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PUBLIC UTILITIES COMMISSION

505 VAN NESS AVENUE
SAN FRANCISCO, CA 94102-3298

March 28, 2012
Release of Consultant Report on Solar PV Market Analysis
Dear Stakeholders:

We are pleased to announce the release of a Consultant Report on the technical
potential, costs, and benefits of local distributed solar photovoltaics (PV) in California.
Specifically, CPUC staff requested this consultant report to better understand and to
compare the costs and benefits of the various distributed solar PV market segments,
including residential rooftop, commercial rooftop, small ground-mount, and larger
ground-mount (up to 20 megawatts). The methodology and analysis in this report will
be used to inform the broader renewable resource planning and procurement efforts at
the CPUC. It is important to note that this report is limited to solar PV and does not
include other distributed generation technologies. CPUC staff intends to do similar
assessments of other distributed renewable technologies in the future.

While the study methodology builds upon many of the methods used in previous
analyses, it takes advantage of better data than was previously available for the
evaluation of local distributed PV. The improved data in this study provides more robust
estimates of the costs of PV systems, rate of cost reductions, and interconnection costs;
data on utility distribution systems; and Geographic Information System (GIS) rooftop
and land use information from the U.S. Geological Survey and other sources.

The study also differs from prior studies in its narrow focus. In contrast to previous
CPUC analyses, this study focuses narrowly on the development of local distributed PV,
which is defined as distributed PV sized so that the power generated is entirely
consumed on the distribution system to which it is interconnected. This more narrow
definition is in contrast to other more broad definitions of distributed resources, which
may simply define distributed resources as generation interconnecting to the
distribution system or based on size thresholds such as under 20MW.



In order to limit the scope of the analysis, this report does not:

e Evaluate existing or future CPUC incentive programs or procurement
mechanisms for DG.

e Estimate economic potential of local distributed PV.

e Establish solar PV procurement targets. In order to set specific procurement
targets, the CPUC would need to do additional analysis regarding the cost and
associated viability of the various renewable procurement options, taking into
account utility renewable procurement need.

e Evaluate the operational impacts of higher levels of distributed PV on the
electrical grid.

e Quantify the impact of high penetrations of solar PV on wholesale power
markets (energy and capacity), since large amounts of distributed solar PV
could decrease wholesale power prices.

This report is a preliminary assessment of the of local distributed PV potential in
California. Once more solar PV projects achieve commercial operation and actual energy
and interconnection costs are known, we will have the information to do more refined
assessments of DG deployment challenges, better assess the costs and benefits of the
different DG market segments, and calculate overall ratepayer impact. In addition,
further analysis is needed beyond the technical potential estimated in this study, such as
analyses of economic potential or market potential, which will ultimately determine
how much local distributed PV can be installed. Actual achievement of this level of PV
interconnection at the costs estimated by this study will be dependent on overcoming
several potentially significant challenges.

Since this is a preliminary analysis that has not been vetted through a stakeholder
process, the CPUC does not adopt the results of this report. It is our hope that this
analysis and future analyses will help inform the dialogue surrounding high penetration
of distributed generation in California in order to help the state meet its climate change
and renewable targets in a cost-effective and efficient manner.

Sincerely,

Paul Douglas, Program and Project Supervisor, Renewable Procurement and Market
Development

Melicia Charles, Program and Project Supervisor, Customer Generation
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Executive Summary

1 Executive Summary

This study, completed by Energy and Environmental Economics, Inc. (E3) for the
California Public Utilities Commission (CPUC), estimates the technical potential
for “local” distributed photovoltaics (LDPV or local PV) in California, and
assesses the associated costs and benefits. The study relies on the latest
available PV cost data and entails a detailed assessment of PV interconnection
potential at the distribution substation or feeder level. The information in this
report is intended to be used to inform policy-makers in developing or

implementing PV procurement policy or incentive programs.

Local distributed PV is defined as PV sized such that its output will be consumed
by load on the feeder or substation where it is interconnected. This
distinguishes LDPV from other characterizations of “distributed PV,” which has
typically been defined as 20 MW or less. We focus the study on local distributed
PV because compared to distributed PV that is located remotely from load, local
PV has the potential for less expensive and faster interconnection. In addition,
it may target higher value locations on the grid, and may better achieve other
policy goals such as reducing environmental impact, creating local jobs,
enhancing energy awareness, and promoting redevelopment. In contrast,
some distributed systems of 20 MW or less that are not “local” may export

power to serve remote loads without providing these advantages.

© 2011 Energy and Environmental Economics, Inc. Page | 1|



_ Technical Potential for Local Distributed Photovoltaics in California

In this study, we consider a range of criteria that may act as constraints on
potential for local distributed PV. At the most restrictive end of the range we
evaluate interconnection potential under the current Rule 21 15% of peak load
criterion, which limits generators that can bypass an interconnection study to
those that are under 15% of the peak load of a circuit or substation. However,
the intent of this study is to look beyond current interconnection circumstances
and assess the costs and benefits of high penetration PV scenarios, were the
potential to be fully developed. For this reason, the central criterion to identify
LDPV technical potential is that it be consumed by local load. Specifically, the
generation cannot backflow from the distribution system onto the transmission
system. We evaluate LDPV installation rates through a review of the rates of
installed capacity in Germany and California in order to evaluate the potential

and the overall cost of a renewable portfolio dominated by local distributed PV.

We couple the investigation of interconnection potential with an examination of
site potential for different PV market segments, which we determine based on a
detailed evaluation of residential and commercial rooftops and land available
for ground-mounted systems. We use Geographic Information Systems (GIS)
data to identify sites surrounding each of the approximately 1,800 substations in
California Investor-Owned Utility (IOU) service territories. We compare hourly
load at the individual substation level to potential PV generation at the same

location. This hour-by-hour calculation of load available for LDPV distinguishes
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Executive Summary

the present study from others that have preceded it. The study represents the

most detailed assessment to date of the LDPV capacity potential.!

Finally, we assess the costs and net costs of the LDPV scenarios with a High Cost
and a Low Cost case that in our judgment provide bounds on the economics of
LDPV. The ‘High Cost’ case is a conservative view by assuming 2010 PV system
costs through 2020. This reflects the most recent pricing of systems that have
actually been built. The ‘Low Cost’ case reflects a continued steep decline in
costs observed historically through 2020. The source and means for these cost
reductions is unknown. In addition, we assume some integration costs in the
High Cost Case ($7.50/MWh) that are not included in the Low Cost Case and we
assume that the utilities are able to capture local distribution benefits in the

Low Cost case.

1.1 Study Approach

The study assesses the technical potential and cost of LDPV by market segment:
residential rooftop, commercial rooftop, and ground-mounted PV up to 20 MW.
We calculate both the total system cost (including interconnection) and the net
cost of LDPV (system cost less avoided cost). The total cost of achieving a given
level of LDPV adoption is dependent on the configuration and size of PV systems
installed and the procurement approach. We consider three scenarios to guide

the selection of PV included in the analysis:

! We did not evaluate publicly-owned utilities because they are not within CPUC jurisdiction and data was not
available for them. However, we believe the results would be similar for all California utilities.
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_ Technical Potential for Local Distributed Photovoltaics in California

Table 1: Three LDPV procurement scenarios

Scenario | Description

Least Cost PV is selected to minimize total system cost (including interconnection).
Procurement | This scenario reflects the status quo procurement approach through the
Renewable Auction Mechanism (RAM).

Least Net PV is selected to minimize net cost (system cost + interconnection -
Cost avoided costs). The difference between this scenario and the “least
Procurement | cost” scenario is that systems with benefits that exceed their cost
premium are selected first.

High Rooftop PV is prioritized over ground systems. Rooftop systems have
Rooftop the lowest environmental impact, and this approach allows significant
generation near California load centers where there are few sites
available for ground-mounted PV.

The scenarios guide the selection of PV installed (ground-mount vs. rooftop;
location). The total quantity installed is guided by an installation rate estimate

(see Section 3.2.3) that is the same across all three scenarios.

For each procurement scenario, we develop results under a number of

sensitivities:

+ Interconnection Constraint. The base case allows up to the maximum
PV system size given a “no backflow” constraint and no generation
curtailment. Sensitivities consider constraints that are more limiting
(15% and 30% of maximum load at the point of interconnection) and
less limiting (allowing curtailment of 1%, 3%, and 5% of energy

generated to meet the “no backflow” constraint).

+ PV Installation Rate. We develop a base case from an assessment of
observed installation rates and create high and low installation rate

cases from the base case.

+ Range of Cost Assumptions. We present a range of costs and benefits

reflecting high and low cost drivers including: the rate of PV cost decline
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Executive Summary

(as defined by a progress ratio — see Section 3.3.1.1); interconnection
costs; ancillary services costs; and avoided costs. We believe the range

reflects reasonable upper and lower bounds.

0 High Cost. The upper cost values reflect a conservative scenario
that assumes no further decline in PV costs from observed 2010
PV system costs; high estimates for interconnection costs due to
higher penetration of PV systems; increased ancillary services
cost to accommodate high levels of intermittent distributed PV;
and no distribution avoided cost benefits, meaning utilities are
unable to achieve distribution savings from local generation

sources.

O Low Cost. The lower cost values reflect a scenario that assumes
continued decline in PV costs at the historically observed rate
(80% progress ratio); low interconnection costs based on
improvements in interconnection design and increased
experience; no increase in ancillary services costs; and inclusion

of distribution avoided costs in the net cost calculation.

Table 2 summarizes the assumptions in the high and low cost cases. We do not
define a specific base case for costs, but instead present results as a range

between the high and low cost cases.

Table 2: High and Low Cost Case Summary

High Cost Case | Low Cost Case

Interconnection Cost High Low

PV Learning Rate 2010 installed costs 80% progress ratio
Ancillary Services Cost $7.50/MWh produced $0/MWh produced
Distribution Savings None Distribution value by area
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1.2 Key Findings

Under our base case interconnection constraint (maximum system size with no
backflow), we estimate LDPV technical potential at more than 15,000 MW
between now and 2020. Actual achievement of this level of LDPV
interconnection at the costs estimated by this study will be dependent on

overcoming several potentially significant challenges, including:

+ Potential interconnection issues, such as islanding, voltage regulation,
and circuit protection. The potential estimate of more than 15,000 MW
assumes that LDPV can be installed up to the point where PV output is
equal to local load while mitigating potential interconnection issues.
This high level of PV penetration has not yet been the subject of
detailed engineering studies, though some are underway. It is possible
that achieving this level of interconnection would incur interconnection

or ancillary services costs beyond those included in this study.

+ Geographic development issues. Because available “local” load is
widely distributed throughout the state, the market for LDPV would
have to develop in such a way as to widely distribute LDPV development

in accordance with available load.

+ Industry expansion. To achieve 15,000 MW of installed LDPV by 2020,
large scale industry expansion is required, including streamlining of
permitting and business and workforce expansion. This is particularly
true given that a significant portion of the LDPV technical potential is

from rooftop installations.
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Further, the study does not consider the economic or market potential of LDPV.
The public’s willingness to pay for LDPV (or lack thereof) and other market
factors may constrain the realization of the technical potential identified in this
study. Additional study is required to evaluate the economic and market

potential of LDPV.

The absolute potential of ground-mounted PV systems 20 MW and under in
California is enormous when considering available land. However, many of
these sites are located remotely from load and would require costly and time-
consuming transmission upgrades, distribution upgrades, or both. In this sense,
while these generators would often be characterized as “distributed” because of
their size and point of interconnection on the distribution system, they are not

qualitatively different from larger generators.

This study focuses on “local” PV generation, which requires the energy
generated from the PV systems to be consumed locally at the feeder or
substation, thus enhancing the prospects for interconnection in a timely manner
without lengthy interconnection and deliverability studies and costly upgrades.
Because of this constraint, our assessment of PV potential includes a large share
of rooftop systems, particularly residential roofs, despite the fact that rooftop
systems are more expensive. This is true even under a least cost procurement

scenario, as shown in Figure 1.
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Figure 1: Installed PV by Type Under the Least Cost Scenario, Maximum Without
Curtailment
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TO ACHIEVE SIGNIFICANT LOCAL PV, PROJECTS MUST BE EVENLY
DISTRIBUTED THROUGHOUT THE STATE IN ROUGH PROPORTION TO
LOAD

Because our definition of LDPV means generation must be consumed on the
feeder or substation at which it is interconnected, PV generation must be
distributed throughout the state in rough proportion to load in order to achieve
significant penetration. Substations with greater load can accommodate larger
levels of PV without “backflow.” Areas with a higher concentration of
substations and load have more potential than remote areas with fewer
substations and less load. However, no single area can accommodate extremely
large amounts of PV as the resulting output would need to be fed back onto the
transmission system, violating our no backflow criterion. Therefore LDPV must

be widely distributed to match existing load.
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THE LDPV TECHNICAL POTENTIAL IDENTIFIED IN THIS STUDY IS
SIGNIFICANTLY MORE THAN COULD BE INSTALLED IF POTENTIAL WERE
LIMITED BY CURRENT STANDARD INTERCONNECTION TARIFFS

Rule 21 interconnection tariffs provide several screens for qualifying distributed
generation that may be interconnected without extensive study. Among these
screens is a criterion limiting cumulative system size to less than 15% of peak
load on the line section where it is interconnected. While it is true that the Rule
21 15% criterion does not prevent larger PV generators from interconnecting,
projects that do not pass the screen are subject to detailed interconnection
study and therefore have longer timelines and are riskier projects from a

developer perspective.

Application of the Rule 21 15% criterion limits our estimate of 2020 LDPV
technical potential to less than 7,000 MW. On the other hand, basing the
estimate on PV that could interconnect as long as its generation does not
exceed minimum load in any hour more than doubles the technical potential

estimate to approximately 15,000 MW (see Figure 2).
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Figure 2: 2020 LDPV Technical Potential Estimate Under Various
Interconnection Criteria, Least Cost Scenario
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We also considered the effects on LDPV technical potential of a small amount of
curtailment if it allows easy interconnection for generators that otherwise
would be subject to lengthy interconnection studies and if the resulting projects
remain financeable. We recognize that there is currently no mechanism to
affect as-needed curtailment of distributed PV on a nearly-instantaneous basis
and that such a mechanism would entail additional costs; the purpose of the
estimate is simply to show the effect on LDPV technical potential if such a

mechanism were to be developed.

The impact of a small amount of curtailment is significant. Allowing a very small
amount of curtailment (no more than 1% of the generated energy associated
with any single substation’s interconnected PV) further increases the LDPV

technical potential by roughly 10%, to more than 16,500 MW. Again, this
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estimate does not take into account other economic and market constraints

that could dramatically limit the actual installation of LDPV.

ROOFTOP PROJECTS ARE SUBSTANTIALLY MORE EXPENSIVE THAN
GROUND-MOUNTED SYSTEMS

Considering both system and interconnection costs, rooftop systems are
substantially more expensive than ground-mounted systems on a $/kWh-
produced basis, as shown in Figure 3. The figure shows costs as calculated for
the high cost case (2010 prices) and the low cost case (historical learning
rate/steep price decline) and reveals a clear downward trend in costs as system

size is increased.

Figure 3: Average Cost of PV systems Installed by 2020 by type ($2010)

M Interconnection - Low Cost Case
0.40 B LCOE - Low Cost Case
m Intercannection - High Cost Case
035 4 m LCOE - High Cost Case

Cost 5/kWh
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_ Technical Potential for Local Distributed Photovoltaics in California

EXPIRATION OF THE 30% FEDERAL INVESTMENT TAX CREDIT IN 2017
SIGNIFICANTLY INCREASES THE EFFECTIVE COST OF LDPV

Figure 4 shows the projected levelized cost of energy (LCOE) under our low cost
case. Costs decline through 2016, rise significantly in 2017 with expiration of
the investment tax credit (ITC) — which provides a tax credit for up to 30% of PV
systems costs —and do not recover pre-2017 levels within the study period. The
effect is even more pronounced under lower learning rates, as in our high cost
case. Viewed in this light, California could be considered to be in a “race”

against expiration of the ITC to install LDPV in the most cost-effective manner.

Figure 4: Levelized Cost of PV at a Substation in Fresno (Real $2010) 80%
Progress Ratio
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Under our base case installation rate estimate, which reflects a high rate of
adoption based on the German experience, roughly 5,500 MW would be
installed through 2016 before the ITC expires. This is approximately a third of
the identified technical potential, leaving two-thirds to be installed with a lower
10% ITC. Under the high installation rate sensitivity approximately 9,000 MW
would be installed; under the low sensitivity roughly 3,300 MW would be

installed (see Section 3.2.3).
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THE PROCUREMENT APPROACH (LEAST COST VS. LEAST NET COST)
AFFECTS THE ORDER OF RESOURCE SELECTION AND A LEAST NET COST
PROCUREMENT APPROACH CAN PROVIDE RATEPAYER BENEFITS

Figure 5 shows the mix of resources procured under each of the three
procurement scenarios. Total procured resources by 2020 are nearly identical
under the least cost and least net cost procurement scenarios. The
interconnected capacity is slightly higher in the high rooftops scenario because
the rooftop systems have lower output relative to nameplate capacity and
therefore more capacity can be installed without exceeding minimum load in

any given hour.

Figure 5: Portfolio Resource Mix in 2020, by Scenario, Under Maximum PV
Without Curtailment, High Cost Case
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Though not visible in Figure 5, there are differences in resource selection

between the least cost and least net cost scenarios, and in particular in the
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Executive Summary

order and timing upon which resources are selected.” Resources located in
areas with high avoided costs will be selected earlier in the least net cost
scenario, since the avoided cost benefits will lower the net costs, potentially

offsetting any premium in total installed cost for the system.

Ordering procurement on a least net cost basis holds the potential to lower
ratepayer costs. This is evident in Table 3, which shows the cumulative net cost
of installed systems in 2012, 2016, and 2020 under maximum PV without
curtailment and low cost case assumptions. When PV is procured on a least net
cost basis, opportunities may exist to locate in areas with high avoided costs. In
2012, a least net cost procurement approach results in net costs that are
approximately $65 million lower assuming avoided transmission and
distribution costs can be realized. These benefits carry through to 2016 for the
most part, but disappear by 2020, when all potential has been realized
regardless of cost. That is to say, simply, that when all potential sites are

utilized, the procurement approach is not critical.

Table 3: Cumulative Net Costs Under Maximum PV Without Curtailment, Low
Cost Case ($2010 miillions)

Least Net Cost Procurement 5 50| S 246 | 5 1,489

Least Cost Procurement 5 117 | & 350 |5 1,489

? See Appendix A for detailed results by county of resources procured under each scenario.
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In the Long-term Procurement Planning (LTPP) proceeding (R.10-05-006)°
procurement costs were estimated under several cases, including, among
others, an All Gas Case, a Trajectory Case, and an Environmentally Constrained
Case. The All Gas Case is intended for cost comparison purposes only and
assumes that renewable generation does not increase beyond the existing levels
in 2009. The Trajectory and Environmentally Constrained cases both meet the
33% Renewable Portfolio Standard (RPS) and provide a useful comparison point
for the LDPV cost estimates in the current study. The Trajectory Case includes
primarily renewable resources that are already under contract or under
negotiation with California utilities and includes a mix of large and small
renewable generators including wind, solar, geothermal, hydro, and biomass.
The Environmentally Constrained casereflects a scenario where siting of large
central station renewables and associated transmission is limited due to
environmental constraints and is comprised of a higher proportion of
distributed PV (roughly 8,800 MW of distributed PV, compared to roughly 2,800

MW in the Trajectory Case)..

The results presented in LTPP proceeding include the projected 2020 Revenue
Requirement in each case, reproduced in the first three columns of Table 4. The
least cost and high rooftop scenarios from the present study are shown in

Columns (4) and (5) and Columns (6) and (7). (Because the least net cost results

® For analysis, see https://www.pge.com/regulation/LongTermProcure2010-
OIR/Testimony/Joint/2011/LongTermProcure2010-OIR_Test_Joint_20110701_212896.pdf
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are nearly identical to the least cost results, we omit the least net cost scenario

from Table 4 for simplicity).

In columns (4) and (5) the comparison assumes that local PV resources displace
Trajectory Case resources. In this case, the revenue requirement is higher than
the Trajectory Case by $3,113 million (8.4%) and $4,136 million (11.1%) for the

least cost and high rooftop case, respectively.

Table 4: Comparison of LDPV with LTPP Cases

Environmentally
Constrained
Least Cost with
average LTPP
Trajectory
High Rooftop
with average
LTPP Trajectory
Least Cost +
LTPP Trajectory
High Rooftop +
LTPP Trajectory

>
I
o
g
(6]
9
€
'_
o
o
'_
i

2020 $34,548 | $37,280 | $37,809 | $40,394 | $41,416 | $43,031 | $44,063
Revenue
Requirement
(Millions
$2010)

A Revenue ($2,732) $0 $529 $3,113 $4,136 $5,751 $6,783
Requirement
from LTPP
Trajectory
(Millions
$2010)

%A Revenue -7.3% 0% 1.4% 8.4% 11.1% 15.4% 18.2%
Requirement
from LTPP
Trajectory

RPS % 12.7% 33.0% 33% 33.0% 33.0% 48.0% 48.0%
Achieved
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In columns (6) and (7) the comparison assumes that local PV is procured in
addition to the LTPP Trajectory Case resources. In this case, 48% of electricity
sales would be met with renewable generation. The annual revenue
requirement, compared to the Trajectory Case, would be higher by $5,751
million (15.4%) and $6,783 million (18.2%) for the least cost and high rooftop

cases, respectively.

To complete the comparison in Table 4, the least cost and high rooftop
scenarios were calculated on a comparable basis to LTPP. For purposes of using
consistent assumptions across analyses, we used the high cost case for the
comparison because it makes a “no learning” assumption (no decline in
resource costs), which was the same assumption used for all renewable
resources in the LTPP analysis. In addition, in order to keep assumptions
consistent, we recalculate LDPV costs assuming an extension of the federal
investment tax credit through 2020 since this is what the LTPP analysis
assumed. To compare the low cost case on the same basis to the LTPP analysis,
the LTPP analysis would have to be repeated with assumptions on learning rates
across the range of renewable technologies, which is beyond the scope of this

study.
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2 Introduction

There is increasing interest in California in using distributed photovoltaics (PV)
to meet California’s renewable energy goals. The CPUC included a “High
Distributed Generation (DG) Case” in its 2009 33% RPS Implementation Analysis®
report that included approximately 9,000 megawatts (MW) of small-scale PV
generation. The Long Term Procurement Plan (LTPP) proceeding (R.10-05-006)
contemplated the costs for significant levels of distributed generation (roughly
7,000 MW in 10U territory and 9,000 MW for the state as a whole). Governor
Jerry Brown has set a policy goal for 12,000 MW of distributed renewable

energy by 2020.°

The present study aims to provide a detailed assessment of the technical
potential for and costs of distributed PV generation in order to help answer key

policy questions:

+ How much local distributed PV (LDPV) can be installed without detailed
interconnection study under the current interconnection rules? How
does this change under more aggressive interconnection criteria? What

are the key challenges that will be encountered?

* 33% Renewables Portfolio Standard Implementation Analysis Preliminary Results, June 2009.
http://www.cpuc.ca.gov/NR/rdonlyres/1865C207-FEB5-43CF-99EB-
A212B78467F6/0/33PercentRPSImplementationAnalysisinterimReport.pdf.

® http://gov.ca.gov/docs/Clean_Energy_Plan.pdf
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4+ How much LDPV can be installed before the federal 30% investment tax
credit (ITC) expires at the end of 2016? How much LDPV can be
installed by 20207

+ How much will high deployment of PV cost? How sensitive is the result

to future reductions in the costs of PV?

+ How do procurement goals affect the types of solar PV systems
installed? What is the mix of rooftop systems (residential and
commercial) versus ground-mounted systems under different

procurement scenarios?

The answers can help inform ongoing renewable procurement plans and

policies at the CPUC and related policy development in California.

While the study methodology builds on many of the methods used in the High
DG Case in the 2009 33% RPS Implementation Analysis and the LTPP
proceeding, as well as the cost-effectiveness methodology used to evaluate the
California Solar Initiative, it takes advantage of better data than has previously
been available for the evaluation of local PV generation. The original data from
the 33% RPS Implementation Analysis was developed in 2009 and updated in
the 2010 LTPP proceeding. The improved data in this study provides more
robust estimates of the costs of PV systems, rate of cost reductions, and
interconnection costs; data on utility distribution systems; and Geographic
Information System (GIS) rooftop and land use information from the U.S.

Geological Survey and other sources.

The study also differs from prior studies in its narrow focus. In contrast to the
33% RPS Implementation Analysis, and the LTPP proceeding, which evaluate and

compare a number of approaches to meeting the 33% RPS, this study focuses
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narrowly on the development of local distributed PV. For the purposes of this
study, we define “local” distributed PV as being sized such that the power
generated is entirely consumed on the distribution system to which it is
interconnected. LDPV has several potential advantages relative to generation

located outside of load areas:

+ Avoidance of lengthy interconnection study in the California
Independent  System  Operator (California ISO)  Generation
Interconnection Process (GIP) and potentially slow and expensive

transmission upgrades for reliability and deliverability;

+ Avoidance of lengthy distribution interconnection studies and

potentially slow and expensive upgrades;

+ Higher economic benefits in the form of more valuable energy
production, reduced line losses, and deferred investments in new

distribution and transmission system capacity; and

+ Lower environmental impact.

This study estimates the maximum technical potential and costs for LDPV in the
service territories of California’s three large 10Us®. The net cost estimation
includes quantifiable benefits of LDPV as captured by utility avoided costs.
Other potential benefits associated with LDPV — such as lower environmental
impact (particularly for rooftop systems), local jobs installing and maintaining
the systems, and greater energy-use awareness at the individual and

community level — are not quantified in this study.

® California’s three large 10Us are Pacific Gas and Electric Company (PG&E), Southern California Edison Company
(SCE), and San Diego Gas and Electric Company (SDG&E).
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3 Methodology and Data

This study assesses (1) the technical potential and timeline for local distributed
PV in California, and (2) the associated costs and benefits. Our approach for
assessing both of these elements is described in this chapter. The elements are
not entirely independent; for example, the rate at which PV is installed affects
the overall cost, both because PV costs may decline over time and because the
federal 30% ITC is currently scheduled to revert to 10% at the end of 2016,
effectively increasing the installed cost of PV. We consider these interactions

under a number of scenarios, as described in Section 3.1.

The study represents the most detailed assessment to date of LDPV capacity
technical potential and costs. It relies on the latest available PV cost data and
entails an assessment of PV interconnection potential at the substation or

feeder level, using the most granular data available. The study entails:

+ An assessment of available hourly substation load data and
development of hourly load profiles for every 10U substation in

California.

+ Development of hourly PV output for each substation through

simulation modeling.

+ Examination of site potential, including residential and commercial
rooftops and land available for ground-mounted systems, using GIS data

to identify sites surrounding each substation.
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+ Consideration of each IOU’s distribution capacity expansion plans at the
distribution planning area level, to improve estimates of avoided or

deferred distribution capacity costs.

While the overall assessment of costs and technical potential is at the
substation level, we aggregate the detailed substation-level results of the study
at the state, IOU, county, system size, or climate zone level in order to present

the results.

A brief summary of our analysis steps is provided in the tables below. We

provide more detailed description of our methodology in the sections that

follow these tables, and in Appendices B and C.

Table 5: Summary of Analysis for Technical Potential and Timeline Assessment

# | Step Description

1 | Gather hourly Use 2010 utility SCADA data to develop minimum, maximum, and
substation load average load data by hour for each substation (SCE, SDG&E) or
data and remove feeder (PG&E)
anomalies

2 | Simulate PV Simulate hourly PV output for each standard configuration
output for each (horizontal, fixed tilt, tracking) for each substation based on 2010
substation weather

3 | Calculate Use minimum hourly substation or feeder load to calculate hour-
interconnection by-hour interconnection potential for each substation for each
potential interconnection potential scenario

4 | Identify available Use GIS data to identify residential, large roof, and ground sites
PV sites deemed within reach of each substation (2.5 mile radius urban /

suburban, 5 mile rural)

5 | Rank sites Order sites within reach of interconnection to each substation
according to according to scenario (least cost, least net cost, and high rooftop)
scenario

6 | ldentify sites Limit sites selected by customer participation assumption and
based on interconnection potential at each substation
interconnection
potential
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each year of
analysis
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Description

For each year (2012 to 2020), select sites in order according to
scenario up to the maximum installation capacity by year, as
identified by the installation rate forecast

Table 6: Summary of analysis for cost and net cost assessment

‘# ‘ Step

1

Forecast PV
capital costs to
2020

| Description

Forecast PV installed costs for each type of PV by year to 2020
based on California Solar Initiative (CSI) program data, LTPP PV
cost data, benchmarking to utility solicitations, and progress ratios
ranging from 80% (high learning/price decline) to 100% (no
learning/price decline)

2 | Gather Calculate range of interconnection costs based on interconnection
interconnection cost data from each 10U
cost data and
remove
anomalies

3 | Calculate total Calculate levelized total cost for each site at each substation
levelized cost for based on installation year using LCOE tool developed for CSI cost-
each site effectiveness analysis7

4 | Update avoided Update hourly long-term forecast of energy, generation capacity,
costs transmission capacity, CO2 and loss savings for each utility

5 | Estimate Calculate area-specific distribution avoided cost by distribution
distribution planning area for each IOU
benefits

6 | Calculate total Calculate levelized benefits (avoided costs) for each site at each
levelized benefits | substation based on installation year
for each site

7 | Calculate net Compute net cost of each site at each substation
levelized costs for
each site

8 | Tabulate costs Tabulate costs and net costs for each scenario and sensitivity by

and net benefits

substation, climate zone, county, utility, as well as state total

7 http://www.ethree.com/documents/CSI/CSI%20Individual%20Installation%20Tool%203_11_2011.xls
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3.1 Scenario Analysis

The total costs associated with our estimate of LDPV technical potential are
dependent on the type of PV installed (residential rooftop, commercial rooftop,
ground-mounted of various sizes). We select the type of resource based on

LDPV supply curves, in order of least cost.

As mentioned earlier, we consider two types of cost in our study: system cost
(including interconnection) and net cost (after deducting benefits/avoided
costs). The supply curve for LDPV is dependent on the type of cost being
considered. Consider two systems: “System A” with levelized system costs of
$0.20/kWh, location-specific levelized avoided costs of $0.12/kWh, and hence
net cost of $0.08/kWh; and “System B” with system cost of $0.19/kWh, avoided
costs of $0.10/kWh, and hence net cost of $0.09/kWh. System B will be
selected first based on a “least cost” supply curve, while System A will be

selected first based on a “least net cost” supply curve.

Whether LDPV is sourced on a least cost or a least net cost basis has
implications for the order in which resources are selected, and by extension for
the total cost estimate of all selected resources. For this reason, we create
procurement scenarios that define the order in which resources are selected. In
addition to a least cost and least net cost procurement scenario, we also
consider a high rooftop scenario in which rooftop PV is preferred over ground-

mounted. The scenarios are summarized in Table 7.
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Table 7: Three PV Procurement Scenarios

Scenario

Description

Least cost
procurement

PV is selected to minimize total system cost (including interconnection),
for example through a bidding process or reverse auction. This scenario
reflects the status quo procurement approach through the upcoming
Renewable Auction Mechanism (RAM).

Least net cost

PV is selected to minimize net cost (system cost + interconnection -

procurement avoided costs). The difference between this scenario and the “least cost”
scenario is that systems with benefits that exceed their cost premium are
selected first.

High rooftop Rooftop PV is prioritized over ground systems. Rooftop systems have the

procurement lowest environmental impact, and this approach allows significant

generation near California load centers where there are few available
ground sites.

3.2 Estimation of Local PV Technical Potential and
Installation Timeline

In order to estimate the technical potential for interconnection of local PV for

each substation in the service territories of California’s three large I0Us, we

evaluate the two major constraints to the system. Interconnection potential is

constrained by two factors: first, by the available land and rooftop area where

solar PV may be located, and second, by the local consumption criterion. Our

method for assessing each constraining factor is described below.

We assess the potential installation timeline using California’s and Germany’s

experience, where favorable policies have facilitated in the widespread

adoption of Solar PV.
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3.2.1 SITE POTENTIAL

We consider three broad categories of PV sites: small roofs (residential), large
roofs one acre or more in size (commercial), and land for ground-mounted
systems. Using GIS mapping, we identify the available space in each of these
categories within reach of each substation. Our sources and assumptions are

described in Table 8.

Table 8: Sources and Assumptions for PV Site Potential

Item | Description

Residential Roofs Residential rooftops were mapped from the residential land use layer
in the USGS database.? We assume that 30% of the residential layer
is made up of rooftops and that 10% of this rooftop space is feasible
for potential adoption9 (i.e. 3% of the residential zoning footprint is
available for inclusion in our potential estimate). We also assume
5.12 acres of rooftop is required per MW of PV capacity

Commercial Roofs GIS coordinates for all of the large rooftops in California are from the
33% RPS Implementation Analysis.10 We assume 30% of rooftops
are suitable for PV development and will participate.**

& USGS DS 240: Enhanced Historical Land-Use and Land-Cover Data Sets of the U.S. Geological Survey.
http://water.usgs.gov/GIS/dsdl/ds240/index.html.

? Issues that have an impact on the potential for adoption include orientation and shading, structural strength to
carry PV, and facility or home owner willingness.

op presentation describing the rooftop analysis is available on the CPUC web site
http://www.cpuc.ca.gov/PUC/energy/Procurement/LTPP/Itpp_history.htm. See B&V and E3 - PV Assessment,
June 18, 2010.

™ \We assume a larger share of commercial rooftops participation than residential because these large roofs have
significantly fewer orientation and shading problems, and because commercial and industrial customer
participation is more likely given an equivalent economic return, due the fact that aesthetic and other barriers are
less likely to be a factor. Large roofs, however, do potentially have structural and other constrains such as
skylights, and other equipment on the roof that may in some cases make them poor candidates for distributed
PV.
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Land GIS coordinates for ground sites able to accommodate up to 20 MW
of PV were provided by Black & Veatch from their study of ground-
mounted solar potential for the Renewable Energy Transmission
Initiative (RETI). Z Sites identified in the Black & Veatch study have
already been screened for participation barriers and are largely
located in less densely populated areas. These sites are included in
our potential estimate only to the extent they can be used to serve
local load.

Substations In response to a CPUC data request, utilities provided GIS
coordinates for all substations, which we mapped using open-source
GIS mapping software (MapWindow and OpenJump)

To determine which available land and rooftop area is available to site PV in
proximity to each substation, we rely on a proxy defined by a circular area
around each substation. We use a circle with a 2.5 mile radius for urban and

suburban areas, and a circle with a radius of 5.0 miles for rural areas.™

This process is made more complex by the fact that the defined radii of two or
more substations may overlap. In such cases, we assign available rooftop and
land area to substations in a way that ensures its maximum utilization, as

described in Appendix B.

'2 See Renewable Energy Transmission Initiative Phase 1A Final Report, Black & Veatch, April 2008.
http://www.energy.ca.gov/2008publications/RETI-1000-2008-002/RETI-1000-2008-002-F.PDF.

3 Use of a radius around a substation to define the area where the majority of load is located is consistent with
prior studies by PG&E, including the Tri-Valley Capacity Increase Project:
(http://www.cpuc.ca.gov/Environment/info/aspen/tri-valley/2%20-%20Project%20Description.PDF).
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3.2.2 SUBSTATION INTERCONNECTION CONSTRAINT

Regardless of the amount of site potential surrounding a substation, there are
technical concerns or constraints regarding the amount of DG that may be
interconnected to the substation. Utility-identified potential challenges include
islanding, voltage regulation of circuits with high penetration PV, and fault

contribution from voltage source inverters.

When the amount of DG behind the substation is small compared to load,
islanding, voltage regulation and fault contribution issues are not a concern.
Thus, one of the criteria for expedited interconnection is that the cumulative
installed DG capacity does not exceed 15% of peak load at the point of
interconnection. For the overwhelming majority of cases, at 15% of peak load
there is minimal risk of the generator’s output exceeding the local load, and

voltage regulation and fault contribution problems are unlikely to arise.

However, if the goal is to maximize the amount of DG that can be
interconnected expeditiously, Rule 21’s 15% criterion may be too conservative
for many circuits. As an alternative for this study, we limit the PV system size so
that no backflow™ occurs given hourly energy production and load profiles for

each substation.

Inasmuch as it is a reasonable proxy for safe operation of the distribution
system, the no backflow criterion maximizes distributed PV without incurring

lengthy studies or excessive system upgrade expenses. At this level, islanding of

' Backflow is defined as flow from the distribution system to the transmission system.
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the distribution system is unlikely to occur because the generation is not large
enough to sustain grid voltage, causing generator protection equipment to trip

DG systems off-line.

Circuit protection problems can occur if not addressed, however. This is
accounted for in our study through use of interconnection costs provided by
utilities, which include costs of upgrades to limit fault contribution such as direct

transfer trip systems."

Finally, at a “steady state,” the existing voltage regulation scheme should
generally be sufficient to maintain voltage limits. When PV output is zero or
very small, loads will be the same or nearly the same as in the absence of PV.
When PV output is maximal, loads will be very low but still positive, which the

system should also be able to accommodate.

While used for the purposes of this planning level study, the no backflow proxy
is not perfect. In particular, changes in PV output that are faster than the
adjustment time of utility equipment available to control voltage may still cause
some voltage problems. Controlling distribution voltage on circuits with a high
penetration of PV is an area of significant ongoing research. Moreover, our
proxy analysis assumes fixed hourly load and PV production shapes based on
2010 weather. A system designed for no backflow based on 2010 weather,

however, might produce backflow during other years.

> PG&E and SCE provided interconnection costs in response to a CPUC data request. These costs include projects
that are not eligible for expedited interconnection studies and that are therefore likely to include costs associated
with accommodating higher levels of DG. Our high cost case includes a high interconnection cost estimate to
further account for uncertainty in these costs.
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Nevertheless, we believe the no backflow criterion is reasonable for the
purposes of this study. Depending on the results of on-going engineering
assessment, it is possible that new mechanisms would be needed to
accommodate such a high level of distributed generation. This study does not
assert that the road to the maximum technical potential identified under the no
backflow criterion is fully paved, nor is it a forecast of LDPV adoption; rather, it
is an assessment of technical potential. We provide a range of interconnection
and system costs to account for the fact that there is uncertainty regarding the

cost of overcoming any hurdles that may exist.

The amount of PV that could be installed based on the no backflow criterion far
exceeds what would be installed based on a 15% of peak load criterion. Figure 6
shows the share of distribution feeders in California that would backflow at any
time as a function PV system size. For over 99% of California 10U feeder lines,
PV can exceed 15% of feeder load without causing backflow. The figure shows
that more than 60% of the feeders could have PV sized at 30% of peak load
without backflow, and approximately 10% could have PV sized at 60% of peak
load without causing backflow conditions. The variation is driven by differences

between the hourly load profiles in the local areas.
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Figure 6: Maximum PV Penetration without Backflow on California Distribution
Feeders
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Limited to 15% of peak load, virtually all interconnections do not result in
backflow. This may explain the usefulness of a 15% of peak load criterion for
Rule 21 tariffs and other interconnection procedures. When the specific feeder
line or substation load shapes and the specific DG output shapes are not
identified, a 15% of peak load criterion is a good way to guarantee no backflow.
In our study, we explicitly identify feeder and substation load shapes compared
to LDPV output shapes to ensure the same objective (no backflow) is met while

achieving higher levels of penetration.
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The size of the PV system that can be interconnected without backflow can be
increased significantly if curtailment® is allowed in some hours. Figure 7 shows
the quantity of PV that can be installed without backflow if some of the energy
can be curtailed. We performed this analysis for all substations, but for
simplicity and readability we show three representative cases: the 10™ and 90"
percentile substations in terms of maximum PV penetration before backflow,
and the mean of all substations. The mean value of maximum PV penetration
before backflow increases from approximately 38% of feeder peak load to

almost 60% when less than 1% of annual energy output is curtailed.

16 . . . . . . aps.
Energy curtailment involves removing generation from the system for economic or reliability reasons.
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Figure 7: Maximum PV penetration without backflow allowing for curtailment
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For our base case analysis, we retain the no backflow criterion and do not allow
for any curtailment. This permits an hour-by-hour comparison of PV output
profiles and substation loads. We perform this comparison for each of 1,804
substations in the three I0Us territories. Individual hourly substation load
profiles were provided by I0Us for many substations and estimated for the
remaining substations. Using simulations, PV output profiles were developed
for each substation area and for different types of PV (rooftop and ground-

mount).

A substation with high minimum hourly load will have the potential for more

local PV than will a substation with low minimum hourly load. This variation is
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shown graphically in Figure 8. Local PV interconnection potential is highest in
areas where the circles are large or clustered. The calculated LDPV
interconnection potential for each substation ranged from a low of 0.0018 MW

to a high of more than 65 MW.

Figure 8: Relative Substation PV Potential

Y For PG&E, we perform the analysis at the feeder level and aggregate to the substation level for purposes of this
chart.
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See Appendix B for a detailed description of our process for developing hourly

substation load profiles and PV generation profiles.

In addition to the base case (maximum PV with no backflow and zero
curtailment), we consider several sensitivities for estimating substation

availability:

+ 15% of substation peak load'® — representing the current Rule 21
guideline and the Fast Track requirement under federal interconnection

tariffs
+ 30% of substation peak load

+ No backflow but occasional curtailment of PV generation allowed, which
prevents backflow. We test this at different curtailment levels, with
maximum curtailment in each sensitivity equal to 1%, 3%, and 5% of

annual PV energy output

The individual segment potential under each assumption is presented in Figure
9. The figure shows the individual potential of residential rooftop, commercial
rooftop, and ground-mounted systems, if only that type of system were to be
installed. Note that these individual potentials cannot be summed to provide
the total potential since installing one type will reduce the amount of load

available to absorb other types.

8 Although the Rule 21 guideline is 15% of load at the point of interconnection, we aggregate to the substation
level as a proxy for the purposes of our calculations. This reduces computational complexity and was more
workable given available data.
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Figure 9: Individual Segment Statewide Technical Potential for PV under
Different Interconnection Rules™
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Figure 9 shows that the current 15% of peak rule is the most conservative
criterion of those tested for estimating PV interconnection potential.
Maximizing PV output while maintaining a no backflow limitation roughly
doubles the amount of PV that can be interconnected. Finally, allowing small

amounts of curtailment significantly increases this amount.

3.2.3 MAXIMUM INSTALLATION RATE FOR LDPV

The previous section described the derivation of technical potential for LDPV.

The amount of this PV that can be developed by 2020 is dependent upon PV

* The individual segment potential in this figure is calculated assuming only that segment is developed. The
values of each segment in this figure cannot be summed to provide total potential, since installing a system from
one segment reduces the amount of load available at each substation to absorb the output from other segments.
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Ill

installation rates. We use a high level “top down” approach to estimate the
maximum rate of PV installation in California.”> We drew on two sources for
this assessment: prior experience in California and the solar installation rate in
Germany (see Table 9). Germany was chosen as a reference point because
Germany’s Renewable Energy Act of 2000 established a feed-in-tariff (FiT) for
solar PV, which created one of the world’s most favorable policies for

distributed PV adoption.

Table 9: Sources for PV Installation Rate

Source Description

Csl Forecast of CSl installed capacity from E3’s CSI cost-effectiveness analysis,
Installed as described in the final report, California Solar Initiative Cost-Effectiveness
Capacity Report, available on the CPUC web site:

http://www.cpuc.ca.gov/PUC/energy/Solar/evaluation.htm

LTPP Forecast of distributed solar PV for “Environmentally Constrained” case in
Forecast of | LTPP proceeding based on workpapers provided to E3 by Energy Division
DG staff.

German Rate of installed PV capacity in Germany from Worldwatch Institute
Adoption (http://vitalsigns.worldwatch.org/vs-trend/another-record-year-solar-power-
Rate clouds-horizon) and Wikipedia

(http://en.wikipedia.org/wiki/Solar _power in_Germany)

Figure 10 presents our estimated installation rate for distributed PV, as well as
several reference points on which our estimate is based. This is an estimate of
the maximum installation rate that could be achieved given favorable LDPV
policy, rather than a forecast of LDPV adoption under current conditions. As
noted above, the German experience is a key reference point. The solid red line

shows the cumulative installed capacity of distributed PV in Germany for the

» The top down approach estimates the installation rate based on total market size and comparison to other
markets. This is in contrast to a “bottom up” approach, which has as its starting point smaller sub-systems, such
as residences, businesses, PV installers, etc. and builds a forecast based on the behavior of each of these players.
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first 10 years following establishment of the feed-in-tariff. The dashed line
below it scales this adoption rate to California based on California’s smaller

population (scaling on peak demand produces a very similar result).

For roughly the first four years, there is relatively little addition of PV capacity in
Germany. However, there are significant differences between Germany in 2000
and California in 2011. Most importantly, the global market for PV technologies
has undergone tremendous evolution since 2000, with module prices declining
significantly and overall demand rising. Additionally, California is past the first
stages of stimulating local PV installation with several programs driving forward

the local market for PV, most notably the CSI.

For these reasons, we also show the rate of solar PV installation in Germany
beginning in 2004, the fifth year into the new policy regime following passage of
the Energy Act and establishment of the feed-in-tariff (shown in the dotted

lines).

Page | 40 |



Methodology and Data

Figure 10: Installed Capacity Forecast for Distributed PV
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The dark blue line in Figure 10 shows the underlying PV installation rate
assumed the “Environmentally Constrained” case created for the 2010 LTPP
proceeding. The light blue line takes this same Year 10 installed capacity, but
shapes the installation curve according to our forecast of CSI program
participation, which was based on observed installations for the first three years
of the CSI. This adjusted CSl installation rate starts faster, with more capacity

installed in the earlier years, but increases at a more gradual rate.

These historical installation rates are only reference points. There is no precise
way to estimate the maximum PV installation rate in California, which is subject
to policy conditions and other factors that are not known in advance. To form
our installation rate used in the analysis, we select an average of the adjusted

CSl installation rate and the German installation rate scaled to California with a
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Year 5 starting point. We use Germany’s scaled Year 5 since California already

has significant experience deploying solar PV.

Under this assumed maximum installation rate, in Year 1 (2011), a little over 850
MW of distributed PV is projected to be installed in California, which is roughly
equivalent to the amount installed to-date through the CSI program. By Year 3
(2013), this amount rises to approximately 2,000 MW; by Year 6 (2016), the year

the 30% ITC expires, the amount rises to more than 5,500 MW.

3.2.4 PV INSTALLATION RATE SENSITIVITIES

We develop “high” and “low” installation rate sensitivities to test the effects of
different installation rates. Our high installation rate posits a rate of
acceleration in the installation trend that is roughly a midpoint between the
highest reference from the German experience and our base case forecast.
However, to this curve, we add a “fast start boost” of 1,500 MW in years 1-6.
The intention is to test the effect on total costs of rapid installation in the early
years, since a greater number of systems will receive the cost reduction from
the federal ITC if installations can be completed before the ITC expires at the

end of 2016.

For the low installation sensitivity, we decrease the installation rate by the same
amount as the high sensitivity was increased, ignoring the fast start boost. The

results are shown in Figure 11.
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Figure 11: Installation Rate Sensitivities
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Under the high installation sensitivity, over 9,000 MW of PV are installed by

2016, and more than 26,000 MW by 2020. Under the low sensitivity, under

4,000 MW are installed by 2016 and under 7,000 MW are installed by 2020.

3.3 PV Costs and Net Costs

Our assessment of the costs of distributed PV considers both the installed

system costs of different types of PV over time and the net costs of specific

installations of this PV. We apply the avoided cost methodology for distributed

resources adopted in Decision (D.) 09-08-026 to estimate avoided cost
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benefits.”! The net cost is calculated as the difference between the lifecycle

cost of distributed PV and the avoided costs that result from the PV generation.

We use the Total Resource Cost (TRC)* test approach throughout the study for

both grid-interconnected (wholesale or system-side DG) and behind-the-meter

(customer-installed or retail) PV systems. This approach is useful for three

reasons:

+

+

TRC test provides comparable treatment to all types of PV projects,

whether grid-connected or behind the customer meter.

TRC test provides an assessment independent of the mechanism used to
procure PV, such as incentives, feed-in tariffs, or net-energy metering
(NEM) subsidies. This study is intended to inform policy and not design

the procurement approach.

The other economic distributional tests defined in CPUC Decision 09-08-
026 such as the Ratepayer Impact Measure (RIM), Program
Administrator Cost test (PAC) and Participant Cost Tests (PCT) should be
used to define specific rate treatment, incentives or subsidies if high
LDPV is pursued.

*! see Appendix C for a complete description of the avoided cost methodology.

2 The total resource cost test is a test in the CPUC-adopted Standard Practices Manuel and is used to evaluate
the cost-effectiveness of demand-side programs. The Standard Practices Manual is available here:
ftp://ftp.cpuc.ca.gov/puc/energy/electric/energy+efficiency/em+and+v/Std+Practice+Manual.doc

Page | 44|



Methodology and Data

For an extensive evaluation of the cost-effectiveness of the existing policy
structure for behind-the-meter PV generation, including net-energy metering,

see the prior two California Solar Initiative studies.”®

In addition, we present a range of costs and benefits reflecting high and low
cost drivers titled the High Cost Case and Low Cost Case respectively. The cost
drivers that differ between the cases are the rate of PV cost decline,
interconnection costs, ancillary services costs, and avoided costs. We believe

the range reflects reasonable upper and lower bounds.

+ High Cost Case. The upper cost values reflect a conservative scenario
that assumes no further decline in PV costs from observed 2010 PV
system costs; high estimates for interconnection costs due to higher
penetration of PV systems; increased ancillary services cost to
accommodate high levels of intermittent distributed PV; and no
distribution avoided cost benefits, meaning utilities are unable to

achieve distribution savings from local generation sources.

+ Low Cost Case. The lower cost values reflect a scenario that assumes
continued decline in PV costs at the historically observed rate (80%
progress ratio); low interconnection costs based on improvements in
interconnection design and increased experience; no increase in
ancillary services costs; and inclusion of distribution avoided costs in the

net cost calculation.

* Energy and Environmental Economics, Net Energy Metering (NEM) Cost-Effectiveness Evaluation, January, 2010
(http://www.cpuc.ca.gov/PUC/energy/DistGen/nem_eval.htm) and Energy and Environmental Economics,
California Solar Initiative Cost-Effectiveness Evaluation, April, 2011
(http://www.cpuc.ca.gov/PUC/energy/Solar/evaluation.htm).
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Table 10: High and Low Cost Case Summary

High Cost Case | Low Cost Case

Interconnection Cost High Low

PV Learning 2010 installed costs 80% progress ratio
Ancillary Services Cost $7.50/MWh produced $0/MWh produced
Distribution Savings None Distribution value by area

3.3.1 COST OF DISTRIBUTED PHOTOVOLTAIC SYSTEMS

The delivered cost of distributed PV is calculated in three components: the
levelized cost of energy from the system (which is dependent on installed
system cost); the interconnection costs; and ancillary services (AS) costs. Each is

described in the sections that follow.

3.3.1.1 Installed System Cost

Installed costs by system type reflect the latest available cost data for PV
systems in California. We use system costs for PV already in service, and the
Black and Veatch solar PV cost estimates developed for the 2010 LTPP
Environmentally Constrained Cost. We benchmarked these estimates against
market data for future projects and adjusted for learning derived from historical

rates of cost reduction to establish current costs and a forecast through 2020.%*

24 . . . . . . .
For a complete discussion of our assumptions on price declines due to learning over time, see the CSI cost-
effectiveness evaluation, ibid
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For the Low Cost Case estimate, we consider an 80% progress ratio (20%
reduction in costs for every doubling in installed capacity), which is consistent
with historically observed learning rates.”” For the High Cost Case estimate, we
consider a 100% progress ratio (no decline in costs over time as installed
capacity increases). While historical rates of PV module price decline have been
shown to follow an 80% progress ratio, there may be a floor on cost reductions
in balance-of-system costs that would prevent total installed costs from
continuing to decline at this rate indefinitely. This is particularly important for

rooftop PV where a larger portion of installed cost is related to labor.

Table 11: Data Sources and Installed System Cost

Data Source 2009 Median

Installed Cost
($2010 $/kW)

Residential Roof | Installed PV system costs for systems less than 1 | $8,325
MW in size are based on publicly reported costs in

ggg;mermal the CSI program database through 2009: $7.317
http://www.californiasolarstatistics.org/current_data_f
iles/.
Ground-mount, Derived from Black and Veatch (B&V) cost | $7,502
<1 MW estimates produced for the 2010 LTPP 33% RPS
Ground-mount, Environmentally  Constrained  Case. We $7,138

1.3 MW ben_chmarked the Black and Ve_atch estimates

against market data that was obtained through a
Ground-mount, confidentiality agreement. In the benchmarking | $6,963
3-5 MW process we adjusted the B&V estimates of 2009
system costs accounting for the progress ratio

Ground-mount, . - $6,599
510 MW assumptions and the median value of market data.
Ground-mount, $6,219
10-20 MW

note 23.

» see, for example, Thomas Surek, National Renewable Energy Laboratory, Progress in U.S. Photovoltaics: Looking
Back 30 Years and Looking Ahead 20.
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Figure 12 extends the installed costs detailed in Table 11 from 2009 to 2020
based on application of the 80% progress ratio and 100% progress ratio (no

learning).

Figure 12: Installed System Cost of Distributed PV under 80% and 100% Progress
Ratios

3.3.1.2 Levelized Cost of Energy

We calculate LCOE for systems throughout California using the installed system
cost, financing assumptions, simulated PV performance by substation location,
and 1% annual system degradation. These costs include permitting and land
costs as captured in CSI program data for small rooftop systems and
benchmarking of market data for larger, ground-mounted systems. The

levelized cost of energy is expressed on a real levelized $/kWh basis and
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includes all financing costs and other charges, which are levelized over the
lifetime generation of the PV system. Key assumptions underlying our LCOE

calculation are shown in Table 12 and Table 13.

Table 12: Key System Cost and Performance Assumptions

‘ Description ‘ Value
System Lifetime (Years) 25
Degradation Factor (%/yr) 1.00%
Operation and Maintenance (O&M) Costs ($/kW) $20.0
O&M Cost Escalator (%/yr) 2.0%
Inverter replacement cost ($/W) $0.250
Inverter replacement time (Years) 10
Insurance Expense ($/kW) $20.0
Insurance Escalator (%/yr) 2.0%
DC:AC derate factor - Horizontal PV 84.6%
DC:AC derate factor - Fixed Tilt 90.3%
DC:AC derate factor - Tracking 84.6%

Table 13: Key Financing Assumptions

tDescription L Value N

After-Tax Weighted Average Cost of Capital (WACC) 8.25%

Debt Interest Rate 7.50%

Target minimum DSCR 1.40

Debt Period in Years 20

Federal Tax Rate 35%

State Tax Rate 9%

Tax Credit Rate before 2017 30%
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Tax Credit Rate after 2017 10%
MACRS Term (years)?® 5
Escalator (%l/yr) 2%

For the LCOE calculation, we use the pro forma model developed for use in the
CSI program cost-effectiveness evaluation.”’ Figure 13 and Figure 14 show the
resulting real levelized cost of energy by year for each system type under an
80% and 100% progress ratio, respectively. For illustrative purposes, we chose a
substation in Fresno, California. The LCOE shown in the figures is busbar cost®®
and does not include interconnection. Note that these are real levelized costs,

and therefore would need to include the 2% escalation to be shown in nominal

dollars.”

* Modified Accelerated Cost Recovery System

7 http://www.ethree.com/documents/CSI/CSI%20Individual%20Installation%20Tool%203_11_2011.xls

*® Busbar costs are the generation costs up to the point of interconnection and do not transmission and
distribution costs.

* Often, solar PV power purchase agreements (PPAs) are quoted in prices that stay fixed over time (nominal
levelized). We use real costs since our study aggregates purchase costs of systems with different vintages.
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Figure 13: Levelized Cost of PV Generation at a Substation in Fresno (Real $2010)
with an 80% Progress Ratio
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Figure 14: Levelized Cost of PV Generation at a Substation in Fresno (Real
$2010) with a 100% Progress Ratio

A significant cost increase can be seen in Figure 13 and Figure 14 in 2017, when
the federal ITC is scheduled to revert from the current temporary level of 30%

of qualifying investment costs to the permanent level of 10%.

We calculate levelized cost by substation, taking into consideration the
particular capacity factors that can be expected of local generation in each area.
In addition to temporal variation from cost reductions and ITC, there is also
geographic variation in LCOE, as PV in sunnier locations will produce more
energy and thus be cheaper on an energy basis even when the installed capacity
costs are the same. Figure 15 aggregates substation-level cost data at the
county level for the cost of residential rooftops installed up to 2020 in the least-
cost procurement scenario, based on the 80% progress ratio. Average county-

level residential rooftop LCOE for systems installed from 2012-2020 ranges from
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as low as $0.17/kWh in the best Southern California locations to as high as

$0.22/kWh in the most expensive Northern California locations.

Figure 15: Map of Average LCOE for systems installed from 2012-2020 by
County for Residential Rooftops Installed in the Least Cost Scenario
(2010 $), 80% Progress Ratio
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Though LCOE values differ by PV segment (small rooftops, large rooftops,
ground-mounted of various sizes) the geographic pattern of LCOE is similar

across segments, with lower LCOEs in sunny southern counties.

3.3.1.3 Interconnection Cost

The second component of the cost of distributed PV is interconnection cost. We
use data from completed interconnection studies for interconnection cost
estimates. The estimated interconnection costs for installed and in-progress
distributed PV projects were provided by PG&E and SCE for systems of different
types based on their interconnection studies.’® Since there are some very high
outliers, we use the median of these costs for each of the respective size

categories.

Table 14 provides median interconnection costs across the state in dollars per
MW, as well as the median cost by utility. There is significant uncertainty
regarding interconnection cost data. For the most part, PG&E’s costs (which
were based on far fewer data points) are much higher than SCE’s, though it is
not clear why this should be the case. In addition, there is uncertainty as to how
well these historical values represent future interconnection costs under a high
DG penetration scenario. Therefore, we calculate high and low interconnection
cost ranges based on plus or minus 50% of the observed overall median (see

Figure 16).

* |nterconnection costs are derived from confidential utility data provided in response to the CPUC’s data request
on Distributed Solar PV Cost-Benefit Analysis and Interconnection Information, initiated April 22, 2011.
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Table 14: Median Interconnection costs (levelized $/MW) by Project Size

Category
5-10 10-20
<10 kW | <1 MW 1-3 MW 3-5 MW MW MW
SCE $26,576 | $30,225 $20,974 $10,487 $9,580 $54,106
PGE $26,576 | $159,630 | $110,772 | $80,909 $43,151 | $21,576
Overall $26,576 | $30,225 $20,988 $14,966 $18,187 | $28,613

Low Estimate | $13,288 | $15,112 $10,494 $7,483 $9,093 $14,307

High Estimate | $39,864 | $45,337 $31,482 $22,449 $27,280 | $42,920

Figure 16: High and Low Interconnection Cost Estimates
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The overall median interconnection costs follow an “S” shaped curve. Per
megawatt interconnection costs generally decline with size as the total costs are
spread over larger systems. At the larger sizes, however, per megawatt costs

begin to climb again. This may be an indication that significantly more
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investment is being made to accommodate interconnection of larger DG

systems, including upgrades to the transmission system.

3.3.1.4 Ancillary Services Cost

The ancillary services costs necessary to integrate high penetration of local PV
are uncertain. At a high level, there is evidence that intermittent generation
requires some level of additional operating reserves, but the exact level and
cost remains a subject of ongoing study. Additionally, to the extent LDPV
replaces other intermittent resources including central station solar or wind, the

need for operating reserves or other ancillary services may increase or decrease.

We account for uncertainty in ancillary services costs by evaluating two cases.
In the first, we apply a $7.50/MWh additional ancillary services cost to our high
cost estimate. This cost is applied to increase the costs of local PV relative to
natural gas procurement. For the low estimate, we assume no increase in
ancillary services cost. This is consistent with a view that geographic diversity of
small PV generators spread throughout the state will provide an extremely
predictable output profile and therefore not increase reserve or other ancillary

services requirements.

3.3.2 AVOIDED COST

To calculate the net system cost, we compare the LCOE discussed in the
previous section to the expected lifecycle benefits (avoided costs) for each hour
and 10U substation using hourly forecasts of avoided costs over the life of the

PV systems. The analysis framework employs the methods adopted in CPUC
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Decision 09-08-026, Decision Adopting Cost-Benefit Methodology for Distributed

Generation.>* Components of avoided cost are shown in Table 15.

Table 15: Components of Avoided Cost

Component

Generation Energy

‘ Description

Estimate of hourly wholesale value of energy adjusted for losses
between the point of the wholesale transaction and the point of
delivery

System Capacity

The costs of building new generation capacity to meet system
peak loads

Ancillary Services

The marginal costs of providing system operations and reserves
for electricity grid reliability

Transmission and
Distribution (T&D)
Capacity

The costs of expanding transmission and distribution capacity to
meet peak loads

Environment

The cost of carbon dioxide emissions associated with the
marginal generating resource

Line Losses

The loss in energy from transmission and distribution across
distance

Our avoided cost methodology has been described in detail in previous CSI

evaluation reports,®* and Appendix C to this report describes the method and

data sources for calculating each of the avoided cost components. For this

report only the methodology for assessing the distribution avoided costs were

modified. Those methods are explained in detail below.

*! http://docs.cpuc.ca.gov/published/FINAL_DECISION/105926.htm
%2 previous CSI evaluation reports are available on the CPUC website:
http://www.cpuc.ca.gov/PUC/energy/Solar/evaluation.htm.
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3.3.2.1 Distribution Avoided Costs

In our high cost case, we assume no distribution investment deferral is realized
from LDPV. For the low cost range calculation, we assume distribution avoided

cost benefits do apply to LDPV.

Where prior avoided cost calculations completed for previous CPUC analyses
have estimated distribution avoided costs aggregated to the climate zone level,
the present evaluation develops distribution avoided costs at a more granular
level to better estimate the specific local value of distributed PV. We base our
specific distribution avoided costs on utility investment plans at the planning
area level, which we collected from each IOU. Additionally, we consider the
hourly load profile for each substation and base the avoided cost value on the
correlation between LDPV output and substation peak load. Figure 17 displays
the calculated distribution avoided costs by 10U planning area, sorted from

highest to lowest.
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Figure 17: Distribution Avoided Costs by IOU Planning Area
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In most cases, distribution avoided costs are less than $50/kW-year. In a few
areas, distribution avoided costs are significantly higher, indicating high levels of
planned investment that could be avoided with relatively low reduction in peak
load, and thus the potential to save significant costs by meeting demand with

local generation.

3.3.2.2 Adjustment for High Penetration

Estimates of distribution avoided cost are multiplied by PV output profiles for
each substation and system type to estimate total lifecycle avoided costs. Given
the high penetration of solar contemplated in this study, these “marginal”
values are adjusted to reflect larger increments of distributed generation. We
do this by decreasing capacity and energy value as high penetration of

distributed PV is achieved.
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To make the adjustment for capacity value we de-rate the capacity value by
calculating the Effective Load Carrying Capability (ELCC) at different
penetrations of PV, which results in a reduction as installed capacity is
increased. Based on this analysis, the first megawatt of installed PV has an ELCC

of 63% and the 15,000" megawatt has an ELCC of 26%.

Conceptually, Figure 18 can be used to understand the capacity value reduction.
The chart shows the expected system profile in 2020 for a summer day with the
addition of two 6,000 MW blocks of solar PV. Adding the first block decreases
the peak load by 2,943 MW, and adding the second block decreases the peak by
1,614 MW. Incremental PV will reduce the peak load less and less, thereby

decreasing the capacity value of PV.
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Figure 18: 10U load shape for a summer day before and after the addition of
solar PV

The second adjustment made is that as more and more solar is added onto the
system, the market price of electricity decreases because a less pronounced
peak means that the marginal generator that sets the market price is likely to be
more efficient. With the depression of market prices, additional solar PV on the
system has a lower energy value than early installations. In practice, this
manifests as a reduction in energy value for all generators during high solar

hours.”> We evaluate the reduction in market value of PV by comparing the

* Some may note that a reduction in market price is also a benefit since consumers will be purchasing electricity
at lower costs during these hours. For the purposes of this analysis, we assume the market price effect would also
occur with alternative approaches to meeting the RPS and do not add that benefit to the avoided cost. However,
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marginal energy value of a PV output load shape in the LTPP production
simulation runs developed for the All Gas and Environmentally Constrained
cases in the LTPP proceeding. Over the decade, this results in a 15% reduction

in energy value.

3.3.2.3 Resulting Avoided Costs

The total avoided costs are calculated as the sum of avoided cost components.
Figure 19 shows the lifecycle value of the avoided cost components for the first
incremental megawatt installed in 2012 and the last megawatt installed in 2020

for a substation in Fresno.

this effect is incorporated into the benchmarking exercise to compare to the Trajectory Case discussed in Section
4.3,

Page | 62|



Methodology and Data

Figure 19: Lifecycle avoided cost in 2012 and 2020 for a PG&E substation in

Fresno
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Because of the “high penetration adjustment” discussed above, the capacity
value of a system installed in 2020 is lower than that of one installed in 2012

and the energy value is lower than it otherwise would be without the significant

penetration of PV.

The range of avoided costs across all substations is shown in Figure 20. For
most substations, avoided costs are similar — roughly $0.10 - $0.11/kWh. For a
small number of substations in areas with large planned capacity investments,

avoided costs are much higher, up to $0.25/kWh.
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Figure 20: Avoided Costs by Substation (2010 $)
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3.3.3 NET COST OF DISTRIBUTED PV

The net cost is calculated as the difference between the lifecycle system costs
and the lifecycle avoided cost benefits. For example, Figure 21 shows the costs
and avoided costs for a single system in the same location as in prior examples,
under an 80% progress ratio. The example shows a distribution avoided cost
value, but as noted earlier, we include distribution avoided costs only in
calculating the low end of our cost range; the high end of the cost range does

not include distribution avoided costs.
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Figure 21: Costs and Benefits for Residential PV Installed on a PG&E Substation
in Fresno in 2012, 80% Progress Ratio
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In the example in Figure 21, total PV cost is 20.6 cents/kWh, 0.7 cents/kWh of
which is interconnection. Avoided cost benefits total 11.5 cents/kWh, bringing

the net cost of PV in this location to roughly 9 cents/kWh.

Figure 22 and Figure 23 summarize the relationship between costs and net costs

across different system types under an 80% and 100% progress ratio,

respectively.
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Figure 22: Average Cost of PV systems Installed by 2020 by type ($2010), 80%
Progress Ratio
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Figure 23: Average Cost of PV Systems Installed by 2020 by type ($2010), 100%
Progress Ratio

0.45 m |nterconnection

0.40 - | COE
0.35 - = Net Cost

0.30 ~
0.25 -
0.20 -

Cost $/kWh

0.15 -
0.10 -

0.05 -

0.00 -+ T | |

ot of N N
et N ®C 64;&““ 13N g
eS0T (o™ Gout® T grou™ T grou®

S oW om
3
Gov™ Grou®

Page | 66 |



Results

4 Results

This section presents the results of our analysis. Below we present our estimate
of LDPV technical potential under each scenario and supply curves for the least
cost and least net cost scenarios. In the sections that follow, we present
detailed cost and technical potential results for each of the three scenarios

described in Section 3.1 and discuss the results of our sensitivity analyses.

The total LDPV capacity in 2020 under each of the three scenarios is shown in

Figure 24 and assumes an 80% progress ratio in the low cost case.
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Figure 24: Portfolio Resource Mix in 2020, by Scenario, Under a “Maximum PV
Without Curtailment” Interconnection Policy; Low Cost Case
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The least cost and least net cost scenarios produce nearly identical resource
mixes; there are slight differences that are not visible in this figure regarding
resource selection and in particular the order and timing upon which resources

are selected.

The high rooftop scenario installs PV on a much larger proportion of roofs. The
total estimated technical potential in this scenario is slightly higher as a result of
our method for assigning capacity to substations. As discussed in Section 3.2,
we perform an hour-by-hour comparison of available substation load to PV
output. Because the roof-mounted PV systems have lower capacity factors than
the ground-mounted systems, an equivalent amount of hourly output from a
rooftop system will come from a system with greater nameplate capacity than

that of a ground-mounted system. The potential results are very similar in the
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high cost case since the relative costs between market segments of PV are not

significantly different.

We developed supply curves of local distributed PV by assigning different types
of PV (residential rooftop, commercial rooftop, and ground-mounted systems)
to potential sites by substation. The order in which types of PV were assigned

depended on the scenario: least cost, least net cost, and high rooftop.

First, in Figure 25, we show the PV supply curve as measured on a cost basis (as
opposed to a net cost basis) under the low cost case. A comparison of the blue
and red lines shows that, while on the whole costs are similar between the least
cost and least net cost scenario, there are significant differences along the way.
The sharp upward spikes on the least net cost supply curve indicate cases where
a PV system has significant avoided costs and would thus be installed early on a
least net cost basis, but in fact is costly on an absolute cost basis. These
differences have implications for procurement policy. If these avoided costs can
in fact be realized, installing these systems first results in lower net costs to

society.
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Figure 25: Levelized Cost PV Supply Curves for Three Scenarios Under a “Max
Without Curtailment” Interconnection Policy; Low Cost Case
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The supply curve for the high rooftop scenario in Figure 25 shows that roughly
the first 10,000 MW of installed PV would be more expensive than under a least

cost scenario.

Figure 26 shows the supply curve under the high cost case. The net cost line has
much less variation in Figure 26 than in Figure 25 because distribution avoided
costs, which can make up a significant portion of avoided costs in capacity-
constrained areas, are not included in the high cost case. When distribution
avoided costs are not included, the difference between a least cost and least net

cost procurement approach is minimal.
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Figure 26: Levelized Cost PV Supply Curves for Three Scenarios Under a “Max
Without Curtailment” Interconnection Policy; High Cost Case

Next, in Figure 27 and Figure 28, we show the PV supply curves selected on a
net cost basis. In this case, the least net cost scenario produces a smooth supply
curve since this is the basis on which PV is being selected. For the low cost case
(Figure 27), the least cost scenario is slightly more expensive in most cases on a
net cost basis since the lower cost installations do not always have significant
avoided cost benefits; occasional sharp downward spikes represent cases where
avoided cost benefits are significant. The high rooftop scenario remains
generally more expensive, also with downward spikes representing cases with
significant avoided costs. For the high cost case (Figure 28), the least cost and
net cost cases are closely aligned since distribution avoided costs are not

included and the wide variation in distribution avoided cost is not a factor.
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Figure 27: Levelized Net Cost PV Supply Curves for Three Scenarios Under a
“Max Without Curtailment” Interconnection Policy; Low Cost Case

Figure 28: Levelized Net Cost PV Supply Curves for Three Scenarios Under a
“Max Without Curtailment” Interconnection Rule; High Cost Case
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More detailed results are presented for each scenario in Section 4.1, below.

Section 4.2 summarizes the results of sensitivity analyses on key drivers.

4.1 Base Case Scenario Results

The following sections present results for each scenario under base case
assumptions. The base case is based on maximum interconnection potential
without backflow and the base case installation rate estimate. We present all

results showing a range of cost estimates (Low Cost Case and High Cost Case).

4.1.1 LEAST COST SCENARIO

The allocation of capacity, the anticipated cost, and the anticipated net cost to
ratepayers in 2020 by IOU and climate zone are presented in Table 16 for the

low cost case and in Table 17 for the high cost case.

By 2020, 15 GW of potential is identified across the three IOUs. The primary
limiting factor in the estimated technical potential is the available capacity of
loads on substations to absorb the PV generation. In a smaller number of cases,
excess load was available on substations, but not enough available sites were
situated within reach of the substation. Approximately 1,240 MW of additional
PV could be accommodated by loads on substations if additional sites were
located within the substation radii assumed in our analysis (2.5 miles urban and

suburban, 5 miles rural).
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Table 16: 2020 Technical Potential , Cost, and Net Cost of LDPV Under a Least
Cost Scenario, by 10U, System Type, and Climate Zone; Low Cost Case

Climate Zone Cost ($2010)
Cost in 2020 Net Cost in 2020
M $/kWh SM $/kwh
PGE North Coast Residential Roof 840 1,478 $303.1 | $0.205 | $141.9 | $0.096
Commercial Roof 257 425 $84.8 $0.200 $37.5 $0.088
Ground < 10 MW 851 1,841 $257.7 $0.140 $58.1 $0.032
Ground 10-20 MW 469 995 $137.8 $0.138 $31.7 $0.032
North Central Valley Residential Roof 1,026 1,793 $368.8 | $0.206 | $156.8 | $0.087
Commercial Roof 310 507 $102.6 $0.202 $45.0 $0.089
Ground <10 MW 848 1,825 $252.4 $0.138 $42.7 $0.023
Ground 10-20 MW 1,278 2,740 $366.0 $0.134 $40.2 $0.015
South Central Valley Residential Roof 404 713 $145.5 | $0.204 $64.5 $0.090
Commercial Roof 154 256 $50.9 $0.199 $21.8 $0.085
Ground <10 MW 415 898 $124.8 $0.139 $22.7 $0.025
Ground 10-20 MW 273 585 $77.2 $0.132 $12.3 $0.021
Mountain Residential Roof 64 112 $23.0 $0.205 $10.2 $0.091
Commercial Roof 21 36 $7.1 $0.198 $3.1 $0.087
Ground < 10 MW 101 216 $30.8 $0.142 $6.6 $0.031
Ground 10-20 MW 35 76 $10.5 $0.139 $2.1 $0.027
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 3 6 $0.9 $0.140 $0.3 $0.042
Ground 10-20 MW
South Coast Residential Roof 2,454 4,418 $822.6 | $0.186 | $318.0 | $0.072
Commercial Roof 1,358 2,301 $421.6 $0.183 $151.7 $0.066
Ground < 10 MW 273 633 $77.6 $0.123 $6.3 $0.010
Ground 10-20 MW 1,074 2,451 $285.3 $0.116 $3.8 $0.002
South Central Valley Residential Roof 417 756 $140.7 | $0.186 $55.4 $0.073
Commercial Roof 200 340 $64.7 | $0.190 | $15.7 | $0.046
Ground <10 MW 74 174 $22.1 $0.127 $3.0 $0.017
Ground 10-20 MW 173 403 $47.5 $0.118 $2.5 $0.006
Desert Residential Roof 177 318 $63.9 $0.201 $29.2 $0.092
Commercial Roof 37 62 $11.9 $0.192 $5.0 $0.081
Ground < 10 MW 41 98 $11.8 $0.119 $0.4 $0.004
Ground 10-20 MW 29 69 $8.2 | $0.119 | (%0.3) | ($0.004)
Mountain Residential Roof 128 237 $42.9 $0.181 $18.1 $0.077
Commercial Roof 67 113 $19.8 $0.175 $7.4 $0.065
Ground < 10 MW 29 68 $7.7 $0.112 $0.3 $0.004
Ground 10-20 MW 50 110 $13.9 $0.126 $2.7 $0.024
SDGE South Coast Residential Roof 909 1,627 | $300.6 | $0.185 | $135.4 | $0.083
Commercial Roof 154 259 $49.1 $0.190 $22.5 $0.087
Ground < 10 MW 85 190 $24.1 $0.127 $4.5 $0.024
Ground 10-20 MW 252 549 $64.4 $0.117 $9.2 $0.017
South Central Valley Residential Roof 4 7 $1.3 $0.182 $0.6 $0.089
Commercial Roof
Ground < 10 MW 2 4 $0.5 $0.120 $0.1 $0.026
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 5 $0.5 $0.109 $0.1 $0.014
Ground 10-20 MW
Totals 15,336 29,695 4847 0.16 1489 0.05
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Table 17: 2020 Technical Potential , Cost, and Net Cost of LDPV Under a Least
Cost Scenario, by 10U, System Type, and Climate Zone; High Cost Case

Climate Zone Cost ($2010)
Cost in 2020 Net Cost in 2020
M $/kWh M $/kWh
North Coast Residential Roof
Commercial Roof 257 425 $185.6 | $0.437 | $139.9 | $0.329
Ground < 10 MW 851 1,841 $547.0 $0.297 $355.5 $0.193
Ground 10-20 MW 469 996 $288.1 $0.289 $184.7 $0.185
North Central Valley Residential Roof 1,026 1,793 $807.9 | $0.451 | $613.1 | $0.342
Commercial Roof 310 507 $223.5 $0.441 $168.6 $0.333
Ground <10 MW 848 1,824 $531.9 $0.292 $339.5 $0.186
Ground 10-20 MW 1,278 2,741 $750.4 $0.274 $459.6 $0.168
South Central Valley Residential Roof 404 713 $319.4 | $0.448 | $242.7 | $0.341
Commercial Roof 154 256 $111.1 $0.434 $83.3 $0.325
Ground <10 MW 415 898 $264.3 $0.294 $169.7 $0.189
Ground 10-20 MW 273 585 $158.4 $0.271 $97.2 $0.166
Mountain Residential Roof 64 112 $50.4 $0.451 $38.4 $0.343
Commercial Roof 21 36 $15.4 $0.430 $11.5 $0.323
Ground <10 MW 101 216 $66.3 $0.307 $43.6 $0.202
Ground 10-20 MW 35 76 $21.6 $0.285 $13.6 $0.180
SCE North Coast Residential Roof
Commercial Roof
Ground <10 MW 3 6 $1.8 $0.286 $1.2 $0.190
Ground 10-20 MW
South Coast Residential Roof 2,454 4,420 | $1,599.9| $0.362 | $1,144.1| $0.259
Commercial Roof 1,358 2,301 $818.6 $0.356 $578.4 $0.251
Ground < 10 MW 273 632 $146.7 $0.232 $84.4 $0.134
Ground 10-20 MW 1,074 2,451 $502.0 $0.205 $262.9 $0.107
South Central Valley Residential Roof 417 756 $269.7 | $0.357 $192.5 $0.255
Commercial Roof 200 340 $130.3 $0.383 $94.7 $0.279
Ground <10 MW 74 174 $42.7 $0.246 $25.8 $0.149
Ground 10-20 MW 173 404 $86.1 $0.213 $46.9 $0.116
Desert Residential Roof 177 318 $124.1 | $0.390 $91.2 $0.287
Commercial Roof 37 62 $22.0 | $0.356 $15.6 $0.252
Ground <10 MW 41 98 $21.2 $0.216 $11.8 $0.119
Ground 10-20 MW 29 69 $13.0 $0.188 $6.6 $0.095
Mountain Residential Roof 128 237 $77.6 $0.328 $53.9 $0.228
Commercial Roof 67 113 $36.3 $0.322 $24.6 $0.218
Ground <10 MW 29 68 $14.0 $0.205 $7.3 $0.107
Ground 10-20 MW 50 110 $26.9 $0.244 $15.8 $0.143
SDGE South Coast Residential Roof 909 1,627 $601.4 | $0.370 | $436.9 | $0.269
Commercial Roof 154 259 $97.5 $0.377 $71.0 $0.274
Ground < 10 MW 85 190 $48.9 $0.257 $29.8 $0.157
Ground 10-20 MW 252 551 $130.5 $0.237 $75.4 $0.137
South Central Valley Residential Roof 4 7 $2.0 $0.286 S1.4 $0.194
Commercial Roof
Ground < 10 MW 2 4 $0.9 $0.234 $0.6 $0.139
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground <10 MW 2 5 $1.0 $0.203 $0.5 $0.108
Ground 10-20 MW
Totals 15,336 29,695 9820 0.33 6741 0.23

© 2011 Energy and Environmental Economics, Inc.
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Table 16 shows that our projection of costs in 2020 under the low cost case
(expressed in 2010 $) range from a low of $0.109/kWh (SDG&E Desert, <10 MW
ground-mounted) to a high of $0.206/kWh (PG&E North Central Valley,

Residential Roof).

Under the high cost case (Table 17), costs range from $0.188/kWh (SCE Desert,
10-20 MW ground-mounted) to $0.451/kWh (PG&E North Central Valley and

Mountain, Residential Roof).

For the most part the results in Table 16 and Table 17 show a clear upward
progression in costs from larger ground-mounted (10-20 MW) systems, to
smaller ground-mounted, to large rooftop, to small rooftop. The exceptions,
such as where large ground-mount is more expensive than small ground, result
from higher interconnection costs. On average over all three utilities, rooftop
systems are $0.061/kWh more expensive than ground-mounted under the low

cost case, and $0.126/kWh more expensive under the high cost case.

Figure 29 and Figure 30 show the amount of PV installed by type by year under
the least cost scenario. The low cost and high cost cases are nearly identical in

terms of the type and amount of LDPV installed.
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Figure 29: Installed PV by Type Under The Least Cost Scenario, “Maximum
Without Curtailment” Interconnection Policy; Low Cost Case
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Figure 30: Installed PV by Type Under The Least Cost Scenario, “Maximum
Without Curtailment” Interconnection Policy; High Cost Case
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Based on the technical potential assessment, a total of 15 GW of local PV can be
installed. However, several potentially significant barriers would need to be

overcome to install this level of capacity, including:

© 2011 Energy and Environmental Economics, Inc. Page | 77 |



_ Technical Potential for Local Distributed Photovoltaics in California

+ Potential interconnection issues, such as islanding, voltage regulation,
and circuit protection. The base case potential estimate of more than
15,000 MW assumes that LDPV can be installed up to the point where
PV output is equal to local load while mitigating potential
interconnection issues at reasonable cost. This high level of PV
penetration has not been the subject of detailed engineering studies. It
is possible that achieving this level of interconnection would incur

interconnection costs beyond those included in this study.

+ Geographic development issues. Because available “local” load is
widely distributed throughout the state, the market for LDPV would
have to develop in such a way as to widely distribute LDPV development

in accordance with available load.

+ Industry expansion. To achieve 15,000 MW of installed LDPV by 2020,
large scale industry expansion is required, including streamlining of
permitting and business and workforce expansion. This is particularly
true given that a significant portion of the LDPV technical potential is

from rooftop installations.

This 15,300 MW installed in our modeling over the course of the study period
follows the assumed PV installation curve (see Section 3.2.3). PV from the
different market segments (residential roof, commercial roof, and ground-
mounted) is assigned to “fill” the 15,300 MW based on its priority in the supply
curve. The final 2020 proportional allocation of these three market segments is
applied to each year, representing the likely reality that different segments
would develop in parallel. Allocation within the ground-mounted segment
between large and small ground-mounted systems is on a least cost basis.
Specifically, we select larger, cheaper systems to be installed first, but if not
enough load is available for the larger system, we move up the cost curve to

smaller systems.
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Residential roofs, though expensive compared to ground-mount, are
nevertheless the largest segment in terms of megawatts because for many
substations there are not enough ground-mount sites to meet the substation’s

available capacity to absorb solar DG.

Figure 31 and Figure 32 show supply curves by segment under the least cost

scenario for the low and high cost cases, respectively.

Figure 31: Supply Curves by PV Type Under the Least Cost Scenario; Low Cost
Case
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Figure 32: Supply Curves by PV Type Under the Least Cost Scenario; High Cost
Case
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The supply curve for residential roofs appears below the supply curve for
commercial roofs because there are many more megawatts of residential roof
available in the highest insolation areas. However, residential rooftop systems
actually have slightly higher average costs (see Figure 22 on page 66 and Figure

23 on page 66).

4.1.2 LEAST NET COST SCENARIO

Table 18 and Table 19 present the estimated technical potential, anticipated
cost, and anticipated net cost to ratepayers in 2020 under the least net cost
scenario. Total cost under this scenario is very similar to that under the /east
cost scenario, ranging from $4.8- to $9.8-billion. Net cost is also very similar —
$1.5- to $6.7-billion. A comparison of estimated technical potential by utility
and climate zone under the least cost and least net cost scenarios indicates that

for the most part, the same generation is installed by 2020 in the same locations
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under either scenario, when the full technical potential is realized. As discussed
in Section 1.2, procurement on a least net cost basis can result in lower net
costs if less than the full technical potential is realized. This is because procuring
on a least net cost basis locates LDPV in areas with high transmission and
distribution avoided cost benefits first. In contrast, when the full technical
potential is realized, all sites are eventually utilized (those with and those
without high transmission and distribution avoided costs) and the net cost

advantage disappears.
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Table 18: 2020 Technical Potential, Cost, and Net Cost of LDPV Under a Least Net
Cost Scenario; Low Cost Case

Climate Zone Cost ($2010)

Cost in 2020 Net Cost in 2020
M $/kWh M $/kWh

PGE North Coast Residential Roof 840 1,468 | $296.2 | $0.202 | $135.9 | $0.093
Commercial Roof 257 423 $83.6 $0.198 $36.5 $0.086
Ground <10 MW 851 1,847 $259.0 $0.140 $58.9 $0.032
Ground 10-20 MW 469 1,006 $138.1 $0.137 $31.2 $0.031
North Central Valley Residential Roof 1,026 1,746 $335.4 | $0.192 | $128.0 | $0.073
Commercial Roof 297 482 $95.6 $0.198 $40.4 $0.084
Ground <10 MW 848 1,810 $247.3 $0.137 $39.2 $0.022
Ground 10-20 MW 1,278 2,702 $342.5 $0.127 $20.8 $0.008
South Central Valley Residential Roof 404 701 $135.5 | $0.193 $55.3 $0.079
Commercial Roof 154 253 $48.5 $0.192 $19.6 $0.077
Ground <10 MW 415 894 $125.8 $0.141 $24.1 $0.027
Ground 10-20 MW 273 586 $77.6 $0.133 $12.6 $0.022
Mountain Residential Roof 64 111 $21.7 $0.196 $9.0 $0.082
Commercial Roof 21 35 $7.2 $0.203 $3.2 $0.091
Ground <10 MW 101 215 $31.0 $0.144 $7.0 $0.032
Ground 10-20 MW 35 76 $10.5 $0.139 $2.1 $0.027
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 3 6 $0.8 $0.132 $0.2 $0.035
Ground 10-20 MW
South Coast Residential Roof 2,483 4,491 $856.7 | $0.191 | $342.8 | $0.076
Commercial Roof 1,328 2,260 $418.6 $0.185 $158.1 $0.070
Ground < 10 MW 273 637 $80.2 $0.126 $8.7 $0.014
Ground 10-20 MW 1,074 2,472 $295.8 $0.120 $12.1 $0.005
South Central Valley Residential Roof 414 757 $141.5 | $0.187 $56.6 $0.075
Commercial Roof 202 336 $63.9 $0.190 $16.3 $0.049
Ground < 10 MW 74 175 $21.6 $0.124 $2.3 $0.013
Ground 10-20 MW 173 406 $46.6 $0.115 S1.1 $0.003
Desert Residential Roof 168 304 $55.4 $0.182 $22.1 $0.073
Commercial Roof 46 79 $12.8 $0.163 $3.9 $0.050
Ground < 10 MW 41 98 $12.3 $0.126 $1.1 $0.011
Ground 10-20 MW 29 69 $8.2 $0.119 ($0.3) ($0.004)
Mountain Residential Roof 128 240 $43.9 $0.183 $18.7 $0.078
Commercial Roof 67 115 $20.6 $0.179 $7.9 $0.068
Ground <10 MW 29 70 $8.8 $0.127 $1.3 $0.019
Ground 10-20 MW 50 113 $14.9 $0.132 $3.4 $0.030
SDGE South Coast Residential Roof 909 1,663 $329.2 | $0.198 | $160.3 | $0.096
Commercial Roof 154 265 $51.3 $0.194 $24.1 $0.091
Ground <10 MW 85 193 $25.7 $0.133 $5.8 $0.030
Ground 10-20 MW 252 564 $74.2 $0.132 $17.6 $0.031
South Central Valley Residential Roof 4 7 $1.1 $0.145 $0.4 $0.049
Commercial Roof
Ground <10 MW 2 4 $0.5 $0.129 $0.1 $0.034
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground <10 MW 2 5 $0.6 $0.127 $0.2 $0.031
Ground 10-20 MW
Totals 15,322 29,683 4341 0.16 1489 0.05
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Table 19: 2020 Technical Potential, Cost, and Net Cost of LDPV Under a Least
Net Cost Scenario; High Cost Case

Climate Zone Cost ($2010)
Cost in 2020 Net Cost in 2020
M $/kWh SM $/kWh
North Coast Residential Roof
Commercial Roof 257 425 $185.7 $0.437 $139.9 $0.329
Ground <10 MW 851 1,842 $550.9 $0.299 $359.3 $0.195
Ground 10-20 MW 469 997 $292.4 $0.293 $188.9 $0.189
North Central Valley Residential Roof 1,026 1,790 $804.5 | $0.449 | $609.9 | $0.341
Commercial Roof 312 509 $224.6 $0.441 $169.5 $0.333
Ground <10 MW 848 1,822 $532.8 $0.293 $340.9 $0.187
Ground 10-20 MW 1,278 2,731 $725.2 $0.266 $435.2 $0.159
South Central Valley Residential Roof 404 712 $319.0 | $0.448 | $242.4 | $0.341
Commercial Roof 154 256 $110.8 | $0.434 $83.2 $0.325
Ground <10 MW 415 897 $264.1 $0.294 $169.6 $0.189
Ground 10-20 MW 273 583 $153.0 $0.262 $91.9 $0.158
Mountain Residential Roof 64 111 $50.2 $0.451 $38.3 $0.343
Commercial Roof 21 36 $15.4 $0.430 $11.5 $0.323
Ground <10 MW 101 216 $66.3 $0.307 $43.6 $0.202
Ground 10-20 MW 35 76 $21.6 $0.285 $13.6 $0.180
SCE North Coast Residential Roof
Commercial Roof
Ground <10 MW 3 6 $1.8 $0.286 $1.2 $0.190
Ground 10-20 MW
South Coast Residential Roof 2,454 4,374 | $1,567.8| $0.358 | $1,116.7 | $0.255
Commercial Roof 1,358 2,299 $822.9 $0.358 $583.0 $0.254
Ground <10 MW 273 635 $150.0 $0.236 $87.4 $0.138
Ground 10-20 MW 1,074 2,455 $502.8 $0.205 $263.2 $0.107
South Central Valley Residential Roof 417 755 $264.3 | $0.350 | $187.3 | $0.248
Commercial Roof 200 339 $122.1 | $0.360 $86.5 | $0.255
Ground <10 MW 74 174 $42.9 | $0.246 | $25.9 | $0.148
Ground 10-20 MW 173 404 $86.1 $0.213 $46.9 $0.116
Desert Residential Roof 177 317 $109.4 $0.345 $76.5 $0.241
Commercial Roof 37 62 $19.6 $0.317 $13.2 $0.213
Ground <10 MW 41 99 $22.1 $0.224 $12.6 $0.128
Ground 10-20 MW 29 69 $13.0 $0.188 $6.6 $0.095
Mountain Residential Roof 128 236 $77.6 $0.328 $53.9 $0.228
Commercial Roof 67 114 $40.9 $0.360 $29.1 $0.256
Ground <10 MW 29 69 $14.9 $0.218 $8.2 $0.119
Ground 10-20 MW 50 110 $26.9 $0.244 $15.8 $0.143
SDGE South Coast Residential Roof 909 1,637 $639.9 $0.391 $474.2 $0.290
Commercial Roof 154 261 $101.5 $0.389 $74.7 $0.287
Ground <10 MW 85 191 $50.5 $0.264 $31.4 $0.164
Ground 10-20 MW 252 554 $142.3 $0.257 $87.0 $0.157
South Central Valley Residential Roof 4 7 $2.0 $0.286 S1.4 $0.194
Commercial Roof
Ground <10 MW 2 4 S1.1 $0.283 $0.8 $0.189
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground <10 MW 2 5 $1.0 $0.203 $0.5 $0.108
Ground 10-20 MW
Totals 15,338 29,657 9804 0.33 6729 0.23

© 2011 Energy and Environmental Economics, Inc.
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Figure 33 shows the amount of PV installed by type by year under the least net
cost scenario, low cost case. The results are similar to the least cost scenario in
Figure 29, with the main difference being that the ground-mounted PV greater
than 10 MW takes slightly longer to reach its final 2020 value. This is a result of
smaller ground-mounted systems having better avoided cost benefits due to
increased likelihood of proximity to load in high value areas, thus pushing larger

systems further down the supply curve.

Figure 33: Installed PV by Type under the Least Net Cost Scenario, “Maximum
Without Curtailment” Interconnection Policy; Low Cost Case
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Figure 34 and Figure 35 show supply curves under the least net cost scenario in
the low and high cost cases respectively. These figures differ from Figure 31 in
that the vertical axis is net cost rather than cost. The curves are similar,

however, with ground-mounted systems less expensive than rooftop.
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Figure 34: Supply Curves by PV Type under the Least Net Cost Scenario; Low
Cost Case

Figure 35: Supply Curves by PV Type under the Least Net Cost Scenario; High
Cost Case
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4.1.3 HIGH ROOFTOP SCENARIO

Table 20 shows results under the high rooftop scenario, low cost case. Costs are
significantly higher under this scenario — $5.5 billion compared to $4.8 billion in
the least cost and least net cost scenarios. For the high cost case (Table 21) the
total cost is $11.2 billion compared to $9.8 billion in the least cost and least net
cost scenarios. The technical potential increases somewhat compared to the
other two scenarios and the total energy generation declines. This is due to the
fact that the rooftop PV has lower capacity factors than ground-mounted, so
more nameplate capacity can be installed without exceeding hourly minimum

loads even while less energy is generated over the course of the year.
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Table 20: 2020 Technical Potential, Cost, and Net Cost of Technical Potential
Under a High Rooftop Scenario, by IOU, System Type, and Climate Zone;
Low Cost Case

Climate Zone Cost ($2010)
Cost in 2020 Net Cost in 2020
M $/kWh M $/kWh
PGE North Coast Residential Roof 1,780 3,122 $639.4 $0.205 $298.4 $0.096
Commercial Roof 278 461 $91.3 $0.198 $40.3 $0.087
Ground <10 MW 315 694 $94.3 $0.136 $21.5 $0.031
Ground 10-20 MW 210 449 $59.7 $0.133 $12.0 $0.027
North Central Valley Residential Roof 2,450 4,296 | $868.0 | $0.202 | $362.4 | $0.084
Commercial Roof 359 590 $118.1 | $0.200 $51.2 $0.087
Ground <10 MW 373 811 $110.1 $0.136 $15.5 $0.019
Ground 10-20 MW 599 1,288 $170.1 $0.132 $16.3 $0.013
South Central Valley Residential Roof 1,097 1,931 $389.7 $0.202 $168.6 $0.087
Commercial Roof 122 203 $40.1 $0.198 $16.7 $0.082
Ground <10 MW 110 243 $32.4 $0.133 $5.9 $0.024
Ground 10-20 MW 41 89 $10.9 $0.122 $1.3 $0.014
Mountain Residential Roof 214 375 $77.1 $0.206 $34.6 $0.092
Commercial Roof 21 36 $7.1 $0.198 $3.1 $0.087
Ground <10 MW 13 28 $4.0 $0.142 $0.8 $0.029
Ground 10-20 MW
SCE North Coast Residential Roof 3 6 $1.1 $0.188 $0.5 $0.092
Commercial Roof
Ground <10 MW
Ground 10-20 MW
South Coast Residential Roof 3,644 6,637 $1,219.9( $0.184 $462.6 $0.070
Commercial Roof 1,499 2,549 $470.8 $0.185 $175.8 $0.069
Ground <10 MW 96 221 $28.3 $0.128 $2.2 $0.010
Ground 10-20 MW 193 441 $52.7 | $0.120 | ($2.0) | ($0.004)
South Central Valley Residential Roof 708 1,302 $243.3 | $0.187 $95.5 $0.073
Commercial Roof 184 314 $59.6 $0.190 $13.9 $0.044
Ground <10 MW 9 22 $2.9 $0.134 $0.3 $0.013
Ground 10-20 MW 12 30 $3.4 $0.113 $0.8 $0.026
Desert Residential Roof 261 477 $90.9 $0.190 $37.4 | $0.078
Commercial Roof 32 54 $10.3 $0.189 $4.2 $0.078
Ground < 10 MW 6 16 $1.8 $0.115 $0.1 $0.005
Ground 10-20 MW
Mountain Residential Roof 167 307 $56.3 $0.183 $24.4 | $0.079
Commercial Roof 107 180 $32.0 $0.178 $12.5 $0.069
Ground <10 MW 16 39 $4.5 $0.116 $0.1 $0.003
Ground 10-20 MW
SDGE South Coast Residential Roof 1,221 2,193 $399.2 $0.182 $176.2 $0.080
Commercial Roof 183 309 $56.8 $0.184 $25.0 $0.081
Ground < 10 MW 18 40 $5.8 $0.144 S1.7 $0.042
Ground 10-20 MW 16 34 $3.8 $0.110 $0.3 $0.009
South Central Valley Residential Roof 6 11 $2.0 $0.180 $1.0 $0.088
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Desert Residential Roof 2 5 $0.9 $0.181 $0.4 $0.087
Commercial Roof
Ground <10 MW
Ground 10-20 MW
Totals 16,366 29,804 5458 0.18 2081 0.07
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Table 21: 2020 Technical Potential, Cost, and Net Cost of Technical Potential
Under a High Rooftop Scenario, by IOU, System Type, and Climate Zone;

High Cost Case
Climate Zone Cost ($2010)
Cost in 2020 Net Cost in 2020
M $/kWh M $/kWh
PGE North Coast Residential Roof 1,780 3,122 | $1,400.4 | $0.449 | $1,069.6| $0.343
Commercial Roof 278 461 $201.3 $0.436 $151.9 $0.329
Ground <10 MW 315 693 $198.2 $0.286 $127.4 $0.184
Ground 10-20 MW 210 450 $123.2 $0.274 $76.9 $0.171
North Central Valley Residential Roof 2,450 4,290 | $1,886.0| $0.440 | $1,424.0| $0.332
Commercial Roof 359 590 $259.2 $0.439 $195.7 $0.332
Ground <10 MW 373 810 $233.1 $0.288 $148.0 $0.183
Ground 10-20 MW 599 1,290 $345.8 $0.268 $209.7 $0.163
South Central Valley Residential Roof 1,097 1,931 $846.2 $0.438 | $639.2 $0.331
Commercial Roof 122 203 $88.0 $0.434 $66.1 $0.326
Ground <10 MW 110 243 $67.8 $0.280 $42.8 $0.177
Ground 10-20 MW 41 89 $21.3 $0.238 $12.1 $0.136
Mountain Residential Roof 214 375 $168.5 | $0.449 | $128.4 | $0.342
Commercial Roof 21 36 $15.4 $0.430 $11.6 $0.323
Ground < 10 MW 13 28 $8.5 $0.303 $5.6 $0.199
Ground 10-20 MW
SCE North Coast Residential Roof 3 6 $1.7 $0.296 $1.2 $0.201
Commercial Roof
Ground <10 MW
Ground 10-20 MW
South Coast Residential Roof 3,644 6,637 $2,340.7 | $0.353 | $1,665.0| $0.251
Commercial Roof 1,499 2,549 $924.0 $0.363 $659.3 $0.259
Ground <10 MW 96 220 $55.0 $0.250 $33.2 $0.151
Ground 10-20 MW 193 441 $88.2 $0.200 $46.0 $0.104
South Central Valley Residential Roof 708 1,302 $465.2 | $0.357 | $333.6 | $0.256
Commercial Roof 184 314 $120.8 | $0.385 $88.0 $0.280
Ground < 10 MW 9 22 $6.0 $0.278 $3.9 $0.179
Ground 10-20 MW 12 30 $5.4 $0.179 $2.8 $0.092
Desert Residential Roof 261 477 $172.3 $0.361 $123.9 $0.260
Commercial Roof 32 54 $19.8 $0.365 $14.2 $0.261
Ground < 10 MW 6 16 $2.9 $0.184 $1.4 $0.090
Ground 10-20 MW
Mountain Residential Roof 167 307 $106.4 | $0.346 $75.5 $0.246
Commercial Roof 107 180 $57.0 $0.317 $38.4 $0.213
Ground <10 MW 16 39 $7.6 $0.195 $3.9 $0.100
Ground 10-20 MW
SDGE South Coast Residential Roof 1,221 2,193 $801.0 $0.365 $579.3 $0.264
Commercial Roof 183 309 $113.9 $0.369 $82.2 $0.266
Ground < 10 MW 18 40 $12.1 $0.300 $8.1 $0.200
Ground 10-20 MW 16 34 $7.3 $0.212 $3.8 $0.111
South Central Valley Residential Roof 6 11 $3.1 $0.284 $2.1 $0.191
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Desert Residential Roof 2 5 $1.3 $0.285 $0.9 $0.191
Commercial Roof
Ground <10 MW
Ground 10-20 MW
Totals 16,366 29,798 11175 0.38 8076 0.27
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Figure 36 shows the amount of PV installed by type by year under the high
rooftop scenario. The additional rooftop capacity in the high rooftop scenario
comes mainly from residential roofs, as these are more plentiful than large

commercial roofs.

Figure 36: Installed PV by Type Under the High Rooftop Scenario, Maximum
Without Curtailment; Low Cost Case
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Figure 37 and Figure 38 show the supply curves for resources selected under the
high rooftop scenario. Because rooftop PV is selected first under this scenario,
many of the ground-mounted sites can no longer be interconnected under the
interconnection limit as the capacity for DG at a particular substation may have
been largely or completely filled by the rooftop PV and are no longer available.
The remaining ground-mount sites are both fewer and in many cases among the

more expensive ground-mount sites, hence the steep supply curve.

© 2011 Energy and Environmental Economics, Inc. Page | 89 |



_ Technical Potential for Local Distributed Photovoltaics in California

Figure 37: Supply curves by PV type under the high rooftop scenario; Low Cost
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Figure 38: Supply curves by PV type under the high rooftop scenario; High Cost
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4.2 Sensitivity Analysis
We tested the sensitivity of results to a number of input assumptions:

+ Interconnection potential criteria. The calculation of PV
interconnection potential is dependent on the criteria by which
interconnection potential is determined. For the base case, we used the
maximum potential with no backflow and no curtailment. In addition,

we tested several variations. The five sensitivities include:
0 15% of maximum hourly load
0 30% of maximum hourly load
0 Maximum of 1% curtailment of annual energy output

0 Maximum of 3% curtailment of annual energy output
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0 Maximum of 5% curtailment of annual energy output

+ Installation Rate. A faster installation rate means more PV is installed
before presumed expiration of the federal ITC at the end of 2016. We
test a high and low installation rate in addition to the base case (see
Section 3.2.3).

Table 22 provides summary results across the sensitivities described above for
the low cost case, and Table 23 does so for the high cost case. The summary

compares the technical potential, the cost, and net cost to ratepayers in 2020.

Table 22: Sensitivity Results, Low Cost Case

Sensitivity Scenario Installed MW Cost ($2010, Net Cost

by 2020 millions) (%2010,

millions)

Low Cost Base Cost 15,340 $4,850 $1,490

Case (80%

progress ratio) Net Cost 15,320 $4,840 $1,490

Roofs First 16,370 $5,460 $2,080

15% Cost 6,640 $1,930 $367
Interconnection

Net Cost 6,640 $1,930 $369

Roofs First 6,670 $2,070 $638

30% Cost 11,670 $3,630 $1,030
Interconnection

Net Cost 11,670 $3,630 $1,020

Roofs First 12,130 $4,010 $1,490

1% Curtailment Cost 16,660 $5,170 $1,380

Net Cost 16,640 $5,160 $1,320

Roofs First 16,670 $5,680 $2,320

3% Curtailment Cost 16,660 $5,120 $1,300

Net Cost 16,630 $5,120 $1,220

Roofs First 16,680 $5,690 $2,310
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Sensitivity Scenario Installed MW Cost ($2010, Net Cost
by 2020 millions) ($2010,

millions)

Net Cost 16,650 $5,110 $1,180

Roofs First 16,670 $5,690 $2,300

High Timeline Cost 15,340 $4,730 $1,540
Net Cost 15,320 $4,720 $1,530

Roofs First 16,370 $5,350 $2,140

Low Timeline Cost 6,660 $1,890 $78
Net Cost 6,660 $1,890 $32

Roofs First 6,660 $2,200 $666

Table 23: Sensitivity Results, High Cost Case

Sensitivity Scenario Installed MW Cost ($2010, Net Cost

by 2020 millions) (%2010,

millions)

High Cost Base Cost 15,340 $9,820 $6,740

Case (100%

progress ratio) Net Cost 15,340 $9,800 $6,730

Roofs First 16,370 $11,170 $8,080

15% Cost 6,640 $3,530 $2,090
Interconnection

Net Cost 6,630 $3,520 $2,090

Roofs First 6,670 $3,800 $2,480

30% Cost 11,670 $7,130 $4,740
Interconnection

Net Cost 11,670 $7,130 $4,740

Roofs First 12,130 $7,950 $5,640

1% Curtailment Cost 16,640 $10,520 $7,080

Net Cost 16,660 $10,530 $7,080

Roofs First 16,660 $11,670 $8,570
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Sensitivity Scenario Installed MW Cost ($2010, Net Cost
by 2020 millions) ($2010,

millions)

Net Cost 16,660 $10,430 $6,960

Roofs First 16,680 $11,690 $8,580

5% Curtailment Cost 16,670 $10,390 $6,900
Net Cost 16,640 $10,370 $6,880

Roofs First 16,660 $11,670 $8,560

High Timeline Cost 15,340 $8,990 $6,070
Net Cost 15,340 $8,970 $6,060

Roofs First 16,370 $10,270 $7,330

Low TimeLine Cost 6,650 $3,700 $2,030
Net Cost 6,670 $3,710 $2,040

Roofs First 6,660 $4,360 $2,970

Sensitivity results are discussed further in the sections that follow and detailed

sensitivity tables are provided in Appendix A.

4.2.1 INTERCONNECTION POTENTIAL CRITERIA

A comparison of total interconnection potential is shown Figure 39. This figure
differs from Figure 9 in Section 3.2.2 in that Figure 9 presented the individual
potential of each market segment (residential roofs, commercial roofs, ground-
mount < 10 MW, and ground-mount > 10 MW) separately, assuming only that
segment were developed. Figure 39 shows the distributed PV actually selected
in the modeling. The total in Figure 39 is lower than the sum of the segments in
Figure 9 because installing PV from one segment reduces the amount of

capacity available to absorb generation from PV installed in other segments.
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Figure 39: 2020 Technical Capacity Projection under Various Interconnection
Potential Criteria and Least Cost Scenario; Low Cost Case
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With a 15% of peak load criterion (equivalent to the existing Rule 21
interconnection rule), we identify approximately 6,600 MW of local PV technical
potential by 2020, roughly half of the base case estimate (which is based on
maximum interconnection without backflow or curtailment). On the other
hand, allowing no more than 1% of generation to be curtailed at each substation

substantially increases the estimate to more than 16,600 MW.

The proportion of large ground-mounted systems selected increases as one
moves from no curtailment to increasing levels of curtailment. In many cases,
small amounts of curtailment make it possible to install cheaper large ground-
mounted systems where they would otherwise fail the “no backflow”
constraint. This can result in a shifting of projects to different areas in the state.

For example, significantly less capacity is installed in SDG&E territory under the
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5% curtailment case than under the no backflow (without curtailment) case.
This is because the model selects cheaper generation first and with curtailment
allowed there is a much larger quantity of cheaper generation available outside

of SDG&E’s service territory.

Levelized costs under the various interconnection criteria are shown in Figure 40
and Figure 41. The chart shows the levelized cost and net costs for each
interconnection scenario, overlaid on the bars showing total capacity installed.
The cost increases from the 15% of peak load criterion up to the max without
curtailment criterion because more capacity is installed further along the supply
curves, where cost is higher. When curtailment is allowed, costs decrease
reflecting the fact that more of the larger, cheaper resources can be installed in

lower cost, higher insolation areas.

However, at increasing amounts of curtailment beyond 3%, costs begin to rise
slightly due to the lost energy through curtailment. The lost energy payments
drive up costs more than the price lowering effect of larger systems. This
suggests an optimal level of curtailment, in terms of levelized $S/kWh, between

3% and 5%.
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Figure 40: 2020 Levelized Cost under Various Interconnection Potential Criteria

and Least Cost Scenario; Low Cost Case
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Figure 41: 2020 Cost under Various Interconnection Potential Criteria and Least

Cost Scenario; High Cost Case
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4.2.2 PV INSTALLATION RATE SENSITIVITY

The final sensitivity evaluates the impact of low and high PV installation rates.
Figure 42 provides a comparison of costs under low and high installation rate
sensitivities, along with the total capacity installed by 2020. Figure 43 provides

the same comparison for the high cost case.

The higher installation rate does not increase the technical potential because it

is limited by total interconnection potential rather than the rate of installation.

In both the high and low cost cases, the low installation rate sensitivity shows
lower energy costs because higher cost systems that are farther along the cost

supply curve have not been developed.

In the low cost case, the high installation rate installs more systems prior to the
expiration of the higher ITC, but these systems cost more because costs decline
over time. The two effects nearly cancel each other out which results in similar
costs and net costs for both the base case and high installation rate sensitivities.
In the high cost case, which does not have learning, the high installation rate
case has lower costs and net costs because more systems are installed during

the period of the higher federal ITC.
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Figure 42: Levelized Cost and Net Cost in 2020 under High and Low Installation
Rate, Least Cost Scenario; Low Cost Case

0.18 - - 18000

0.16 - - 16000
S 0.14 - 14000 _
] =
¥ 012 | - 12000 £
'E —Total Cost =
= 0.10 - L 10000 G
> == Net Cost 4
£ 0.08 - - 8000 ©
Q o
Ee) o
£ 006 - - 6000 g
[ ~
3 0.04 - - 4000

0.02 - L 2000

0.00 . . 0

{\0“ \a\:\o“ \a\:\o“
S4‘;3\\a 5\,3\ S‘a\
wow \© gaseine ™ ign \©

Figure 43: Levelized Cost and Net Cost in 2020 under High and Low Installation
Rate, Least Cost Scenario; High Cost Case
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4.3 Comparison to LTPP Costs

In the Long-term Procurement Planning (LTPP) proceeding (R.10-05-006)*
procurement costs were estimated under several cases, including, among
others, an All Gas Case, a Trajectory Case, and an Environmentally Constrained
Case. The All Gas Case was constructed for cost comparison purposes only and
assumes that renewable generation does not increase beyond the existing levels
in 2009. The Trajectory and Environmentally Constrained cases both meet the
33% Renewable Portfolio Standard (RPS) and provide a useful comparison point
for the LDPV cost estimates in the current study. The Trajectory Case includes
renewable resources that are already under contract or under negotiation with
California utilities and includes a mix of large and small renewable generators
including wind, solar, geothermal, hydro, and biomass. The Environmentally
Constrained reflects a scenario where siting of large central station renewables
and associated transmission is limited due to environmental constraints and is
comprised of a higher proportion of distributed PV (roughly 8,800 MW of
distributed PV, compared to roughly 2,800 MW in the Trajectory Case).

The results presented in the LTPP proceeding include the projected 2020
Revenue Requirement in each case, reproduced in the first three columns of
Table 24. The least cost and high rooftop scenarios from the present study are
shown in Columns (4) and (5) and Columns (6) and (7). (Because the least net
cost results are nearly identical to the least cost results, we omit the least net

cost scenario from Table 24 for simplicity).

** For analysis, see https://www.pge.com/regulation/LongTermProcure2010-
OIR/Testimony/Joint/2011/LongTermProcure2010-OIR_Test_Joint_20110701_212896.pdf
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To complete the comparison in Table 24, the least cost and high rooftop
scenarios were calculated on a comparable basis to LTPP. For purposes of using
consistent assumptions across analyses, we used the high cost case for the
comparison because it makes a “no learning” assumption (no decline in
resource costs), which was the same assumption used for all renewable
resources in the LTPP analysis. In addition, in order to keep assumptions
consistent, we recalculate LDPV costs assuming an extension of the federal
investment tax credit through 2020 since this is what the LTPP analysis
assumed. To compare the low cost case on the same basis to the LTPP analysis,
the LTPP analysis would have to be repeated with assumptions on learning rates
across the range of renewable technologies, which is beyond the scope of this

study.

In columns (4) and (5) the comparison assumes that local PV resources displace
other Trajectory Case renewable resources. In this instance, the revenue
requirement is higher than the Trajectory Case by $3,113 million (8.4%) and

4,136 million (11.1%) for the least cost and high rooftop case, respectively.
sS4, ( ) gh rooftop , resp y
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Table 24: Comparison of LDPV with LTPP Cases

1|

Environmentally
Constrained
Least Cost with
average LTPP
Trajectory
High Rooftop
with average
LTPP Trajectory
Least Cost +
LTPP Trajectory
High Rooftop +
LTPP Trajectory

e
o
=
|3}
Q
&l
=
o
o
|_
-

2020 $34,548 | $37,280 | $37,809 | $40,394 | $41,416 | $43,031 | $44,063
Revenue
Requirement
(Millions
$2010)

A Revenue ($2,732) $0 $529 $3,113 $4,136 $5,751 $6,783
Requirement
from LTPP
Trajectory
(Millions
$2010)

%A Revenue -71.3% 0% 1.4% 8.4% 11.1% 15.4% 18.2%
Requirement
from LTPP
Trajectory

RPS % 12.7% 33.0% 33% 33.0% 33.0% 48.0% 48.0%
Achieved

In columns (6) and (7) the comparison assumes that local PV is procured in
addition to the LTPP Trajectory Case renewable resources. In this case, 48% of
electricity sales would be met with renewable generation. The annual revenue
requirement, compared to the Trajectory Case would be higher by $5,751
million (15.4%) and $6,783 million (18.2%) for the least cost and high rooftop

cases, respectively.
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5 Conclusion

This report is a preliminary assessment of local distributed PV technical
potential in California. Once more solar PV projects achieve commercial
operation and actual energy and interconnection costs are known, we will have
the information to do more refined assessments of DG deployment barriers, the
costs and benefits of the different DG market segments, and overall ratepayer

impact.

In addition, further analysis is needed beyond the technical potential estimated
in this study, such as analyses of economic and market potential, which will
ultimately determine how much local distributed PV can be installed. Actual
achievement of the level of LDPV interconnection and associated costs
estimated by this study will be dependent on overcoming several potentially

significant challenges.
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80% Learning Curve Results By County

Least Cost Scenario

Cost ($2010)
Cost in 2020 Net Cost in 2020
$M | $/kWh  $M | $/kWh
Alameda Residential Roof 122 214 $43.9 | $0.205 | $19.9 | $0.093
Commercial Roof 298 493 $98.6 | $0.200 | S$43.7 | $0.089
Ground <=1 MW 0 0 $0.0 $0.155 $0.0 $0.040
Ground 1-3 MW 2 5 $0.7 $0.147 $0.2 $0.036
Ground 3-5 MW 20 44 $6.3 $0.142 $1.4 $0.031
Ground 5-10 MW 53 115 $16.2 | $0.141 $3.3 $0.028
Ground 10-20 MW 39 84 $11.7 | $0.139 $2.0 $0.023
Amador Residential Roof 4 7 $1.5 | $0.204 | S0.7 $0.094
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 9 19 $2.7 | $0.143 | $0.6 $0.033
Ground 5-10 MW 11 24 S3.3 $0.140 $0.7 $0.031
Ground 10-20 MW 11 23 $3.2 $0.142 $0.4 $0.019
Butte Residential Roof
Commercial Roof
Ground <=1 MW 2 S0.3 $0.157 $0.1 $0.046
Ground 1-3 MW 5 10 S1.6 $0.151 $0.4 $0.038
Ground 3-5 MW 28 61 $8.7 $0.144 $1.8 $0.029
Ground 5-10 MW 77 163 $23.1 | $0.142 $4.7 $0.029
Ground 10-20 MW 79 166 $23.2 | $0.140 | S3.8 $0.023
Calaveras Residential Roof 1 1 $0.3 | $0.204 | S0.1 $0.081
Commercial Roof
Ground <=1 MW 1 2 S0.3 $0.152 S0.1 $0.040
Ground 1-3 MW 7 15 $2.2 $0.145 $0.5 $0.030
Ground 3-5 MW 4 8 S1.1 $0.144 S0.3 $0.037
Ground 5-10 MW 7 14 $2.0 | $0.139 | $0.5 $0.033
Ground 10-20 MW
Colusa Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 6 13 $1.9 $0.151 $0.5 $0.040
Ground 3-5 MW 11 23 $3.3 $0.143 $0.8 $0.036
Ground 5-10 MW 25 54 $7.6 $0.141 $1.5 $0.027

A-1




Ground 10-20 MW
Contra Costa Residential Roof 437 769 $156.8 | $0.204 | $65.1 | $0.085
Commercial Roof 111 184 $36.4 | $0.198 | S14.3 | $0.078
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 8 18 $2.6 $0.143 $0.4 $0.022
Ground 5-10 MW 6 13 $1.8 $0.139 $0.4 $0.033
Ground 10-20 MW 117 250 $35.2 | $0.141 $8.3 $0.033
El Dorado Residential Roof
Commercial Roof
Ground <=1 MW 2 S0.3 $0.155 S0.1 $0.037
Ground 1-3 MW 12 S1.7 $0.146 $0.3 $0.029
Ground 3-5 MW 13 $1.9 $0.141 S0.3 $0.024
Ground 5-10 MW 31 67 $9.3 | $0.139 | S$1.6 $0.023
Ground 10-20 MW 51 108 $15.2 | $0.140 $2.3 $0.021
Fresno Residential Roof 272 484 $99.4 | $0.205 | S44.4 | $0.092
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 10 23 S3.3 $0.143 $0.7 $0.032
Ground 3-5 MW 22 49 $7.0 $0.141 $1.6 $0.032
Ground 5-10 MW 138 304 $40.7 | $0.134 $7.7 $0.025
Ground 10-20 MW 418 909 $121.5 | $0.134 | $18.1 $0.020
Glenn Residential Roof 10 17 $3.4 | $0.206 | S$1.5 $0.088
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 9 19 $2.8 $0.148 S0.3 $0.014
Ground 3-5 MW
Ground 5-10 MW 9 19 $2.6 $0.141 S0.4 $0.019
Ground 10-20 MW
Humboldt Residential Roof 11 18 S4.1 | $0.224 | S1.9 $0.105
Commercial Roof
Ground <=1 MW 3 5 $0.9 $0.191 $0.3 $0.074
Ground 1-3 MW 16 26 S5.1 $0.194 $2.1 $0.079
Ground 3-5 MW 10 17 $3.1 $0.186 $1.3 $0.077
Ground 5-10 MW 19 31 $5.7 $0.180 $2.1 $0.066
Ground 10-20 MW
Imperial Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
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Ground 10-20 MW
Inyo Residential Roof
Commercial Roof
Ground <=1 MW 0 0 $0.0 $0.110 $0.0 $0.009
Ground 1-3 MW
Ground 3-5 MW 5 11 S1.3 $0.114 $0.2 $0.018
Ground 5-10 MW
Ground 10-20 MW
Kern Residential Roof 73 133 $25.8 | $0.193 | S11.5 | $0.086
Commercial Roof
Ground <=1 MW 3 8 $0.9 $0.118 $0.0 $0.006
Ground 1-3 MW 37 85 $11.6 | $0.136 | S2.6 $0.031
Ground 3-5 MW 69 159 $21.6 | $0.136 $4.8 $0.030
Ground 5-10 MW 198 443 $53.8 | $0.121 $6.7 $0.015
Ground 10-20 MW 288 633 $69.4 | $0.110 | ($0.4) | ($0.001)
Kings Residential Roof 12 22 S4.5 | $0.205 | S2.0 $0.093
Commercial Roof
Ground <=1 MW 2 5 $0.7 $0.147 $0.2 $0.040
Ground 1-3 MW
Ground 3-5 MW 21 47 $6.6 $0.141 $1.7 $0.036
Ground 5-10 MW 27 59 $8.3 $0.141 $1.9 $0.032
Ground 10-20 MW | 30 66 $7.2 | $0.109 | ($0.1) | ($0.002)
Lake Residential Roof
Commercial Roof
Ground <=1 MW 1 p $0.2 $0.157 $0.1 $0.043
Ground 1-3 MW 18 38 $5.7 $0.149 $1.2 $0.032
Ground 3-5 MW 14 31 S$4.4 | $0.143 | $0.9 $0.030
Ground 5-10 MW 8 17 S2.4 $0.140 S0.2 $0.013
Ground 10-20 MW
Lassen Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Los Angeles Residential Roof 1,683 | 3,024 | $572.2 | $0.189 | $247.9 | $0.082
Commercial Roof 788 1,333 | $232.3 | $0.174 | $84.6 $0.063
Ground <=1 MW 2 6 $0.7 $0.120 $0.1 $0.014
Ground 1-3 MW 9 21 $2.7 $0.129 $0.4 $0.019
Ground 3-5 MW 13 33 $3.9 $0.121 $0.8 $0.026
Ground 5-10 MW 16 38 $4.4 | $0.114 | (%0.1) | ($0.002)
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Ground 10-20 MW 295 684 $77.6 | $0.114 | ($5.4) | ($0.008)
Madera Residential Roof 6 10 $2.0 | $0.205 | S1.0 $0.098
Commercial Roof
Ground <=1 MW 1 2 S0.3 $0.150 $0.1 $0.035
Ground 1-3 MW 12 27 $3.9 $0.144 $0.9 $0.034
Ground 3-5 MW 15 34 s4.7 $0.141 $0.9 $0.026
Ground 5-10 MW 26 59 $7.3 $0.125 $0.4 $0.007
Ground 10-20 MW 40 86 $12.0 | $0.141 $3.0 $0.035
Marin Residential Roof 14 24 $5.0 | $0.213 | S2.4 $0.101
Commercial Roof $1.8 | $0.212 | S0.9 $0.103
Ground <=1 MW S0.0 $0.157 $0.0 $0.038
Ground 1-3 MW 11 24 $3.6 | $0.152 | $0.9 $0.038
Ground 3-5 MW 14 30 S4.3 $0.145 $1.0 $0.035
Ground 5-10 MW 34 71 $10.1 | $0.142 $1.8 $0.026
Ground 10-20 MW 14 30 S4.2 $0.141 S1.1 $0.037
Mariposa Residential Roof 1 1 S0.2 | $0.204 | S0.1 $0.076
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 4 S0.6 $0.143 $0.2 $0.036
Ground 3-5 MW
Ground 5-10 MW 18 39 S5.5 $0.141 $0.8 $0.019
Ground 10-20 MW
Mendocino Residential Roof 1 2 $0.4 | $0.204 | $0.2 $0.095
Commercial Roof
Ground <= 1 MW 4 $0.6 | $0.171 | S0.2 $0.056
Ground 1-3 MW 9 19 $2.9 $0.154 $0.8 $0.041
Ground 3-5 MW 14 $2.2 $0.159 $0.6 $0.046
Ground 5-10 MW 15 30 S4.4 $0.143 $0.8 $0.027
Ground 10-20 MW
Merced Residential Roof 13 23 S4.7 | $0.204 | S2.2 $0.096
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 8 18 $2.6 $0.146 $0.6 $0.037
Ground 3-5 MW 29 63 $8.9 $0.141 $1.9 $0.031
Ground 5-10 MW 12 26 $3.7 $0.140 $0.7 $0.028
Ground 10-20 MW 108 233 $32.7 | $0.141 $4.5 $0.019
Mono Residential Roof 11 20 $3.8 | $0.189 | S1.8 $0.090
Commercial Roof
Ground <=1 MW 2 4 S0.5 $0.137 $0.1 $0.035

Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
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Ground 10-20 MW
Monterey Residential Roof 20 34 $7.2 | $0.208 | S$3.3 $0.096
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 27 60 $8.7 $0.146 $2.0 $0.033
Ground 3-5 MW 15 34 S4.6 $0.134 $0.4 $0.012
Ground 5-10 MW 82 174 $22.8 | $0.131 $3.0 $0.017
Ground 10-20 MW 46 96 $13.6 | $0.142 $2.3 $0.024
Napa Residential Roof 32 55 $11.3 | $0.205 $4.5 $0.082
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 14 $2.1 | $0.152 | S$0.5 $0.039
Ground 3-5 MW 8 17 $2.5 $0.146 $0.7 $0.040
Ground 5-10 MW 11 S1.5 $0.141 $0.4 $0.036
Ground 10-20 MW 138 287 $40.5 | $0.141 $3.8 $0.013
Nevada Residential Roof 2 3 S0.5 | $0.171 | S0.1 $0.045
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 12 $1.8 $0.150 $0.3 $0.029
Ground 3-5 MW 8 18 $2.5 $0.142 $0.5 $0.030
Ground 5-10 MW 30 63 $8.9 $0.141 $1.7 $0.028
Ground 10-20 MW
Orange Residential Roof 696 1,248 | $236.6 | $0.190 | $70.7 | $0.057
Commercial Roof 640 1,090 | $211.5 | $0.194 | $63.1 $0.058
Ground <=1 MW 0 0 $0.0 | $0.148 | ($0.0) | ($0.026)
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW 13 28 $4.0 $0.142 $0.8 $0.028
Ground 10-20 MW 28 62 $8.6 $0.138 $2.4 $0.038
Placer Residential Roof 1 1 $0.2 | $0.204 | S0.1 $0.080
Commercial Roof
Ground <=1 MW 0 1 $0.2 $0.150 $0.0 $0.044
Ground 1-3 MW 12 26 $3.9 $0.149 $1.0 $0.038
Ground 3-5 MW 6 13 $1.9 $0.143 $0.4 $0.031
Ground 5-10 MW 37 79 $11.2 | $0.141 $2.1 $0.027
Ground 10-20 MW 169 356 $50.2 | $0.141 $8.7 $0.025
Plumas Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 7 16 $2.2 $0.142 $0.4 $0.025
Ground 3-5 MW
Ground 5-10 MW
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Ground 10-20 MW
Riverside Residential Roof 115 212 $38.4 | $0.181 | S15.4 | $0.072
Commercial Roof 43 73 $13.5 | $0.186 | S$6.2 $0.086
Ground <=1 MW 8 20 $2.8 $0.140 $0.5 $0.027
Ground 1-3 MW 23 57 $7.0 $0.124 $0.4 $0.008
Ground 3-5 MW 8 18 $2.0 | $0.111 | (30.0) | ($0.001)
Ground 5-10 MW 77 178 $20.1 | $0.113 $0.2 $0.001
Ground 10-20 MW 471 1,090 | $126.6 | $0.116 $3.2 $0.003
Sacramento Residential Roof 1 2 $0.4 | $0.205 | S0.2 $0.077
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Benito Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 4 8 $1.2 $0.140 $0.3 $0.033
Ground 5-10 MW 7 15 S2.1 $0.139 $0.3 $0.020
Ground 10-20 MW
San Bernardino  Residential Roof 427 783 | $142.9 | $0.183 | $59.5 | $0.076
Commercial Roof 203 340 $63.8 | $0.188 | S27.0 $0.079
Ground <=1 MW 8 20 S2.4 $0.119 $0.4 $0.019
Ground 1-3 MW 13 33 $4.0 $0.123 $0.7 $0.020
Ground 3-5 MW 12 29 $3.5 $0.124 $0.5 $0.019
Ground 5-10 MW 50 116 $13.0 | $0.112 $0.8 $0.007
Ground 10-20 MW 224 527 $59.2 | $0.112 $4.1 $0.008
San Diego Residential Roof 847 1,518 | $280.4 | $0.185 | $126.3 | $0.083
Commercial Roof 142 239 $45.8 | $0.192 | S$S21.3 | $0.089
Ground <=1 MW 5 11 S1.5 $0.137 $0.4 $0.038
Ground 1-3 MW 7 16 $2.1 $0.132 $0.5 $0.034
Ground 3-5 MW 17 37 $5.2 $0.140 $1.5 $0.040
Ground 5-10 MW 56 124 $14.7 | $0.119 $1.7 $0.014
Ground 10-20 MW 223 487 $55.9 | $0.115 $6.8 $0.014
San Francisco Residential Roof 71 122 $25.0 | $0.206 | S11.2 | $0.093
Commercial Roof 11 18 $3.7 | $0.201 | S1.6 $0.086
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW

A-6




Ground 10-20 MW
San Joaquin Residential Roof 84 148 $30.3 | $0.205 | S13.9 | $0.094
Commercial Roof
Ground <=1 MW 1 S0.1 $0.155 $0.0 $0.039
Ground 1-3 MW 17 $2.5 $0.147 $0.6 $0.033
Ground 3-5 MW 25 53 $7.6 $0.142 $1.8 $0.034
Ground 5-10 MW 130 281 $39.5 | $0.141 $7.7 $0.027
Ground 10-20 MW 141 301 $42.3 | $0.141 $7.5 $0.025
San Luis Obispo  Residential Roof 11 20 S4.0 | $0.200 | S1.9 $0.093
Commercial Roof
Ground <=1 MW 5 $0.7 $0.144 $0.2 $0.032
Ground 1-3 MW 9 22 $3.1 $0.142 $0.7 $0.034
Ground 3-5 MW 12 27 $3.0 | $0.110 | (30.1) | ($0.004)
Ground 5-10 MW 20 46 $5.2 $0.112 | ($0.1) | ($0.001)
Ground 10-20 MW | 14 32 $3.6 | $0.110 | (30.1) | ($0.002)
San Mateo Residential Roof 220 367 $78.5 | $0.214 | $37.3 | $0.102
Commercial Roof 104 162 $34.0 | $0.209 | S$15.8 | $0.097
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Santa Barbara  Residential Roof 102 183 $30.3 | $0.165 | $10.9 | $0.060
Commercial Roof
Ground <=1 MW 1 p $S0.3 $0.150 $0.1 $0.045
Ground 1-3 MW 19 44 $6.2 $0.140 $1.3 $0.030
Ground 3-5 MW 3 8 $0.9 $0.111 $0.0 $0.004
Ground 5-10 MW 34 78 $8.7 $0.111 S0.1 $0.002
Ground 10-20 MW 26 59 $6.8 $0.115 $0.6 $0.011
Santa Clara Residential Roof 719 1,279 | $260.6 | $0.204 | $116.6 | $0.091
Commercial Roof 213 357 $70.9 | $0.198 | S$31.0 | $0.087
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 4 8 S1.1 $0.144 $0.3 $0.032
Ground 5-10 MW 38 83 $11.7 | $0.141 $2.5 $0.030
Ground 10-20 MW
Santa Cruz Residential Roof 3 5 $1.0 | $0.202 | S0.4 $0.086
Commercial Roof
Ground <=1 MW 0 1 S0.1 $0.153 $0.0 $0.038
Ground 1-3 MW
Ground 3-5 MW 7 16 S2.3 $0.145 $0.5 $0.031
Ground 5-10 MW 24 51 $7.1 $0.139 $1.7 $0.034
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Ground 10-20 MW 30 63 $8.8 | $0.139 | S2.1 $0.032
Shasta Residential Roof 3 5 $1.1 | $0.213 S0.5 $0.096

Commercial Roof

Ground <=1 MW 3 S0.5 $0.152 $0.1 $0.039

Ground 1-3 MW 7 14 $2.2 $0.153 $0.5 $0.035

Ground 3-5 MW 12 24 $3.6 $0.148 $0.9 $0.039

Ground 5-10 MW 8 16 $2.3 $0.144 $0.3 $0.017

Ground 10-20 MW a7 97 $13.9 | $0.143 $2.2 $0.023
Sierra Residential Roof 1 1 $0.3 | $0.204 | S0.1 $0.092

Commercial Roof

Ground <=1 MW

Ground 1-3 MW

Ground 3-5 MW

Ground 5-10 MW

Ground 10-20 MW
Solano Residential Roof 98 171 $35.0 | $0.205 | S$S15.5 | $0.091

Commercial Roof 1 $0.2 | $0.201 | S0.1 $0.086

Ground <=1 MW 0 $0.0 $0.156 $0.0 $0.051

Ground 1-3 MW 20 $3.0 $0.152 $0.8 $0.039

Ground 3-5 MW 12 26 $3.7 $0.145 $0.9 $0.035

Ground 5-10 MW 54 116 $16.1 | $0.139 $3.7 $0.032

Ground 10-20 MW 38 82 $11.4 | $0.139 S2.4 $0.029
Sonoma Residential Roof 57 96 $20.1 | $0.208 | $9.4 $0.097

Commercial Roof

Ground <= 1 MW 2 4 $0.7 | $0.170 | $0.2 $0.056

Ground 1-3 MW 11 23 $3.5 $0.155 $1.0 $0.042

Ground 3-5 MW 24 50 $7.3 $0.148 $1.6 $0.032

Ground 5-10 MW 82 169 $24.3 | $0.143 $5.0 $0.029

Ground 10-20 MW 63 129 $18.4 | $0.143 $4.2 $0.032
Stanislaus Residential Roof 1 2 $0.4 | $0.203 S0.1 $0.064

Commercial Roof

Ground <=1 MW

Ground 1-3 MW 2 3 $0.5 $0.146 $0.1 $0.039

Ground 3-5 MW 8 17 S2.5 $0.142 $0.5 $0.028

Ground 5-10 MW 21 46 $6.5 $0.141 $0.8 $0.016

Ground 10-20 MW 72 154 $21.9 | $0.142 $3.1 $0.020
Sutter Residential Roof

Commercial Roof

Ground <=1 MW

Ground 1-3 MW 4 8 $1.3 $0.151 $0.4 $0.042

Ground 3-5 MW 13 27 $3.8 $0.143 $0.6 $0.021

Ground 5-10 MW 50 106 $15.0 | $0.141 $1.9 $0.018
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Ground 10-20 MW 23 48 $6.7 $0.141 $0.6 $0.013
Tehama Residential Roof 1 1 $0.2 | $0.208 | S0.1 $0.088
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 11 24 $3.6 $0.151 $0.9 $0.037
Ground 3-5 MW 13 29 s4.1 $0.144 $1.0 $0.034
Ground 5-10 MW 15 31 $4.5 $0.142 $0.9 $0.029
Ground 10-20 MW
Trinity Residential Roof 1 2 $0.3 | $0.202 | S0.1 $0.081
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Tulare Residential Roof 35 63 $12.9 | $0.205 | S5.3 $0.085
Commercial Roof
Ground <=1 MW 2 4 $0.6 $0.150 $0.2 $0.046
Ground 1-3 MW 24 55 $7.8 $0.142 $1.2 $0.021
Ground 3-5 MW 15 33 $4.6 $0.140 $0.8 $0.025
Ground 5-10 MW 54 119 $16.7 | $0.140 $2.6 $0.022
Ground 10-20 MW 98 215 $28.4 | $0.132 S4.4 $0.020
Tuolumne Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW $0.7 $0.145 $0.2 $0.038
Ground 3-5 MW $1.0 $0.142 $0.3 $0.037
Ground 5-10 MW 16 34 $4.9 $0.142 S1.1 $0.031
Ground 10-20 MW 11 24 S3.4 $0.138 $0.9 $0.036
Ventura Residential Roof 199 357 $64.4 | $0.180 | $23.0 | $0.064
Commercial Roof
Ground <=1 MW 2 S0.3 $0.156 $0.1 $0.056
Ground 1-3 MW 6 12 $1.8 $0.149 $0.6 $0.050
Ground 3-5 MW 18 $1.9 | $0.109 | ($0.3) | ($0.017)
Ground 5-10 MW 24 55 $6.0 | $0.110 | ($1.0) | ($0.018)
Ground 10-20 MW 190 412 S$51.5 | $0.125 $2.5 $0.006
Yolo Residential Roof 7 11 $2.3 | $0.204 | S1.0 $0.090
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 4 $0.7 $0.149 $0.2 $0.037
Ground 3-5 MW 30 65 $9.2 $0.142 $1.8 $0.028
Ground 5-10 MW 29 61 $8.6 $0.141 $1.5 $0.024
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Ground 10-20 MW 88 187 $26.2 | $0.140 | S5.0 $0.027
Yuba Residential Roof

Commercial Roof

Ground <=1 MW 1 3 $0.5 | $0.157 | S$0.1 $0.049

Ground 1-3 MW 5 10 $1.6 | $0.150 | $0.4 $0.041

Ground 3-5 MW 7 15 $2.2 | $0.142 | S0.4 $0.026

Ground 5-10 MW 23 49 $6.9 | $0.141 | S$1.4 $0.029

Ground 10-20 MW

Totals 15,336 | 29,695 | 4847 0.16 1489 0.05

80% Learning Curve Results By County (cont.)

Least Net Cost Scenario

Cost ($2010)

Cost in 2020 Net Cost in 2020
$M | $/kWwh  $M | $/kWh

Alameda Residential Roof 122 212 $43.0 | $0.203 | $19.2 | $0.091
Commercial Roof 298 492 $97.4 | $0.198 | S42.6 $0.087
Ground <=1 MW 0 0 $0.0 $0.155 $0.0 $0.040
Ground 1-3 MW 2 5 $0.7 $0.147 $0.2 $0.036
Ground 3-5 MW 20 44 $6.4 $0.143 S1.4 $0.032
Ground 5-10 MW 53 115 $16.3 | $0.142 S3.4 $0.030
Ground 10-20 MW 39 83 $10.3 | $0.124 $0.7 $0.008
Amador Residential Roof 4 7 $1.5 | $0.205 | S0.7 $0.096

Commercial Roof
Ground <=1 MW
Ground 1-3 MW

Ground 3-5 MW 9 19 $2.7 $0.144 $0.6 $0.033

Ground 5-10 MW 11 24 S3.3 $0.141 $0.7 $0.031

Ground 10-20 MW 11 22 $2.6 $0.117 | ($0.2) | ($0.007)
Butte Residential Roof

Commercial Roof

Ground <=1 MW 1 2 S0.3 $0.157 $0.1 $0.046

Ground 1-3 MW 5 10 S1.6 $0.151 $0.4 $0.038

Ground 3-5 MW 28 60 $8.8 $0.147 $1.9 $0.032

Ground 5-10 MW 77 162 $22.9 | $0.142 $4.5 $0.028

Ground 10-20 MW 79 162 $21.8 | $0.134 $2.7 $0.017
Calaveras Residential Roof 1 1 $0.2 | $0.174 | S0.1 $0.050

Commercial Roof

Ground <=1 MW 1 2 S0.3 $0.152 S0.1 $0.040

Ground 1-3 MW 7 15 $2.3 $0.147 $0.5 $0.033
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Ground 3-5 MW 8 S1.1 $0.140 $0.3 $0.034
Ground 5-10 MW 14 $2.0 $0.139 $0.5 $0.033
Ground 10-20 MW
Colusa Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 6 13 $1.9 $0.151 $0.5 $0.040
Ground 3-5 MW 11 23 S3.3 $0.143 $0.8 $0.036
Ground 5-10 MW 25 53 $7.7 $0.145 $1.7 $0.031
Ground 10-20 MW
Contra Costa Residential Roof 437 745 $140.8 | $0.189 | $51.5 | $0.069
Commercial Roof 111 178 $34.3 | $0.192 | $12.7 | $0.071
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 8 18 S2.3 $0.132 S0.2 $0.011
Ground 5-10 MW 6 13 $1.8 | $0.139 | $0.4 $0.033
Ground 10-20 MW 117 252 $34.8 | $0.138 $7.8 $0.031
El Dorado Residential Roof
Commercial Roof
Ground <=1 MW 2 $0.3 $0.155 $0.1 $0.037
Ground 1-3 MW 11 $1.7 $0.149 $0.4 $0.033
Ground 3-5 MW 6 13 $1.9 $0.146 $0.4 $0.030
Ground 5-10 MW 31 66 $8.9 $0.136 $1.3 $0.019
Ground 10-20 MW 51 106 $12.8 | S0.121 $0.0 $0.000
Fresno Residential Roof 272 478 $90.9 | $0.190 | $36.4 | $0.076
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 10 23 S3.3 $0.145 $0.8 $0.035
Ground 3-5 MW 22 50 $6.9 | $0.140 | S$1.5 $0.031
Ground 5-10 MW 138 305 $40.6 | $0.133 $7.6 $0.025
Ground 10-20 MW 418 909 $116.6 | $0.128 | $13.5 $0.015
Glenn Residential Roof 10 16 $2.8 | $0.174 | S0.9 $0.055
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 9 18 $2.8 $0.150 $0.3 $0.017
Ground 3-5 MW
Ground 5-10 MW 9 18 $2.1 | $0.118 | ($0.1) | ($0.006)
Ground 10-20 MW
Humboldt Residential Roof 11 18 S4.1 | $0.224 | S1.9 $0.105
Commercial Roof
Ground <=1 MW 3 5 $0.9 $0.191 $0.3 $0.074
Ground 1-3 MW 16 26 S5.1 $0.194 $2.1 $0.079
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Ground 3-5 MW 10 17 $3.1 | $0.186 | S$1.3 $0.077
Ground 5-10 MW 19 31 S$5.7 | $0.180 | S2.1 $0.066
Ground 10-20 MW
Imperial Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Inyo Residential Roof
Commercial Roof
Ground <=1 MW 0 0 S$0.0 | $0.131 | S0.0 $0.030
Ground 1-3 MW
Ground 3-5 MW 5 12 S$1.5 | $0.126 | S$0.3 $0.029
Ground 5-10 MW
Ground 10-20 MW
Kern Residential Roof 73 135 $25.3 | $0.188 | $10.9 | $0.081
Commercial Roof
Ground <=1 MW 3 8 $0.9 | $0.118 | $0.0 $0.006
Ground 1-3 MW 37 86 $11.8 | $0.137 | S2.7 $0.031
Ground 3-5 MW 69 161 $21.4 | $0.133 | S$4.4 $0.027
Ground 5-10 MW 198 450 $59.0 | $0.131 | S11.4 | $0.025
Ground 10-20 MW | 288 641 $80.0 | $0.125 | $9.5 $0.015
Kings Residential Roof 12 22 $3.8 | $0.175 | S$1.4 $0.062
Commercial Roof
Ground <=1 MW 2 5 $0.7 $0.147 $0.2 $0.040
Ground 1-3 MW
Ground 3-5 MW 21 47 $6.5 | $0.138 | S$1.5 $0.033
Ground 5-10 MW 27 59 $8.2 | S0.139 | S1.7 $0.030
Ground 10-20 MW 30 66 $8.4 | $0.127 | S1.1 $0.017
Lake Residential Roof
Commercial Roof
Ground <=1 MW 1 2 $0.2 | $0.157 | S$O0.1 $0.043
Ground 1-3 MW 18 38 $5.7 | $0.150 | S$1.3 $0.035
Ground 3-5 MW 14 31 $4.2 | $0.136 | S0.7 $0.023
Ground 5-10 MW 8 17 $2.0 | $0.121 | ($0.1) | ($0.007)
Ground 10-20 MW
Lassen Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
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Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Los Angeles Residential Roof 1,683 | 3,053 | $592.3 | $0.194 | $266.2 | $0.087
Commercial Roof 788 1,345 | $252.6 | $0.188 | $104.4 | $0.078
Ground <=1 MW 2 6 $0.8 $0.135 $0.2 $0.029
Ground 1-3 MW 9 21 $2.8 $0.132 $0.5 $0.024
Ground 3-5 MW 13 34 $4.0 $0.115 $0.6 $0.017
Ground 5-10 MW 16 38 $4.3 | $0.113 | ($0.1) | ($0.003)
Ground 10-20 MW | 295 688 | $79.8 | $0.116 | ($3.5) | ($0.005)
Madera Residential Roof 6 10 $2.0 | $0.205 | S1.0 $0.098
Commercial Roof
Ground <=1 MW 1 2 S0.3 $0.150 S0.1 $0.035
Ground 1-3 MW 12 27 $3.9 $0.145 $0.9 $0.035
Ground 3-5 MW 15 33 $4.8 $0.146 $1.0 $0.031
Ground 5-10 MW 26 58 $7.0 $0.120 $0.1 $0.002
Ground 10-20 MW 40 86 $11.8 | $0.137 $2.7 $0.032
Marin Residential Roof 14 23 $5.1 | $0.218 | S2.5 $0.106
Commercial Roof $1.9 | $0.213 $S0.9 $0.104
Ground <=1 MW 0 $0.0 $0.157 $0.0 $0.038
Ground 1-3 MW 11 24 $3.6 $0.152 $0.9 $0.038
Ground 3-5 MW 14 30 $4.3 $0.146 $1.1 $0.036
Ground 5-10 MW 34 70 $10.3 | $0.147 $2.2 $0.031
Ground 10-20 MW 14 30 S4.1 $0.138 $1.0 $0.033
Mariposa Residential Roof 1 1 $0.2 | $0.189 | S$0.1 $0.061
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 4 S0.6 $0.143 S0.2 $0.036
Ground 3-5 MW
Ground 5-10 MW 18 38 $4.4 | $0.115 | (30.3) | ($0.007)
Ground 10-20 MW
Mendocino Residential Roof 1 2 $0.4 | $0.204 | S0.2 $0.095
Commercial Roof
Ground <=1 MW 4 S0.6 $0.171 $0.2 $0.056
Ground 1-3 MW 9 19 $2.9 $0.154 $0.8 $0.041
Ground 3-5 MW 14 $2.2 $0.159 $0.6 $0.046
Ground 5-10 MW 15 30 S4.4 $0.145 $0.9 $0.030
Ground 10-20 MW
Merced Residential Roof 13 23 S4.7 | $0.205 S2.2 $0.097
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 8 18 $2.6 $0.146 $0.6 $0.037
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Ground 3-5 MW 29 63 $8.9 $0.142 $1.9 $0.031
Ground 5-10 MW 12 26 $3.7 $0.140 $0.7 $0.028
Ground 10-20 MW 108 228 $26.2 | $0.115 | (S1.6) | (50.007)
Mono Residential Roof 11 21 S4.1 | $0.196 | S2.0 $0.094
Commercial Roof
Ground <=1 MW 2 4 $0.6 $0.140 $0.2 $0.038
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Monterey Residential Roof 20 34 $7.2 | $0.208 | S3.3 $0.096
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 27 59 $8.6 | $0.145 | S$1.9 $0.032
Ground 3-5 MW 15 34 $4.5 $0.133 S0.4 $0.012
Ground 5-10 MW 82 174 $23.6 | $0.135 $3.8 $0.022
Ground 10-20 MW 46 95 $13.1 | $0.139 $1.9 $0.020
Napa Residential Roof 32 53 $9.4 | $0.178 | S$2.9 $0.054
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 14 S2.1 $0.152 $0.5 $0.039
Ground 3-5 MW 8 17 $2.5 $0.146 $0.7 $0.040
Ground 5-10 MW 11 S1.5 $0.141 $0.4 $0.036
Ground 10-20 MW 138 276 $40.8 | $0.148 $5.5 $0.020
Nevada Residential Roof 2 3 $0.5 | $0.197 | $0.2 $0.074
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 12 $1.8 $0.153 S0.4 $0.033
Ground 3-5 MW 8 18 $2.5 | $0.145 | $0.6 $0.034
Ground 5-10 MW 30 63 $8.5 $0.136 S1.4 $0.022
Ground 10-20 MW
Orange Residential Roof 714 1,253 | $241.0 | $0.192 | $73.5 | $0.059
Commercial Roof 621 1,036 | $193.8 | $0.187 | $57.3 $0.055
Ground <= 1 MW 0 0 $0.0 | $0.156 | ($0.0) | ($0.015)
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW 13 28 $3.5 $0.123 $0.3 $0.010
Ground 10-20 MW 28 63 $8.3 | $0.131 | $2.0 $0.032
Placer Residential Roof 1 1 $0.2 | $0.174 | S0.0 $0.049
Commercial Roof
Ground <=1 MW 0 1 $0.2 $0.150 $0.0 $0.044
Ground 1-3 MW 12 26 $3.9 $0.150 $1.0 $0.039
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Ground 3-5 MW 6 13 $1.9 $0.143 $0.4 $0.031
Ground 5-10 MW 37 78 $10.3 | $0.131 $1.3 $0.017
Ground 10-20 MW 169 352 $46.7 | $0.133 | S5.8 $0.016
Plumas Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 7 15 $2.0 $0.128 $0.2 $0.011
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Riverside Residential Roof 115 216 $39.5 | $0.183 | S15.9 | $0.073
Commercial Roof 43 76 $14.5 | $0.190 | $6.7 $0.087
Ground <=1 MW 8 20 S2.7 $0.138 $0.5 $0.025
Ground 1-3 MW 23 56 $7.3 | $0.130 | $0.8 $0.015
Ground 3-5 MW 8 18 S2.3 $0.124 S0.2 $0.013
Ground 5-10 MW 77 180 $21.9 | $0.122 $1.8 $0.010
Ground 10-20 MW 471 1,103 | $126.9 | $0.115 $1.5 $0.001
Sacramento Residential Roof 1 2 S0.3 | $0.184 | S0.1 $0.055
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Benito Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 8 $1.2 | $0.140 | $0.3 $0.033
Ground 5-10 MW 15 $1.7 | $0.113 | (%0.1) | ($0.007)
Ground 10-20 MW
San Bernardino  Residential Roof 427 796 $133.7 | $0.168 | $47.6 | $0.060
Commercial Roof 203 352 $58.9 | $0.167 | $19.6 | $0.056
Ground <=1 MW 8 21 $2.6 $0.128 $0.5 $0.027
Ground 1-3 MW 13 34 $4.1 $0.121 $0.6 $0.017
Ground 3-5 MW 12 29 $3.7 $0.126 $0.6 $0.020
Ground 5-10 MW 50 119 $13.7 | $0.115 $1.1 $0.010
Ground 10-20 MW 224 540 $62.2 | $0.115 $5.0 $0.009
San Diego Residential Roof 847 1,552 | $306.8 | $0.198 | $149.2 | $0.096
Commercial Roof 142 245 S47.4 | $0.194 | S$22.2 | $0.091
Ground <=1 MW 5 11 S1.5 $0.139 $0.5 $0.041
Ground 1-3 MW 7 16 $2.1 $0.133 $0.6 $0.035
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Ground 3-5 MW 17 38 S5.1 $0.134 $1.3 $0.033
Ground 5-10 MW 56 126 $16.5 | $0.131 S3.4 $0.027
Ground 10-20 MW 223 500 $65.9 | $0.132 | S$15.6 $0.031
San Francisco Residential Roof 71 121 $25.3 | $0.210 | S11.7 | $0.097
Commercial Roof 11 18 $3.7 | $0.206 | S1.6 $0.091
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Joaquin Residential Roof 84 147 $29.9 | $0.203 | S13.5 | $0.092
Commercial Roof
Ground <=1 MW 0 1 S0.1 $0.155 $0.0 $0.039
Ground 1-3 MW 8 17 $2.5 $0.148 $0.6 $0.035
Ground 3-5 MW 25 53 $7.6 $0.142 $1.8 $0.034
Ground 5-10 MW 130 279 $39.7 | $0.142 $8.0 $0.029
Ground 10-20 MW 141 297 $39.1 | S0.131 s4.7 $0.016
San Luis Obispo  Residential Roof 11 20 S4.1 | $0.204 | S1.9 $0.097
Commercial Roof
Ground <=1 MW 5 $0.7 $0.146 $0.2 $0.034
Ground 1-3 MW 9 22 $3.0 $0.138 $0.7 $0.030
Ground 3-5 MW 12 27 $3.2 $0.116 $0.1 $0.003
Ground 5-10 MW 20 47 $5.0 | $0.108 | (30.3) | ($0.006)
Ground 10-20 MW | 14 32 $3.6 | $0.110 | (30.1) | ($0.002)
San Mateo Residential Roof 220 364 $76.4 | $0.210 | $35.5 | $0.097
Commercial Roof 91 142 $29.1 | $0.205 | S13.1 | $0.092
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Santa Barbara Residential Roof 102 188 $38.0 | $0.202 | S18.3 | $0.098
Commercial Roof
Ground <=1 MW 1 2 S0.3 $0.150 $0.1 $0.045
Ground 1-3 MW 19 44 $6.2 $0.140 $1.3 $0.030
Ground 3-5 MW 3 8 S1.1 $0.136 $0.2 $0.030
Ground 5-10 MW 34 79 $9.2 $0.117 $0.6 $0.008
Ground 10-20 MW 26 61 $7.3 $0.120 $0.9 $0.014
Santa Clara Residential Roof 719 1,253 | $244.6 | $0.195 | $102.8 | $0.082
Commercial Roof 213 354 $68.3 | $0.193 | S$28.6 | $0.081

Ground <=1 MW
Ground 1-3 MW
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Ground 3-5 MW 4 8 S1.1 $0.144 $0.3 $0.032
Ground 5-10 MW 38 83 $11.7 | $0.141 $2.5 $0.030
Ground 10-20 MW
Santa Cruz Residential Roof 3 5 $0.8 | $0.167 | S0.2 $0.049
Commercial Roof
Ground <=1 MW 0 1 S0.1 $0.153 $0.0 $0.038
Ground 1-3 MW
Ground 3-5 MW 7 16 S2.3 $0.145 $0.5 $0.031
Ground 5-10 MW 24 51 $7.1 $0.139 $1.7 $0.034
Ground 10-20 MW 30 63 $8.8 $0.139 $2.1 $0.032
Shasta Residential Roof 3 5 $1.1 | $0.213 S0.5 $0.096
Commercial Roof
Ground <=1 MW 3 S0.5 $0.152 S0.1 $0.039
Ground 1-3 MW 7 14 $2.2 $0.154 $0.5 $0.037
Ground 3-5 MW 12 24 $3.6 $0.148 $0.9 $0.039
Ground 5-10 MW 8 15 $1.9 $0.123 | ($0.1) | ($0.005)
Ground 10-20 MW 47 95 $12.5 | $0.131 $1.0 $0.011
Sierra Residential Roof 1 1 S0.3 | $0.211 | S0.1 $0.098
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Solano Residential Roof 98 168 $32.6 | $0.193 | $13.2 | $0.079
Commercial Roof 1 $0.2 | $0.207 | S0.1 $0.091
Ground <=1 MW 0 $0.0 $0.156 $0.0 $0.051
Ground 1-3 MW 20 $3.0 $0.152 $0.8 $0.039
Ground 3-5 MW 12 26 $3.7 $0.145 $0.9 $0.035
Ground 5-10 MW 54 116 $16.1 | $0.139 $3.7 $0.032
Ground 10-20 MW 38 82 $10.7 | $0.131 $1.7 $0.020
Sonoma Residential Roof 57 96 $20.2 | $0.210 | S$9.5 $0.099
Commercial Roof
Ground <=1 MW 2 4 $0.7 $0.170 $0.2 $0.056
Ground 1-3 MW 11 23 $3.5 $0.155 $1.0 $0.042
Ground 3-5 MW 24 49 $7.2 $0.147 $1.6 $0.032
Ground 5-10 MW 82 168 $24.5 | $0.146 $5.4 $0.032
Ground 10-20 MW 63 129 $17.5 | $0.136 $3.2 $0.025
Stanislaus Residential Roof 1 2 $0.4 | $0.209 | S0.1 $0.072
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 3 $0.5 $0.146 $0.1 $0.039
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Ground 3-5 MW 8 17 $2.5 $0.144 $0.5 $0.029
Ground 5-10 MW 21 45 $5.9 $0.130 $0.2 $0.005
Ground 10-20 MW 72 151 $17.5 | $0.116 | ($1.0) | ($0.007)
Sutter Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 4 8 $1.3 $0.151 $0.4 $0.042
Ground 3-5 MW 13 26 $3.7 $0.141 $0.5 $0.020
Ground 5-10 MW 50 103 | $12.7 | $0.124 | (%0.1) | ($0.001)
Ground 10-20 MW | 23 46 $5.7 | $0.125 | ($0.2) | ($0.004)
Tehama Residential Roof 1 1 $0.2 | $0.216 | S0.1 $0.097
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 11 24 $3.7 | $0.152 | $0.9 $0.038
Ground 3-5 MW 13 28 S4.1 $0.146 $1.0 $0.036
Ground 5-10 MW 15 31 $4.5 $0.143 $0.9 $0.030
Ground 10-20 MW
Trinity Residential Roof 1 2 S0.3 | $0.194 | S0.1 $0.072
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Tulare Residential Roof 35 60 $11.0 | $0.181 | S3.7 $0.061
Commercial Roof
Ground <=1 MW 2 4 $0.6 | $0.150 | $0.2 $0.046
Ground 1-3 MW 24 54 S7.3 $0.137 $0.9 $0.016
Ground 3-5 MW 15 33 S4.4 $0.136 $0.7 $0.021
Ground 5-10 MW 54 117 $15.7 | $0.134 $2.0 $0.017
Ground 10-20 MW 98 214 $28.6 | $0.133 $4.8 $0.022
Tuolumne Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW $0.7 $0.145 $0.2 $0.038
Ground 3-5 MW $1.0 $0.134 $0.2 $0.030
Ground 5-10 MW 16 34 $4.2 $0.121 $0.4 $0.011
Ground 10-20 MW 11 25 $3.3 $0.131 $0.7 $0.029
Ventura Residential Roof 199 365 $69.2 | $0.190 | $S27.0 | $0.074
Commercial Roof
Ground <=1 MW 2 $0.3 | $0.155 S0.1 $0.055
Ground 1-3 MW 6 12 $1.8 $0.149 $0.6 $0.050
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Ground 3-5 MW 8 17 $2.3 $0.133 $0.2 $0.010

Ground 5-10 MW 24 54 s7.1 $0.131 S0.4 $0.007

Ground 10-20 MW 190 407 $54.2 | $0.133 | $6.6 $0.016
Yolo Residential Roof 7 11 $2.4 | $0.209 | S1.1 $0.095

Commercial Roof

Ground <=1 MW

Ground 1-3 MW 2 4 $0.7 $0.149 $0.2 $0.037

Ground 3-5 MW 30 64 $9.3 $0.146 $2.1 $0.032

Ground 5-10 MW 29 60 $8.2 $0.136 $1.1 $0.019

Ground 10-20 MW 88 186 $26.4 | $0.142 $5.3 $0.029
Yuba Residential Roof

Commercial Roof

Ground <=1 MW 3 S0.5 $0.157 S0.1 $0.049

Ground 1-3 MW 5 10 S1.6 $0.150 $0.4 $0.041

Ground 3-5 MW 7 15 $2.2 $0.146 $0.5 $0.030

Ground 5-10 MW 23 49 $7.0 $0.143 $1.5 $0.031

Ground 10-20 MW

Totals 15,322 | 29,683 | 4841 0.16 1489 0.05

80% Learning Curve Results By County (cont.)

High Rooftop Scenario

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

M |

$/kWh
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Alameda Residential Roof 239 420 $85.9 | $0.204 | $39.0 | $0.093
Commercial Roof 323 538 $106.2 | $0.198 | $46.0 $0.085
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Amador Residential Roof 21 37 $7.6 | $0.204 | S$3.3 $0.090
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 3 6 $0.9 $0.147 $0.2 $0.030
Ground 3-5 MW 8 19 $2.6 $0.140 $0.4 $0.020
Ground 5-10 MW 12 S1.6 $0.139 $0.4 $0.037




Ground 10-20 MW

Butte Residential Roof 174 300 $61.6 | $0.205 | S$27.1 | $0.090
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 3 5 $0.8 $0.150 $0.2 $0.042
Ground 3-5 MW 14 29 S4.2 $0.144 $0.9 $0.032
Ground 5-10 MW 14 29 $4.1 $0.140 $0.7 $0.025
Ground 10-20 MW 19 41 $5.6 $0.139 $0.4 $0.011
Calaveras Residential Roof 10 18 $3.7 | $0.206 | S1.6 $0.090
Commercial Roof
Ground <=1 MW 0 0 S0.0 $0.152 $0.0 $0.038
Ground 1-3 MW
Ground 3-5 MW 8 S1.1 $0.140 S0.3 $0.034
Ground 5-10 MW 14 $2.0 | $0.139 | $0.5 $0.033
Ground 10-20 MW
Colusa Residential Roof 23 40 $8.1 | $0.204 | S3.5 $0.088
Commercial Roof
Ground <=1 MW 1 $0.2 $0.157 $0.1 $0.051
Ground 1-3 MW 8 $1.2 $0.150 $0.3 $0.042
Ground 3-5 MW 8 18 $2.5 $0.143 $0.5 $0.030
Ground 5-10 MW 11 23 $3.2 $0.140 $0.7 $0.032
Ground 10-20 MW
Contra Costa Residential Roof 507 891 | $182.2 | $0.204 | $77.5 | $0.087
Commercial Roof 111 184 $36.4 | $0.198 | S14.4 $0.079
Ground <=1 MW 1 p $S0.3 $0.154 $0.1 $0.047
Ground 1-3 MW
Ground 3-5 MW 4 8 $1.2 $0.143 $0.2 $0.027
Ground 5-10 MW 6 13 $1.8 $0.139 S0.4 $0.033
Ground 10-20 MW 63 135 $19.0 | $0.141 $4.7 $0.035
El Dorado Residential Roof 50 87 $17.9 | $0.205 | S$7.8 $0.089
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 5 11 $1.6 $0.147 $0.4 $0.035
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW 49 104 $14.6 | $0.140 $2.2 $0.021
Fresno Residential Roof 607 1,081 | $221.8 | $0.205 | $100.9 | $0.093
Commercial Roof
Ground <=1 MW 2 $0.2 $0.149 $0.1 $0.036
Ground 1-3 MW 5 12 $1.7 $0.143 $0.4 $0.037
Ground 3-5 MW 21 47 $6.5 $0.139 $1.6 $0.035
Ground 5-10 MW 71 156 $20.0 | $0.128 $3.1 $0.020
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Ground 10-20 MW 264 574 $75.1 | $0.131 $8.3 $0.014
Glenn Residential Roof 18 31 $6.3 | $0.205 S2.5 $0.080
Commercial Roof
Ground <= 1 MW $0.2 | $0.156 | ($0.1) | ($0.078)
Ground 1-3 MW 3 7 $1.0 $0.149 $0.3 $0.037
Ground 3-5 MW
Ground 5-10 MW 7 15 $2.2 $0.141 $0.3 $0.019
Ground 10-20 MW
Humboldt Residential Roof 37 53 $13.0 | $0.244 | S6.8 $0.128
Commercial Roof
Ground <=1 MW 1 2 S0.4 $0.181 S0.1 $0.056
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Imperial Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Inyo Residential Roof 6 11 $2.0 | $0.182 | $0.9 $0.086
Commercial Roof
Ground <=1 MW 0 0 $0.0 | $0.115 | $0.0 $0.015
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Kern Residential Roof 376 684 $121.4 | $0.178 | $46.0 | $0.067
Commercial Roof
Ground <=1 MW 2 4 S0.5 $0.143 $0.1 $0.038
Ground 1-3 MW 26 60 $8.3 $0.139 $2.1 $0.035
Ground 3-5 MW 35 80 $10.9 | $0.136 $2.7 $0.034
Ground 5-10 MW 135 300 $36.2 | $0.121 $4.1 $0.014
Ground 10-20 MW 153 332 $37.5 | $0.113 $1.3 $0.004
Kings Residential Roof 79 142 $29.3 | $0.206 | S13.5 | $0.095
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 6 $0.8 $0.141 $0.2 $0.032
Ground 3-5 MW 12 27 $3.7 $0.140 $1.0 $0.037
Ground 5-10 MW 11 24 $3.0 $0.126 $0.5 $0.023
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Ground 10-20 MW

Lake Residential Roof 45 79 $16.1 | $0.204 | S$6.6 $0.083
Commercial Roof
Ground <=1 MW 0 0 S0.1 $0.153 $0.0 $0.045
Ground 1-3 MW
Ground 3-5 MW 4 8 S1.1 $0.139 $0.3 $0.031
Ground 5-10 MW
Ground 10-20 MW

Lassen Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Los Angeles Residential Roof 2,020 | 3,666 | $692.1 | $0.189 | $295.5 | $0.081
Commercial Roof 817 1,390 | $250.8 | $0.180 | $97.2 | $0.070
Ground <=1 MW 2 4 $0.5 $0.126 $0.1 $0.026
Ground 1-3 MW 4 9 $1.2 | $0.133 | (%0.1) | ($0.014)
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW | 39 89 $10.9 | $0.123 | ($3.1) | ($0.035)

Madera Residential Roof 80 142 $29.4 | $0.207 | $13.3 | $0.094
Commercial Roof
Ground <= 1 MW 1 2 $0.4 | $0.150 | $0.1 $0.036
Ground 1-3 MW 5 12 S1.7 $0.143 S0.4 $0.034
Ground 3-5 MW 12 26 $3.6 | $0.140 | $0.8 $0.030
Ground 5-10 MW 16 36 $5.0 $0.140 $1.3 $0.035
Ground 10-20 MW

Marin Residential Roof 100 172 $35.6 | $0.206 | S16.0 | $0.093
Commercial Roof 9 $1.9 | $0.211 | S0.9 $0.102
Ground <=1 MW 0 $0.2 $0.163 $0.0 $0.043
Ground 1-3 MW 4 $0.7 $0.157 $0.2 $0.036
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Mariposa Residential Roof 25 44 $9.0 | $0.204 | S3.5 $0.080
Commercial Roof
Ground <=1 MW 0 0 $0.0 $0.150 $0.0 $0.044

Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
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Ground 10-20 MW

Mendocino

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

41

69

$14.6

$0.212

$6.7

$0.097

Merced

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

174

18

307

16
39

$63.3

$0.3

§2.2
$5.4

$0.206

$0.153

$0.139
$0.139

$26.6

$0.1

$0.5
$0.8

$0.086

$0.047

$0.034
$0.020

Mono

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

12

23

$4.0

$0.2

$0.177

$0.120

$1.7

$0.0

$0.076

$0.023

Monterey

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

157

12

28
13

274

29

60
27

$54.4

$4.0
$0.9
§7.3
$3.8

$0.198

$0.139
$0.109
$0.121
$0.140

$22.6

$0.8
$0.1
$0.2
$0.4

$0.083

$0.027
$0.007
$0.004
$0.016

Napa

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

133

71

231

148

$47.4

$0.9

$20.8

$0.205

$0.152

$0.140

$19.0

$0.2

$1.2

$0.083

$0.036

$0.008

Nevada

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW

39

12

67

26

A-23

$13.6

$0.5

$3.6

$0.202

$0.151

$0.141

$5.7

$0.1

$0.8

$0.085

$0.023

$0.033




Ground 10-20 MW

Orange Residential Roof 728 1,307 | $251.5 | $0.192 | $78.5 | $0.060
Commercial Roof 643 1,099 | $210.7 | $0.192 | $63.2 $0.057
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW 8 18 $2.6 $0.142 $0.8 $0.043
Ground 10-20 MW
Placer Residential Roof 99 173 $35.2 | $0.204 | S15.1 | $0.087
Commercial Roof
Ground <=1 MW 0 0 S0.0 $0.157 $0.0 $0.053
Ground 1-3 MW 10 S1.5 $0.149 $0.4 $0.041
Ground 3-5 MW
Ground 5-10 MW 21 45 $6.3 $0.139 $1.2 $0.026
Ground 10-20 MW 119 253 $35.0 | $0.139 $5.6 $0.022
Plumas Residential Roof 8 14 $2.5 | $0.178 | S0.8 $0.058
Commercial Roof
Ground <=1 MW 1 1 $0.2 $0.142 $0.0 $0.021
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Riverside Residential Roof 618 1,145 | $205.6 | $0.179 | $77.8 | $0.068
Commercial Roof 64 107 $19.0 | $0.177 | S8.1 $0.076
Ground <=1 MW 4 $0.4 | $0.110 | ($0.0) | ($0.012)
Ground 1-3 MW 13 $1.8 $0.139 S0.4 $0.028
Ground 3-5 MW 18 $2.2 $0.118 | ($0.1) | ($0.007)
Ground 5-10 MW 29 67 $7.9 $0.118 S0.3 $0.005
Ground 10-20 MW 126 292 $34.2 | $0.117 | (S0.1) | ($0.000)
Sacramento Residential Roof 1 2 $0.4 | $0.205 | S0.2 $0.078
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Benito Residential Roof 13 23 S48 | $0.205 | S2.1 $0.089

Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
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Ground 10-20 MW

San Bernardino  Residential Roof 673 1,264 | $217.4 | $0.172 | $81.4 | $0.064
Commercial Roof 311 523 $95.8 | $0.183 | $39.2 | $0.075
Ground <=1 MW 4 S0.4 $0.112 $0.0 $0.005
Ground 1-3 MW 6 15 $1.8 $0.118 $0.1 $0.008
Ground 3-5 MW 9 $1.0 | $0.115 | (30.1) | ($0.008)
Ground 5-10 MW 6 13 S1.4 $0.112 $0.1 $0.011
Ground 10-20 MW 12 30 S3.4 $0.113 $0.8 $0.026
San Diego Residential Roof 1,138 2,046 | $371.3 | $0.181 | $163.4 | $0.080
Commercial Roof 169 286 $53.1 | $0.186 | $23.7 | $0.083
Ground <=1 MW 2 4 S0.6 $0.147 $0.2 $0.045
Ground 1-3 MW 3 6 $0.9 $0.156 $0.3 $0.055
Ground 3-5 MW
Ground 5-10 MW 6 12 S1.7 $0.141 $0.4 $0.034
Ground 10-20 MW 16 34 $3.8 $0.110 S0.3 $0.009
San Francisco Residential Roof 71 122 $25.0 | $0.206 | S11.3 | $0.093
Commercial Roof 11 18 $3.7 | $0.201 | S1.6 $0.087
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Joaquin Residential Roof 380 669 | $136.9 | $0.204 | $60.5 | $0.090
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 10 S1.5 $0.147 S0.3 $0.032
Ground 3-5 MW 4 9 S1.3 $0.139 $0.2 $0.024
Ground 5-10 MW 31 67 $9.3 $0.139 $1.8 $0.026
Ground 10-20 MW 31 67 $9.3 $0.140 $1.7 $0.025
San Luis Obispo  Residential Roof 89 162 $28.8 | $0.177 | S10.5 | $0.064
Commercial Roof
Ground <=1 MW 0 0 $0.0 $0.140 $0.0 $0.035
Ground 1-3 MW
Ground 3-5 MW 3 8 $0.9 $0.111 $0.0 $0.004
Ground 5-10 MW
Ground 10-20 MW
San Mateo Residential Roof 220 367 $78.5 | $0.214 | S37.6 | $0.102
Commercial Roof 104 162 $34.0 | $0.209 | S16.0 | $0.098

Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
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Ground 10-20 MW

Santa Barbara Residential Roof 169 307 $50.1 | $0.163 | S17.3 | $0.057
Commercial Roof
Ground <=1 MW 2 S0.3 $0.150 $0.1 $0.047
Ground 1-3 MW 9 21 $3.0 $0.139 $0.7 $0.031
Ground 3-5 MW
Ground 5-10 MW 9 22 $2.5 $0.116 $0.2 $0.008
Ground 10-20 MW 11 24 $3.0 $0.122 $0.4 $0.016

Santa Clara Residential Roof 759 1,346 | $276.6 | $0.205 | $125.6 | $0.093
Commercial Roof 225 378 $74.3 | $0.197 | $32.4 | $0.086
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Santa Cruz Residential Roof 78 136 $27.8 | $0.204 | S$13.0 | $0.095
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Shasta Residential Roof 67 111 $23.6 | $0.213 | $10.4 | $0.093
Commercial Roof
Ground <=1 MW 1 2 $0.3 | $0.160 | $0.1 $0.034
Ground 1-3 MW 1 S0.5 $0.156 S0.1 $0.041
Ground 3-5 MW
Ground 5-10 MW 22 45 $6.5 $0.143 $1.0 $0.022
Ground 10-20 MW

Sierra Residential Roof 1 1 $0.3 | $0.204 | S0.1 $0.093
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Solano Residential Roof 156 273 $56.0 | $0.205 | $26.0 | $0.095
Commercial Roof 0 1 $S0.2 | $0.197 | S0.1 $0.082
Ground <=1 MW 2 S0.3 $0.156 $0.1 $0.051
Ground 1-3 MW 3 6 $0.9 $0.147 $0.2 $0.031
Ground 3-5 MW 4 9 S1.3 $0.140 $0.2 $0.024
Ground 5-10 MW 21 45 $6.3 $0.139 $1.2 $0.026
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Ground 10-20 MW 37 79 $11.0 | $0.139 $2.2 $0.028

Sonoma Residential Roof 251 429 $89.1 | $0.208 | S41.0 | $0.096
Commercial Roof
Ground <=1 MW 1 1 $0.2 $0.166 $0.1 $0.055
Ground 1-3 MW
Ground 3-5 MW 4 8 S1.1 $0.145 $0.2 $0.027
Ground 5-10 MW 16 34 $4.8 $0.141 $0.8 $0.025
Ground 10-20 MW

Stanislaus Residential Roof 113 199 $40.5 | $0.203 | S16.0 | $0.080
Commercial Roof
Ground <=1 MW 1 2 S0.2 $0.153 S0.1 $0.047
Ground 1-3 MW
Ground 3-5 MW 11 S1.5 $0.139 S0.1 $0.007
Ground 5-10 MW 7 14 $2.0 $0.137 $0.1 $0.006
Ground 10-20 MW

Sutter Residential Roof 70 122 $24.8 | $0.203 | $9.3 $0.076
Commercial Roof
Ground <=1 MW 0 S0.1 $0.158 $0.0 $0.031
Ground 1-3 MW $1.2 $0.151 $0.3 $0.042
Ground 3-5 MW 12 25 $3.6 $0.143 $0.6 $0.022
Ground 5-10 MW 17 36 $4.9 $0.139 $0.4 $0.012
Ground 10-20 MW

Tehama Residential Roof 36 62 $12.8 | $0.207 | S5.9 $0.096
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 5 11 S1.6 $0.151 S0.4 $0.034
Ground 3-5 MW
Ground 5-10 MW 6 13 $1.7 $0.138 S0.3 $0.022
Ground 10-20 MW

Trinity Residential Roof 1 2 $0.3 | $0.202 | S0.1 $0.082
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Tulare Residential Roof 231 414 $84.8 | $0.205 | S$37.1 | $0.090
Commercial Roof
Ground <=1 MW 2 4 S0.5 $0.151 $0.1 $0.027
Ground 1-3 MW 16 36 S5.1 $0.142 $0.9 $0.024
Ground 3-5 MW 4 9 $1.2 $0.139 $0.3 $0.036
Ground 5-10 MW 12 27 $3.8 $0.140 $0.4 $0.017
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Ground 10-20 MW

Tuolumne Residential Roof 35 62 $12.7 | $0.205 $6.0 $0.097
Commercial Roof
Ground <=1 MW 1 2 S0.3 $0.152 $0.1 $0.046
Ground 1-3 MW
Ground 3-5 MW 3 7 $1.0 $0.142 $0.3 $0.037
Ground 5-10 MW
Ground 10-20 MW
Ventura Residential Roof 419 756 $133.1 | $0.176 | $42.7 | $0.056
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 5 $0.7 | $0.140 | $0.0 $0.005
Ground 3-5 MW 9 20 S2.4 $0.125 S0.1 $0.008
Ground 5-10 MW 9 20 $2.9 $0.141 $0.1 $0.005
Ground 10-20 MW 28 60 $7.6 $0.127 $1.2 $0.021
Yolo Residential Roof 123 214 $43.7 | $0.204 | S$19.1 $0.089
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 4 $0.7 $0.149 $0.2 $0.038
Ground 3-5 MW 25 54 $7.7 $0.142 $1.5 $0.028
Ground 5-10 MW 7 15 S2.1 $0.140 $0.5 $0.030
Ground 10-20 MW 20 42 $5.9 $0.139 S1.1 $0.026
Yuba Residential Roof 37 64 $13.0 | $0.203 | S5.7 $0.089
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 1 3 S0.5 $0.150 S0.1 $0.042
Ground 3-5 MW
Ground 5-10 MW 5 11 S1.5 $0.141 S0.4 $0.034
Ground 10-20 MW
Totals 16,366 | 29,804 | 5458 0.18 2081 0.07
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80% Learning Curve Sensitivities
All sensitivities presented are based on the least cost scenario unless otherwise noted.

15% Interconnection Constraint
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Least Cost Summary Table, 15% Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 111 189 $36.9 | $0.195 | $13.4 | $0.071
Commercial Roof 196 315 $60.8 | $0.193 | $21.3 | $0.068
Ground < 10 MW 632 1,328 | $176.5 | $0.133 | $17.3 $0.013
Ground 10-20 MW 42 91 $10.7 $0.118 $S0.4 $0.004
North Central Valley  Residential Roof 105 180 $35.6 | $0.198 | $12.1 | $0.067
Commercial Roof 237 374 $72.0 | $0.193 | $24.5 | $0.065
Ground < 10 MW 697 1,470 $192.7 | $0.131 $7.7 $0.005
Ground 10-20 MW 11 24 $2.9 $0.122 $S0.4 $0.017
South Central Valley  Residential Roof 98 169 $31.6 | $0.187 | $9.9 $0.059
Commercial Roof 111 179 $32.6 | $0.182 | $9.2 $0.051
Ground < 10 MW 363 766 $100.1 | $0.131 $5.3 $0.007
Ground 10-20 MW 31 64 $7.6 $0.119 $0.1 $0.001
Mountain Residential Roof 20 34 $6.6 | $0.193 | S$2.2 $0.064
Commercial Roof 11 18 $3.4 $0.187 | $1.2 $0.063
Ground < 10 MW 71 148 $19.7 $0.133 S1.5 $0.010
Ground 10-20 MW
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 1 2 $0.3 $0.120 $0.0 $0.016
Ground 10-20 MW
South Coast Residential Roof 636 1,132 | $198.4 | $0.175 | $61.5 | $0.054
Commercial Roof 931 1,539 $269.9 | $0.175 | $72.4 $0.047
Ground < 10 MW 366 832 $100.9 | S0.121 $3.4 $0.004
Ground 10-20 MW 571 1,290 $155.0 | $0.120 $1.9 $0.001
South Central Valley  Residential Roof 137 251 $45.3 | $0.180 | $17.2 | $0.069
Commercial Roof 144 238 S41.4 | $0.174 | $7.9 $0.033
Ground < 10 MW 138 321 $38.4 | $0.120 $0.3 $0.001
Ground 10-20 MW | 48 102 | $12.1 | $0.118 | ($0.3) | ($0.003)
Desert Residential Roof 24 43 $7.5 $0.176 | $2.6 $0.061
Commercial Roof 35 59 $9.9 | $0.168 | S$2.5 $0.043
Ground < 10 MW 45 107 | $13.0 | $0.122 | ($0.2) | ($0.002)
Ground 10-20 MW 32 70 $8.8 $0.126 S1.4 $0.020
Mountain Residential Roof 32 59 $10.2 | $0.174 | $3.7 $0.064
Commercial Roof 29 48 $8.9 $0.187 | $3.3 $0.069
Ground < 10 MW 34 78 $9.5 $0.121 $0.7 $0.009
Ground 10-20 MW 26 56 $6.7 $0.119 $0.6 $0.011
SDGE  South Coast Residential Roof 300 529 $96.1 | $0.182 | $37.8 | $0.071
Commercial Roof 141 232 $42.6 $0.184 | $17.0 $0.073
Ground < 10 MW 134 290 $35.0 $0.121 $3.3 $0.011
Ground 10-20 MW 90 194 $23.3 $0.120 $2.8 $0.014
South Central Valley  Residential Roof 3 7 $1.2 $0.182 | $0.6 $0.085
Commercial Roof
Ground < 10 MW 1 4 S0.4 $0.119 | $0.1 $0.020
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 4 $0.5 $0.121 $0.1 $0.022
Ground 10-20 MW
Totals 6,638 | 12,836 1925 0.15 367 0.03
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Least Net Cost Summary Table, 15% Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 111 188 $33.9 | $0.181 | $10.7 | $0.057
Commercial Roof 196 304 $56.3 | $0.185 | $18.4 | $0.060
Ground < 10 MW 632 1,328 | $180.3 | $0.136 | $21.0 $0.016
Ground 10-20 MW | 42 91 $10.4 | $0.114 | (30.0) | ($0.000)
North Central Valley  Residential Roof 105 176 $33.9 | $0.193 | $S11.6 | $0.066
Commercial Roof 237 371 $70.4 | $0.190 | $23.9 | $0.064
Ground < 10 MW 697 1,456 | $192.6 | $0.132 | $11.6 $0.008
Ground 10-20 MW | 11 25 $2.6 | $0.107 | ($0.1) | ($0.003)
South Central Valley  Residential Roof 98 165 $29.8 | $0.180 | $9.1 $0.055
Commercial Roof 111 176 $32.9 | $0.187 | $10.5 | $0.060
Ground < 10 MW 363 760 $99.2 | $0.131 $5.9 $0.008
Ground 10-20 MW 31 64 $7.7 $0.120 $0.2 $0.003
Mountain Residential Roof 20 34 $6.0 | $0.176 | S1.6 $0.048
Commercial Roof 11 18 $3.1 $0.169 | $0.8 $0.045
Ground < 10 MW 71 147 $19.5 $0.133 S1.6 $0.011
Ground 10-20 MW
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 1 2 $0.3 $0.140 $0.1 $0.033
Ground 10-20 MW
South Coast Residential Roof 676 1,203 | $216.1 | $0.180 | $65.6 | $0.054
Commercial Roof 891 1,479 $261.7 | $0.177 | $76.4 $0.052
Ground < 10 MW 366 837 $101.0 | S0.121 S2.4 $0.003
Ground 10-20 MW 571 1,296 $153.1 | $0.118 | ($1.4) | ($0.001)
South Central Valley  Residential Roof 137 252 S44.6 | $0.177 | $S16.1 | $0.064
Commercial Roof 144 238 $43.0 | $0.181 | $9.8 $0.041
Ground < 10 MW 138 321 $39.2 $0.122 $1.2 $0.004
Ground 10-20 MW 48 102 $12.4 | $0.121 $0.2 $0.002
Desert Residential Roof 24 42 $7.6 $0.179 | $2.7 $0.064
Commercial Roof 35 58 $10.4 | $0.180 | $3.4 $0.058
Ground < 10 MW 45 107 | $13.1 | $0.123 | ($0.0) | ($0.000)
Ground 10-20 MW 32 71 $8.1 $0.115 $0.3 $0.005
Mountain Residential Roof 32 59 $9.9 | $0.169 | $3.4 $0.057
Commercial Roof 29 48 $8.4 $0.175 | $2.7 $0.056
Ground < 10 MW 34 80 $9.2 $0.116 S0.1 $0.001
Ground 10-20 MW 26 57 $6.4 $0.112 S0.1 $0.002
SDGE  South Coast Residential Roof 300 537 $99.1 | $0.185 | $39.0 | $0.073
Commercial Roof 141 238 $42.9 $0.181 | $15.8 $0.067
Ground < 10 MW 134 294 $36.6 $0.125 $4.0 $0.014
Ground 10-20 MW | 90 199 | $21.6 | $0.109 | ($0.1) | ($0.001)
South Central Valley  Residential Roof 3 7 $1.1 | $0.158 | S$0.4 $0.057
Commercial Roof
Ground < 10 MW 1 4 $0.5 $0.138 | $0.1 $0.035
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 4 $0.5 $0.134 $0.1 $0.030
Ground 10-20 MW
Totals 6,638 | 12,838 1926 0.15 369 0.03
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High Rooftop Summary Table, 15% Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 640 1,086 $203.1 | $0.187 $69.6 $0.064
Commercial Roof 219 352 $67.4 | $0.192 | $23.3 $0.066
Ground < 10 MW 122 261 $34.5 | $0.132 4.3 $0.016
Ground 10-20 MW
North Central Valley  Residential Roof 686 1,173 | $218.1 | $0.186 | $67.0 $0.057
Commercial Roof 256 408 $78.6 | $0.193 | $26.7 $0.065
Ground < 10 MW 109 234 $29.4 | $0.126 $0.6 $0.003
Ground 10-20 MW
South Central Valley  Residential Roof 454 780 $145.5 | $0.187 | $46.3 $0.059
Commercial Roof 121 197 $38.7 | $0.196 | $12.9 $0.065
Ground < 10 MW 38 81 $11.2 $0.137 $1.5 $0.018
Ground 10-20 MW
Mountain Residential Roof 88 150 $28.6 | $0.191 $9.6 $0.064
Commercial Roof 11 18 $3.4 $0.187 $1.2 $0.063
Ground < 10 MW 3 7 $0.8 $0.125 $0.0 $0.002
Ground 10-20 MW
SCE North Coast Residential Roof 1 2 $S0.4 $0.188 $0.2 $0.087
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
South Coast Residential Roof 1,354 | 2,448 | $434.4 | $0.177 | $139.0 | $0.057
Commercial Roof 1,089 1,809 $315.1 | $0.174 $86.5 $0.048
Ground < 10 MW 67 153 | $19.4 | $0.127 | ($0.7) | ($0.005)
Ground 10-20 MW 12 28 $3.4 $0.124 $0.2 $0.007
South Central Valley  Residential Roof 274 505 $88.6 | $0.175 | $29.5 $0.058
Commercial Roof 186 309 $53.1 | $0.172 | $10.7 $0.035
Ground < 10 MW 7 16 $2.0 $0.121 $0.1 $0.006
Ground 10-20 MW
Desert Residential Roof 82 150 $26.7 | $0.178 $8.8 $0.059
Commercial Roof 49 82 $14.0 | $0.171 $4.0 $0.049
Ground < 10 MW 5 13 $1.5 | $0.114 | ($0.0) | ($0.001)
Ground 10-20 MW
Mountain Residential Roof 65 120 $21.0 | $0.176 $7.7 $0.064
Commercial Roof 54 89 $16.4 | $0.185 $6.2 $0.069
Ground < 10 MW 2 5 $0.6 $0.124 $S0.1 $0.021
Ground 10-20 MW
SDGE South Coast Residential Roof 481 848 $153.6 | $0.181 $60.6 $0.072
Commercial Roof 178 294 $53.0 $0.181 $20.5 $0.070
Ground < 10 MW 7 15 $2.1 $0.137 $0.5 $0.031
Ground 10-20 MW
South Central Valley  Residential Roof 5 9 $1.7 | $0.181 $0.8 $0.083
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Desert Residential Roof 2 3 $0.6 $0.181 $0.3 $0.082
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Totals 6,668 | 11,643 | 2067  0.18 638 0.05
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Least Cost Summary Table, 30% Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

$™ |

$/kWh

Net Cost in 2020

$M |

$/kWh

North Coast Residential Roof $144.9 | $0.206 | $65.3 $0.093
Commercial Roof 255 416 $85.4 $0.205 $37.3 $0.090
Ground < 10 MW 870 1,859 $269.3 | $0.145 $62.3 $0.034
Ground 10-20 MW 230 487 $65.8 | $0.135 $12.3 $0.025
North Central Valley Residential Roof 396 684 $144.0 | $0.211 | $62.2 $0.091
Commercial Roof 295 477 $99.0 $0.208 $43.0 $0.090
Ground < 10 MW 923 1,976 $279.9 | $0.142 $45.6 $0.023
Ground 10-20 MW 310 661 $83.6 | $0.127 $6.4 $0.010
South Central Valley Residential Roof 284 497 $104.0 | $0.209 | $44.9 | $0.090
Commercial Roof 134 219 $45.0 $0.205 $19.0 $0.086
Ground < 10 MW 430 919 $130.4 | $0.142 $23.3 $0.025
Ground 10-20 MW 203 434 $55.3 $0.128 $5.7 $0.013
Mountain Residential Roof 40 70 $14.7 $0.212 $6.4 $0.092
Commercial Roof 14 24 $4.8 $0.204 S2.1 $0.088
Ground < 10 MW 91 194 $28.2 $0.146 $5.9 $0.030
Ground 10-20MW | 38 82 $9.0 | $0.111 | (50.3) | ($0.004)
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 2 5 $S0.5 $0.110 $0.1 $0.011
Ground 10-20 MW
South Coast Residential Roof 1,788 3,215 | $589.7 | $0.183 | $215.4 | $0.067
Commercial Roof 1,281 2,154 $393.2 | $0.183 | $131.2 $0.061
Ground < 10 MW 273 629 $77.6 $0.123 $5.0 $0.008
Ground 10-20 MW | 1,015 2,310 | $268.4 | $0.116 $0.8 $0.000
South Central Valley Residential Roof 313 570 $104.5 | $0.183 | $41.6 $0.073
Commercial Roof 189 318 $55.7 | $0.175 $8.8 $0.028
Ground < 10 MW 89 209 $26.5 $0.126 $2.5 $0.012
Ground 10-20 MW 161 373 $42.7 $0.114 $0.6 $0.002
Desert Residential Roof 113 203 $39.5 | $0.195 | S$17.1 $0.084
Commercial Roof 49 83 $15.5 | $0.187 $6.0 $0.072
Ground < 10 MW 41 97 $11.7 $0.121 $S0.4 $0.004
Ground 10-20MW | 29 68 $8.0 | $0.119 | ($0.3) | ($0.005)
Mountain Residential Roof 88 163 $29.5 | $0.181 | $12.2 $0.075
Commercial Roof 59 99 $17.3 | $0.175 $6.2 $0.062
Ground < 10 MW 30 68 $7.8 $0.114 $0.3 $0.004
Ground 10-20 MW 45 98 $11.0 | $0.112 $0.8 $0.008
SDGE South Coast Residential Roof 704 1,255 $234.9 | $0.187 | $104.3 $0.083
Commercial Roof 153 255 $46.9 $0.184 $20.1 $0.079
Ground < 10 MW 85 187 $23.1 $0.123 $3.4 $0.018
Ground 10-20 MW 237 516 $59.7 $0.116 $6.7 $0.013
South Central Valley Residential Roof 4 7 $1.3 $0.182 $0.6 $0.088
Commercial Roof
Ground < 10 MW 2 4 $S0.4 $0.111 $0.1 $0.015
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 5 $0.6 $0.114 $0.1 $0.018
Ground 10-20 MW
Totals 11,668 | 22,592 3629 0.16 1025 0.05
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Least Net Cost Summary Table, 30% Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

$™ |

$/kWh

Net Cost in 2020

SM

$/kWh

North Coast Residential Roof $144.4 | $0.206 | $65.1 | $0.093
Commercial Roof 255 414 $82.0 $0.198 $34.1 $0.082
Ground < 10 MW 870 1,863 $267.4 | $0.144 $60.0 $0.032
Ground 10-20 MW 230 489 $67.7 $0.139 $14.0 $0.029
North Central Valley  Residential Roof 396 666 $130.2 | $0.195 | $50.7 | $0.076
Commercial Roof 295 471 $92.9 $0.197 $37.6 $0.080
Ground < 10 MW 923 1,954 $261.8 | $0.134 $30.6 $0.016
Ground 10-20 MW 310 655 $78.9 $0.120 $2.4 $0.004
South Central Valley Residential Roof 284 487 $87.5 | $0.180 | $29.6 | $0.061
Commercial Roof 134 216 $41.0 $0.189 $15.3 $0.071
Ground < 10 MW 430 912 $121.3 | $0.133 $15.1 $0.017
Ground 10-20 MW 203 433 $53.2 $0.123 $3.7 $0.009
Mountain Residential Roof 40 68 $12.4 | $0.182 $4.3 $0.063
Commercial Roof 14 24 $4.9 $0.208 $2.2 $0.093
Ground < 10 MW 91 193 $28.0 $0.145 $5.7 $0.030
Ground 1020 MW | 38 82 $9.0 | $0.111 | (50.3) | (50.004)
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 2 5 $0.7 $0.136 $0.2 $0.036
Ground 10-20 MW
South Coast Residential Roof 1,832 3,294 | $618.8 | $0.188 | $230.5 $0.070
Commercial Roof 1,236 2,088 $385.3 | $0.185 | $137.7 $0.066
Ground < 10 MW 273 631 $79.7 $0.126 $7.2 $0.011
Ground 10-20 MW 1,015 2,325 $282.5 | $0.121 $13.2 $0.006
South Central Valley Residential Roof 302 553 $102.5 | $0.185 | $41.4 $0.075
Commercial Roof 200 332 $62.9 $0.190 $15.5 $0.047
Ground < 10 MW 89 210 $25.3 $0.121 $1.2 $0.006
Ground 10-20 MW 161 374 $44.3 $0.118 $2.0 $0.005
Desert Residential Roof 109 197 $34.7 | $0.176 | $12.8 $0.065
Commercial Roof 53 89 $14.8 | $0.167 S4.6 $0.052
Ground < 10 MW 41 97 S$11.7 $0.121 $0.5 $0.005
Ground 1020 MW | 29 68 $8.0 | $0.119 | (%0.3) | ($0.005)
Mountain Residential Roof 88 165 $28.6 | $0.173 | $10.9 $0.066
Commercial Roof 59 101 $16.8 | $0.167 $5.4 $0.053
Ground < 10 MW 30 69 $9.0 $0.130 S1.4 $0.021
Ground 10-20 MW 45 101 $11.9 $0.118 $1.3 $0.013
SDGE South Coast Residential Roof 704 1,279 $255.4 | $0.200 | $121.7 $0.095
Commercial Roof 153 262 $51.8 $0.198 $24.1 $0.092
Ground < 10 MW 85 190 $25.8 $0.136 $5.8 $0.031
Ground 10-20 MW 237 528 $71.1 $0.135 $16.6 $0.032
South Central Valley Residential Roof 4 7 S1.1 $0.145 $0.3 $0.047
Commercial Roof
Ground < 10 MW 2 4 $S0.5 $0.133 $0.1 $0.036
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 5 $0.7 $0.130 $0.2 $0.032
Ground 10-20 MW
Totals 11,667 | 22,598 3626 0.16 1025 0.05
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High Rooftop Summary Table, 30% Interconnection Constraint

Utility Climate Zone

North Coast

Residential Roof

Cost ($2010)

Cost in 2020

$™ |

$/kWh

Net Cost in 2020

SM

$/kWh

Commercial Roof 278 456 $93.0 $0.204 $40.4 $0.089
Ground < 10 MW 238 522 $72.6 $0.139 $16.2 $0.031
Ground 10-20 MW 82 174 $23.5 $0.135 $4.5 $0.026

North Central Valley  Residential Roof 1,394 | 2,421 | $499.4 | $0.206 | $210.0 | $0.087
Commercial Roof 315 510 $105.5 | $0.207 $46.0 $0.090
Ground < 10 MW 207 453 $62.0 $0.137 $8.8 $0.019
Ground 10-20 MW 67 142 $18.8 $0.132 $1.8 $0.013

South Central Valley  Residential Roof 887 1,544 | $318.1 | $0.206 | $134.6 | $0.087
Commercial Roof 135 223 $45.4 $0.204 $19.0 $0.085
Ground < 10 MW 86 190 $25.3 $0.133 $4.0 $0.021
Ground 10-20 MW 10 22 $2.5 $0.112 $0.1 $0.004

Mountain Residential Roof 166 288 $60.9 | $0.212 | $27.0 $0.094
Commercial Roof 14 24 $4.8 $0.204 $2.1 $0.089
Ground < 10 MW 7 16 $2.0 $0.122 $0.1 $0.007
Ground 10-20 MW

SCE North Coast Residential Roof 2 4 $0.7 | $0.188 | $0.3 $0.091

Commercial Roof
Ground < 10 MW
Ground 10-20 MW

South Coast Residential Roof 2,888 5,252 | $945.5 | $0.180 | $336.5 $0.064
Commercial Roof 1,428 2,408 $438.3 | $0.182 | $148.0 $0.061
Ground < 10 MW 94 213 $26.4 $0.124 S1.5 $0.007
Ground 10-20 MW | 150 348 | $40.4 | $0.116 | ($4.3) | (30.012)

South Central Valley Residential Roof 590 1,084 | $194.0 | $0.179 | S71.0 $0.065
Commercial Roof 182 307 $56.6 $0.184 $11.0 $0.036
Ground < 10 MW 6 14 $2.1 $0.145 $0.3 $0.018
Ground 10-20 MW 10 25 $2.8 $0.113 $0.6 $0.025

Desert Residential Roof 190 348 S64.6 | $0.185 | $24.8 $0.071
Commercial Roof 44 75 $14.6 | $0.195 $6.0 $0.080
Ground < 10 MW 6 16 $1.8 $0.115 $0.1 $0.004
Ground 10-20 MW

Mountain Residential Roof 113 207 $37.4 | $0.181 | $15.6 $0.075
Commercial Roof 98 164 $28.7 | $0.175 | $10.6 $0.064
Ground < 10 MW 16 39 $4.5 $0.116 $0.1 $0.002
Ground 10-20 MW

SDGE South Coast Residential Roof 990 1,774 $320.1 | $0.180 | $135.2 $0.076

Commercial Roof 183 306 $54.6 $0.178 $22.4 $0.073
Ground < 10 MW 24 53 $6.5 $0.124 $1.0 $0.020
Ground 10-20 MW

South Central Valley Residential Roof 6 11 $2.0 $0.180 $0.9 $0.087
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

Desert Residential Roof 2 5 $0.9 $0.181 $S0.4 $0.086
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Totals 12,125 | 21,731 4011 0.18 1494 0.07
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1% Curtailment Interconnection Constraint
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Least Cost Summary Table, 1% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

A-38

PGE North Coast Residential Roof 52 95 $18.8 $0.198 | $8.7 $0.092
Commercial Roof 2 4 $0.7 $0.192 $0.3 $0.079
Ground < 10 MW 855 1,843 $258.3 $0.140 | $57.6 $0.031
Ground 10-20 MW | 1,028 2,194 $297.7 $0.136 | $61.7 $0.028
North Central Valley  Residential Roof 49 90 $17.6 $0.195 $7.4 $0.082
Commercial Roof
Ground < 10 MW 563 1,202 $165.8 $0.138 | $28.6 $0.024
Ground 10-20 MW | 2,411 5,152 $688.6 $0.134 | $74.4 $0.014
South Central Valley Residential Roof 56 102 $20.3 $0.200 $8.9 $0.088
Commercial Roof 3 4 $0.8 $0.191 | $0.3 $0.078
Ground < 10 MW 440 952 $133.4 $0.140 | $25.7 $0.027
Ground 10-20 MW 546 1,171 $156.6 $0.134 | $23.9 $0.020
Mountain Residential Roof
Commercial Roof
Ground <10 MW 105 224 $31.8 $0.142 $6.8 $0.030
Ground 10-20 MW 82 176 $24.7 $0.140 $4.8 $0.027
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 4 10 S1.1 $0.110 S0.1 $0.012
Ground 10-20 MW
South Coast Residential Roof 3,631 6,645 | $1,263.7 | $0.190 | $499.2 | $0.075
Commercial Roof 1,523 2,607 $487.1 | $0.187 | $187.3 | $0.072
Ground < 10 MW 269 631 $77.1 $0.122 $7.0 $0.011
Ground 10-20 MW | 1,525 3,490 $403.5 $0.116 $3.8 $0.001
South Central Valley Residential Roof 594 1,090 $206.6 | $0.190 | $79.1 $0.073
Commercial Roof 201 346 $64.3 $0.186 | $14.8 | $0.043
Ground < 10 MW 99 233 $29.2 $0.126 $4.0 $0.017
Ground 10-20 MW 260 614 $73.6 $0.120 $7.0 $0.011
Desert Residential Roof 278 510 $95.1 $0.186 | $38.4 | $0.075
Commercial Roof 13 22 $4.1 $0.191 S$1.8 $0.083
Ground < 10 MW 27 64 $7.6 $0.120 S0.1 $0.001
Ground 10-20MW | 76 183 $20.9 | $0.114 | ($1.3) | ($0.007)
Mountain Residential Roof 201 374 $68.1 $0.182 | $28.6 | $0.077




Commercial Roof 124 212 $37.3 $0.176 | $14.0 | $0.066
Ground < 10 MW 28 65 $7.4 $0.113 $0.7 $0.011
Ground 10-20 MW 52 115 $15.0 $0.130 S2.7 $0.024
SDGE  South Coast Residential Roof 988 1,805 $330.7 | $0.183 | $147.2 | $0.082
Commercial Roof 139 238 $42.7 $0.179 | $18.1 | $0.076
Ground < 10 MW 60 131 $17.5 $0.134 $4.3 $0.033
Ground 10-20 MW 358 785 $96.9 $0.123 | $17.0 $0.022
South Central Valley  Residential Roof 4 7 S1.3 $0.182 S0.6 $0.090
Commercial Roof
Ground < 10 MW 4 10 $1.2 $0.117 $0.2 $0.022
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 4 9 $1.0 $0.109 $0.1 $0.014
Ground 10-20 MW
Totals 16,656 | 33,404 | 5168 0.15 | 1384 0.04
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Least Net Cost Summary Table, 1% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh |

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 199 353 $70.3 $0.199 | $29.1 $0.083
Commercial Roof 57 94 $18.5 $0.196 $7.1 $0.076
Ground < 10 MW 855 1,850 $258.6 $0.140 | $57.3 $0.031
Ground 10-20 MW 1,028 2,213 $299.2 $0.135 $61.5 $0.028
North Central Valley  Residential Roof 1,062 1,841 $352.5 | $0.191 | $126.1 | $0.069
Commercial Roof 124 202 $38.5 $0.190 | S$13.8 $0.068
Ground < 10 MW 563 1,197 $168.4 $0.141 $31.9 $0.027
Ground 10-20 MW | 2,411 5,075 $659.8 $0.130 | S$53.7 $0.011
South Central Valley  Residential Roof 470 829 $166.6 | $0.201 | $69.0 $0.083
Commercial Roof 94 153 $31.1 $0.204 $12.6 $0.082
Ground < 10 MW 440 948 $132.4 $0.140 $25.1 $0.026
Ground 10-20 MW 546 1,169 $158.2 $0.135 $25.6 $0.022
Mountain Residential Roof 54 96 $19.4 $0.202 $8.4 $0.087
Commercial Roof 22 37 $7.1 $0.194 | $3.0 $0.083
Ground < 10 MW 105 223 $32.0 $0.144 $7.2 $0.032
Ground 10-20 MW 82 176 $24.7 $0.141 $4.8 $0.028
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 4 10 S1.3 $0.127 $S0.3 $0.030
Ground 10-20 MW
South Coast Residential Roof 2,914 5,321 $1,004.8 | $0.189 | $365.3 $0.069
Commercial Roof 1,335 2,287 $422.8 $0.185 | $158.4 $0.069
Ground < 10 MW 269 638 $79.4 $0.124 $8.5 $0.013
Ground 10-20 MW 1,525 3,523 $418.2 $0.119 $16.0 $0.005
South Central Valley  Residential Roof 418 757 $143.2 | $0.189 | $45.8 $0.060
Commercial Roof 182 303 $56.7 $0.187 | S12.7 $0.042
Ground < 10 MW 99 236 $28.8 $0.122 $3.0 $0.013
Ground 10-20 MW 260 622 $70.2 $0.113 S2.0 $0.003
Desert Residential Roof 253 465 $93.1 $0.200 | S$41.0 $0.088
Commercial Roof 13 22 $3.7 $0.164 $1.2 $0.055
Ground < 10 MW 27 63 $8.0 $0.127 $0.6 $0.009
Ground 10-20MW | 76 182 $21.3 | $0.117 | ($0.6) | ($0.003)
Mountain Residential Roof 157 298 $55.2 $0.185 | $23.1 $0.077
Commercial Roof 119 206 $39.7 $0.192 $17.0 $0.083
Ground < 10 MW 28 67 $8.8 $0.130 $1.9 $0.029
Ground 10-20 MW 52 117 $14.9 $0.128 $2.6 $0.022
SDGE South Coast Residential Roof 311 590 $111.3 $0.189 $50.3 $0.085
Commercial Roof 57 101 $18.8 $0.187 $8.4 $0.084
Ground < 10 MW 60 133 $18.1 $0.136 S4.7 $0.035
Ground 10-20 MW 358 806 $104.3 $0.129 $22.5 $0.028
South Central Valley  Residential Roof 4 7 S1.4 $0.187 $0.7 $0.092
Commercial Roof
Ground < 10 MW 4 10 S1.3 $0.126 $S0.3 $0.031
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 4 10 $1.2 $0.124 $0.3 $0.029
Ground 10-20 MW
Totals 16,642 | 33,231 | 5164 0.16 | 1323 0.04
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High Rooftop Summary Table, 1% Curtailment Interconnection Constraint

Utility Climate Zone

PGE

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,681
262

2,984
435

Cost ($2010)

Cost in 2020

SM
$601.5
$86.1

$/kWh |
$0.202
$0.198

Net Cost in 2020

SM
$274.7
$37.6

$/kWh
$0.092
$0.086

North Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

2,087
304

3,709
506

$731.8
$100.1

$0.197
$0.198

$295.4
$42.2

$0.080
$0.083

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,205
119

2,137
197

$423.4
$38.9

$0.198
$0.197

$178.6
$15.7

$0.084
$0.080

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

210
22

373
36

$75.1
$7.2

$0.201
$0.198

$33.3
$3.2

$0.089
$0.088

SCE

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

S1.4

$0.175

$0.6

$0.077

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

5,440
1,654

9,877
2,805

$1,858.1
$524.5

$0.188
$0.187

$727.8
$204.2

$0.074
$0.073

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,035
171

1,893
292

$356.9
$55.3

$0.189
$0.190

$135.8
$12.3

$0.072
$0.042

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

399
13

729
22

$139.0
$3.9

$0.191
$0.179

$56.7
$1.6

$0.078
$0.072

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

259
122

474
207

$89.1
$35.1

$0.188
$0.170

$39.4
$12.3

$0.083
$0.060

SDGE

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,512
158

2,729
268

$503.0
$47.9

$0.184
$0.179

$224.7
$20.3

$0.082
$0.076

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

13

$2.4

$0.181

S1.1

$0.088

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

S1.5

$0.183

$0.7

$0.088

Totals

16,669

29,703

5682

0.19

2318

0.08
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3% Curtailment Interconnection Constraint

DG Capacity (MW)

Levelized Cost $/kWh
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Least Cost Summary Table, 3% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh |

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 50 90 $17.6 $0.195 | $7.8 $0.087
Commercial Roof
Ground < 10 MW 801 1,691 $240.2 $0.142 $52.0 $0.031
Ground 10-20 MW | 1,261 2,649 $366.6 $0.138 $76.1 $0.029
North Central Valley Residential Roof 37 67 $12.7 $0.189 $5.0 $0.074
Commercial Roof 30 50 $9.7 $0.193 S4.4 $0.087
Ground < 10 MW 514 1,075 $153.0 $0.142 $26.4 $0.025
Ground 10-20 MW 2,726 5,727 $778.8 $0.136 $86.7 $0.015
South Central Valley Residential Roof 58 105 $20.5 $0.196 | $8.5 $0.082
Commercial Roof
Ground < 10 MW 427 907 $128.9 $0.142 $24.5 $0.027
Ground 10-20 MW 629 1,331 $178.0 $0.134 $24.8 $0.019
Mountain Residential Roof
Commercial Roof
Ground < 10 MW 87 183 $26.3 $0.144 $5.6 $0.031
Ground 10-20 MW 113 237 $33.6 $0.142 $6.6 $0.028
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 5 11 S1.3 $0.112 $S0.1 $0.012
Ground 10-20 MW
South Coast Residential Roof 3,182 5,779 | $1,099.4 | $0.190 | $416.6 | $0.072
Commercial Roof 1,546 2,606 $494.4 $0.190 | $191.6 $0.074
Ground < 10 MW 251 580 $70.8 $0.122 $4.5 $0.008
Ground 10-20 MW 1,641 3,714 $434.3 $0.117 $5.5 $0.001
South Central Valley Residential Roof 536 978 $188.1 | $0.192 | S$76.1 $0.078
Commercial Roof 170 287 $54.7 $0.191 $12.1 $0.042
Ground < 10 MW 101 231 $29.3 $0.127 $3.7 $0.016
Ground 10-20 MW 305 709 $86.4 $0.122 $8.2 $0.012
Desert Residential Roof 177 322 $57.6 $0.179 | S$21.6 $0.067
Commercial Roof 13 21 $4.1 $0.195 S$1.8 $0.086
Ground < 10 MW 28 65 $8.0 $0.124 $0.2 $0.003
Ground 10-20MW | 84 199 $23.1 | $0.116 | ($1.4) | ($0.007)
Mountain Residential Roof 214 394 $72.4 $0.184 | $29.6 $0.075
Commercial Roof 132 222 $39.9 $0.180 $15.1 $0.068
Ground < 10 MW 25 57 $6.4 $0.113 $S0.6 $0.011
Ground 10-20 MW 56 122 $16.4 $0.134 $3.3 $0.027
SDGE South Coast Residential Roof 884 1,604 $306.3 $0.191 | $141.1 $0.088
Commercial Roof 139 233 $42.6 $0.182 $18.2 $0.078
Ground < 10 MW 56 122 $16.8 $0.138 $4.3 $0.035
Ground 10-20 MW 372 802 $100.2 $0.125 $17.2 $0.022
South Central Valley Residential Roof 4 7 S1.3 $0.185 $0.6 $0.091
Commercial Roof
Ground < 10 MW 5 12 S1.3 $0.111 $0.2 $0.015
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 4 11 S1.2 $0.110 $0.2 $0.014
Ground 10-20 MW
Totals 16,662 | 33,197 | 5122 0.15 | 1299 0.04
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Least Net Cost Summary Table, 3% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

$™ |

$/kWh

Net Cost in 2020

$M |

$/kWh

North Coast Residential Roof $56.9 | $0.199 | S$21.6 | $0.075
Commercial Roof 59 97 $19.4 | $0.200 $7.7 $0.079
Ground < 10 MW 801 1,696 $241.8 | $0.143 $53.1 $0.031
Ground 10-20 MW 1,261 2,668 $367.4 | $0.138 $75.2 $0.028
North Central Valley Residential Roof 1,043 1,796 | $353.9 | $0.197 | $128.3 | $0.071
Commercial Roof 119 191 $36.7 $0.193 $13.1 $0.069
Ground < 10 MW 514 1,067 $152.0 | $0.142 $26.7 $0.025
Ground 10-20 MW 2,726 5,646 $752.2 | $0.133 $69.1 $0.012
South Central Valley  Residential Roof 343 597 $121.0 | $0.203 | $48.2 $0.081
Commercial Roof 101 163 $33.3 $0.205 $13.2 $0.081
Ground < 10 MW 427 903 $128.0 | $0.142 $23.9 $0.027
Ground 10-20 MW 629 1,329 $181.5 | $0.137 $28.5 $0.021
Mountain Residential Roof 61 109 $21.7 | $0.199 $9.1 $0.083
Commercial Roof
Ground < 10 MW 87 182 $26.4 $0.145 $5.8 $0.032
Ground 10-20 MW 113 236 $33.8 | $0.143 $6.7 $0.029
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 5 12 S1.5 $0.129 $S0.4 $0.030
Ground 10-20 MW
South Coast Residential Roof 2,611 4,704 | $900.6 | $0.191 | $309.8 $0.066
Commercial Roof 1,220 2,060 $386.6 | $0.188 | $141.4 $0.069
Ground < 10 MW 251 585 $73.7 $0.126 $7.0 $0.012
Ground 10-20 MW 1,641 3,754 $447.6 | $0.119 $14.9 $0.004
South Central Valley Residential Roof 491 876 $164.5 | $0.188 | $47.7 $0.054
Commercial Roof 146 238 $44.8 | $0.188 $7.7 $0.032
Ground < 10 MW 101 233 $29.9 $0.128 $3.9 $0.017
Ground 10-20 MW 305 719 $82.4 $0.115 S2.4 $0.003
Desert Residential Roof 275 502 $99.6 | $0.198 | $42.5 $0.085
Commercial Roof 8 15 $2.3 $0.156 $0.6 $0.042
Ground < 10 MW 28 64 $8.3 $0.131 $0.7 $0.011
Ground 10-20MW | 84 198 | $23.6 | $0.119 | (%0.6) | ($0.003)
Mountain Residential Roof 197 371 $71.1 | $0.192 | $30.5 $0.082
Commercial Roof 112 192 $37.5 $0.195 S16.1 $0.084
Ground < 10 MW 25 59 $7.7 $0.131 $1.7 $0.029
Ground 10-20 MW 56 125 $16.1 $0.129 $2.8 $0.023
SDGE  South Coast Residential Roof 144 274 $51.5 | $0.188 | $22.8 $0.083
Commercial Roof 39 69 $12.9 | $0.188 $5.7 $0.083
Ground < 10 MW 56 124 $16.9 $0.136 $4.1 $0.033
Ground 10-20 MW 372 824 $108.2 | $0.131 $23.2 $0.028
South Central Valley Residential Roof 4 7 S1.4 $0.185 $0.6 $0.088
Commercial Roof
Ground < 10 MW 5 13 S1.6 $0.127 $S0.4 $0.030
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 4 11 S1.4 $0.126 $0.3 $0.029
Ground 10-20 MW
Totals 16,630 | 32,992 | 5118  0.16 | 1217 0.04
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High Rooftop Summary Table, 3% Curtailment Interconnection Constraint

Utility Climate Zone Cost ($2010)
Cost in 2020 Net Cost in 2020
M $/kWh  $M  $/kwh
North Coast Residential Roof
Commercial Roof 206 337 $67.4 $0.200 $28.8 $0.085
Ground < 10 MW
Ground 10-20 MW
North Central Valley  Residential Roof 1,783 3,144 $624.7 | $0.199 | $248.8 | $0.079
Commercial Roof 280 463 $92.0 $0.199 $38.6 $0.083
Ground < 10 MW
Ground 10-20 MW
South Central Valley  Residential Roof 985 1,731 $347.4 | $0.201 | $145.3 | $0.084
Commercial Roof 89 145 $29.0 $0.199 | S$11.7 | $0.081
Ground < 10 MW
Ground 10-20 MW
Mountain Residential Roof 212 372 $75.6 $0.203 | $33.2 | $0.089
Commercial Roof 22 36 $7.2 $0.198 $3.1 $0.085
Ground < 10 MW
Ground 10-20 MW
SCE North Coast Residential Roof 5 10 $1.7 $0.179 $0.8 $0.078
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
South Coast Residential Roof 6,138 | 10,999 | $2,112.8 | $0.192 | $840.2 | $0.076
Commercial Roof 1,656 2,768 $526.8 $0.190 | $205.1 | $0.074
Ground < 10 MW
Ground 10-20 MW
South Central Valley Residential Roof 1,164 2,102 $403.2 | $0.192 | $151.4 | $0.072
Commercial Roof 163 272 $51.7 $0.190 $10.5 $0.039
Ground < 10 MW
Ground 10-20 MW
Desert Residential Roof 414 747 $143.0 | $0.191 | $56.9 | $0.076
Commercial Roof 13 21 $4.2 $0.197 $1.9 $0.088
Ground < 10 MW
Ground 10-20 MW
Mountain Residential Roof 303 546 $103.0 | $0.189 | $44.6 | $0.082
Commercial Roof 130 216 $38.0 $0.176 S14.1 $0.065
Ground < 10 MW
Ground 10-20 MW
SDGE South Coast Residential Roof 1,553 2,772 $509.8 $0.184 | $223.1 | $0.080
Commercial Roof 156 261 $47.7 $0.183 $20.5 $0.079
Ground < 10 MW
Ground 10-20 MW
South Central Valley Residential Roof 7 14 $2.5 $0.183 $1.2 $0.089
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Desert Residential Roof 5 9 $1.7 $0.185 $0.8 $0.089
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Totals 16,678 | 29,423 | 5687 019 | 2305 0.08
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5% Curtailment Interconnection Constraint
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Least Cost Summary Table, 5% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)
Cost in 2020

$/kWh

Net Cost in 2020

SM $/kWh

PGE North Coast Residential Roof 13 22 $4.1 $0.185 $1.6 $0.070
Commercial Roof
Ground < 10 MW 805 1,674 $241.1 $0.144 $51.9 $0.031
Ground 10-20 MW | 1,346 2,785 $391.9 $0.141 | $81.6 $0.029
North Central Valley  Residential Roof 25 45 $8.2 $0.183 $2.8 $0.062
Commercial Roof 31 51 $10.1 $0.199 $3.8 $0.075
Ground < 10 MW 516 1,064 $152.4 $0.143 | $25.3 $0.024
Ground 10-20 MW | 2,816 5,841 $803.6 $0.138 | $90.1 $0.015
South Central Valley  Residential Roof 65 116 $22.5 $0.194 | $9.0 $0.077
Commercial Roof
Ground < 10 MW 407 857 $122.1 $0.143 | $22.0 $0.026
Ground 10-20 MW 701 1,449 $198.9 $0.137 $28.4 $0.020
Mountain Residential Roof
Commercial Roof
Ground < 10 MW 88 184 $26.3 $0.143 $5.3 $0.029
Ground 10-20 MW 115 237 $34.0 $0.143 $6.8 $0.029
SCE North Coast Residential Roof 0 0 $0.1 $0.181 $0.0 $0.079
Commercial Roof
Ground < 10 MW 5 11 $1.3 $0.114 $0.2 $0.014
Ground 10-20 MW
South Coast Residential Roof 2,986 5,353 | $1,028.4 | $0.192 | $388.7 | $0.073
Commercial Roof 1,499 2,481 $478.8 $0.193 | $184.5 $0.074
Ground < 10 MW 226 515 $64.3 $0.125 $4.8 $0.009
Ground 10-20 MW | 1,717 3,832 $458.7 $0.120 $8.6 $0.002
South Central Valley  Residential Roof 544 982 $189.6 | $0.193 | $76.1 $0.077
Commercial Roof 159 265 $52.2 $0.197 | S$11.5 $0.044
Ground < 10 MW 108 242 $31.4 $0.130 $4.0 $0.017
Ground 10-20 MW 322 736 $91.3 $0.124 $8.9 $0.012
Desert Residential Roof 182 328 $62.4 $0.190 | $25.1 $0.077
Commercial Roof 13 21 $4.2 $0.198 $1.8 $0.088
Ground < 10 MW 26 60 $7.4 | $0.123 | (30.1) | ($0.002)
Ground 10-20 MW | 87 203 $24.4 | $0.120 | (30.7) | ($0.003)
Mountain Residential Roof 186 337 $62.6 $0.185 | $25.6 $0.076
Commercial Roof 139 230 $41.1 $0.179 | $15.0 $0.065
Ground < 10 MW 25 58 $7.3 $0.126 $1.3 $0.023
Ground 10-20 MW 61 130 $17.5 $0.135 $3.2 $0.025
SDGE South Coast Residential Roof 881 1,575 $311.1 $0.198 | $145.7 $0.093
Commercial Roof 126 208 $38.6 $0.185 | $16.4 $0.079
Ground < 10 MW 62 134 $17.6 $0.131 $3.6 $0.027
Ground 10-20 MW 368 780 $96.0 $0.123 | $13.9 $0.018
South Central Valley  Residential Roof 4 7 $1.3 $0.186 $0.6 $0.092
Commercial Roof
Ground < 10 MW 6 14 $1.7 $0.125 $0.4 $0.026
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 5 12 $1.3 $0.113 $0.2 $0.015
Ground 10-20 MW
Totals 16,662 | 32,837 5106 0.16 1268 0.04
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Least Net Cost Summary Table, 5% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)
Net Cost in 2020

Cost in 2020

SM

$/kWh

M |

$/kWh

PGE North Coast Residential Roof 182 311 $62.6 | $0.201 | S23.4 $0.075
Commercial Roof 64 103 $21.0 | $0.204 $8.2 $0.080
Ground < 10 MW 805 1,680 $242.0 | $0.144 $52.3 $0.031
Ground 10-20 MW 1,346 2,807 $391.6 | $0.140 $79.6 $0.028
North Central Valley  Residential Roof 1,002 1,716 | $344.5 | $0.201 | $126.5 | $0.074
Commercial Roof 128 204 $41.9 | $0.205 | $16.3 $0.080
Ground < 10 MW 516 1,057 $152.3 | $0.144 $26.4 $0.025
Ground 10-20 MW | 2,816 5,762 | $778.2 | $0.135 $73.6 $0.013
South Central Valley  Residential Roof 266 458 $92.9 | $0.203 | $36.0 $0.079
Commercial Roof 104 164 $33.8 | $0.205 | $13.1 $0.079
Ground < 10 MW 407 854 $122.9 | $0.144 $23.2 $0.027
Ground 10-20 MW 701 1,442 $201.0 | $0.139 $31.0 $0.021
Mountain Residential Roof 68 119 $24.1 | $0.202 | $10.1 $0.084
Commercial Roof
Ground < 10 MW 88 184 $26.8 | $0.146 $5.8 $0.032
Ground 10-20 MW 115 236 $34.1 $0.144 $7.0 $0.029
SCE North Coast Residential Roof 0 0 $0.1 | $0.190 | $0.0 $0.088
Commercial Roof
Ground < 10 MW 5 12 S1.5 $0.130 $0.3 $0.029
Ground 10-20 MW
South Coast Residential Roof 2,649 4,707 | $912.7 | $0.194 | $307.9 | $0.065
Commercial Roof 974 1,613 | $308.4 | $0.191 | $107.2 | $0.066
Ground < 10 MW 226 519 $66.6 | $0.128 $6.9 $0.013
Ground 10-20 MW 1,717 3,866 $467.6 | $0.121 S14.4 $0.004
South Central Valley Residential Roof 530 931 $180.3 | $0.194 | S$52.1 $0.056
Commercial Roof 136 217 $40.8 | $0.188 $5.5 $0.025
Ground < 10 MW 108 245 $32.0 | $0.130 S4.1 $0.017
Ground 10-20 MW 322 746 $86.7 | $0.116 $2.3 $0.003
Desert Residential Roof 291 523 $104.6 | $0.200 | $43.8 $0.084
Commercial Roof 8 15 $2.9 $0.199 $1.2 $0.085
Ground < 10 MW 26 60 $7.8 $0.131 $0.5 $0.008
Ground 10-20MW | 87 203 | $24.4 | $0.120 | ($0.6) | ($0.003)
Mountain Residential Roof 217 403 $77.8 | $0.193 | $33.0 $0.082
Commercial Roof 118 199 $39.5 | $0.198 | $16.9 $0.085
Ground < 10 MW 25 60 $7.9 $0.132 $1.7 $0.028
Ground 10-20 MW 61 132 $17.4 $0.132 $3.0 $0.023
SDGE  South Coast Residential Roof 73 136 $25.9 | $0.190 | $11.0 | $0.081
Commercial Roof 24 42 $8.0 $0.190 $3.5 $0.083
Ground < 10 MW 62 138 $18.8 $0.136 $4.5 $0.033
Ground 10-20 MW 368 803 $107.1 | $0.133 $22.8 $0.028
South Central Valley  Residential Roof 4 7 $1.4 | $0.186 $0.6 $0.088
Commercial Roof
Ground < 10 MW 6 14 $1.9 $0.130 $0.4 $0.031
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 5 12 S1.6 $0.129 $S0.4 $0.030
Ground 10-20 MW
Totals 16,649 | 32,700 | 5113  0.16 | 1176 0.04
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High Rooftop Summary Table, 5% Curtailment Interconnection Constraint

Utility Climate Zone

PGE

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,283
143

2,230
232

Cost ($2010)

Cost in 2020

SM
$454.3
$46.8

$/kWh |
$0.204
$0.202

Net Cost in 2020

SM
$201.4
$19.7

$/kWh
$0.090
$0.085

North Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,745
223

3,044
364

$623.1
$73.2

$0.205
$0.201

$256.1
$30.9

$0.084
$0.085

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

860
78

1,495
126

$303.8
$25.5

$0.203
$0.202

$126.7
$10.3

$0.085
$0.082

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

220
22

384
35

$78.6
$7.2

$0.205
$0.203

$34.3
$3.1

$0.089
$0.087

SCE

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

10

$1.9

$0.181

$0.8

$0.079

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

6,408
1,659

11,316
2,725

$2,202.0
$528.0

$0.195
$0.194

$870.6
$205.7

$0.077
$0.075

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,230
159

2,185
262

$426.3
$52.7

$0.195
$0.201

$158.2
$12.3

$0.072
$0.047

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

424
13

755
21

$144.9
$3.9

$0.192
$0.183

$56.0
$1.6

$0.074
$0.074

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

318
131

565
214

$107.6
$37.7

$0.190
$0.176

$46.2
$13.4

$0.082
$0.063

SDGE

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,573
157

2,766
258

$516.8
$47.9

$0.187
$0.185

§225.5
$20.4

$0.082
$0.079

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

14

$2.6

$0.185

$1.3

$0.090

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

10

$1.9

$0.189

$0.9

$0.091

Totals

16,666

29,013

5687

0.20

2295

0.08
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Low Adoption Rate
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Least Cost Summary Table, Low Adoption Rate

Utility Climate Zone Cost ($2010)
Cost in 2020 Net Cost in 2020
SM $/kWh SM S$/kWh
PGE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 851 1,838 $254.2 | $0.138 $26.2 $0.014
Ground 10-20 MW | 469 991 $131.5 | $0.133 | $10.8 $0.011
North Central Valley  Residential Roof 1 2 $0.4 | $0.188 | $0.1 $0.059
Commercial Roof
Ground < 10 MW 848 1,819 $246.4 | $0.135 $9.3 $0.005
Ground 10-20 MW | 1,278 2,723 $350.4 | $0.129 | ($12.1) | ($0.004)
South Central Valley  Residential Roof
Commercial Roof
Ground < 10 MW 415 896 $122.8 | $0.137 $7.3 $0.008
Ground 10-20 MW 273 581 $75.1 $0.129 $2.3 $0.004
Mountain Residential Roof
Commercial Roof
Ground < 10 MW 101 216 $30.5 $0.141 $2.8 $0.013
Ground 10-20 MW | 35 75 $8.3 | $0.111 | ($1.1) | ($0.015)
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 3 6 $0.7 $0.110 $S0.0 $0.002
Ground 10-20 MW
South Coast Residential Roof 135 266 $47.5 | $0.179 | S$14.3 $0.054
Commercial Roof 40 73 $12.9 | $0.178 $3.9 $0.053
Ground < 10 MW 273 627 $78.0 $0.124 S1.6 $0.003
Ground 10-20 MW | 1,074 | 2,430 | $291.3 | $0.120 | ($6.5) | ($0.003)
South Central Valley Residential Roof 51 102 $16.4 | $0.161 $4.3 $0.042
Commercial Roof
Ground < 10 MW 74 173 $22.4 $0.130 $1.7 $0.010
Ground 10-20 MW | 173 401 | $46.2 | $0.115 | ($2.0) | ($0.005)
Desert Residential Roof 9 18 $2.9 $0.160 $0.8 $0.041
Commercial Roof 13 23 $3.8 $0.164 $1.0 $0.043
Ground < 10 MW 41 98 $12.0 | $0.123 | ($0.1) | ($0.001)
Ground 10-20 MW | 29 69 $8.2 | $0.119 | ($0.7) | ($0.011)
Mountain Residential Roof 39 77 $13.3 | $0.172 $4.5 $0.059
Commercial Roof 1 1 $0.2 $0.158 $0.0 $0.032
Ground < 10 MW 29 68 $8.0 $0.118 $0.1 $0.002
Ground 10-20 MW 50 109 $12.7 | $0.117 $0.6 $0.005
SDGE  South Coast Residential Roof 10 19 $3.6 $0.188 S1.4 $0.075
Commercial Roof
Ground < 10 MW 85 188 $23.4 $0.124 $1.8 $0.010
Ground 10-20 MW 252 543 $64.7 $0.119 $4.7 $0.009
South Central Valley Residential Roof 4 7 S1.1 $0.145 $0.3 $0.039
Commercial Roof
Ground < 10 MW 2 4 $S0.4 $0.114 $S0.0 $0.012
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 5 $0.6 $0.121 $0.1 $0.020
Ground 10-20 MW
Totals 6,659 | 14,448 | 1890  0.13 77 0.01

A-51




Least Net Cost Summary Table, Low Adoption Rate

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 793 1,732 $237.5 | $0.137 $22.2 $0.013
Ground 10-20 MW 469 1,004 | $138.4 | $0.138 $15.3 $0.015
North Central Valley  Residential Roof
Commercial Roof
Ground < 10 MW 808 1,726 | $227.8 | $0.132 $4.6 $0.003
Ground 10-20 MW | 1,278 | 2,671 $326.3 | $0.122 | ($23.7) | ($0.009)
South Central Valley  Residential Roof
Commercial Roof
Ground < 10 MW 393 847 $111.9 | $0.132 $3.0 $0.004
Ground 10-20 MW 273 582 $74.0 | $0.127 $1.1 $0.002
Mountain Residential Roof
Commercial Roof
Ground < 10 MW 92 196 $28.2 $0.143 $3.1 $0.016
Ground 10-20 MW | 35 75 $8.3 | $0.111 | ($1.1) | ($0.015)
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 3 6 $0.8 $0.129 S0.1 $0.019
Ground 10-20 MW
South Coast Residential Roof 239 432 $79.2 | $0.183 | ($2.4) | ($0.006)
Commercial Roof 93 158 $29.5 | $0.187 | ($1.1) | ($0.007)
Ground < 10 MW 265 618 $78.5 $0.127 $2.5 $0.004
Ground 10-20 MW | 1,074 | 2,461 $300.5 | $0.122 (54.3) (50.002)
South Central Valley Residential Roof 47 86 $16.8 | $0.194 S$1.3 $0.015
Commercial Roof 94 160 $29.7 | $0.186 | ($0.9) | ($0.005)
Ground < 10 MW 71 167 $20.5 | $0.123 $0.1 $0.001
Ground 10-20 MW 173 402 $48.2 $0.120 (s0.1) (50.000)
Desert Residential Roof
Commercial Roof
Ground < 10 MW 38 90 $11.3 | $0.125 $0.0 $0.000
Ground 10-20 MW 29 69 $8.2 $0.119 | ($0.7) | ($0.011)
Mountain Residential Roof 2 5 S0.8 $0.171 $0.1 $0.027
Commercial Roof
Ground < 10 MW 29 70 $9.0 $0.129 $0.7 $0.010
Ground 10-20 MW 50 114 $14.8 | $0.130 $1.6 $0.014
SDGE  South Coast Residential Roof
Commercial Roof
Ground < 10 MW 72 165 $21.5 $0.130 $2.2 $0.013
Ground 10-20 MW | 235 533 $69.0 | $0.130 $8.1 $0.015
South Central Valley  Residential Roof
Commercial Roof
Ground < 10 MW 2 4 $0.5 $0.127 $0.1 $0.020
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 5 S0.6 $0.124 $0.1 $0.015
Ground 10-20 MW
Totals 6,658 | 14,379 | 1892 0.13 32 0.00
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High Rooftop Summary Table, Low Adoption Rate

Utility Climate Zone

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

North Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

265

490

$92.7

$0.189

$31.3

$0.064

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

119

220

$40.4

$0.184

$11.7

$0.053

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

$1.4

$0.179

$0.4

$0.052

SCE

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

$1.0

$0.174

$0.4

$0.067

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

2,651
1,452

4,938
2,481

$892.8
$451.3

$0.181
$0.182

$259.9
$129.5

$0.053
$0.052

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

515
183

971
313

$177.0
$58.7

$0.182
$0.187

$55.7
$8.3

$0.057
$0.026

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

185
32

345
54

$61.5
$10.1

$0.178
$0.187

$18.6
$3.3

$0.054
$0.062

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

116
107

218
180

$38.7
$32.0

$0.177
$0.178

$13.3
$10.5

$0.061
$0.058

SDGE

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

764
152

1,411
260

$254.1
$47.0

$0.180
$0.181

$92.3
$17.0

$0.065
$0.065

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

11

$2.0

$0.180

$0.9

$0.081

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

$0.9

$0.181

$0.4

$0.080

Totals

6,658

12,102

2198

0.18

666

0.06
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Least Cost Summary Table, High Adoption Rate

Utility Climate Zone

North Coast

Residential Roof

1,454

Cost ($2010)

Cost in 2020

$M |
$307.2

$/kWh
$0.211

Net Cost in 2020

$M |
$152.7

$/kWh
$0.105

Commercial Roof 257 418 $87.1 $0.208 $41.7 $0.100
Ground < 10 MW 851 1,809 $252.3 | $0.139 $61.7 $0.034
Ground 10-20 MW 469 983 $125.7 | $0.128 $24.1 $0.024
North Central Valley  Residential Roof 1,026 1,765 | $376.8 | $0.213 | $173.2 | $0.098
Commercial Roof 310 499 $105.3 | $0.211 $49.9 $0.100
Ground < 10 MW 848 1,793 $250.9 | $0.140 $50.5 $0.028
Ground 10-20 MW 1,278 2,696 $340.2 | $0.126 $29.5 $0.011
South Central Valley  Residential Roof 404 702 $148.3 | $0.211 | S$70.4 $0.100
Commercial Roof 154 251 $52.5 $0.209 $24.6 $0.098
Ground < 10 MW 415 882 $124.0 | $0.140 $26.5 $0.030
Ground 10-20 MW 273 575 $74.8 | $0.130 | $13.0 $0.023
Mountain Residential Roof 64 110 $23.7 $0.215 S$11.4 $0.103
Commercial Roof 21 35 $7.3 $0.209 $3.5 $0.101
Ground < 10 MW 101 212 $29.5 $0.139 $6.3 $0.030
Ground 10-20 MW 35 74 $8.5 $0.115 $0.5 $0.006
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 3 6 $0.7 $0.114 $0.1 $0.021
Ground 10-20 MW
South Coast Residential Roof 2,454 | 4,350 | $775.1 | $0.178 | $297.0 | $0.068
Commercial Roof 1,358 2,266 $403.3 | $0.178 | $147.0 $0.065
Ground < 10 MW 273 623 $77.0 $0.124 $9.7 $0.016
Ground 10-20 MW 1,074 2,419 $297.2 | $0.123 $30.8 $0.013
South Central Valley Residential Roof 417 745 $133.8 | $0.180 | S$53.1 $0.071
Commercial Roof 200 334 $57.9 $0.174 $11.2 $0.034
Ground < 10 MW 74 171 $22.1 $0.129 $4.0 $0.023
Ground 10-20 MW 173 400 $46.8 | $0.117 $3.8 $0.009
Desert Residential Roof 177 315 $55.2 | $0.175 | $22.0 $0.070
Commercial Roof 37 61 $10.7 | $0.174 $4.1 $0.067
Ground < 10 MW 41 97 $12.2 $0.126 $S1.5 $0.015
Ground 10-20 MW | 29 69 $8.2 | $0.119 | ($0.1) | ($0.001)
Mountain Residential Roof 128 234 $41.8 | $0.179 | $18.3 $0.078
Commercial Roof 67 111 $20.3 | $0.183 $8.7 $0.079
Ground < 10 MW 29 67 $8.2 $0.122 $1.3 $0.020
Ground 10-20 MW 50 108 $13.1 $0.121 $2.7 $0.025
SDGE South Coast Residential Roof 909 1,577 $291.9 | $0.185 | $138.8 $0.088
Commercial Roof 154 255 $48.3 $0.190 $23.2 $0.091
Ground < 10 MW 85 187 $22.8 $0.122 $4.1 $0.022
Ground 10-20 MW 252 538 $66.5 $0.124 $14.9 $0.028
South Central Valley Residential Roof 4 7 $1.3 $0.182 $0.7 $0.093
Commercial Roof
Ground < 10 MW 2 4 $0.5 $0.119 $0.1 $0.029
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 5 $0.6 $0.130 $0.2 $0.042
Ground 10-20 MW
Totals 15,336 | 29,208 | 4730  0.16 | 1537 0.05
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Least Net Cost Summary Table, High Adoption Rate

Utility Climate Zone

North Coast

Residential Roof

1,449

Cost ($2010)

Cost in 2020

$M |
$295.3

$/kWh
$0.204

Net Cost in 2020

$M |
$141.5

$/kWh
$0.098

Commercial Roof 257 416 $84.7 $0.204 $39.6 $0.095
Ground < 10 MW 851 1,815 $259.4 | $0.143 $68.1 $0.038
Ground 10-20 MW 469 990 $139.6 | $0.141 $37.2 $0.038
North Central Valley  Residential Roof 1,026 1,693 | $337.3 | $0.199 | $144.0 $0.085
Commercial Roof 297 474 $93.7 $0.198 $41.1 $0.087
Ground < 10 MW 848 1,778 $238.5 | $0.134 $40.3 $0.023
Ground 10-20 MW 1,278 2,653 $328.8 | $0.124 $25.3 $0.010
South Central Valley Residential Roof 404 689 $130.4 | $0.189 | S$54.1 | $0.079
Commercial Roof 154 249 $47.6 $0.191 $20.0 $0.081
Ground < 10 MW 415 878 $114.8 | $0.131 $17.9 $0.020
Ground 10-20 MW 273 576 $71.8 $0.125 $10.0 $0.017
Mountain Residential Roof 64 109 $19.5 $0.179 $7.3 $0.068
Commercial Roof 21 35 $7.3 $0.209 $3.5 $0.101
Ground < 10 MW 101 211 $27.3 $0.129 $4.3 $0.020
Ground 10-20 MW 35 75 $8.4 $0.113 $0.3 $0.005
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 3 6 $0.8 $0.136 $0.3 $0.041
Ground 10-20 MW
South Coast Residential Roof 2,483 4,427 | $823.5 | $0.186 | $333.8 $0.075
Commercial Roof 1,328 2,224 $402.4 | $0.181 | $154.9 $0.070
Ground < 10 MW 273 628 $78.1 $0.124 $10.1 $0.016
Ground 10-20 MW 1,074 2,444 $298.9 | $0.122 $28.7 $0.012
South Central Valley Residential Roof 414 746 $138.7 | $0.186 | $57.7 $0.077
Commercial Roof 202 333 $63.6 $0.191 $17.8 $0.054
Ground < 10 MW 74 172 $21.5 $0.125 $3.2 $0.019
Ground 10-20 MW 173 400 $46.9 $0.117 $3.9 $0.010
Desert Residential Roof 168 297 $54.5 | $0.183 | $23.3 $0.078
Commercial Roof 46 77 $13.6 | $0.176 $5.3 $0.068
Ground < 10 MW 41 97 $12.1 $0.124 $1.3 $0.013
Ground 10-20 MW | 29 69 $8.2 | $0.119 | ($0.1) | ($0.001)
Mountain Residential Roof 128 236 $42.9 | $0.182 | $19.1 $0.081
Commercial Roof 67 113 $19.5 | $0.172 $7.5 $0.066
Ground < 10 MW 29 69 $8.7 $0.126 S1.5 $0.022
Ground 10-20 MW 50 112 $13.6 $0.122 $2.5 $0.023
SDGE South Coast Residential Roof 909 1,637 $317.0 | $0.194 | $155.6 $0.095
Commercial Roof 154 261 $50.9 $0.195 $24.9 $0.095
Ground < 10 MW 85 190 $26.1 $0.138 $7.2 $0.038
Ground 10-20 MW 252 555 $74.2 $0.134 $20.1 $0.036
South Central Valley Residential Roof 4 7 S1.2 $0.168 $0.5 $0.077
Commercial Roof
Ground < 10 MW 2 4 $0.5 $0.133 $0.2 $0.041
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 5 $0.7 $0.134 $0.2 $0.041
Ground 10-20 MW
Totals 15,322 | 29,200 | 4723  0.16 | 1534 0.05
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High Rooftop Summary Table, High Adoption Rate

Utility Climate Zone Cost ($2010)
Cost in 2020 Net Cost in 2020
M $/kWh | $M  $/kWh
North Coast Residential Roof
Commercial Roof 278 452 $94.1 $0.208 $45.3 $0.100
Ground < 10 MW 315 682 $93.1 $0.137 $23.8 $0.035
Ground 10-20 MW 210 441 $58.1 $0.132 $13.0 $0.029
North Central Valley  Residential Roof 2,450 | 4,220 $874.0 | $0.207 | $390.7 | $0.093
Commercial Roof 359 579 $121.6 $0.210 $57.6 $0.099
Ground < 10 MW 373 796 $109.2 $0.137 $19.0 | $0.024
Ground 10-20 MW 599 1,267 $162.0 $0.128 $15.7 $0.012
South Central Valley  Residential Roof 1,097 1,899 $394.3 | $0.208 | $182.7 | $0.096
Commercial Roof 122 199 $41.1 $0.206 | $18.6 | $0.093
Ground < 10 MW 110 238 $32.1 $0.134 $6.9 $0.029
Ground 10-20 MW 41 88 $11.6 $0.133 $2.7 $0.031
Mountain Residential Roof 214 369 $77.2 $0.209 | S$36.4 | $0.099
Commercial Roof 21 35 $7.2 $0.203 S3.4 $0.095
Ground < 10 MW 13 28 $3.7 $0.133 $0.7 $0.024
Ground 10-20 MW
SCE North Coast Residential Roof 3 6 S1.1 $0.188 S0.6 $0.096
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
South Coast Residential Roof 3,644 6,538 | $1,160.5 | $0.177 | $443.4 | $0.068
Commercial Roof 1,499 2,510 $451.8 $0.180 | $171.7 | $0.068
Ground < 10 MW 96 217 $27.1 $0.125 $2.3 $0.011
Ground 10-20 MW 193 438 $54.2 $0.124 S1.7 $0.004
South Central Valley Residential Roof 708 1,285 $226.6 | $0.176 | $86.2 | $0.067
Commercial Roof 184 309 $54.3 $0.176 | $10.5 | $0.034
Ground < 10 MW 9 21 $2.9 $0.139 $S0.4 $0.021
Ground 10-20 MW 12 30 $3.4 $0.113 $S0.9 $0.029
Desert Residential Roof 261 471 $84.1 $0.179 | $33.2 | $0.071
Commercial Roof 32 53 $9.1 $0.171 S3.4 $0.063
Ground < 10 MW 6 16 $1.8 $0.115 $0.1 $0.008
Ground 10-20 MW
Mountain Residential Roof 167 304 $53.1 $0.175 | $23.0 | $0.076
Commercial Roof 107 178 $32.1 $0.181 $13.7 $0.077
Ground < 10 MW 16 39 $4.8 $0.125 $0.7 $0.018
Ground 10-20 MW
SDGE  South Coast Residential Roof 1,221 2,152 $395.4 | $0.184 | $186.6 | $0.087
Commercial Roof 183 303 $56.6 $0.187 $26.8 $0.088
Ground < 10 MW 18 40 $4.9 $0.123 S1.0 $0.024
Ground 10-20 MW 16 34 $4.0 $0.118 $0.7 $0.022
South Central Valley Residential Roof 6 11 $2.0 $0.180 $1.0 $0.091
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Desert Residential Roof 2 5 $0.9 $0.181 $S0.4 $0.091
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Totals 16,366 | 29,325 | 5348 018 | 2137  0.07
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100% Learning Curve Results By County

Least Cost Scenario

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

A-58

Alameda Residential Roof 122 214 $97.2 $0.455 | $74.2 | $0.347
Commercial Roof 298 493 $214.9 | $0.436 | $161.7 | $0.328
Ground <=1 MW 0 0 $0.0 $0.344 $0.0 $0.237
Ground 1-3 MW 2 5 $1.5 $0.323 $1.0 $0.217
Ground 3-5 MW 20 44 $13.8 $0.309 $9.1 $0.204
Ground 5-10 MW 53 115 $34.3 $0.298 | $22.1 | $0.192
Ground 10-20 MW 39 84 $24.5 $0.292 | $15.5 | $0.185
Amador Residential Roof 4 7 $3.2 $S0.448 | $2.5 | $0.342
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 9 19 $5.8 $0.310 $3.9 $0.205
Ground 5-10 MW 11 24 $7.1 $0.299 $4.6 $0.194
Ground 10-20 MW 11 23 $6.6 $0.290 $4.2 $0.184
Butte Residential Roof
Commercial Roof
Ground <=1 MW 2 $0.8 $0.349 $0.5 $0.243
Ground 1-3 MW 5 10 $3.5 $0.331 S2.4 $0.226
Ground 3-5 MW 28 61 $19.3 $0.317 | $12.8 | $0.211
Ground 5-10 MW 77 163 $49.8 $0.306 | $32.6 | $0.200
Ground 10-20 MW 79 166 $49.7 $0.300 | $32.1 | $0.194
Calaveras Residential Roof 1 1 $0.6 $0.448 | $0.5 | S0.338
Commercial Roof
Ground <=1 MW 1 2 $0.7 $0.338 | $0.5 | $0.233
Ground 1-3 MW 7 15 $4.9 $0.319 $3.3 $0.212
Ground 3-5 MW 4 8 S2.4 $0.310 $1.6 $0.207
Ground 5-10 MW 7 14 $4.3 $0.299 $2.8 $0.195
Ground 10-20 MW
Colusa Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 6 13 $4.2 $0.332 $2.9 $0.226




Ground 3-5 MW 11 23 $7.3 $0.315 $4.9 $0.211
Ground 5-10 MW 25 54 $16.3 $0.303 | $10.6 | $0.198
Ground 10-20 MW
Contra Costa Residential Roof 437 769 $346.9 | $0.451 | $263.5 | $0.343
Commercial Roof 111 184 $80.2 $0.437 | $60.1 | $0.327
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 8 18 $5.6 $0.312 $3.7 $0.205
Ground 5-10 MW 6 13 $3.8 $0.300 $2.5 $0.197
Ground 10-20 MW 117 250 $73.1 $0.293 | $47.1 | $0.188
El Dorado Residential Roof
Commercial Roof
Ground <=1 MW 2 $0.7 $0.343 $0.5 $0.238
Ground 1-3 MW 12 $3.7 $0.321 $2.5 $0.215
Ground 3-5 MW 13 $4.2 $0.308 S2.7 $0.203
Ground 5-10 MW 31 67 $20.1 $0.300 | $13.0 | $0.195
Ground 10-20 MW 51 108 $32.0 $0.295 | $20.5 | $0.189
Fresno Residential Roof 272 484 $212.9 | $0.440 | $161.4 | S0.334
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 10 23 $7.2 $0.316 $4.8 $0.211
Ground 3-5 MW 22 50 $14.9 $0.300 $9.8 $0.197
Ground 5-10 MW 138 303 $82.5 $0.272 | $51.2 | $0.169
Ground 10-20 MW 418 910 $247.4 | $0.272 | $152.1 | $0.167
Glenn Residential Roof 10 15 $6.7 $0.455 | S$5.1 | $0.346
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 9 19 $6.1 $0.327 S4.1 $0.220
Ground 3-5 MW
Ground 5-10 MW 9 19 S5.6 $0.304 $3.7 $0.197
Ground 10-20 MW
Humboldt Residential Roof 11 18 $9.1 $0.504 | $7.1 $0.391
Commercial Roof
Ground <=1 MW 3 5 $2.0 $0.423 $1.5 $0.312
Ground 1-3 MW 16 26 S11.1 $0.424 $8.3 $0.315
Ground 3-5 MW 10 17 $6.9 $0.409 $5.1 $0.302
Ground 5-10 MW 19 31 $12.4 $0.393 $9.0 $0.285
Ground 10-20 MW
Imperial Residential Roof

Commercial Roof
Ground <=1 MW
Ground 1-3 MW
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Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Inyo Residential Roof
Commercial Roof
Ground <=1 MW 0 0 $0.0 $0.208 $0.0 $0.109
Ground 1-3 MW
Ground 3-5 MW 5 11 S2.1 $0.192 S1.1 $0.099
Ground 5-10 MW
Ground 10-20 MW
Kern Residential Roof 73 133 S51.4 $0.385 | $37.7 | $0.283
Commercial Roof
Ground <=1 MW 3 8 $1.8 $0.230 $1.0 $0.133
Ground 1-3 MW 37 85 $24.4 $0.286 | $15.9 | S0.186
Ground 3-5 MW 69 159 $43.7 $0.274 | $27.8 | $0.175
Ground 5-10 MW 198 443 $102.3 | $0.231 | $57.5 | $0.130
Ground 10-20 MW 288 633 $131.9 | $0.208 | S66.6 | S0.105
Kings Residential Roof 12 22 $9.4 $0.429 | $7.1 | $0.323
Commercial Roof
Ground <=1 MW 2 5 $1.5 $0.328 $1.0 $0.225
Ground 1-3 MW
Ground 3-5 MW 21 47 $13.9 $0.298 $9.2 $0.196
Ground 5-10 MW 27 59 $16.9 $0.288 | $10.8 | $0.185
Ground 10-20 MW 30 66 $13.8 $0.210 $7.0 $0.106
Lake Residential Roof
Commercial Roof
Ground <=1 MW 1 p $0.5 $0.348 S0.4 $0.241
Ground 1-3 MW 18 38 $12.5 $0.327 $8.4 $0.220
Ground 3-5 MW 14 31 $9.6 $0.311 | $6.3 | S0.206
Ground 5-10 MW 8 17 $5.2 $0.302 S3.4 $0.195
Ground 10-20 MW
Lassen Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Los Angeles Residential Roof 1,683 | 3,025 | $1,151.9 | $0.381 | $836.6 | $0.277
Commercial Roof 788 1,333 $455.0 | $0.341 | $314.6 | $0.236
Ground <=1 MW 2 6 $1.5 $0.239 $0.9 $0.142
Ground 1-3 MW 9 21 $5.3 $0.258 $3.3 $0.160
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Ground 3-5 MW 13 33 $6.2 $0.189 | $3.2 | $0.097
Ground 5-10 MW 16 38 $7.2 $0.189 $3.6 $0.093
Ground 10-20 MW | 295 685 $134.2 | $0.196 | $67.6 | $0.099
Madera Residential Roof 6 10 $4.3 $0.440 | S$3.3 $0.335
Commercial Roof
Ground <=1 MW 1 2 $0.7 $0.334 $0.5 $0.229
Ground 1-3 MW 12 27 $8.5 $0.316 $5.7 $0.213
Ground 3-5 MW 15 34 $10.2 $0.305 $6.7 $0.200
Ground 5-10 MW 26 58 $13.5 $0.231 $7.3 $0.125
Ground 10-20 MW 40 86 $24.6 $0.288 | $15.8 | $0.185
Marin Residential Roof 14 24 S11.2 $0.474 | $8.7 $0.367
Commercial Roof $4.1 $0.468 | S$3.1 | $0.362
Ground <=1 MW 0 $0.0 $0.349 $0.0 $0.241
Ground 1-3 MW 11 24 $7.9 $0.334 $5.4 $0.226
Ground 3-5 MW 14 30 $9.5 $0.320 $6.4 $0.213
Ground 5-10 MW 34 71 $21.9 $0.307 | $14.2 | $0.199
Ground 10-20 MW 14 30 $8.8 $0.297 $5.7 $0.193
Mariposa Residential Roof 1 1 $S0.4 $0.437 | $0.3 | $0.328
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 4 S1.4 $0.314 $0.9 $0.211
Ground 3-5 MW
Ground 5-10 MW 18 39 $11.2 $0.288 $7.1 $0.182
Ground 10-20 MW
Mendocino Residential Roof 1 2 $1.0 $0.461 | S$0.8 | S0.353
Commercial Roof
Ground <=1 MW 4 $1.3 $0.378 $0.9 $0.271
Ground 1-3 MW 9 19 $6.4 $0.339 S4.4 $0.231
Ground 3-5 MW 14 $4.8 $0.350 $3.4 $0.243
Ground 5-10 MW 15 30 $9.5 $0.312 $6.2 $0.204
Ground 10-20 MW
Merced Residential Roof 13 23 $10.2 $0.447 $7.8 $0.342
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 8 18 $5.7 $0.321 $3.9 $0.217
Ground 3-5 MW 29 63 $19.3 $0.306 | $12.7 | $0.202
Ground 5-10 MW 12 26 $7.7 $0.293 $5.0 $0.189
Ground 10-20 MW 108 233 $66.9 $0.287 | $42.1 | $0.181
Mono Residential Roof 11 20 $6.0 $0.300 | $4.0 $0.201
Commercial Roof
Ground <=1 MW 2 4 $1.2 $0.291 $0.8 $0.190
Ground 1-3 MW
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Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Monterey Residential Roof 20 34 $16.1 $0.467 | $12.4 | $0.360
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 27 60 $18.8 $0.316 | $12.7 | $0.212
Ground 3-5 MW 15 34 $9.5 $0.276 $5.9 $0.171
Ground 5-10 MW 82 174 $47.5 $0.273 | $29.1 | $0.167
Ground 10-20 MW 46 96 $29.0 $0.302 | $18.8 | $0.196
Napa Residential Roof 32 55 $25.5 $0.463 | $19.3 | $0.351
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 14 $4.7 $0.335 $3.2 $0.228
Ground 3-5 MW 17 S5.4 $0.323 $3.7 $0.218
Ground 5-10 MW 11 $3.3 $0.311 $2.2 $0.206
Ground 10-20 MW 138 287 $87.2 $0.304 | $55.9 | $0.195
Nevada Residential Roof 2 3 $0.8 $0.309 | $0.5 | $0.199
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 12 $4.0 $0.329 $2.7 $0.222
Ground 3-5 MW 8 18 $5.5 $0.314 $3.7 $0.208
Ground 5-10 MW 30 63 $19.2 $0.303 | $12.5 | $0.198
Ground 10-20 MW
Orange Residential Roof 696 1,248 $492.5 | $0.395 | $363.7 | $0.291
Commercial Roof 640 1,090 $436.1 | $0.400 | $322.3 | $0.296
Ground <=1 MW 0 0 $0.0 $0.329 | $0.0 | S0.228
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW 13 28 $8.2 $0.289 $5.3 $0.187
Ground 10-20 MW 28 62 $17.5 $0.283 | $11.3 | $0.183
Placer Residential Roof 1 1 S0.5 $0.458 | $0.4 | $0.349
Commercial Roof
Ground <=1 MW 0 1 $0.4 $0.334 $0.3 $0.230
Ground 1-3 MW 12 26 $8.6 $0.328 $5.8 $0.223
Ground 3-5 MW 6 13 S4.1 $0.312 $2.8 $0.207
Ground 5-10 MW 37 79 $24.1 $0.304 | $15.8 | $0.199
Ground 10-20 MW 169 356 $105.5 | $0.297 | $68.0 | $0.191
Plumas Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 7 16 $4.7 $0.301 $3.0 $0.195
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Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Riverside Residential Roof 115 212 $62.7 $0.296 | $42.0 | $0.198
Commercial Roof 43 73 $21.6 $0.298 | $14.4 | $0.198
Ground <=1 MW 8 20 $6.0 $0.301 S4.1 $0.204
Ground 1-3 MW 23 57 $13.9 $0.244 $8.4 $0.148
Ground 3-5 MW 8 18 $3.6 $0.201 $1.9 $0.105
Ground 5-10 MW 77 177 $35.0 $0.198 | $17.9 | $0.101
Ground 10-20 MW 471 1,090 $210.6 | $0.193 | $107.1 | $0.098
Sacramento Residential Roof 1 2 $0.9 $0.451 $S0.7 $0.341
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Benito Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 8 $2.6 $0.303 $1.7 $0.199
Ground 5-10 MW 15 S4.4 $0.292 $2.8 $0.185
Ground 10-20 MW
San Bernardino  Residential Roof 427 783 $232.4 | $0.297 | $155.1 | $0.198
Commercial Roof 203 340 $100.9 | $0.297 | S66.4 | S0.195
Ground <=1 MW 8 20 $4.6 $0.228 $2.7 $0.133
Ground 1-3 MW 13 33 S7.4 $0.225 $4.3 $0.131
Ground 3-5 MW 12 29 $6.2 $0.218 $3.5 $0.123
Ground 5-10 MW 50 116 $22.7 $0.195 | $11.4 | $0.098
Ground 10-20 MW 224 527 $100.4 | $0.191 | $49.6 | $0.094
San Diego Residential Roof 847 1,518 $558.1 | $0.368 | $S404.6 | $0.267
Commercial Roof 142 239 $91.2 $0.382 | $66.6 | $0.279
Ground <=1 MW 5 11 $3.2 $0.291 S2.1 $0.193
Ground 1-3 MW 7 16 $4.2 $0.270 $2.7 $0.173
Ground 3-5 MW 17 37 $11.0 $0.295 $7.3 $0.195
Ground 5-10 MW 56 123 $29.1 $0.236 | $16.7 | $0.135
Ground 10-20 MW 223 489 $113.0 | $0.231 | S$64.1 | S0.131
San Francisco Residential Roof 71 122 $56.4 $0.465 | $43.1 | $0.355
Commercial Roof 11 18 $8.2 $S0.446 | $6.1 | $0.336

Ground <=1 MW
Ground 1-3 MW
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Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Joaquin Residential Roof 84 148 $66.7 $0.451 | $50.9 | $0.344
Commercial Roof
Ground <=1 MW 1 $0.3 $0.344 $0.2 $0.237
Ground 1-3 MW 17 $5.5 $0.324 $3.7 $0.217
Ground 3-5 MW 25 53 $16.6 $0.311 | $11.0 | $0.206
Ground 5-10 MW 130 281 $83.9 $0.298 | $54.1 | $0.192
Ground 10-20 MW 141 301 $87.8 $0.292 | $55.9 | $0.186
San Luis Obispo  Residential Roof 11 20 $8.6 $0.433 $6.6 $0.332
Commercial Roof
Ground <=1 MW 2 5 S1.6 $0.320 S1.1 $0.216
Ground 1-3 MW 9 22 $6.6 $0.302 S4.4 $0.201
Ground 3-5 MW 12 27 S5.6 $0.206 $2.8 $0.102
Ground 5-10 MW 20 46 $9.4 $0.202 $4.5 $0.098
Ground 10-20 MW 14 32 $6.4 $0.197 $3.0 $0.094
San Mateo Residential Roof 220 367 $175.5 | $0.478 | $136.3 | S0.371
Commercial Roof 104 162 $75.2 $0.463 | $57.9 | $0.356
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Santa Barbara  Residential Roof 102 183 $56.9 | $0.310 | $37.5 | $0.205
Commercial Roof
Ground <=1 MW 1 2 $0.8 $0.333 $0.5 $0.229
Ground 1-3 MW 19 44 $13.1 $0.296 $8.6 $0.193
Ground 3-5 MW 3 8 $1.7 $0.206 $0.8 $0.105
Ground 5-10 MW 34 78 $15.9 $0.203 $7.8 $0.100
Ground 10-20 MW 26 59 $11.9 $0.201 $5.9 $0.100
Santa Clara Residential Roof 719 1,279 $567.8 | $0.444 | $430.1 | $0.336
Commercial Roof 213 357 $152.7 | $0.427 | $114.2 | $0.320
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 4 8 $2.5 $0.319 $1.7 $0.212
Ground 5-10 MW 38 83 $24.6 $0.297 | $15.9 | $0.192
Ground 10-20 MW
Santa Cruz Residential Roof 3 5 $2.2 $0.446 | $1.7 $0.338
Commercial Roof
Ground <=1 MW 0 1 $0.3 $0.341 $0.2 $0.234
Ground 1-3 MW
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Ground 3-5 MW 7 16 $4.9 $0.318 $3.3 $0.211

Ground 5-10 MW 24 51 $15.4 $0.299 | $10.0 | $0.195

Ground 10-20 MW 30 63 $19.1 $0.300 | $12.4 | $0.196
Shasta Residential Roof 3 5 $2.5 $0.480 | $1.9 $0.370

Commercial Roof

Ground <=1 MW 3 S1.1 $0.338 $0.7 $0.232

Ground 1-3 MW 7 14 $4.8 $0.337 $3.2 $0.229

Ground 3-5 MW 12 24 $7.8 $0.327 $5.3 $0.221

Ground 5-10 MW 8 16 $5.1 $0.317 $3.3 $0.207

Ground 10-20 MW a7 97 $29.8 $0.308 | $19.4 | $0.200
Sierra Residential Roof 1 1 $0.5 $0.438 | $0.4 | $0.331

Commercial Roof

Ground <=1 MW

Ground 1-3 MW

Ground 3-5 MW

Ground 5-10 MW

Ground 10-20 MW
Solano Residential Roof 98 171 S$77.4 $0.453 | $59.0 | $0.345

Commercial Roof 1 $S0.3 $0.437 $S0.3 $0.328

Ground <=1 MW 0 $0.1 $0.346 $0.1 $0.242

Ground 1-3 MW 20 $6.5 $0.333 S4.4 $0.227

Ground 3-5 MW 12 26 $8.2 $0.320 $5.5 $0.214

Ground 5-10 MW 54 116 $34.7 $0.300 | $22.6 | $0.196

Ground 10-20 MW 38 82 $24.0 $0.293 | $15.4 | $0.188
Sonoma Residential Roof 57 96 $45.3 | $0.470 | $34.8 | S0.361

Commercial Roof

Ground <=1 MW 2 4 $1.7 $0.377 $1.2 $0.269

Ground 1-3 MW 11 23 $7.8 $0.341 $5.3 $0.233

Ground 3-5 MW 24 50 $16.2 $0.326 | $10.8 | $0.219

Ground 5-10 MW 82 169 $53.2 $0.314 | $34.9 | $0.206

Ground 10-20 MW 63 129 $39.7 $0.308 | $26.0 | $0.201
Stanislaus Residential Roof 1 2 $S0.9 $0.447 | $0.6 $0.338

Commercial Roof

Ground <=1 MW

Ground 1-3 MW 3 S1.1 $0.321 $0.8 $0.217

Ground 3-5 MW 8 17 $5.3 $0.307 $3.5 $0.203

Ground 5-10 MW 21 46 $13.7 $0.296 $8.9 $0.191

Ground 10-20 MW 72 154 S44.7 $0.290 | $28.2 | $0.183
Sutter Residential Roof

Commercial Roof

Ground <=1 MW

Ground 1-3 MW 4 8 $2.8 $0.331 $1.9 $0.227
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Ground 3-5 MW 13 27 $8.5 $0.316 $5.6 $0.210
Ground 5-10 MW 50 106 $32.3 $0.304 | $21.0 | $0.198
Ground 10-20 MW 23 48 $14.2 $0.296 $9.0 $0.189
Tehama Residential Roof 1 1 $S0.5 $0.468 | $0.4 | $0.359
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 11 24 $8.0 $0.333 $5.5 $0.226
Ground 3-5 MW 13 29 $9.1 $0.319 $6.1 $0.214
Ground 5-10 MW 15 31 $9.6 $0.306 $6.3 $0.200
Ground 10-20 MW
Trinity Residential Roof 1 2 $S0.8 $0.457 $S0.6 $0.346
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Tulare Residential Roof 35 63 $27.6 $0.439 | $20.8 | $0.331
Commercial Roof
Ground <=1 MW 2 4 $1.2 $0.333 $0.8 $0.231
Ground 1-3 MW 24 55 $17.2 $0.313 | $11.6 | $0.210
Ground 3-5 MW 15 33 $10.0 $0.301 $6.6 $0.199
Ground 5-10 MW 54 119 $34.5 $0.291 | $22.2 | $0.187
Ground 10-20 MW 98 215 $57.4 $0.268 | $35.3 | $0.165
Tuolumne Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW S1.5 $0.319 $1.0 $0.215
Ground 3-5 MW $2.1 $0.291 $1.3 $0.188
Ground 5-10 MW 16 34 $9.9 $0.290 $6.4 $0.185
Ground 10-20 MW 11 24 $6.9 $0.283 $4.4 $0.180
Ventura Residential Roof 199 357 $109.0 | $0.305 | $72.6 | $0.203
Commercial Roof
Ground <=1 MW 2 $0.6 $0.346 $0.5 $0.248
Ground 1-3 MW 12 $3.9 $0.328 $2.7 $0.230
Ground 3-5 MW 18 $3.7 $0.209 $1.9 $0.109
Ground 5-10 MW 24 54 S11.1 $0.205 $5.6 $0.103
Ground 10-20 MW 190 412 $103.3 | $0.251 | $61.5 | $0.149
Yolo Residential Roof 7 11 $5.2 $0.459 $4.0 $0.351
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 4 $1.5 $0.327 $1.0 $0.223
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Ground 3-5 MW 30 65 $20.3 $0.315 | $13.5 | $0.208

Ground 5-10 MW 29 61 $18.6 $0.303 | $12.1 | $0.197

Ground 10-20 MW 88 187 $55.1 $0.294 | $35.2 | $0.188
Yuba Residential Roof

Commercial Roof

Ground <=1 MW 1 3 S1.1 $0.350 | $0.8 | $0.245

Ground 1-3 MW 10 $3.4 $0.329 | $2.3 | $0.225

Ground 3-5 MW 7 15 $4.8 $0.315 | $3.2 | $0.209

Ground 5-10 MW 23 49 $14.9 $0.304 | $9.8 | $0.199

Ground 10-20 MW

Totals 15,336 | 29,695 9820 0.33 6741 0.23

100% Learning Curve Results By County (cont.)

Least Net Cost Scenario

Cost ($2010)
Cost in 2020 Net Cost in 2020
$™M $/kWh  SM  $/kWh
Alameda Residential Roof 122 214 $97.2 $0.455 | $74.2 | $0.347
Commercial Roof 298 493 $215.1 | $0.436 | $161.8 | $0.328
Ground <=1 MW 0 0 $0.0 $0.344 | S$0.0 | $0.237
Ground 1-3 MW 2 5 S1.5 $0.323 $1.0 $0.217
Ground 3-5 MW 20 44 $13.7 $0.309 $9.0 $0.204
Ground 5-10 MW 53 115 $34.3 $0.298 | $22.1 | $0.192
Ground 10-20 MW 39 83 $24.3 $0.292 | $15.3 | $0.184
Amador Residential Roof 4 7 $3.2 $0.448 | $2.5 | $0.342
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 9 19 $5.8 $0.310 | $3.9 | $0.205
Ground 5-10 MW 11 24 s7.1 $0.299 S4.6 $0.194
Ground 10-20 MW 11 23 $6.6 $0.290 $4.2 $0.184
Butte Residential Roof
Commercial Roof
Ground <=1 MW 2 $0.8 $0.349 $0.5 $0.243
Ground 1-3 MW 5 10 $3.5 $0.331 $2.4 $0.226
Ground 3-5 MW 28 61 $19.3 $0.317 | $12.8 | $0.211
Ground 5-10 MW 77 163 $49.8 $0.306 | $32.6 | $0.200
Ground 10-20 MW 79 165 $49.5 $0.300 | $32.0 | $0.194
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Calaveras Residential Roof 1 1 $0.6 $0.448 | $0.5 | S0.338
Commercial Roof
Ground <=1 MW 1 2 $0.7 $0.338 | $0.5 | $0.233
Ground 1-3 MW 7 15 $4.9 $0.319 $3.3 $0.212
Ground 3-5 MW 4 8 $2.5 $0.310 $1.6 $0.206
Ground 5-10 MW 7 14 $4.3 $0.299 $2.8 $0.195
Ground 10-20 MW
Colusa Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 6 13 $4.2 $0.332 $2.9 $0.226
Ground 3-5 MW 11 23 $7.3 $0.315 $4.9 $0.211
Ground 5-10 MW 25 54 $16.3 $0.303 | $10.6 | $0.198
Ground 10-20 MW
Contra Costa Residential Roof 437 768 $346.6 | $0.451 | $263.3 | $0.343
Commercial Roof 111 183 $79.9 $0.437 | $59.9 | $0.327
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 8 18 S5.6 $0.312 $3.7 $0.205
Ground 5-10 MW 6 13 $3.8 $0.300 | S$2.5 | S0.197
Ground 10-20 MW 117 250 $73.3 $0.293 | $47.2 | $0.189
El Dorado Residential Roof
Commercial Roof
Ground <=1 MW 1 2 $0.7 $0.343 $0.5 $0.238
Ground 1-3 MW 12 $3.7 $0.321 $2.5 $0.215
Ground 3-5 MW 13 $4.1 $0.308 $2.7 $0.203
Ground 5-10 MW 31 67 $20.0 $0.300 | $13.0 | $0.195
Ground 10-20 MW 51 108 $32.0 $0.295 | $20.5 | $0.189
Fresno Residential Roof 272 484 $212.9 | $0.440 | $161.4 | $0.334
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 10 23 $7.2 $0.316 $4.8 $0.211
Ground 3-5 MW 22 50 $14.9 $0.300 | $9.8 | $0.197
Ground 5-10 MW 138 304 $83.6 $0.275 | $52.3 | $0.172
Ground 10-20 MW 418 905 $220.6 | $0.244 | $125.7 | $0.139
Glenn Residential Roof 10 17 $7.6 $0.455 $5.8 $0.347
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 9 19 $6.1 $0.327 $4.1 $0.220
Ground 3-5 MW
Ground 5-10 MW 9 19 $5.6 $0.304 $3.7 $0.197
Ground 10-20 MW
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Humboldt Residential Roof 11 18 $9.1 $0.504 | $7.1 | $0.391
Commercial Roof
Ground <= 1 MW 3 5 $2.0 $0.423 | S$1.5 | S0.312
Ground 1-3 MW 16 26 S11.1 $0.424 $8.3 $0.315
Ground 3-5 MW 10 17 $6.9 $0.409 | S$5.1 | $0.302
Ground 5-10 MW 19 31 $12.4 $0.393 $9.0 $0.285
Ground 10-20 MW
Imperial Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Inyo Residential Roof
Commercial Roof
Ground <=1 MW 0 0 $0.0 $0.279 $0.0 $0.180
Ground 1-3 MW
Ground 3-5 MW 5 11 S2.1 $0.192 S1.1 $0.097
Ground 5-10 MW
Ground 10-20 MW
Kern Residential Roof 73 133 $51.4 $0.385 | $37.7 | $0.283
Commercial Roof
Ground <=1 MW 3 8 $2.1 $0.263 $1.3 $0.166
Ground 1-3 MW 37 86 $24.9 $0.290 | $16.3 | $0.190
Ground 3-5 MW 69 160 $43.9 $0.274 | $27.9 | $0.175
Ground 5-10 MW 198 444 $111.1 | $0.250 | S$66.1 | S0.149
Ground 10-20 MW 288 632 $135.7 | $0.215 | $70.5 | S0.112
Kings Residential Roof 12 22 $7.6 $0.350 | $5.3 | $0.243
Commercial Roof
Ground <=1 MW 2 5 $1.5 $0.328 $1.0 $0.225
Ground 1-3 MW
Ground 3-5 MW 21 47 $14.0 $0.298 $9.2 $0.196
Ground 5-10 MW 27 59 $16.9 $0.288 | $10.9 | $0.185
Ground 10-20 MW 30 66 $13.7 $0.210 $6.9 $0.106
Lake Residential Roof
Commercial Roof
Ground <=1 MW 1 2 $0.5 $0.348 $0.4 $0.241
Ground 1-3 MW 18 38 $12.5 $0.327 $8.4 $0.220
Ground 3-5 MW 14 31 $9.6 $0.311 $6.4 $0.205
Ground 5-10 MW 8 17 $5.2 $0.302 $3.4 $0.195
Ground 10-20 MW
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Lassen Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Los Angeles Residential Roof 1,683 | 3,022 | $1,122.3 | $0.371 | $807.4 | $S0.267
Commercial Roof 788 1,332 $472.1 | $0.354 | $331.9 | $0.249
Ground <=1 MW 2 6 $1.8 $0.286 $1.2 $0.188
Ground 1-3 MW 9 21 $5.3 $0.257 $3.3 $0.160
Ground 3-5 MW 13 33 $6.2 $0.189 $3.2 $0.096
Ground 5-10 MW 16 38 $7.2 $0.189 $3.6 $0.093
Ground 10-20 MW 295 684 $134.1 | $0.196 | S$67.7 | S0.099
Madera Residential Roof 6 10 $4.3 $0.440 | S$3.3 $0.335
Commercial Roof
Ground <=1 MW 1 2 $0.7 $0.334 $0.5 $0.229
Ground 1-3 MW 12 27 $8.5 $0.316 $5.7 $0.213
Ground 3-5 MW 15 34 $10.2 $0.305 $6.7 $0.200
Ground 5-10 MW 26 58 $13.4 $0.231 $7.3 $0.125
Ground 10-20 MW 40 86 $24.6 $0.288 | $15.8 | $0.185
Marin Residential Roof 14 24 $11.2 $S0.474 | $8.7 | $0.367
Commercial Roof S4.1 $0.468 | S$3.1 $0.362
Ground <=1 MW $0.0 $0.349 $0.0 $0.241
Ground 1-3 MW 11 24 $7.9 $0.334 $5.4 $0.226
Ground 3-5 MW 14 30 $9.5 $0.320 $6.4 $0.213
Ground 5-10 MW 34 71 $21.9 $0.307 | $14.2 | $0.200
Ground 10-20 MW 14 30 $8.8 $0.297 $5.7 $0.193
Mariposa Residential Roof 1 1 $0.3 $0.321 | $0.2 | $0.211
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 4 S1.4 $0.314 $0.9 $0.211
Ground 3-5 MW
Ground 5-10 MW 18 38 $8.2 $0.213 S4.1 $0.107
Ground 10-20 MW
Mendocino Residential Roof 1 2 $1.0 $0.461 $S0.8 $0.353
Commercial Roof
Ground <=1 MW 4 $1.3 $0.378 $0.9 $0.271
Ground 1-3 MW 19 $6.4 $0.339 $4.4 $0.231
Ground 3-5 MW 14 $4.8 $0.350 $3.4 $0.243
Ground 5-10 MW 15 30 $9.5 $0.312 $6.2 $0.204

Ground 10-20 MW
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Merced Residential Roof 13 23 $10.2 | $0.447 | $7.8 | $0.342
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 8 18 $5.7 $0.321 $3.9 $0.217
Ground 3-5 MW 29 63 $19.3 $0.306 | $12.7 | $0.202
Ground 5-10 MW 12 26 $7.7 $0.293 $5.0 $0.189
Ground 10-20 MW 108 232 $64.6 $0.278 | $39.8 | $0.171
Mono Residential Roof 11 20 $6.0 $0.300 | $4.0 $0.201
Commercial Roof
Ground <=1 MW 2 4 $1.3 $0.311 $0.9 $0.210
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Monterey Residential Roof 20 34 $16.1 $0.467 | $12.4 | $0.360
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 27 60 $18.9 $0.316 | $12.7 | $0.212
Ground 3-5 MW 15 34 $8.1 $0.235 $4.5 $0.130
Ground 5-10 MW 82 174 $47.5 $0.273 | $29.1 | $0.167
Ground 10-20 MW 46 96 $29.0 $0.302 | $18.8 | $0.196
Napa Residential Roof 32 55 $25.5 $0.463 | $19.3 | $0.351
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 14 s4.7 $0.335 $3.2 $0.228
Ground 3-5 MW 8 17 $5.4 $0.323 $3.7 $0.218
Ground 5-10 MW 11 $3.3 $0.311 $2.2 $0.206
Ground 10-20 MW 138 286 $86.9 $0.304 | $55.7 | $0.195
Nevada Residential Roof 2 3 $0.8 $0.309 | S$0.5 | $0.202
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 12 $S4.0 $0.329 $2.7 $0.222
Ground 3-5 MW 18 $5.5 $0.314 $3.7 $0.208
Ground 5-10 MW 30 63 $19.1 $0.303 | $12.5 | $0.198
Ground 10-20 MW
Orange Residential Roof 696 1,208 $476.7 | $0.395 | $352.1 | $0.292
Commercial Roof 640 1,089 $419.3 | $0.385 | $305.4 | $0.280
Ground <=1 MW 0 0 $0.0 $0.329 $0.0 $0.228
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW 13 29 $8.3 $0.289 $5.3 $0.187
Ground 10-20 MW 28 62 $17.5 $0.283 | $11.3 | $0.183
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Placer Residential Roof 1 1 $0.5 $0.451 | $0.4 | S0.342
Commercial Roof
Ground <=1 MW 0 1 $0.4 $0.334 | $0.3 | S0.230
Ground 1-3 MW 12 26 $8.6 $0.328 $5.8 $0.223
Ground 3-5 MW 6 13 $4.1 $0.312 $2.8 $0.207
Ground 5-10 MW 37 79 $24.1 $0.304 | $15.8 | $0.199
Ground 10-20 MW 169 356 $105.5 | $0.297 | $68.0 | $0.191
Plumas Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 7 16 $4.7 $0.301 $3.0 $0.195
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Riverside Residential Roof 115 212 $62.8 $0.296 | $42.1 | $0.198
Commercial Roof 43 73 $21.7 | $0.298 | $14.4 | $0.197
Ground <=1 MW 8 20 $6.1 $0.303 $4.2 $0.206
Ground 1-3 MW 23 57 $15.3 $0.266 $9.7 $0.170
Ground 3-5 MW 8 18 $3.6 $0.201 $1.9 $0.105
Ground 5-10 MW 77 178 $35.1 $0.198 | $17.8 | $0.100
Ground 10-20 MW 471 1,094 $211.3 | $0.193 | $107.1 | $0.098
Sacramento Residential Roof 1 2 $0.9 $0.451 | $0.7 | $0.341
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Benito Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 4 8 $2.6 $0.303 | S$1.7 | $0.199
Ground 5-10 MW 7 15 $4.3 $0.292 $2.7 $0.185
Ground 10-20 MW
San Bernardino  Residential Roof 427 782 $232.2 | $0.297 | $155.0 | $0.198
Commercial Roof 203 340 $100.9 | $0.297 | $66.4 | $0.195
Ground <=1 MW 8 20 $5.4 $0.266 $3.5 $0.171
Ground 1-3 MW 13 33 $7.5 $0.225 $4.3 $0.130
Ground 3-5 MW 12 29 $6.2 $0.218 $3.5 $0.124
Ground 5-10 MW 50 116 $22.7 $0.195 | $11.4 | $0.098
Ground 10-20 MW 224 528 $100.5 | $0.191 | $49.6 | $0.094
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San Diego Residential Roof 847 1,527 $590.3 | $0.387 | $435.8 | $0.285
Commercial Roof 142 240 $93.1 $0.387 | $68.4 | $0.285
Ground <=1 MW 5 11 $3.4 $0.309 $2.3 $0.210
Ground 1-3 MW 7 16 $4.2 $0.270 S2.7 $0.172
Ground 3-5 MW 17 38 S11.1 $0.295 $7.4 $0.195
Ground 5-10 MW 56 124 $30.6 $0.246 | $18.2 | $0.146
Ground 10-20 MW 223 492 $124.8 | $0.254 | S$75.7 | $0.154
San Francisco Residential Roof 71 122 $56.4 $0.465 | $43.1 | $0.355
Commercial Roof 11 18 $8.2 $S0.446 | $6.1 | $0.336
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Joaquin Residential Roof 84 148 $66.7 $0.451 | $50.9 | $0.344
Commercial Roof
Ground <=1 MW 1 S0.3 $0.344 $0.2 $0.237
Ground 1-3 MW 17 $5.5 $0.324 $3.7 $0.217
Ground 3-5 MW 25 53 $16.6 $0.311 | $11.0 | $0.206
Ground 5-10 MW 130 280 $83.6 $0.298 | $53.9 | $0.192
Ground 10-20 MW 141 300 $87.6 $0.292 | $55.8 | $0.186
San Luis Obispo  Residential Roof 11 20 $8.6 $0.433 | $6.6 | $0.332
Commercial Roof
Ground <=1 MW 5 $1.6 $0.320 $1.1 $0.216
Ground 1-3 MW 9 22 $6.6 $0.302 S4.4 $0.201
Ground 3-5 MW 12 27 $5.5 $0.206 $2.7 $0.102
Ground 5-10 MW 20 46 $9.3 $0.202 $4.5 $0.099
Ground 10-20 MW 14 32 $6.2 $0.197 $3.1 $0.097
San Mateo Residential Roof 220 367 $175.5 | $0.478 | $136.3 | $0.371
Commercial Roof 105 164 $76.1 $0.463 | $58.6 | $0.357
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Santa Barbara Residential Roof 102 182 $56.4 $0.310 | $37.3 | $0.205
Commercial Roof
Ground <=1 MW 1 2 $0.8 $0.333 $0.5 $0.229
Ground 1-3 MW 19 44 $13.1 $0.296 $8.6 $0.193
Ground 3-5 MW 3 8 $1.7 $0.206 $0.8 $0.105
Ground 5-10 MW 34 77 $15.7 $0.203 $7.8 $0.101
Ground 10-20 MW 26 59 $11.9 $0.201 $5.9 $0.100
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Santa Clara Residential Roof 719 1,275 $566.3 | $0.444 | $428.8 | $0.336
Commercial Roof 213 357 $152.7 | $0.427 | $114.3 | $0.320
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW 4 8 $2.5 $0.319 $1.7 $0.212
Ground 5-10 MW 38 83 $24.6 $0.297 | $15.9 | $0.192
Ground 10-20 MW
Santa Cruz Residential Roof 3 5 $2.2 $0.446 | $1.7 $0.338
Commercial Roof
Ground <=1 MW 0 1 $0.3 $0.341 $0.2 $0.234
Ground 1-3 MW
Ground 3-5 MW 7 16 $4.9 $0.318 $3.3 $0.211
Ground 5-10 MW 24 51 $15.3 $0.299 | $10.0 | $0.195
Ground 10-20 MW 30 63 $19.1 $0.300 | $12.4 | $0.196
Shasta Residential Roof 3 5 S2.5 $0.480 | $1.9 $0.370
Commercial Roof
Ground <=1 MW 3 S1.1 $0.338 $0.7 $0.232
Ground 1-3 MW 7 14 $4.8 $0.337 $3.2 $0.229
Ground 3-5 MW 12 24 $7.8 $0.327 $5.3 $0.221
Ground 5-10 MW 8 16 $5.1 $0.317 $3.3 $0.207
Ground 10-20 MW 47 97 $29.8 $0.308 | $19.4 | $0.200
Sierra Residential Roof 1 1 $0.5 $0.438 | $0.4 | $0.331
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Solano Residential Roof 98 171 $77.4 | $0.453 | $59.0 | $0.345
Commercial Roof 0 1 $0.3 $0.437 $0.3 $0.328
Ground <= 1 MW 0 0 $0.1 $0.346 | S$0.1 | $0.242
Ground 1-3 MW 9 20 $6.5 $0.333 S4.4 $0.227
Ground 3-5 MW 12 26 $8.2 $0.320 $5.5 $0.214
Ground 5-10 MW 54 116 $34.7 $0.300 | $22.6 | $0.196
Ground 10-20 MW 38 82 $23.9 $0.293 | $15.3 | $0.188
Sonoma Residential Roof 57 96 $45.3 $0.470 | $34.8 | $0.361
Commercial Roof
Ground <=1 MW 2 4 $1.7 $0.377 $1.2 $0.269
Ground 1-3 MW 11 23 $7.8 $0.341 $5.3 $0.233
Ground 3-5 MW 24 50 $16.2 $0.326 | $10.8 | $0.219
Ground 5-10 MW 82 169 $53.0 $0.314 | $34.8 | $0.206
Ground 10-20 MW 63 129 $39.7 $0.308 | $26.0 | $0.201
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Stanislaus Residential Roof 1 2 $0.9 $0.447 | $0.6 | S0.338
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 3 S1.1 $0.321 $0.8 $0.217
Ground 3-5 MW 8 17 $5.3 $0.307 | $3.5 | $0.203
Ground 5-10 MW 21 46 $13.7 $0.296 $8.9 $0.191
Ground 10-20 MW 72 154 S44.7 $0.290 | $28.2 | $0.183
Sutter Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 4 8 $2.8 $0.331 $1.9 $0.227
Ground 3-5 MW 13 27 $8.5 $0.316 $5.6 $0.210
Ground 5-10 MW 50 106 $32.3 $0.304 | $21.0 | $0.198
Ground 10-20 MW 23 48 $14.2 $0.296 $9.0 $0.189
Tehama Residential Roof 1 1 $S0.5 $0.468 | $0.4 | $0.359
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 11 24 $8.0 $0.333 | S$5.5 | S0.226
Ground 3-5 MW 13 29 $9.1 $0.319 $6.1 $0.214
Ground 5-10 MW 15 31 $9.6 $0.306 | $6.3 | S0.200
Ground 10-20 MW
Trinity Residential Roof 1 2 $0.8 $0.457 | $0.6 | $0.347
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Tulare Residential Roof 35 63 $27.5 | $0.439 | $20.7 | $0.331
Commercial Roof
Ground <= 1 MW 2 4 $1.2 $0.333 | $0.8 | $0.231
Ground 1-3 MW 24 55 $17.2 $0.313 | $11.6 | $0.210
Ground 3-5 MW 15 33 $10.0 $0.301 | $6.6 | $0.199
Ground 5-10 MW 54 119 $34.7 $0.291 | $22.4 | $0.187
Ground 10-20 MW 98 215 $57.4 $0.268 | $35.3 | $0.165
Tuolumne Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW $1.5 $0.319 $1.0 $0.215
Ground 3-5 MW 7 S2.1 $0.291 S1.4 $0.188
Ground 5-10 MW 16 34 $10.0 $0.290 $6.4 $0.185
Ground 10-20 MW 11 24 $6.9 $0.283 S4.4 $0.180
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Ventura Residential Roof 199 357 $108.8 | $0.305 | $72.5 | $0.203
Commercial Roof
Ground <=1 MW 2 $0.6 $0.346 $0.5 $0.248
Ground 1-3 MW 12 $3.9 $0.328 S2.7 $0.230
Ground 3-5 MW 18 $5.0 $0.284 $3.3 $0.184
Ground 5-10 MW 24 54 S11.1 $0.205 $5.6 $0.103
Ground 10-20 MW 190 412 $103.5 | $0.251 | $61.6 | S0.149
Yolo Residential Roof 7 11 $5.2 $0.459 S4.0 | $0.351
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 4 $1.5 $0.327 $1.0 $0.223
Ground 3-5 MW 30 65 $20.3 $0.315 | $13.5 | $0.208
Ground 5-10 MW 29 61 $18.6 $0.303 | $12.1 | $0.197
Ground 10-20 MW 88 187 $55.1 $0.294 | $35.2 | $0.188
Yuba Residential Roof
Commercial Roof
Ground <=1 MW 3 S1.1 $0.350 $0.8 $0.245
Ground 1-3 MW 10 $3.4 $0.329 $2.3 $0.225
Ground 3-5 MW 15 $4.8 $0.315 $3.2 $0.209
Ground 5-10 MW 23 49 $14.9 $0.304 | $9.8 | $0.199
Ground 10-20 MW
Totals 15,338 | 29,657 9804 0.33 6729 0.23

100% Learning Curve Results By County (cont.)

High Rooftop Scenario
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Cost ($2010)
Cost in 2020 Net Cost in 2020
$M  $/kWh  $SM  $/kWh
Alameda Residential Roof 239 420 $189.5 | $0.451 | $144.6 | $0.344
Commercial Roof 323 538 $234.2 | $0.435 | $176.2 | $0.328
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Amador Residential Roof 21 37 $16.7 $0.450 | $12.7 | $0.344
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 3 6 $2.0 $0.323 $1.3 $0.216




Ground 3-5 MW 8 19 $5.7 $0.309 | $3.8 | $0.202
Ground 5-10 MW 12 $3.5 $0.300 $2.3 $0.197
Ground 10-20 MW
Butte Residential Roof 174 300 $139.0 | $0.463 | $106.7 | $0.356
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 3 5 $1.8 $0.329 $1.2 $0.225
Ground 3-5 MW 14 29 $9.3 $0.318 $6.2 $0.213
Ground 5-10 MW 14 29 $8.9 $0.305 $5.8 $0.199
Ground 10-20 MW 19 41 $12.1 $0.299 $7.8 $0.193
Calaveras Residential Roof 10 18 $8.1 $0.446 | $6.2 $0.338
Commercial Roof
Ground <=1 MW 0 0 S0.1 $0.338 S0.1 $0.232
Ground 1-3 MW
Ground 3-5 MW 4 8 $2.5 $0.310 S1.6 $0.207
Ground 5-10 MW 7 14 $4.3 $0.299 $2.8 $0.196
Ground 10-20 MW
Colusa Residential Roof 23 40 $18.3 $0.460 | $14.0 | $0.352
Commercial Roof
Ground <=1 MW 1 $0.5 $0.349 $0.3 $0.245
Ground 1-3 MW 8 $2.7 $0.329 $1.9 $0.225
Ground 3-5 MW 8 18 $5.6 $0.316 $3.7 $0.210
Ground 5-10 MW 11 23 $6.9 $0.302 $4.5 $0.198
Ground 10-20 MW
Contra Costa Residential Roof 507 891 $402.2 | $0.451 | $306.3 | $0.344
Commercial Roof 111 184 $80.2 $0.437 | $60.2 | $0.328
Ground <= 1 MW 1 2 $0.7 $0.341 | $0.5 | S0.238
Ground 1-3 MW
Ground 3-5 MW 8 $2.7 $0.316 $1.8 $0.210
Ground 5-10 MW 6 13 $3.8 $0.300 $2.5 $0.197
Ground 10-20 MW 63 135 $39.4 $0.291 | $25.5 | $0.188
El Dorado Residential Roof 50 87 $39.5 $0.454 | $30.2 | $0.347
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 5 11 $3.6 $0.323 $2.4 $0.219
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW 49 104 $30.7 | $0.295 | $19.8 | $0.190
Fresno Residential Roof 607 1,081 $475.3 | $0.440 | $361.0 | $0.334
Commercial Roof
Ground <=1 MW 2 $0.6 $0.331 $0.4 $0.226
Ground 1-3 MW 5 12 $3.8 $0.314 $2.6 $0.212
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Ground 3-5 MW 21 47 $14.0 $0.300 $9.2 $0.198
Ground 5-10 MW 71 156 $40.6 $0.261 | $24.5 | $0.158
Ground 10-20 MW 264 574 $150.3 | $0.262 | $90.0 | S0.157
Glenn Residential Roof 18 31 $14.0 $0.456 | $10.7 | $0.349
Commercial Roof
Ground <=1 MW 1 $0.4 $0.346 $0.3 $0.239
Ground 1-3 MW 3 7 $2.3 $0.327 $1.5 $0.222
Ground 3-5 MW
Ground 5-10 MW 7 15 $4.7 $0.304 $3.0 $0.197
Ground 10-20 MW
Humboldt Residential Roof 37 53 $29.2 $0.548 | $23.3 | $0.438
Commercial Roof
Ground <=1 MW 1 2 $1.0 $0.400 $0.7 $0.287
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Imperial Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Inyo Residential Roof 6 11 $3.1 $0.287 | S$2.1 | S0.191
Commercial Roof
Ground <=1 MW 0 0 $0.0 $0.208 | $0.0 | $0.109
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Kern Residential Roof 376 684 $239.4 | $0.350 | $168.5 | $0.246
Commercial Roof
Ground <=1 MW 2 4 S1.1 $0.317 $0.8 $0.216
Ground 1-3 MW 26 60 $18.1 $0.302 | $12.0 | $0.202
Ground 3-5 MW 35 80 $22.5 $0.282 | $14.5 | $0.182
Ground 5-10 MW 135 299 $69.0 $0.230 | $38.7 | $0.129
Ground 10-20 MW 153 333 $69.7 $0.209 | $35.5 | $0.106
Kings Residential Roof 79 142 $61.3 $0.433 | $46.4 | $0.327
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 6 $1.7 $0.311 $1.2 $0.209
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Ground 3-5 MW 12 27 $8.0 $0.299 | $5.3 | $0.198
Ground 5-10 MW 11 24 $6.0 $0.252 $3.6 $0.150
Ground 10-20 MW

Lake Residential Roof 45 79 $36.2 $0.458 | $27.6 | $0.350
Commercial Roof
Ground <=1 MW 0 0 $0.2 $0.341 $0.1 $0.237
Ground 1-3 MW
Ground 3-5 MW 4 8 $2.5 $0.308 $1.7 $0.204
Ground 5-10 MW
Ground 10-20 MW

Lassen Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Los Angeles Residential Roof 2,020 | 3,666 | $1,372.8 | $0.374 | $995.4 | S0.272
Commercial Roof 817 1,390 $501.4 | $0.361 | $355.7 | $0.256
Ground <=1 MW 2 4 $1.2 $0.275 $0.8 $0.178
Ground 1-3 MW 4 9 $2.3 $0.259 S1.4 $0.161
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW 39 89 $17.3 $0.195 $8.7 $0.098

Madera Residential Roof 80 142 $62.5 | $0.440 | $47.5 | S0.334
Commercial Roof
Ground <=1 MW 2 $0.8 $0.334 | $0.6 | S0.230
Ground 1-3 MW 5 12 $3.7 $0.316 $2.5 $0.213
Ground 3-5 MW 12 26 $7.7 $0.301 $5.1 $0.198
Ground 5-10 MW 16 36 $10.5 $0.294 $6.9 $0.192
Ground 10-20 MW

Marin Residential Roof 100 172 $79.2 $0.460 | $60.6 | $0.352
Commercial Roof 6 9 $4.1 $S0.468 | $3.2 | $0.362
Ground <=1 MW $0.4 $0.362 $0.3 $0.253
Ground 1-3 MW 4 $1.5 $0.345 $1.0 $0.235
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Mariposa Residential Roof 25 44 $19.4 $0.438 | $14.6 | $0.330
Commercial Roof
Ground <=1 MW 0 0 $0.0 $0.333 $0.0 $0.231

Ground 1-3 MW
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Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Mendocino

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

41

69 $32.8

$0.478

$25.3

$0.369

Merced

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

174

18

307 $136.6

2 $0.6

16 $4.8
39 $11.5

$0.444

$0.341

$0.305
$0.295

$103.6

$0.4

$3.2
$7.4

$0.337

$0.238

$0.203
$0.190

Mono

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

12

23 §7.1

2 $0.3

$0.313

$0.227

$4.8

$0.2

$0.212

$0.132

Monterey

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

157

12

28
13

274 $118.8

29 $8.7
8 $1.8
60 $14.4
27 $8.0

$0.433

$0.302
$0.210
$0.240
$0.293

$89.5

$5.7
$0.9
$8.1
$5.0

$0.326

$0.199
$0.108
$0.135
$0.186

Napa

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

133

71

231 $106.8

6 $2.0

148 $45.1

$0.463

$0.333

$0.304

$81.3

$1.3

$29.0

$0.352

$0.227

$0.195

Nevada

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW

39

67 $30.5

3 $1.0
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$0.453

$0.333

$23.2

$0.7

$0.345

$0.225




Ground 3-5 MW

Ground 5-10 MW 12 26 $7.8 $0.304 $5.1 $0.200
Ground 10-20 MW
Orange Residential Roof 728 1,307 $524.5 | $0.401 | $390.2 | $0.299
Commercial Roof 643 1,100 $439.8 | $0.400 | $325.7 | $0.296
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW 8 18 $5.3 $0.289 $3.5 $0.190
Ground 10-20 MW
Placer Residential Roof 99 173 $79.4 $0.459 | $60.8 | $0.352
Commercial Roof
Ground <=1 MW 0 0 S0.1 $0.348 S0.1 $0.245
Ground 1-3 MW 10 $3.3 $0.329 $2.3 $0.225
Ground 3-5 MW
Ground 5-10 MW 21 45 $13.7 | $0.304 | $9.0 | S0.200
Ground 10-20 MW 119 253 $75.0 $0.297 | $48.5 | $0.192
Plumas Residential Roof 8 14 S5.0 $0.357 | $3.5 | $0.249
Commercial Roof
Ground <=1 MW 1 1 $0.4 $0.317 $0.3 $0.210
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
Riverside Residential Roof 618 1,145 $337.5 | $0.295 | $226.5 | $0.198
Commercial Roof 64 107 $32.0 $0.298 | $21.1 | $0.196
Ground <= 1 MW 4 $1.0 $0.276 | $0.7 | $0.180
Ground 1-3 MW 13 $3.9 $0.293 S2.6 $0.195
Ground 3-5 MW 8 18 $3.7 $0.198 $1.9 $0.102
Ground 5-10 MW 29 67 $13.1 $0.197 $6.8 $0.101
Ground 10-20 MW 126 292 $56.1 $0.192 | $28.5 | $0.098
Sacramento Residential Roof 1 2 $S0.9 $0.451 S0.7 $0.342
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Benito Residential Roof 13 23 $10.2 $0.439 S7.7 $0.332

Commercial Roof
Ground <=1 MW
Ground 1-3 MW
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Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Bernardino  Residential Roof 673 1,264 $369.5 | $0.292 | $S244.6 | $0.194
Commercial Roof 311 523 $155.7 | $0.298 | $102.2 | $0.195
Ground <=1 MW 4 $0.8 $0.230 $0.5 $0.135
Ground 1-3 MW 6 15 $2.9 $0.194 $1.5 $0.102
Ground 3-5 MW 9 $1.7 $0.193 $0.8 $0.097
Ground 5-10 MW 6 13 $2.6 $0.208 S1.4 $0.108
Ground 10-20 MW 12 30 S5.4 $0.179 $2.8 $0.092
San Diego Residential Roof 1,138 2,046 $741.1 | $0.362 | $534.4 | S0.261
Commercial Roof 169 286 $106.6 | $0.373 | $77.3 | $0.270
Ground <=1 MW 2 4 $1.3 $0.327 $0.9 $0.226
Ground 1-3 MW 3 6 $1.9 $0.343 S1.4 $0.242
Ground 3-5 MW
Ground 5-10 MW 6 12 $3.5 $0.288 $2.3 $0.187
Ground 10-20 MW 16 34 $7.3 $0.212 $3.8 $0.111
San Francisco Residential Roof 71 122 $56.4 $0.465 | $43.2 | $0.355
Commercial Roof 11 18 $8.2 $0.446 | $6.1 $0.336
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW
San Joaquin Residential Roof 380 669 $301.5 | $0.450 | $229.9 | $0.343
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 5 10 $3.3 $0.323 S2.2 $0.217
Ground 3-5 MW 4 9 $2.9 $0.308 $1.9 $0.202
Ground 5-10 MW 31 67 $20.1 $0.299 | $13.1 | $0.194
Ground 10-20 MW 31 67 $19.5 $0.292 | $12.5 | $0.187
San Luis Obispo  Residential Roof 89 162 $52.4 $0.323 | $35.4 | $0.218
Commercial Roof
Ground <=1 MW 0 0 S0.1 $0.306 $0.0 $0.204
Ground 1-3 MW
Ground 3-5 MW 3 8 S1.6 $0.206 $0.8 $0.104
Ground 5-10 MW
Ground 10-20 MW
San Mateo Residential Roof 220 361 $172.8 | $0.478 | $134.5 | S0.372
Commercial Roof 104 162 $75.2 $0.463 | $58.0 | $0.357
Ground <=1 MW
Ground 1-3 MW
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Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Santa Barbara

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

169

11

307 $94.7

2 $0.6
21 $6.3

22 $4.2
24 $4.7

$0.309

$0.334
$0.294

$0.196
$0.194

$62.5

$0.4
$4.1

$2.0
$2.3

$0.204

$0.231
$0.192

$0.095
$0.095

Santa Clara

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

759
225

1,346 $597.7
378 $161.7

$0.444
$0.428

$453.4
$121.3

$0.337
$0.321

Santa Cruz

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

78

136 $61.9

$0.454

$47.5

$0.348

Shasta

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

67

22

111 $53.2

$0.6
$1.0

45 $14.3

$0.479

$0.355
$0.343

$0.315

$41.1

$0.4
$0.7

$9.4

$0.370

$0.246
$0.236

$0.207

Sierra

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

1 $0.5

$0.438

$0.4

$0.332

Solano

Residential Roof
Commercial Roof
Ground <=1 MW
Ground 1-3 MW

156

273 $124.0
$0.3
$0.7
6 $2.0
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$0.454
$0.437
$0.347
$0.324

$94.9
$0.3
$0.5
$1.3

$0.347
$0.328
$0.244
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Ground 3-5 MW 4 9 $2.9 $0.310 $1.9 $0.204
Ground 5-10 MW 21 45 $13.6 $0.299 $8.8 $0.194
Ground 10-20 MW 37 79 $23.2 $0.293 | $14.9 | $0.188

Sonoma Residential Roof 251 429 $201.0 | $0.469 | $154.6 | $S0.361
Commercial Roof
Ground <=1 MW 1 1 $0.5 $0.369 $0.3 $0.262
Ground 1-3 MW
Ground 3-5 MW 4 8 $2.5 $0.320 $1.7 $0.211
Ground 5-10 MW 16 34 $10.5 $0.311 $6.8 $0.203
Ground 10-20 MW

Stanislaus Residential Roof 113 199 $89.2 $0.448 | $67.7 | $0.340
Commercial Roof
Ground <=1 MW 1 2 $0.5 $0.340 S0.4 $0.237
Ground 1-3 MW
Ground 3-5 MW 11 S3.4 $0.307 S2.2 $0.202
Ground 5-10 MW 7 14 $4.3 $0.296 $2.8 $0.191
Ground 10-20 MW

Sutter Residential Roof 70 122 $56.0 | $0.458 | $42.7 | $0.350
Commercial Roof
Ground <=1 MW 0 $0.1 $0.350 $0.1 $0.243
Ground 1-3 MW $2.7 $0.331 $1.8 $0.227
Ground 3-5 MW 12 25 $7.9 $0.316 $5.2 $0.210
Ground 5-10 MW 17 36 $10.8 $0.305 $7.0 $0.198
Ground 10-20 MW

Tehama Residential Roof 36 62 $28.9 | S0.468 | $22.3 | S0.361
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 5 11 $3.6 $0.333 $2.5 $0.226
Ground 3-5 MW
Ground 5-10 MW 6 13 $3.8 $0.304 $2.5 $0.198
Ground 10-20 MW

Trinity Residential Roof 1 2 $S0.8 $0.457 | $0.6 $0.347
Commercial Roof
Ground <=1 MW
Ground 1-3 MW
Ground 3-5 MW
Ground 5-10 MW
Ground 10-20 MW

Tulare Residential Roof 231 414 $181.1 | $0.438 | $137.7 | $S0.333
Commercial Roof
Ground <=1 MW 2 4 $1.2 $0.335 $0.8 $0.232
Ground 1-3 MW 16 36 $11.3 $0.313 $7.6 $0.211
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Ground 3-5 MW 4 9 $2.6 $0.301 $1.7 $0.200
Ground 5-10 MW 12 27 $7.8 $0.290 $5.0 $0.187
Ground 10-20 MW
Tuolumne Residential Roof 35 62 $27.2 $0.440 | $20.7 | $0.335
Commercial Roof
Ground <=1 MW 1 2 $0.7 $0.338 $0.5 $0.235
Ground 1-3 MW
Ground 3-5 MW 3 7 S2.1 $0.291 $1.3 $0.188
Ground 5-10 MW
Ground 10-20 MW
Ventura Residential Roof 419 756 $259.7 | $0.343 | $181.8 | $0.240
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 5 $1.5 $0.308 | $1.0 | $0.205
Ground 3-5 MW 20 $5.0 $0.255 $3.0 $0.154
Ground 5-10 MW 20 $5.9 $0.287 $3.7 $0.184
Ground 10-20 MW 28 60 $14.8 $0.248 $8.8 $0.147
Yolo Residential Roof 123 214 | $97.8 | $0.456 | $74.7 | $0.348
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 2 4 S1.5 $0.327 $1.0 $0.223
Ground 3-5 MW 25 54 $17.1 $0.314 | $11.4 | $0.209
Ground 5-10 MW 7 15 $4.6 $0.302 $3.0 $0.199
Ground 10-20 MW 20 42 $12.5 $0.293 $8.0 $0.188
Yuba Residential Roof 37 64 $29.3 | $0.458 | $22.5 | $0.352
Commercial Roof
Ground <=1 MW
Ground 1-3 MW 1 3 $1.0 $0.329 $0.7 $0.226
Ground 3-5 MW
Ground 5-10 MW 5 11 $3.3 $0.304 S2.2 $0.201
Ground 10-20 MW
Totals 16,366 | 29,798 | 11175 0.38 8076 0.27
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100% Learning Curve Sensitivities
All sensitivities presented are based on the least cost scenario unless otherwise noted.

15% Interconnection Constraint
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Least Cost Summary Table, 15% Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 111 189 $74.8 | $0.396 | $52.0 | $0.275
Commercial Roof 196 315 $122.1 | $0.388 $83.8 $0.266
Ground < 10 MW 632 1,328 | $344.3 | S0.259 | $190.7 | $0.144
Ground 10-20 MW 42 91 $19.1 $0.210 $9.2 $0.101
North Central Valley  Residential Roof 105 176 $68.7 | $0.390 | $47.2 | $0.268
Commercial Roof 237 376 $145.4 | $0.387 | $99.5 | $0.264
Ground < 10 MW 697 1,470 | $373.1 | S0.254 | $201.8 | $0.137
Ground 10-20 MW 11 24 $4.9 $0.207 S2.4 $0.102
South Central Valley  Residential Roof 98 169 $65.1 | $0.385 | $44.6 | $0.264
Commercial Roof 111 179 $64.6 $0.360 $42.6 $0.237
Ground < 10 MW 363 765 $192.9 | $0.252 | $104.1 | $0.136
Ground 10-20 MW 31 65 $14.3 $0.221 $6.8 $0.106
Mountain Residential Roof 20 34 $13.4 | $0.391 $9.2 $0.269
Commercial Roof 11 18 $6.9 | $0.375 $4.6 | $0.253
Ground < 10 MW 71 148 $37.7 $0.255 $20.5 $0.139
Ground 10-20 MW
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 1 2 $0.5 $0.212 $0.3 $0.111
Ground 10-20 MW
South Coast Residential Roof 636 1,132 | $353.0 | $0.312 | $227.6 | $0.201
Commercial Roof 931 1,540 $471.4 | $0.306 | $298.3 | $0.194
Ground < 10 MW 366 832 $171.3 | $0.206 | $85.4 | $0.103
Ground 10-20 MW 571 1,291 $254.6 | $0.197 | $122.7 | $0.095
South Central Valley  Residential Roof 137 251 $76.9 | $0.306 | $50.2 | $0.200
Commercial Roof 144 238 $73.0 | $0.307 | $46.2 | $0.194
Ground < 10 MW 138 321 $65.3 | $0.203 $32.3 $0.101
Ground 10-20 MW 48 102 $21.5 | $0.210 | $10.3 $0.101
Desert Residential Roof 24 43 $13.7 | $0.322 $8.9 $0.210
Commercial Roof 35 59 $18.1 | $0.308 | $11.3 | $0.193
Ground < 10 MW 45 107 $21.1 | $0.198 | $10.6 | $0.099
Ground 10-20 MW 32 70 $14.0 | $0.200 $6.8 $0.097
Mountain Residential Roof 32 59 $17.6 | $0.301 | $11.3 | $0.193
Commercial Roof 29 48 $14.6 | $0.305 $9.3 $0.196
Ground < 10 MW 34 78 $15.8 $0.203 $7.8 $0.100
Ground 10-20 MW 26 56 $11.6 $0.207 $5.6 $0.101
SDGE South Coast Residential Roof 300 529 $180.0 | $0.340 | $122.0 | $0.231
Commercial Roof 141 232 $76.0 $0.327 $50.4 $0.217
Ground < 10 MW 134 289 $63.7 $0.220 $32.7 $0.113
Ground 10-20 MW 90 195 $40.6 $0.209 $20.1 $0.103
South Central Valley  Residential Roof 3 7 $1.9 | $0.286 $1.2 $0.189
Commercial Roof
Ground < 10 MW 1 4 S0.8 $0.212 S0.4 $0.112
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 4 $0.8 $0.203 $0.4 $0.105
Ground 10-20 MW
Totals 6,638 | 12,834 | 3525 027 | 2091  0.16
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Least Net Cost Summary Table, 15% Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 111 189 $74.8 | $0.396 | $52.0 | $0.275
Commercial Roof 196 313 $120.6 | $0.386 $82.5 $0.264
Ground < 10 MW 632 1,328 | $344.2 | $S0.259 | $190.5 | $0.143
Ground 10-20 MW 42 91 $19.1 $0.210 $9.2 $0.101
North Central Valley  Residential Roof 105 180 $69.7 | $0.388 | $47.8 | $0.266
Commercial Roof 228 363 $134.8 | $0.371 | $90.5 | $0.249
Ground < 10 MW 697 1,468 | $368.6 | $0.251 | $197.9 | $0.135
Ground 10-20 MW 11 24 $5.0 $0.207 S2.4 $0.100
South Central Valley  Residential Roof 98 168 $59.2 | $0.352 | $38.9 | $0.231
Commercial Roof 111 179 $61.8 | $0.345 | $39.8 | $0.223
Ground < 10 MW 363 764 $189.4 | $0.248 | $100.9 | $0.132
Ground 10-20 MW 31 64 $14.2 $0.221 $6.8 $0.106
Mountain Residential Roof 20 34 $13.4 | $0.391 $9.2 $0.269
Commercial Roof 11 18 $5.9 | $0.321 $3.6 | $0.199
Ground < 10 MW 71 148 $37.7 $0.255 $20.5 $0.139
Ground 10-20 MW
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 1 2 $0.5 $0.212 $0.3 $0.108
Ground 10-20 MW
South Coast Residential Roof 636 1,131 | $357.9 | $0.316 | $232.8 | $0.206
Commercial Roof 931 1,539 $479.1 | $0.311 | $306.1 | $0.199
Ground < 10 MW 366 834 $172.5 | $0.207 | $86.1 | $0.103
Ground 10-20 MW 571 1,289 $254.3 | $0.197 | $122.9 | $0.095
South Central Valley  Residential Roof 137 251 $76.8 | $0.306 | $50.1 | $0.200
Commercial Roof 144 238 $74.1 | $0.311 | $47.3 | $0.199
Ground < 10 MW 138 322 $66.9 | $0.208 | $33.8 | $0.105
Ground 10-20 MW 48 102 $21.5 | $0.210 | $10.3 $0.101
Desert Residential Roof 24 42 $13.6 | $0.322 $8.9 $0.211
Commercial Roof 35 58 $17.9 | $0.308 | $11.3 | $0.194
Ground < 10 MW 45 107 $21.6 $0.202 $11.0 $0.103
Ground 10-20 MW 32 70 $14.0 | $0.200 $6.8 $0.097
Mountain Residential Roof 32 59 $17.7 | $0.301 | $11.4 | $0.193
Commercial Roof 29 48 $14.8 | $0.305 $9.3 $0.193
Ground < 10 MW 34 78 $16.0 $0.204 $7.9 $0.101
Ground 10-20 MW 26 56 $11.6 $0.207 $5.7 $0.102
SDGE South Coast Residential Roof 300 531 $182.6 | $0.344 | $124.1 | $0.234
Commercial Roof | 141 | 234 | $76.5 | $0.327 | $50.4 | $0.216
Ground < 10 MW 134 291 $68.6 $0.236 $37.2 $0.128
Ground 10-20 MW 90 195 $40.8 $0.209 $20.0 $0.102
South Central Valley  Residential Roof 3 7 $1.9 | $0.286 $1.2 $0.189
Commercial Roof
Ground < 10 MW 1 4 S0.8 $0.212 S0.4 $0.110
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 4 $0.8 $0.203 $0.4 $0.103
Ground 10-20 MW
Totals 6,630 | 12,824 | 3521 027 | 2089  0.16
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High Rooftop Summary Table, 15% Interconnection Constraint

Utility Climate Zone

Cost ($2010)
Cost in 2020

$SM  $/kWh  $M

Net Cost in 2020

$/kWh

PGE North Coast Residential Roof 640 1,089 $405.6 | $0.373 | $275.9 | $0.253
Commercial Roof 219 352 $135.3 | $0.385 $92.5 $0.263
Ground < 10 MW 122 261 $66.1 | $0.253 $36.6 | $0.140
Ground 10-20 MW
North Central Valley  Residential Roof 686 1,173 | $430.7 | $0.367 | $290.0 | $0.247
Commercial Roof 256 408 $157.6 | $0.386 | $107.7 | $0.264
Ground < 10 MW 109 234 $55.0 | $0.236 | $28.4 | S0.122
Ground 10-20 MW
South Central Valley  Residential Roof 454 780 $286.4 | $0.367 | $193.0 | $0.248
Commercial Roof 121 197 $78.2 | $0.396 | $53.9 | $0.273
Ground < 10 MW 38 81 $21.0 $0.258 $11.9 $0.146
Ground 10-20 MW
Mountain Residential Roof 88 150 $57.5 | $0.384 | $39.5 | $0.264
Commercial Roof 11 18 $6.9 $0.375 $4.7 $0.253
Ground < 10 MW 3 7 S1.6 $0.241 $0.8 $0.127
Ground 10-20 MW
SCE North Coast Residential Roof 1 2 $0.6 $0.296 $S0.4 $0.196
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
South Coast Residential Roof 1,354 | 2,448 | $744.7 | $0.304 | $480.9 | $0.196
Commercial Roof 1,089 1,809 $552.1 | $0.305 | $349.2 | $0.193
Ground < 10 MW 67 153 $31.6 | $0.206 | $16.0 | S0.104
Ground 10-20 MW 12 28 $5.4 $0.196 $2.7 $0.096
South Central Valley  Residential Roof 274 505 $150.8 | $0.299 | $97.0 | $0.192
Commercial Roof 186 309 $94.5 | $0.306 | $59.7 | $0.193
Ground < 10 MW 7 16 $3.4 $0.209 $1.8 $0.108
Ground 10-20 MW
Desert Residential Roof 82 150 $44.9 | $0.299 | $29.0 | $0.193
Commercial Roof 49 82 $24.8 $0.304 $15.6 $0.191
Ground < 10 MW 5 13 $2.3 $0.178 $1.0 $0.080
Ground 10-20 MW
Mountain Residential Roof 65 120 $36.0 | $0.301 | $23.3 | $0.195
Commercial Roof 54 89 $26.8 | $0.302 | $17.1 | $0.192
Ground < 10 MW 2 5 S1.1 $0.209 $0.5 $0.107
Ground 10-20 MW
SDGE South Coast Residential Roof 481 848 $281.0 | $0.332 | $188.8 | $0.223
Commercial Roof 178 294 $94.6 $0.322 $62.3 $0.212
Ground < 10 MW 7 15 $3.7 $0.244 $2.1 $0.138
Ground 10-20 MW
South Central Valley  Residential Roof 5 9 $2.6 | $0.284 $1.7 | $0.187
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Desert Residential Roof 2 3 $0.9 $0.285 $0.6 $0.186
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Totals 6,668 | 11,646 3804 0.33 2485 0.21
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309% Interconnection Constraint
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Least Cost Summary Table, 30% Interconnection Constraint

Utility Climate Zone

North Coast

Residential Roof

Cost ($2010)

Cost in 2020

SM

$/kWh |

Net Cost in 2020

SM

$/kWh

Commercial Roof 255 416 $181.7 $0.436 | $135.1 | $0.325
Ground < 10 MW 870 1,859 $559.3 $0.301 | $359.8 | $0.194
Ground 10-20 MW 230 487 $132.6 $0.272 $80.6 $0.165
North Central Valley Residential Roof 396 685 $310.9 | $0.454 | $234.2 | $0.342
Commercial Roof 295 477 $210.4 $0.441 | $157.0 | $0.329
Ground < 10 MW 923 1,975 $577.9 $0.293 | $363.3 | $0.184
Ground 10-20 MW 310 661 $166.3 $0.252 $94.8 | $0.143
South Central Valley  Residential Roof 284 497 $222.4 | $0.448 | $166.8 | $0.336
Commercial Roof 134 219 $95.2 $0.434 $70.5 $0.321
Ground < 10 MW 430 919 $269.1 $0.293 | $169.4 | $0.184
Ground 10-20 MW 203 434 $109.5 $0.252 $62.7 $0.144
Mountain Residential Roof 40 70 $31.7 $0.456 | $23.9 | $0.344
Commercial Roof 14 24 $10.3 $0.431 $7.6 $0.319
Ground < 10 MW 91 194 $58.9 $0.305 $38.0 $0.196
Ground 10-20 MW 38 82 $17.5 $0.214 $8.7 $0.106
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 2 5 S1.0 $0.212 $S0.6 $0.114
Ground 10-20 MW
South Coast Residential Roof 1,788 | 3,215 | $1,125.0 | $0.350 | $786.5 | $0.245
Commercial Roof 1,281 2,154 $741.3 $0.344 | $511.1 | $0.237
Ground < 10 MW 273 629 $143.1 $0.228 $80.0 $0.127
Ground 10-20 MW 1,015 2,310 $462.8 $0.200 | $234.7 | $0.102
South Central Valley Residential Roof 313 570 $194.2 | $0.341 | $135.3 | $0.237
Commercial Roof 189 318 $107.8 $0.339 $73.6 $0.232
Ground < 10 MW 89 209 $48.8 $0.234 $28.2 $0.135
Ground 10-20 MW 161 374 $74.7 $0.200 $37.6 $0.101
Desert Residential Roof 113 203 $74.2 $0.366 | $52.9 | $0.261
Commercial Roof 49 83 $28.9 $0.350 | $20.1 | $0.243
Ground < 10 MW 41 97 $20.8 $0.215 S11.4 $0.118
Ground 10-20 MW 29 68 $12.8 $0.188 $6.4 $0.094
Mountain Residential Roof 88 163 $52.5 $0.323 | $36.0 | $0.221
Commercial Roof 59 99 $30.1 $0.304 | $19.6 | $0.198
Ground < 10 MW 30 68 $13.9 $0.205 $7.1 $0.105
Ground 10-20 MW 45 98 $20.4 $0.208 $10.4 $0.105
SDGE South Coast Residential Roof 704 1,255 $463.4 $0.369 | $333.4 | $0.266
Commercial Roof 153 255 $89.3 $0.350 $62.5 $0.245
Ground < 10 MW 85 187 $45.2 $0.242 $26.1 $0.140
Ground 10-20 MW 237 516 $113.6 $0.220 $60.9 $0.118
South Central Valley Residential Roof 4 7 $2.0 $0.286 S1.4 $0.193
Commercial Roof
Ground < 10 MW 2 4 $S0.9 $0.234 $S0.5 $0.138
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 5 S1.0 $0.203 S0.5 $0.107
Ground 10-20 MW
Totals 11,668 | 22,593 | 7132 032 | 4742 021
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Least Net Cost Summary Table, 30% Interconnection Constraint

Utility Climate Zone

North Coast

Residential Roof

Cost ($2010)

Cost in 2020

SM

$/kWh |

Net Cost in 2020

SM

$/kWh

Commercial Roof 255 416 $181.5 $0.436 | $135.0 | $0.325
Ground < 10 MW 870 1,860 $559.7 $0.301 | $360.1 | $0.194
Ground 10-20 MW 230 488 $136.2 $0.279 $84.1 $0.172
North Central Valley  Residential Roof 396 685 $309.7 | $0.452 | $233.0 | $0.340
Commercial Roof 295 477 $210.3 $0.441 | $156.9 | $0.329
Ground < 10 MW 923 1,971 $564.3 $0.286 | $350.3 | $0.178
Ground 10-20 MW 310 659 $160.7 $0.244 | $89.4 | $0.136
South Central Valley Residential Roof 284 496 $222.0 | $0.448 | $166.5 | $0.336
Commercial Roof 134 219 $95.2 $0.434 $70.4 $0.321
Ground < 10 MW 430 918 $268.0 $0.292 | $168.5 | $0.184
Ground 10-20 MW 203 433 $109.3 $0.252 $62.7 $0.145
Mountain Residential Roof 40 70 $31.7 $0.456 | $23.9 | $0.344
Commercial Roof 14 24 $10.3 $0.431 $7.6 $0.319
Ground < 10 MW 91 194 $58.9 $0.305 $38.0 $0.196
Ground 10-20 MW 38 82 $17.5 $0.214 $8.7 $0.106
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 2 5 S1.4 $0.286 $S0.9 $0.188
Ground 10-20 MW
South Coast Residential Roof 1,788 3,212 | $1,110.5 | $0.346 | $772.5 | $0.240
Commercial Roof 1,281 2,152 $730.2 $0.339 | $500.3 | $0.232
Ground < 10 MW 273 630 $143.2 $0.227 $80.0 $0.127
Ground 10-20 MW 1,015 2,313 $463.4 $0.200 | $234.9 | $0.102
South Central Valley Residential Roof 313 570 $192.4 | $0.338 | $133.4 | $0.234
Commercial Roof 189 317 $108.1 $0.340 $73.9 $0.233
Ground < 10 MW 89 210 $49.4 $0.236 $28.6 $0.137
Ground 10-20 MW 161 373 $74.5 $0.200 $37.6 $0.101
Desert Residential Roof 113 202 $65.6 $0.325 | $44.3 | $0.219
Commercial Roof 49 82 $24.9 $0.304 | S$16.2 | $0.197
Ground < 10 MW 41 97 $21.5 $0.221 $12.0 $0.124
Ground 10-20 MW 29 68 $12.8 $0.188 $6.4 $0.094
Mountain Residential Roof 88 163 $52.5 $0.323 | $36.0 | $0.221
Commercial Roof 59 100 $34.0 $0.341 | $23.5 | $0.235
Ground < 10 MW 30 68 $14.2 $0.209 $7.4 $0.109
Ground 10-20 MW 45 99 $23.6 $0.239 $13.5 $0.136
SDGE South Coast Residential Roof 704 1,262 $482.5 $0.382 | $351.6 | $0.279
Commercial Roof 153 258 $99.6 $0.386 $72.5 $0.281
Ground < 10 MW 85 188 $48.2 $0.257 $29.0 $0.154
Ground 10-20 MW 237 518 $120.9 $0.233 $68.0 | $0.131
South Central Valley Residential Roof 4 7 $2.0 $0.286 S1.4 $0.193
Commercial Roof
Ground < 10 MW 2 4 S1.1 $0.283 $S0.8 $0.187
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 2 5 S1.0 $0.203 S0.5 $0.106
Ground 10-20 MW
Totals 11,668 | 22,583 | 7125 032 | 4736 021
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High Rooftop Summary Table, 30% Interconnection Constraint

Utility Climate Zone

North Coast

Residential Roof

Cost ($2010)

Cost in 2020

SM

$/kWh |

Net Cost in 2020

SM

$/kWh

Commercial Roof 278 456 $199.1 $0.436 $148.3 $0.325
Ground < 10 MW 238 522 $150.0 $0.287 $95.0 $0.182
Ground 10-20 MW 82 174 $47.1 $0.270 $28.6 $0.164

North Central Valley  Residential Roof 1,394 2,418 | $1,055.0 | $0.436 $786.5 $0.325
Commercial Roof 315 510 $224.8 $0.440 $167.8 $0.329
Ground < 10 MW 207 453 $127.2 $0.281 $78.6 $0.173
Ground 10-20 MW 67 142 $37.8 $0.266 $22.4 $0.157

South Central Valley Residential Roof 887 1,544 $669.8 | $0.434 | $498.2 | $0.323
Commercial Roof 135 223 $96.6 $0.434 $71.6 $0.321
Ground < 10 MW 86 190 $51.6 $0.272 $31.5 $0.166
Ground 10-20 MW 10 22 S4.6 $0.210 $2.3 $0.106

Mountain Residential Roof 166 288 $129.5 $0.450 $97.6 $0.339
Commercial Roof 14 24 $10.3 $0.431 $7.6 $0.319
Ground < 10 MW 7 16 $4.0 $0.243 S2.2 $0.137
Ground 10-20 MW

SCE North Coast Residential Roof 2 4 $1.1 $0.296 $0.8 $0.200

Commercial Roof
Ground < 10 MW
Ground 10-20 MW

South Coast Residential Roof 2,888 5,252 | $1,757.8 | $0.335 | $1,213.5 | $0.231
Commercial Roof 1,428 2,408 $831.1 $0.345 $574.5 $0.239
Ground < 10 MW 94 213 $50.6 $0.237 $29.0 $0.136
Ground 10-20 MW 150 348 $67.1 $0.193 $33.5 $0.096

South Central Valley Residential Roof 590 1,084 $358.1 | $0.330 | $246.6 | $0.227
Commercial Roof 182 307 $111.5 $0.363 $78.5 $0.256
Ground < 10 MW 6 14 S4.4 $0.306 $2.9 $0.202
Ground 10-20 MW 10 25 $4.5 $0.179 $2.3 $0.091

Desert Residential Roof 190 348 $117.5 | $0.337 $81.7 $0.235
Commercial Roof 44 75 $28.4 $0.379 $20.4 $0.272
Ground < 10 MW 6 16 $2.9 $0.184 S1.4 $0.089
Ground 10-20 MW

Mountain Residential Roof 113 207 $69.9 $0.337 $48.6 $0.235
Commercial Roof 98 164 $49.4 $0.302 $32.2 $0.196
Ground < 10 MW 16 39 $7.6 $0.195 $3.8 $0.099
Ground 10-20 MW

SDGE South Coast Residential Roof 990 1,774 $633.0 $0.357 $449.3 $0.253

Commercial Roof 183 306 $104.6 $0.342 $72.5 $0.237
Ground < 10 MW 24 53 $13.0 $0.248 $7.6 $0.145
Ground 10-20 MW

South Central Valley Residential Roof 6 11 $3.1 $0.284 $2.1 $0.190
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

Desert Residential Roof 2 5 S1.3 $0.285 $0.9 $0.190
Commercial Roof
Ground < 10 MW
Ground 10-20 MW
Totals 12,125 | 21,739 | 7954 0.37 5640 0.26
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1% Curtailment Interconnection Constraint
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Least Cost Summary Table, 1% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM $/kWh

Net Cost in 2020
SM $/kWh

PGE North Coast Residential Roof 52 95 $40.3 $0.424 $30.5 $0.321
Commercial Roof 51 86 $37.0 $0.428 $27.6 $0.320
Ground < 10 MW 855 1,842 $551.2 $0.299 $359.1 $0.195
Ground 10-20 MW 1,028 2,195 $627.7 $0.286 $399.5 $0.182
North Central Valley  Residential Roof 49 90 $37.2 $0.412 $27.6 $0.306
Commercial Roof 105 178 $76.1 $0.428 $56.8 $0.320
Ground < 10 MW 563 1,201 $354.2 $0.295 $227.4 $0.189
Ground 10-20 MW | 2,411 5,152 | $1,439.1 | $0.279 $890.9 $0.173
South Central Valley  Residential Roof 56 102 $40.6 $0.399 $29.9 $0.294
Commercial Roof 13 22 $9.5 $0.429 $7.0 $0.319
Ground < 10 MW 440 952 $284.9 $0.299 $184.8 $0.194
Ground 10-20 MW 546 1,171 $326.0 $0.278 $202.6 $0.173
Mountain Residential Roof
Commercial Roof 22 37 $15.9 $0.431 $11.9 $0.324
Ground < 10 MW 105 224 $68.9 $0.307 $45.3 $0.202
Ground 10-20 MW 82 176 $51.3 $0.292 $32.8 $0.186
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 4 10 $2.0 $0.203 $1.0 $0.107
Ground 10-20 MW
South Coast Residential Roof 3,572 6,543 | $2,576.3 | $0.394 | $1,900.8 | $0.291
Commercial Roof 1,523 2,600 $983.1 $0.378 $711.7 $0.274
Ground < 10 MW 269 631 $144.6 $0.229 $82.8 $0.131
Ground 10-20 MW 1,525 3,491 $720.3 $0.206 $378.3 $0.108
South Central Valley  Residential Roof 577 1,060 $412.8 | $0.389 | $304.0 | $0.287
Commercial Roof 201 345 $132.3 $0.384 $96.1 $0.279
Ground < 10 MW 99 233 $55.5 $0.239 $33.0 $0.142
Ground 10-20 MW 260 614 $129.6 $0.211 $70.5 $0.115
Desert Residential Roof 278 510 $194.6 | $0.382 | S$141.6 | $0.278
Commercial Roof 13 21 $6.4 $0.299 $4.2 $0.197
Ground < 10 MW 27 63 $14.7 $0.232 $8.6 $0.135
Ground 10-20 MW 76 183 $34.0 $0.186 $16.8 $0.092
Mountain Residential Roof 201 374 $133.7 | $0.358 $96.0 $0.257
Commercial Roof 124 211 $72.6 $0.344 $50.3 $0.239
Ground < 10 MW 28 65 $13.5 $0.208 $7.1 $0.109
Ground 10-20 MW 52 115 $29.7 $0.259 $18.3 $0.160
SDGE South Coast Residential Roof 861 1,575 $585.0 $0.371 $425.5 $0.270
Commercial Roof 139 238 $87.1 $0.366 $62.6 $0.263
Ground < 10 MW 60 131 $36.8 $0.280 $23.6 $0.180
Ground 10-20 MW 358 785 $192.1 $0.245 $113.4 $0.144
South Central Valley  Residential Roof 4 7 $2.0 $0.287 $1.4 $0.194
Commercial Roof
Ground < 10 MW 4 10 $2.2 $0.224 $1.3 $0.130
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 4 9 $1.8 $0.194 $0.9 $0.100
Ground 10-20 MW
Totals 16,640 | 33,344 10522 0.32 7084 0.21
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Least Net Cost Summary Table, 1% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh |

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 52 96 $40.1 $0.420 $30.3 $0.317
Commercial Roof 65 110 $47.3 $0.429 $35.4 $0.321
Ground < 10 MW 855 1,845 $553.1 $0.300 $360.8 $0.196
Ground 10-20 MW 1,028 2,196 $632.4 $0.288 $404.1 $0.184
North Central Valley  Residential Roof 70 128 $53.7 $0.420 $40.2 $0.314
Commercial Roof 117 198 $85.0 $0.429 $63.4 $0.320
Ground < 10 MW 563 1,201 $358.3 $0.298 $231.5 $0.193
Ground 10-20 MW 2,411 5,137 $1,411.4 | $0.275 $864.7 $0.168
South Central Valley  Residential Roof 56 102 $40.7 $0.399 $30.0 $0.294
Commercial Roof 39 65 $28.2 $0.432 $21.0 $0.322
Ground < 10 MW 440 952 $284.0 $0.298 $183.9 $0.193
Ground 10-20 MW 546 1,170 $322.8 $0.276 $199.6 $0.171
Mountain Residential Roof
Commercial Roof 22 37 $15.9 $0.431 $11.9 $0.324
Ground < 10 MW 105 224 $67.9 $0.303 S44.3 $0.198
Ground 10-20 MW 82 176 $51.3 $0.292 $32.8 $0.186
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 4 10 S2.0 $0.203 S1.0 $0.107
Ground 10-20 MW
South Coast Residential Roof 3,614 6,613 $2,582.7 | $0.391 | $1,898.7 | $0.287
Commercial Roof 1,523 2,598 $973.9 $0.375 $702.4 $0.270
Ground < 10 MW 269 633 $147.5 $0.233 $85.5 $0.135
Ground 10-20 MW 1,525 3,497 $727.1 $0.208 $384.3 $0.110
South Central Valley  Residential Roof 579 1,064 $415.1 | $0.390 | $305.6 | $0.287
Commercial Roof 201 343 $134.0 | $0.390 $98.0 $0.285
Ground < 10 MW 99 234 $56.8 $0.243 $34.1 $0.146
Ground 10-20 MW 260 614 $129.7 $0.211 $70.5 $0.115
Desert Residential Roof 278 509 $194.0 | $0.381 | $141.2 | $0.278
Commercial Roof 13 22 $7.1 $0.331 $4.9 $0.228
Ground < 10 MW 27 64 $15.8 $0.246 $9.5 $0.149
Ground 10-20 MW 76 183 $34.0 $0.186 $16.8 $0.092
Mountain Residential Roof 194 360 $127.9 | $0.355 $91.6 $0.254
Commercial Roof 124 211 $72.5 $0.344 $50.4 $0.240
Ground < 10 MW 28 65 $13.8 $0.211 $7.3 $0.112
Ground 10-20 MW 52 116 $29.9 $0.259 $18.5 $0.160
SDGE South Coast Residential Roof 766 1,410 $537.0 $0.381 $394.3 $0.280
Commercial Roof 139 239 $89.4 | $0.374 | $64.8 | $0.271
Ground < 10 MW 60 132 $39.3 $0.298 $26.0 $0.197
Ground 10-20 MW 358 788 $200.2 $0.254 $121.2 $0.154
South Central Valley  Residential Roof 4 7 $2.0 $0.287 S1.4 $0.194
Commercial Roof
Ground < 10 MW 4 10 S2.6 $0.256 S1.6 $0.161
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 4 9 $1.8 $0.194 $0.9 $0.099
Ground 10-20 MW
Totals 16,655 | 33,366 | 10528  0.32 7084 0.21

A-96




High Rooftop Summary Table, 1% Curtailment Interconnection Constraint

Utility Climate Zone

PGE

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,664
278

2,954
460

Cost ($2010)

Cost in 2020

SM
$1,310.8
$201.1

$/kWh |
$0.444
$0.438

Net Cost in 2020

Y
$997.9
$151.7

$/kWh
$0.338
$0.330

North Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

2,080
318

3,697
529

$1,596.4
$230.2

$0.432
$0.435

$1,197.6
$172.8

$0.324
$0.327

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,194
119

2,117
197

$920.7
$86.0

$0.435
$0.437

$693.2
$64.5

$0.327
$0.327

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

210
22

373
36

$166.0
$15.7

$0.445
$0.431

$126.2
$11.8

$0.338
$0.324

SCE

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

S2.4

$0.298

$1.6

$0.201

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

5,440
1,654

9,878
2,803

$3,665.4
$1,035.6

$0.371
$0.369

$2,653.1
$743.5

$0.269
$0.265

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,035
171

1,894
291

$697.2
$113.4

$0.368
$0.389

$504.3
$82.9

$0.266
$0.284

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

399
13

729
22

$265.4
$6.6

$0.364
$0.302

$191.2
$4.4

$0.262
$0.200

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

259
122

474
207

$174.1
$65.8

$0.367
$0.318

$126.1
$44.0

$0.266
$0.213

SDGE

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,482
185

2,677
312

$994.2
$112.8

$0.371
$0.362

$722.9
$80.8

$0.270
$0.259

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

13

$3.7

$0.284

$2.5

$0.192

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

$2.4

$0.288

S1.6

$0.193

Totals

16,660

29,680

11666

0.39

8575

0.29
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3% Curtailment Interconnection Constraint
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Least Cost Summary Table, 3% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 50 90 $38.4 $0.425 $29.0 $0.321
Commercial Roof 27 46 $19.9 $0.434 $14.8 $0.324
Ground < 10 MW 801 1,690 $513.6 $0.304 $333.7 $0.197
Ground 10-20 MW 1,261 2,649 $773.6 $0.292 $492.9 $0.186
North Central Valley Residential Roof 37 67 $27.1 $0.405 $19.9 $0.298
Commercial Roof 97 164 $70.8 $0.431 $52.9 $0.322
Ground < 10 MW 514 1,074 $323.6 $0.301 $207.7 $0.193
Ground 10-20 MW 2,726 5,727 $1,628.5 | $0.284 | $1,008.9 | $0.176
South Central Valley Residential Roof 58 105 $42.8 $0.407 $31.6 $0.300
Commercial Roof 4 8 $3.3 $0.432 S2.4 $0.322
Ground < 10 MW 427 907 $276.7 $0.305 $179.6 $0.198
Ground 10-20 MW 629 1,331 $369.1 $0.277 $226.8 $0.170
Mountain Residential Roof
Commercial Roof
Ground < 10 MW 87 183 $57.0 $0.312 $37.5 $0.205
Ground 10-20 MW 113 237 $70.7 $0.299 $45.4 $0.192
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 5 11 $2.3 $0.207 S1.2 $0.109
Ground 10-20 MW
South Coast Residential Roof 3,105 | 5,646 | $2,212.9 | $0.392 | $1,623.3 | $0.288
Commercial Roof 1,595 2,683 $1,041.6 | $0.388 $756.6 $0.282
Ground < 10 MW 251 579 $132.9 $0.230 $75.4 $0.130
Ground 10-20 MW 1,641 3,717 $772.0 $0.208 $403.4 $0.109
South Central Valley Residential Roof 496 906 $360.6 | $0.398 | $266.3 | $0.294
Commercial Roof 177 299 $117.2 $0.392 $85.3 $0.285
Ground < 10 MW 101 230 $56.5 $0.245 $33.7 $0.146
Ground 10-20 MW 305 709 $152.5 $0.215 $83.1 $0.117
Desert Residential Roof 177 322 $113.1 | $0.351 $79.6 $0.247
Commercial Roof 13 21 $7.2 $0.342 $5.0 $0.238
Ground < 10 MW 28 65 $15.3 $0.237 $8.9 $0.138
Ground 10-20 MW 84 199 $37.6 $0.189 $18.6 $0.094
Mountain Residential Roof 214 394 $143.3 | $0.363 | $102.7 | $0.260
Commercial Roof 132 222 $73.1 $0.330 $49.3 $0.223
Ground < 10 MW 25 57 $11.9 $0.210 $6.3 $0.110
Ground 10-20 MW 56 122 $32.1 $0.263 $19.9 $0.163
SDGE South Coast Residential Roof 860 1,561 $620.3 $0.398 $460.2 $0.295
Commercial Roof 144 241 $86.5 $0.359 $61.4 $0.255
Ground < 10 MW 56 122 $34.8 $0.286 $22.3 $0.184
Ground 10-20 MW 372 802 $201.1 $0.251 $119.4 $0.149
South Central Valley Residential Roof 4 7 $2.0 $0.292 S1.4 $0.198
Commercial Roof
Ground < 10 MW 5 12 $2.5 $0.207 S1.3 $0.111
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 4 10 $S2.0 $0.196 S1.1 $0.101
Ground 10-20 MW
Totals 16,682 | 33,215 10447 0.31 6969 0.21
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Least Net Cost Summary Table, 3% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 55 101 $42.3 $0.420 $31.7 $0.314
Commercial Roof 27 46 $19.9 $0.434 $14.8 $0.324
Ground < 10 MW 801 1,692 $515.2 $0.305 $335.2 $0.198
Ground 10-20 MW 1,261 2,650 $771.0 $0.291 $490.2 $0.185
North Central Valley  Residential Roof 47 85 $35.2 $0.413 $26.1 $0.307
Commercial Roof 108 182 $78.5 $0.431 $58.7 $0.323
Ground < 10 MW 514 1,074 $327.0 $0.305 $211.1 $0.197
Ground 10-20 MW | 2,726 5,708 | $1,600.3 | $0.280 $982.8 $0.172
South Central Valley  Residential Roof 75 134 $55.7 $0.415 $41.3 $0.308
Commercial Roof 5 8 $3.3 $0.432 $2.5 $0.322
Ground < 10 MW 427 907 $273.8 $0.302 $176.8 $0.195
Ground 10-20 MW 629 1,329 $373.8 $0.281 $231.7 $0.174
Mountain Residential Roof
Commercial Roof
Ground < 10 MW 87 183 $57.1 $0.312 $37.5 $0.205
Ground 10-20 MW 113 237 $70.7 $0.299 $45.4 $0.192
SCE North Coast Residential Roof
Commercial Roof
Ground < 10 MW 5 11 S2.4 $0.207 S1.2 $0.109
Ground 10-20 MW
South Coast Residential Roof 3,207 | 5,821 | $2,279.0 | $0.392 | $1,669.1 | $0.287
Commercial Roof 1,583 2,664 $1,022.0 | $0.384 $738.6 $0.277
Ground < 10 MW 251 582 $136.2 $0.234 $78.4 $0.135
Ground 10-20 MW 1,641 3,725 $781.7 $0.210 $411.9 $0.111
South Central Valley Residential Roof 480 877 $342.9 | $0.391 | $251.4 | $0.287
Commercial Roof 177 299 $119.7 $0.400 $87.7 $0.293
Ground < 10 MW 101 231 $57.9 $0.250 $34.9 $0.151
Ground 10-20 MW 305 709 $152.5 $0.215 $83.0 $0.117
Desert Residential Roof 241 438 $164.0 | $0.375 | $118.0 | $0.270
Commercial Roof 13 21 $7.2 $0.342 $5.0 $0.237
Ground < 10 MW 28 65 $15.9 $0.245 $9.5 $0.146
Ground 10-20 MW 84 199 $37.6 $0.189 $18.6 $0.094
Mountain Residential Roof 192 353 $125.0 | $0.354 $88.7 $0.251
Commercial Roof 132 219 $75.7 $0.345 $52.6 $0.240
Ground < 10 MW 25 57 $12.0 $0.211 $6.4 $0.112
Ground 10-20 MW 56 123 $32.4 $0.263 $20.1 $0.164
SDGE South Coast Residential Roof 683 1,246 $502.2 $0.403 $374.6 $0.301
Commercial Roof 138 233 $88.8 $0.380 $64.3 $0.275
Ground < 10 MW 56 122 $36.5 $0.299 $24.0 $0.196
Ground 10-20 MW 372 806 $209.8 $0.260 $127.8 $0.158
South Central Valley Residential Roof 4 7 $2.0 $0.292 S1.4 $0.198
Commercial Roof
Ground < 10 MW 5 12 $3.1 $0.257 $S2.0 $0.161
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground < 10 MW 4 11 $2.1 $0.196 S1.1 $0.100
Ground 10-20 MW
Totals 16,659 | 33,168 10432 0.31 6956 0.21
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High Rooftop Summary Table, 3% Curtailment Interconnection Constraint

Utility Climate Zone

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

257

419

Cost ($2010)

Cost in 2020

SM

$186.2

$/kWh |

$0.445

Net Cost in 2020

SM

$140.3

$/kWh

$0.335

North Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,734
306

3,060
505

$1,336.9
$221.4

$0.437
$0.439

$1,002.8
$166.2

$0.328
$0.329

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

972
115

1,708
189

$755.3
$83.8

$0.442
$0.444

$568.8
$62.8

$0.333
$0.333

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

184
22

324
36

$145.3
$15.9

$0.449
$0.441

$110.3
$11.9

$0.341
$0.331

SCE

North Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

10

$2.9

$0.304

$2.0

$0.205

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

6,137
1,656

11,000
2,765

$4,212.7
$1,043.1

$0.383
$0.377

$3,067.2
$750.1

$0.279
$0.271

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,164
163

2,102
272

$802.8
$106.0

$0.382
$0.390

$584.9
§77.1

$0.278
$0.283

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

414
13

747
21

$273.1
S7.4

$0.365
$0.344

$195.9
$5.1

$0.262
$0.240

Mountain

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

303
130

546
216

$204.5
$69.1

$0.374
$0.320

$148.1
$46.1

$0.271
$0.214

SDGE

South Coast

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

1,553
158

2,773
263

$1,031.5
$93.4

$0.372
$0.355

$746.5
$66.1

$0.269
$0.252

South Central Valley

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

14

$4.0

$0.288

$2.7

$0.194

Desert

Residential Roof
Commercial Roof
Ground < 10 MW
Ground 10-20 MW

$2.7

$0.291

$1.8

$0.195

Totals

16,680

29,414

11687

0.40

8584

0.29
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5% Curtailment Interconnection Constraint
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Least Cost Summary Table, 5% Curtailment Interconnection Constraint

Climate Zone

Utility

Cost ($2010)
Cost in 2020 Net Cost in 2020
SM $/kWh SM $/kWh

PGE North Coast Residential Roof 13 22 $8.5 $0.377 $6.0 $0.268
Commercial Roof
Ground < 10 MW 805 1,673 $514.2 $0.307 $333.7 $0.200
Ground 10-20 MW 1,346 2,786 $827.0 $0.297 $527.0 $0.189
North Central Valley  Residential Roof 25 45 $16.5 $0.369 $11.6 $0.259
Commercial Roof 43 72 $31.3 $0.434 $23.3 $0.323
Ground <10 MW 516 1,064 $323.5 $0.304 $207.0 $0.195
Ground 10-20 MW 2,816 5,842 $1,679.3 | $0.287 | $1,039.7 | $0.178
South Central Valley  Residential Roof 65 116 $48.3 $0.417 $35.7 $0.308
Commercial Roof
Ground < 10 MW 407 857 $260.8 $0.304 $167.7 $0.196
Ground 10-20 MW 701 1,449 $415.9 $0.287 $257.7 $0.178
Mountain Residential Roof
Commercial Roof
Ground <10 MW 88 183 $55.9 $0.305 $36.2 $0.198
Ground 10-20 MW 115 237 $71.7 $0.303 $46.2 $0.195
SCE North Coast Residential Roof 0 0 $0.1 $0.308 $S0.1 $0.207
Commercial Roof
Ground < 10 MW 5 11 $2.3 $0.203 $1.2 $0.104
Ground 10-20 MW
South Coast Residential Roof 2,872 5,152 | $2,026.0 | $0.393 | $1,480.6 | $0.287
Commercial Roof 1,601 2,646 $1,043.1 | $0.394 $756.6 $0.286
Ground <10 MW 226 513 $119.7 $0.233 $67.9 $0.132
Ground 10-20 MW 1,717 3,833 $821.4 $0.214 $435.3 $0.114
South Central Valley  Residential Roof 524 946 $380.9 $0.403 $281.1 $0.297
Commercial Roof 166 275 $113.2 $0.411 $83.3 $0.303
Ground < 10 MW 108 242 $60.0 $0.248 $35.6 $0.147
Ground 10-20 MW 322 736 $160.8 $0.218 $87.7 $0.119
Desert Residential Roof 182 328 $126.6 $0.386 $91.9 $0.280
Commercial Roof 13 21 $6.4 $0.307 $4.2 $0.202
Ground <10 MW 26 60 $14.0 $0.233 $8.0 $0.133
Ground 10-20 MW 87 204 $38.8 $0.191 $19.2 $0.094
Mountain Residential Roof 186 337 $119.4 $0.354 $84.3 $0.250
Commercial Roof 139 229 $80.1 $0.350 $55.1 $0.241
Ground < 10 MW 25 57 $12.1 $0.212 $6.4 $0.112
Ground 10-20 MW 61 130 $34.7 $0.267 $21.4 $0.165
SDGE South Coast Residential Roof 881 1,578 $652.3 $0.413 $487.4 $0.309
Commercial Roof 147 243 $92.8 $0.383 $67.0 $0.276
Ground <10 MW 62 134 $34.8 $0.259 $20.9 $0.156
Ground 10-20 MW 368 780 $188.9 $0.242 $108.1 $0.139
South Central Valley  Residential Roof 4 7 $2.0 $0.293 $1.4 $0.199
Commercial Roof
Ground < 10 MW 6 14 $3.4 $0.247 $2.0 $0.149
Ground 10-20 MW
Desert Residential Roof
Commercial Roof
Ground <10 MW 5 11 $2.3 $0.201 $1.2 $0.103
Ground 10-20 MW
Totals 16,672 | 32,834 10389 0.32 6900 0.21
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Least Net Cost Summary Table, 5% Curtailment Interconnection Constraint

Utility Climate Zone

Cost ($2010)

Cost in 2020

SM

$/kWh |

Net Cost in 2020

SM

$/kWh

PGE North Coast Residential Roof 21 37 S14.4 $0.391 $10.3 $0.280
Commercial Roof
Ground < 10 MW 805 1,675 $516.0 $0.308 $335.4 $0.200
Ground 10-20 MW 1,346 2,790 $832.1 $0.298 $531.8 $0.191
North Central Valley  Residential Roof 242 431 $189.9 | $0.441 | $141.8 | $0.329
Commercial Roof 64 105 $45.9 $0.437 $34.1 $0.325
Ground < 10 MW 516 1,063 $327.0 $0.308 $210.7 $0.198
Ground 10-20 MW | 2,816 5,825 | $1,648.6 | $0.283 | $1,010.8 | S0.174
South Central Valley  Residential Roof 65 115 $48.1 $0.417 $35.6 $0.309
Commercial Roof 5 8 $3.3 $0.443 $2.5 $0.330
Ground < 10 MW 407 857 $257.6 $0.301 $164.5 $0.192
Ground 10-20 MW 701 1,445 $419.7 $0.290 $261.9 $0.181
Mountain Residential Roof
Commercial Roof
Ground < 10 MW 88 184 $56.1 $0.305 $36.3 $0.198
Ground 10-20 MW 115 237 $71.8 $0.303 $46.3 $0.195
SCE North Coast Residential Roof 0 0 $0.1 $0.308 $0.1 $0.206
Commercial Roof
Ground < 10 MW 5 11 $2.3 $0.203 S1.2 $0.104
Ground 10-20 MW
South Coast Residential Roof 2,890 5,177 $2,038.1 | $0.394 | $1,488.0 | $0.287
Commercial Roof 1,575 2,604 $1,020.8 | $0.392 $738.7 $0.284
Ground < 10 MW 226 516 $121.4 $0.235 $69.2 $0.134
Ground 10-20 MW 1,717 3,836 $811.1 $0.211 $424.3 $0.111
South Central Valley  Residential Roof 471 849 $340.4 | $0.401 | $250.3 | $0.295
Commercial Roof 166 275 $113.5 | $0.413 $83.7 $0.304
Ground < 10 MW 108 243 $61.6 $0.253 $37.0 $0.152
Ground 10-20 MW 322 737 S161.1 $0.218 $87.8 $0.119
Desert Residential Roof 131 234 $74.8 $0.320 $50.1 $0.214
Commercial Roof 13 21 $6.4 $0.307 $4.2 $0.202
Ground < 10 MW 26 61 $14.7 $0.241 $8.6 $0.141
Ground 10-20 MW 87 204 $38.8 $0.191 $19.2 $0.094
Mountain Residential Roof 186 338 $118.9 | $0.352 $83.8 $0.248
Commercial Roof 139 227 $79.8 $0.351 $55.1 $0.242
Ground < 10 