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Section 1
INTRODUCTION
In January 2009, Arizona Public Service Company (APS) commissioned a landmark
study (formally titled the Distributed Renewable Energy Operating Impacts and
Valuation Study and referred to herein as the 2009 Study) that developed sound
methodologies and processes for determining the value of distributed solar energy to
the utility. Prepared by a group of technical experts led by R. W. Beck, Inc. in
collaboration with APS management and staff, the 2009 Study was guided by input
obtained through a deliberative stakeholder engagement process. The 2009 Study
began in 2008 and reviewed, analyzed, and vetted both conventional and
non-conventional approaches to valuing selected distributed solar technologies within
the APS service territory.
The 2009 Study assessed specific value components of the three primary functional
areas of APS: distribution, transmission, and generation. The 2009 Study, an
exhaustive examination unique to APS, was among the first in the industry to provide
a detailed assessment of how selected distributed solar generation resources could
impact specific functions of utility operations and can be valued by a utility.
Changes in power markets conditions and an increase in distributed solar installations
at APS since the 2009 Study prompted APS to retain SAIC Energy, Environment and
Infrastructure, LLC (SAIC) - the acquiring entity of R. W. Beck, Inc. - to prepare an
update (referred to herein as the 2013 Updated Solar PV Value Report, or Report).
This Report revises prior assumptions and analyses concerning the valuation of
distributed solar resources resulting in updated valuation estimates for APS.
Specifically, this Report provides an update of the valuation of future distributed solar
photovoltaic (solar PV) systems on the APS service territory installed after 2012.
Distributed solar systems are typically small-scale solar based technologies installed at
or near retail load (i.e., located on or near a customer’s house or business). Utility
scale solar projects are generally larger in size, designed to sell solar generated power
at the wholesale level, and interconnect direct to the utility side of the meter at the
transmission level. Utility scale solar projects were not included in the 2009 Study
and are not considered in this Report.
The 2009 Study assessed the value of both fixed and single-axis tracking solar PV as
well as the value of residential solar hot water systems and commercial day lighting
applications (referred to collectively as solar distributed energy). The predominant
solar distributed generation anticipated in the next few years is fixed solar PV;
therefore, this Report is based on the potential value from fixed solar PV systems. It
should be noted however, the energy production projections and associated energy
offsets outlined herein for solar PV could be comprised of a blend of distributed solar
energy technologies.
The 2009 Study utilized a marginal or incremental approach for valuation. The
methods and analyses developed included a review of the potential impacts from
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future solar resources on the APS system for specific target years. Unless otherwise
noted herein, the methods and processes developed for the 2009 Study, including the
incremental approach, have been applied to the calculation of the solar PV value
described in this Report.

2009 Study Findings
The 2009 Study developed a range of potential unitized savings associated with
solar distributed resources derived from a detailed analytical review of APS’s unique
systems. Assumptions impacting this range included: the configuration of the existing
and future state of the APS system; the quantities and types of installed solar
distributed energy capacity; future utility scale generation investments; estimated
demand (load) requirements; projections of costs and resources to provide power to
APS customers; and the associated needs for capital improvements to APS’s
distribution, transmission, and generation systems.
The resulting benefits of solar resources outlined in the 2009 Study were presented as
a range of quantitative values, expressed in both then-current dollars and future dollars
for the selected years of review (2010, 2015, and 2025). This range of values was
based on the potential installed capacity of solar resources, associated generation
characteristics, and associated reductions to the energy and capacity needs of APS.
Generation characteristic ranges were developed using bookends of hypothetical
deployment scenarios capturing the high, low, and targeted scenarios.
As shown in Table 1-1, the 2009 Study presented a stacked range (maximum and
minimum) of potential unit savings (in cents per kilowatt-hour (kWh)) for 2025 by
value category from low, distribution capacity related savings to high, energy related
savings. Although not reflective of any specific scenario analyzed for the 2009 Study,
these results identify the relative potential for savings by value categories.
The 2013 Expected Penetration Case results are presented in Table 1-1 for comparison
purposes and are further discussed throughout this Report and summarized in
Section 3.
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Table 1-1
2025 Solar PV Potential Value Range
2009 Study
Potential Value
(cents/kWh) (1)

2013 Report
Potential Value
(cents/kWh) (2)

Distribution System

0 to 0.31

0

Transmission System

0 to 0.51

0.32

Generation System

0 to 1.85

1.66

Value Category

Fixed O&M

0.81 to 3.22

0.29

Fuel, Purchased Power, Emissions & Gas Trans.

7.10 to 8.22

5.93

Total

7.91 to 14.11

8.19

(1)
(2)

Ranges represented in 2009 Study are not reflective of a single scenario.
Values from the Expected Penetration Case, see text. Numbers are rounded and may not add.

Summary of Updated Assumptions
APS system characteristics and market conditions have changed since the 2009 Study
directly impacting the value associated with distributed solar PV based on Report
assumptions including:


The existing and projected costs for APS to produce and/or purchase power
from the market have lowered dramatically since the 2009 Study, primarily as a
result of lower natural gas prices used as a fuel source for electric generation. In
2008, natural gas prices were approximately $9.00 per million British Thermal
Units (MMBtu); in 2012 natural gas prices were approximately
$3.50 per MMBtu. Downward pressure on natural gas prices are the result of
increased national supply due to: exploration; production, including widespread
use of hydraulic fracturing; and improvements in natural gas recovery methods
and technologies.



Projections for carbon dioxide (CO 2 ) emission related costs have reduced
significantly since the 2009 Study. In the 2009 Study, estimates for future CO 2
costs were approximately $50 per ton (in 2025), based on the consideration of
future federal legislation under consideration at that time. The CO 2 reduction
legislation was never passed, nor does it appear that such legislation will be
introduced in the near future. However, APS has incorporated CO 2 emission
related costs in its planning documents based on an analysis conducted by
Charles River Associates, whereby costs are incurred beginning in 2019 and are
assumed to escalate to a value of approximately $22.00 per ton in 2025.



The number of installed distributed solar PV systems on the APS system has
increased dramatically. In 2008, APS had under 1,000 solar PV systems
installed in its service territory. As of 2012, this number had increased to over
14,000. According to APS, over 80 percent of the new solar PV systems in
2012 were installed under third-party solar leases. Third-party lease and
financing options have driven higher market participation within APS’s service
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territory than anticipated in the 2009 Study. Additionally, approximately
60 percent of customers with solar PV systems have opted into one of APS’s
time of use (TOU) retail rate tariffs. The projected values from solar PV
developed in this Report reflect the incremental solar PV installations from the
end of 2012 to the target years identified herein. This data was used as a
baseline for this Report.


APS reports that only a very small percentage of the solar PV systems installed
in its service territory utilize single-axis tracking technologies. As a result, this
Report focuses on the value of fixed solar PV as the expected incremental
system to be installed in the future. In general, single-axis tracking technology
could be expected to have slightly higher energy related value as a result of
modestly higher hourly energy production, as well as slightly higher capacity
related value, as a result of daily production that extends further into the evening
hours, relative to fixed solar PV systems. The scenario analysis developed for
this Report, as described herein, could reasonably be considered to include
output from the relatively small number of existing and expected single-axis
tracking systems installed in the APS service territory.



APS’s solar PV incentive programs, as approved by the Arizona Corporation
Commission (ACC), have allowed the organic market growth for solar PV
deployment to meet the requirements for solar generation on the system as a
whole. An analysis of the locations of solar PV installations under this
“market-based” approach have not resulted in significant localized penetration
regions, but instead these installations have been geographically spread-out
across the APS service territory. This Report assumes future deployment
locations consistent with the observations of existing penetrations to date.



Total load (demand and energy use) projections for APS customers are
markedly lower than the forecasts utilized in the 2009 Study due to the
economic recession and general economic slowdown across the country as well
as the state of Arizona energy efficiency standards that have reduced both
energy and demand projections. As a result, the projected need for capital
improvement projects on the APS system in general has decreased.



The 2009 Study considered the value of marginal avoided losses by comparing
projected annual hourly system load profiles with and without solar resources to
determine both annual energy and peak demand losses at the system level for
each deployment scenario. However, this approach was theoretical in nature
and it has not been technically feasible to verify the accuracy of the estimate
based on marginal losses. Accordingly, this Report utilizes known system
average energy and demand losses observed and measured by APS in its
approach to value the avoided losses as a result of the increased solar PV
projections.

The impact of these key assumption changes and their incorporation into the value
calculations for solar PV generation are discussed herein.
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Summary of Methodology
Unless otherwise noted, and to the extent possible, the 2013 Updated Solar PV Value
Report utilizes the 2009 Study methodology for assigning incremental value to future
solar PV deployments throughout the APS service territory. Description of these
methodologies is detailed in Section 2 of this Report. These methodologies were
applied to the following three functional areas of the utility, which are also referred to
as value categories for this Report:


Distribution;



Transmission; and



Generation (Energy and Capacity).

This Report provides an estimate of the incremental value of future solar PV for the
APS system for 2015, 2020, and 2025, which are the target years identified for the
analysis conducted herein. Values are stated in current-year dollars (2013) for these
periods, as well as in nominal dollars. The hypothetical bookends developed for the
2009 Study were theoretical scenarios that were meant to explore the opportunity for
value associated with a range of various types and configurations (including location)
of distributed solar systems. This Report focuses on realistic expectations for growth
of solar PV in the APS service territory based on the penetration to date of specific
applications of solar PV systems and updates the value categories identified in the
2009 Study.

Other Sources of Information
Since the 2009 Study, APS has investigated the costs and performance characteristics
of solar PV installed on its system. Sources developed or reviewed by APS include:


the 2012 Integrated Resource Plan (2012 IRP), dated April 2012;



the APS 2013-2022 Ten-Year Transmission System Plan (Ten-Year Plan); and



the “Solar Photovoltaic (PV) Integration Cost Study”, prepared by Black and
Veatch, dated November 2012, on behalf of APS, that reviewed the costs
associated with integrating significant numbers of solar PV systems on a
year-round basis on the APS system.

The 2009 Study did not include a valuation of solar PV integration costs because little
information regarding these costs was available at that time, therefore this Report does
not include a value for potential integration costs that APS will likely incur. The
“Solar Photovoltaic (PV) Integration Cost Study” represents the most current review
available for potential integration costs APS could expect as solar PV deployment
increases over time.
SAIC relied upon information provided by APS as well as information concluded in
these supplemental reports for this Report. SAIC reviewed all the data provided by
APS for this Report for reasonableness.
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Description of this Report
This Report is presented in three sections. Section 1 describes the objectives of the
2013 Updated Solar PV Value Report, summarizes key assumptions, and provides an
overview of the foundational elements of the 2009 Study. Section 2 presents the
methodologies used in the analysis of the projected solar PV systems and underlying
support for the updated solar PV value assessment which is summarized in Section 3.
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METHODOLOGY
This section provides a description of the solar characterization, dependable capacity,
and other methodologies utilized for this Report.

Solar Characterization
Solar characterization refers to the characteristics of the existing and projected
solar PV technologies deployed in the APS service territory and their associated
energy production. This section reviews the solar characterization utilized in the
2009 Study and compares underlying assumptions that have been updated for this
Report.

Solar PV Modeling for 2009 Study
The 2009 Study utilized the Solar Analysis Model 2.0 (SAM 2.0) developed by the
National Renewable Energy Laboratory (NREL) for solar PV system modeling. The
SAM 2.0 model produced hourly production simulations based on typical
meteorological year (TMY) weather data and included allowances for loss factors and
performance characteristics for commercially available solar PV inverters. The model
was calibrated by adjusting input variables to produce output projections that were
consistent with empirical PV system data as observed by APS in the field. For the
2009 Study, TMY data was obtained from Clean Power Research for selected
site-specific areas in the APS service territory.
Solar PV system performance is measured in kWh per direct current kilowatts (kWDC),
reflecting the amount of alternating current (AC) kWh produced per installed direct
current (DC) kilowatt (kW) per year. As indicated in the 2009 Study, changes in
orientation, between the southwest and southeast, and tilt of the solar PV systems,
between 15 and 33 degrees, resulted in differences in total annual performance metrics
resulting in a range of annual electric production from approximately 1,600 to
1,700 kWh/kWDC.
Based on empirical testing results and the professional experience of the 2009 Study
team, a baseline system for residential application was defined as a south-facing array
at a typical roof pitch of an 18.4 degree tilt that generated an annual performance of
approximately 1,600 kWh/kWDC. For commercial systems, the baseline assumptions
resulted in an estimated annual production of approximately 1,541 kWh/kWDC for flat
plate arrays at a 10 degree tilt located on flat structures with minimal investments in
supporting structures.

Solar PV Modeling for 2013 Report
The assumptions used in this Report are based on actual solar PV systems installed on
the APS system and associated production characteristics, rather than production
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modeling assumptions utilized for the 2009 Study. APS indicated that it utilized an
industry standard modeling software (PVWatts) using a 30-year TMY to represent a
typical, standardized solar production profile for solar PV systems within its service
territory. Current APS solar production assumptions are 1,650 kWh/kWDC for
residential applications, based on a sample of installed solar PV systems in its service
territory, and 1,500 kWh/kWDC, for non-residential (commercial) applications. By the
end of 2014, APS intends to deploy production meters on all distributed solar systems
that have received an incentive payment. Data obtained from distributed solar PV
production meters could result in a change in production assumptions over time.

Solar Characterization Conclusions
The values developed by APS for characterization of solar PV systems fall within the
range developed during the modeling efforts for the 2009 Study. Therefore, annual
performance metrics of 1,650 kWh/kWDC and 1,500 kWh/kWDC, were used for the
projected residential and commercial systems, respectively, throughout this Report.

Deployment Assumptions
2009 Study
The 2009 Study developed solar PV deployment projections based on assumptions
concerning payback periods, incentive payments, costs of associated materials
(PV arrays, etc.), projected increases in average system rates (retail rates), total
technical potential (based on total rooftop estimates), and other demographic data for
residential and commercial applications within the APS service territory. These
assumptions were utilized as input values to a Bass diffusion model to simulate
expected uptake by retail customers for solar PV systems over the study period. This
methodology was utilized to determine the relative numbers of residential and
commercial solar PV systems expected to be installed under the various deployment
scenarios considered for the 2009 Study.

2013 Report
This Report utilizes updated distributed solar PV deployment projections developed
by APS and disaggregated by residential and commercial systems. The number of
deployed residential solar PV systems included in the existing base increased from
under 1,000 to approximately 14,000 between 2008 and the end of 2012 and the
average size (capacity) of these systems has increased from approximately 5.6 kWDC
in 2008 to approximately 7 kWDC in 2013. Installed distributed solar PV commercial
systems increased from 38 with an average capacity of approximately 105 kWDC in
2008 to approximately 700 as of year-end 2012 with an average capacity of 349 kWDC
for large commercial systems and 74 kWDC for small commercial systems.
The projections for future solar PV deployment in this Report are based on APS data
from installed solar PV systems as of the end of 2012 whereas the 2009 Study used
2008 as a starting point.
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As of 2012, approximately 26 single-axis tracking system solar PV systems have been
installed in APS’s service territory. The number of installed single-axis systems is
relatively small compared to flat plate systems installed to date. However, as
previously noted, the production assumptions included in the scenario analysis
described below could reasonably be considered to include output from single-axis
tracking systems.

Deployment Projections
APS Renewable Energy Standards Goals
The state of Arizona is one of many states that has a mandated Renewable Portfolio
Standard, referred to in Arizona as its Renewable Energy Standards (RES). The RES
promulgates regulatory policies requiring electric utilities, such as APS, to increase the
production of electricity from renewable energy sources including wind, solar,
biomass, and geothermal resources.
APS’s forecast for energy requirements from distributed systems is based on the RES
percentage of total electric sales for each year and assumes the requirement that
30 percent of the total renewable energy must be procured from distributed resources.
Each of the solar PV penetration scenarios reviewed for this Report (described below)
meets APS RES mandates by 2025.
2009 Study Deployment Scenarios
The 2009 Study defined three penetration cases (or deployment scenarios) based on
the market simulation modeling effort described above. A payback calculation and
consideration of economic factors were used to determine how customers would adopt
certain solar technologies over time.
The deployment scenarios included in the 2009 Study included a Low, Medium, and
High Penetration Case. Assumptions that varied between cases included: capital costs
for deployment, federal tax credits and incentives, and expected retail rate projections,
among others.
The 2009 Study also included a targeted deployment scenario whereas APS would
provide incentives to install solar resources in targeted locations to postpone upgrades.
Targeted deployment was assessed as a consideration to gauge the potential to reduce
peak demand on specific equipment in the distribution system, averting additional
infrastructure investments were this deployment scenario to occur. The targeted
scenario used the same assumptions as the High Penetration Case in combination with
targeted incentives.
2013 Report Deployment Scenarios
The 2013 Report projections are based on three potential deployment scenarios and
estimated production outputs to explore the relationship between solar PV penetration
and value to APS. The following scenarios were provided by APS:
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Expected Penetration: The Expected Penetration Case represents APS’s best
estimates for penetration for solar PV and associated energy projections based
on current and observed market factors, near-term programmatic expectations
through 2015, and actual customer installations to date, in addition to
state-mandated goals for distributed solar by 2025. The Expected Penetration
Case results in approximately twice the amount of solar PV necessary to meet
APS’s RES distributed energy requirements by 2025.
It should be noted that while the Expected Penetration Case represents APS’s
best estimates for solar PV adoption, it does result in greater solar PV than
required for compliance with RES distributed energy requirements in 2025.
As such, it does not represent APS’s corporate view of how much distributed
energy will be installed over the long run. It is a “test case” prepared for this
Report to determine potential value to APS from solar PV if such deployment
projections were to occur.
High Penetration: The High Penetration Scenario was developed by APS to
reflect a reasonable upper bound for solar PV adoption that could include
factors such as lower solar PV system costs, higher retail rates, and changed
customer behaviors that encourage system development. The High Penetration
Scenario includes a significant increase in commercial solar PV development
in the long-run. Although not reflective of APS’s current expectations for
future growth of solar PV, this scenario provides a reasonable high-end
projection for purposes of this Report. The High Penetration Scenario results
in approximately 3.5 times the amount of solar PV necessary to meet APS’s
RES distributed energy requirements 2025, and would be approximately
equivalent to APS fulfilling its entire RES obligation from distributed energy
resources alone.
Low Penetration: The Low Penetration Scenario reflects the incremental
distributed energy growth projected in APS’s 2012 IRP, as developed in 2011.
Forecasted growth from the 2012 IRP approximately reflects full compliance
with APS’s RES distributed energy requirements by 2025. This scenario is not
reflective of APS’s expectations for future growth of solar PV, but provides a
reasonable lower bound for purposes of this Report.
The annual solar PV energy projections incremental to the installed solar PV on the
system as of the end of 2012 for each scenario, developed by APS and used as a basis
for the analysis in this Report, are presented in Table 2-1.
Table 2-1
Incremental Solar PV Energy Adoption Projections (1)
Incremental Solar PV Energy w/ Losses (MWh) (2)
2015

2020

2025

Expected Penetration Case

430,554

1,397,175

2,741,866

High Penetration Scenario

430,554

1,782,433

5,403,473

Low Penetration Scenario

290,132

601,226

1,302,165

Case/ Scenario
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(2)

Projections are incremental to the installed solar PV on the system as of the end of 2012.
Projections include 7 percent losses, see text and Table 2-3.
Megawatt-hour (MWh)

2012 Installed and 2013 Projected Solar PV Capacity
By the end of 2012, APS had approximately 222 megawatts AC (MWAC) of total
nameplate installed distributed solar PV on its system, inclusive of both residential and
commercial applications 1. In 2013, APS anticipates a significant increase in projected
installations which would result in approximately 296 MWAC of cumulative installed
nameplate distributed solar PV.
The large increase in predictions for 2013 is due to concrete distributed energy
programmatic activity by APS retail customers. Beginning in 2013, APS had existing
solar PV reservations and incentive funding which could provide over 50 MW of
residential capacity and over 50 MW of commercial capacity.
The solar PV capacity projections identified above are nameplate solar PV capacities
and are not dependable capacity values. Dependable capacity values are discussed
later in this Report.

Dependable Capacity
A critical aspect of the 2009 Study was the determination of the dependable capacity
available from solar PV, which is the ability of solar PV to reliably serve APS’s total
system load during peak periods. The dependable capacity analysis was used to
determine the amount of solar PV capacity required to provide the same level of
reliability as traditional generation resources. This Report utilizes the methodology
for calculating the dependable capacity that was developed for the 2009 Study.
Dependable capacity calculations were developed separately for the generation,
transmission and distribution systems.
This Report (and the 2009 Study) determines capacity value from solar PV
installations by their relative contribution to peak load. For generation and
transmission systems, the peak load is determined at the system level (system peak)
because the installed generation and major transmission lines must be designed to
serve the system load requirements at that time. The system peak is the one hour of
the year for which the customers’ load is the highest. In addition, the generation
analysis includes changes to Effective Load Carrying Capacity (ELCC), which
includes loss of load simulations, which are a measure of reliability used to calculate
dependable capacity values for generation.
The distribution and sub-transmission systems are designed to meet the localized
needs of particular feeders or substations. This feeder peak may or may not be
coincident with the system peak; and is driven by the usage of the customers that are
served by those feeders. If the load is primarily residential, the peak is expected to be
rather late in the day, when customers return home and begin to increase their

1

This value reflects a preliminary projection of 2012 year end installed distributed solar PV capacity.
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electricity usage. Alternatively, if the load is primarily commercial, the peak may be
earlier in the day, when customers are at work.
Solar PV systems also have their own peak; the hour in which they generate the
maximum amount of electricity. Assuming flat panel type of solar PV systems, as
identified in this Report, the production peak is generally at 1:00 p.m., when the sun is
at its highest point and is producing the most irradiance. Production decreases rapidly
throughout the afternoon until it is totally diminished in the evening. It is the
relationship between the production of the solar PV systems at the time of the load
peak of either the system (for generation and transmission) or the feeder peaks (for
distribution and sub-transmission) that results in the calculation of dependable
capacity.
Dependable Capacity – Generation / Transmission
Deferring generation and 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.
For the grid-level transmission system (i.e. higher than 69-kilovolt (kV)), specific
projects that are related to planned generation resources that could potentially be
postponed or eliminated with the future solar PV penetration scenarios were evaluated
with those specific generation resources.
Therefore, the methodology for determining the ability to defer generation and related
transmission investments requires determining the dependable capacity of the solar
distributed generation and thus the dependable load reduction and the resulting impact
on reliability. The 2009 Study used an industry-accepted methodology to measure the
reliability of meeting the APS system load with a given portfolio of resources. The
approach was based on a statistical analyses to determine the level of solar output that
would be sufficient to allow a generation deferral without impacting system reliability.
To evaluate the dependable capacity of solar resources, APS performed a series ELCC
simulations, which is a measure of reliability used to calculate dependable capacity
values for generation. The ELCC simulations modeled the APS existing portfolio
after adding 100 MWAC of solar PV nameplate capacity to determine its dependable
capacity, as described in the 2009 Study. Because the ELCC measurement can vary
significantly depending on the underlying load shape, the ELCC computations were
performed for five historical annual hourly load profiles: 2003 through 2007.
For this Report, the solar PV dependable capacity was calculated using the same
ELCC results used in the 2009 Study. Table 2-2 outlines the solar PV capacity value
percentages used to arrive at the associated dependable capacity projections for 2015,
2020, and 2025.
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Table 2-2
Solar PV Dependable Capacity – Generation
Scenario

2015

2020

2025

Nameplate PV Capacity
(MW AC ) w/ losses

242

768

1,504

Avg. PV Capacity Value

45.9%

30.5%

21.0%

Incremental Dependable
Capacity (MW)

111

235

316

34.1%

11.4%

5.3%

Nameplate PV Capacity
(MW AC ) w/ losses

242

971

3,044

Avg. PV Capacity Value

45.9%

26.4%

12.4%

Incremental Dependable
Capacity (MW)

111

256

376

34.1%

6.4%

3.0%

Nameplate PV Capacity
(MW AC ) w/ losses

166

338

734

Avg. PV Capacity Value

48.4%

43.7%

33.3%

Incremental Dependable
Capacity (MW)

80

148

244

41.9%

29.6%

17.4%

Expected Penetration Case

Incremental Capacity Value
of the Next 50 MW
High Penetration Scenario

Incremental Capacity Value
of the Next 50 MW
Low Penetration Scenario

Incremental Capacity Value
of the Next 50 MW

Note: Incremental Nameplate Solar PV Capacity includes 11.7 percent peak hour demand loss

It was determined in the 2009 Study that significant implementations of solar PV can
result in a shift in the APS system peak to a later hour when solar PV resources are
less productive. With no incremental solar PV, the APS system is projected to peak in
the 17:00 hour. Because the output of the solar distributed resources becomes
significantly less as the available sunlight diminishes at dusk, the delay of the peak
hour to a later hour diminishes the ability of the solar distributed resources to meet the
electric system peak demand and satisfy reliability planning criteria. Table 2-2 clearly
indicates that as the peak shifts and solar resources become less productive, the
incremental capacity values are reduced somewhat exponentially (as shown for each
scenario under Incremental Capacity Value of the Next 50 MW).
Dependable Capacity – Major Transmission Projects
As discussed in the 2009 Study, potential deferral of transmission investment is due to
the reduction in effective load growth as a result of locating the solar PV at the load,
delaying the time at which the system would reach its peak load. The 2009 Study
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concluded that solar resources were not projected to have a significant impact until the
end of the then current ten-year transmission plan. Since specific project data was not
available beyond that time, simplifying assumptions were utilized to determine what
types of investments might be necessary on APS’s transmission system beyond that
period.
For this Report, the Ten-Year Plan includes proposed major transmission projects up
to the end of the study period (2025) when significant solar penetration is anticipated
in the Expected Penetration Case and High Penetration Scenario. Therefore, the
potential for delaying specific transmission projects based on specific load levels has
been analyzed by these solar PV penetration scenarios.
SAIC reviewed information provided by APS for forecasted capital investments to
identify the major planned transmission projects corresponding to system growth
needs that could potentially be deferred. For the target years, SAIC conducted a
comparison of the APS projected hourly loads both with, and without, solar PV
installed to estimate revised system peaks for the target years at expected and high
penetration levels. The difference between the revised system peaks and the reference
case peak loads without solar PV determined the dependable capacity for transmission
deferrals. The revised peaks were compared to the proposed transmission project load
levels to determine if the associated project costs and timing could be delayed past the
target years of this Report.
Dependable Capacity –Sub-Transmission and Distribution
For the 2009 Study, hourly normalized solar distributed energy data was also used to
calculate dependable capacity at the time of the individual feeder peak loads for
sample feeders on the distribution system 2. An average cost of distribution
improvements per MW of non-coincident load growth was used to calculate the value
to the distribution system and was applied under a hypothetical scenario, assuming
solar installations would be targeted in high concentrations along the required feeders
or near substations.
As indicated previously, APS is experiencing an organic and non-selective market
based growth of solar PV systems that has resulted in a geographically diverse
(i.e. non-concentrated) penetration pattern that does not coincide with the 2009 Study
targeted scenario. Based on the existing locations of existing solar PV systems within
the APS service territory, an evaluation was conducted to determine if sufficient solar
PV has been installed on existing distribution feeders to defer planned upgrades. This
methodology was then applied to projected solar PV forecasts spread across all feeders
to determine the number of feeders for which potential upgrades could be deferred due
to the reduced peak load.
For the 69-kV sub-transmission system, APS identified specific load-growth based
planned projects that could potentially be postponed by the future solar PV penetration
scenarios. The projected solar PV penetration at the feeder level was totaled to

2

In the 2009 Study the hourly energy data was obtained using SAM 2.0 developed by NREL, using
TMY production data.
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determine the regional impact to evaluate whether any of the planned projects could be
deferred for each region.

Reduction in System Losses
Electricity generated at the site of application, such as a distributed solar PV system,
reduces the load required to be served by a centralized power generating facility and
thus reduces the electricity line losses that occur during delivery of electricity to the
load. In addition to line (energy) losses, there are demand losses that occur at the time
of a peak load. Reductions in peak demand losses reduce system capacity
requirements.
Since demand varies on an hourly basis, and solar output varies on an hourly basis
(both relatively significantly, but independent of each other) a theoretical hourly
analysis of loss savings was conducted for the 2009 Study. Projected annual hourly
system load profiles, with and without solar, were compared to determine annual
marginal energy losses, as well as marginal peak demand losses at the system level.
This approach was theoretical to determine the impact of avoided losses for the 2009
Study but the results of such an approach cannot be verified. Therefore, this Report
utilizes a seven percent average energy loss and an 11.7 percent system peak demand
loss as recorded by APS.
Table 2-3 provides an estimate of the annual system wide energy loss savings in the
target years for each of the deployment cases. This table also includes the incremental
solar PV resulting from the deployment under the scenarios reviewed for this Report.
The combination of the incremental deployed energy and the loss savings is equal to
the total energy savings associated with each solar PV penetration scenario (presented
in Table 2-1 above).

File: 00413700/3153302001

SAIC Energy, Environment & Infrastructure, LLC 2-9

Section 2

Table 2-3
Potential Transmission & Distribution System Energy Loss Savings
Incremental Solar PV
Deployed
(MWh)

Annual Energy
Losses
(MWh)

Incremental Solar PV
Deployed (w/ Losses)
(MWh)

Expected Penetration Case
2015

402,387

28,167

430,554

2020

1,305,771

91,404

1,397,175

2025

2,562,491

179,374

2,741,866

High Penetration Scenario
2015

402,387

28,167

430,554

2020

1,665,825

116,608

1,782,433

2025

5,049,975

353,498

5,403,473

Low Penetration Scenario
2015

271,151

18,981

290,132

2020

561,894

39,333

601,226

2025

1,216,976

85,188

1,302,165

Note: Energy losses are based on 7 percent system average, see text.. Numbers are rounded.

Value Assessment Methodology
This section provides a review of the valuation methodology applied to each of the
functional areas of the utility; distribution, transmission, and generation. The
calculated value assessments are presented in Section 3 of this Report.

Distribution System
The 2009 Report assessed the potential contribution from solar PV to the APS
distribution system in four distinct areas including: reduced line losses (energy and
peak demand), reduced capacity and associated deferment of capital expenditures,
extended service life for distribution equipment, and reduced capital investments
associated with proper equipment sizing upon initial installation.
To draw such conclusions, specific distribution feeders, substations, and associated
equipment were analyzed to develop proper value estimates. In addition, distribution
system components were modeled using APS’s distribution software and Electric
Power Research Institute’s (EPRI’s) feeder modeling tool (referred to as the DSS
Distribution Feeder Model) to assist in the quantitative benefit analysis.
Because the distribution system as a whole has not changed dramatically since the
2009 Study, many of the same assumptions are still valid and were confirmed with
APS for use in this Report. Where new analyses and/or assumptions were required,
the methodologies are described.
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System loss reductions (which apply to the distribution and transmission systems) are
discussed above. The sections below discuss the three remaining values identified for
the distribution system.
Deferment in Distribution Capital Expenditures
The 2009 Study analyzed the potential for solar PV to provide value to APS by
decreasing distribution system capacity requirements due to the contribution of
installed distributed solar PV systems. To the extent that solar PV systems reduce
feeder peak demand, they can potentially decrease capacity required to serve load and
defer capital improvements at the feeder and substation level. The 2009 Study
concluded distribution capacity is solely based on local peak loads and therefore
distribution capacity savings can only be realized if distributed solar systems are
installed at adequate penetration levels and located on specific feeders to relieve
congestion or delay specific projects. The 2009 Study also concluded that solar PV
can only be used to defer upgrade projects for feeders with projected peak loads
between the planning (90 percent) and emergency (100 percent) ratings (i.e. those for
which peak demand is between these two rating criteria).
For this Report, existing solar PV installations were evaluated at the feeder level to
determine if the market-based deployment has resulted in adequate penetration on a
sufficient number of specific feeders to result in measurable savings.
2013 Feeder Screening Analysis
SAIC performed a screening level analysis across the APS distribution feeders where
distributed solar PV has been installed to date. This analysis included a review of the
following feeder information:


Source substations and regional locations



Feeder maximum rated capacity



Customer types (residential or commercial) by feeder



Solar PV capacity installed per feeder (residential, commercial)



Feeder peak load (kW) and time and day of feeder peak



Feeder peak load and system-wide solar PV installation growth rates



APS’s proposed substation and feeder capacity additions

To estimate the value of solar PV on the distribution system, APS feeders that had at
least 10 percent or more of installed PV capacity relative to the total peak load on the
feeder were analyzed. Out of a total of 1,351 feeders on the system, APS identified
872 feeders which had solar PV systems installed as of the end of 2012. Of these
872 feeders, 63 feeders were identified that met this initial screening criteria.
For each of these feeders, analysis was performed to estimate the contribution of solar
PV to the peak load. Most of the feeders reviewed were residential feeders that
typically peak close to sunset, when solar production is greatly reduced. As a result,
the value of solar PV contribution for reducing distribution infrastructure expenses is
minimal.
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The analysis utilized a typical hourly solar PV production profile for feeder peak days
(provided by APS) using output from the PVWatts modeling and based on
characteristics from actual solar PV systems installed in APS’s Flagstaff Community
Power Project. This production profile was scaled to determine the total annual solar
PV production on a feeder during the hour in which the feeder peaked, enabling
analysis of each feeder’s peak solar PV production relative to the peak load and rated
feeder capacity. The residential production profile was used as a first level proxy for
solar PV generation on a feeder because the higher annual production assumption
(1,650 kWh/kWDC) would indicate whether further screening was warranted (i.e.
determining a mix of residential and commercial applications by feeder).
A comparison of each feeder’s peak load relative to the rated feeder capacity, with and
without solar PV, indicated those feeders where the installation of solar PV was
potentially delaying the need for capital improvements by reducing load from greater
than 90 percent of capacity to less than 90 percent. If loading was above 100 percent
(of rated capacity) without solar PV, the upgrade project identified by APS could not
be deferred by the existence of solar PV.
There were five feeders, out of a total of 1,351 that had a peak solar PV production
that reduced load from above 90 percent of the feeder’s rated capacity to below
90 percent, using the initial production screening assumption that all distribution
penetration was from residential applications. Based on the expected feeder load
growth, upgrades on these five feeders could be delayed from five to ten years.
SAIC also investigated the potential for impacts to feeder upgrades under the future
solar PV penetration scenarios. It was assumed that future solar PV systems would be
installed at the same growth rate for each feeder on the APS system territory. This is
consistent with APS’s existing approach of allowing the market to determine locations
of future solar PV installations, as previously discussed. In this analysis, APS
provided estimated growth for load by feeder, which was assumed to continue at a
constant rate for the period reviewed, consistent with APS’s modest overall load
growth forecasts used in this Report.
The projected load with, and without, projected solar PV was compared to the feeder
capacities to determine if upgrades could be postponed beyond the target years. The
results of this analysis indicated that a total of nine feeders out of 1,351 could
potentially reduce future load to below 90 percent of the feeder’s rated capacity for
2025 under the High Penetration Scenario.
The conclusion from these analyses, and the very low capital expenditure required for
feeder upgrades, is that there are an insufficient number of feeders that can defer
capacity upgrades based on non-targeted solar PV installations to determine
measurable capacity savings. This analysis supports the methodology and conclusions
from the 2009 Study that found that no capacity savings existed from solar resources
on the distribution system without specifically targeting the locations of solar resource
installations on the distribution system.
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Extension in Service Life
It was theorized in the 2009 Study that distributed solar systems may reduce capital
investment requirements for distribution systems by reducing the loading on the
equipment to extend equipment life.
If sufficient solar generation is coincident during peak demand hours on heavily
loaded transformers, the solar generation could potentially prevent that overload
condition. However, like most utilities APS historically has not maintained the hourly
data on the quantity and frequency of overload occurrences and durations of individual
distribution transformers. Consequently, the value associated with extension of
service life could not be quantified for the purposes of the 2009 Study and was not
available for updating for this Report.
Reduction in Equipment Sizing
As indicated in the 2009 Study, distributed solar resources may reduce capital
investment by reducing loading on the equipment enough that size requirements can
be decreased. Distribution system equipment is sized to serve the anticipated annual
peak load, and is typically sized to anticipate growth in the peak load over time.
The cost to install, maintain, repair, upgrade, and replace equipment is affected by its
size. As a result, solar PV installations that can reduce the annual peak load
sufficiently to reduce the required equipment size can potentially provide value to the
distribution system. However, this would require that the life of the solar PV systems
be similar to the life of the equipment proposed. If the solar PV systems were
removed or terminated early, for example, the utility would need to resize the
remaining equipment at a considerable expense.
Additionally, as with many utilities, APS indicates that it maintains a lean inventory of
standard sized conductor, transformers and other distribution related equipment to
reduce its costs. Localized impacts from solar PV would need to be significant to
justify changes between these standard sizes of equipment. Further, changing from a
standard equipment sizing approach to an individualized approach could potentially
eliminate supply chain purchasing economies of scale and result in added costs
associated with reduced equipment sizes. Therefore, APS does not reduce equipment
size requirements based on solar PV installations.
System Performance Issues
Though solar PV can potentially provide benefits to utilities including those discussed
above, the increased penetration of solar PV installations by residential and
commercial customers could also undermine the reliability, safety, and quality of
power supply on the electric grid for utilities that do not plan for it, particularly during
shoulder periods when loads are at their lowest and solar production is at its highest.
High costs to provide reactive power/voltage support, additional interconnection
requirements, and grid instability caused by anti-islanding requirements have been
noted by several utilities. Automation to manage these issues can be costly, including
switched capacitors (for reactive power requirements), active power management
(where the power factor of solar PV systems output remains fixed or varies on a
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pre-determined basis), automatic reactive power requirements (where solar PV
systems are required to automatically provide real-time dynamic reactive power
support to the grid); and the continuous, active management of each solar PV system.
The Solar Integration Study conducted by Black and Veatch suggested that in the near
term there are minimal costs associated with integrating these distributed resources.
APS expects that increased operations and maintenance (O&M) costs will be realized
with additional solar PV installed on its system and may further investigate these
impacts as additional systems come online. The value of these increased costs have
not been addressed specifically in this Report.
Summary of Updated Distribution System Findings
As indicated in the 2009 Study, the solar PV has limited impact on the summer peak
demands that drive distribution infrastructure installations and upgrades, due to the
non-coincidence of peak solar generation and peak customer, feeder, substation, and
system loads. Increased penetration or sizes of solar PV also have limited effect on
annual peak load reduction. The value ascribed to the APS distribution system from
solar PV in the 2009 Study was limited to the potential reduction in capital
expenditures in the targeted and single-axis sensitivity cases, due to the direct
placement of resources on the specific feeders (targeted) and the higher production of
single axis systems later in the day (i.e. solar generation that extends into the APS
system peak hours). The analysis performed for this Report supports that conclusion;
therefore, the only significant distribution system value from solar PV is the change in
potential line losses, reflecting energy and peak demand savings which are calculated
at the system level for this Report.

Transmission and Sub-Transmission
The 2009 Study determined that locating distributed solar generation near the demand
(load source) benefits the transmission system primarily in two ways: 1) it reduces the
line losses across the transmission system, as mentioned above for the distribution
system and 2) it reduces the burden on the transmission system during peak demands,
possibly allowing deferral of transmission investments, depending on the level of
deployment.
The 2009 Study also noted that the intermittent nature of solar generation may
adversely impact transient stability and spinning reserve requirements of the
transmission system. This includes potential detrimental impacts of multiple solar PV
inverter systems dropping off-line simultaneously, thus impacting transient stability
limits. While this potential impact is still a concern, it was not analyzed or valued as
part of this Report.
Potential Deferral of Sub-Transmission Investment
For the 69-kV sub-transmission system, APS identified specific load-growth related
planned projects, represented in Table 2-4, that could potentially be postponed by the
future solar PV penetration scenarios. The dependable capacity calculations indicate
that by 2025 adequate distributed solar PV may exist in the Expected Penetration
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Case, but these projects also must be evaluated by the contribution of solar PV to the
feeder peak loads in the applicable region.
Table 2-4
69 kV Transmission Capital Improvement Potential Capex Deferral
Project
Code

Region

Dependable
MW
Required
for Deferral

Project A

Metro Central

30 MW

2021

$14,065

3 Years

Project B

Rural Western

20 MW

2019

$7,980

3 Years

In Service
Date

Capex
Investments
(2013 $000)

Deferral
Period

Project C

Metro Western

15 MW

2017

$560

3 Years

Project D

Metro Western

20 MW

2017

$1,600

3 Years

Project E

Northwest

10 MW

2021

$1,200

5 Years

Project F

Northwest

20 MW

2021

$3,200

5 Years

Project G

Northwest

20 MW

2017

$900

5 Years

Note: Capex investment represents total project cost, not annual savings value.

Evaluation of the feeders in each region indicated that the Rural Western region is not
projected to have sufficient solar PV penetration based on an average feeder allocation
to defer the proposed project beyond 2020 in the Expected Penetration Case.
However, this region is projected to have sufficient incremental solar PV capacity by
2025 to defer a 20 MW project in the High Penetration Scenario.
The Northwest region is expected to have sufficient incremental solar PV installations
by 2020 in both the Expected Penetration Case and the High Penetration Scenario to
postpone a 10 MW project, as well as have sufficient incremental solar capacity by
2025 to postpone a 20 MW project. The projects in the Metro Central and Metro
Western regions could not be postponed past the target years.
Potential Deferral of Transmission Investment
Upgrades to the grid-level transmission system (i.e. higher than 69-kV) include
specific projects that are related to system growth as well as related to planned
generation resources that could potentially be postponed or eliminated with future
solar PV penetration scenarios. In the 2009 Study, APS analyzed the deferral of
wholesale transmission investments using the dependable capacity of solar resources
during annual peak load and assumed a generic 500 MW transmission upgrade based
on projected scheduling rights. This was because at the time of the 2009 Study, solar
distributed resources were projected to not have a significant impact until the end of
the then current ten-year plan.
However, for this Report, actual planned transmission projects and projected APS
loads were analyzed to determine potential deferrals. Major planned transmission
projects in the APS Ten -Year Plan were evaluated based on the projected system peak
load for the year the project is planned compared to the hourly load projections with
and without solar PV for the target years. If the projected system loads (with solar
PV) reduced the system peak load to less than the projected load for the target year in
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which a transmission project is planned, it is likely APS could postpone that project
beyond the target year.
The hourly analysis utilized the PROMOD hourly load projections without solar PV as
a reference case (a discussion of PROMOD is provided in the Generation section of
this Report). An annual hourly solar PV production profile (the same PVWatts
generated profile utilized in the distribution analysis) was scaled to the projected
penetration levels to determine the projected solar PV on the system in each hour of
the target years and subsequently the new hourly load projections with solar PV on the
system. The new hourly solar PV loads were determined by subtracting the amount of
solar PV produced in each hour from the reference case hourly load projections. The
new system peak (with solar PV) was determined by taking the maximum hourly load
for each of the target years for both the Expected Penetration Case and the High
Penetration Scenario. The difference between the new system peak and the reference
case peak is assumed to be the dependable capacity for deferral of transmission
projects provided by the solar PV.
This analysis indicated that the 2020 Expected Penetration Case’s new system peak
(with solar PV) was less than the 2019 reference case peak provided by APS. The
2025 Expected Penetration Case’s new system peak (with solar PV) is less than the
2024 reference case. The same comparison was completed for the High Penetration
Scenario in years 2020 and 2025 as summarized in Table 2-5.
The analysis suggests for the Expected Penetration Case, the projected solar PV could
delay a transmission project for a maximum of one year. Projects planned for 2019 or
2024, if any, could be postponed beyond the target years identified for this Report.
Additionally, for the High Penetration Scenario, projects planned for 2023 or 2024
could be postponed beyond the 2025 target year. However, no planned transmission
projects were identified in the APS Ten-Year Plan for these specific time periods.
Table 2-5
Reduced System Peak Compared to Target Load Levels (MW)
Target
Year
2020

Potential
Deferral Due
to Solar PV

Target
Year 2025

Potential
Deferral Due
to Solar PV

Projected Peak Loads (no solar PV base case)

8,019

n/a

9,307

n/a

Expected Penetration Case

7,740

1 Year

8,881

1 Year

High Penetration Scenario

7,705

1 Year

8,665

2 Years

Dependable Transmission Capacity - Expected Case

279

n/a

427

n/a

Dependable Transmission Capacity - High Penetration

314

n/a

642

n/a

The dependable capacity from solar PV for the Expected Penetration Case is sufficient
to result in one year of transmission load reduction, which could potentially result in
deferring a transmission project for that period, and thus the potential to realize
avoided costs during that year. However, as indicated above, a review of the APS 10Year Plan did not indicate any projects scheduled to occur during 2020 or 2025 that
could be impacted. For example, for the Morgan-Sun Valley 500kV line which APS
currently plans to install in 2018, the analysis suggests that it could potentially be
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deferred by one year. However, the projected solar PV is not sufficient to reduce the
system peak load to the extent that the project could be deferred beyond the 2020
target year.
Similarly, the dependable capacity from solar PV in the High Penetration Scenario is
sufficient for two years of transmission load reduction by 2025; however, no projects
were identified in the APS 10-Year Plan that could be impacted. Therefore it was
determined that there were no planned load related transmission projects that could be
deferred or avoided due to the incremental solar PV projections for the target years
reviewed for this Report.
Summary of Updated Transmission System Findings
The 2009 Study determined that locating distributed solar generation near the demand
(load source) benefits the transmission system by reducing the line losses across the
transmission system and reducing the burden on the transmission system during peak
demands, possibly allowing deferral of transmission investments. The difference
between the projected system peak reduced by solar PV production and the no solar
PV reference case peak is the dependable capacity for deferral of transmission
projects. In this Report, actual planned transmission projects and APS loads were
analyzed to determine potential deferrals.
Using the timing and costs of proposed major transmission projects provided by APS,
it was determined that no load-related transmission projects could be deferred for the
target years as a result of the incremental solar PV projections described in this
Report.
For the 69-kV sub-transmission system, APS identified specific planned projects that
could potentially be postponed by the future solar PV penetration scenarios, the
amount of regional peak load reduction required and how long the project could be
deferred. This was determined by evaluating the contribution of solar PV at the time
of the feeder peak loads in the applicable region.
The analysis suggests that the Rural Western region is projected to have sufficient
incremental solar PV capacity by 2025 to defer a 20 MW project in the High
Penetration Scenario. Additionally, the Northwest region is expected to have
sufficient incremental solar PV installations by 2020 in both the Expected Penetration
Case and the High Penetration Scenario to postpone a 10 MW project, as well as have
sufficient incremental solar capacity by 2025 to postpone a 20 MW project.

Generation (Power Supply Capacity and Energy)
Introduction
The 2009 Study summarized the generation impacts associated with distributed solar
systems to the APS generation function under the overall category of Power Supply
Capacity and Energy. It indicated that installing distributed solar across the APS
electric system will impact the planned expansion and operation of APS generating
facilities and purchase power resources, in the following ways:
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The APS system peak demand is reduced, which reduces the need for APS to
add generating resources to meet peak demand growth.



Capital and fixed operating costs associated with avoided generation units are
not incurred.



Any demand related charges associated with wholesale power purchases that are
no longer needed to meet peak demand growth are reduced.



As load requirements are reduced, the operation of APS generating units and
purchase power resources (energy) are reduced, which in turn reduces the total
cost of fuel, variable O&M, emissions, and power purchases.



Solar distributed resources may increase APS requirements for Open Access
Transmission Tariff (OATT) ancillary services.

There have been several assumption changes with regard to APS’s generation system,
which impact the results of this Report. In 2008, the APS system was experiencing
significant load growth. At that time, APS had estimated that it would need to add
approximately 6,000 MW of new resources through 2025, including renewable energy
resources, base-load generating facilities, intermediate combined-cycle units,
combustion turbine peaking units, and wholesale power purchases, as well as the
implementation of approximately 600 MW of customer-based energy efficiency
programs.
Since 2008, APS has experienced a reduction in its projection of future load growth as
a result of the economic recession as well as the implementation of energy efficiency
programs. Accordingly, APS’s revised 2012 IRP includes projections of 3,800 MW
of new generation by 2025, a reduction of approximately 2,200 MW.
Based on its revised load growth projections, and other factors discussed herein, the
following analyses were conducted to address the potential benefits future solar PV
may have on APS’s resource planning and operation requirements:


The quantity of dependable capacity available from the incremental solar PV
installations was determined.



The amount of avoided, or deferred, capital and fixed operating costs derived
from the dependable solar PV capacity was projected for each solar PV
penetration scenario.



The avoided variable operating costs derived from each solar PV penetration
scenario was projected for each target year reviewed for this Report. This
calculation was determined from a simulation of the commitment and dispatch
of APS generation and purchase power resources conducted by APS.

Capacity Value
Output from solar PV resources is only partially coincident with the peak demand of
the APS load. The APS system peak is somewhat unique, in that it extends past sunset
due to the impact from the desert heat. This contributes to a lower coincidence with
solar PV production than otherwise would be expected with non-desert utility service
territories. As such, the amount of capacity that can be relied upon from the solar PV
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resources is less than the total installed capacity of the solar PV resources (this
concept of dependable capacity is discussed earlier in this Section). Table 2-2
provides the dependable capacities associated with the deployment scenarios analyzed
in this Report.
APS Resource Plan
In 2012, APS filed their 2012 IRP with the ACC, which defines its plan for meeting
the future needs of the APS customers. The plan reflects the most relevant available
data at the time of this Report with regard to costs, types and timing of future
resources of APS.
APS maintains a portfolio of power supply resources, which total approximately
8,800 MW, to reliably meet the needs of its customers. As of 2012, the generating
resources in APS’s portfolio included the following:


1,150 MW of nuclear capacity,



1,750 MW of coal-fired capacity,



1,850 MW of natural gas-fired combined cycle capacity, and



1,500 MW of natural gas-fired peaking and steam generating resources.

Additionally, APS purchases approximately 2,300 MW of wholesale power from
others, including capacity from renewable resources.
Planned resources that APS can potentially avoid or delay through the implementation
of solar PV on their system can be a source of value to APS. However, certain
planned resources are immutable and cannot be delayed or avoided through the
implementation of solar PV. These immutable resources include energy efficiency
programs, planned renewable resources required to meet RES requirements, and
planned base-load resources needed to enhance fuel and technology diversity in the
APS portfolio. Future planned resources that can be potentially avoided or delayed
through future solar PV installations include combustion turbine peaking resources,
intermediate combined cycle resource, and wholesale power purchases.
For each solar PV penetration scenario, the cumulative quantity of incremental
dependable capacity in each target year was compared to the planned APS generating
resources. To the extent future solar PV dependable capacity is projected to be
sufficient to displace the installation of one or more planned generating resources, the
APS resource plan was modified to avoid or delay the installation of the generating
resource(s). To the extent the future solar PV was insufficient to displace a planned
combustion turbine generating unit, wholesale purchases were reduced for the quantity
of available dependable capacity. The reduction in wholesale power purchases
represented the net difference between APS’s projected short-term power purchase
needs.
To determine the marginal impacts of future solar PV, APS developed a reference
base case for its resource plan. In this reference resource plan APS prepared a
PROMOD review of the future generation needs for the system under an assumption
that no new distributed solar PV would be installed beyond what has been installed as
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of the end of 2012 (see following pages for discussion of PROMOD). It should be
noted that this reference resource plan was prepared specifically and solely for this
Report to determine the impact of the incremental solar PV penetrations. The results
of this analysis suggest that APS has sufficient generating capacity installed on its
system until 2017.
For the solar PV penetration scenarios reviewed for this Report, the dependable solar
PV capacity was projected to be insufficient to avoid the installation of the planned
combined cycle resource. Therefore, the combined cycle resource planned by APS for
installation in 2020 could not be avoided or delayed through the installation of solar
PV resources.
However, the incremental dependable solar PV capacity is projected to be sufficient
under the Expected Penetration Case to potentially defer two 102 MW combustion
turbine resources by 2020 and three 102 MW resources by 2025 (see Table 2-6
below). Additionally, because the three 102 MW resources potentially deferred in
2025 would result in a slight capacity shortfall, the Expected Penetration Case is
expected to slightly increase wholesale purchases by 10 MW in 2025.
For the Low Penetration Scenario, dependable solar PV capacity is projected to defer
one 102 MW resource by 2020 and two 102 MW resources by 2025. Also, planned
wholesale purchases equal to approximately 29 MW in 2025 can potentially be
avoided as a result of the projections of solar PV in the Low Penetration Scenario.
Similar to the Expected Penetration Case, for the High Penetration Scenario,
dependable solar PV capacity is projected to be sufficient to potentially defer two
102 MW combustion turbine resources by 2020 and three 102 MW resources by 2025.
The High Penetration Scenario could also potentially avoid wholesale power
purchases of approximately 45 MW in 2025.
Table 2-6
Avoided Capacity Resources
2020 Avoided
CT Resources
(MW)

2025 Avoided CT
Resources
(MW)

2025 Avoided
Wholesale Purchases
(MW)1

Expected Penetration Case

204

306

-10

High Penetration Scenario

204

306

45

Low Penetration Scenario

102

204

29

(1)

As indicated in text, the avoided wholesale purchases represent the net difference as a result of solar PV
installations and deferred combustion turbine installations. The Expected Penetration Case increases
wholesale purchases slightly in 2025.

Projected Avoided Capacity Costs
Based upon the potential avoided generating assets and avoided power purchases
described above, it is possible to assign capital and fixed operating costs that APS
would have incurred for these resources. These avoided costs become the basis for
determining the potential savings to APS as a result of installed solar PV. Fixed
avoided costs associated with the installation of solar PV as described above include:
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Capital costs associated with the avoided generating assets.



Capital costs for transmission interconnection and system upgrades specifically
assigned to the avoided generating assets.



Fixed operating and maintenance costs of the avoided generating assets. These
include annual maintenance costs, labor costs, rents and utilities, etc. that APS
would incur for a generating unit whether the unit operates or not.



Natural gas pipeline reservation fees. These are the fixed annual costs paid to
the natural gas pipeline company to reserve a portion of the pipeline to serve the
natural gas requirements of any avoided gas-fired generating asset.

For the purposes of this Report, the capital cost and fixed O&M assumptions
developed by APS for the General Electric LMS100 combustion turbine peaking
resource modeled for installation in the APS resource plan were utilized. APS
estimates for transmission capital costs and natural gas reservation fees were also
utilized for the purposes of this Report. In addition, avoided wholesale power
purchase demand charges, which could be considered fixed costs (in the short run),
were included in the variable, energy related costs. Table 2-7 below depicts the
capital cost and fixed operating cost assumptions in 2013 dollars per installed kW
developed by APS for this Report.
Table 2-7
Potential Avoided Capital / Fixed Operating Costs and Power Purchases
($2013)
Combustion Turbine Installed Cost ($/kW)

$1,136

Transmission Installed Cost ($/kW)

$206

Combustion Turbine Fixed O&M ($/kW-yr)

$5.46

Natural Gas Pipeline Reservation Fee ($/Decatherm-mo)
Wholesale Power Purchases ($/kW-yr)
(1)

$27.14
$102.40

Wholesale power purchases are included in the energy related avoided costs, see text

Solar PV Energy Value
As noted in the 2009 Study, the APS power supply portfolio resources are committed
and dispatched in sufficient quantity to reliably serve APS loads each hour at the
lowest reasonable cost. Resources are generally dispatched in merit order, which
means that low variable cost resources are utilized more often than high variable cost
resources. APS has developed models to simulate the hourly commitment and
dispatch of the existing and planned resources over a long-term planning horizon
(beyond 2025). These models use an industry-accepted simulation model called
PROMOD, licensed by Ventyx, a recognized vendor of electric utility simulation
software in the United States. APS uses PROMOD to simulate the operation of its
generating and purchase power resources and to project variable operating costs of
potential future power supply plans.
This Report utilizes the results from the PROMOD models developed and maintained
by APS. APS has indicated that the approach, process, and assumptions for the
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PROMOD modeling effort for this Report were similar or identical to those developed
specifically for the 2009 Study. As in the 2009 Study, the PROMOD models include
the impacts of excess energy, which is due to the APS system’s minimum generation
levels exceeding the system load during low load hours. SAIC reviewed the output
from the PROMOD modeling effort and determined that they were reasonable.
Due to the nature of the generation resources in APS’s portfolio, the energy costs
avoided by solar PV installations are predominately those associated with natural gas
fueled generating resources. Therefore, a primary driver of value associated with the
solar PV installations is the future natural gas prices assumed in the PROMOD model.
APS indicated that it developed a forecast for natural gas prices based on forward
prices observed for the New York Mercantile Exchange (NYMEX) on
December 31, 2012, with appropriate price adjustments for delivery to the APS
system. The delivered natural gas prices modeled by APS are referenced in Table 2-8,
below. As mentioned previously in this Report, recent changes in the natural gas
market have caused existing and projected prices for natural gas to fall below the
estimated values used for the 2009 Study. For comparison purposes, the natural gas
projections utilized in the 2009 Study have been included in the table below.
For the 2009 Study, the results of the APS PROMOD simulations were adjusted (after
the fact) to include estimates for CO2 emission allowance costs. As indicated herein,
APS has developed revised adjustments to CO2 emission allowance prices that have
been included in their PROMOD simulations for this Report. For comparison
purposes, the 2009 Study CO2 prices assumed at that time are provided in Table 2-8.
Table 2-8
Projected Natural Gas Prices and CO 2 Emission Costs
Delivered Natural Gas Price ($/MMBtu)

2015

2020

2025

4.48

5.82

7.66

0

15.72

22.56

8.44

N/A(1)

9.61

20.94

N/A(1)

52.30

CO 2 Allowance Price ($/ton)
For Comparison:
2009 Delivered Natural Gas Price ($/MMBtu)
2009 CO 2 Allowance Price ($/ton)
(1)

The 2009 Study did not include 2020 as a target year.

Generation System Methodology Conclusions
The generation system value assessment consists of calculating the value of the energy
and capacity which the projected solar PV is expected to displace on the APS system.
Because the solar PV installations are not able to be dispatched by APS, their
electricity production is automatically input into the APS system, normally in the form
of reduced energy and demand by the retail customers with solar PV.
To account for the value of the displaced energy, APS modeled the system both with
and without the incremental projected solar PV. The resulting change in total system
production costs (including fuel, variable O&M, emissions costs, purchased power) is
the value of the displaced energy. Because APS is projecting lower levels of energy
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sales relative to the 2009 forecast, the value of the solar PV energy is lower due to its
displacement of more efficient resources. Additionally, the lower natural gas prices
used in this Report also contributes to a relatively lower value for the solar PV energy
compared to the 2009 Study. Similarly, the value of the capacity additions which APS
would need to install in the absence of the solar PV was calculated to the extent that
the incremental solar PV is projected to preclude the need for additional capacity.
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VALUE ASSESSMENT UPDATE
This section provides the results of the updated Value Assessment completed for this
Report.

Methodology for Quantification of Savings
The approach used to assess the economic value of solar PV deployment in this Report
includes the following:


Quantification of the avoided or reduced energy usage costs due to future solar
PV deployment, based primarily on reduced fuel and purchased power costs.



Quantification of the reduced capital investment costs resulting from future
solar PV deployment, including the deferral of capital expenditures for
distribution, transmission, and generation facilities (as appropriate).



Estimation of the present value of these future energy and capital investment
avoided costs due to future solar PV deployment.

To estimate an annual marginal economic avoided costs in the target years of 2015,
2020, and 2025 for the APS distribution, transmission, and generation functional areas
under the solar PV deployment scenarios, the first step was to separate capacity and
energy. This separation is important because capacity avoided costs represent value in
terms of either deferral or avoided investment costs by APS, while energy avoided
costs represent both immediate and ongoing cumulative benefits associated with the
reduction in energy requirements.
As discussed in the 2009 Study, this methodology is consistent with the revenue
requirement approach for capital investment economic evaluations that 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 expenses and taxes) and capacity components (capital
investment depreciation, interest expense, and net income or return requirements). It
measures the reduced or avoided energy and capacity costs that APS will not incur if
future solar PV is successfully deployed.

Value of Energy Avoided Costs
Future marginal energy savings associated with solar PV deployment were determined
through the simulation of APS’s future costs to meet the energy needs in the target
years of 2015, 2020 and 2025. The operational cost avoidance for each functional
area is rolled up to the reduced fuel, purchased power, emissions, and losses
associated with reduced production requirements on the APS system under the solar
PV penetration scenarios.
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Total Annual and Present Value of Avoided Costs
Values for annual fuel, variable O&M, emissions, and purchased power avoided costs
were calculated individually in the target years of 2015, 2020, and 2025. These values
were added together to determine the total marginal energy avoided costs estimated to
occur in these target years under the various solar PV penetration scenarios. Table 3-1
below provides these total marginal energy-related avoided costs in both nominal
terms and present value 2013 dollars for the scenarios and target years identified in
this Report. The present value of the nominal values as of 2013 was calculated using
APS’s discount rate of 7.21 percent.
Table 3-1
Energy Avoided Costs
Incremental Solar
PV (w/Losses)
(MWh)

Nominal
($000)

Present
Value
($000)

Expected Penetration Case
2015

430,554

$12,988

$11,301

2020

1,397,175

$61,817

$37,984

2025

2,741,866

$162,519

$70,522

High Penetration Scenario
2015

430,554

$12,988

$11,301

2020

1,782,433

$78,077

$47,975

2025

5,403,473

$290,257

$125,951

Low Penetration Scenario
2015

290,132

$8,838

$7,690

2020

601,226

$28,792

$17,691

2025

1,302,165

$88,470

$38,390

Note: These energy values include the losses identified in Table 2-3.

Value of Capacity Avoided Costs
Regardless of the level of energy utilized, the utility has the responsibility to maintain
a system capable of handling the coincident peak demand of its customers on each
piece of equipment. The marginal capacity avoided costs associated with solar PV
deployment were calculated for specific years as described herein. The identified
reduction or deferral in total capacity investments in distribution, transmission, and
power supply for the target years of 2015, 2020 and 2025 were discussed in Sections 2
of this Report.
These capacity cost avoided costs result in an annual reduction in APS’s revenue
requirements. The reduction in revenue requirements are estimated using APS’s
specific carrying charges calculated separately for each functional sector. An
appropriate carrying charge varies each year for a specific discrete investment made in
a particular year. Factors which determine the carrying charges include the
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accumulated capital recovery or depreciation elements, taxes, and return on
investment rate base elements.
A levelized carrying charge for each utility sector was calculated to provide a
reasonable estimate of avoided annual capacity costs associated with the reduction in
capital investments. The levelized capacity carrying charges for the APS distribution,
transmission, and generation systems are summarized in Table 3-2.
Table 3-2
Levelized Carrying Charge by Functional Sector

All Years

Distribution
System

Transmission
System

Generation
System

11.29%

11.05%

11.17%

These carrying charges were used along with the capacity investment savings
developed in Section 2 of this Report to estimate annual values associated with the
avoided or deferred capital investment costs in the distribution, transmission, and
generation sectors resulting from solar PV deployment.
In addition to the deferment of direct capital investments that could potentially result
from the incremental solar PV deployment discussed herein, there are reductions in
costs that could also potentially be realized in the form of avoided fixed O&M costs.
These avoided fixed costs are those associated with the avoided generation
investments and include the associated labor, equipment and other costs associated
with O&M, as well as the associated natural gas pipeline reservations fees. Due to
the nature of these avoided costs, these fixed O&M costs are included in the capacity
savings.
Capacity-Related Costs Avoided from Solar PV Deployment
To determine the value of deferred sub-transmission projects for the target years, only
projects that were postponed from before the target year until after the target year were
considered. For each of those, the regional existing solar PV was evaluated to
determine the contribution at the time of the feeder peaks. Each region was evaluated
to determine the potential for additional solar PV compared to expected load growth to
estimate if penetration would be sufficient in those regions to defer the project.
Tables 3-3 and 3-4 below provide a summary of the annual avoided costs of the
identified sub-transmission upgrades that can be deferred for the target years 2020 and
2025 for the Expected Penetration Case and the High Penetration Scenario,
respectively. No sub-transmission upgrades are planned before 2015 that can be
deferred, nor did the Low Penetration Scenario result in any sub-transmission projects
that could be deferred for the target years.
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Table 3-3
Capital Cost Deferrals at Sub-transmission Level – Expected Penetration Case

Postponed
Date

2020
Regional
Peak
Solar
(MW)

2025
Regional
Peak
Solar
(MW)

2025
Associated
Annual
Value
($000)

MW
Required

Need
Date

2013
Installed
Cost
($000)

Rural Western

20 MW

2019

$7,980

2022

8

18

0

Northwest

10 MW

2021

$1,200

2026

13

30

$133

Northwest

20 MW

2021

$3,200

2026

13

30

$354

Northwest

20 MW

2017

$900

2022

13

30

0

Region

Table 3-4
Capital Cost Deferrals at Sub-transmission Level – High Penetration Scenario

Postponed
Date

2020
Regional
Peak
Solar
(MW)

2025
Regional
Peak
Solar
(MW)

2025
Associated
Annual
Value
($000)

MW
Required

Need
Date

2013
Installed
Cost
($000)

Rural Western

20 MW

2019

$7,980

2022

10

39

$882

Northwest

10 MW

2021

$1,200

2026

18

66

$133

Northwest

20 MW

2021

$3,200

2026

18

66

$354

Northwest

20 MW

2017

$900

2022

18

66

0

Region

Table 3-3 and Table 3-4 indicate that the Rural Western region is not projected to have
sufficient solar penetration based on an average feeder allocation to defer the proposed
project beyond 2020 in the Expected Penetration Case but will have sufficient
incremental solar PV capacity by 2025 to defer a 20 MW, $7.9 million project in the
High Penetration Scenario, resulting in an annual value of approximately $882,000.
The Northwest region is expected to have sufficient incremental solar PV installations
by 2020 in the both the Expected Penetration Case and the High Penetration Scenario
to postpone a 10 MW, $1.2 million project, resulting in annual value of approximately
$133,000 as well as have sufficient incremental solar capacity by 2025 to postpone a
20 MW, $3.2 million project, resulting in an annual value of approximately $354,000.
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Table 3-5 provides a summary of generation related transmission system capital cost
reductions associated with the deployment of solar PV by penetration scenario. The
first column of this table represents the value of the cumulative installed capacity cost
reduction and the second column represents the resulting associated annual cost
avoidance in nominal dollars. The third column represents the present value of the
nominal dollars, using APS’s discount rate of 7.21 percent. As noted previously, the
solar PV penetration scenarios did not provide sufficient dependable capacity to avoid
or defer any load related transmission level projects.
Table 3-5
Generation Related Transmission Capital Cost Reductions
Cumulative Installed
Capacity Cost
Reductions ($000)

Associated Annual
Value – Nominal
($000)

Present Value ($000)

2015

$0

$0

$0

2020

$46,969

$5,190

$3,189

2025

$73,884

$8,164

$3,543

2015

$0

$0

$0

2020

$46,969

$5,190

$3,189

2025

$73,211

$8,090

$3,510

2015

$0

$0

$0

2020

$23,194

$2,563

$1,575

2025

$49,437

$5,463

$2,370

Expected Penetration Case

High Penetration Scenario

Low Penetration Scenario
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Table 3-6 provides a summary of generation system capital cost reductions associated
with the deployment of solar PV by penetration scenario. Generation capital cost
reductions were determined to exist for the Expected Penetration Case and the Low
and High Penetration Scenarios. Similar to the previous table, the first column
represents the value of the cumulative installed capacity cost reduction, the second
column represents the resulting associated annual cost avoidance, and the third column
represents the present value of the cost avoidance.
Table 3-6
Capital Cost Reductions at Generation Level
Cumulative Installed
Capacity Cost Reductions
($000)

Associated Annual
Value – Nominal
($000)

Present Value (1)
($000)

Expected Penetration Case
2015

$0

$0

$0

2020

$258,917

$28,926

$17,774

2025

$407,286

$45,502

$19,744

2015

$0

$0

$0

2020

$258,917

$28,926

$17,774

2025

$403,579

$45,087

$19,565

2015

$0

$0

$0

2020

$127,860

$14,284

$8,777

2025

$272,523

$30,446

$13,211

High Penetration Scenario

Low Penetration Scenario

(1) The present value of these future savings as of 2013 was calculated using APS’s discount rate of 7.21
percent.
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Table 3-7 provides a summary of the estimated Fixed O&M cost avoidance associated
with the deployment of solar PV by penetration scenario. As indicated previously,
these costs are associated with the deferment or avoidance of the generation
investments and include fixed costs (such as labor) and pipeline reservation related
costs.
Table 3-7
Fixed O&M Related Avoided Costs
Nominal Value
($000)

Present Value (1)
($000)

Expected Penetration Case
2015

$0

$0

2020

$4,668

$2,868

2025

$7,926

$3,438

2015

$0

$0

2020

$4,668

$2,868

2025

$7.926

$3,438

2015

$0

$0

2020

$2,334

$1,434

2025

$5,282

$2,292

High Penetration Case

Low Penetration Case

(1)
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Table 3-8 provides a summary of the capacity related avoided costs associated with
the deployment of solar PV by penetration scenario. This table represents the
summation of the sub-transmission, generation and Fixed O&M avoided costs
identified above.
Table 3-8
Total Capacity Related Avoided Costs
Nominal Value
($000)

Present Value (1)
($000)

Expected Penetration Case
2015

$0

$0

2020

$38,784

$23,831

2025

$62,074

$26,936

2015

$0

$0

2020

$38,784

$23,831

2025

$62,468

$27,107

2015

$0

$0

2020

$19,182

$11,786

2025

$41,190

$17,874

High Penetration Case

Low Penetration Case

(1) The present value of these future savings as of 2013 was calculated using APS’s
discount rate of 7.21 percent.
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Table 3-9 provides a summary of the total estimated marginal solar PV deployment
avoided costs for the Expected Penetration Case and the Low and High Penetration
Scenarios, in total and on a unit ($/MWh) basis. Table 3-9 represents the summation
of the energy and capacity related avoided costs presented in the tables above, and
includes their present value in 2013 dollars, utilizing APS’s discount rate of 7.21
percent.
Table 3-9
Total Solar PV Value
Total Annual
Avoided Costs
($000)
Expected Penetration Case
2015

$12,988

2020

$100,601

2025

$224,593

High Penetration Scenario
2015

$12,988

2020

$116,861

2025

$352,725

Low Penetration Scenario
2015

$8,838

2020

$47,973
$129,661

2025

Estimated
Incremental MWh (w/
losses) Savings

Estimated Unit
Avoided Costs
($/MWh)

Present Value
($000)

430,554

$30.17

$11,301

1,397,175
2,741,866
430,554
1,782,433
5,403,473
290,132
601,226
1,302,165

$72.00

$61,815

$81.91

$97,457

$30.17

$11,301

$65.56

$71,807

$65.28

$153,058

$30.46

$7,960

$79.79
$99.57

$29,478
$56,264

Note: Total Annual Value represents sum of value categories by penetration scenario. The energy savings equals the values in Table
2-1.
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Table 3-10 below provides a summary of the present value associated with the
estimated incremental avoided costs for the solar PV penetration scenarios for the
target years of this Report.
Table 3-10
Total Solar PV Value (Present Value)
Total Annual
Avoided Costs
($000)

Estimated
Incremental MWh
(w/Losses) Savings

Estimated Unit
Avoided Costs
($/MWh)

430,554

$26.25

Expected Penetration Case
2015

$11,301

2020

$61,815

2025

$97,457

1,397,175
2,741,866

High Penetration Scenario
2015

$11,301

2020

$71,807

2025

$153,058

430,554
1,782,433
5,403,473

Low Penetration Scenario
2015

$7,690

2020

$29,478

2025

$56,264

290,132
601,226
1,302,165
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2013 Solar PV Update
The total solar PV value of the functional elements for 2025 (in nominal dollars) for
APS are represented in Figure 3-1. This figure includes the present value of the
functional element values for comparison purposes.

Figure 3-1: Elements of Potential Solar PV Value to APS System in 2025 (Expected
Penetration Case)
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Comparison to 2009 Study
The results of this Report provided in Figure 3-1 above represents the Expected
Penetration case for solar PV in 2025. The estimates of total solar PV value for the
2009 Study for comparison by deployment scenario are provided below. Table 3-11
below provides a comparison of the scenarios developed for this Report to the 2009
Study results for 2025 in nominal dollars.
Table 3-11
2013 Report Comparison to 2009 Study ($ Nominal)
Total Solar DE / PV
Avoided Costs
($000)

Estimated MWh
Savings

Estimated Unit
Avoided Costs
($/MWh)

2009 – Low Penetration Case (DE)

$18,679

176,009

$106.12

2009 – Medium Penetration Case (DE)

$208,924

1,788,610

$116.81

2009 – High Penetration Case (DE)

$382,307

3,862,585

$98.98

2013 – Low Penetration Scenario (PV)

$129,661

1,302,165

$99.57

2013 – Expected Penetration Case (PV)

$224,593

2,741,866

$81.91

2013 – High Penetration Scenario (PV)

$352,725

5,403,473

$65.28

2025 Target Year

_____________________________

The reduction in unit avoided costs from the 2009 Study to this Report is the result of
a variety of change in market conditions. The primary difference provided in the
tables above relates the dramatic changes in the estimated incremental energy savings
(MWh) between the various scenarios run for the 2009 Study and this Report. This is
due to the increased deployment of solar PV observed by APS in its service territory
since the time of the 2009 Study, as well as changes in the underlying assumptions
around the high and low sensitivities. The total avoided costs for the 2009 Study were
influenced by the other technologies reviewed for that study (residential solar hot
water and commercial daylighting). The changes in assumptions discussed throughout
this Report also influence the avoided costs, the energy savings and the resulting
estimated unit avoided costs. However, the main variances that can be attributed to
the value categories are as follows:


The distribution system avoided cost from reductions in capacity is shown to be
zero for this Report. This represents the results of market-based projection of
solar PV penetration assumed in this Report compared to the targeted placement
projections assumed in the 2009 Study.



The fixed O&M avoided costs have been reduced based on associated type and
amount of planned generation that is avoided as a result of the increased solar
PV penetration. Additionally, for the 2009 Study, the fixed O&M category
included market power purchases for capacity, as well as fuel transportation
costs. The market power purchases are included in the Fuel, Variable O&M,
Emissions and Purchased Power category in this Report.



The transmission avoided costs are projected to be the transmission investments
associated with the avoided generation and are similar to the values estimated in
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the 2009 Study. The capacity costs from the avoidance of generation
investment is also similar to the values determined for the 2009 Study.


The variable avoided costs (fuel, variable O&M, emissions and purchased
power) are slightly below the range estimated by the 2009 Study, however as
indicated above, the values in this category developed for this Report include
purchased power capacity costs, which were included in the fixed O&M cost
category for the 2009 Study. The primary driver of value in this category is the
fuel price associated with the avoided energy projections.

Summary of Report Methodology Changes
This Report provides an update of the valuation of solar resources developed in the
2009 Study. This update was precipitated by several changes regarding assumptions
utilized for the 2009 Study, including those in the power market and APS operations,
as well as observations from the solar PV installations and other factors. This Report
utilized the methodology and process developed for the 2009 Study to the extent
possible in the determination of the value of solar PV for APS, with the exceptions
noted herein. A summary of these changes in methodology and assumptions is listed
below:


The existing and projected costs for APS to produce and/or purchase power
from the market have lowered dramatically since the 2009 Study, primarily as a
result of lower natural gas prices used as a fuel source for electric generation In
2008, market natural gas prices were approximately $9.00 per MMBtu; in 2012
natural gas prices were approximately $3.50 per MMBtu.



Emission costs for CO 2 utilized for this Report are projected to begin in 2019
and are assumed to escalate to a value of approximately $22.00 per ton in 2025,
which represents a reduction in the CO 2 emissions costs utilized for the 2009
Study.



The number of installed distributed solar PV systems in the APS service
territory has increased dramatically since the 2009 Study. In 2008, APS had
under 1,000 solar PV systems installed on its system, whereas by the end of
2012, this number had increased to over 14,000.



APS reports that only a very small percentage of the solar PV systems installed
utilize single-axis tracking technologies. The scenario analysis developed for
this Report could reasonably be considered to include output from the relatively
small number of existing and expected single-axis tracking systems installed on
the APS system.



APS’s solar PV incentive programs have allowed the organic market growth for
solar PV deployment. This market growth has not resulted in significant
localized penetration regions, but instead these installations have been
geographically spread-out across the APS service territory. This Report
assumes future deployment locations consistent with the observations of
existing penetrations to date.
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Total load (demand and energy use) projections for APS customers are lower
than the forecasts utilized in the 2009 Study due to the economic recession and
as well as the state of Arizona energy efficiency standards that have reduced
both energy and demand projections.



The 2009 Study estimated the value of marginal avoided losses for distributed
solar systems utilizing a theoretical approach. APS has reported that it is not
been technically feasible to verify the accuracy of this estimate. Therefore, this
Report utilizes known system average energy and demand losses observed and
measured by APS in its approach to value the avoided losses.

Conclusions
The primary element of the value for solar PV is the avoided energy related costs that
are displaced by the incremental solar PV production (as indicated in Figure 3-1 for
the Expected Penetration Case in 2025). These variable related costs include:


Fuel (primarily natural gas commodity)



Purchased power (avoided capacity (demand) costs associated with changes in
purchased power from the wholesale power market),



Variable O&M costs (reduction in costs associated with avoidance of future
generation resource)



Emission related costs for thermal power plants (including CO 2 , as well as
others), and



Energy savings associated with avoided losses (the energy that would have been
required to be generated at a centralized facility and lost due to the physics of
energy transmission).

The avoided fuel costs represent the largest contribution of the four elements included
in this value category. Combined, this value category is estimated to represent
approximately 70 percent of the total value for incremental solar PV on the APS
system.
The next highest value category of solar PV value in 2025 is associated with
avoidance of generation capacity. This value is derived from the investment value
required by APS to fund future generation that is avoided by the incremental solar PV
dependable capacity estimated to be installed at that time. The avoided generation
capacity developed by APS for this Report consists entirely of combustion turbine
units. The avoided generation capacity value represents approximately 20 percent of
the total value of the solar PV in 2025.
The remaining value categories determined for solar PV in 2025 include avoided
transmission capacity costs and fixed O&M costs. The transmission capacity relates
to the avoided or delayed transmission projects (associated with generation planning)
due to the projected incremental solar PV penetration. The fixed O&M values are
related to the generation resources mentioned above and are associated with the
avoided operation of those power plants (whereas the capacity is the estimated
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avoided investment), as well as the associated fuel transportation reserve charges for
those facilities.
Combined, the transmission capacity and fixed O&M avoided costs account for
approximately 10 percent of the total estimated incremental solar PV value to APS in
2025. The distribution capacity avoided costs is estimated to be zero, because this
value category requires solar PV to be installed at specific locations on the APS
distribution system. Reductions in capital costs for distribution capacity investment
from existing and projected solar PV installations as described herein, was found to be
insignificant.
As indicated previously, the projected solar PV penetration would be expected to shift
the hour of the system peak demand due to the contribution from the dependable
capacity at the time of the peak. The results of the analysis developed for this Report
suggests that for the Expected Penetration Case and the High Penetration Scenario, the
incremental solar PV is sufficient to shift the system peak demand hour from 5:00
p.m. (in the reference case) to 6:00 p.m. for the target years 2020 and 2025. However,
the incremental solar PV is not sufficient under any of the scenarios analyzed herein to
result in a shift in the system peak demand hour in 2015. Additionally, the solar PV
projections in the Low Penetration Scenario are not sufficient to shift the hour of peak
demand for any of the target years identified in this Report.

Value Assessment
In general, the values determined for the incremental solar PV for the early period of
this Report (2015) are zero for the capacity related assessment. APS does not have a
projected need for additional traditional (thermal) generation resources until 2017,
therefore, the soonest target year that solar PV can delay or offset these resources is
2020. Additionally, the year 2015 is too close to the existing year (2013) for the
incremental solar PV to impact capital resource planning needs that often are several
years in the planning. In the short term (next two years) the solar PV penetration is
not sufficient, even in the High Penetration Scenario, to impact these capital decisions.
However, the early period of this Report does result in energy savings as a result of the
projected incremental solar PV installations.
Increased incremental solar PV penetration results in decreased costs to APS.
However, this relationship is not linear. The incremental dependable capacity declines
somewhat exponentially with the installation of each new system. Therefore,
incremental solar PV installations in the future could reach a point in which APS no
longer receives any new capacity benefits. Thus the impact on demand reduction to
the system (and the resulting decrease in need for future generation and related
transmission investment) does not decrease on a one-to-one basis with the installation
of new solar PV systems. This result is expected and is consistent with the results of
the 2009 Study.
On a unit basis ($/MWh), the results indicate a higher avoided costs for lower
incremental solar PV (comparing the Expected Penetration Case to the Low
Penetration Scenarios in Tables 3-9 and 3-10 above). This is due to the rate of change
in total avoided costs ($) relative to the rate of change in avoided energy (MWh). The
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total avoided costs is the combination of variable and fixed avoided costs. Avoided
variable costs generally increase proportionally to avoided energy, however, the
avoided fixed costs do not. The avoided fixed costs are “lumpy”; the incremental
solar PV penetration must exceed a threshold before these capital investment savings
can be realized.
Additionally, avoided fixed costs are a function of the dependable capacity. As
discussed herein, incremental dependable capacity declines somewhat exponentially
with the installation of each new system, therefore as solar PV penetration increases,
the benefit from the dependable capacity decreases. The combined effect is a lower
relative contribution to total value from avoided fixed costs in the higher penetration
scenarios. Combined with the changes in avoided energy across the scenarios, the
result is higher avoided costs on a unit basis for lower solar PV penetration for 2020
and 2025.
This Report suggests that without significant targeted placement of solar PV, there is
no capacity value to the distribution system. This is primarily a results of the
difference in timing between the hour of peak demand of the feeders along the
distribution system and the hour of peak production for the solar PV system. To
create capacity value in the distribution system, the solar PV would need to be
sufficient to reduce load to below 90 percent of a specific feeder’s rated capacity at the
time of peak. The analysis conducted for this Report suggests that the number of
feeders on the APS system that could potentially benefit from this reduction from solar
PV was insignificant, therefore resulting in zero capacity-related cost reductions for
the distribution system.
As indicated herein, the methods and process developed for this Report were generally
consistent with those utilized for the 2009 Study. The estimated results of this Report
for 2025 are within the range of the values estimated for the 2009 Study. This
suggests that the sound methodology developed for the 2009 Study, and to some
extent updated herein, is capable of being reproduced to estimate solar PV value to
APS in the future.
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