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APS submits the Distributed Renewable Energy Operating Impacts and Valuation Study as required by
Decision No. 70130 which orders APS to “before February 1, 2009, file the results of its study of the
economic benefits of distributed generation...”

APS through R.W. Beck initiated a study to evaluate the costs and benefits to APS from distributed
energy (DE) solar technologies. The study sought to create a fact-based understanding of DE solar’s
value to APS’ portfolio and systems. R.W Beck for the last nine months has utilized primary and
secondary research, as well as collaborating with stakeholders. This group consisted of 60 individuals
representing 35 companies, universities, trade associations and national laboratories.

In addition to the requirement of filing the results of APS’ study of the economic benefits of distributed
generation, the Company was ordered to provide and update to the Commission the status of its efforts to
develop Schedule E-57.

On December 18, 2007, APS filed a motion for the Commission to stay its consideration of Schedule E-
57 until such time as APS had concluded this study. In the interim, APS filed a proposed Schedule SC-S
(Partial Requirements Standard Contract — Solar) and it’s associated generic Commercial Electric
Supply/Purchase Agreement, which was approved by the Commission on January 23, 2008. Schedule
SC-S continues to be available for general service customers that have solar photovoltaic generation
equipment with a nameplate rating greater than 100 kilowatts.

On October 23, 2008, pursuant to Decision No. 70567, the Commission approved the proposed
rulemaking regarding Net Metering. On January 12, 2009, APS submitted its application in accordance
with the rules requesting approval of its Net Metering Rate Schedule EPR-6 contingent on final
certification of the Net Metering Rules by the Arizona Attorney General. The Company believes once
the rules are certified and the Commission approves the Company’s Schedule EPR-6, both the proposed
Schedule E-57 and Commission-approved Schedule SC-S will no longer be required, because the terms
of EPR-6 are more beneficial to customers that have solar photovoltaic generation equipment. Once
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Schedule EPR-6 becomes effective, the Company will petition the Commission to cancel the less
favorable Schedule SC-S and discontinue any further consideration of Schedule E-57.

If you have any questions or concerns, please call Jeff Johnson at 602-250-2661.

Sincerely,

aﬁénd R. SnooM—\

Attachments
LS/dst

CC: Brian Bozzo
Ernest Johnson
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identified in the report. The conclusions, observations and recommendations
contained herein attributed to R. W. Beck, Inc. (R. W. Beck) constitute the
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EXECUTIVE SUMMARY

Background and Objectives

Arizona is richly endowed with solar resources. Arizona is
also one of 28 states seeking to increase the amount of
renewable resources in its state energy supply portfolio
through Renewable Energy Standards (RES). This program,
like those in other states, promulgates regulatory policies that
require electric utilities to increase the production of electricity
from renewable energy sources including wind, solar, biomass
and geothermal energies. The abundant sunshine and broad
interest and support for solar energy combine to create
outstanding opportunity for solar technologies to be broadly
utilized in the state.

Much attention is focused on development of large-scale solar
installations.  These utility scale projects capture media
attention for their size and scale, and often for cutting edge
technology. They are single-site projects that can add valuable
renewable energy resources to the energy supply. Another
technology category, distributed energy (DE), harvests value
from broad scale deployments of much smaller installations.
This is the domain of individual residential and business
customers who install solar technologies on their rooftops to
serve part or all of their own electrical energy during the day.
Indeed, Arizona’s RES calls for 15 percent of the retail electric
load to be met with renewable energy resources and 30 percent
of that amount to be met with distributed energy, as indicated
in the graphic on the following page.

Large-scale deployment of DE is a relatively new concept and
there are myriad complexities and implications associated with
installing distributed solar generation (referred to herein as solar
DE) broadly across a utility electrical system. The opportunity
for broad solar deployment is matched by the complexity of the
technical issues and the continuously changing solar
technologies. The Study sought to create a factually based
common understanding of the specific implications of solar DE
on the Arizona Public Service (APS) system.
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APS Renewable and Distributed Energy Requirements Through 2025 In February 2008, APS issued a
o N ) Request for Proposal (RFP) for a
Distributed Renewable Energy
Operating Impacts and
Valuation Study (the Study).
APS initiated this Study to
determine the potential value of
solar DE technologies for its
electrical system, and to
understand the likely operating
impacts.  In recognizing that
there are many uncertainties in
the deployment of a new and
veur evolving technology, the RFP
m Distributed Renewable Resource Requirement # Total Renewable Resource Requirement made clear APS’s expectation
that this Study would encompass

reasonably broad boundaries and establish a common basis of understanding.
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Numerous studies have looked at the value of distributed energy, but none has specifically
evaluated the costs and benefits to APS from solar DE technologies. APS sought to evaluate the
realistic implications of solar DE deployment and production on their specific system conditions.
The Study objectives were as follows:

® Characterize the APS power system operations and planning specific to selected solar DE
technologies.

B Define realistic solar DE deployment scenarios and projected production data to support
subsequent analyses.

B Assess the value provided by solar DE technologies in terms of both capacity and energy.

B Evaluate impacts on system operation, reliability and value provided by solar DE
generation on the APS system.

® ]dentify areas of potential improvement in value of solar DE for both owners of solar DE
systems and for APS.

® Limit the Study assessment to three specific solar DE technologies:
® residential and commercial photovoltaic systems
® residential solar hot water systems
® commercial daylighting systems

® Provide guidance to APS, its customers and renewable energy stakeholders for achieving
the values identified in the Study.

The goal of the Study was to illuminate these issues and explore them in an open forum. Thus,
this Study is intended to build a foundation of supportable fact and science, and wherever
possible, to limit unsupportable assumptions and bias. The Study does not bend to any particular
view but rather establishes a reasonable boundary of expected values — in essence creating
“bookends™ for evaluation. There is no single right answer or solution — there simply are too
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many uncertainties, expectations, and assumptions. Rather, from the outset, the Study established
a rational, open and supportable foundation on which to calculate value assessments. The Study
results should provide a common basis for understanding and serve as a starting point for further
analyses on a variety of topics.

To that end, a cornerstone of the project has been the involvement of a wide array of
stakeholders, representing solar vendors, academics, solar advocates, local builders and land
developers, solar related construction firms as well as representatives of the regulatory
community. More than 60 individuals representing 35 companies, universities, trade
associations and national laboratories actively participated in the Study process, which included
an opening and closing forum and five extensive workshops in which each Task methodology
and results were reviewed, discussed and evaluated. In addition to the external stakeholders,
APS provided significant input to the Study as a critically important internal stakeholder. APS
provided expertise and employee assistance from its Renewable Energy, Energy Delivery,
Transmission, Resource Planning, Rates and Regulation divisions, as well as other organizational
areas, all of whom were involved from the outset of the Study. APS and the Study team worked
cooperatively to leverage the insight and specific knowledge of the APS employees, along with
APS analytical capabilities, to produce results that reflect mutual scrutiny and a high degree of
concurrence. The involvement and critique from APS, as well as from the external stakeholders,
was essential to building support for the ultimate analysis conducted for the Study as well as
bridging between technical potential and practical reality. This Study reflects the commitment
and valuable input from all the stakeholders and the Study team is grateful for their continued
contributions.

Stley Appfoach

R. W. Beck, Inc. (R. W. Beck), in association with Energized Solutions, LLC, Phasor Energy
Company, Inc, Summit Blue Consulting, LLC and Arizona State University (collectively the
Study team) responded to the Request for Proposal and was award the engagement in March
2008. The overall Study approach consisted of three phases, encompassing five key tasks, as
depicted in the graphic below. In the first, Task I — Solar Characterization, the Study team built
a technical base for characterizing future solar production. Characterizing solar DE generation
from the three targeted technologies was the cornerstone of the subsequent value assessment.
Solar DE output, the pivotal determinant for assessing value, is dependent upon a variety of
factors, including specific technology, customer type, demographics, customer energy usage,
building orientation, season and weather. Each of these factors was methodically addressed in
developing a solar characterization output model. The modeling also assessed alternative
scenarios to understand how solar DE installations might be deployed and their associated
production potential.

Distributed Renewable Energy Operating Impacts & Valuation Study R. W. Beck, Inc. xv
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erization (Task 1)
solar DE installation

¢ e_s‘dlar energy production

Once solar DE deployment was understood
and modeled, the second phase of the Study
built on that information and identified spe-
cific value to the APS system from the solar
DE technologies. Each of the specific tasks,
Task 2 — Distribution, Task 3 — Transmission,

| Value Assessment (Tasks 2, 3 and 4) and Task 4 — Energy and Capacity, focused on
i . W . i B Kk 4- . .
= ﬁaskl Distribution, Task 3-Transmission, Task 4-Energy & Capacity) developmg models to assess dlscrete monetary
Ul - Develop value approach I h Id be derived in the el .
L - Select targeted deployment opportunities value that could be derived in t ee ect.rlc sys-
8 . Calculate values for all scenarios tem. Though the Study organized the investi-
* Assess Issues, impediments gation of three utility functions individually, in
i reality they are not totally separable. Thus, the
Business Case (Task 5) three tasks were grouped into one phase to
= - Establish framework for value measures reflect the interdependencies when assessing
w . il h . .
2 S TSRO SRe metiodolosy value in the electrical system.
P » Calculate value
s [ LDeveiop SOTt e strategles The last phase involved assembling the results
+ Address qualitative issues o 4 .
and compiling an integrated value assessment.

Task 5 — The Business Case, provided quanti-
fied methodologies to calculate the monetary value of the results from Tasks 2, 3 and 4. The
Business Case also explored the non-quantifiable Study results which are enormously important
in promoting a winning business case for Arizona. Importantly, Task 5 also provided an
opportunity for the Study team and APS to explore strategies for meeting RES goals in the near
term.

The foundation for the Study is based on an analytical construct that analyzes value in discrete
scenarios. First, the Study focused on three of the 12 solar technologies identified in the RES;
photovoltaic generation in residential and commercial applications, solar hot water in the
residential sector and active solar daylighting in the commercial sector. These three technologies
were selected in order to keep the project scope manageable and complete the Study in a
reasonable timeframe. The selected technologies also are most likely to be deployed at a
sufficient scale in the Study region, and thus support the value bookends. The Study framework
can support expanding the analyses to encompass the other technologies if desired at a future
time.

Using the selected technologies, the Study built a “Market Adoption™ scenario for the solar
characterization and resulting value assessment. In this scenario, the market dictates value by
individual customer decisions as to deploying any of the three solar DE technologies. The
adoption or penetration of solar DE in the market is primarily driven by the payback period, and
thus the Study examined three different cases for payback periods, reflecting low, medium and
high penetration of solar DE (referred to herein as the Low, Medium and High Penetration
Cases). The Low Penetration Case used conservative economic input assumptions, resulting in
longer payback periods and reflecting the lowest value APS might expect from solar DE. The
High Penetration Case utilized more aggressive economic input assumptions, which resulted in
shorter payback periods and relatively high values associated with solar DE to APS. The
Medium Penetration Case varied a key economic input assumption and resulted in payback
periods and ultimate value to APS within the range created by the previous cases.
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In contrast to allowing the market to drive value, the Study also examined how APS might target
discrete locations where to deploy — or encourage — solar DE placement. This Target scenario
was based on the High Penetration Case, but assumed that APS could strategically deploy solar
DE. Additionally, a sensitivity case was developed to the High Penetration Case which assumed
all commercial photovoltaic (PV) deployments would utilize single-axis tracking PV technology
in lieu of flat plate PV technology. This sensitivity was intended to reflect the theoretical upside
or maximum value solar DE could deliver. As indicated above, the Study was developed to
analyze value for discrete scenarios, which included three discrete target years — 2010, 2015 and
2025.

Study Results

Value Calculation
The Study assessed the following methods to derive economic value from solar DE deployment:

® Quantify the savings from avoided or reduced energy usage costs due to solar DE
deployment, based primarily on reduced fuel and purchased costs.

B Quantify the savings from reduced capital investment costs resulting from solar DE
deployment, including the deferral of capital expenditures for distribution, transmission
and generation facilities

B Estimate the present value of these future energy and capital investment savings due to
solar DE deployment.

® Consider the impacts of various qualitative factors that will impact solar DE deployment.

The Study approach to assessing value separated capacity and energy savings. Capacity savings
represent value in terms of either deferral or avoided investment costs by the utility, while energy
savings represent both immediate and ongoing cumulative benefits associated with the reduction
in the energy requirements of the utility.

The methodology utilized for the Study is consistent with the revenue requirement approach for
capital investment economic evaluations developed by the Electric Power Research Institute
(EPRI), which is widely accepted in the utility industry. The methodology recognizes all
elements of a utility’s cost to provide service, including energy components (fuel, purchased
power, and operating and maintenance [O&M] expenses and taxes) and capacity components
(capital investment depreciation, interest expense and net income or return requirements).

The value calculations measure the reduced energy and capacity costs that APS will not incur if
solar DE is successfully deployed. The energy components and operational cost savings result
from reduced fuel, purchased power, and reduced line related losses associated with reduced
production requirements on the APS system due to solar DE deployment. Additional reductions
in fixed O&M requirements for APS were quantified and included as annual cost savings. These
values were used to estimate annual energy savings and cost reductions for the total entire APS
system.

The capacity savings associated with solar DE deployment required a more complicated
evaluation framework to calculate estimated savings for target years of the Study. The Study
identified reduction or deferral in total capacity investments in distribution, transmission, and
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power supply. The corresponding annual reduction in APS’s revenue requirements resulting
from these capacity investment savings were estimated using carrying charges calculated
separately for each sector. As these carrying charges generally decline over time as depreciation
accumulates, the Study utilized a levelized carrying charge for each utility sector to address
inherent uncertainty.

Value Summary

The Study shows that solar DE brings value to APS in both the near term and, increasingly, over
the time. One of the key aspects of the Study reflects the fact that solar adoption will likely
follow the economic attractiveness. Alternative funding mechanisms, such as third party leasing,
may alter the economic drivers for individual adoption decisions. In the absence of such
alternatives, payback period is the primary driver for most technology adoption, which applies to
solar DE adoption as well. As electric rates increase and technology costs decease, the payback
period will shorten and deployment will accelerate. The resulting traditional technology “S”
shaped curve for adoption has significant impact on near term value calculations, particularly in
the 2010 and 2015 timeframes. The following chart shows how the solar DE adoption is
anticipated to accelerate in the future.

Using the adoption cases and charac- Solar DE (Commercial and Residential Combined)
terizing the solar DE production, the
Study developed the capacity impacts
on APS. For the distribution system,
the Market Adoption scenarios (Low, — *%00%
Medium, and High Penetration Cases)  2:500,000
created no real value. This is because
the need to meet peak customer load
when solar DE is unavailable elimi-
nates most of the potential benefits.
However, value for the distribution
system can be derived when sufficient B
solar DE is deployed on a specific

feeder. Such deployment can poten- —4—High Penetration  —— Low Penetration = RES Goal %~ Medium Penetration
tially defer distribution upgrade in-

vestments, but these solar installations must be located on a specific feeder to reduce a specific
overloaded condition. The associated annual savings, which include the impact from carrying
costs, are represented in the table below. The distribution value assessment is more fully
discussed in Section 3.

4,000,000

3,500,000
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2,000,000
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1,000,000
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Capital Reductions at Distribution Level (2008 $000)

Distribution Carrying Charge Associated
System (%) Annual Savings
Target Scenario
2010 $345 12.06% ' $42
2015 $3,335 12.06% $402
2025 $64,860 12.06% $7,822

Single-Axis Sensitivity

2010 $345 12.06% $42
2015 $3,450 12.06% $416
2025 $67,045 12.06% $8,086

Unlike the distribution system, the specific location of the solar DE was not an impediment to
obtaining value for the transmission system. However, there are several other issues that did
affect value. First, the long term planning requirements for transmission facilities made
opportunities in 2010 and 2015 unlikely. Initially, the load pocket in Yuma was targeted for
transmission relief through solar DE, but the near term need for additional transmission capacity
in that area eliminated this targeted value opportunity. Second, transmission improvements are
“lumpy” in nature. A significant number of solar DE installations would be required to
aggregate sufficient capacity demand reduction to avoid or defer transmission system
investment. Therefore, the calculated transmission capacity savings occur only in the last target
year (2025) and for the High Penetration Case. The carrying costs are represented in the annual
savings shown below. The transmission system value assessment is more fully discussed in
Section 4.

Capital Reductions at Transmission Level (2008 $000)

Transmission Carrying Charge Associated
System (%) Annual Savings

High Penetration Case

2010 S0 11.84% S0
2015 S0 11.84% S0
2025 $110,000 11.84% $13,024

Solar DE value for the generation system was similar to the transmission system in that the
specific location of solar DE was not an impediment to determining capacity savings. Also
similar to the transmission system, capacity cost reductions for the generation system require a
significant aggregation of solar DE installations, and benefits occur only in the later years of the
Study period. Unlike the transmission system however, generation capital cost reductions were
determined to exist for both the Medium and High Penetration Cases, as shown in the table
below (which incorporates the impacts from the associated carrying costs). The generation
system value assessment is more fully discussed in Section 5.
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Capital Cost Reductions at Generation Level (2008 $000)

Generation Carrying Charge Associated
System (%) Annual Savings

Medium Penetration Case

2010 S0 11.79% S0
2015 S0 11.79% S0
2025 $184,581 11.79% $21,762

High Penetration Case

2010 S0 11.79% S0
2015 S0 11.79% S0
2025 $299,002 11.79% $35,252

Much of the potential annual saving from solar DE production results from APS avoiding the
need to produce that same energy from conventional sources. This reduced energy requirement
decreases fuel and purchased power requirements and brings associated reductions in line losses
and annual fixed O&M costs. Generally, these energy savings were found to exist for all
deployment cases, with the exception of reduction in fixed O&M costs for the Low Penetration
Case. Additionally, unlike certain capital deferrals, the specific location of the deployment of

solar DE was not a determinant for these value characteristics.

The values determined for the annual energy savings (including the reduction in losses discussed
in Section 4 and the reduction in fuel and purchased power costs discussed in Section 5) are
shown in the table below and are a direct result of the output from the solar DE installations. As
more solar DE technology is installed, these savings values will directly increase. Reductions in
fixed O&M costs related to the reduction in demand for the dependable generating capacity. The
Target scenario results are identical to the High Penetration Case (as the Target scenario is
focused on specific locations of solar DE on the distribution system, which impacts the capacity
savings, but not the energy savings). The single-axis sensitivity shows a slightly higher energy
savings resulting from increased production from these units. The energy value assessment is

more fully discussed in Section 5.
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Annual Energy and Fixed O&M Savings (2008 $000)

Reduction in Reduction in Fuel/ Reduction in Fixed Total Energy Related
Losses Purchased Power O&M Costs and Fixed O&M Savings

Low Penetration Case

2010 $102 $834 S0 $936
2015 $501 $5,105 $659 $6,266
2025 $701 $7,847 $3,728 $12,276

Medium Penetration Case

2010 $108 $872 S0 $980
2015 $1,034 $9,066 $1,351 $11,450
2025 $8,659 $87,936 $18,946 $115,542

High Penetration Case / Target Scenario

2010 $108 $872 S0 $980
2015 $1,034 $9,066 $1,351 $11,450
2025 $14,529 $167,480 $20,965 $202,974

Single-Axis Sensitivity

2010 S114 $918 S0 $1,031
2015 $1,074 $9,504 $1,546 $12,124
2025 $14,925 $173,921 521,444 $210,290

The summary of the value calculations is shown below. This chart presents the results from the
Study for 2025 in terms of a range of potential unit savings (in $ per kWh) by each of the value
categories. The relative contribution from each of these value categories is represented by the
relative size in the following graph; the distribution savings are the smallest and the energy
related savings are the largest. These values reflect the maximum and minimum for each
category and while they are not reflective of any specific scenario analyzed for this Study, they
present insight into where value can be achieved.

Distributed Renewable Energy Operating Impacts & Valuation Study R. W. Beck, Inc. xxi



Executive Summary

Solar DE Value Buildup

Fuel, Purchased Power, &

Minimum To
Maximum

(cents/kWh)

0to 0.31
0 to 0.51

0to 1.85

0.81 to 3.22

Losses Savings 7.10 to 8.22

*Minimum and maximum value shown not reflective of any

specific scenario as evaluated in this Study

The value outcomes shown in the
chart above are the result of
many complex factors that weigh
on how value is derived from

TOTAL SAVING*:|7.91 to 14.11 cents/kWh
(79.1 to 141.1 $/MWh)

Solar Production Versus Demand Peak

Summer Day
Comparison of Load to Solar DE Generation
763 MW of Installed Solar Capacity

— 1,200

solar DE. The chart shows that
most solar DE savings are 7,00
realized in terms of energy.
Perhaps one of the most
significant findings in the Study
found that peak solar production
is not coincident with the APS
customer demand curve which
peaks late in the day, when the
sun is setting or is lower in the

Hourly Electric System Demand (MW)
&

253 MW Peak [
Reduction

—A—Demand After Solar
~—®-763 MW Solar

~—®—Demand
1,000
| 800

Hourly Solar DE Production (MW)

# " ‘
P/ \\ 400
/ , |
J \ I 200
’ / i\y |
-" o \‘T‘!;t:!_ﬁ_@ 0

horizon (see graph at right). b8
Thus, the capacity savings are
limited by the time of day of
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APS’s system peak demand. Notably, solar hot water stores thermal energy into the peak
demand period, and helps reduce the rate of diminishing returns. Even with solar hot water,
adding additional solar production results in diminishing returns in capacity value. At some point
the additional solar production simply pushes the APS peak later into the day. This may seem

counterintuitive especially from the customer
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commercial customers (without demand changes) will see the energy portion of their bill reduced
as a direct offset for both energy and demand reduction in delivered energy from APS.

Another critical aspect of the value assessment focused on understanding the dependable
capacity from solar DE. Power supply planning is concerned with the ability of a given resource
portfolio to reliably serve the total system load — not just at the time of the peak but across all
hours of the year. The capability of solar DE resources to displace power supply resources must,
therefore, be evaluated to determine the amount of solar DE capacity relative to the quantity of
traditional capacity needed to provide the same level of reliability. When compared to
traditional gas turbine resources, the type of resources most likely to be offset, solar DE requires
a higher production level to achieve similar reliability. The dependable capacity for 100 MW of
solar DE is shown below.

Percent Dependable Solar DE Capacity
100 MW Installation

Base Case Resource Plan

Solar DE Technology 2007 2006 2005 2004 2003 Average
Solar Hot Water 47.8% 41.8% 43.9% 46.3% 43.1% 44.6%
Daylighting:
Low Penetration Case 72.7% 64.1% N/A 58.7% 62.0% 64.4%
High Penetration Case 73.3% 66.2% N/A 59.0% 63.6% 65.5%
Residential PV:
18.4° Tilt, S-Facing 41.5% 52.5% 48.4% 41.1% 42.3% 45.2%
18.4° Tilt, SE-Facing 28.4% 40.8% 36.5% 28.7% 32.5% 33.4%
18.4° Tilt, SW-Facing 54.2% 63.4% 58.8% 53.1% 50.7% 56.0%
Commercial PV:
10° Tilt, S-Facing 43.7% 55.2% 50.8% 42.9% 44.3% 47.4%
0° Tilt, N/S Single-Axis Tracking 73.1% 75.3% 74.0% 68.3% 60.4% 70.2%

The value assessment reflects these and many other complex factors that were identified and
researched for the Study. Despite initial belief to the contrary, there is relatively little value from
solar DE on the distribution or transmission systems on a unit basis. This is because there is
insufficient solar DE to offset much of the necessary capacity needed to meet peak customer load
for these systems. In addition, transmission projects require substantial lead time and thus most
opportunities for value, even under the High Penetration Case, reside well into the future.

Generating savings results from deferred capital investment and show greater opportunities for
value. Clearly, savings result from increased solar DE deployment. However, the issue of
dependable capacity has a significant impact on the relative value opportunities, and the Study
found that dependable solar DE capacity diminishes as solar DE installation increases. This
results because as more solar DE resources are added to the electric system, the APS system
peak demand will be pushed to a later hour in the day. Because the output of the solar DE
resources becomes significantly less as the available sunlight diminishes at dusk, the delay of the
peak hour to a later hour could diminish the ability of the solar DE resources to meet the electric
system peak demand and satisfy reliability planning criteria.
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Moving Forward

Solar DE deployment represents the opportunity to accrue real value to APS and a broad range of
stakeholders in Arizona. The winning business case for solar DE in Arizona is a combination of
hard, quantitative economic facts, such as the reduction of line losses, energy savings for
customers, and reduced or deferred capital expenditures. But it also includes softer, qualitative
benefits such as increased job opportunities for installers, a more sustainable environment, and as
yet unquantifiable benefits that will likely become economic in the future, such as the value of
carbon. Even broader economic benefits would include improved worker productivity and a
more robust solar DE manufacturing industry.

To capture the benefits of a winning business case it will be important to regularly monitor and
report on the progress being made, and to look for opportunities to remove barriers to the
successful expansion of solar in the state. It is the removal of those barriers and the movement
toward the tipping point — where solar is the norm — that will prove that solar programs have
become mainstream and are part of a new energy future. The value potential is shown below and
it is the range of value potential that is noteworthy. The state of Arizona can influence the value
potential and has great opportunity to play an important role in the future of solar energy.

The Study has focused primarily on the monetary values involved in solar DE deployment. This
economic view is a cornerstone for any forward-looking opportunity to promote major gains in
solar DE deployment in Arizona. However, customer conditions or perceptions may affect the
tipping point that can be achieved either through market push (subsidies), market pull or a
combination of both.

Value Summary of Cost and Energy Savings by DE Penetration Levels
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Creation of a successful business case will require both long-term fundamental changes in the
market and the proper stimulation of conditions to encourage solar DE development. Most of
these market transformation efforts are beyond sole control of APS, but can be encouraged with
the right combination of economic, policy, political and business strategies. APS is clearly not
the creator of these barriers; some are technological, others practical, and still others typical of
nascent markets. Some of these factors, such as energy storage, are broad issues which require
massive amounts of investment. The adoption of new building requirements has been shown to
have significant implications, such as in requiring greater energy efficiency in new construction.
Solar-ready construction and special consideration for communities that opt for a certain
percentage of SHW and daylighting could spur adoption and have a substantial impact on solar
deployment. Similarly, current land use requirements might be altered, facilitating the ability to
harvest greater benefit from greenfield areas. Indeed, dramatic future growth projections for new
planned urban developments offer Arizona a unique opportunity to promote and integrate solar
DE in emerging communities.

Institutional support from banks and appraisers needs to recognize that homes with superior
energy efficiency may warrant lower mortgage rates, reflecting lower financial exposure to
utility bills. Appraisals will need to reflect how solar DE systems offer positive value to a home
and tie to the banking community’s understanding and willingness to support larger, and/or
lower cost, loans that finance solar technologies.

Many market changes are underway in business models and approaches. Third party equipment
leasing and ownership is becoming more common and may become the norm, changing the
buyer behavior and driving accelerated adoption. APS may want to consider a new business
model itself in which it directly provides services that help promote solar DE market
development.

Other opportunities may emerge in the near term as well. Community systems, especially in
greenfield areas, require a single “sale” and offer greater solar energy production output,
accelerating deployment. Accelerated adoption may result from initially concentrating on
community solar DE development over individual premises. Developers and homebuilders may
be interested in opportunities to promote community solar DE projects on common parcels or on
less desirable sites. And rather than fixed installations, single-axis tracking could extend PV
production and utilize less desirable locations.

Much opportunity exists to transform the marketplace. The greenfield potential for the
developing areas in and around the APS service territory provides a unique opportunity to
accelerate solar DE deployment above and beyond normal adoption rates through the promotion
of solar, partially solar and “green” communities. The scale of these developments and the
opportunity to drive adoption by “building in” some, or many, solar DE technologies holds
tremendous opportunities for accelerating residential production goals.

As described in the Study, the “Law of Diminishing Returns” shows that the first unit of energy
(MWh) of solar production is more valuable to APS than the last. There may be opportunity to
incentivize early adoption. Another variation may be to consider rewarding larger systems,
which would decrease the administrative cost per MWh while boosting net incremental
production.

Lastly, APS may wish to be more involved in the promoting the solar marketplace by being more
active as a market entrant. APS could stimulate the market in several ways, such as by easing
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consumer adoption. Easy, streamlined, one-stop shopping will help move customers to early
adoption as has been shown in automobile leasing. A similar approach that streamlines
financing, contacting, installation and operation/maintenance could attract customers and build
market momentum. APS may wish to evaluate partnering with developers and homebuilders to
encourage SHW heating and optional-sized PV systems. APS could make technology
procurement easy and transparent to the end customer by offering financing options. Such
alternatives reflect creative business models that create opportunities for APS to work with the
local installation, supply and manufacturing communities in achieving a mutual goal for a
successful Solar Future Arizona.
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APS’s study to evaluate

Distributed Renewable Energy
Operating Impacts and System
Valuation examined three

solar DE technologies at three

discrete future points in time.

© 2009 by R. W. Beck, Inc. All rights reserved.

SECTION 1 — STUDY BACKGROUND AND
DESCRIPTION

1.1 Introduction

1.1.1 Background

In February 2008, Arizona Public Service (APS) issued a
Request for Proposal (RFP) for the APS Distributed
Renewable Energy Operating Impacts and Valuation Study
(the Study). APS initiated this Study to determine the potential
value of solar distributed energy (referred to herein as “solar
DE”) technologies for its electrical system, as well the likely
operating impacts. Though numerous studies had previously
looked at the value of distributed energy, none had specifically
evaluated the costs and benefits to APS from solar DE
technologies. APS sought to evaluate the realistic implications
of solar DE deployment and production on their specific
system conditions.

R. W. Beck, Inc. (R. W. Beck) responded to the RFP with a
proposal to address the requested work scope, and was
awarded the assignment in March 2008. This Report provides
a summary of the methodology and results of this Study.

1.1.2 Objectives

APS had many specific objectives they wanted to accomplish
through this Study effort. These included:

® Characterize the APS power system operations and
planning specific to selected solar DE technologies.

® Define realistic solar DE deployment scenarios and
projected production data to support subsequent
analyses.

® Assess the value provided by solar DE technologies in
terms of both capacity and energy.

Arizona Public Service
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B Evaluate impacts on system operation, reliability and value provided by solar DE
generation on the APS system.

® ]dentify areas of potential improvement in value of solar DE for both owners of DE
systems and for APS.

B Specifically limit the Study assessment to the following solar DE technologies:
® residential and commercial photovoltaic systems
® residential solar hot water systems
® commercial daylighting systems

® Provide guidance to APS, its customers and renewable energy stakeholders for achieving
the values identified in the Study.

1.1.3 Study Need and Philosophy

The need for an objective study of this type was driven by the enthusiasm for renewable energy
in a region as richly endowed with solar resources as Arizona, the strong and diverse viewpoints
among stakeholders in the region, and the technical complexity of a technology involving rapid
change. Not surprisingly, strong advocacy is manifest across many stakeholders who represent
the solar industry, builders and developers, consumer advocates, green and conservation
advocates and others. They all share a particular appeal for solar technologies in a resource rich
region such as the Southwest United States.

Though strongly supported, there are myriad complexities and implications associated with
installing distributed solar generation broadly across a utility electrical system. The objectives of
the Study called for illuminating these issues and exploring them in an open forum. Because the
entire issue of solar energy reflects the interests of such a diverse range of stakeholders, this
Study was intended to provide an independent and transparent means to establish a foundation
for agreement moving forward. Clearly, there are strongly held beliefs and assumptions about
solar benefits and impediments. This Study is intended to build a foundation of supportable fact
and science, and wherever possible, limit unsupportable assumptions and bias. With any new
and rapidly evolving technology, much is unknown and will only be resolved in the future. Solar
energy technologies patently reflect this uncertainly as evidenced by prominent individuals at
industry symposia who vary greatly in their forecasts of future capabilities, costs, and market
response of solar technologies.

The Study does not bend to any particular view but rather sets out to establish a reasonable
boundary of expected values — in essence creating “bookends” for evaluation. There is no single
right answer or solution — there simply are too many uncertainties, expectations, and
assumptions. Rather, from the outset the Study intent has been to establish a rational, open and
supportable foundation on which to calculate value assessments. The Study results should
provide a common basis for understanding and serve as a starting point for further analyses in a
variety of applications. Appendix A to this Report provides a glossary of the terms and
abbreviations utilized herein.

1-2 R. W. Beck, Inc. Arizona Public Service



__ Study Background and Description

1.2 APS Solar Program

1.2.1 Arizona Renewable Energy Standards Program

Arizona is one of 28 states seeking to increase renewable resources in its state energy supply
portfolio through the mechanism of Renewable Portfolio Standards. The Arizona program,
termed “Renewable Energy Standards” (RES), promulgates regulatory policies that require
electric utilities to increase the production of electricity from renewable energy sources including
wind, solar, biomass and geothermal energies.

Since being enacted in 2006, the Arizona Corporation Commission (ACC) has expanded the
state's RES goal. The most recent change, effective in August 2007, increased the goal to 15
percent of total energy sales by 2025. This standard applies to investor-owned utilities (IOUs),
such as APS, serving retail customers in Arizona, with the exception of distribution companies
who have more than half of their customer base outside Arizona.

Utilities must not only obtain sufficient renewable energy credits (RECs) from eligible
renewable resources to meet their 15 percent target for 2025, they must ensure that at least 30
percent of the target is derived from distributed renewable resources by 2012. The schedule for
compliance, which increases annually, is shown in Figure 1-1. Many renewable energy
technologies apply towards meeting the standards set forth and these are shown in Table 1-1.
Utilities may recover RES costs through a monthly surcharge approved by the ACC.

Figure 1-1: RES Compliance Schedule
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Table 1-1
RES Eligible Technologies

Eligible Renewable Eligible Distributed Renewable
Energy Resources Energy Resources
Biogas Electricity Generator YES (and Biomass Thermal Systems)
Biomass Electricity Generator YES (and Biogas Thermal Systems)

Eligible Hydropower Facilities

Fuel Cells that Use Only Renewable Fuels YES

Geothermal Generator YES

Hybrid Wind and Solar Electric Generator

Landfill Gas Generator

New Hydropower Generator of 10 MW or Less YES

Solar Electricity Resources YES

Wind Generator YES (1 MW or Less)

Distributed Renewable Energy Resources " SRenewable Combined Heat and Power
ystem

® Commercial Solar Pool Heaters

® Solar Daylighting (non-residential)

® Solar Heating, Ventilation, and Air
Conditioning

® Solar Industrial Process Heating and

Cooling

Solar Space Cooling

Solar Space Heating

Solar Water Heater

Geothermal Space Heating and Process

Heating Systems

Utilities are required to submit annual compliance reports to the ACC annually, on April 1, as
well as implementation plans on July 1. They are also required to provide an electronic copy of
these reports suitable for posting on ACC’s web site. If a utility fails to meet the annual
requirements, noncompliance must be indicated in its annual compliance report along with a plan
describing how the utility intends to meet the shortfall and the associated costs. If the utility fails
to comply with its implementation plan as approved by the ACC, the ACC may disallow plan
cost recovery and/or impose penalties.

1.2.2 APS Renewable Programs

APS offers incentive programs to encourage customers to take advantage of distributed
renewable technologies to meet its requirements for the RES goals, including the three solar DE
technologies that formed the basis of this Study. As a foundation for the overall analysis,
R. W. Beck evaluated the current programs in place, and the existing state of installation, of each
of the three solar DE technologies listed in the Study objectives. This analysis helped identify
the characteristics of typical systems, current system deployment patterns, and service territory
preference for system deployment. Though the RES goals are stated in terms of total energy
production as a percent of total customer load, APS drives, maintains, and tracks separate
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internal goals for commercial and residential customer classes. All analyses in this Study have
maintained this important distinction between residential and commercial goals consistent with
APS. The results helped validate the baseline system assumptions for each solar DE technology
utilized for this Study. The results of this analysis are shown in the tables below.

Photovoltaic Systems

APS offers rebate incentives for both residential and commercial photovoltaic (PV) systems.
Rebates for both customer classes are based on a dollar per installed watt capacity and decrease
over time. The declining incentive assumes that market adoption gains momentum as costs drop
and market forces take hold. The current rebate schedules are presented in Table 1-2.

Table 1-2
Photovoltaic (PV) Rebates

APS Rebates $/Watt 2008 2009 2010 2011 2012 2013
Commercial PV $2.50 $2.50 S25 $2.:25 $1.91 $1.91
Residential PV $3.00 $3.00 $2.70 $2.70 $2.30 $2.30

Source: APS

Residential PV:

The number of residential PV systems installed has been increasing. As shown in Figure 1-2,
there has been a steady increase in installations per year since 2002 (and as far back as 1995).
Although the rate of growth has been rapid, the cumulative number of installations since 2002 is
only 581, an insufficient number on which to base any trends. However, demand is clearly
growing, as evidenced by the 2008 forecast of 344 residential PV installations (annualized based
on 11% months of data). This represents a 70 percent increase over 2007,

Figure 1-2: Number of Residential PV Installations by Year
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The number of installations by city/community is shown in Figure 1-3. Although the geographic
dispersion of residential PV installations is broad, it remains geographically centered in North
Phoenix, Scottsdale, and Sun City, reflecting a clear bias toward higher income customers.

Figure 1-3: Number of Residential PV Installations by Community
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Commercial PV:

The annual installation of commercial PV systems is shown in Figure 1-4. Similar to the trend
shown for residential PV installation, 2008 shows significant increase over preceding years,
based on an annualized forecast. Nevertheless, for the purposes of this Study, R. W. Beck found
that a cumulative total of only 53 systems have been installed in the APS service territory (based
on an expected value for 2008), which is insufficient to characterize the typical commercial PV
system installation for the APS service territory. Accordingly, to properly characterize
commercial PV applications for this Study, R. W. Beck drew upon additional data and results
from other sources, particularly jurisdictions in California and New Jersey (see Appendices B
and C).
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Flgure 1 4 Number of Commercial PV Installations by Year
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Note: 2008 value is annualized based on 11%2 months of data.

Showing trends similar to residential PV, most commercial installations are located in Scottsdale,

Phoenix, and Twin Arrows. Figure 1-5 shows the number of installations by city/community.

Flgure 1-5: Number of Commeraal PV Installatlons by Commumty
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Solar Hot Water Heating Systems

Solar hot water (SHW) heating is a distributed solar application designed to reduce load from
residential domestic hot water heating. It is applicable to residential customers only and
incentives are offered to customers on a first year dollar per kilowatt hour ($/kWh) basis (the
incentives are designed to be a one-time “up-front” payment). Table 1-3 shows the current
schedule of rebate offerings.

Table 1-3
Residential Solar Hot Water Rebates

APS Rebates $/kWh 2008 2009 2010 2011 2012 2013
Residential SHW $0.750 $0.750 $0.675 $0.675 $0.574 $0.574
Source: APS

Note: The incentives are for first year energy savings only and are a one-time, “up-front” payment.

As of the end of 2008, there were 1,076 SHW systems installed in the APS service territory. Of
this total, more than one-third (376) were installed in 2008 (annualized basis), suggesting a rapid
increase in adoption of these systems. Figure 1-6 presents the number of SHW installations by
year.

Figure 1-6: Number of SHW Installations by Year
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SHW deployment follows the same geographic deployment patterns as PV. As shown in Figure
1-7, North Phoenix, Sun City, and Scottsdale represent the majority of system deployments.

Figure 1-7: Number of SHW Installations by Community
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Solar Daylighting Systems

Solar daylighting employs active control of lighting systems, replacing electric illumination with
architecturally directed sunlight. These systems have strict requirement for ensuring adequate
brightness (lumen) illumination and require the active discontinuation of artificial lighting. Due
to the roof structure requirement and active systems, this program is offered to commercial
customers only.

Solar daylighting incentives are offered to customers on a first year energy savings ($/kWh)
basis (similar to the SHW systems, the daylighting incentives are designed to be a one-time “up-
front” payment). Table 1-4 shows the current schedule of rebate offerings through 2013.

Table 1-4
Commercial Daylighting Rebates

APS Rebates $/kWh 2008 2009 2010 2011 2012 2013
Commercial Daylighting $0.200 $0.200 $0.180 $0.180 $0.150 $0.150
Source: APS

Note: The incentives are for first year energy savings only and are a one-time, “up-front” payment.

Distributed Renewable Energy Operating Impacts & Valuation Study R. W. Beck, Inc.

1-9



Section 1

Currently, no daylighting installations have received a rebate incentive through the APS
program, although applications are underway. In the absence of sufficient APS specific data, the
Study utilized program results from other regions of the country, as well as discussion with
stakeholders on their experiences in the greater Phoenix area.

1.3 APS Customer Usage Characteristics

The identification of the customer characteristics was developed in parallel with the technology
characterization process. For this Study, customer characteristics were used to determine the
mix of customers, the number of customers by type, their representative electric load profiles, the
total number of customers who meet the technical requirements to install the technology, and the
size of system that a customer is likely to install. APS provided customer counts by tariff and
their representative annual electric load profiles. Additionally, APS provided specific customer
location data from its customer information system. Other data sources included U.S. Census
Data on number of households, mix of housing types and household income by zip code.

Table 1-5 presents the APS tariffs with the largest number of customers. The primary residential
tariffs are the E12 and the ET-1 with 46.2 percent and 31.9 percent of the residential customers,
respectively. The most popular tariff for commercial customers is the E32 rate. The customers
in the E32 class have been separated into five categories based on the peak demand and are as
follows: extra small (0 kW to 20 kW), small (21 kW to 100 kW), medium (101 kW to 400 kW),
large (> 400 kW), and extra large, which are industrial customers. Most of the commercial
customers (77.5 percent) are in the extra small category.
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Table 1-5
APS Tariffs with Highest Number of Customers

Percent of Percentof Percent of

Customers All Residential Commercial
Tariff Description (2007) Customers  Customers Customers
E10 Residential Classic Rate 69,731 6.56% 7.4%
E12 Residential Standard Rate 437,213 41.13% 46.2%
ET-1 Residential Time Advantage
9:00 PM - 9:00 AM 339,594 31.94% 35.9%
ET-2 Residential Time Advantage
7:00 PM - noon 36,083 3.39% 3.8%
ECT-1 Residential TOU (9-9) with demand
charge 54,789 5.15% 5.8%
ECT-2 Residential TOU (9-9) with demand
charge 8,566 0.81% 0.9%
E32 xsmall Commercial 0 - 20 kW 90,811 8.54% 77.5%
E32 small Commercial 21 - 100 kW 20,496 1.93% 17.5%
E32 medium Commercial 101 - 400 kW 4,535 0.43% 3.9%
E32 large Commercial > 400 kW 893 0.08% 0.8%
E32 xlarge Industrial 196 0.02% 0.2%
E32 TOU
xsmall Commercial TOU 0 - 20 kW 52 0.00% 0.0%
E32 TOU small Commercial TOU 21 - 100 kW 91 0.01% 0.1%
E32 TOU
medium Commercial TOU 101 - 400 kW 47 0.00% 0.0%
E32 TOU large  Commercial TOU > 400 kW 20 0.00% 0.0%
E32 TOU
xlarge Industrial TOU 8 0.00% 0.0%
Total 1,063,125

Composite load profiles for each of the tariff classes were provided by APS. The load profiles
represent an average load profile for the class of customer that was derived from a group of
actual customers throughout the APS service territory. These data were utilized to evaluate the
impact of the solar DE technologies for these customers, which are typical of the customer class
represented by the rate tariff.

Table 1-6 shows a summary of energy consumption for the tariff classes evaluated in this Study.
More detailed energy consumption information and hourly load data for these tariffs is included
in Appendix D and Appendix E, respectively.
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Table 1-6
Energy Consumption for Selected APS Tariffs

Demand During Peak Month (kW)

Annual Consumption

Tariff (kWh) Maximum Minimum
Residential E12 8,676 2.6 0.7
Residential ET-1 17,546 5.6 1.6
Commercial E32 Extra Small 26,103 7.2 2.2
Commercial E32 Small 189,058 43.3 17.5
Commercial E32 Medium 928,847 193.7 87.1
Commercial E32 Large 3,379,799 597.8 319.5

1.4 Study Description

There are 12 renewable technologies addressed in the Arizona Renewable Energy Standards and
APS has implemented incentive programs for all of them. While each will help APS achieve its
required goals for renewable energy, APS specifically limited this Study to three distributed solar
technologies that can be broadly deployed across its electrical system. The Study looked at the
financial, technical, policy and business case issues surrounding a significant successful
penetration of solar DE into residential and commercial applications. The Study focused on
solar PV in commercial and residential applications, solar hot water in the residential sector only,
and solar daylighting for commercial customers. The Study uses standard utility-industry
methodologies to analyze the impacts of solar DE resources on three key dimensions of utility
operations: distribution systems, transmission systems, and overall system planning.

This Study sought to develop common understanding among internal and external stakeholders
through a process of education and stakeholder involvement, all intended to help APS achieve its
intended goal for solar penetration. The Study design used a building block approach and was
organized into five distinct yet interrelated tasks. Each task formed the basis for the succeeding
tasks, and afforded critical internal and external stakeholder input. The task structure continued
throughout the study effort and is reflected in the organization of this Report.

Task 1 focused on characterizing the specific solar DE technologies addressed in this Study, in
terms of the current technical attributes and future potential improvements. The evaluation was
tailored to the specific conditions for use in Arizona, and then further narrowed to the APS
service territory and major customer locations in Phoenix and Yuma. Task 1 also focused on
modeling the deployment of these solar technologies across the APS system, and understanding
customer electrical usage across different customer classes.

Tasks 2, 3 and 4 provided a technical assessment of how these specific solar DE technologies
could provide value to APS in terms of distribution, transmission and power supply planning.
Task 2 utilized the results from the solar characterization to study the distribution system
benefits, which were used as a foundation for Task 3, where the Study examined the
transmission system as a whole. In Task 4, these results were reviewed on a consolidated system
basis to understand potential impacts and opportunities on energy and capacity planning.
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Finally, in Task 5, all of the results were combined into a business case which examined the
aggregate value of solar to the APS system under different forecast scenarios.

1.4.1 Study Strategy

The strategy employed by the Study team involved bringing together experts in the fields of solar
PV, solar hot water, and solar daylighting who had specific knowledge of the APS service
territory, as well as the ability to communicate and model its implications. These experts were
teamed with engineering professionals in the areas of distribution, transmission and system
planning to utilize their knowledge and to extrapolate it across the APS system. Utility rates and
business case professionals created a means to aggregate the results in common monetary
metrics and to collate the results across all tasks and articulate the strategic implications.

From the outset, it was understood that extensive analytical efforts would be required. The
Study team brought in expertise in technology characterization and deployment modeling, and
teamed them with APS technical staff in the areas of distribution, transmission and power supply
modeling and analysis. The Study team worked collaboratively with APS resources to design
the analytical effort. This ensured a high standard of care in the design and careful validation of
the Study results. Additionally, the Study team relied on the knowledge and experience of the
renewable energy staff at APS who contributed greatly to the analytical requirements and who
worked diligently to ensure APS-specific territory and system attributes were built into the Study
parameters. This was fortunate, since APS is among the leaders in solar technology and
deployment with more than 20 years of active involvement.

A study of this nature necessarily involves an enormous number of assumptions and hypotheses.
Accordingly, the Study invited a broad community of stakeholders to participate in the effort by
providing periodic review and comment as the Study progressed. As the Study team worked
through the technical and financial aspects, the stakeholders brought invaluable insights from
their first-hand knowledge of the local market. Their active engagement in the process added
considerable resiliency to the Study results. Stakeholder involvement also included the
contribution of technical studies and materials to help bridge the gap between published reports
and on-the-ground experience.

1.4.2 Study Team

R. W. Beck assembled a nationally recognized team with in-depth technical and project
management expertise to support this Study (see Figure 1-8). The individuals brought subject
matter expertise as well as a broad perspective and experience. Their interaction throughout the
Study added testament to the importance of stakeholder engagement and experience transfer.
The Study team consisted of individuals from several leading companies in the solar DE arena.
The Study team included individuals from the following companies:

® R. W. Beck is a company of technically based business consultants who provide planning,
financial and engineering solutions to the energy, water, and solid waste industries.
R. W. Beck supplied team members with specific relevant experience in utility program
design; distribution, transmission and resource planning; business case development; and
stakeholder involvement.

® Summit Blue Consulting, LLC (Summit Blue) provided professional services related to
modeling and data. They brought particular expertise in solar daylighting and solar hot
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water applications as well as experience in developing demand management and incentive
programs that help stimulate the market. Summit Blue also utilized its proprietary
simulation model that enables analysis of solar hot water and solar daylighting impacts at
the level of individual buildings. Additionally, Summit Blue utilized its proprietary Bass
diffusion model to project deployment of solar DE technologies by APS customers.

Phasor Energy Company, Inc. (Phasor) specializes in developing practical, innovative
applications of PV technologies for commercial and industrial applications in the greater
Phoenix area. Phasor provided valuable insight on the practical application of PV
technology through all phases of the project development cycle from conceptual planning
and design to engineering, installation and performance evaluation that was critical in
creating Task I deliverables of solar characterization.

Energized Solutions, LLC (ES) provided renewable resources planning, energy efficiency
and technology consulting services. ES provided its in-depth knowledge of solar
implementation in general, and in California specifically, as well as its deep technical
understanding of how distributed energy integrates the solar characterizations results
across technologies, markets and customers.

Figure 1-8: Study Team
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1.4.3 Stakeholder Involvement

A cornerstone of the Study has been the involvement of a wide array of stakeholders
representing solar vendors, academic institutions, solar advocates, local builders and land
developers, solar related construction firms as well as representatives of the regulatory
community. More than 60 individuals representing 35 companies, universities, trade
associations and national laboratories were actively participating in the process.

The stakeholders are critical to building support for the ultimate deployment of solar DE
technologies as well as bridging between technical potential and practical reality. The
stakeholders’ diverse opinions offered the Study team insights, as well as core data and touch
points to the community, that will ultimately served to enhance the successful integration of solar
DE technology into the APS service territory.

The initial group of stakeholders was suggested by APS. This was supplemented with
individuals who opted into participation during the process based on relationships with other
stakeholders or through public dissemination of information primarily through the Study’s web
site, www.solarfuturearizona.com.

Stakeholders in the project represented the following organizations:

® American Solar Electric Inc. ® Natural Lighting Company
® Arizona Corporation Commission ® Newland Communities
® Arizona Department of Commerce ® Pederson Inc.
B Arizona State University Research ® Pulte Homes
Park ® Solar City
B Arizona State University School of ® Solar Electric Power
Global Management m Salt River Project
® Desert Sun Solar ® Sun Earth Inc.
® DMB Associates ® Sun Systems Inc.
® El Dorado Holdings ® Sunbelt Holdings
® Electric Power Research Institute & SunBdison
® IREC ® The Vote Solar Initiative
® Keyes & Fox, LLP ® Tucson City
® Kyocera ® Tucson Electric Power
® Lawrence Berkeley National ® Venture Catalyst
- tiﬁiitggmes ® University of Arizona
® ViaSol Energy Solutions
" National Renewable Energy ® Western Resource Advocates

Laboratory (NREL)

Stakeholder Process

Given the critical nature of the stakeholder engagement, participation in the Study took a number
of forms including two open forums, five workshops, numerous informal working groups, as
well as interaction via the Study web site (www.solarfuturearizona.com). The goal was to
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engage a variety of interested parties in the process during the analysis of the data and the
creation of the Study to build a robust, supportable outcome for the longer term.

The Study was initiated June 6, 2008, with an open forum to outline the process to be followed,
and to explore the concerns of the various stakeholders. This forum was followed by five
workshops spread across the ensuing months, each tied to the specific task. Given the building
block nature of the Study, each successive workshop reported on the initial findings of the prior
task, and outlined the steps being taken for the next phase of the Study. The schedule and
iterative nature of the forums / workshops is shown in Figure 1-9. All materials presented during
the forums / workshops were posted on the Study web site for access by stakeholders.

Figure 1-9: Project Progress
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The workshops were designed to be interactive with stakeholders encouraged to question results,
offer suggestions for strengthening the Study and to bring new data to the attention of the Study
team. The Study team took the input and often recast model results based directly on the
stakeholder suggestions.

1.4.4 APS-Specific Conditions

The Study approach specifically focused on calculating the value of solar DE generation to APS.
In contrast to many other published efforts seeking to assess far-reaching societal benefits, this
Study objective reflected APS specific conditions, demographics and system design. Each
organization on the Study team was selected for the strategic value they brought in this regard
and their ability to contribute to evaluating the impacts and values that solar DE technologies
will have on the APS system.

The Study team capitalized on combining its functional strength in electric delivery system
analysis with APS resources to properly quantify the benefits of distributed solar generation for
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APS. The Study leveraged a broad base of knowledge that transcended technical know-how and
evaluated benefits and opportunities from a variety of perspectives.

Additionally, local experts were engaged to bring an understanding of issues specific to Arizona
and the APS service territory. To add additional perspective, Study team expertise was
augmented with individuals familiar with other jurisdictions heavily engaged in distributed solar
generation, specifically those in California and New Jersey.

1.4.5 Primary and Secondary Research/Analysis

This Study combined nationally recognized modeling tools and discrete APS data in an effort to
create a defensible and tailored result. In several instances, APS specific data and test results
were utilized either directly or to validate model results. Examples include:

B The Prescott Airport feeder was opened during high solar production (10:00 AM) to test
feeder power quality and inverter recovery (feeder has approx 2 megawatts (MW) of solar
generation).

B A representative residential feeder (Deadman Wash Feeder 4) was selected and separately
modeled by the Electric Power Research Institute (EPRI) using their best-available
modeling technology to conduct a highly accurate loss calculation based on solar DE
deployment along a distribution feeder.

B Specific solar technology production characteristics were modeled in APS generation
forecasting models (PROMOD) to calculate energy and capacity values for solar PV,
daylighting and solar hot water technologies.

® Typical Meteorologic Year (TMY) weather data was used for much of the solar production
modeling. Additionally, two years of specific weather data was purchased and used for
specific APS locations to enhance the accuracy for selected distribution analyses and to
validate the applicability of TMY data usage.

1.5 Study Approach

The overall study approach employed consisted of three phases, which encompassed the five key
tasks mentioned earlier. The overall structure is shown in Figure 1-10. The study effort began
with Task 1 — Solar Characterization, during which the Study team built a technical base for
characterizing future solar production. Using alternative scenarios, the Study employed a series
of models and simulations to understand how these specific solar DE installations might be
deployed and their production potential.

The second phase of the Study, building on Task 1, identified specific value to the APS system
from the solar DE technologies. Each of the specific tasks, Task 2 — Distribution, Task 3 —
Transmission, and Task 4 — Power Supply Capacity and Energy, focused on developing models
to assess discrete monetary value in the electric system.

The third phase, contained Task 5 — Developing a Winning Business Case for Solar DE
Deployment, provided an integrated value assessment and discussed associated impediments and
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obstacles to value achievement by APS. Importantly, Task 5 provided an opportunity for the
Study team and APS to explore strategies for meeting RES goals in the near term.

For both solar characterization and for value assessments, the Study looked at three discrete
points in time — 2010, 2015 and 2025. These future milestones are continued across all analyses
in the Study.

The Study design specifically combined the analytical capabilities of the Study team with those
from APS. APS has acquired a wealth of PV data from its customers, and its own operations and
research that was incorporated into the Study. Similarly, in the value assessment, the Study team
leveraged distribution and transmission network models in use by APS, and extensively utilized
APS generation forecast models. A combined effort oversaw the methodology and accuracy of
the inputs and the Study team assessed the reasonableness of model outputs. This coordinated
effort effectively leveraged APS resources, encouraged knowledge transfer to support future
analytical efforts by APS, and reinforced the value calculations for specific applications relevant
to APS.

Figure 1-10: Study Approach
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1.5.1 Solar Characterization Approach
Characterization Modeling
Characterizing solar DE generation from three targeted technologies was the cornerstone of

subsequent value assessment. Solar energy output, the pivotal metric for assessing value, is
dependent upon many factors, including specific technology, customer type demographics,
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customer energy usage, building orientation, season and weather. Each of these factors was
methodically addressed in developing a solar characterization output model. The approach is
explained in more detail in Section 2 of this Report; however, a schematic of the modeling
approach is shown below in Figure 1-11. The results from this modeling provided solar DE

production capacities by technology for use in the value assessment.

Figure 1-11: Solar Characterization Modeling Approach
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Scenarios and Cases

To structure the value assessment, the RFP called for a study approach consisting of two basic
scenarios for review:

= Business As Usual — This scenario assumed

. =Solar distributed energy
sqlar deployment was dictated by the market B oioqy deployment ool
with no changes or influence by APS. Solar B —— market demand

deployment was driven by market forces | ysualscenario > "Notargeted placementto

and the value calculation is dictated by fgeEcéZ‘;‘zcl'sﬁzcrssalﬂfm‘:nﬁl‘iﬁts

market deployment without influence. o
= Strategic — This scenario was intended to

maximize value for APS by strategically T atgetad Gaployment of Salar

deploying solar DE technologies to derive technologies to create maximum
the greatest value. This scenario represents i e real value to APS .
a hypothetical maximization of value by Scenario B e ol demang

. . . influenced as necessary.
allowing APS to pick and choose various *Assumes RES goals will be met

targeted deployments for the exclusive goal
of maximizing value.

Thus, these two scenarios represented the hypothetical value boundaries or “bookends” of the
analysis. Additionally, a third scenario, Semi-Strategic, was intended to identify particular target
opportunities to pursue in the near term. At the start of the Study, it was expected that the Semi-
Strategic scenario would be driven by the Strategic scenario results and would identify a sub-set
of options from the broader set of targeted value opportunities.

However, as the Study progressed it became apparent that there was no single deployment that
adequately represented the Business as Usual scenario for future solar DE deployment.
Stakeholders provided strong commentary that suggested the Study use a broader range of
potential deployments. In due course, the Study team found that the payback period, which is
the key determinant of solar DE penetration in the market, is highly sensitive to several forecast
parameters, most particularly the declining cost of technology and APS tariff forecasts. Given
the uncertainty of these and other economic parameters, the initial analytical framework was
modified and expanded. Concurrently, discussions with APS made clear that there were only a
limited number of opportunities to strategically target solar deployment in order to gain added
value.

The overall framework remained essentially the same but was made more robust to better reflect
how the Study results were emerging. Figure 1-12 shows the modified approach for the Study.
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Figure 1-12: Modified Value Approach
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Each penetration case used specific parameters reflecting a range of future assumptions
regarding economic factors that affect payback periods and, thus, the extent and timing of solar
DE deployment. This Study does not attempt to define a particular future forecast, but instead
offers alternative plausible scenarios reflecting conservative and optimistic assumptions
(Penetration cases Low and High). The Medium Penetration Case modifies the investment tax
credit forecast and demonstrates the sensitivity of the results to this one important variable.
Therefore, for the purposes of this Study, we have utilized the terms “Low, Medium and High
Penetration Case” to refer to the relative penetration of solar DE systems, as more fully described
in Section 2 of this Report.

1.5.2 Value Assessment

The value calculation flows primarily from the solar DE deployments. For the three Market-
Adoption deployment cases, value is calculated and presented in the Study results in Sections 3,
4, and 5 of this Report for distribution, transmission, and power supply, respectively. Under the
Target Scenario, APS can also pursue value by targeting specific solar deployments in specific
locations. In reality, only targeting specific distribution projects offered strategic value. Since
the study goal was to examine the maximum theoretical value to APS, the Study also created an
additional case off of the Target Scenario in which the flat plate commercial PV was replaced
with single-axis tracking solar production. By adding the Single-Axis Sensitivity case, the Study
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could better create insight into the “bookends” in evaluating how APS could benefit from widely
deployed, distributed solar technology in distribution, transmission, and power supply.

The objective of the Study centers on value from solar DE generation. Value takes on different
meanings based on a variety of perspectives. The Study was directed by the potential value to
APS, but different perspectives should be understood, and are summarized as follows:

B Value to the utility. This was the central focus of the Study. The utility derives value by
reducing the need to generate or purchase energy to meet load, especially at peak hours.
Value to the utility also stems from avoiding or deferring capital expenditures. This
happens when solar DE production reduces the need for additional distribution,
transmission or generating facilities. The value is generally greatest when the utility can
use solar DE to reduce it peak demand, which is what electrical system facilities are
designed to meet. Thus, utility value is maximized when the solar generation is coincident
with it peak customer demand (or load). There may be instances where, under certain
conditions, sufficient solar production might affect the system design and permit smaller
(and less expensive) transformers and conductors to be installed for certain segments of the
distribution system. Value can also be found if energy loses from the transmission of
electrical energy (referred to as “load losses™) can be reduced, and/or if system constraints
are freed through lower demand. Finally, in an era where carbon is regulated and/or
traded, the reduction in conventional energy production may have additional value to the
utility beyond the cost to produce.

® Value to the customer. Most customers see value as the savings they receive between
paying the prevailing utility rates and the cost of an alternative source of supply. Thus the
more energy a customer can generate by solar to displace the delivered energy from the
utility the higher their savings. However, while solar DE can decrease the amount of
energy that has to be provided by the utility, it may or may not reduce the utility’s need to
provide capacity for that customer.

® Value to society. This is the most difficult to judge, although there is certainly some
perceived value in the use of solar and other renewables from an environmental standpoint,
such as in the reduction of greenhouse gas emissions. As a result, various studies have
placed a “stipulated” value on the elimination of thermal resources. However this Study
did model externality costs (i.e. social and environmental costs that are not otherwise
captured through regulated emission allowance costs and credits).

Distribution

The value assessment concept for distribution focused on understanding how solar DE
production could affect distribution equipment needs, sizes and operations. The approach
utilized a combination of empirical testing, system modeling, and information review from
myriad sources including APS, other electric utilities, research institutions, and the stakeholder

group.
The assessment looked at the impact of solar DE on reducing annual peak demand. A screening
analysis developed individual customer load models (representative of their customer class),

feeder load flows and annual hourly system usage to simulate the impact of a range of levels of
solar DE deployment on annual peak demand and energy losses. This effort analyzed the ability
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to defer distribution capital projects at feeders and substations. By examining energy use for
individual customers, the Study tested the impact on customer equipment and sizing as well.

The assessment also looked at the impact of solar DE on reducing losses. Since both demand
and solar output vary significantly on an hourly basis, an hourly analysis of loss savings was
conducted. Projected annual hourly system load profiles, with and without solar, were compared
to determine both annual energy and peak demand losses at the system level for each case. In
addition, EPRI’s Distribution System Simulator (DSS) tool was used to analyze the hourly
impact of different levels and types of solar DE deployment on a particular feeder to validate
annual distribution loss calculations.

In addition, the assessment looked at the impact of solar DE in power quality. Empirical testing
involved utilizing existing solar DE installations owned and operated by APS to test certain
conditions. By dropping high amounts of solar production on an individual feeder, for example,
the Study was able to test operating impacts, including voltage and harmonics. The DSS tool
also analyzed the effect on annual peak demand for capital deferment or possible equipment size
reduction.

Much of the value assessments determined for the distribution system came from examining
discrete feeders, customers, loadings and locations. The system-wide capacity value calculations
are based on the solar dependable capacity for distribution and transmission systems, which is
defined as the amount of solar DE capacity expected to be available 90 percent of the time for a
given deployment case, including the peak demand loss reductions. System-wide energy value
calculations are based on the combined loss savings in the distribution and transmission systems,
which are described in Section 4, “Technical Value — Transmission System.”

Transmission

The value assessment for transmission centered on evaluating how solar DE deployment could
reduce the flow of power through the distribution and transmission systems. A reduction in
power flow across the transmission system can potentially reduce the need for capital
expenditures by deferring transmission investments, as well as reducing electrical line losses
across the transmission and distribution systems.

Deferring transmission investment affects the planning, design and operation of the transmission
system which is highly regulated by North American Reliability Corporation (NERC) Reliability
Standards. The reliability criteria are deterministic and are based on allowable system
performance following contingencies. Thus the methodology for determining the ability to defer
transmission investments requires determining the “dependable capacity” of the solar DE
generation and thus the dependable load reduction for transmission and the resulting impact on
reliability. The approach employed in the Study used statistical analyses to determine the level
of solar output that would be at least equivalent to typical generating units and thus allow
transmission deferral without impacting system reliability.

Perhaps the most certain solar DE value comes from the reduction of power losses resulting from
reducing the current flowing through transmission and distribution system equipment. To
evaluate loss savings the analysis focused on estimating the system resistance and evaluating the
hourly impact of solar DE for each year based on energy use forecasts. The approach calculated
the current to supply the load, with and without solar DE, and then calculated the associated
losses with and without solar DE. From the difference, the energy loss savings could be
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determined and then factored into the analyses of Section 5, “Technical Value — Power Supply
Capacity & Energy,” to determine a dollar amount associated with energy loss savings.

Power Supply Capacity & Energy

Solar DE deployments can provide value to APS through the avoidance of power supply costs
that fall in two primary categories: the delay of future resource additions and the avoidance of
marginal costs of energy production. The assessment was designed to investigate the quantity of
capacity and energy that solar DE implementations could avoid through analyses that determined
the dependable capacity of various solar DE technologies and simulated how generation
commitment and dispatch on the APS system would change with different solar DE penetration
rates.

The dependable capacity that can be obtained from solar DE technologies was determined
through an analysis of the reliability of the solar DE resources. The analysis was performed
using an industry-accepted technique that measured the reliability of meeting the APS system
load with a given portfolio of resources. By comparing portfolios that contain solar DE
technologies to those developed with traditional power supply resources, the dependable capacity
of the solar DE technologies was determined.

Additionally, because large implementations of solar DE resources have the tendency to delay
the APS system peak to a later hour when solar DE resources are less dependable, the reliability
analysis was extended to address how the value of solar DE capacity diminishes with increasing
penetration. Combining these analyses with other factors such as marginal losses and the
estimated solar DE penetration rates provided projections of dependable solar DE capacity. The
projected dependable solar DE capacity for each penetration case was then compared to the APS
capacity expansion plans and projected capital and fixed operating costs to develop projections
of avoided and deferred power supply capacity costs.

The implementation of solar DE resources also causes changes in the commitment and dispatch
of power supply resources. Energy that no longer needs to be produced from the APS resources
as a result of solar DE implementations results in reduced energy production costs (energy that
can be avoided by APS). To assess this value, a resource expansion plan for each of the solar
DE penetration cases was identified. Each case was simulated by APS in its generation
production simulation software. Comparing the results of these cases to the simulated
production costs for the APS base case expansion plan yielded the change in energy costs that
could be derived from the solar DE installations.

Business Case

The business case analysis, described in Section 6 of this Report, provides a framework for
assessing the value of solar DE deployment in the APS service territory. This includes a
quantitative evaluation of the savings potential from solar DE deployment under the various
cases defined in the Study, such as the reduction of line losses, energy savings for customers, and
reduced or deferred capital expenditures. Value can also be derived from qualitative benefits
such as increased job opportunities for installers, a more sustainable environment, and as yet
unquantifiable benefits that may become economic in the future. These broader economic
benefits may include improved worker productivity and a more robust solar DE manufacturing
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industry. The winning business case for solar DE in Arizona must include consideration of the
quantitative and qualitative benefits.

In order to estimate an annual economic savings in the target years of 2010, 2015, and 2025 for
the APS distribution, transmission, and generation business sectors under the solar DE
deployment scenarios, the first step was to separate capacity and energy savings. This separation
was made because capacity savings represent value in terms of either deferral or avoided
investment costs by the utility, while energy savings represent both immediate and ongoing
cumulative benefits associated with the reduction in energy requirements of the utility. The
analysis measures reduced or avoided energy and capacity costs that APS will not incur if solar
DE is successfully deployed.

On the energy side, the operational cost savings for each business unit roll up to reduced fuel,
purchased power, and losses associated with reduced production requirements on the APS
system due to solar DE deployment. Additional reductions in fixed operation and maintenance
(O&M) requirements for APS have been quantified and included as annual cost savings in this
evaluation. These values were used to estimate annual energy savings and cost reductions for the
total entire APS system at energy and operational levels.

For capacity savings, the identified reduction or deferral in total capacity investments in the
distribution, transmission, and generation sector for the target years of 2010, 2015, and 2025
were used to estimate annual reductions in APS’ revenue requirements. This was accomplished
by the use of levelized carrying charges calculated separately for each business sector. These
carrying charges represent the annual costs associated with specific discrete investments,
including the accumulated capital recovery and depreciation elements for utility investment rate-
base elements. These annual capacity values were totaled for each sector and were added to the
annual energy and O&M savings for each test year in the Study.

The present value of these future energy and capacity savings as of the end of 2008 was
determined using a real (inflation-adjusted) discount rate for APS. The results are presented in
nominal terms as well. This provides a range of economic values for the solar DE deployment
options. More specifically, it represents the range of estimated current value potential in the
solar DE deployment scenarios, and incorporates uncertainties of various time periods for solar
deployment impacts. It also provides estimates of the value of future solar DE deployment in a
framework that is similar to that used by APS in its evaluation of other resource options in its
integrated resource planning process.

One key finding identified in the Study is that solar output is not coincident with peak demand
for either the customer or the utility. This is critical when considering capacity considerations
(either payments or incentives) as the impact is on the energy side of the equation, not capacity
in any great measure. Since solar output peaks earlier than the load, steps that can shift solar
output to later in the day will increase the value of solar DE. One example of this would be
technology changes in solar DE energy storage that would help extend solar output during peak.
In addition, there is greater coincidence of solar and customer peak production for commercial
class than residential class. Section 6 includes a quantification of value for solar DE to APS and
discusses the non-quantifiable aspects of value and their implications on direct monetary value to
APS.
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SECTION 2 — SOLAR CHARACTERIZATION

The objective of the solar characterization is to describe how
the specific solar DE technologies would typically be deployed
in the APS service territory and to develop a framework for
their deployment. This forms the building blocks to support all
subsequent analyses in this Study. This section includes a
characterization of the eligible solar DE technologies; the sizes
and types of systems in use, their typical output or savings, and
how they were modeled for the purposes of the Study.
Additionally, this section develops the potential deployment of
solar DE in the APS service territory for the three cases of the
value approach. The results indicate that:

® [n a “High Penetration” Case, which assumes
significant PV capital cost reductions, continued federal
tax credits, and increased retail tariffs, APS would likely
meet or exceed the RES goals set for these technologies
by approximately 2020.

® In a “Low Penetration” Case, which assumes constant
PV capital costs (in real terms), an expiration of most
federal tax credits, and retail tariffs limited to inflation,
APS would likely fall far short of the RES goals for all
years in this Study.

® [n a “Medium Penetration” Case, which assumes
significant PV capital cost reductions, limited continued
federal tax credits, and increased retail tariffs, APS
would likely meet the RES goals set for these
technologies by 2023.

2.1 Introduction

This section provides a description of the key technological
findings utilized for this Study. This section presents an
individual overview of the three technologies including capital
costs, a description of the modeling efforts utilized to measure

the technology with model inputs and modeling results. This
section reviews PV technology, as it is applied to residential
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and commercial customers. Thereafter, the study reviews solar hot water heating (SHW),
applicable to residential customers, and then it reviews solar daylighting, as applicable to
commercial customers.

The findings are incorporated into the development of the deployment cases, which includes
calculations and discussions related to the technical potential of each technology. The
deployment cases are a function of the market simulation modeling effort, utilizing a payback
calculation to determine how customers will adopt the three technologies over the period of the
Study and with variations to certain economic factors. The results of the market simulation
modeling are compared to the projected RES goals as they apply to APS.

2.2 PV Modeling

This subsection describes the PV distributed technologies selected for this Study, the
performance modeling that was conducted, and the results of the modeling. The modeling
results described in this section were used in subsequent analyses to determine the potential
value to APS of distributed PV generation.

2.2.1 Technology Description

Overview

PV systems use solar cells to convert sunlight directly into electricity. The most commonly used
solar cells are made from highly purified crystalline silicon. Solar cells have no inherent storage
— when sunlight strikes the cell, a voltage and current are produced. When the solar cell is not
illuminated it does not generate any electricity.

Groups of solar cells are packaged into PV modules, which are sealed to protect the cells from
the environment. Modules are wired together in series and parallel combinations to meet the
voltage, current, and power requirements of the system. This grouping is referred to as a PV
array. The PV array produces DC power, which is then converted to AC power by an inverter to
produce utility-grade electricity. Figure 2-1 is a diagram of a basic PV system.

Figure 2-1: Basic Photovoltaic System
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Photovoltaic modules can be characterized as flat-plate or concentrator systems. While flat-plate
modules can be moved with a tracker to increase energy production, they typically do not include
a tracker mechanism. Concentrator systems, on the other hand, generally require a tracker to
follow the sun. For distributed PV systems, the most common type of installation uses flat-plate
modules mounted in a fixed position. However, several companies are developing tracking
systems and concentrating PV technologies for distributed applications. These technologies are
discussed in more detail below.

Flat-Plate PV Technologies

Crystalline Silicon Technology

The most common PV technology in use today is based on crystalline silicon. These cells were
originally produced by processing wafers that were sliced from ingots. Today there are several
other approaches, such as multicrystalline cells cut from blocks of silicon, or growing a crystal
silicon ribbon.

Thin-Film Technologies

Thin-film technologies are being developed as an alternative to crystalline silicon. These
technologies hold the promise of lower cost, but there are tradeoffs involved. The thin-film
technologies typically have lower efficiency than crystalline technology. The three leading thin-
film technologies at this point are amorphous silicon, cadmium telluride (CdTe), and copper
indium gallium selenide (CIGS). Because thin-film is still being developed, it was not utilized as
a basis for this Study.

Concentrating PV Technologies

Sunlight can be concentrated onto solar cells using a lens, thereby reducing the number of solar
cells required. Special high-efficiency cells have been developed for these applications.
Typically, the optics and cell assemblies are required to track the sun because they only use the
direct component of sunlight, not the diffuse component. In theory, concentrating photovoltaics
can eventually produce electricity at a comparable price to regular grid power.

High-concentration PV has historically been developed for larger utility-scale power plants.
Several companies are developing systems for distributed applications, typically for flat rooftops.
However, for the purposes of this Study, concentrating PV technologies were not used.

Balance-of-System

The remainder of the PV system, aside from the PV modules, is called the balance-of-system.
Figure 2-2 shows the primary components in the balance-of-system. Most distributed grid-
connected PV systems being installed today do not have tracking or backup systems. The
significance of the balance-of-system to this Study is the operating characteristics of the
inverters, the limitations imposed by lack of efficient storage mechanisms (i.e. batteries), and the
impact of tracking. These concepts are discussed within the appropriate sections of this Report.
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System Rating Conventions

Photovoltaic systems are rated in various ways. The most basic is the direct current (DC) rating,
which is simply the sum of the nameplate DC ratings of the PV modules. One popular
alternating current (AC) rating is the PTC rating. PTC stands for PVUSA Test Conditions;
PVUSA is a PV demonstration facility in California. For this Study, the DC ratings have been
used, unless otherwise noted. For example, one figure of merit to evaluate PV systems is
kilowatt-hours per kilowatt per year (kWh/kWpc). This means the number of AC kilowatt-hours
(kWh) produced per DC kilowatt per year.

System Performance

Research into empirical results on PV energy production was surprisingly varied. Reported
annual performance ranged from 1,300 kWh/kWp¢ to 1,800 kWh/kWpc. There appears to be
considerable variation in performance of PV modules from manufacturer to manufacturer, and
there are even noticeable variations between production runs of the identical make and model. A
complete analysis of these variations is beyond the scope of this Study.

For purposes of this Study, annual performance of approximately 1,600 kWh/kWpc was modeled
and used for the baseline residential system (south-facing with an 18.4 degree tilt). This
performance value was based on the analysis completed for this Study, empirical testing results,
and the professional experience of the Study team.
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PV System Costs

Capital Costs

Installed system costs from APS’s customer PV program are summarized in Tables 2-1 and 2-2
for residential and commercial PV systems, respectively.

Table 2-1
Cost of Residential PV Systems Installed under the APS PV Incentive Program

Total Average
installed System Total Installed Average
# of Capacity Size Cost Installed Cost
Year Systems (KW pc) (KW 1c) %) per System ($)
2002 2 4.9 2.5 $36,952 $18,476
2003 8 54.2 6.8 $274,665 $34,333
2004 42 154.1 3.7 $1,144,337 $27,246
2005 59 236.6 4.0 $1,541,550 $26,128
2006 175 798.5 4.6 $5,865,557 $33,517
2007 208 1089.6 5.2 $7,725,983 $37,144
2008 87 481.3 5.5 $3,303,396 $37,970
Total 581 2819.3 $19,892,440
Average 4.9 $34,238
Table 2-2

Cost of Commercial PV Systems Installed under the APS PV Incentive Program

Total Average
installed System Total Installed Average
# of Capacity Size Cost Installed Cost
Year Systems (KW p¢) (KW pc) ) per System ($)
2002 2 4.0 2.0 $29,200 $14,600
2003 1 2.3 2.3 $38,051 $38,051
2004 1 25.3 25.3 $148,096 $148,096
2005 14 162.5 11.6 $1,614,241 $115,303
2006 8 258.5 32.3 $2,082,548 $260,319
2007 11 357.6 32.5 $3,197,715 $290,701
2008 1 11.3 11.3 $93,379 $93,379
Total 38 821.5 $7,203,230
Average 21.6 $189,558
Distributed Renewable Energy Operating Impacts & Valuation Study R. W. Beck, Inc. 2-5
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When weighted by capacity, the installed costs in 2007 were $7,280 per kWpc for residential and
$7,050 per kWpe for commercial, adjusted for 2008 dollars. (Note: These values do not match
those presented in the tables above, based on various adjustments made.) PV costs are expected
to decline as technology improves. A U.S. Department of Energy forecast' projects a decline of
approximately 55 percent from 2007 costs by 2015. Figure 2-3 shows this trend applied to costs
in the APS program in 2007, with a trend to $3,000 per kWpc by 2025.

Figure 2-3: U.S. Department of Energy Cost Trends Applied to APS PV Program Costs
(2008 $000/kW)
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This type of cost projection can be controversial. Many factors impact the actual installed cost
of a PV system, including some which cannot be controlled by the local installers or by APS.
Most notably, government programs in other countries (such as Germany) are currently creating
a demand for PV hardware, which is keeping prices up. The installed capital cost data from APS
shown in Tables 2-1 and 2-2 do not reflect a significant reduction in installed cost over the past
few years. To accommodate concerns about future capital costs for PV systems, two “bookends”
of the future price of PV have been considered.

This Study assumes a standard ownership structure, where an individual or business owns the PV
assets. The stakeholder group has indicated that in the future, new financing options now being
introduced may result in more installations of PV systems than the traditional ownership
structure assumed for this Study. The impacts of these new financing options have not been
reviewed for this Study.

Operation and Maintenance Costs

Operation and maintenance costs for PV systems are not well documented. In part this is due to
the periodic nature of maintenance requirements. A PV system may operate for many years with
no expense at all for O&M, but then there may be a problem with an inverter that requires
servicing. Inverter manufacturers and PV system suppliers are beginning to offer extended

' U.S. Department of Energy, Solar Energy Industry Forecast: Perspectives on U.S. Solar Market Trajectory, Solar
Energy Technologies Program, 2008.
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warranties. For example, one manufacturer offers a 10-year warranty on a 15-kW inverter for
about $1,600 (about $0.10 per watt). However, for the purposes of this Study, no O&M costs
were assumed for PV systems.

PV Technical Considerations

To fully understand the impact of PV on the utility grid, it is important to consider some
important technical characteristics of PV systems.

PV systems are designed to trip off-line when certain disturbances occur on the utility feeder. A
situation could occur on a feeder where the PV system is generating a significant portion of the
load, but a disturbance might cause the feeder to trip momentarily and then reclose. In this
situation, the PV generation could be off-line for five minutes, causing the feeder to be
overloaded. Such a situation could occur during a significant and fast moving thunderstorm
event, which typically occur during the “monsoon” season in Arizona.

Another disturbance of the electric system could occur that may affect the transmission system,
such as an electrical fault or “trip”. During such an event, the PV inverters would ideally be able
to ride through a transmission system disturbance lasting four cycles. However, if such an event
lasted longer than four cycles, the inverters may drop the PV systems. Additional information to
measure the actual trip characteristics of inverters is provided in Section 3 of this Report.

2.2.2 Model Description

Performance Modeling Approach

The basic modeling plan for PV is illustrated in Figure 2-4. Empirical data is generally not
available for the range of orientations to be considered in this Study, especially in an 8,760
hourly format (the total hours in a year). As a result, most of the analysis is based on computer
simulations. The key variables addressed in the computer model were:

®  Typical system size by customer type
®  Range of orientations

®  Range of tilt

B Various technologies

® [ ocation-based weather impacts

Figure 2-4: PV Modeling Plan
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PV Model Inputs

Two baseline systems, with sensitivities, were modeled, one for residential systems and one for
commercial systems. Their characteristics are as follows.

Residential Baseline System:
® Nominal Capacity : 5.6 kWpce
B (Collector Technology: Multicrystalline PV modules
B [nverter Characteristics: ~ Typical single-phase, 240-volt inverter
® Orientation: South-facing array
® Tilt: Typical 4:12 roof pitch (18.4 degrees)

In addition, a sensitivity analysis was conducted for residential PV by varying the following
parameters:

B System Capacity: 2 kWpe, 3 kWpe, 4 kWpe, 5 kWpe, and 6 KkWpe
B QOrientation: Southwest, west, southeast, and east
® Tilt: 10 and 33 degrees
Commercial Baseline System:
® Nominal Capacity: 105 kWpce
® (Collector Technology: Multicrystalline PV modules

B [nverter Characteristics: 100-kW 5¢ three-phase, 480-volt inverter
® QOrientation: South-facing array
® Tilt: 10 degrees

In addition, a sensitivity analysis was conducted for commercial PV by varying the following
parameters:

B (Collector Technology: Single-axis tracking system and two-axis tracking concentrator
system

® Qrientation: Southwest and west

® Tilt: Flat, 5 degrees, 20 degrees, and 30 degrees

Note that the baseline results can be scaled linearly for different PV system sizes. For example,
if projections are needed for a 200-kW commercial system, the results from the 100-kW system
can simply be multiplied by a factor of two.

PV Model

The Solar Analysis Model (SAM 2.0) by National Renewable Energy Laboratory (NREL) was
used for PV system modeling. This model performs an hourly simulation. Assumptions for
various loss factors are input, but the model uses a current-voltage (I-V) curve to represent the
PV modules, and an efficiency-load curve for inverters. The model was “calibrated” by
adjusting the input variables to produce output projections that are in line with empirical PV
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system data, as measured in Phoenix by APS. Additional information on model selection and
calibration is provided in Appendix F.

Weather Data

Each of models used to characterize the operational characteristics of the solar DE technologies
has a default typical metrological year (TMY) weather file for the Phoenix area and the results
are assumed to be representative of “typical” performance. The development of TMY data is an
empirical approach that selects individual months from different years of the period of record. A
typical month is based on nine daily indices consisting of the maximum, minimum, and mean for
dry bulb and dew point temperatures; the maximum and mean wind velocity; and the total global
horizontal solar radiation. Final selection of a month includes consideration of the indices
identified and the persistence of weather patterns. For example, a TMY data set that covers a
period of the most recent 30 years contains 30 years of data, all 30 Januarys are examined and
the one judged most typical is selected to be included in the final TMY data set. The other
months of the year are treated in a like manner, and then the 12 selected typical months are
concatenated (linked in a series) to form a complete year. Because adjacent months in the TMY
may be selected from different years, discontinuities at the month interfaces are smoothed for 6
hours on each side. TMY data sets are routinely used to estimate the anticipated performance of
energy technologies to forecast future operation and savings. It should be noted that this Study
utilized what is technically referred to as “TMY2” data developed by NREL, that represents a
more recent and accurate data set than TMY data. However, for the purposes of this Study, the
TMY?2 data set is referred to as TMY.

In order to conduct the analysis required for the subsequent Study tasks, calendar year data for
2006 and 2007 were required. At the onset of this Study, it was projected that weather data for
subsections of the APS service territory would be required to accurately reflect the sun resource
during the monsoon season. This was a potentially important aspect for the analysis to determine
the reaction of the utility electrical infrastructure if a large solar DE resource quickly changed
capacity as a large cloud passed over the area.

To test this theory, appropriate calendar-year data was identified and licensed from Clean Power
Research. The Clean Power Research data is based on satellite data, and reflects cloud cover to a
resolution of about 5.23 miles north/south by 6.21 miles east/west. Analyzing the entire APS
service territory to this granularity could not be conducted within the constraints of this Study.
Therefore, a representative section of the service territory was selected for analysis. Figure 2-5
shows the six data regions that were licensed for the Phoenix area and represented in the grid.
These specific locations were selected based on the following considerations.

B The easternmost tile reflects the North Scottsdale area, where many PV systems are being
installed today.

® The westernmost tile reflects conditions in the West Valley, where there may be future
opportunities for large greenfield solar projects.

B The data set includes data that is adequate for the analysis of Phoenix metro region.

B The selected region is anticipated to have the most drastic variability in cloud movement
patterns due the geological attributes.

Distributed Renewable Energy Operating Impacts & Valuation Study R. W. Beck, Inc. 2-9
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Figure 2-5: Phoenix Area Represented by Weather Data
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Customer Classes

This analysis considered both residential and commercial PV systems. The results of the
systems modeled are applicable to both new construction and retrofit applications.

Methodology

The first step was to create and calibrate the baseline models for the residential and commercial
PV systems. Next, the various options (different orientations and different PV technologies)
were modeled. These results (both summary information and complete 8,760 hourly data strips)
were used by the Study team to conduct detailed analyses of the customers and the APS power
system.

2.2.3 Modeling Results
Key Findings for PV Technology Modeling

® The most common PV technology in use today is based on crystalline silicon.

® The most common slope of residential PV arrays in the Phoenix area is a standard 4:12
roof pitch (18.4 degrees).

® Commercial PV arrays are commonly mounted onto flat roofs or on parking canopies, at a
slope of 0 to 15 degrees and oriented to the south.

® The average residential PV system utilized for this Study has an installed cost of
approximately $7,280 per kWpc¢ (in 2008 dollars).

® The average commercial PV system utilized for this Study has an installed cost of
approximately $7,050 per kWpc (in 2008 dollars).
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Residential and Commercial PV

PV modeling was conducted for the baseline systems (residential and commercial) as well as
variations of the baseline with respect to tilt, orientation and technologies. Appendix F provides
additional detail on the description of the PV performance modeling.

All modeling output was in the form of 8,760 hours of system production over the course of the
year. As a sensitivity, these systems were evaluated to determine if additional utility benefits
could be achieved by increasing the PV electric production later in the day where they are more
likely to have an impact on the utility peak demand.

Figures 2-6 and 2-7 show typical hourly simulation results for residential PV systems for a
summer and a spring day, respectively. The summer day represents a day with the most hours of
sunlight (near the summer solstice) and the spring day presents a day near the maximum capacity
(kW ac) of the systems modeled. The figures indicate that by orienting the PV array toward the
west, instead of the south (baseline), the production curve shifts by about one hour. Thus, the PV
system continues to produce for about one hour later than it would if it were south-facing, and it
produces more electricity during the utility’s higher demand periods. (APS’s daily summer
system peak typically occurs between around 5:00 PM on a summer weekday, which
corresponds to hour 17 in these graphs.)

Figure 2-6: Typical Summer-Day Residential PV System Output

June 22, 2007
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Figure 2-7: Typical Spring-Day Residential PV System Output

March 25, 2007
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The summer data show that changing the orientation of the PV array shifts the hours in which
electric production takes place with no major impact on the peak rate of production for the day.
The spring data show a similar shifting of the production curve, but during this time period the
daily peak electric production is impacted by orientation. The south, southeast, and southwest
orientations have similar peak-day electric output while the east and west orientations produce
slightly less (approximately 94 and 90 percent of the daily peak production, respectively.)

Figures 2-8 and 2-9 show typical simulation results for commercial PV systems for the baseline
and various orientations for the same summer and spring days as the previous graphs. The
commercial results illustrate the impact of tilt (zero and 10 degree) and single-axis tracking. In
addition to the simulation results for the commercial PV systems, actual PV system production
from APS’s OPV2 and Solar Test and Research (STAR) Center facilities (as measured on the
right-hand axis in watts per square meter). Note that the PV model matches very well with
actual PV system production.
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Figure 2-8: Typical Summer-Day Commercial PV System Electric Production Profiles

June 22, 2007

8O il 1200
70 1000
60
50 800

g | E

= 40 600 £

x i
30 L 400
20 |
0 | . 200
0 0

12345678 9101112131415161718192021222324

— — — Baseline (10-deg fixed) —&— 0 Tilt —— One-Axis Horizontal
—>— OPV2 One-Axis (actual) —&— STAR NIP1 (actual)

Figure 2-9: Typical Spring-Day Commercial PV System Electric Production Profiles

March 25, 2007
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The commercial data show that during the summer (June 22), the rate of electric production for
single-axis tracking is fairly flat but during the spring (and fall, which is not shown), the system
production dips at the time when the fixed array is peaking. Note that a comparison of the
modeled tracker system to the actual tracker system at the beginning and end of the day is not in
complete agreement. The actual tracker system is impacted by control sequences that take into
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account shading at the horizons due to buildings, landscapes, and/or co-located tracking systems.
The model was not calibrated for these site-specific attributes.

Table 2-3 summarizes the modeled energy production for different locations within the APS
service territory and at various orientations. There is very little variation among the different
locations, but changes in orientation or tracking result in fairly significant differences in energy
production. Additionally, Table 2-3 suggests that TMY data tracks well with the actual solar
data utilized for the modeling analysis for 2006 and 2007.

Table 2-3
PV System Modeled Energy Production (kWh per kWpc per year)
Phoenix North Scottsdale North Phoenix West Valley Yuma
T™MY 2006 2007 2006 2007 2006 2007 2006 2007
Commercial
Baseline: South-facing, 10-deg tilt 1,540.7 1,523.9 1,522.9 1,518.5  1,520.6 1,516.5 1,534.0 | 1,517.1 1,513.6
South-facing, 0-deg tilt 1,434.7 1,403.4  1,407.5 | 1,400.0 1,405.9 | 1,395.7 1,415.8 | 1,402.1 1,400.5
Single-axis tracker, N/S axis,
0-deg tilt 2,039.9 2,075.3  2,089.6 | 2,065.8 2,078.7 | 2,075.4 2,118.3 | 2,040.6 2,036.8
Residential
Baseline: South-facing, 18.4-deg tilt 1,630.8 1,625.0 1,619.9 | 1,618.0 1,617.1 1,618.0  1,633.4 | 1,614.7 1,609.6
East-facing, 18.4-deg tilt 1,432.8 1,404.5 1,409.8 | 1,402.7 1,409.7 | 1,398.2 1,420.4 | 1,423.8 1,421.6
SE-facing, 18.4-deg tilt 1,579.4 1,564.5 1,563.2 | 1,559.9 1,561.8 | 1,558.1 1,576.7 1,573.3 1,568.8
SW-facing, 18.4-deg tilt 1,565.0 1,558.9 1,556.1 1,551.4  1,552.2 | 1,551.4 1,567.4 | 1,532.3 1,528.2
West-facing, 18.4-deg tilt 1,414.2 1,395.5 1,399.1 1,390.6  1,395.3 1,388.2 1,406.7 | 1,371.2  1,369.1

Figure 2-10 shows a three-dimensional illustration (contour map) of the impact of orientation
and tilt on the annual energy production of a PV system installed in the Phoenix area. The
contour map shows that the maximum annual electric production for a system is 1,600 to 1,700
kWh/kWpc as represented by the lighter shaded region of the map. This maximum annual
production range takes place for a system oriented between the southwest and southeast at a tilt
of 15 to 33 degrees. The results show that the system selected as the residential baseline on a
4:12 roof pitch (18.4 degrees) in Phoenix is within this desirable range that maximizes annual
energy production. The graph also illustrates that for the commercial baseline system (south-
facing at a tilt of 10 degrees), the annual electric production in the Phoenix area is in the range of
1,500 to 1,600 kWh/kWpc and the zero tilt system will have an annual production rate of 1,400
to 1,500 kWh/kWpc.
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Figure 2-10: Effect of Orientation and Array Tilt on Annual Residential PV Performance
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Key Findings of PV Modeling
® Qverall:

B There are no significant differences between the weather data sets of the TMY, and the
2006/2007 weather data sets (i.e., 2006 and 2007 are consistent with the TMY data).

® The modeling results yielded minimal differences in annual production values across
the region when modeling with the 2006 and 2007 data files.

® Orientations has the largest impact of any of the key variables on annual PV electric
production.

® The PV model predicts 1,630.8 kWh/kWpc from this system in typical year (for
residential systems). As a check on the validity of scaling, a 2.8-kWpc system was also
modeled. The model predicted 1628.2 kWh/kWpc for that case. Since the rating is in
kWh/kWpc (i.e., normalized), a similar rating for two different system sizes indicates
that using the same rating (in normalized units) for different system sizes is reasonable.
The results were nearly identical and simple scaling of the results to alternative system
sizes was found to be valid.
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B Residential:

® A south-facing system oriented at 18.4 degrees has its highest monthly production
during the month of April.

® A south-facing system oriented at 18.4 degrees has its summer maximum hourly output
around 1:00 PM.

® A west-facing system oriented at 18.4 degrees has a summer maximum hourly output
around 2:00 PM.

® Typical peak PV production is not coincident with the peak demand of either the
residence or the utility.

® Commercial:

® During the summer months, both a flat and 10-degree tilt system will have similar
maximum production rates during the same hour of the day.

® During the spring months, the 10-degree tilt system will have a 10 percent higher
maximum production rate than a flat system during the peak production hour of the day,
which occurs around 1:00 PM.

® Typical peak PV production is not coincident with the peak demand of either the
commercial building or the utility.

2.3 SHW Modeling
2.3.1 Technology Description
Overview

Solar hot water (SHW) systems have two main parts: a solar collector and a storage tank. The
collector uses the sun to heat a fluid in either a flat-plate or evacuated tube collector. The most
common type of collector used is the flat-plate collector, pictured in Figure 2-11.

Figure 2-11: Flat Plate SHW Technology
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Source: Wisconsin’s Focus on Energy, www.focusonenergy.com
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Heated water is then held in the storage tank ready for use, with a conventional water heater
providing additional heating as necessary. The storage tank can be a modified standard water
heater, but it is usually larger and very well insulated.

Active vs. Passive Systems

Solar hot water systems can be either active or passive. Active SHW systems, the most common
type, rely on electric pumps and controllers to circulate water, or other heat-transfer fluids,
through the collectors. Passive SHW systems rely on gravity and the tendency for water to
naturally circulate as it is heated.

There are three types of active solar hot water systems; one is considered direct, and two are
indirect:

B Direct-circulation systems use pumps to circulate pressurized potable water directly
through the collectors. These systems are appropriate in areas that do not freeze for long
periods and do not have hard or acidic water. These systems are not approved by the Solar
Rating and Certification Corporation (SRCC) if they use recirculation freeze protection
(circulating warm tank water during freeze conditions) because that requires electrical
power for the protection to be effective. SRCC approval is required for federal tax credits
and APS incentives. These are also called active open loop systems.

® Indirect-circulation systems pump heat-transfer fluids through collectors. Heat
exchangers transfer the heat from the fluid to the potable water. Some indirect systems
have “overheat protection,” which is a means to protect the collector and the glycol fluid
from becoming super-heated when the load is low and the intensity of incoming solar
radiation is high. The two most common indirect systems are:

® Antifreeze. The heat transfer fluid is usually a glycol-water mixture with the glycol
concentration depending on the expected minimum temperature. The glycol is usually
food-grade propylene glycol, which is non-toxic.

® Drainback systems, a type of indirect system, use pumps to circulate water through the
collectors. The water in the collector loop drains into a reservoir tank when the pumps
stop. This makes drainback systems a good choice in colder climates. Drainback
systems must be carefully installed to assure that the piping always slopes downward,
so that the water will completely drain from the piping. This can be difficult to achieve
in some circumstances.
Passive systems, because they contain no electrical components, are generally more reliable,
easier to maintain, and possibly have a longer work life than active systems. The two most
popular types of passive systems are integral-collector storage systems and thermosyphon
systems.

® Integral-collector storage systems consist of one or more storage tanks placed in an
insulated box with a glazed side facing the sun. These solar collectors are suited for areas
where temperatures rarely go below freezing. They are also good in households with
significant daytime and evening hot-water needs; but they do not work well in households
with predominantly morning draws because they lose most of the collected energy
overnight.
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B Thermosyphon systems are an economical and reliable choice, especially in new homes.
These systems rely on the natural convection of warm water rising to circulate water
through the collectors and to the tank (located above the collector). As water in the solar
collector heats, it becomes lighter and rises naturally into the tank above. Meanwhile, the
cooler water flows down the pipes to the bottom of the collector, enhancing the circulation.
Some manufacturers place the storage tank in the house’s attic, concealing it from view.
Indirect thermosyphons (which use a glycol fluid in the collector loop) can be installed in
freeze-prone climates if the piping in the unconditioned space is adequately protected.

Typical Installations

In general, SHW systems are mounted on a south-facing roof, or adjacent to the house at ground
level. In either case, the SHW system is generally remote from the backup and supplementary
storage water heater and its tank. This distance, or the amount of finished space the loop must
traverse in a retrofit installation, impacts the method and cost of installation. The most
fundamental distinction is between systems that must resist freezing (closed-loop systems), and
those located in climates where freezing is very rarely severe enough to threaten the integrity of
the system (open-loop systems). Because closed-loop systems require either drain-back
provisions or a separate freeze-protected loop to indirectly heat water in the storage tank, they
generally have active components (pumps) and are more complex.

Current Market

Currently, the U.S. market for SHW systems, excluding pool heating, is in the range of 6,000
units per year, with more than half of these sales in Hawaii.> This number compares with annual
sales of almost 10 million conventional gas and electric storage water heaters.” In general, SHW
systems have not been a priority for many organizations seeking to promote energy conservation.
Indeed, the principal solar trade association, the Solar Energy Industries Association (SEIA),
gives this set of technologies only passing reference. Groups that have been more active in
promoting, testing, and/or certifying solar hot water technologies include the Florida Solar
Energy Center and the SRCC.

SHW technology is relatively simple and the materials and manufacturing involved have been
well understood for decades. Historically, market penetration and promotional activity have
depended primarily on financial incentives that lower the up-front cost burden to consumers.*

System Performance

The SRCC currently administers a certification, rating, and labeling program for complete SHW
systems. Appendix G presents the SRCC certification information. The SRCC also provides
estimates of annual SHW system performance in the Phoenix area. SRCC uses a computer model
to estimate the thermal performance of SHW systems under specified conditions.

A total of 445 different systems, produced by 23 different manufacturers, have been rated by the
SRCC for Phoenix. Table 2-4 shows the spread of energy savings for these units. According to
the SRCC, over two-thirds of the installed units save their owners more than 2,700 kWh per
year.

* U.S. Department of Energy, Solar and Efficient Water Heating, a Technology Roadmap, Washington, D.C., 2005.
* American Council for an Energy-Efficient Economy (ACEEE), Emerging Technologies Report: Solar Water
Heaters, April 2007.

* ACEEE Emerging Technologies Report: Solar Water Heaters (2007) and discussions with manufacturers..
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Table 2-4
Spread of Energy Savings for SHW Systems Installed in Phoenix

Energy Savings

(kWh/year) % of Systems
1500 - 1800 1.4%
1800 - 2100 3.6%
2100 - 2400 8.1%
2400 - 2700 16.7%
2700 - 3000 34.5%
3000 - 3300 34.3%
3300 - 3400 1.4%

Source: Annual Performance of OG-300 Certified Systems in
Phoenix, Arizona, March 2008, Solar Rating and Certification
Corporation

Peak demand savings for SHW systems are more difficult to estimate. In theory, any water
heating that would normally be done during APS’s peak load times (summer afternoons around
5:00 PM.) would be offset by SHW. However, the inlet water temperature during APS’s peak
load times is already high due to ground temperatures, so relatively little water heating would be
required at that time. Therefore, savings would likely be less on a percentage basis during the
summer than would be expected on an annual basis.

SHW Costs

Capital Costs

System costs vary depending primarily on size but also on the technology (i.e., closed, open,
etc.). Current closed systems cost roughly $2,500 to $4,000 for equipment. Open systems
typically costs around $2,600.’

Systems that were installed by APS customers between 2003 and 2008 cost between $1,323 and
$26,000 (in 2008 dollars), with the average being $4,764. The cost per kWh, weighted by
savings, is $1.83.

Operation and Maintenance Costs

Minimal yearly maintenance is required for SHW, plus a more detailed maintenance operation at
periodic intervals. The Arizona Solar Center estimates O&M costs at $20 per year, with a
detailed maintenance at 15 years costing $70.°

Typical Customer Savings

Electricity bill savings will depend on the customer’s particular rate schedule and the times of
the day when the regular water heater demand is offset by the SHW system. Based on data for

5 ACEEE Emerging Technologies Report: Solar Water Heaters (2007) and discussions with manufacturers..
% Arizona Solar Center, www.azsolarcenter.com
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existing systems installed in the APS service territory, savings for SHW systems in the APS DE
program range from 1,600 kWh/year to 5,800 kWh/year, with an average of 2,550 kWh/year.

2.3.2 Model Description

Performance Modeling Approach

There are several simulation models that can be used to estimate savings from SHW in a
particular climate, such as RetScreen and TRNSYS. The Study team selected the EnergyPlus
model, which gives hourly demand for both the baseline water heating system and the SHW
system.

EnergyPlus models heating, cooling, lighting, ventilating, and other energy flows as well as
water in buildings. EnergyPlus includes many simulation capabilities such as time steps of less
than an hour, modular systems and plant integrated with heat balance-based zone simulation,
multizone air flow, thermal comfort, water use, natural ventilation, and photovoltaic systems.
Baseline Model Description

The baseline model is a typical single-family 