bill. Fixed charges or rate design changes that apply
only to DG customers should be avoided, due to problems with customer acceptance
undue discrimination, and the torture potential for customer bypass of the utility system

The last section of the testimony discusses comparisons between the costs of
utility-scale and rooftop solar systems. Utility-scale solar has lower capital costs, as a
result of economies of scale. However, this is not an apples-to-apples comparison
because the two types of solar do not provide the same energy product. Rooftop solar
provides a retail product, while utility-scale solar supplies a wholesale product. The
retail, rooftop product has been delivered to load, whereas the wholesale, utility-scale
product has not. Tbus, for a fair comparison between the two resources, at a minimum
one must add to the cost of utility-scale solar the marginal costs associated with
delivering this power to the customers that can be served by solar DG located on their
own roofs. FuMermore, these resources differ in their value for Renewable Energy
Standard compliance, and rooftop solar provides additional societal benefits to the local
environment and economy

Finally, there are important policy reasons to treat rooftop solar equitably, so that
consumerscontinue to have the freedom to exercise a competitive choice and to become
more engaged and self-reliant in providing for their energy needs

C r̀o5sbor°der Energy
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Figure 1

Cost-Benefit Results for APS Residential DG in 2016

g $0.10

Cos! Beneflt

Parlkiplnt Ten

Cost Benefit Cost Benefit

RIM Tlti Total Resouce

Cost Test

DG System Costs

l Integration Costs

Customer Bill Savings

I DG Program Costs

Cost Sendit

Sodutal
Cost test

Utility Avoided Costs

Societal Benefits

Figure 2

Cost-Benefit Results for APS Commercial DG in 2016
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I discuss recent benefit-cost studies of net-metered solar resources in
Nevada, California, and Mississippi, which also have examined the benefits and
costs from these multiple perspectives. I also discuss the unfortunate recent
results in Nevada. when the Nevada commission moved to rely solely on a short
term. cost-of-service framework that does not share any of these attributes. I
recommend that the methodology adopted in Arizona should take care to include
all four of these key features, with the details of Arizona's approach tailored to its
specific loads, resources, and costs

The testimony briefly reviews the specific benefits and costs that should be
examined and quantified in establishing the value of DG. All of these benefits and
costs have been quantified in other similar studies, and well-accepted techniques
are available for this task. If there is uncertainty about the magnitude of a specific
benefit or cost, the default should not be to assign a zero value to that benefit or
cost. but to examine several cases that span a range of reasonable values for this
benefit or cost

Accompanying this testimony is a new study of the benefits and costs of
solar DG for Arizona Public Service, which applies TASC's recommended
methodology to the example of a specific utility in Arizona. This study concludes

Solar DG is a cost-effective resource for APS, as the benefits equal or
exceed the costs in the Total Resource Cost and Societal Tests

There is a balance between the costs and benefits of residential DG for
both participants and non-participants, as shown by the results for the Participant
and Ratepayer Impact Measure tests

The benefits of DG significantly exceed the costs in the commercial
market. Encouraging growth in this market would help to ensure that DG
resources as a whole provide net benefits to the APS system

The benefits of solar DG in APS's service territory are higher for west
facingsystems. If there is a concern about the cost of DG to non-participating
ratepayers, west-facing systems should be encouraged and incentivized
particularly for residential customers

The analysis indicates lower costs of solar DG to non-participants under
APS's existing residential time-of-use (TOU) rates. Thus, encouraging greater
use of TOU rates also will improve the cost-effectiveness of solar DG

The cost-effectiveness test results for APS's residential and commercial markets
are shown in the following figures

Crossborder Energy

III ill



Executive Summary

This testimony responds to the Commission's request that parties file
proposals on how to value distributed generation resources in Arizona. My
testimony proposes a benefit-cost methodology for valuing DG resources that
builds upon the widely-used, industry-standard approach to assessing the cost
effectiveness of other types of demand-side resources. I illustrate this
methodology with a new analysis of the benefits and costs of solar DG for Arizona
Public Service ("APS"), which is Exhibit 2 to this testimony

There is a developing consensus in the utility industry on the best practices
for designing benefit-cost analyses of net metering and distributed resources, a
consensus which draws upon the similar analyses which have become standard
practice for other types of demand-side resources. These analyses assess the
benefits and costs of these resources from multiple perspectives, including those of
the principal stakeholders in DG development, including (1) participating
customer-generators, (2) other non-participating ratepayers, and (3) the utility
system and society as a whole. The goal of the regulator should be to balance the
interests of all of these stakeholders, who collectively constitute the public interest
in developing DG technologies

This testimony also presents a close analysis of the net metering
transaction, for several reasons. First. it illuminates how DG differs from other
demand-side resources. DG customers are not just consumers of power, but also
at times produce power for export to the utility system. Second, discuss why the
essence of net metering is valuing the power which DG customers will export to
the grid. Third, I dispel several common myths about net metering, including the
misplaced ideas that NEM customers use the grid more than regular utility
customers, that a NEM customer with a low or zero bill means that the customer
has not paid for its use of the grid, and that the grid serves to "store" DG output
for future consumption. In sum, I suggest that the appropriate framework for
assessing the relative benefits and costs of net metering is to focus on the value
that customer receives for the electricity that is exported from their premises

The Commission should adopt a benefit/cost methodology for NEM and
DG that has four key attributes

Examine and balance the benefits and costs from the multiple perspectives
of the key stakeholders
Consider a comprehensive list ofbenetits and costs
Use a long-term, life-cycle analysis
Focus on NEM exports

Crossborder Energy
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Criteria of a Sound Rate Structure

of ratemaking policy and as to the factual circumstances under which
these objectives are sought to be attained. Attempts to make these
stated principles observe aH special objectives and cover all specific
conditioNs would be hopeless. Writers on the theory of rates are
therefore at liberty to base their analyses on the acceptance of those
objectives which are of wide application and the attainment of which
may be added by whatever tests or matures of sound rate structure
the analyses suggest

Among these objectives, the following three may be called primary
not only because of their widespread acceptance, but also because
most of the more detailed objectives discussed in the literature are
ancillary thereto: (1) the revenue-requirement, production-motivation
or financial-need objective; (2) the optimum-use, demand control, or
consumer-rationing objective; and (3) the compensatory income transfer
function or fair-cosbapportionment objective. Based on these objectives
we propose the following three primary asteria by which to judge the
soundness and desirability of a rate structure for public utility
enterprises. As outlined below, these objectives are related closely to
five of the ten attributes specified above

Criterion 1 - Capital Attraction
(Attribute 1): based on the revenue-requirement objective, with
due regard to potential problems of socially undesirable levels of
rate base, product quality, and safety; it takes the form of a fair
return standard with respect to private utility companies

Criterion 2 - Consumer Rationing
(Attributes 4 and 5): based on the consUmer-rationing objective
under which the rates are designed to discourage the wasteful
use of public utility services while promoting all use that is
economically justified in view of the relationships between the
private and soda] costs incurred and benefits received

Critéiian 3 - Fairness to Ratemwyers
(Attributes 6 and 7): fair-cost-apportionment objective, which
invokes the principle dlat the burden of meeting total revenue
requirements must be distributed fairly and without arbitrariness
capriciousness, and inequities among the beneficiaries of the
service and so as, if possible, to avoid undue discrimination

The objectives specified above correspond to three of the four
Primary functions of utility rates set forth in Chapter 4. The efficiency

centime function or that of encouraging managerial efficiency, is

ii
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Principles of Public Utility Rates

dimensions: (1) horizontal (i.e., equals treated equally)
vertical (i.e., unequals treated unequally); and (3) anomy
(i.e.,.= no ratepayer's demands can be diverted away 'w
economically from an incumbent by a potential entrant)

7. Avoidance of undue discrimination in rate relationships s0né8
to be, i f  possible, compensatory ( i .e.,  subsidy free wi th
intercustomer burdens)

8. Dynamic ef8.~dency in promoting innovation and responding
economically to changing demand and supply patterns

Practxkrul-related AttribUtes

9. The related, practical attributes of simplicity, certainty, con
lenience of wynnmnt, economy in collection, understandability
public acceptability, and feasibility of application

10. Freedom from controversies as to proper interpretation

Lists of this nature ale useful 'm reminding the ratennaker of
considerations that might otherwise be neglected, and also useful in
suggesting important reasons why problems of practical rate design
do not yield readily to scientific principles of optimum pricing. But
they are unqualif ied to serve as a base on which to build these
principles because of their ambiguities (how, for example, does one
define "undue discrimination"?), their overlapping character, their
inconsistencies, and their failure to offer any basis for establishing
priorities in the event of a conflict. For such a basis, we must start
with a simpler and more fundamental classification of ratemaldng
functions and objectives

Some of these attributes in the aforementioned list are based
directly on the primary functions of public utility rates first presented
in Chapter 4, and the related objectives to be sought in the establish
went of a cost-based standard of ratemaking (Chapter 5). These
objectives provided the basis for development of the criteria of a fair
return (Chapter 10). These same objectives, derived from the four
primary functions, can now be used to specify the asteria of a sound
rate structure discussed in the following section

The Primary Criteria Axe Based on the Objectives of Regulation

General principles of public utility rates and rate differentials are
necessarily based on simplified assumptions both as to the objectives



Criterzkz of a Sound Rate Structure

and acceptability. However, the sequence in which the ten attributes
are presented is not meant to suggest -any order of importance
Moreover, there is, perforce, some inconsistency and redundancy i n
any such l isting. We are simply trying to identify the desirable
characteristics of utility performance drat regulators should seek to
compel through edict

Revenue-related Attributes

1. Effectiveness 'm yielding total revenue requirements under the
fai1r-return standard without any socially undesixlable ecpamsiom
of the rate base or socially undesirable level of product quality
and safety

2. Revenue stabil i ty and predictabil i ty, with a minimum of
unexpected changes seriously adverse to utility companies

3. Stability and predictability of the rates themselves, with a
minimum of unexpected changes seriously adverse to rate
payers and with a sense of historical continuity. (Compare
'The best tax is an old tax.")

Cost-relatad Attributes

4. Static efficiency of the rate classes and rate blocks 'm dis
couragimg wasteful use of service while promoting dl justified
types and amounts of use

(a) in the control of the total amounts of service supplied by
the company

(b) in the control of the relative uses of alternative types of
service by ratepayers (on-peak versus off-peak service or
higher quality versus lower quality service)

5. Reflection of all of the present and future private and sodas
costs and benefits occasioned by a service's Provision (i.e., all
internalities and externalities)

6. Fairness of the specific rates in the apportionment of total
costs of service among the different ratepayers so as to avoid
arbitrariness and capriciousness and to attain equity in three
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instance, regulation should allow a fair rate of return, but not guaian-
or protect a regullatee against mismanagement or adverse busied
conditions. Sound rate relationships are essential to the attainment
these desirable ends, but criteria are required to judge whether
to what extent, these objectives have been attained. In our attempt
put the competing criteria into an explicit form we recognize that
are violating the sage advice of Charlie Brown that: "No problem is
big that it can't be run away from

Attributes of a Sound Rate Structure

What are the attributes to be sought in- the development of at
sound rate structure? Many different answers have been suggested in
the technical economics literature and in the reported opinions by
courts and commissions. A number of writers have summarized thdr
answers in the form Of a list of desirable attributes of a rate structure,
comparable to the canons of taxation found in Adam Smith's Wealth of.
Nations (1937 - originally 1776) and subsequent treatises on public
finance. In very general terns (see e.g., Federal Energy Regdatory
Commission, Order No. 436, October 9, 1985) optimal rates: should
provide clear, eff icient, effective, informative, and cost-effective
market signals 'about the present and the future cost of service to
buyers and sellers, (which requires that prices track costs); should
embody strong incentives for optimal present and future cost and
service quality configurations; should give buyers and sellers optimal
flexibility in selecting sellers and buyers respectively; should allow
utilities to serve as agents of progress; should maintain or improve
distributive eqLu'ty, and should allow for the attainment and mainte-
nance of a flacible (non ad hoc) regulatory framework with a modicum

necessary delay and obfuscation (and even a willingness of a
commission to dissolve itself under the appropriate competitive or
contestable conditional). But this is a pretty general me and more
specific direction is needed when applying them to an em cal world.
AS someone once said, "the real world is only a special case of the
theoretical world, and not a very interesting one at that." But many
practical-minded people would disagree, so let us push on to greater
sp€ci5city

The list that follows is fairly typical, although we have derived it
from a variety of sources, instead of relying on any one presentation.
Of the ten proposed attributes enumerated in this section, the first
three relate to the provision of adequate stable and predictable revenues
and rates; the next five are based on cost, efficiency, and equity
considerations, and the remaining two deal with matters of practicality
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Appendix E: PV Market-Penetration Curves

The maximum annual adoption of PV by residential and commercial customers is
calculated in NEMS as follows (EIA 2008a, 2008b)

Maximum Penetrationnew Construction Min( 0.75
Payback Time (years)

(E-1)

Maximum Penetratiof1Exi§fingBuildings Min( 0.005
40*Payback Time (years)

(E-2)

Navigant, Inc
The maximum PV market share from Navigant (Paidipati et al. 2008) was based on a
customer survey of the potential residential adoption of a theoretical heat pump
technology that is 20% more efficient than existing technology (Kastovich et al. 1982)
The heat pump curve was decreased slightly, based on industry interviews. The Navigant
study decreased the adoption rate on new construction for payback periods greater than
three years because builders may be hesitant to include a technology with longer payback
periods. Navigant curves result in significantly higher PV penetration than result from
using NEMS curves for shorter payback periods

R.VIL Beck. Inc
The maximum PV market share from R.W. Beck (2009) was calculated using an
exponential increase in PV adoption with decreasing payback time

Maximum PenetrationA,I Buildings 03*Paybaek Time(years)

(E-3)

This parameterization approximates the mean between the maximum PV market share
curves assumed in the Navigant study and the original Kastovich et al. (1982) curve
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Appendix D: PV Financing Assumptions

The residential and commercial financing parameters are user input options in the

SolarDS model. The reference case financing assumptions and the distribution of

residential financing options are given below

Financing Parameters
Loan Rate
Loan Term

Table D-1. Residential Financing Inputs

New Construction Retrofit Construction
6.0% (real) 6.0% (real)

15 years

Table D-2. Distribution of Residential Financing

Down Payment Fraction Tax Rate Fraction of Households
20% 25% 40%
20% 33% 40%

100% 25% 10%
100% 33% 10%

Table D-3. Commercial Financing Parameters

Commercial Inputs Value
Loan Term 15 years
Loan Rate Mm (real)
Down Payment Fraction 20%
ERR analysis period 25 years

Table D-4. Commercial Capital Depreciation Schedule (MACRS]

Year Depreciation Fraction
20.00%
32.00%
19.20%
11 .52%
11 .52%
5.76%

2
3
4
5
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Table C-4. Commercial PV Capacity by Building Type"

Roof Area Potential Roof
(1000 Unshaded Capacity

Bui lding Type ftp/building) Fraction (%) ( kW I building )
Education 15.59 80 112
Food Sales 4.88 80 35
Food Service 4.10 80 30
Inpatient 46.00 80 331
Outpatient 6.28 80 45
Lodging 12.65 80 91
Retail (other than mall) 7.66 80 55
Enclosed and Strip Malls 26.90 80 194
Office 6.02 80 43
Public Assembly 8.69 80 63
Public Order and Safety 9.20 80 66
Religious Worship 6.32 80 45
Service 5.35 80 38
Warehouse and Storage 13.79 80 99

a Represents unshared commercial PV capacity by building type. This capacity is further reduced
by the regional shading assumptions in Table C.2.
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Appendix C: Building Assumptions

Table C-1.

Orientation Tilt Azimuth

Residential Roof Orientations

4-sided
Roof
45%

Flat
10%

100%

2-sided
Roof
45%

Rooftop
Fraction

1
2
3
4
5
6
7
8

0°

25°
25°
25°
25°
25°
25°
25°

-90°
-60°
-30°

30°
60°
90°

33%
33%
33%

14%
14%
14%
14%
14%
14%
14%

10%
6%
6%
21%
21%
21%
6%
6%

Region (EIA Census + 4)
California
East North Central
East South Central
Florida
Mid Atlantic
Mountain
New England
New York
Pacific
South Atlantic
Texas
West North Central
West South Central

Table C-2. Regional Roof Shading

Shaded Fraction (%)
35
55
55
35
55
40
60
55
40
55
35
45
55

25°
25°
25°

a Commercial roof orientation fractions vary by

Table C-3. Commercial Roof Drientations

Orientation Tilt Azimuth Rooftop
Fraction

0° 10-50%
0° 40-50%

-30° 0-25%
30° 0-25%

building type within the range specified.

1
2
3
4
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1 1. Introduction and Summary

2 Q: Please state your name.

3 A: I am Mark Fuller.

4

5 Q: Did you provide direct testimonies in this proceeding on November 6, 2015 and

6 December 9, 2016 on behalf of The Alliance for Solar Choice (TASC)?

7 A : Yes.

8 Q: What is the purpose of this surrebuttal testimony?

9 A: I respond to a number of issues raised by witnesses for Staff, Arizona Public Service

10 (APS) and RUCO in their December 9 testimonies, as well as UNSE witnesses Tillman,

11 Dukes, and Overcast. My silence on any particular issue should not be construed as

12 agreement or assent.

13

14 Q: Did UNSE make a major change in its proposal with respect to residential rates?

15 A: Yes. It is now proposing that a three-part rate with time-of-use (TOU) periods be applied

16 to all residential and small commercial customers.1 This differs from its initial proposal

17 of requiring three-part rates only for residential and small commercial customers with

18 new distributed generation (DG) systems, and no mandatory TOU.

19

20 Q: Please summarize your conclusions.

21 A: My main conclusion is that the UNSE proposed rates and policies would not provide an

1 Rebuttal Testimony of David G. Hutchins at 2.

1
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opportunity for residential customers to make cost-effective investments in solar DG. For

purchased systems, the payback periods would be measured in decades rather than years

and for systems that are leased, positive cash flow would not occur

My other conclusions are

1. There is no foundation for UNSE to impose a mandatory three-part TOU rate

on residential customers. There has been only a smattering of opt-in pilot

programs testing residential customer understanding of and response to

demand charges and to my knowledge no utility has yet implemented

mandatory residential TOU. More first-hand knowledge is needed

2. UNSE and Staff greatly understate the difficulty customers will have

understanding and responding to demand charges. Even the educational

materials of the only utility with a mandatory residential demand charge

identified in the proceeding offered suggestions on how to respond to the

demand charges that were so generic so as to be equally applicable to any

time-of-use tariff.

3. A number of parties rely heavily on the ratemaking principles of James

Bonbright. As aptly stated by APS witness Dr. Faruqui, "each of Professor

Bonbright's principles should be read in conjunction with the others

However. UNSE and Staff have not heeded this advice. and as such. the

Commission must be cautious when considering these arguments in the

context of setting a residential rate

4. The recent examples of utility regulators' rulings on DG in other states raised

by UNSE are not applicable here, and in the case of Nevada, actually provide



a cautionary tale of how not to reform net energy metering

5. I calculate that the impact of UNSE's and RUCO's proposals will be as

detrimental to existing and new solar DG customers as the final rates

approved in Nevada

6. Using data from UNSE's 2014 Integrated Resource Plan (IP), I calculate the

levelized value of solar DG to UNSE to be on the order of 10¢-l4¢/kWh. This

is relatively close to UNSE's average residential rate, indicating that in the

long run, full-service customers would be held neutral and, in fact, could even

receive a net benefit by continuing current net metering policies

10 II. A Three-Part TOU Rate Is Not Ready for Prime Time

What does this portion of your testimony address?

In this section I discuss the reasons why it inappropriate to for UNSE to introduce a

mandatory three-part rate, particularly one with TOU energy charges. In doing so, I rebut

other parties' witnesses who argue otherwise

15 Q: Throughout your testimonies in this proceeding you have been very skeptical of

16 demand charges for residential customers, be they full-service or those using DG

Are you alone in this skepticism

No. I note that the Regulatory Assistance Project recently issued a paper urging "great

caution" in designing residential demand charges." The paper confirms many of the

concerns that I raise, as well as others such as impact on apartment dwellers, disregard of

Lazar, Jim, November 2015. "Use Great Caution in Design of Residential Demand Charges," Montpelier
Regulatory Assistance Project. Included as Attachment A. The Regulatory Assistance Project is a nonprofit that
advises public officials on regulatory and competitive utility policies
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diversity patterns and mis-allocation of costs into demand charges

A. There Is Little To No Experience With Residential Demand Charges On This
Scale, Let Alone With Mandatory TOU

All the examples of utilities with residential three-part rates provided in Mr

Tillman's opening testimony were voluntary: the customer had to choose to be on

the rate. Have any witnesses addressed the prevalence-or even presence--of

residential tariffs with mandatory demand charges

UNSE witness Dr. Overcast was able to provide one single example of a utility with

mandatory residential demand charges: Butler Rural Electric Cooperative (Butler REC)

in El Dorado. Kansas

Do any other witnesses provide examples of mandatory or default three-part

residential rates?

No. Arizona Public Service (APS) witness Dr. Faruqui provides testimony suggesting

that residential customers could respond to demand charges. He states

More than 40 pilot studies and full-scale rate deployments involving over 200 rate
offerings over roughly the past dozen years have found that customers respond to
new price signals by changing their energy consumption pattern

However, none of the over 40 pilot studies or 200 rate offerings included rates with

demand charges. They were solely time of use rates, peak time rebates, and critical peak

pricing rates

Overcast at 35
Faruqui at 14



1 Q: Did Dr. Faruqui cite any academic studies explicitly exploring residential demand

2 charges?

3 A: Yes. However, with the exception of one study from 2009, all of the studies were at least

4 30 years 01d.6 The one more recent study is for an opt-in program in a town in Norway.

5 Given that the participants in the Norwegian study were self-selected, coupled with the

6 cultural and climatic differences between Norway and Arizona, I cannot recommend the

7 Arizona Corporation Commission (ACC) rely upon this study as a justification for a

8 three-part rate for UNSE.

9 Q: Do any other witnesses provide examples of mandatory TOU residential rates?

10 A. No. To my knowledge there are no utilities in the U.S. that currently employ mandatory

11 TOU rates for all residential customers. California is set to move all residential customers

12 to default TOU rates starting in 2019, but default TOU is very different than mandatory

13 TOU. Default TOU rates allow all residential customers to maintain the flexibility to

14 choose a rate design that is right for them, while mandatory TOU rates leave customers

15 with no options if they End that they are unable to adapt. While the California Public

16 Utilities Commission did recently vote to move only all new DG customers onto

17 mandatory TOU rates starting likely in 2017, this decision was in response to a much

18 higher penetration of DG customers than exists in UNSE's territory. Mandatory TOU for

19 DG customers remains an uncommon rate design that is typically only explored in areas

20 with very high DG penetration.

21

6 Faruqui at 15.
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What considerations are being made by California utilities in the transition to

default residential TOU?

The transition to residential default TOU is not being taken lightly. The California PUC

has ordered the utilities to implement extensive piloting to determine how ratepayers will

respond to TOU rates and to ensure that such a transition is not unduly harmful

particularly to vulnerable rate classes such as elderly or low-income. To ensure

successful implementation, these pilots will collect data on several differ rate TOU rate

designs over the course of 15 months from more than 50,000 participants

Has UNSE proposed any pilot programs to explore the impact of mandatory TOU

rates or demand charges

No. UNSE has not proposed to do any piloting for these extreme rate designs either

before or after implementation. In my opinion, adoption of these rates without thorough

testing is simply experimenting on ratepayers unnecessarily. With such untested rate

design, the outcomes could be severe. Furthermore, both Staff and UNSE suggest that

demand charges be implemented after providing the customer with only three months of

historical usage data." Given the highly varied seasonal climates in Arizona, this is

clearly insufficient. Usage data from March, April, and May are not sufficient for a

customer to understand or manage their demand and TOU energy consumption during the

following summer and winter months. If UNSE is authorized to implement such

drastically different rate design, it should provide customers with at least a full year of

usage data prior to implementation

Statewide TOU Pilot Design Final Report, p. 99
Solganick at 31; Dukes at 9



B. A Three-Part Rate Cannot Currently Encourage Innovation

A number of witnesses suggest that a three-part residential rate would encourage

innovation, prompting customers to react to the demand charge." In his rebuttal

testimony, Mr. Tillman provides the examples of battery storage and fuel cells

Are these innovations costly

Yes. While demand charges would in theory create a market for demand-reducing

technologies, these technologies are not nearly as simple as installing a new thermostat

light bulb, or Windows. For example, the TESLA Powerwall battery with 7 kph of

storage costs $3,000, plus the cost of installation by a qualified electrician, and if used

without solar PV, the cost of an inverter." With respect to the other technology

mentioned by Mr. Tilghlman, fuel cells, the non-profit Upgrade Energy California says a

residential fuel cell can cost over $50,000 in addition to installation costs

These are serious investments for households at virtually any income level. Given

that the average income in Mohave and Santa Cruz Counties are 26% and 29% lower

respectively, than the national average, that over 26% of the population of Santa Cruz

County is below the federal poverty line, and that over % of Mohave County residents are

senior citizens, investments of this magnitude should not be expected to be widespread

And while innovative entrepreneurs may develop business models to deliver these

technologies (and others) in a way that lower-income citizens can afford, they currently

E.g., Faruqui at 14, Tillman at 5, Broderick at 8
Tillman at 5. All citations to Tillman refer to his January 19, 2016 Rebuttal Testimony

https://www.teslamotors.com/powerwall Accessed 2/13/16
http://www.energvupgradeca.org/en/save-energy/home/make-yQu_r-power/make-your-power-with-fuel-cells

Accessed2/13/15
Statistics from U.S. Census Bureau: State and County QuickFacts

http://quickfacts.census.gov/qfd/states/04000.html. Accessed 2/13/16



do not exist

c. It Has Not Been Demonstrated That Residential Customers Will Understand
and be Able to Respond to Demand Charges

Staff witnesses Broderick testifies, "residential customers can be quickly educated

on how to respond to a demand charge;'4 that "Staff believes that new meter

technology, internet communications portals, and smart phone applications have

made it feasible and much easier for residential customers to understand and accept

a three-part tariff than ever before and "Staff does not presume that any group

is so vulnerable as to be unable to understand and tolerate a demand kW charge

Has Mr. Broderick provided any evidence to support these opinions

No. They are simply assertions with no discussion or evidence to support them

Furthermore, educating the customers in Santa Cruz County will present an extra

challenge, as over % of the population speaks a language other than English at home

Given that the only pilot programs for residential demand charges cited so far in this

proceeding were opt-in,'*' I believe that data from a pilot program with randomly assigned

participants is needed in order to conclude that "customers can be quickly educated" and

meaningfully respond to demand charges

Mr. Broderick also testifies that "Solar DG customers will. therefore. need to

carefully consider their lifestyle decisions and additional related technology choices for

those hours, for example, in the summer from when the sun starts to set and until 8

Broderick at 8
Broderick at 7
Broderick at 9
Statistics from U.S. Census Bureau: State and County QuickFacts

http://quickfacts.census.gov/qfd/states/04000.html. Accessed 2/13/16
Butler REC was not a pilot and is discussed later



1 p.m."19 Since Staff and UNSE also propose having full service customers on demand

2 charges, they too will have to "carefully consider their lifestyle decisions." I am skeptical

3 that a rate design, which requires customers to carefully consider their lifestyles in order

4 to adjust their electric bill, is rational or fair.

5

6 Q: UNSE witness Dr. Overcast points out that one rural electric cooperative in Kansas,

7 Butler REC, has residential demand charges, and included as an attachment to his

8 testimony the educational material that Butler REC provides for its customers. Did

9 you review this attachment?

10 A: Yes. The Butler REC educational material emphasizes "FREE demand" (emphasis

11 original), in that customers don't pay demand charges a majority of the time. The "tips"

12 for how to reduce demand include only one that is specific to reducing demand charges:

13 running large appliances outside of the peak demand periods." The other nine

14 suggestions are equally applicable to general energy efficiency. The Butler REC message

15 to its demand-charge customers is no different than what a utility would provide

16 concerning a time-of-use rate, except that the ramifications of using power in the peak

17 hours are much greater. Nowhere does the Butler REC educational material state that the

18 customer has to reduce demandevery weekday evening between 5:00 and 8:00-with no

19 exceptions-in order to reduce the demand charge portion of their bill. If a Butler REC

20 customer has to run one load of laundry in the evening, or cook one meal using an

21 electric range, they're paying a deity the demand charge for that month. I cannot

22 conclude from either Dr. Overcast's testimony or the Butler REC education materials that

19 Broderick at 8.
20 HEO-5, page 4.
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1 he provided that the Butler REC customers in general fully understand demand charges

2 and are reacting in a knowledgeable way.

3

4 Q: Witnesses for UNSE have pointed to the mandatory three-part rate instituted by

5 Salt River Project (SRP) for customers with solar DG. Has SRP management been

6 consistently positive about residential demand charges?

7 A: No. At a SRP Special Board Meeting on February 12, 2015, SRP General Manager Mark

8 Bonsall was perhaps a bit more candid than he intended, when he flatly stated that it

9 would be difficult for him to put his grandmother on a three-part rate, and that she'd

10 likely be paying more than she needs to:

11

12
13
14
15
16
17
18
19
20

MR. BONSALL:I guess the bottom line on that is I think it would be very
difficult, were she still with us, to put my grandma ma on a demand charge. I mean,
we're gonna have people that just don't want to do that or it's too complicated for them
to understand and/or they don't care about it. I think we need to be sensitive to some of
those issues as well.

MR. HOOPES: I hope you're not suggesting that want your grandmother to
pay more than she needs to, but --

MR. BONSALL: Actually, President Hoopes, I was assuming that.21

21 Q: Have there been societal repercussions from SRP's rate design?

22 A: According to the Solar Jobs Census, Arizona lost 2,282 of its 9,204 solar jobs last year.22

23 While solar employment in Arizona is expected to grow 8.4% in 2016, this figure will be

24 much lower and possibly negative if UNSE's mandatory 3-part TOU rate design is

25 approved, particularly if other Arizona utilities follow suit.

26

21 Salt River Project Special Board Meeting Continuation Special Board Meeting On Proposed Changes To Standard
Electric Price Plans And Terms And Conditions Of Competition. February 12, 2015. Transcript at 46. Attachment B
22 The Solar Foundation, 2015.State Solar Jobs Census Compendium at 119.
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1 Q: Please summarize your testimony concerning customer understanding and reaction

2 to demand charges.

3 A: Neither UNSE or any other party has provided studies or evidence that residential

4 customers generally understand demand charges and will be able be able to react to the

5 "price signals" they send. Additionally, movement of residential customers to mandatory

6 TOU rates, especially in the absence of extensive piloting, would be unprecedented and

7 inappropriate. As such, it would be putting the cart way in front of the horse to institute a

8 three-part TOU residential rate throughout the service area. Additional controlled studies

9 are needed to ascertain how much customers would actually understand about demand

10 charges and TOU. Furthermore, additional affordable tools need to be in place for

11 customers to meaningfully react to demand charges and TOU before the ACC

12 contemplates implementing such a rate.

13 III. Rate Design Principals

14 Q: A number of witnesses in the proceeding have referred to fundamental ratemaking

15 principals as formulated by James C. Bonbright and presented inPrineqrles of

16 Public Utility Rates." Can you summarize who has referred to Bonbright in

17 testimony, and what they have said?

18 A: Yes. First, in his December 9th testimony APS witness Dr. Faruqui summarizes

19 Bonbright's ten "attributes of a sound rate structure," grouping them into five general

20 categories: economic efficiency, equity, revenue adequacy and stability, bill stability, and

23 Bonbright, James C., Albert L. Danielson and David R. Kamerschen, 1988. Principles ofPublie Utility Rates
(Second Addition).Arlington VA: Public Utility Reports, Inc.
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customer satisfaction." He then focuses on "cost causation," arguing that while not

explicitly listed in Bonbright's list, is clearly implied by it (particularly on economic

efficiency and equity). 4: To his credit, he also testifies, "cost causation may need to be

balanced against the other core principles," and "Each of Professor Bonbright's principles

should be read in conjunction with the others

UNSE rebuttal witness Dr. Overcast frames his testimony around three principles

fairness, efficiency, and gradualism, stating that, "These principles are consistent with

rate principles developed by Bonbright and discussed widely by others He further

includes quotes attributed to Bonbright throughout his testimony, however specific

citations are not provided

Other witnesses also refer to Bonbright, although not in the detail that Drs

Faruqui and Overcast do. RUCO witness Huber testifies that his recommendations are

based on Bonbright's principals, as summarized in a NARUC document." SWEEP

witness Schlegel and VoteSolar Witness Kobor both cite to Bonbright when discussing

very specific cost and rate issues." Lastly, I responded in my December 9th testimony to

how UNSE witness Dukes used Bonbright's text, pointing out that he focused on only

two of the foundational principals, revenue stability and rates that yield total revenue

requirements, at the expense of others, such as simplicity, understandability, public

acceptability, avoidance of undue discrimination, and wastefulness

Faruqui at 5-8
Faruqui at 8
Faruqi at 9
Overcast at 40
Huber at 5
Schegel at 7; Kobor at 57
Fulmar at 10
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Can these rate malting principles sometimes conflict?

Yes, and as such, regulators must strike a balance: too much emphasis on any one

principle can lead to undermining the others

Please provide an example of how some of these ratemaking principles are in

conflict

A prime example of this is the tension between revenue adequacy and economic

efficiency. Revenue adequacy requires that the utility can recover all of its costs. Utility

revenues are typically determined using embedded or marginal short-term costs

Economic efficiency requires that customers be provided with price signals that will

allow them to make economically efficient decisions with regard to their electricity

consumption levels. In other words, customers must be given the proper price signals to

invest in energy efficiency measures, invest in distributed generation resources, or simply

consume less energy in order to save on electric bills

As I have noted in my prior testimonies in this docket, there can be significant

differences between short-term costs used for determining revenue adequacy and long

tern costs used for sending economically efficient price signals. In the short-term, fixed

costs can include capacity costs associated with generation, transmission and distribution

while over the long-term, none of these costs are truly fixed. Setting rates based on short

run price signals will not be efficient in the long run

Do you have any concerns with the way other witnesses are using Bonbright's

principles

13



1 A: Yes. First, I note that near the beginning of his chapter on Cost of Service, Bonbright

2 states, "In the Hist place, the principle [the cost standard of ratemaking] is followed far

3 more closely as a measure of general rate levels than a measure of individual rate

4 schedules."31 However, much, if not all, of the cost-of-service discussions raised by Drs.

5 Faruqui and Overcast focus solely on "individual rate schedules." As such, the

6 Commission must be cautious when considering these arguments in the context of setting

7 a residential rate.

8 Iv. Mischaracterizations of TASC Testimony

9 Q: What do you address in this section of your testimony?

10 A: I will point out some of the mischaracterizations of, and misleading statements about, my

11 testimony made by UNSE witnesses.

12

13 Q: Mr. Tillman testifies, "The Company will credit every kph of energy produced

14 from the DG system that the customer uses at the full retail rate."32 Is this correct?

15 A: First, characterizing the savings of reduced customer use at the electric meter, for

16 whatever reason, as a "credit" bestowed by the utility is disingenuous. It isn't a credit, it

17 is simply the value of not paying for power that is not purchased. This is true whether the

18 customer is not a home, has installed energy efficient equipment or self-provides a

19 portion of their electricity usage. Second, federal law requires that utilities allow

20 customers to self-provide power behind the meter." UNSE is not crediting the customer,

31 Bonbright at 110.
so Ti l lman at  6.
33 See 18 C.F.R. 292.303(c)(e)
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it is following the law

2 Q: In response to your testimony on the differing environmental impacts between solar

3 DG and central solar, Mr. Tillman states, "Even without the Company's site

4 selection criteria to minimize these impacts, it is irrational to argue that any

minimal environmental impact associated with utility scale facilities jo ~tilies a solar

DG credit equal to twice the cost of energy from utility scale facilities How do

you respond?

In this sentence from his rebuttal, Mr. Tillman is responding to an argument that I did

not make. Nowhere in my Direct Testimony do I say that the differences in the

environmental impact between central solar and DG solar alone justify any purported cost

difference between the two technologies. I would not make such a statement. Instead, I

point out that there are differences in the environmental impacts of DG and central solar

and that those differences should be noted and accounted for.Never do I argue that "any

minimal environmental impact associated with utility scale facilities justifies a solar DG

credit equal to twice the cost of energy from utility scale facilities

How do the UNSE witnesses mischaracterize solar DG's contribution to peak

hours?

First, Mr. Tillman states: "[Mr. Fulmer testifies that] 'solar provides power during

times of high system load when power is more valuable,' once again highlighting his lack

of actual operational experience in grid management and relying on an often repeated, yet

incorrect, statement that applies to only a few months during the year While I have

Tillman at 13
Tillman at 13
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not participated in grid management, I have prepared and critiqued integrated resource

plans (IRis) and testified in state utility commission proceedings on electric resource

planning. As I will discuss below, utilities plan their supply capacity portfolio based on

the anticipated demand occumlng on a few highest days-if not hours-of the year

Second, Mr. Tillman says

The Company has previously shownthat at no time during the year does the system
peak when solar peaks. In fact, during the winter months when the system_peaks
before the sun rises and after the sun sets, solar has absolutely zero value during the
times of greatest need and when prices are the highest

Dr. Overcast also makes analogous statements

How do you respond?

First, nowhere do I state that solar PV's output coincides with UNSE's system peak

Simply because the PV panels' maximum output does not occur at the exact same time as

the utility's maximum load does not mean that it does not contribute to reducing system

peak. In fact, in the value of solar analysis presented later in this testimony, I explicitly

take this fact into account using UNSE's own solar "coincidence factor." The

coincidence factor is a number that reflects what fraction of power solar PV's capacity

contributes to system peak demand

Second, I do not understand why Mr. Tillman and Dr. Overcast suggest that the

fact that the UNSE system peaks during winter months is applicable to the capacity value

of solar. As noted in UNSE's 2014 Integrated Resource Plan, UNSE is a summer-peaking

utility." As shown in the Charts 12 and 13 from its IP (repeated below), UNSE's

Tillman at 13
Overcast at 12-13
UDR 1.006: Unisource Energy 2014 Integrated Resource Plan (IP), April 1, 2014 at 44. This is also shown in
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1 typical peak summer load is ~l60 MW more than its typical winter peak load.

2 Furthermore, the two figures show that the typical peak winter load is less than the

3 average summer load.. Given that generation capacity is planned around the system's

4 peak load, the fact that solar PV does not generate power during early winter mornings is

5 not relevant when considering PV contribution to a utility's generating capacity.

6

7

8

9
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What does Dr. Overcast testify concerning rate options to address DG?

Dr. Overcast states

All of this evidence suggests that with a two part rate and net metering with
banking can never result in just and reasonable rates for partial requirement
customers. The only possible alternative to treat partial requirements, DG
customers equitably is a separate rate class with a three- part rate

This statement is a classic example of a false dichotomy. Setting aside whether or not net

metering with banking is just and reasonable or not, he simply asserts that the "only

possible alternative" is the one he supports: DG as a separate rate class with a three-part

rate. Obviously, this isn't the only possible alternative. RUCO has proffered alternatives

Staff has suggested alternatives. Even UNSE's own recommendation to move all

Overcast at 19

18



1 residential customers onto the three-part TOU rate, and not just DG uses, contradicts Dr.

2 Ovcercast's statement. There are many ways to address solar DG besides the two stated

3 by Dr. Overcast. To assert that his is the only answer is disingenuous and misleading.

4 In fact, I recommend that Staff and UNSE work together to examine alternatives

5 to both the simple two-part rate and a three-part rate with TOU. Some options that I

6 believe should be considered include default time of use, minimum bill provisions, and

7 critical peak pricing (i.e., very high rates a few hours a year during system peaks).

8 v. Miscellaneous Issues

9 A. RUCO Rate Proposals

10 Q : Please Summarize RUCO witness Huber's proposals concerning residential

11 customers with DG.

12 Mr. Huber suggests three alternatives to UNSE's proposal.

13 1. A "non-export" policy, whereby customers with DG system are not allowed to

14 export power to the grid, or if the Commission is not agreeable, to allow

15 exports to be valued at wholesale rates. 40

16

17

2. A "DG TOU rate," with "energy and TOU demand intended to recover fixed

costs from customers with DG.41

18 3. A "simple fixed credit mechanism," whereby the customer with DG simply

19 pays the tariffed rate for all if his or her actual consumption while being

20 credited for all of the output of the customer's DG system. I would classify

40 Huber at 13.
41 Huber at 14.

19
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1 this as a "buy-all-sell-all" or a feed-in tariff.

2 Q: Do you find Mr. Huber's first suggestion-non-export policy-to be reasonable?

3 A: No. Although Huber would grandfather existing DG customer into their current DG

4 compensation mechanism, forbidding grid export or crediting exports is poor policy.

5 First, it would remove much of the economic value of solar DG, which I believe would

6 reduce new solar DG adoptions to a trickle. This violates the Commission's REST goals

7 (as later discussed by Huber).42 In addition, the non-compensation or minimal

8 compensation (short-nm wholesale power market prices) would grossly understate the

9 value that DG systems are providing to UNSE and its customers. This is discussed in

10 depth later in Section VII of my testimony.

11

12 Q: Do you find Mr. Huber's second suggestion-the three-part TOU DG rate--to be

13 reasonable?

14 A: No. As discussed in Section VI and shown in Table 1 of my testimony, Mr. Huber's

15 proposed flat energy rate with a seasonal TOU demand charge would not offer a viable

16 economic opportunity for customers desiring solar DG.

17

18 Q: What about his feed-in-tariff proposal?

19 A: While a feed-it-tariff can be a piece of the solar DG puzzle, it isn't a replacement for net

20 metering. First, it is equally as difficult to set an appropriate FIT rate as it is to determine

21 how or if costs shifting with net energy metering. Second, there are significant tax

22 implications, such as loss of certain tax benefits that accrue to residential solar that serves

42 Huber at21 .

20
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onsite load as well as the sales to the utility of power being seen as income

B. Intermittency An d Geogr aph ic Diversity

Mr.Tighlman also states "Mr. Fulmer's and Ms. Kobor's claims that there is a

benefit of intermittency smoothing that lacks any credible, real-world evidence

Is this accurate?

No. Pages 13 through 15 of my November 6 Direct Testimony list many credible studies

based on real-world evidence that geographically dispersed DG provides a "smoother

more reliable solar power source than a central solar station. For example

• A study that analyzed the power fluctuations of seven PV plants scattered

throughout Spain concluded "[t]he geographical dispersion of the PV plants is a

highly effective way of smoothing the power fluctuations, even for ten minute

sampling intervals. It is sufficient to locate two PV plants at a distance of 6 km

one from the other, to ensure that the fluctuations over 10 minute intervals are

independent of each other and are smoothed out when combined

• A similar study conducted in Colorado amlved at the same conclusions: "[o]verall

a significant smoothing effect was observed when the averaged solar irradiance at

four solar sites across Colorado is compared to the individual sites

• Lave et al. concluded in their study that "[w]hile the variability of PV powerplants

can be a concern, geographic diversity within the plant will lead to a reduction in

Tillman at p 12

Marcos, J., L. Marroyo, E. Lorenzo, and M. Garcia. "Power Output Fluctuations in Large PV Plants." In
International Conf. on Renewable Energies and Power Quality,2012. http2//www.icrepq.com/icrepq' 12/676
marcos.pd£

Lave,Matthew, and Jan Kleissl. "Solar Variability of Four Sites across the State of Colorado."Renewable Energy
35, no. 12 (December 2010): 2867-73. doi:10.1016/j.renene.2010.05.013
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variability versus a single point. By examining a 2. MW residential rooftop PV

plant in Ota City, Japan and a 19MW central PV plant in Alamosa, Colorado, the

relative variability as a function of capacity was found to decay exponentially for

both plants

• A Lawrence Berkeley National Laboratory study "conclude[d] that the costs of

managing the short-term variability of PV are dramatically reduced by geographic

diversity and are not substantially different from the costs for managing the short

term variability of similarly sited wind in [the Southern Great Plains]

Finally, a report by the National Renewable Energy Laboratory, citing studies in

Japan and Germany," concluded "[i]t is well studied that aggregation of sites

produces a smoother output of power on a per capacity basis. These studies

primarily address smoothing through geographic dispersion, and attempts have

been made to mathematically model this phenomenon

Lave, Matthew, Joshua S. Stein, and Abraham Ellis. "Analyzing and Simulating the Reduction in PV Powerplant
Variability due to Geographic Smoothing inOta city, Japan and Alamosa, CO." In Photovoltaic Specialists
Conference (PVSC), Volume 2, 2012 IEEE 38th, 1-6. IEEE, 2012
http://ieeexplore.ieee.org/xpls/abs_all.j sp?amumbem=6656719

Mills, Andrew. "Implications of W ide-Area Geographic Diversity for Short-Term Variability of Solar Power
Lawrence Berkeley National Laboratory, 2010. http://escholarship.org/uc/item/9mz3 w055.pd£

Murata, Akinobu, and Kenji Omani. "An Analysis of Time-Dependent Spatial Distribution of Output Power from
Very Many PV Power Systems Installed on a Nation-Wide Scale in Japan." Solar Energy Materials and Solar Cells
47, no. 1 (1997): 197-202

Otani, Kenji, Jyunya Minowa, and Kosuke Kurokawa "Study on Areal Solar Irradiance for Analyzing Areally
Totalized PV Systems." Solar Energy Maten'als and Solar Cells 47, no. 1 (1997): 281-88

Wiemken, E., H. G. Beyer, W. Heydenreich, and K. Kiefer. "Power Characteristics of PV Ensembles
Experiences from the Combined Power Production of 100 Grid Connected PV Systems Distributed over the Area of
Germany." Solar Energy 70,no. 6 (2001): 513-18

Urquhart, Bryan, Manajit Sengipta, and Jamie Keller. "Optimizing Geographic Allotment of Photovoltaic
Capacity in a Distributed Generation Setting." Progress in Photovoltaics: Research and Applications 21, no. 6
(2013): 1276-85
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c . Recent Development Examples

Mr. Tillman also provides examples of states where actions have recently been

taken to change their met metering policies. What examples did he provide

He pointed to three states: Hawaii, Utah and Nevada. However, he did not include a

major one Falifomia, where the commission chose to continue net energy metering

with compensation based on retail rates and month-to-month banking.52 Furthermore, I

found none of the policy recommendations in the three states to be compelling or

applicable to Arizona

Hawaii: First and foremost, Hawaii Electric is at a much higher DG penetration level

that UNSE, making the technical and economic issues associated with net metered

solar ripe for discussion. Also, retail rates in Hawaii are significantly higher that

UNSE's rates, with residential and small commercial rates ranging firm a low of

22¢/kWh up to 35¢/KWh." Additionally, thecurrentbuyback rate offered by

Hawaiian utilities is no less than 15.07¢/kWh and ranges as high as 27.88¢/kWh

Even their new pricing, which is many times higher than that proposed by UNSE, is

higher than UNSE's retail rates

• Utah: Mr. Tillman provides a number of "fallacies" from a recent Utah Public

Service Commission order addressing solar DG issues. However, none of the issues

enumerated in the Utah decision cited by Mr. Tillman are new, and in fact most are

addressed organically by the dispersed nature of small solar DG. In fact, all six issues

California Public Utilities Commission Decision 16-01-044
Hawaiian Electric Effective Rate Summaries, January 29, 2016

https://www.hawaiianelectric.com/Documents/my_account/rates/effective_rate_summary/efs_2016_02 .pd
.. Customer Grid Supply prices.https://www.hawaiianelectriccom/clean-energy-hawaii/producing-clean
energy/customer-grid-supply-and-self-supply-programs. accessed 2/18/16
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listed by Mr. Tillman focus on the fact that the utility does not have control over

customer-side solar DG systems. This is true, but reflects the utility's (and frankly

the Utah Commission's) discomfort with elements outside of its control, while not

considering the actual impacts. Yes, customers decide if and how much solar to

install (Issues 1, 2, 4 and 6), how to maintain it (Issues 3 and 5). But this does not

account for the fact that these decisions are made by thousands of independent actors

(customers) as well as the fact that actors' best interests are generally aligned with the

utility's. It is in the best interest of both the utility and the solar PV user (or if

different, the PV owner) to keep the system well-maintained and operational

Furthermore, a diversity of actors (i.e., decisions concerning each system are made

independently) mitigates most of the remaining concerns. People will not abandon

their solar PV at the same time, creating the system problems implied by the six listed

issues. Electric utilities need to be able to predict the load that they must serve, not

control it

• Nevada: The Nevada decision cited by Mr. Tillman has caused widespread

economic and political reverberations throughout the state. Maj or solar PV providers

have pulled out of Nevada, laying off thousands of workers." Solar customers have

tiled a class-action lawsuit." If Arizona wants to avoid these problems, looking to

Nevada for guidance would be poor advice

http://www.pv-magazine.com/news/details/beitrag/solarcitv-pulls-out-of-nevada_100022579/#axzz40LlTiCx5
Accessed 2/15/16
56http://lasvegassun.com/news/2016@an/15/1awsuit-filed-over-new-rooftop-solar-utility-rates/ accessed 2/15/16



1 VI. Impact of Proposed Rates on Prospective Solar DG Customers

Have you reviewed the impact that UNSE's proposed rates would have on solar

customers' electric bills and how that would likely impact the business of solar?

Yes I have

Please explain the economics of solar to the utility customer and what you found in

your analysis

It appears most electric customers implement solar because it is a sound investment and a

good use of their money. Before going solar, a utility customer has one bill for all his

power. This bill comes from the utility, in this case, UNSE. In order to acquire solar, the

customer either purchases or leases solar equipment to generate solar power for his

use. After the customer purchases his solar equipment, and it is up and running, the

customer pays the utility a reduced amount on a monthly basis, reflecting his reduced

reliance on the utility for much of his electricity. The reduced monthly payments to the

utility act as the return on the solar investment, ultimately paying the customer back for

his sizable investment over a period of time. This period of time is also called the

payback period" in the solar business. The old adage, "the shorter the payback period

the better the investment," clearly applies here. If the payback period gets too long, then a

customer could make wiser investments elsewhere, potentially eliminating the financial

incentive to purchase a solar system entirely

In the lease situation, the customer ends up with two bills related to his

consumption of energy. The customer continues to receive a bill from the utility

reflecting his reduced reliance on the utility for his power needs, but also receives a
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monthly bill from the solar leasing company for the lease payments on the solar

equipment. When these two monthly bills are added together, they should be less than

what the customer would otherwise pay to the utility if the customer was still relying on

die utility for 100% of his electric needs. If the two bills added together are more than the

customer would otherwise pay a utility for 100% of his power needs, then the customer's

investment in solar will not be a profitable one and, like other poor investments, will be

avoided

I examined UNSE's proposed tariffs using the spreadsheet tool first circulated by

Staff (per Staff data request to TASC, SFT-BG 2.1), as modified to accurately account

for appropriate assumptions and to model specific rate plans at issue in this case as

described below, to determine what impact they would have on the payback period for a

purchased solar system and the impact they would have on a solar leasing customer's

ability to save money by leasing solar panels. As I summarize below in Table l, the

proposed UNSE tariffs leave the payback period much too long to justify the purchase of

solar equipment and eliminates the opportunity for a customer to save money with a solar

lease

I examined each proposed UNSE tariff, under both status quo net metering and

proposed net billing scenarios, using public load and generation profiles appropriate for

the geographic territories that UNSE serves. I focused primarily on northern Arizona

using NREL Las Vegas billing determinants and load shape

Under the proposed UNSE transition rates and final rates and a net billing

mechanism, solar customers would pay significantly more per year than full-service
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customers (Table 1). Using the NREL billing determinants," solar lease customers under

the proposed 2-part non-TOU net billing transition rate would pay roughly $188 more per

year for solar, or $16 per month. With the same rates, but under the current net metering

billing mechanism, solar customers would save roughly $207 per year, or $17 per month

For customers that purchased their system outright, under the 2-part net billing transition

rates it will take roughly 46 years to recoup the investment of their system, far exceeding

the expected system life of roughly 35 years, and compared with roughly 23 years under

the two-part transitional rate with net metering. Under the proposed final TOU demand

charge rates, solar customers would lose under both net metering and net billing. Under

net metering, customers would pay $347 more per year for solar ($29 per monde), and

$409 per year ($34/month) under net billing. With the proposed demand charges, solar

customers who buy their systems outright would likely never be able to recoup the

upfront cost of their investment, wide the payback under both net metering at 58 years

and the payback under net billing exceeding 100 years

Assumes NREL Las Vegas high load estimate, most indicative as solar customers typically have higher than
average load. Further assumes average monthly consumption at roughly ~l ,500 kph per year, with a system sized
at 8.5kW offsetting 80% of load

2 7



89
gang

l
4884~=§
2816m 8 §
a~=~

5 :
¢ 9

8 .e ..

'3

D

*c 8 Aes a 8°
9- e =
N Q 5

g -Q
g is

m 3 g¢ »-
g , M

2 s ~:
Br J: :-

I
m

8§.§
:>§o§

S.*8
28445

m'
-8
829
8o 9
a*==°§8
5:45

3

3
8

Jo

> 9
7;
=~:
388
in¢c:»5

Pa-Solar Utility Bill $2,030 $2,030 $1,816 $1,816 $1,985

Post-Solar Utility Bill $513 $907 $853 $914 $1,009

Utility Bill Savings $1,517 $1,123 $963 $901 $976

Total Lease Cost* $1,311 $1,311 $1,311 $1,311 $1,311

Total Solar Bill $1,823 $2,217 $2,163 $2,225 $2,319

Arnuad Bill Savings $207 ($188) ($347) (39409) ($334)
BreakevenLwnse Rate $0.10 $0.08 $0.07 $0.06 $0.07

Discounted payback* * 22.8
Years

45.5
Years

57.6Years 100+ Yeals 100+ Years

1 Table 1. Economics of Solar DG Under Proposed Rates

2
3
4
5
6

7

*As reported in Greentech Media, the LCOE for solar leases in Arizona is 11.1 cents per kph. Year 1 lease
rate of $0.08946/kWh converted from LCOE by assuming 2.9% escalation, 7.2% discount rate, and 0.5%
annual degradation.
**Assunles system cost of $3.60/watt (DC),58 2.9% escalation, 7.2% discount rate, and 0.5% annual
degradation.

8 Q: How does this compare to the tariffs recently implemented in Nevada?

9 A: The impact of the rates that will be implemented over a transition of several years in

10 Nevada, which have led to the near shutdown of the solar DG industry in the entire state,

11 is similar to the impact of UNSE's proposed final 3-part rate. To determine the Nevada

12 results, I simply input into my UNSE impact model the final approved Nevada f ixed

13 charge, energy, and export rates under a net billing scenario, consistent with Nevada's

14 new rates. As shown in the table above, the Nevada rates result in customers paying

15 roughly $623 more per year for solar, which, from a customer's perspective is not

16 significantly different than the anticipated$347 per year increase under UNSE's

17 proposed3-partnet metering rate, or the $409 per year increase resulting from UNSE's

58 Lawrence Berkeley National Laboratory, Tracking the Sun VIII, August 2016, p. 32.
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1 proposed 3-part net billing rate. Under UNSE's proposed 3-part net billing rate,

2 customers would need to obtain a solar lease rate of no more than $0.06 per kph in order

3 to not lose any money going solar. Under a 3-part net metering rate this breakeven is

4 slightly higher at $0.07 per kph. Compare these rates to the breakeven rate at $0.05 per

5 kph under the Nevada scenario. Any rate design resulting in a breakeven rate well below

6 the estimated $3.08946/kWh currently available to Arizona customers is unreasonable.

7

8 Q: Have you evaluated the rate proposals of other parties in this proceeding?

9 A: Yes. I also calculated the impact of RUCO's "Advanced DG TOU Option," which is a 3-

10 part DG-only net billing rate design with three components: 1) a minimum bill of $12.25

11

12

per month, 2) a base energy rate equal to $0.085/kWh, and 3) and a summer only demand

charge of $19.50/kW, assessed over peak hours (2-8 p.m.).59 The proposed export rate

13 under RUCO's Advanced DG TOU Option is $0.085/kWh. I compared the solar bill

14 savings under this DG-only rate to pre-solar costs assuming that a customer would

15 otherwise take service on the Residential Service rate schedule. Revenue neutral rates for

16 this rate schedule were provided by RUCO in Exhibit 2 of Huber's testimony.

17

18 Q: Please explain your findings from your RUCO analysis.

19 A : The impact of RUCO's proposed 3-part rate is included in Table 1. RUCO's Advanced

20 DG TOU Option would be extremely detrimental to solar customers, with impacts very

21 similar to UNSE's proposed rates and the Nevada rates. Under RUCO's proposed rate,

22 customers would spend roughly $334 more per year ($28 per month) for solar, requiring

59 Huber Direct Testimony, p. 14.
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a solar lease rate of $0.07/kWh to bring this loss to $0

So what does this suggest about what would happen to the solar industry in UNSE

service territory if the proposed rates are implemented?

It is clear that UNSE's and RUCO's proposed tariffs would render investing in rooftop

solar through purchase or lease a poor economic choice for consumers. In other words

the economics of the solar investment would make adopting solar actually more

expensive than simply continuing to purchase all power from the utility. In other

instances where this has occurred, like SRP territory and Nevada, the market for rooftop

solar has essentially grounded to a halt. Given my analysis, that is what I would expect to

happen in UNSE territory if these tariffs are adopted. I expect UNSE's proposed tariffs to

essentially stop the implementation of DG solar in UNSE's service territory

12 VII. Value of Solar Analysis

What is the purpose of this section of your testimony

UNSE witness Dallas Dukes noted that TASC and Vote Solar simply opposed all rate

design changes without proposing any substantive a1tematives.°" This is because TASC

believes that net metering continues to be an appropriate policy for residential and small

commercial solar DG. To support this assertion, I present a value of solar analysis, which

shows that the long-term value of solar DG is comparable to the forgone rates that the

solar offsets

Dukes at 3
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1 A. Method and Assumptions

2 Q: How did you conduct this value of solar analysis?

3 A: In general, I followed the structure outlined in the report "The Benefits and Costs of Solar

4 Distributed Generation for Arizona Public Service" (Crossborder Report).6' The report

5 was prepared on behalf of solar interests in response to a January 23, 2013 ACC order for

6 APS to conduct a multi-session technical conference to evaluate the costs and benefits of

7 renewable DG and net energy metering (NEM). This report identified a number of key

8 utility areas where solar DG can, in the long run, avoid costs to the utility costs, thus

9 providing value to the utility.

10

11 Q: Please describe your analysis.

12 A: To calculate the value of DG solar, I estimated values for seven areas where DG solar can

13 avoid or cause utility costs. I looked at each of these elements over the long run,

14 projecting the levelized value of each element over the 20 year life of a typical solar DG

15 system. I used the UNSE weighted average cost of capital from its 2014 Integrated

16 Resource Plan (IRP)62 for the discount rate.

17 The seven elements considered are:

18 1. Avoided energy: Avoided energy is the variable cost of power plants that is

19 avoided due to the effective load reductions provided by solar DG. They can be

20 calculated assuming a specific proxy power plant (e.g., a combustion turbine) or

21 using wholesale market prices.

61 Beach, R, Thomas and Patrick G. McGuire, "The Benefits and Costs of Solar Distn'buted Generation for Arizona
Public Service," Crossborder Energy, May 8, 2013.
62 IP Table 27 at 214
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2. Avoided generation capacity: Avoided generation capacity cost is value of the

forgone or deferred power plants caused by the load reduction provided by solar

D G

3. Avoided transmission costs: Avoided transmission cost is value of the forgone

deferred or downsized transmission investments caused by the load reduction

provided by solar DG

4. Avoided distribution costs: Avoided distnlbution cost is value of the forgone

deferred or downsized distribution investments caused by the load reduction

provided by solar DG

5. Avoided greenhouse gas (GHG) emissions costs: Avoided GHG emissions costs

are the emissions associated with the reduced output of the marginal power plants

which set the avoided energy cost. These emissions are multiplied by an assumed

carbon dioxide (CON) cost ($/metric ton) to am've at the avoided greenhouse gas

cost. Separately, in the avoided environmental externality component, I account

for the full social cost of greenhouse gas emissions

6. Incremental integration costs: Even with geographic diversity, there is a cost to

integrate solar DG into the UNSE system. Based the UNSE IP, these integration

costs cover the incremental ancillary services to support the added solar

generation

7. Avoided environmental externalities. Like with avoided greenhouse gas emissions

costs, solar DG can reduce criteria air pollutant (NOt, SOx and fine particulate

matter) emissions associated with the reduced output of the marginal power plants

which set die avoided energy cost. These emissions are multiplied by an assumed
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1 emissions cost to arrive at the criteria air pollutant cost. Because there is currently

2 no market value for these pollutants in Arizona, and one is not anticipated, these

3 costs are best described as externalities.

4 I also included the estimated marginal cost of water. Given the arid

5 climate of Arizona and the increasing demand for water in the Southwest,

6 including the marginal cost of water (i.e., the cost of water reclamation or

7 desalinization) is appropriate.

8

9 Q : What data do you use?

10 A: I consider two cases. In one, I rely upon data from UNSE's 2014 IP to the fullest extent

11 possible. This is labeled throughout as "IP Case." I also show a case using some

12 alternative data, which differs from the IP Case in that it assumes a west-facing PV

13 array (so as to maximize on-peak production) and uses data from the Crossborder Report

14 for distribution avoided costs and integration costs. In each section below, where I

15 explain my calculations, I note what data I use and their source.

16 I must be clear that simply because I choose to label the second case "Alternative"

17 does not mean that the results in the IP are truer or more reliable. Rather, the purpose of

18 the IP case is to show that using UNSE's own data, solar DG can have much greater

19 value than has been asserted in this proceeding

20 B. Results

21 Q: What did you find?

22 A: Overall, I found that the levelized benefits of solar DG are on the order of 10¢-14¢/kWh

23 ($100-$140/MWh). This analysis is detailed in Table 2. The value of each component
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listed above for each of my cases is shown, along with subtotals at key intervals: only the

avoided costs, the avoided costs net the integration costs, and the avoided and integration

costs plus a value for air emission externalities. When avoided costs alone are considered

the value of solar is ~$100/MWh (using IP data and $142/MWh with a west-facing

array and alternative assumptions). Accounting for integration costs reduces these

amounts by about $4.50/MWh. Including air emissions externalities brings the totals back

to $136/MWh and $180/MWh for the IP and Alternate cases, respectively

Table 2. Value of Solar (Levelized $/MWh)

IP Case Alternate
Energy

Gen. Capacity

Transmission
Distribution

$50.44

$40.16 $77.62

Avoided Costs
Integration costs

With Integration costs

Eniv. Externalities

With Emissions costs

$100.13

($4.55)

$95.58
$40.28

$135.86

$141.97
($2.00)

$139.97
$40.28

$180.25

What do these values mean for this proceeding

Other solar advocates and I have been arguing in this proceeding that net metering can

provide value to UNSE in ways that are not captured in the narrow, short-term cost of

service perspective that UNSE and others have taken. Because the avoided cost value of

solar DG is approximately equal to UNSE's residential rate, net metered solar DG should

not impact and may even benefit full-service customers in the long run. Solar DG should

be held to similar cost-benefit standards as other behind-the-meter activities such as

energy efficiency, a high bar singling out solar DG is inappropriate
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1 (*_ Avoided Energy

2 Q: How did you calculate avoided energy costs?

3 A: I calculated avoided energy costs as the price of natural gas multiplied by a market heat

4 rate and added in a loss factor (Table 3). A market heat rate is the implied relationship between

5 the market price of natural gas and the market price of power. Inherent in this, is the assumption

6 that natural gas generation is predominantly on the margin in power markets, which indeed is the

7 case throughout the Western US. The natural gas price used here is calculated from the current

8 Henry Hub futures prices, a basis swap to the Permian Basin, and transportation to a gas plant in

9 UNSE temltory (UNSE schedule T-1). The Henry Hub futures prices and basis swap values are

10 from Platt 's Gas Daily, while the market heat rate is taken Hom the 2014 IRP.63 I then included a

11 factor of 10% to account for the transmission and distribution losses from a transmission-

12 connected power plant to the customer meter.64 This calculation results in a levelized cost of

13 energy of $50.44/MWh.

14

63 IP at 219, Chart 42, rounded mean value.
64 Tillman at ll.
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1 Table 3. Derivation of Avoided Energy Cost

year

2017

2018

2019

2020
2021

2022
2023

2024

2025

2026

2027

2028

2029

2030

2031

2032
2033

2034

2035

2036

Gas Price

$Qn_mbtu

Market Heat
Rate

mmbtu/MWh
8
8
8
8
8
8

9.5
9.5
9.5

Power
Pried

$/Mwh

loss

factor

Priee

$/Mwh

$3.92
$4.06
$4.20
$4.35
$4.49
$4.65
$4.80
$4.96
$5.11
$5.27
$5.43
$5.58
$5.71
$5.80
$6.08
$6.34
$6.60
$6.88
$7.13
$7.40

10

10

10
10

10
10

10

10

10

10

10

$31.37
$32.51
$33.58
$34.77
$35.95
$37.18
$45.63
$47.08
$48.58
$52.70
$54.30
$55.83
$57.12
$57.97
$60.81
$63.40
$66.05
$68.76
$71.29
$73.99

10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%

$34.51
$35.76
$36.93
$38.25
$39.55
$40.90
$50.19
$51 .79
$53.43
$57.98
$59.73
$61 .41
$62.83
$63.77
$66.89
$69.74
$72.65
$75.64
$78.42
$81.39

Levelized $50.44
2

3

4 I). Avoided Capacity

5 Q: Why is it reasonable to include an avoided generation capacity cost in your

6 calculation?

7 Including avoided generation capacity in my calculation is consistent with the IP. In the

8 Sensitivity section of the IP, UNSE considered the case where it achieved only 50% of

9 its energy efficiency and distributed generation targets. The case stated that this reduction

10 would cause UNSE to install additional combustion turbines in 2019 and 2024.65 This

as IP at 244.

36

l_ll I l



1 means that energy efficiency and DG are offsetting the need for additional generation

2 resources, and as such should take credit for those capital savings when considering their

3 cost-effectiveness.

4 The combustion turbines cited in the IP were 21 MW LM2500s. As the IP did

5 not contain cost data for this model, I used the closest one for which explicit data were

6 provided, the LM6000. The Figures on pages 79 and 83 of the IP suggest that this is a

7 reasonable assumption.

8

9 Q: How did you calculate avoided generation capacity cost?

10 A: The calculation is shown below in Table 4. As is common practice (e.g., see RUCO

11 witness Huber's December 9 testimony), I assumed that avoided generation capacity cost

12 can be represented by the cost of a new combustion turbine (CT). This is because CTs

13 tend to be the least-cost source of new utility-scale capacity, as well as the explicit type

14 of resource identified as offset by DG and energy efficiency in the IP.

15 I took the total Construction cost of the LM6000 CT from the IP, adjusted the

16 value to 2017 dollars and applied a carrying charge. A carrying charge effectively

17 translates an investment amount over the life of the asset. The value used here, 11.17%, is

18 from the value of solar DG study commissioned by APS in 2013 and perfonned by SAIC

19

20

(as cited in the Crossborder Report). 66 I then added the fixed operating and maintenance

(O&M) cost and gas transportation reservation costs from the IP. 67 This sum was then

21 scaled up to account for reserve margin savings (i.e., a 10% reduction in peak load results

66 Crossborder ReportCrossborder Report at 10.
67 Unless it was explicitly stated otherwise, I assumed that all costs in the UNSE IP were in 2014 dollars, and were
adjusted to 2017 using deflators from the Department of Energy Information Administration in this analysis.
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1 in an 11.5% reduction in capacity needs) and losses from the avoided CT to the meter.

2 I then applied a coincident factor from the 2014 IRP.68 The coincident factor

3 reflects the output of the solar system at time of system peak. For the Alternative case, I

4 scaled the coincident factor up by the ratio of PV output during peak hours between a

5 standard south-facing PV array and a west-facing array (using data from the NREL

6 model, P arts). A west-facing array is instructional to consider: while it generates less

7 overall electricity than a south-facing one, it generates more during the summer late

8 afternoon and early evening hours, coinciding with UNSE system peaks. I then applied

9 the capacity factor for solar PV to arrive at the levelized dollar per megawatt-hour value.

10

11 Table 4. D

I P Case

derivation of Avoided Generating Capacity Cost

Al_ternate

$1,123
11.17%
$125.39
$16.68
$1§.04

$160.10
15%

$184.12
10%

$202.53
33%

$66.83
19%

$40.16

$1,123
11.78%
$132.23
$16.68
$18.04

$166.95
15%

$191.99
10%

$21 1.19
52%

$109.82
16%

$77.62

per kW total construction cost
Carrying Charge
per KW-year
fixed o & M
gas transl $/kW-yr
per KW-year
Reserve Margin
per KW-year
losses
per KW-year
coincidence factor
per KW-year
Capacity Factor
per MWh

12

13 E. Avoided Transmission and Distribution

14 Q: How did you calculate avoided transmission cost?

15 A: The only quantitative data provided in the IP for marginal transmission costs was for

68 IP at 70.
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1 connecting a new generator to the UNSE grid.69 These costs included a mile of

2 transmission line plus the substation interconnection. Consistent with the avoided

3 generation calculation, I used the interconnection cost assumptions associated with a

4 LM6000. then used a process similar calculating the avoided generation capacity, the

5 only difference is that I used a slightly different carrying charge, per the Crossborder

6 Report." This calculation is shown in Table 5.

7

8
9

Table 5. Derivation of Avoided Transmission Cost
(based on marginal generator interconnection)

IRl1Iase Alternate
$4.866

8
108.13

12%

$12.74

10%

$14.01

33%

$4.62

19%

$2.78

$4.866
8

108.13
12%

$12.74
10%

$14.01
52%

$7.29
16%

$5.15

million per installation
MW per installation
per kW
Carrying Charge
per KW-year
losses
per KW-year with losses
coincidence factor
per KW-year of solar
Capacity Factor solar
per MWh solar

10

11

12 Q: Shouldn't an avoided transmission cost calculation consider deferred or avoided

13 investment in transmission assets?

14 A: Yes. However, there was insufficient data in the IP to make such a calculation. Thus,

15 the values I show below should be considered conservative.

16

17 Q: What did you assume for avoided distribution cost?

69 IP at 101.
70 Crossborder Report at ll (Table 6)
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The IP afforded no data that would allow me to estimate an avoided distribution cost

In the name of conservatism, I did not assume any avoided distribution costs for my IP

case. This is not because I do not believe that avoided distn'bution does not exist. Rather

that for this analysis, I could not quantify it based on the IP. For the Alterative case, I

used the value calculated in the Crossborder Report: $3/MWh

F. Avoided Greenhouse Gas

How did you calculate a value for avoided greenhouse gas costs?

For the initial years 2017 through 2022, shown below in Table 6, I assumed the avoided

cost of CON to be zero. In 2023, I assumed a value of $17.26/metric ton. which I then

escalated at 6% per year. This matches the carbon cost assumptions in the Emissions

Prices section of the IP

I then multiplied the emissions cost by the carbon content of natural gas (l17 lb

per MMbtu) and by the mean market heat rate (rounded) from the IP." As shown

below, the levelized cost of carbon emissions offset by solar DG is $7.43/MWh

Crossborder Report at 12
IP at 213
I P at 219
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Table 6. Derivation of Avoided Greenhouse Gas Cost

With 109
$/Mwh Losses$/ton lbs/tonne lbs/mmbtu mmbtu/MWh

8

8

$17.26 9.52023

2024

2025

2026
2027

2028

2029

2030

2031

2032

2033

2034

2035
2036

9.5

$10.17
$10.78

$12.03

$12.75

$13.51

$14.32

$15.18

$16.09

$17.06

$18.08

$19.17
$20.32

$18.30

$19.39

$20.56

$21.79
$23.10

$24.48

$25.95

$27.51

$29.16
$30.91

$32.76

$34.73

$36.81

$10.93

$11.59
$12.28

$13.02

$13.80

$14.63

$15.51

$16.44
$17.42

$18.47

$19.58

Levelized

Integration Costs

How did you calculate a cost of integrating the solar DG into the utility system

I followed the method laid out in the Renewable Resources Integration Costs section of

the IP. "4 There, Table 21 showed the integration cost for three renewable types

including solar PV, with each cost's sensitivity to renewable capacity and gas price. The

base integration cost from the IP for solar PV was $7.60/MWh, based on 25 MW of

solar and Penman Basin gas prices of $6.00/mmbtu. However, this $6/mmbtu assumption

is not consistent with my analysis. Given the gas futures price analysis described earlier

IP at 170

G.
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the levelized cost of Permian gas in my analysis is $3.40/mmbtu. With the integration

cost sensitivity shown in the IP ($1.40/MWh change in integration cost for every $1

change in Permian gas prices) this results in an integration cost of $4.14/MWh, or

$4.55/MWh with losses. This calculation is shown in Table 7

Table 7. Derivation IP Interconnection Cost

Per IP
Adjustments for lower gas prlkes

Assumed Gas
Used gas

$7.60 /Mwh

Deference
Change in gas price

Change in integration cost
integration cost

losses

With losses

$6.00
$3.53
$2.47
$1.40
$3.46
$4.14
10%

/mmbtu
/mmbtu
/mmbtu
mmbtu/MWh
/Mwh
/Mwh

$4.55 / M w h

Environmental Externality Savings

How did you calculate the cost of avoided air emissions

First, I took the emissions rates for sulfur oxides (SOx), nitrogen oxides (NOt), and fine

particulate matter (PMl0) for a combustion turbine (CT) and a natural gas combined

cycle (CC) from the IP." Because the market heat rate tended to fall between that of a

combustion turbine and combined cycle, I used a simple average of the two emissions

rates. I then multiplied these emission rates by the emissions cost from the Crossborder

Report and summed the costs to an*ive at the final air emissions cost.'° This process is

illustrated in Table 8

IP at 73 74
Crossborder Report at 13
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Table 8. Derivation of Air Emission Externality Cost

lb/tonne $/lb
Total

$/Mwh
Withl0%

Losses
Emissions rate. lb/Mwh

CT CC Ave.

0.006 0.004 0.005

0.323 1.094 0.7085

0.73 0.054

$/tonne
$11 144
$6.926
$1 ,642

2.200

2.200

2.200

$5.07 $0.03

$0.75 $0.29

4 Q: Did you calculate the marginal cost of water consumption

Yes. I used the same basic method for estimating the marginal cost of water as I used for

estimating the emissions costs. Fused the simple average of the water use for a CT anda

CC from the IRP/7 and then multiplied these water consumption amounts by the marginal

water cost from the Crossborder Report to am've at a marginal avoided cost of water of

$1.88/MWh

11 Q: Did you consider greenhouse gas emission costs above the market values you

included earlier?

Yes. For an incremental externality cost for GHG, I made two adjustments. First, I

accounted for methane leakage during transport from the wellhead to the marginal power

plant. The US EPA's "Inventory of U.S. Greenhouse Gas Emissions and Sinks" places

methane emissions from natural gas infrastructure from the wellhead to a gas-fired power

plant at 1.1% of production But because methane is a much more potent greenhouse

gas than carbon dioxide, I multiplied the natural gas leakage emissions by methane's

IP at 73. 74
Crossborder Report at 13
EPA, "Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2013," US Environ. Prot. Agency, pp. ES1

ES26. 2014
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global warming potential, 25.80 Second, I used the EPS's societal cost of carbon rather

than the market value per the UNSE IP

Table 9 Greenhouse Gas Externaltiy Cost, S/MWh

Powerplant Emissions

Natural Gas System Methane Losses

Net Market Cost

$33.75

($7.43)

$35.60

l. Other, Not Easily Quantifiable Benefits

You included eight elements in your value of solar analysis. Are there additional

elements that might be included in such an analysis

Yes. There are a number of other benefits that distributed solar can provide that are much

more difficult to quantify. In this section of my testimony, I address a few of these and

note values that other parties have placed on the benefits. I have chosen not to include

them in my quantitative analysis as they require more analysis than time allowed for in

this proceeding

Can solar DG provide reliability benefits and reduce a utility's reserve margin

requirement?

Yes. For example a 2005 article by Duke, Williams and Payne in the Energy Policy

journal notes that PV deployment makes it possible to reduce the reserve margins needed

to ensure power system reliability. 82 Duke et al point out that electric grids with large

https://www.whitehouse.g9v/sites/defau files/omb/Qlforeg/scc-tsd-final-julyQQl5.pdf. 3% discount rate
Accessed 2/19/16

Accelerating residential PV expansion: demand analysis for competitive electricity markets" Duke et al.,Energy
Policy 33, 2005 (Duke 2005)p. 1922
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generation facilities require a higher reserve margin since an unanticipated loss of output

from even a single generating facility could affect service continuity. In contrast, a power

system with a large number of distributed PV systems alleviates reserve requirements

because individual systems are far smaller than central-station plants, and the risk of

unexpected technical failure is uncorrelated across different PV systems

This is echoed a 2011 report prepared for the New York State Energy Research

and Development Authority (NYSERDA), which noted that, in general, distributed

generation can increase system reliability by increasing the number and variety of

generating technologies, reducing the size of generators and the distance between

generators and load, and by reducing loading on distribution and transmission lines

The reserve margin benefit issue is illustrated by an example cited in the

NYSERDA study

During the last wave of nuclear plant construction, single units were built as large
as 1100 MW in capacity. Seabrook I is an example. At the time Seabrook I came
into service, its loss became the single largest risk to the reliability of the New
England grid and substantially increased the risk of system outages. To remedy
this situation, the New England Power Pool had to increase the required reserve
margin for every utility in New England by several percentage points. A two
percentage point increase in the region's required capability would amount to
something on the order of 500 MW. The cost savings implicit in reducing the size
of plants and dispersing them can be appreciated from that observation

24 Q: Beyond providing reliability benefits by lowering reserve margin requirements, can

25 solar DG provide other grid support or ancillary services

Yes. According to a 2013 meta-study by the Rocky Mountain Institute, grid support

Deployment of Distributed Generation for Grid Support and Distribution System Infrastructure: A Summary
Analysis of DG Benefits and Case Studies." Prepared for NYSERDA by Pace Energy and Climate Center and
Synapse Energy Economics 2011 (NYSERDA 2011) p. 17

NYSERDA 2011, p, 17
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1 services provided by solar DG can include reactive supply and voltage control, frequency

2

3

regulation and response, malting up for energy imbalances, providing operating reserves,

and scheduling and forecasting benefits to ensure operational safety.85 The study notes

4 that differing standards and rules based on different systems could affect the valuation of

5 solar DG grid support sewices,86 however it is likely that with changes in technology, the

6 net value proposition of solar DG as grid support will increase.87

7 This fundamental conclusion that solar DG can provide grid support is corroborated by reports

8 and studies prepared for the National Renewable Energy Laboratory," and NYSERDA.89 These

9

10

studies assign values as high as 1.5 cents/kWh to the ancillary services provided by distributed

generation.9° Further evidence of benefits with respect to power quality, conservation voltage

11 regulation, equipment life extension, and reliability and resiliency benefits havebeen quantified

12 in the recently published SolarCity paper "A Pathway to the Distributed Grid." (Attachment C)

13 While I do not attempt to replicate SolarCity's analysis for UNSE due to a lack of available data,

14 I note that the estimates of the value of solar in this analysis are conservative given the limited

15 data available to estimate these difficult-to-quantify values.

16

17 Q : Can solar DG provide a hedge against volatile fuel prices?

18 A: Yes. A 2013 paper by the Interstate Renewable Energy Council notes that solar DG

19 provides a fuel cost price hedge benefit by reducing reliance on fuel sources that are

85 "A Review Of Solar PV Benefit & Cost Studies", Rocky Mountain Institute 2013 (RMI 2013) p. 15
86 RMI 2013 p. 33
87 RMI 2013 p. 34
88 "Photovoltaics Value Analysis," Prepared for National Renewable Energy Laboratory by Navigant Consulting
2008 (NREL 2008) P- 13
89 NYSERDA 2011 p. 18
90 NREL 2008, p. 13
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susceptible to shortages and market price volatility. 91 It further notes that solar DG

provides a hedge against uncertainty regarding future regulation of GHG and other

emissions, which also impact fuel prices. Solar DG customer exports help hedge against

these price increases by reducing the volatility risk associated with base fuel prices,

effectively blending price stability into the total utility portfolio.

What is the value of this fuel price hedge?

A number of studies have placed values on this benefit. These include Duke 2005

(0.7¢/kWh in California for natural gas price risk),92 NREL 2008 (up to 0.9¢/kwh);93

NYSERDA 2011 (0.4-0.9¢/kWh, quoting Americans for Solar Power 2005),94 and Xcel

Energy 2013 (0.66¢A<wh).95

Does this conclude your surrebuttal testimony? K

Yes.

91 "A Regulator's Guidebook: Calculating the Benefits and Costs of Distributed Solar Generation," Interstate
Renewable Energy Council 2013 (IREC 2013) p. 30
92 Duke 2005 p. 8
93 NREL 2008 p. 5
94 NYSERDA 2011 p. 25
95 "Costs and Benefits of Distributed Solar Generation on the Public Service Company of Colorado System"
Prepared by Xcel Energy Services 2013 (Xcel 2013) Table 16, p. 43
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Exhibit WAM-14: Direct Testimony of Mark Fulmer on April 1,

2016 in Docket No. E-01575A-15-0312
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l 1. Introduction

2 Q Please state your name and business address

My name is Mark E. Fulmer. I am a Principal and Co-owner at MRW & Associates

LLC (MRW). MRW is an energy consulting firm founded in 1986 that specializes in

power andgas market assessments, regulatory matters, litigation support, expert witness

testimony, contract review, and negotiations. My business address is 1814 Franklin

Street, Suite 720, Oakland, California 94612

9 Q Please summarize your professional and educational background

I have been an energy consultant with MRW since 1999. During that time, I have

worked with non-utility retail energy service providers (both gas and electric)

independent power producers, municipalities, end-use customers, consumer advocates

trade organizations, and financial institutions on a variety of matters related to natural

gas and electric industry regulation and policy, utility ratemaking,price forecasting

demand-side management and asset valuation. Previously, I worked at Daniel, Mann

Johnson, & Mendenhall, where I consulted to utilities and others on energy efficiency

Prior to that, I worked at Tellus Institute inBoston, Massachusetts, where I consulted to

numerous state agencies and non-governmental organizations on integrated resource

planning and natural gas and electric industry restructuring

I hold a Master of Science in Engineering from Princeton University and a

Bachelor of Science degree in Engineering from the University of California at Irvine

I llllll



l Q Have you previously provided expert witness testimony before state public utility

commissions

Yes. Here in Arizona, I have provided testimony before the Arizona Corporation

Commission (ACC) on behalf of The Alliance for Solar Choice (TASC) in UNS

Electric's ongoing rate case, and onbehalf of Constellation Energy and Direct Energy

on direct access issues. Elsewhere, Ihave testified before state utility commissions in

California, Hawaii, New Mexico, Pennsylvania, Rhode Island, and Washington. Please

see Exhibit MEF-l for my qualifications and a list of my testimonies

10 Q On whose behalf are you testifying

lam testifying on behalf of Energy Freedom Coalition of America (EFCA). EFCA is

committed to ensuring that current and prospective rooftop solar customers are not

disadvantaged by the implementation of discriminatory and/or unfair rate design

customer classifications, or assessment of fixed charges. EFCA also fully supports

retailnet energy metering (NEM), which empowers customer choice by providing fair

credit to homes,buslmesses, churches, schools,public agencies, and other neighborhood

places when solar systems generate on-site energy. As such, EFCA is interested in

ensuring that Sulphur Springs Valley Electric Cooperative (SSVEC or the Coop)

residential rate design does not hamper customer choice

21 Q Please summarize your conclusions and recommendations

My conclusions and recommendations are as follows



I agree with ACC Staff that SSVEC should not be permitted to create a separate

discriminatory class for customers who use solar distributed generation (DG) with

retail net metering

2. The rates proposed by SSVEC for residential DG customers, be they

grandfathered in" or not, would remove all the economic value from solar DG

This means that customers with existing DG systems would end up paying more on

the new DG rate than they otherwise would on full service, and that a customer

contemplating a new solar DG system would experience very long payback on their

investment, often exceeding the expected 30 year life of the PV system

I agree with ACC Staff that setting the DG "buy-back" rate at a backward looking

short run cost of avoided power does not reflect the trueavoided cost value

4.

provided by solar DG

If the Commission chooses to implement any changes to DG rates, then existing

DG customers should be permanently grandfathered into the current rate structure

including with respect to fixed charges

17 Q Please summarize SSVEC's proposal with respect to residential solar DG rates

SSVEG proposes a number of major changes to its rates for residential customers with

solar DG,both current and prospective.First, SSVEC proposes to incrementally

increase the monthly service availabilitycharge(MSAC) in the standardresidentialrate

(Schedule R) from$10.25 to $25.00, phased inover four years. The Coop would.also

1.

reduce the energy charges in the four subsequent phases to generate revenues equal to

those in Phase 1. Second, SSVEC proposes to institute a new rate (Schedule R-DG E)

3

3.



Existing Phase 1 Phase 2 Phase 3 Phase 4
Schedule R 10.25 15.00 18.00 22.00 25.00
Sched. R-DG E 10.25 25.00 33.00 40.00 50.00
Sched. R-DG 10.25 25.00 33.00 40.00 50.00

Existing Phase 1 Phase 2 Phase 3 Phase 4
Standard 0.119768 0.117518 0.112858 0.106764 0.102038
DG - Grandfathered 0.119768 0.119768 0.119768 0.119768 0.119768
DG - New 0.119768 0.107617 0.095467 0.083316 0.071165

for customers with distributed generation (DG) systems in place on or before April 15

2015. This rate would include a MSAC that increases from $10.25 to $50.00 phased

over four years, and energy charges that would be fixed at the existing Residential

(Schedule R) rate, which includes the wholesale power cost adjustment (WPCA))

Third, SSVEC would create a new rate for customers installingDG systems alter April

15, 2015 (Schedule R-DG). This rate would include the same MSAC as the Schedule R

DG E rate and include energy charges which would decrease over each phase "to

provide a cost-based rate...which compensates for excess distributed generation energy

at the cooperative's avoided cost

The phase-in of these rates is summarized in Tables 1 and 2. below

Table 1: Proposed Monthly Service Availability Charges (S)

Table 2: Proposed Enerav Charges ($/kWh)

Pre-Filed Direct Testimony of David Hedrick on Behalf of Sulfur Springs Valley Electric Cooperative, Inc

August 31, 2015 (Hedrick), at 28



SSVEC
Schedule R

SSVEC
Sched. R-DG E

ssvEc
Sched. R-DG Acc Staff

Fixed ($imonth) $25.00 $50.00 $50.00 $27.00
Energy ($/kWh) $o. 102038 $0.119768 $0.071165 $0.100028

1 Q: What alternative does the ACC Staff recommend instead of SSVEC's proposed

separate Residential and Residential DG rate schedules?

The ACC Staff  recommends that SSVEC's proposed Schedule R-DG E and R-DG be

denied, and that all DG customers remain on Schedule R.2 The ACC Staff also proposes

slightly different final Schedule R rates than SSVEC, as shown in Table 3 below. Note

that the proposed rates shown below are the f inal rates proposed for approval in this

proceeding; SSVEC proposes to phase in these rates over four years, while the ACC Stay

proposes to phase in these rates over two years

Table 3: SSVEC and ACC Staff Final Proposed Rates (after full phase-in)

12 2. SSVEC should not treat DG customers as a separate class or as

a sub-class

14 Q: How has SSVEC proposed to classi fy Resident ial  DG custom ers in i ts  Rate

Application

SSVEC has proposed to int roduce a new custom er  c lass for  Resident ia l  Serv ice

customers with Distributed Generation

Direct Rate Design Testimony of Eric Van Epos (Van Epos) at 8
Direct Rate Design Testimony of Ranelle Paladins (Paladino) at ll
Paladino at 11-14



1 Q: Why has SSVEC proposed a new Residential DG customer classification?

SSVEC states that "since implementing its Net Metering Tariff Schedule NM, SSVEC

has experienced a dramatic increase in the number of customers installing rooliop solar

photovoltaic (PV) systems, the most common form of disndbuted generation (DG). The

proliferation of PV systems in SSVEC's service territory has caused a large increase in

unrecovered fixed costs attributable to the Cooperative's net metered members

8 Q: Why does SSVEC believe that increasing solar PV adoption in its territory has

caused a large increase in unrecovered fixed costs?

SSVEC witness Hedrick states, "A customer that installs distributed generation facilities

will reduce the energy G<Wh) that is purchased from the Cooperative by an amount equal

to the generation output of their facility. This reduction in kph purchased from the

cooperative results in a loss of fixed costs being recovered through the energy component

of the rate

16 Q Are distributed generation customers the only residential customer types who may

use less energy (fewer kph) than the average residential customer?

No. As discussed in more detai l  below, several customer types exhibit usage

characteristics that are similar to customers who install distributed generation

Application of Sulfur Springs Valley Electric Cooperative, Inc. for a Hearing to Determine the Fair Value of its

Property for Ratemaking Purposes, to Fix a Just and Reasonable Return Thereon, to ApproveRates Designed to
Develop Such Return and for Related Approvals (Application), p. 4
' Pre-Filed Direct Testimony of Credent W. Huber on Behalf of Sulphur Springs Valley Electric Cooperative, Inc
August 31, 2015 (Huber), p. 5

Hedrick at l l
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2 Q: How would SSVEC's proposed Residential DG classification differentiate these

customers from standard Residential customers?

SSVEC's proposed Residential Distributed Generation rate classification would introduce

new rate schedules, R-DG E and R-DG, which would apply specifically to residential

customers who have installed, or in the future install, distributed generation. Customers

on these rate schedules would be billed based on different base rates than standard

Residential customers, including fixed charges that will ultimately be twice those charged

to standard Residential customers R-DG customers would pay a fixed charge of

$50/month compared to standard Residential customers' fixed charge of $25, if

SSVEC's new proposed rate schedules and rate increases be fully implemented

13 Q: Does SSVEC propose to create a separate rate schedule for any sub-classes of

residential customers other than DG?

No. Despite the fact that other residential customers take actions that change their

demands on the distribution system, SSVEC treats these residential customers as being

fundamentally the same. These actions include installing energy efficiency measures

participating 'm demand response programs, and installing non-electric appliances, or

changing life circumstances (e.g., change in job hours, family members leaving

relegating the house to a vacation home, etc). Singling out DG customers by subjecting

them to a separate tariff isnot reasonable

Application, at 4
Application, ate



2 Q Has the Arizona Corporation Commission (ACC) staff addressed the differentiation

of a sub-set of Residential customers?

Yes. The ACC Staff "is very much opposed to a $50 customer charge and does not

believe it is necessary to have a separate Schedule for new and existing DG customers

7 Q: Does the ACC Staff believe that residential distributed generation customers are the

only sub-class of residential customers that may have different usage profiles than

the average residential customer?

No. The ACC Staff notes that "there are a number of customer segments that operate in a

fashion similar to DG customers"" and that "[v]ariations in usage among customers in

the same class have increased for a number of reasons (including seasonal customers

vacant homes, and distributed generation)."'2 Notably, the ACC Staff fUrtlmer elaborates

that, for example, "seasonal customers may only occupy their homes for 2-3 months a

year. In this instance, these customers may or may not be covering their fixed costs and

may be contributing to the utility's under-recovery

As I noted above, customers who take significant measures to reduce electricity

usage, either by reducing overall energy usage or convening to natural gas appliances

similarly may have signif icantly different usage profiles than SSVEC's average

residential customers. Thus, there are variations in electricity usage across the residential

Van Epos at 8
Van Epps at 10
Paladino at 6
Van Epos at 10



customer class, and it does not make sense to differentiate a single sub-class with regard

to rate design

4 3. Should the ACC modify the residential customer classes

grandfathering of DG customers is required

Does SSVEC propose to treat existing DG eustamers differently that new ones

Yes. SSVEC proposes that any customer whose DG application was Bled prior to April

15, 20 l5 should be allowed to remain on a net metered tariff, Le., "grandfathered" onto

the "R-DG E" tariff."' This, along with the revised Net Metering Tariff Schedule NM-l

would grandfather these customers for twenty years from the date of the customers' DG

system installation, compensate customers for DG energy at the full retail energy rate

andallow banking of excess kilowatt-hours from month to month with an annual true-up

Any kilowatt-hours remainingat the time of the true-up wouldbe compensated at the

Coops Annual Average Avoided cost per Schedule NM-1 (approximately 3¢/kWh)

16 Q: Should existing DG customers remain on a rate which allows for full retail rate

17 compensation and month-to-month banking

Yes. Arizonans served by SSVEC made substantial investments in solar DG, in part due

to the state and Coop's financial encouragement to do so. For example, the Renewable

Energy Standard (RES) established in 2007 requires 15 percent of retail energy sales

from ACC-regulated electric utilities to come from renewable energy resources by the

Huber at 7



year 2025. The rules further require that30 percent of that renewableamount come from

distributed energy resources (distributedEnergy resources are installed on the customer's

premises to offset customer load). Half of the distributed energy or customer-owned

requirement mustbe met by systems amongresidential customers. In supportof this

program, the ACC required SSVEC (and other regulated electric utilities) to provide

financial incentives to Arizonans who installed solar DG. The State also provides up to

$1.000 tax credit on new solar DG installations

The Commission should recognize that existing NEM customers have made long

term commitments to DG systems in reliance on existing rates and with the

encouragement of the State, which requires customers to interconnect under the NEM

tariff. The ACC in its only opportunity to date to rule on grandfathering, rejected

Arizona Public Service's request to apply new solar fees retroactively, and instead

imposed the fees on new solar users starting 30 days after the order was issued

Do you have any concerns with SSVEC's proposed R-DG E tariff in this regard?

Yes. Even though the Coop proposes to continue net metering for existing DG customers

it is proposing to increase the MSAC from the current $10.25 up to $50 in four steps over

four years.'° Besides being inappropriate to charge residential customers with DG a fixed

monthly charge twice that of a residential customer with standard Coop serviced (as

described in Section 5 of my testimony), it would also have a profoundly negative impact

ACC Decision 74202 at 29
Hedrick at 16

10
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on the economics of those residential Coop members who have already installed solar

Furthermore, the April 15, 2015 cutoff date is completely arbitrary. SSVEC did

not even file its application requesting the new rates until August 31 , 2015. Major

changes in policies and rates such as the imposition of Schedule R-DG and R-DG E

should not be made retroactive. The Commission, with regards to the APS case, was

correct when it held off any rate change until after it had fully ruled on the matter. Were

the Commission to allow different rates for DG customers, then it should follow its own

precedent and grandfather any existing solar DG customers onto standard residential

rates

The bottom line is that it is unreasonable to change price structures and materially

harm customers who made good-faith investments in DG, especially since that customer

was encouraged to do so by SSVEC and the State of Arizona. I recommend that the ACC

reject SSVEC's proposed MSAC under the R-DG tariff and keep DG customers' rates

consistent with the standard residential class rate

Further, while I am not an attorney,EFCA intends in its brief to make a clear case

that this proposal violates SectionR] 4-02-2305 of the Commission Rules which prohibits

discriminatory charges against net metered customers

20 4. The benefits of solar are not considered in proposed export rate

21 Q You note that SSVEC proposes to have new residential solar DG customers be

compensated for any power exported to the grid at an "export rate" rather than

mu l l



banked and credited at effectively the retail rate. What specifically does SSVEC

propose

The Coop proposes to compensate all excess distributed generation energy at its Annual

Average Avoided Cost, as defined inNet Metering Tariff Schedule NM- 1

6 Q What is the Annual Average Avoided Cost?

The AnnualAverage Avoided Cost is the "average wholesale file] and energy costper

kph charged by the Cooperative's wholesale power supplier(s) during the previous 12

months calculated with the receipt of the May wholesale power bills

11 Q: What is the value of the Annual Average Avoided Cost?

Per the Application, this Annual Average Avoided Cost for SSVEC would equal

$0.0258/kWh

15 Q Is this a reasonable export rate?

No. While the export rate is labeled "avoided cost," I do not believe that it is. Avoided

cost should be fowvard looking. Per the Arizona NEM Rules, "Avoided Costs" means

the incremental costs to an Electric Utility for electric energy or capacity or both which

but for the purchase from theNet MeteringFacility, such utility would generate itself or

purchase fromanother source Instead, the proposed export rate would be based

Huber at 8
Schedule NM-I (Application attachment)
Schedule NM-1 (Application attachment)
R14-2-2302

12
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backward-looking: the rate charged by the Coop's wholesale provider(s) during the prior

12 months. This clearly is not consistent with the notion of avoided costs

Second, the proposed avoided cost export rate is very short-sighted and does not

reflect the long-run avoided cost--and value that solar DG provides to SSVEC

6 Q: What elements should be considered when compensating solar DG users when they

provide power back to the grid?

I believe that the utility must consider a full range of costs that canbe avoided by solar

DG. For example, in the recent UNSE rate case I testified that when I considered the full

suite of benefits that solar DG can provide, the proper "avoided cost" or "value of solar

for that utility was on the order of 9.5¢ to l4¢ per kilowatt-hour. 21 In arriving at that

value, I consideredsix elements taken Hom the 2014 UNS Electric Integrated Resource

Plan (IP)

1. Avoided energy: Avoided energy is the variable cost of power plants that is

avoided due to the effective load reductions provided by solar DG. They can be

calculated assuming a specific proxy power plant (e.g., a combustion turbine) or

using forward looking wholesale market prices. This is the only element that

SSVEC includes in its avoided cost

Avoided generation capacity cost is value of the

forgone or deferred power plants caused by the load reduction provided by solar

DG

Avoided generation capacity:

Docket No. E-04204A-15-0142, Surrebuttal of Mark Fuller For The Alliance for Solar Choice. at 30-40
la
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1 3. Avoided transmissioncosts: Avoided transmission cost is value of the forgone,

2 deferred or downsized transmission investments caused by the load reduction

3 provided by solar DG.

4 4. Avoided distribution costs: Avoided distribution cost is value of the forgone,

5 deferred or downsizeddistribution investments causedby the load reduction

6 provided by solar DG.

7 5. Avoided greenhouse gas (GHG) emissions costs: Avoided GHG emissions

8 costs are the emissions associated with the reduced output of the marginal power

9 plants which set the avoided energy cost. These emissions are multiplied by an

10 assumed carbon dioxide (Coz) cost ($/metric ton) to arrive at the avoided

11 greenhouse gas cost.

12 6. Incremental integration costs: Even with geographic diversity, there is a cost to

13 integrate solar DG into the grid. These integration costs cover the incremental

14 ancillary services to support the added solar generation.

15 For completeness, I also discussed and provided estimated values for avoided

16 environmental externalities. Like with avoidedgreenhouse gas emissions costs, solar DG

17 can reducecriteria air pollutant(NOt, SOx and fine particulate matter)emissions

18 associated with the reduced outputof the marginal power plants which set the avoided

19 energy cost. I also included the estimatedmarginal costof water. Given the aridclimate

20 of Arizona and the increasing demand for water in the Southwest, including the marginal

21 cost of water (i.e., the cost of water reclamation or desalinization) is appropriate.

22

23 Q: What did you conclude from your value of solar analysis?

14
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I concluded that the levelized value of solar (9.5-I4¢/kWh) "is relatively close to

UNSE's average residential rate, indicating that in the long run, full-service customers

would be held neutral and, in fact, could even receive a net benefit by continuing current

net meteringpolicies

6 Q: Do you think this conclusion is applicable here, too?

While many details of SSVEC's system differ Boy UNS electric, I believe that were I to

conduct an analogous analysis, my conclusion would be similar

10 Q: What does Staff state concerning the export rate?

First, ACC Staff opposes annual updates to export rate and instead recommends that it be

updated every three years. Second, Staff recommends that export credit rate be higher

than utility "avoided cost" but lower than the retail rate. It further recommends that it be

based on value of DG docket

16 5. SSVEC's proposed DG rates are inadequate

17 Q : Did you analyze the economic effect of SSVEC's proposed residential rates for DG

customers?

Yes. I found SVEC's proposal renders solar not cost-effective for residentialcustomers

First, the proposed variable electric rate in Phase 4, 7.1¢/kWh, is lower than the typical

solar lease rate of 9¢/kWh. This means that a customer using a no upfront-cost lease

Docket No. E-04204A-15-0142, Surrebuttal of Mark Fulmar For The Alliance for Solar Choice. at 3
l5



would experience negative cash flow from day one. This is regardless of whether the

proposed buyback rate is approved or not, even with simple net metering, it does not

work. Second, if a customer purchases a solar system for their home, it would not pay

back in a reasonable amount of time. Again, this clearly indicates that the proposed rate

will simply not work

7 Q: Please describe how you came to this conclusion

In the UNS Electric rate case (Docket No. E-04204A-15-0142), Arizona Public Service

introduced a spreadsheet model to evaluate the costs and benefits of rooftop solar from a

customer perspective. Various parties, including ACCStaff and TASC,used this model

with refined inputs to evaluateUNS's proposal. For my analysis here, I input the

proposed Phase l and Phase 4 SSVEC rates into the model, along with the solar PV

output profile for Bisbee

15 Q What are your basic input assumptions

First, I used the Phasc 1 and Phase 4 proposed rates from SSVEC's application for both

full service (Schedule R) and those with solar DG (schedules R-DG and R-DG E)

Second, I used the solar system size (5.62 kw) and approximate output (1,013 kph)

from Mr. Hedrick's testimony," As noted above, for the alternative I assumed the solar

output profile for a south-facing panel in Bisbee, per the National Renewable Energy

Laboratory's online tool, PV Watts. These data suggest that the solar output Mr. Hedricks

Hedricks at 9
16



used-a capacity factor of 25% was excessive. That is, he assumed a more efficient

solar panel than NREL. I also adjusted the model's default degradation factor (how

much output it loses with age) Hom 0.25% to 0.5%. I also added an annual maintenance

cost of $21 per kilowatt per year.25 Last, I adjusted the assumedcost of the system up

from that used by Mr. Liu in the UNSE rate case ($2,750/kW)26 to the value presented in

a recent Lawrence Berkeley National Laboratory (LBNL) study, which Ihadalso used in

my UNSE Testimony ($3,600/kW)

These and other assumptions are summarized in Table 4

Table 4. Assumptions for Economics of Solar DG Analysis

SSVEC Solar
Performance, Staff
Costs
Bisbee

Adjusted Solar
Performance, Staff

Adjusted Solar
Performance
TASC Costs

Bisbee Bisbee

6.6 7.3

0.25%

0

7.3

6.3

0.5%

$21/kW $21/kW

$2 $2,750 $3,600

Location

Average Customer Use, kph

Solar Size (DC), kW

Solar Size, (AC), kW

Degradation, % per year

Maintenance Cost, $/year

Ave. 1st Year monthly solar output

Solar Cost, $/kW DC

Solar Lease Rate, ¢/kwh
SSVEC and Lease rate escalation rate

User discount rate
3.17%

7.2%

3.17% 3.17%

7.2%

h§tp://www.nreLgov/analysis/tech coe
NREL, Distn'buted Generation Renewable Energy Estimate of Costs

_re_cost__est.html
E-04204A-15-0142, YueLiu Subrebuttal Testimony (Liu) at7
LawrenceBerkeley National Laboratory,Tracldng the Sun VIII, August 2016,p. 32

Note also this is consistent with theNREL datasource from which I took the operating and maintenance cost
inLiu at 7. Evidence that lease rates are in fact higher than this waspresented inE-04204A-15-0142



1 Q: Why did you use a discounted payback as a metric to evaluate the economics of

purchasing a solar system

A discounted payback is the number of years it would take for an investment in solar PV

to pay off in comparison to an investment with a return equal to the discount rate. In this

way, it accounts for the opportunity cost and time value of money. Thus, if the

discounted payback is the life of the asset, approximately 30 years, then the customer

would be indifferent between making an investment in solar versus an investment of

similar risk with a life of 30 years at the assumed discount rate. If the discounted

payback is less than the life of the asset, then compared to the alternative investment

solar is favorable. If not. then the solar investment is not favorable

12 Q: What did this analysis Lind?

My analysis is summarized in Table 5. The table shows three columns. The first column

shows the results with the SSVEC solar performance assumptionsplus the remaining

default assumptionsmade by ACC Staff Liu in the UNSE rate case. The second column

shows results with the performance assumption changed I describe above. The third

column shows the results with the adjusted solar assumptionsplus the higher solar system

20

The top half of the table shows the results for customers who have existing solar

DG systems (i.e., are grandfathered into the current energy rates plus the increasing

monthly charge), the bottom half shows the results for customers who might install solar

DG in the fLltl1II€

The results sections show four metrics
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• The annual customer savings with a solar lease of 9¢/kWh

• The "breakeven" lease rate. That is, the minimum leaserate that would generate

positive cash flows

• The discounted payback for a customer who directly invested in as solar DG

system

As the table shows, the results for grandfathered customers are poor &om the start. In the

Phase l year, a9¢/kWhlease would still result in a loss of about $90. By the time the

Phase 4 rates are in effect, theresults are worse: the customer on a 9¢/kWh lease would

now be paying $239 more with the solar system per year than on taking full service from

SSVEC under the standard Schedule R rate

As the bottom half of the table (the Schedule R-DG rates) shows, the Phase 1

Fates would generate first-year savings of over $500 with the 9¢/kWh lease and a

discounted payback of less than 15 years. However, the results change dramatically by

the time the Phase 4 rates would be in effect. Leases would have to be offered at

5.6¢/kWh or less inorder to be economic, which is well below what solar providers

currently offer. If a customer purchases a system, even with the optimistic assumption

set (twist column) the discounted payback would be greater than the life of the system

What does your analysis mean for solar customers?

First, a customer with an existing solar lease will very likely have higher total electricity

bills with the PV than without it. Second, the poorup-front economicswill likely

dramatically reduce, if not eliminate, future investment in solar DG in the SSVEC

territory

Illlllllllllll l



Table 5. Economics of Solar DG Under SSVEC Propsoal

SSVEC Solar
Performance, staff
Costs

Adjusted Solar
Performance, Staff

Adjusted Solar
Performance
TASC Costs

Phase 1
($89)

$0.083

($89)

$0.083 $0.083

Phase 4

GrandfethékedfResuus(DG-E)

Ave. Annual Savings (cost), Lease

Break-even lease rate. c/kWh

Ave. Annual Savings (cost), Lease

Break-even lease rate. c/kWh

(8239)

$0.083

($2s9) ($239)

$0.071

New system Results (DG)

Phase 1

Ave. Annual Savings (cost), Lease

Break-even lease rate. c/kWh

Discounted Payback (years), Purchase
$0,138

13.2

$0.138

Phase 4

Ave. Annual Savings (cost), Lease

Break-even lease rate. c/kWh

Discounted Payback (years), Purchase

($423)

$0.056

>30

($423)

$0,056

($423)

$0.056

4 Q: How does SSVEC's proposal impact rates for residential customers with and

without solar DG?

Table 6 below shows the average bill changes for residential customers, as presented by

SSVEC. For those under full service Schedule R rates. the modest 3.5% increase in

Phase 1 is followed by negligible decreases in the following phases. For the customers

with DG, the increases start at33.3% or 40.6%, and increase at rates inthedouble-digits

in each of the following phases (but for the DG rate in Phase 3). Not only are the

increases for DG customers greater on a percentage basis,but on an absolute basis, too

20



Standard Residential DG-E (Grandfathered) DG (N°W)
Phase 1 '*$3.22 (+3.5%) +$14.l75 (+40.6%) +$12.10 (+33.3%)

Phase 2 -$0.18 (-0.2°/o) +$8.00 (+15.6%) +$5.35 (+11.1 %)

Phase 3 -$0.16 (-0.2%) +$7.00 (+11 .8%) +$4.35 (+8.1 %)

Phase 4 -$0.22 (-0.2°/o) +$10.00 (+15.1 %) +$7.35 (+12.6%)

Tote I +$2.12 +$49.75 +$29_15

The total increase for the average ful l -service residential customer is (through Phase 4)

less than $2.75 per month, while the "grandfathered" DG customer would have an

average bill increase of nearly $50. A customer with a new DG system would be paying

SSVEC $30 more per month than they would have had the current rates remained in

effect.

class.

These are obviously very large impacts on a single segment of the residential

I have difficulty imaging a commission approving a rate change that increase the

average residential customer's rates by nearly $600 per year ($50/month), but that is

indeed what SSVEC is requesting for customers with solar DG

Table 6.  Comparison of Average Residential  M onthly Bi l l  Change
from Prior Phases (as Dresented in SSVEC's annl icationl

14 Q Does SSVEC's customer communication on the rate,  as presented in CWH-1

confirm these impacts

No. The notification of the proposed rate changes, Attachment CWK-1 to Mr. Huber's

testimony, states

If you installed a system or submitted an interconnection request prior to
April 15, 2015, SSVEC is proposing that these systems be grandfathered

Exhibit H-4.01 to H-4.03



for 20 years from the date of activation.
have. (Emphasis added)

So you keep the deal you now

While the per kilowatt-hour charges won't change under SSVEC's proposal, to suggest that

existing DG customers will "keep the deal" that they have is not consistent with anearly

$600 per year increase in SSVEC bills

7 6. ACC Staffs preference for a threepart rate should be
disregarded

9 Q: What does the ACC Staff say about rate design

Consistent with the testimonies in the UNS Electric Rate Case, the Staff states that it

would prefer to implement a mandatory three-part rate for residential and small

commercialcustomers served by SSVEC.3° Staff does not make that recommendation

here because SSVEC lacks the metering iniiastructure to implement sucha rate

15 Q: What is a three-part rate?

A three-part rate is one in which a customer is billed on three elements: a fixed, per

customer charge analogous to SSVEC'smonthly service availability charge, a per

kilowatt-hour charge for electricity consumed; and a per kilowatt demand charge based

upon the customer'speak usageduring a prescribedlength of time (e.g., 15minutes)

21 Q Do you agree with Staffs preference for a three-part rate?

Epos ate
Paladino at 7



No. While I agree that SSVEC appears to lack the underlying infrastructure to implement

a three-part rate, as I testified in the UNS Electric rate case, I cannot recommend it for

residential customers even if the technology to do so was in place

5 Q Can you summarize your reasons for opposing a threepart rate

Yes. As I noted in my UNSE rate case testimony, a three-part rate is "not ready forprime

time." There, I noted the recent Regulatory Assistance Project paper urging "great

caution" in designing residential demand charges." In particular, I testified that there is

currently no foundation for UNSE to impose a mandatory three-part time-of-use (TQU)

rate on residential customers. I pointed out that there has been only a smattering of opt-in

pilot programs testing residential customer understanding of and response to demand

charges and to my knowledge no utility has yet implemented mandatory residential

TOU." No party in that proceeding provided evidence that residential customers

generally understand demand charges and will be able be able to react to the "price

signals" they send. Additional controlled studies are needed to ascertain how much

customers would actually understand about demand charges. Additional affordable tools

need to be in place for customers to meaningfully react to demand charges and TOU

before the ACC contemplates implementing sucha rate

19 Q Does this conclude you direct testimony

Lazar, Jim, November 2015. "Use Great Caution in Design of Residential Demand Charges," Montpelier.
Regulatory Assistance Project. Project is a nonprofit that "advises public oiiicials on regulatory and competitive
ut i l i ty  pol ic ies "

Docket No. E-04204A-15-0142, Fulmar Surrebuttal Testimony at 2
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