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System	  Costs	  Con'nue	  to	  Decline	  
Source:	  GTM/SEIA	  2015	  	  
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Since	  2005,	  when	  the	  investment	  tax	  credit	  was	  passed	  by	  congress,	  the	  residen*al	  PV	  market	  
has	  grown	  by	  approximately	  53%	  per	  year,	  or	  about	  45X	  	  

	  
S*ll,	  only	  0.5%	  of	  households	  own	  or	  lease	  a	  PV	  system	  (or	  about	  1%	  of	  households	  living	  in	  

single-‐family	  detached	  households)	  
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This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

4.2 Results of Residential Pro Forma Financial Models 

 

Figure 7. LCOE of residential PV systems, financed under a PPA or loan, compared to retail rates 

The results of the pro forma financial models show that using either the PPA or bank loan to 
finance a residential PV system offered savings over utility retail rates (based on San Diego Gas 
and Electric’s [SDG&E] blended residential rate for Tiers 2 and 38) as demonstrated in Figure 7. 
However, the cost of energy for the bank loans was lower than the cost of energy for a PPA by 
19% to 29% (varying by the term of the loan), due to the higher cost of capital necessary for the 
sponsor and tax equity in a PPA transaction. Similarly, because the interest rates for the shorter 
loans were lower than longer term loans they were also able to provide a lower cost of energy.  

 
Figure 8. Comparison of annual payment between residential PV systems, financed under a PPA 

or loan, and retail rates 

However, while the 5- and 10-year loans resulted in a lower cost of energy over the life of the 
contracts, annual principal and interest payments to service these loans were typically higher 
than the annual payments for the longer loans, the PPA, and the price a customer would have 
paid the utility for the same amount of energy – as demonstrated in Figure 8. In fact, in the first 
year of a 5-year loan, the debt service payments were calculated to be more than 50% of what a 
customer would pay to a utility, and over twice as much as a PPA or 20-year loan. At the end of 
the loan term, a customer’s annual payments would drop to the cost of O&M, including an 
inverter replacement in year 10, however, some customers may not want to wait five or ten years 
                                                 
8 SDG&E currently has a four-tiered rate structure, with electricity rates increasing as more energy is consumed. 
Comparison retail rates were based on the average of SDG&E tier 2 and tier 3 residential rates for both summer and 
winter, as solar systems are typically built to displace electricity charged at higher tiers (SDG&E 2014). However, 
individual customer electricity consumption and solar production varies. 
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Impact	  of	  Financing	  on	  Cost	  of	  Energy	  (U'lity-‐Scale)	  

- 5 - 

increasingly larger fraction of the total cost of solar and now constitute up to 64% of the cost of a 
residential PV system.6 While technological advances are still needed to increase module and 
process efficiencies, drive down costs, and enable utilities to rely on solar for baseload power, 
non-hardware costs need to be an increased priority for the SunShot Initiative in order to 
achieve the 2020 goal. 
 
The importance of one of these soft costs, cost of capital, on the SunShot goals can be seen in 
Figure 2. The differences in interest rate of solar financing solar can greatly impact the LCOE of 
projects and lowering the interest rate is a key component to reaching the 2020 LCOE goal of 
$0.06/kWh at the utility scale. The impact of increasing the finance rate from 0% to 9% can be 
clearly seen to nearly double the LCOE, with all other costs held fixed. Investors will require a 
reasonable rate of return based on the risk (both real and perceived) of their investment. 
Therefore, there may be many opportunities for research that can lower the risk and thereby 
reduce the cost of capital. 

 
Figure 2: Impact of financing costs on the LCOE of utility scale PV  

 
Similarly,  as  solar  system  costs  come  down,  the  anticipated  proliferation  of  solar  on  the  nation’s  
electric grid poses tremendous technical, market and regulatory challenges of systems (grid) 
integration, for which paradigm-changing transformative solutions are needed to realize the 
SunShot vision of high penetration of solar. 
 
MISSION OF THE SOLAR ENERGY TECHNOLOGIES OFFICE 
At a high level, the overarching mission of SETO is to achieve the SunShot goal of enabling 
solar energy to be cost competitive with other forms of energy generation across the U.S. by 
2020 without the need for incentives. SETO is organized to focus resources to achieve that 
primary mission as well as consider other challenges (such as grid integration) that stand in the 
way of achieve the SunShot goals.   All   of   SunShot’s   funding   programs   are   designed to be 
aligned with one or more of the following elements, which broadly capture the office mission:  
                                                      
6
 National Renewable Energy Laboratory. Dec. 2013. See: http://www.nrel.gov/news/press/2013/5306.html 

(Accessed January 2015). 
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Figure ES-1. LCOE of residential PV systems, financed under a PPA or loan, compared to retail 
rates 

There are, however, several economic factors which influence the value of loans to consumers 
that go beyond the pro forma financial models. These include the higher annual payments to 
service these shorter-term loans during the beginning of the lifetime of the solar asset – as 
demonstrated in Figure ES-2 below. In fact, in the first year of a five-year loan, the debt service 
payments were calculated to be almost double what a customer would pay to a utility, and over 
twice as much as a PPA or 20-year loan. At the end of the loan term, a customer’s annual 
payments would drop to the cost of operations and maintenance (O&M), including an inverter 
replacement in year 10, and, if desired, monitoring by a third party; however, some customers 
may not want to pay more for their electricity for the first five or ten years of the PV system’s 
operation.  

 

Figure ES-2. Comparison of annual payment between residential PV systems, financed under a 
PPA or loan, and retail rates 

Other factors that may impact the economics of a solar loan or TPO include whether or not the 
host has sufficient tax liability to take advantage of the federal and/or state tax incentives; the 
additional liability and maintenance costs associated with ownership; the complications of 
adding assets and liabilities onto one’s balance sheet (as opposed to a TPO transaction, which is 
off-balance sheet); and the economic time horizon of individual decision makers. Moreover, any 
specific market offerings in either solar loans or TPO products will differ from the assumptions 
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Loans	  vs.	  TPO	  
TPO	   Loan	  

Upfront	  Cost	   •  Typically	  no	  upfront	  costs—can	  use	  to	  eliminate	  escalator	   •  	  	  	  No	  longer	  a	  requirement	  

Incen'ves	   •  Goes	  to	  TPO	  provider	   •  Stays	  with	  system	  owner	  

Tax	  Appe'te	   •  Typically	  contracted	  by	  TPO	  provider	  (tax	  equity)	   •  Must	  have	  sufficient	  tax	  appe'te	  to	  use	  tax	  credits	  

Maintenance	   •  O&M	  remain	  the	  responsibility	  of	  the	  TPO	  
•  Many	  companies	  offer	  technology	  to	  monitor	  system	  

performance	  and	  will	  report	  issues	  to	  host	  

•  Host	  owns	  the	  system	  and	  can	  be	  responsible	  for	  O&M	  and	  
addi'onal	  costs	  (i.e.	  solar	  inverter)	  	  

•  May	  require	  outside	  en'ty	  to	  track	  system	  performance	  

Term	   •  Typically	  20	  years,	  with	  an	  annual	  escalator	   •  Typically	  10	  –	  20	  years,	  usually	  without	  an	  escalator	  

Transfer	  /	  End	  
of	  Contract	  
Issues	  

•  Complica'ons	  may	  arise	  when	  moving	  or	  transferring	  	  
•  Transfer	  op'ons	  may	  include	  

•  Contract	  buy-‐out	  
•  Transfer	  to	  another	  property	  
•  Transfer	  to	  another	  homeowner/tenant	  

•  Con'nued	  payments	  while	  technology	  innovates	  

•  	  	  	  Can	  increase	  the	  value	  of	  the	  home,	  bolster	  marketability	  
•  	  	  	  May	  be	  able	  to	  roll	  system	  cost	  into	  purchase	  price	  

Savings/ROI	   •  U'lity	  savings	  will	  depend	  on	  contract	  price,	  escala'on	  rates,	  
produc'on	  (in	  a	  PPA)	  and	  other	  factors	  

•  U'lity	  savings	  determined	  by	  amount	  of	  electricity	  produced	  x	  
retail	  rate	  less	  opera'ng	  costs	  

•  Poten'ally	  addi'onal	  revenue	  through	  REC/SREC	  sales,	  PBI,	  etc.	  

Pros	   •  Low	  upfront	  investment,	  less	  O&M	  or	  repair	  risks,	  possible	  
u'lity	  savings	  

•  Allows	  for	  deprecia'on	  deduc'ons	  

•  U'lity	  savings,	  carbon	  emission	  reduc'ons,	  tax	  credits	  and	  other	  
incen'ves,	  likely	  increase	  property	  value	  

•  Poten'al	  life'me	  savings	  greater	  than	  TPO	  

Cons	   •  Leases/PPA	  may	  complicate	  transfer	  of	  property	  
•  May	  reduce	  u'lity	  savings	  compared	  to	  purchase	  
•  Poten'ally	  higher	  cost	  of	  energy	  

•  Larger	  cash	  outlay	  and	  responsibility	  for	  O&M	  costs	  
•  Loss	  of	  deprecia'on	  (no	  residen'al	  deprecia'on)	  
•  Poten'ally	  high	  P&I	  payments,	  esp.	  for	  shorter	  loan	  
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Other	  Considera'ons	  

•  Local	  price	  of	  power	  
•  States	  where	  TPO	  is	  disallowed	  by	  state	  law/
regula'ons	  (or	  where	  it	  is	  ambiguous)	  

•  Mortgage	  finance?	  
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3.4 The Solar Loan Product Landscape 
Table 2 below offers a general outline of the various forms that a solar loan may take in the 
marketplace with examples of currently available programs.  

Table 2. Overview of Solar Loan Options Available in the 2014 Market 

*CU: Credit union 
**FINCO: financial company 

 
It is worth noting that some solar loan programs on the market today make use of a “dealer 
discount” to reduce the interest rate on a borrower’s loan. The dealer discount is a sum of money 
paid by the solar installer to the lender on a per loan basis, and which functions as an interest rate 
buy down. In this way, some products are available at APRs of as little as 2.99% with 
amortization schedules from 10-15 years.  

While the dealer discount does look attractive from a borrower standpoint, it could present some 
regulatory complications. Legal guidance differs here, but NREL’s conversations with lenders 
indicate that they must, per consumer protection laws, disclose the difference in price between a 

 Loan 
Type Description Lender Term 

(years) 
Interest 

Rate Examples Availability Security 
Interest 

R
esidential 

     
 

Solar- 
Specific 

A loan made to a 
borrower 
exclusively for 
the purchase of a 
solar system 

Bank, 
CU*, 
Finco** 

 

5 – 20 
2.99% 
– 8% + 

 

x EnerBank 
x GreenSky 
x Mosaic 
x Sungage 

Financial 

Can be 
limited to 
certain 
jurisdictions 
or available 
nationwide 

Solar 
assets 
(i.e., the 
system) or 
unsecured 

Title I 
(HUD) 

90% 
government-
guaranteed loan 
secured by 
second lien on 
home 

Program- 
approved 
Lenders 
(Bank, 
CU, Finco) 

10 – 20  3% – 9% 
x PowerSaver 
x Admirals 

Bank 
Nationwide 

Lien on the 
home 
(second 
mortgage) 

On-Bill 
Loan amortized 
through electric 
bill 

Bank, CU, 
Utility, 
State 

�15 3% + NYSERDA 

Service 
territories of 
participating 
utilities 

Utility bill  

Home 
Equity 

A loan or line of 
credit against the 
value of a home-
owner’s equity. 
Also called a 2nd 
mortgage 

Bank, CU, 
Finco �30 4.5% + N/A Nationwide 

Lien on the 
home 
(second 
mortgage) 

Both 

PACE 

A loan made via 
an increase in 
property tax 
assessment and 
amortized 
through property 
tax bill 

Bank, 
Finco, 
Muni-
cipality 

�20 5% – 8% 

x Hero 
Program 

x Renewable 
Funding 

States with 
PACE-
enabling 
legislation  

Tax lien 

C
om

m
ercial 

Comm. 
Loan 

A loan made to 
businesses to 
finance 
operations, 
capital 
expenditures, 
etc. 

Bank, CU, 
Finco 5 - 30 3.25% – 

6.85% NA Nationwide 
Borrower’s 
balance 
sheet 
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Who	  is	  in	  the	  Solar-‐Loan	  Value	  Chain	  

•  Major	  Banks	  
•  Community	  Banks	  
•  Credit	  Unions	  
•  Private	  Equity	  
•  Finance	  Companies	  
•  State	  and	  local	  governments	  
•  U'li'es	  
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Challenges	  

•  Corporate	  (§48)	  vs.	  Personal	  (§25D)	  ITC	  
•  Federal	  housing	  guidelines	  

o  Personal	  property	  or	  fixture	  
o  What	  happens	  in	  a	  foreclosure?	  

•  Consumer	  protec'on	  
o  Dealer	  discounts	  

•  U'li'es	  
o  Net	  metering	  
o  Rate	  structures	  
o  Gebng	  in	  the	  game	  with	  their	  own	  solar	  programs	  
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Recent	  Legisla've	  Ac'on	  for	  Net	  Metering/Rate	  Design	  
Affec'ng	  PV	  

NM/Rate Design Reform Approved 

NM/Rate Design Reform Pending 

DC 

NM/Rate Design Reform Rejected 

NM Expansion Approved 

NM Expansion Pending 

NM Expansion Rejected 
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On	  the	  Horizon?	  

•  Solar	  +	  Storage	  
•  Prosumers	  and	  the	  Connected	  Home	  
•  Distributed	  Grid	  
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Shared	  Solar	  



14	  

Shared	  Solar	  Business	  Models	  
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U'lity	  	  

①	  U*lity	  buys	  and	  owns	  	  
the	  PV	  project	  	  

③	  Community	  Solar	  Par'cipants/Subscribers	  
•  One	  *me	  payment	  	  
•  Monthly	  payments	  	  	  

§  Tucson	  Electric	  Power	  (1.6	  MW)	  	  

PV	  
System	  

Common	  Community	  Solar	  Project	  Structures	  

②	  U*lity	  structures	  community	  solar	  	  program	  around	  the	  output	  from	  the	  PV	  system	  	  
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U'lity	  	  

Community	  Solar	  Par'cipants/Subscribers	  
Monthly	  payments	  	  
•  	  SMUD	  SolarShares	  (1	  MW)	  

PV	  
System	  

Common	  Community	  Solar	  Project	  Structures	  

③	  U*lity	  structures	  community	  solar	  	  program	  around	  
	  the	  output	  from	  the	  PV	  system.	  	  

Solar	  	  
Developer	  

①	  Developer	  owns	  	  
project	  	  

②	  Developer	  sells	  	  
electricity	  to	  U*lity	  

under	  a	  PPA	  	  



17	  

U'lity	  	  PV	  
System	  

Common	  Community	  Solar	  Project	  Structures	  

Solar	  	  
Developer	  

②	  Developer	  develops	  
and	  owns	  	  
project	  	  

③	  Developer	  delivers	  	  
electricity	  to	  U*lity	  	  

①	  Developer	  collects	  subscrip*ons	  from	  
Community	  Solar	  Par*cipants/Subscribers	  	  
(escrowed	  un*l	  project	  comple*on)	  	  

④	  U*lity	  credits	  subscriber	  
accounts	  (in	  $	  or	  kWh)	  	  

Various	  Colorado	  Projects	  	  
•  Xcel	  Energy	  (6	  MW	  per	  year)	  
•  San	  Miguel	  Coop	  (1	  MW)	  
•  Poudre	  Coop	  (116	  kW,	  500kW**)	  
•  Holy	  Cross	  (1.2	  MW,	  78	  kW)	  	  
•  Colorado	  Springs	  Muni	  (2	  MW*)	  
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Shared	  Solar	  Policies	  

Example	  pricing	  
•  $780	  per	  solar	  panel	  
•  $3.15/Waj	  
•  $3	  per	  150	  kWh	  per	  month	  (TEP)	  
•  $3.38-‐$25.72/month	  (SMUD)	  
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Benefits	  

•  Economies	  of	  scale	  
•  Aggrega'ng	  customer	  demand	  
•  Op'mum	  si'ng	  poten'al	  
•  Transferability	  
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Challenges	  

•  Standardiza'on	  
•  Program	  and	  NEM	  caps	  
•  NEM	  credits	  (DE	  off	  the	  distribu'on	  feeder	  is	  
a	  lower	  credit)	  

•  Full	  credit	  for	  SRECs?	  
•  SEC?	  State	  securi'es	  laws?	  
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Howey	  Test	  

Criteria CommunitySun Program 
An investment of money  Yes. Customers purchase condominium interests. 
In a common enterprise  Yes. Multiple customers are expected to purchase an interest in 

a single PV asset. 
Based solely on the efforts of a promoter or a third party  Yes. The program is to be developed, and the project is to be 

built and operated, by CommunitySun or other businesses they 
hire. 

For which there is an expectation of profits Not necessarily. Solar-condo owners may have many 
motivations for purchasing a condominium interest. 


