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Abstract

Over the past several years, third-party-ownership (TPO) structures for residential photovoltaic (PV)
systems have become the predominant ownership model in the US residential market. Under a TPO
contract, the PV system host typically makes payments to the third-party owner of the system. Anec-
dotal evidence suggests that the total TPO contract payments made by the customer can differ sig-
nificantly from payments in which the system host directly purchases the system. Furthermore,
payments can vary depending on TPO contract structure. To date, a paucity of data on TPO contracts
has precluded studies evaluating trends in TPO contract cost. This study relies on a sample of 1113
contracts for residential PV systems installed in 2010-2012 under the California Solar Initiative to
evaluate how the timing of payments under a TPO contract impacts the ultimate cost of the system to
the customer. Furthermore, we evaluate how the total cost of TPO systems to customers has changed
through time, and the degree to which contract costs have tracked trends in the installed costs of a PV
system. We find that the structure of the contract and the timing of the payments have financial impli-
cations for the customer: (1) power-purchase contracts, on average, cost more than leases, (2) no-
money-down contracts are more costly than prepaid contracts, assuming a customer’s discount rate is

lower than 17% and (3) contracts that include escalator clauses cost more, for both power-purchase
agreements and leases, at most plausible discount rates. In addition, all contract costs exhibit a wide
range, and do not parallel trends in installed costs over time.

Introduction

Residential solar photovoltaic (PV) systems consti-
tuted roughly one quarter of the PV capacity installed
in the United States in 2013—an estimated 792 MW
(GTM Research 2013). While the PV market has been
growing rapidly, PV still makes up a very small portion
of the total US energy mix. As costs continue to decline
and the industry continues to grow, PV could begin to
make a substantial contribution to the US energy mix
over the next couple of decades (DOE 2012). PV costs
have witnessed steady declines over the past several
decades, and in the past four years, have nearly halved
(Feldman and Friedman 2013). At the same time, PV
incentives—including the federal investment tax
credit (ITC) and various state, municipal, and utility
rebates and tax credits—have substantially reduced

the capital requirements to install solar. However,
achieving grid parity (the ability to generate electricity
at a cost that is less than or equal to the price of
purchasing power from the electricity grid) will
require additional cost reductions, and these cost
reductions will need to be passed on to consumers.

The use of third-party-ownership (TPO) struc-
tures for PV has increased considerably over the past
several years —from an estimated 10-20% in large US
markets in 2009, to an estimated 65% of the US mar-
ket 2013 (GTM Research 2013, GTIM
Research 2014). TPO provides an attractive alternative
for consumers who either do not want to assume risks

in

associated with ownership or prefer a low money
down payment option. Further, a TPO structure can
make financial sense due to the challenges individual
homeowners face in monetizing the ITC and modified
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accelerated cost recovery system (MACRs) deprecia-
tion'. Under a TPO contract, the contract type and
payment structure between the solar customer (home-
owner) and the system owner (solar integrator or
third-party financer) can take the contractual form of
a solar lease or a solar power-purchase agreement
(PPA). In a solar lease, the customer pays a specified
amount (agreed upon at the outset of the contract)
every month, regardless of the system’s energy pro-
duction. In a solar PPA, the customer pays a specified
amount per kilowatt-hour (kWh) of generation, so the
amount paid varies monthly as a function of genera-
tion. Regardless of the type of contract (lease or PPA),
customers typically pay a one-time, upfront down
payment and monthly payments. The monthly pay-
ments can be flat, but in some cases, monthly pay-
ments may escalate at a flat rate through time. As a
result, the timing of the payments by the homeowner
varies by the magnitude of the down payment and
monthly payments and the rate at which the payments
escalate. Often the installer will provide the home-
owner a menu of contract options by varying these
parameters, with implied financial tradeoffs. Contract
prices can be objectively compared and evaluated by
aggregating the sum of down payments and the
monthly payments over the duration of the contract
and discounting. This total contract price—the real
(i.e. 2012 dollars) out-of-pocket cost the customer is
contractually obligated to pay—is the key economic
measure for residential customers evaluating different
TPO PV lease/PPA contracts.

While several current sources track installed PV
prices via incentive program data and other market
data sources (GTM Research 2013, Barbose
etal2014), there is little data on the out-of-pocket cost
to the customer over the duration of the contract,
which will be substantially reduced by available incen-
tives. Further, while a few studies have evaluated the
financial implications of buying versus leasing solar
(Rai and Sigrin (2013), Navigant Consulting 2014), to
date, no study has focused exclusively on comparing
contract costs across the myriad TPO options offered
to customers. In both of the above studies, results sug-
gested that leasing provided a higher net present value
than ownership—though the difference was more
drastic in Rai and Sigrin (2013).

In this study, we use third-party contract data
from the California Solar Initiative (CSI) to examine
California’s  residential TPO market during
2010-2012°. We use a sample of 1113 contracts to

! MACRS is the tax depreciation system that allows businesses to
recover the cost basis of an asset via annual tax deductions for
depreciation, for commercial entities. In contrast to straight-line
depreciation, where an asset is depreciated in equal increments
annual over the useful life of the asset, MACRS in the case of a solar
asset specifies the following 5-year depreciation schedule (20%,
32%,19.2%, 11.52%, 11.52%, and 5.76%).

2 Over this period, residential third party ownership in California
increased from 22% to 69% of new installations (CSI 2014).
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evaluate how TPO contract structures vary and how
this translates into a final TPO contract price. We use
this data to evaluate the effect of contract structure,
magnitude of down payment, and escalation clauses
on the total contract price.

The remainder of this article is organized as fol-
lows. First, we discuss the study data, our sampling
procedure and the method to convert contract terms
into a total contract price (2012 dollars). Second, we
evaluate contract characteristics: distribution of lease
versus PPA and various payment structures (timing of
payments and existence of escalation rates). Third, we
evaluate TPO contract prices according to the struc-
ture and terms in the contract, as well as trends over
time and by size. Finally, we assess whether customers
appear to be selecting optimal contract structures.

Methodology

The California Public Utilities Commission (CPUC)
oversees the CSI, a solar incentive program available to
customers of the state’s three investor-owned utilities:
Pacific Gas and Electric Company (PG&E), Southern
California Edison (SCE), and San Diego Gas and
Electric (SDG&E). The CSIT has a $2.4 billion budget to
stimulate the deployment of approximately 1940 MW
of new solar capacity between 2007 and 2016 via solar
rebates for residential, commercial, and utility-scale
systems, including systems for low-income residents
and multifamily affordable housing. To drive contin-
ual PV price reductions, the CSI incentive amount
declines incrementally as the program reaches specific
levels of cumulative installed capacity (separately
specified in each of the three utility areas).

In this analysis, we focus on the residential sector
during 2010-2012. During this period, systems in the
CSI database represented about 45% of the residential
PV installed nationwide (GTM Research 2013, Cali-
fornia Solar Statistics 2014 ). The initial residential cus-
tomer rebate was $2.50/W in January 2007, and this
declined to a final rebate of $0.10/W in 2013”. During
2010-2012, incentives for residential systems ranged
from roughly $1.50/W-$0.20/W, depending on the
utility.

The CPUC requires incentive applicants to submit
the installed system cost and documentation support-
ing that cost. For TPO systems, the CPUC requires
installers to submit signed system contracts, which in
many cases include the terms of the lease arrangement
between the solar customer and the system owner.

The CPUC provided NREL with access to more
than 50 000 residential third-party contracts signed

® The CSI program pays an expected performance-based buydown
(EPBB)—a capacity-based incentive that is adjusted based on
expected system performance that considers major design char-
acteristics of the system, such as panel type, installation tilt, shading,
orientation, and solar insolation available by location. By the end of
2013, CSI rebates had been exhausted in PG&E territory.
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Figure 1. Number of TPO contracts in sample by year and
utility.

during 2010-2012". We sampled 2400 residential con-
tracts, with a mean system size of 6.04 Wp". To max-
imize our ability to make inferences about changes
over time, we stratified our sample by quarter, select-
ing 200 contracts for each quarter from the first quar-
ter of 2010 to the last quarter of 2012, based on the
‘completed date’ as recorded in the CSI database®. This
resulted in a sample of 1113 contracts with usable data
(the remaining contracts simply provide the signed
contract, without down payments or monthly pay-
ments), from 162 installers. The distribution of the
contracts that did not include usable price terms clo-
sely matched the distribution of the contracts with
usable price terms by utility and quarter, reducing
concerns about selection bias. As a result, this sample
can be considered representative of the geography and
installation timeframe of the IOUs in California. The
distribution of the final dataset by year and utility is
displayed in figure 1.

To evaluate contract prices across leases and PPAs
with varying payment horizons and escalators, we rely
on a discounted cash flow (DCF) methodology. The
DCF aggregates all payments, present and future, to
assign a total present value to each contract in 2012
dollars, which enables us to compare contracts with
different structures. For the rest of the article, we refer
to this figure as the ‘real contract price’ or the “TPO
contract price’. This implies the real (2012 dollars)
price of a lease or PPA contract to the homeowner.
Future payments are discounted according to a

* The cpuc only began storing digital versions of contracts
beginning in 2010, so contract data were not readily available for
previous years.

5 . . .
All system sizes are reported in Watts-direct current.

6 ¢ > . .

The ‘completed date’ is the date when the final incentive check was
created and sent to the payee. This date may be several months after
the contract terms were quoted to the customer.
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selected discount rate intended to reflect the ‘typical’
consumer’s tradeoff between present and future
expenditures. In reality, each consumer will have a
unique discount rate which will vary as a function of
the opportunity cost of investing capital—i.e., what
rate of return a consumer can expect from investing
their money elsewhere. The cost of homeowner bor-
rowing provides a reasonable proxy, which can range
from low-rate home-equity lines of credit, to high-rate
credit cards. However, additional factors present in a
new market such as informational deficits, outsized
perceptions of risk, aversion to sizable investments
and other factors could increase a consumer’s dis-
count rate. Further, research has found that discount
rates for energy conservation investments are higher
than for other investment decisions (Meier and Whit-
tier 1983, Train 1985), perhaps because of higher
uncertainty over future conservation savings (Hassett
and Metcalft 1993). Less research has evaluated the
discount rate for green energy generation investments,
but there may be a similar degree of uncertainty. Rai
and Sigrin (2013) found implied discount rates as high
as 60% for PV adopters in Texas.

Owing to the wide range of theoretically plausible
discount rates, we evaluate contracts over a range of
discount rates when possible. For figures or calcula-
tions relying on one discount rate, we use 7% as a
default nominal discount rate. Equation (1) presents
the formula used to calculate the price of each con-
tract.

Real contract price($2012);
= Upfront payment

+ i ([monthly payment* (1 + e)’*12 ]/

y=1

[a+a1]), (1)

where i is the individual contract, tis the term length, y
is the contract year, e is the escalation rate, d is the
discount rate.

In the case of a PPA, the monthly payment is esti-
mated based on assessed average monthly production
stipulated in the contract’. We assume system produc-
tion declines of 0.05% per year (Jordan and
Kurtz 2011) and calculate the estimated monthly pay-
ment as follows:

Estimated monthly payment

= estimated monthly production X (0.995)’~!
X PPA rate. (2)

Based on these calculations, we assign a real con-
tract price to each contract.

7 Companies likely rely on varying methods to estimate the average
monthly production. We have no way to validate estimated monthly
production or evaluate whether estimates are biased upwards or
downwards as this depends on exact location, system design
parameters, roof features and shading.
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Table 1. Number of TPO contracts by

year and type.

2010 2011 2012
Lease 236 239 299
PPA 113 83 143

Results

Contract-type trends

Within our sample, nearly 69% of third-party con-
tracts were structured as leases, with the remaining
structured as PPAs (table 1). This proportion does not
change substantially from 2010 to 2012. In our sample,
most installers and integrators offered one structure
exclusively (or nearly exclusively), although 10 of the
162 installers in our sample offered both leases
and PPAs.

Whether alease or a PPA, some contracts included
an escalator clause, in which the base payment esca-
lates at a given rate annually. Escalators are often
included to allow revenue to keep pace with inflation”®.
In our sample, PPAs more consistently contained
escalator clauses; 53% included an escalator of 3.0%
(the most common level) or 3.9% per year. On the
other hand, most leases in our sample data did not
contain an escalator clause; among those that did,
most had a relatively high escalator of 3.9% per year
(figure 2). A smaller proportion of leases included
escalators in 2012 than in 2010 or 2011, while the pro-
portion of PPAs including escalators increased during
our study period.

Contracts also varied in the timing of payments.
The amount customers paid up front varied from zero
(no-money-down) to the complete contract value
(prepaid contract). Some contracts required partial
payment up front, with the remaining contract price
paid over time. With few exceptions, customers signed
20 year contracts.

Figure 2 shows the payment timing by contract type
and year. The timing of PPA payments was weighted
more toward the future compared with the timing of
lease payments during each of the three years studied,
with most PPAs structured as no-money-down con-
tracts. However, the proportion of no-money-down lea-
ses increased substantially over the period. It is unclear
whether this shift resulted from customer preferences or
financer/integrator preferences.

Overall, the lease data suggests consolidation of
preferences over time, with a trend towards an increas-
ing percentage of no-money-down lease contracts. A
recent trend towards securitization of solar leases and

8 Nationally, nominal residential electricity prices, on average, have
increased by 2.01% annually in the last 20 years (U.S. Energy
Information Administration 2011) and are forecasted to increase,
on average, 2.20% annually from 2014-2040 (U.S. Energy Informa-
tion Administration 2014).
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PPAs may play a role in this shift as a contract that is
fully prepaid cannot be securitized. However, without
additional data, it is not clear whether this shift is a
result of customer preferences or financer/integrator
preferences.

Contract price analysis

In this section, we evaluate the full price of the TPO
system to the end-consumer based on aggregating
down payments and monthly payments from each
contract to derive a real contract price. We provide an
overview of the distribution of these prices, evaluating
the value proposition provided by: (1) PPAs versus
leases, (2) contracts with varying levels of upfront
payments, and (3) contracts with and without escala-
tors. Given that discount rates vary among consumers,
we evaluate the contract price over discount rates of
0%-20%. Next, we evaluate effects of system installa-
tion year and system capacity on TPO contract price.

Impact of contract structure on contract price

Figure 4 shows the variation in contract price over the
range of contracts sampled, assuming a 7% real
discount rate. Both leases and PPAs exhibit a wide
range. The mean contract price is $3.04/W for leases
and $4.26/W for PPAs, with standard deviations of
$1.28 and $1.08, respectively.

Figure 5 provides the distribution based on
monthly lease payments per kilowatt and PPA rates
per kilowatt-hour in order to provide a metric more
comparable to terms found in TPO contracts. This is
illustrated for no-money down contracts only.
Monthly payments to lease a PV system range from
$12/kW to $51/kW per month (sample mean $24.30/
kW per month), and PPA rates range from $0.12/kWh
to $0.35/kWh (sample mean $0.23/kWh).

PPA versus lease

Figure 6 illustrates the mean contract price, as well as
the distribution of prices, for contracts with differing
payment schedules. PPAs are consistently higher
priced than leases, though much of this difference may
be explained by the structure of the contracts; as a
sample, leases are comprised of many more prepaid
contracts. When comparing across similar payment
structures, the difference between PPAs and leases
declines as the amount of down payment declines. For
the only category in which payment timing is exactly
the same-0 down—the difference between PPAs and
leases declines to $0.52/W. Price differences between
PPAs and leases, in all cases, are statistically significant.
In the discussion section, we explore several hypoth-
eses for this persistent pricing difference.

Contract payment timing: ‘no-money-down’ versus
prepaid

Figure 7 illustrates the price differences in contract
payment timing—focusing on leasing, which provides
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Figure 2. Escalation rate by contract type and year.
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Figure 3. Contract payment schedule by contract type and year.
examples of both ‘no money down’ and fully prepaid Escalators

contracts, at varying discount rates. As expected, no-
money-down contracts cost more over the life of the
contract in the lower range of discount rates. The two
contract structures equate in price at a discount rate of
approximately 17% as illustrated in figure 7.

These data suggest that, on average, a prepaid con-
tract is financially preferable to a no-money-down
contract if the consumer’s expected rate of return on a
competing investment is equal to or lower than 17%".

? This omits the additional option of paying a portion of the contract
upfront and paying the remainder through monthly payments over
a20-year period. However, focusing on these two categories enables
comparison across contracts that have identical payment timing
within the two categories—payments are either fully paid upfront,
or paid in equal increments over (typically) 20 years.

As illustrated in figure 3, contracts commonly include
payment escalators, although escalators are more
common in PPAs than in leases. Figure 8 illustrates the
real contract price of PPAs and leases with and without
escalators'’. It suggests that a contract with an
escalator costs a consumer more than a contract
without an escalator at nearly all plausible discount
rates. At a discount rate just under 16%, leases with
escalators approximately equate with leases without
escalators. On average, PPAs with escalator clauses, at

10 We combine all contracts with escalators over 2.9% and exclude
seven contracts with 1.9% escalators. For both leases and PPAs, this
results in a blending of escalation rates, although 94% of escalation
rates are 3.9% and 2.9%.
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Figure 4. Distribution of contract prices for PPAs and leases (assuming a 7% discount rate).
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Figure 5. Distribution of monthly lease payments (top) and PPA rates (bottom); no-money down contracts.
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.

TPO Contract Price ($W) - 7% Discount Rate

0 down 1-25% down

—

26-75% down prepaid
E Lease ‘ PPA
Lease | PPA
Mean Contract Price ($/W) and observations
0 down $3.79 (n=351) $4.31 (n=251)
1-25% down $3.39 (n=27) $4.38  (n=71)
26-75% down $2.70 (n=46) $4.01 (n=15)
prepaid $2.30 (n=346) NA (n=0)
All contracts $3.04 (n=770) $4.27 (n=337)

Figure 6. Real contract price by contract type, discount rate, and payment structure.

Contract price ($W)
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Discount rate

~— 0down — prepaid

Figure 7. Present-value lease price by payment structure and discount rate.

10% 12.5% 15% 17.5% 20%

every discount rate, cost more than PPAs without
escalator clauses.

Contract price by reported price, installation year,
and system capacity
In this section, we evaluate contract prices in relation
to reported PV system prices, year of system installa-
tion, and system capacity.

As installed costs decline, we would expect instal-
lers to pass a portion of the cost declines along to

TPO contracts and reduce prices. Installed prices
reported to the CSI program declined by roughly
$2.00/W during 2010-2012. Over this same period,
the CSI incentive declined by $0.87/W, from a med-
ian of $2.40/W in the first quarter of 2010 to $1.53/W
in the last quarter of 2012. That is, reported prices
declined more rapidly than did incentives. However,
the average price of contracts changed less over this
period, with both lease and PPA prices increasing in
20102011, and then PPA prices decreasing in 2012,

7
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Figure 8. Real contract price by discount rate, contract type, and escalator.
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Figure 9. Real contract price (mean) by year for leases (left) and PPAs (right), 7% discount rate.

PPA
474

2010 2011 2012

while lease prices remained flat (figure 9 ). While

" The increase in lease prices between 2010 and 2011 was found to
be statistically significant at <1%, however the difference between
lease prices in 2011 and 2012 was statistically insignificant. The
increase and subsequent decrease in PPA prices in 2010, 2011 and
2011, 2012, respectively, are both significant at <1%.

difficult to isolate the cause of these changes without
further data, this suggests that factors beyond the
installed cost of systems drive trends in contract pri-
ces. This may reflect costs associated with the TPO
model (acquiring financing, operations and main-
tenance, system monitoring), outlined in Feldman
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and Friedman (2013), but also likely reflects con-
sumer demand dynamics.

We would also expect to observe economies of
scale based on system size in contract prices, because
larger systems enable the installer to spread certain
fixed or lumpy costs (system permitting, business
overhead) over a larger installed system. Barbose et al
(2014) found that the mean installed reported price,
nationwide, for systems of 5-10 kW was approxi-
mately $0.50/W lower than for systems of 2—-5 kW in
2012'%. Similarly, Davidson and Steinberg (2013)
found a difference of approximately $0.70/W, focus-
ing on host-owned systems in California. Our data
suggests that contract prices (for leases and PPAs) are
higher for small systems (2—5 kW)—statistically sig-
nificant at <5%, but exhibit no statistically significant
difference in price between 5 and 15 kW (figure 10)".
There is no notable difference in the distribution of
leases and PPAs across the difference size categories—
70-75% are between 2 and 7kW, and ~25% are
7-10 kW for both contract types,

Each of these systems is associated with a cor-
ollary publically-reported price. While in the case of
host-owned systems, this represents the transaction
between the system owner (homeowner) and the
installer, in the case of TPO systems, this can repre-
sent either the appraised value of the system (by an
independent third-party), or the price of an inter-
mediate transaction between the installer and the
financer. We would expect reported prices to be
higher than the end customers’ price as lease/PPA
prices net incentives (in this case, the CSI rebate, ITC
and MACRS depreciation). The reported prices for
the systems in our sample exhibit a wide range from
$5.10/W to $7.98 $/W (20th and 80th percentile),
with a mean of $6.38/W. Figure 11 illustrates the dis-
tribution of differences between prices reported to
the CSI and the calculated contract price for each
system in our sample. This illustrates a $2.96/W dif-
ference, on average, though the distribution shows
two peaks.While reported price and contract price
are distinct metrics, they may be assumed to be
strongly correlated given that they represent differ-
ent transactions for the same system—but this is not
the case in our sample. The Pearson correlation coef-
ficient between the two metrics is 0.08.

Discussion and implications

The real contract price (discounted sum of all lease/
PPA payments) of both leases and PPAs exhibit a rage

12 . . s .
This excluded systems categorized as providing an appraised
value, rather than a system cost.

!> For this study, we did not have access to detailed system cost
information that would fully characterize the costs of a given system.
The cost—particularly the labor requirements—will vary by house
based on factors such as system layout and roof structure/
obstructions.
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of over $7/W based on a 7% discount rate. Our
findings suggest that differences in total contract price
are partially driven by differences in contract structure
and timing, although we note that a number of other
factors may be contributing to these differences as
well, not least of which is consumer willingness to pay,
and price discrimination by installers.

First, we find that, on average, PPAs cost $1.23/W
more than leases assuming a 7% real discount rate—
though this difference declines to $0.52 when evaluat-
ing no-money-down contracts (the majority for the
most recent year of data)'*. Absent differences in pay-
ment timing, a number of potential reasons explain
why a contract structured as a PPA costs the customer
more than a lease, on average. The following are three
potential factors:

(a) A PPA, relative to a lease implies two risks to the
owner/financer: (1) seasonal revenue difference—
lower revenue in winter months when systems are
producing less; (2) ongoing production variance.
The downside risk of system underproduction (due
to cloud cover, low insolation, soiling, malfunc-
tion) is transferred from the host to the owner/
financer since the host pays only for actual elec-
tricity generated. The owner/financer can be
expected to be compensated for bearing this risk,
and the host customer may be willing to pay a
premium to reduce this risk. Further, PPAs typically
stipulate a payment cap, regardless of production.
The potential to receive ‘free’ energy if the system
produces more than estimated in the contract may
increase the host customer’s perceived value.

(b)Due to this payment cap, system production may
be overestimated (in the contracts) by the owner/
financer in order to minimize the likelihood that
‘free’ energy is delivered to the customer above the
cap. Estimates of monthly payments rely on
production estimates, so if a system produces less
than the amount estimated in the contract, the
customer ultimately pays less than anticipated.
Without system design parameters, there is no way
to validate estimates of system production.

(c) Most companies that provided PPAs did not
provide leases, so this could reflect installer-specific
practices.

Second, we find that prepaid contracts, on average,
cost less than no-money-down contracts at discount
rates up to 17%—suggesting that consumers may have
very high discount rates. This figure is consistent with
the low end of implied discount rates for PV lessors in
Raiand Sigrin (2013). Further, since a prepaid contract
is analogous to purchasing a system in terms of pay-
ment timing, insights can be applied from research on
the financial tradeoffs of buying versus leasing in other

' This difference is found to be statistically significant at >0.1%.
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Figure 10. Real contract price (mean) by system capacity for leases (left) and PPAs (right), 7% discount rate.
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Figure 11. Difference between CSI-reported installed price and calculated contract price, 7% discount rate.
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consumer durables. Typically, financial analysis sug-
gests that monthly leasing provides a greater benefit
than prepaying a lease (assuming this is analogous to a
purchase) when the discount rate that equates the two
cash flowsisless than the after-tax rate of return that the
lessee can obtain on invested capital. Although the
implied discount rate in consumer durable markets
sometimes appears high, this may be attributed to
other consumer values. For example, Dasgupta et al
(2007) and Nunnally and Plath (1989) found that the
implied discount rate for automobile leases were higher

than available returns on capital, but Mannering iden-
tified frequency of vehicle upgrades as a consumer
value that could explain this consumer behavior'”.
However, analogies to other consumer durables
are limited in that the adoption decision of a typical
consumer durable does not directly offset another

s possible that some customers may not have the access to
inexpensive capital to prepay a lease (savings, home equity lines of
credit, etc)—but unlikely, as financers typically require a FICO score
>700 to qualify for a lease or a PPA.

10
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substantial household cost. Given a sufficiently high
monthly savings on electricity costs, a homeowner
may prefer to save their cash or divert it to other pur-
poses, and opt for a monthly lease/PPA, foregoing the
relatively higher return by not prepaying the lease°.

Third, we find that changes in key drivers of instal-
led costs do not necessarily impact the price of a TPO
contract to the customer. This is reflected in the fact
that TPO contract prices do not consistently decline
over the period of analysis, though we do see modest
evidence of economies of scale based on system size. In
the absence of sufficiently informed customers, firms
can price discriminate, selling systems above their
marginal cost at prices influenced by consumers’ will-
ingness-to-pay. A consumer’s willingness-to-pay for
PV is, in part, a function of the savings produced by
offsetting purchased electricity. However, without
access to pre-solar electric bills, we cannot test whe-
ther this drives contract prices. As a relatively nascent
market, several factors likely preclude competitive
TPO pricing, including asymmetric information
regarding attributes of PV systems and high search and
cognitive costs to seek and compare quotes.

Conclusion

This analysis indicates that the choice of contract type
and payment structure may have implications for the
total cost to the customer over the lifetime of the
contract. Our sample data suggest the following
findings:

1. PPA contracts appear to cost more than leases, and
this trend persists when contracts are categorized
by the amount of upfront payment. This could be
driven by several factors, including higher per-
ceived value/lower risk of the PPA contract struc-
ture to the customer, company-specific pricing for
companies that only offer PPAs, and/or over-
estimating system production resulting in higher
apparent PPA payments per watt'’,

2. Delaying lease payment increases the total price to
the customer at most plausible discount rates.
Specifically, no-money-down contracts are more
costly than pre-paid lease contracts assuming a
customer’s rate of return is lower than 17%.

3. Contracts that include escalator clauses cost more
over the lifetime of the contract, for both PPAs and
leases, at most plausible discount rates.

16 . .

However, in these cases, assuming a homeowner can access a
sufficiently low interest rate home equity loan, it would be
advantageous to prepay a system with a home equity loan.

17 . .

PPA contract costs are estimated based on assumed production

—and may be ultimately be higher or lower depending on realized
system production.

C Davidson et al

Variation in contract prices across different con-
tract structures suggests insufficient customer infor-
mation and/or very strong customer preferences for
certain contract structures. There are likely high
search costs and high cognitive costs involved in
obtaining multiple bids and comparing bids that
might vary by factors such as system size/configura-
tion and perceived quality in addition to variations in
contract structure. Future research could better evalu-
ate the degree to which customers are electing the opti-
mal choice by evaluating quotes to the same
homeowner, and accounting for the full economic
value of the system by understanding a homeowner’s
pre-solar electricity expenditure.

However, as the market continues to develop,
increased competition, particularly in regions with an
active solar market, will likely put downward pressure
on TPO prices. Tools and resources that facilitate
sharing contract bids and/ or comparing multiple bids
can reduce information asymmetry by reducing the
search cost for consumers and providing data on pri-
ces for similarly sized systems.

Our study indicates that, while installed PV costs
have declined rapidly, the real contract price to the
customer has remained largely unchanged. Appealing
to a broader market, particularly homeowners with
lower electricity expenditure and/or in areas with less
abundant sunlight may require offering lower-cost
contracts to homeowners.
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