





cost targets, and a recent DOE expert elicitation of PV costs
(12). The DOE elicitation included PV experts ranging from Table 1. Financing parameters

industry to academia. Residential | Resdential | Commercial
. . (new / (PACE-
Residential PV System Costs retrofit) styleY)
$7,000 + L oan Rate (real) 5% / 5% 3.9%% 5%
' Loan Term 30/15 20 20
(years)
Down Payment 20% 1% 20%
Depr eciation - - MACRS
= Federal Tax 28-33% 28-33% 35%
g State Tax by state by state by state
Federal 30% ITC 30% ITC 30% ITC
$2.000 - - T I ncentives through through 2016 | through 2016;
' —EIA 2016 10% after
$1,000 + —DOE SETP - —  — — 201¢
— Expert Elicitation State Incentives’ | by state by state by state
$0 ‘ ‘ ‘ ‘ 'Based on financing terms frofh3).
2010 2015 2020 2025 2030

Figure 3. Residential PV cost projections. The solid black

line represents median PV cost estimates from the DOE
elicitation (50% of participants thought costs would be

higher and 50% lower). The upper dashed line represents &

cost projection where 10% of participants thought costs

would be higher, and the lower dashed line represents cost

where 10% of participants thought costs would be lower.

$0

2010

Commercial PV System Costs

—EIA
—— —DOE SETP
— Expert Elicitation

2015 2020 2025

Figure 4. Same as Figure 3, but for commercial PV

systems.

Figures 3 and 4 illustrate different evolutions of PV costs
for residential and commercial systems. The DOE SETP
cost targets are more aggressive, but could be met my
incremental improvements in manufacturing processes (angashflow metric, and the IRR-based metric were chosen
costs), and decreasing supply chain inefficiencies. We use here to best represent the decision making process used by
this range of PV costs to explore the sensitivity of the

rooftop PV market to future costs reductions in section 3.

The majority of PV customers finance their PV system.
SolarDS models the annual cost of PV ownership using thecustomer adoption fraction, and a market diffusion rate

financing assumptions in Table 1. For residential systems, which characterizes how quickly a potential PV market is
both standard financing assumptions and attractive
financing assumptions (Property Assessed Clean Energy market share, is approximated based on previous survey
(PACE)(13)) are explored in section 3.

copyright 2010, American Solar Energy Society

2Although systems financed using PACE loans frequently do not require a
down payment, a small down payment is included here to capture loan fees.
*From thewww.dsireusa.orglatabase.

.3. Simulating PV Adoption

Potential PV customers frequently use economic
Qerformance metrics to evaluate a PV investment. Survey
studies have suggested that residential customers typically
use the payback time metric to evaluate whether or not they
will invest in an energy saving devi¢g 6,14) Because of
this, PV market penetration models typically use PV
payback times to simulate customer adoption, not because
they represent the most accurate indicator of investment
value, but because they best characterize the decision
making process used by potential customers. SolarDS
calculates residential PV payback times using the time-to-
net-positive-cashflow metric, which represents the first year
that the revenue generated by a PV system exceeds the cost
of ownership(4,6,7) SolarDS calculates commercial
payback times based on the Internal Rate of Return (IRR)
earned by the PV system. The commercial payback time
represents the amount of time required for an investment
accruing at the system IRR to double in va8ig). Simple
payback times—roughly defined by the cost of a system
divided by its annual revenue—have also been used in
previous rooftop PV simulatior(g.g. 5) however simple
payback times are not able to capture the impacts of
customer financing options. Both the time-to-net-positive-

potential residential and commercial customers.

PV adoption rates are simulated using a semi-empirical
relationship between PV payback time and maximum

attained. The maximum customer adoption fraction, or

studieq(14), and expert elicitations from industry

first published in the SOLAR 2010 Conference Proceedings



participantg5,15) Figure 5 shows maximum market share
relationships derived and used in previous studies.

PV Maximum Market Share

909 A\ —Kastovich et al. [1982]

80 - R.W. Beck [2009] (exp[-0.3*payback])
;\; 70 A = Navigant [2008] (Retrofit)
B/ Navigant [2008] (New)
E 60 1 \ ——NEMS / A.D. Little [2004] (Residential - Retrofit)
0 50 4 NEMS / A.D. Little [2004] (Residential - New)
—g‘: 40 - NEMS / A.D. Little [2004] (Commercial)
©
= 30 A
3
S 20

10 ~

0 -1
0 5 10 15 20 25 30

Payback Time (years)
Figure 5. Relationship between PV payback times and

maximum market share, representing the fraction of
customers likely to invest in PV for a range of payback
times.

Figure 5 shows that there are significant differences in

roof space, and roofs that are unsuitable for PV adoption
(5,7). The remaining building stock is scaled by associated
market adoption fractions, using a distribution of customer-
and building-dependent PV system sizes (residential
systems have mean sizes of approximately 4-5kW, and
commercial systems have means sizes of approximately 75-
100 kw, depending on the deployment scenario). Using this
methodology, the technical potential of the residential and
commercial rooftop PV markets are approximately 300 GW
each(7).

3. RESULTS

To explore the evolution of residential and commercial
rooftop PV markets in the U.S., and evaluate the sensitivity
of these markets to a range of future PV cost reductions and
policy-based incentives, we ran several SolarDS scenarios
varying the input parameters listed in Table 2. We varied
PV prices from an upper bound of the PV costs used by EIA
in the AEO 2009 projectiond 1), to a lower bound of PV
costs from the DOE SETP targets. We use two customer
adoption relationships, including the relationship used in
National Energy Modeling System (NEM@)5) to simulate

assumed market sizes for PV systems with both long (>10 AEO projections, and the relationship used in the Navigant

years) and short (<10 years) payback times. Some
relationships show virtually no PV adoption for systems

Consulting, Inc. PV market penetration mo¢sl We
calculate penetration using the standard financing

with payback times greater than 12 years, while others showssumptions listed in Table 1, and explore the impact of
some adoption for payback times greater than 20 years. ORACE-style financing parameters followi(tg). We also

challenge in defining potential PV market share based on

evaluate a range of policy-based options, including the

payback times is that these relationships are dynamic, and impacts of pricing carbon emissions, adding full net

will change over time based on demonstrated technology

metering, and extending the 30% federal ITC through 2030.

improvements, general customer awareness and acceptance,

and access to financing (in particular, new financing

Table2. Market driversexplored in SolarDS

methods like PACE). While improving our understanding ¢

|

L ower Penetration

Higher Penetration

the relationship between PV economic performance and
customer adoption is the focus of ongoing research, we
explore the sensitivity of model simulations to market

adoption assumptions in section 3.

The rate at which durable goods attain market share, or
diffuse into a potential market, has been actively research
for several decades. SolarDS characterizes the rate of
customer adoption using Bass diffusion dynanil€,

where diffusion is driven both by early adopters (using a
coefficient of innovation), and by late adopters (using a
coefficient of imitation). Diffusion models and coefficients
are critically important for short-term simulations (<10

PV Price EIA prices used in the DOE Solar Energy
AEO 2009 projection | Technology Program
cost targets
Market NEMS [EIA, 2004] Navigant [Paidipati et
Penetration al. 2008]
Assumption
Financing Standard loan terms | PACE loan terms for
PParameters for residential and residential
commercial Standard loan terms
for commercial
Net Metering | No net metering; Full net metering;

surplus electricity
valued at reduced
natural gas u

surplus electricity
valued at retail
eledricity rates

years), but not as important for longer-term simulations
(~20 years or greater) where potential markets have been
diffused into.

The final step in simulating the rooftop PV market is to
calculate capacity additions from customer adoption

Carbon Price

No carbon price

Carbon price set to
$15/ton CQin 2012,
then increases linearly
to $50/ton CQ by
2025. Stays fixed at
$50/ton CQ through
2030.

characteristics. This is done using a residential and

I ncentives

ITC through 2016

ITC through 2030

commercial building stock database, and statistically
filtering this database to remove shaded roofs, obstructed

copyright 2010, American Solar Energy Society
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Varying these six input assumptions resulted in a wide
range of modeled PV markets, with 20 to 280 GW of
installed rooftop PV capacity by 2030. Figure 6 shows the
evolution of the rooftop PV market for 10 scenarios, where
the input parameters that improve PV economics were
added sequentially. Lowering PV prices increases the
rooftop PV market from approximately 20 to 80 GW by
2030. Allowing residential customers to use PACE-style
financing increases the rooftop PV market by another 20

GW. Adding full net metering and pricing carbon emissions © 4 -

increases the market by another 60 to 100 GW. And
extending the 30% federal ITC brings the cumulative
market to 215 — 280 GW by 2030. Figure 6 shows rooftop

PV projections calculated using both the customer adoption

relationship from Navigan(®) (solid lines) and from NEMS
(15) (dashed lines). While the different customer adoption
relationships lead to significant differences in PV market
projections on the order of 20%, they do not drive the
modeled PV markets to the extent of other input variables
like PV price projections.

Cumulative Rooftop Penetration

300 7 —Low PV Cost, Financing, Policy, Incentives
Low PV Cost, Financing, Policy
250 | —Low PV Cost, Financing —
Low PV Cost
200 _| =—High PV Cost 7’:
= e
5 150
100
50
0
2010 2015 2020 2025 2030

Figure 6. Evolution of the rooftop PV market for several
scenarios where input parameters that increase PV econo
performance are applied sequentially. The solid lines show
PV projections calculated using the customer adoption
relationships from Navigarfb), and the dashed lines use
customer adoption relationships from NENLS).

Figure 7 shows the impact of varying each input assumptio
individually. Lowering PV cost has the largest impact on
increasing PV penetration, followed by improving PV
economics through policy options (adding full net metering,
and pricing carbon emissions) and extending the federal
ITC. Switching to PACE-style financing parameters affects
only residential systems (as modeled here), and shows the
least impact when applied individually. Several input
assumptions show significantly less impact when applied
individually (Figure 7) than when applied sequentially
(Figure 6). For example, improving PV economics by

financing assumptions have already been applied. This is
caused, in part, by the non-linear customer adoption
relationships, as shown in Figure 5.

Cumulative Rooftop Penetration

e e —
Low PV Cost
80 1 Policy - - T 7
70 | =—Incentives - - ___ s
—Financing
60 +— —HighPVCost —— —— ——— ———
50+

30 -
20
10 - _~
O T T T 1

2010 2015 2020 2025 2030

Figure 7. Evolution of the rooftop PV market for several
scenarios where input parameters that increase PV economic
performance are applied individually. The solid lines show
PV projections calculated using the customer adoption
relationships from Navigar{s), and the dashed lines use
customer adoption relationships from NENIS).

Figure 8 explores the different sensitivities of the residential
and commercial rooftop PV markets to varying input
assumptions. These scenarios are calculated using the
customer adoption relationships from Navigé)t and by
sequentially applying input parameters that increase PV
economic performance. Figure 8 shows that achieving PV
cost reductions in line with DOE SETP targets is sufficient
to induce very robust growth in the commercial rooftop PV
market, but significantly less rapid growth in the residential
market. Additional market or policy based ‘levers’ would be
required to stimulate the residential market to reach similar

rﬁgels of penetration as the commercial market. Improving

residential financing options using a PACE-style model,
increases the modeled residential (and total) market by
approximately 20GW by 2030. Additional policy based
incentives, including full net metering, pricing carbon
emissions, and extending the federal ITC through 2030 lead
ﬁo substantially larger increases in the residential than the

commercial market.

assuming full net metering and by pricing carbon emissions

increase total market size on the order of 10-20 GW when

applied individually, but increase market size up to 100 GW

when applied after PV cost reductions and PACE-style

copyright 2010, American Solar Energy Society
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Residential Rooftop Capacity
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Figure 8. Cumulative installed rooftop PV capacity for a
range of scenarios, calculated using DOE SETP PV costs, °-
and sequentially applying input parameters that improve PV
economic performance.

The commercial PV market (as modeled) requires fewer 6.
incentives to show vigorous growth, primarily because of
four factors: (1) larger commercial PV systems cost less per
kW than smaller residential systems; (2) commercial
customers are eligible for a 10% federal ITC after the 30%
ITC expires in 2016; (3) commercial customers can
depreciate their PV investment using a 6-year capital
recovery schedule (following the Modified Accelerated Cos8-
Recovery System — or MACRS); and (4) the use of an IRR-
based payback metric leads to shorter payback times than
the time-to-net-positive cash flow metric under several
scenarios These factors combine, allowing commercial
markets to grow strongly if PV cost reductions achieve
DOE SETP targets, while residential markets require
additional cost reductions and/or incentives to reach similar
levels of penetration. However, since the technical potentiafL.O-
of commercial and residential markets are similar
(approximately 300 GW eadfi)), the commercial market
begins to saturate more quickly, making the commercial
market less sensitive to adding several incentives in tanderd1-

2 This is primarily caused by the assumption in calculating IRRs that capital
can be reinvested at a rate of return equal to the system IRR. Revenue froh?.
the federal ITC and accelerated depreciation is implicitly assumed to be
reinvested at very high rates for systems with high IRRs.

copyright 2010, American Solar Energy Society
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