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Executive Summary 

As installations of grid-connected solar photovoltaic (PV) systems have grown, so too has the desire 
to track the installed cost of these systems over time, by system characteristics, by system location, 
and by component.  This report helps to fill this need by summarizing trends in the installed cost of 
grid-connected PV systems in the United States from 1998 through 2007.1  The report is based on 
an analysis of installed cost data from nearly 37,000 residential and non-residential PV systems, 
totaling 363 MW of capacity, and representing 76% of all grid-connected PV capacity installed in 
the U.S. through 2007.   

Key findings of the analysis are as follows:2 
• Among all PV systems in the dataset, average installed costs – in terms of real 2007 dollars 

per installed watt (DC-STC) and prior to receipt of any direct financial incentives or tax 
credits – declined from $10.5/W in 1998 to $7.6/W in 2007.  This equates to an average 
annual reduction of $0.3/W, or 3.5%/yr in real dollars. 

• The overall decline in installed costs over time is primarily attributable to a reduction in 
non-module costs, calculated as the total installed cost of each system minus a global annual 
average module price index.  From 1998-2007, average non-module costs fell from $5.7/W 
to $3.6/W, representing 73% of the average decline in total installed costs over this period.  
This suggests that state and local PV deployment programs – which likely have a greater 
impact on non-module costs than on module prices – have been at least somewhat successful 
in spurring cost reductions. 

• Average installed costs have declined since 1998 for systems <100 kW, with systems <5 kW 
exhibiting the largest absolute reduction, from $11.8/W in 1998 to $8.3/W in 2007.  Cost 
reductions for systems >100 kW are less apparent, although the paucity of data for earlier 
years in the study period may limit the significance of this finding. 

• The distribution of installed costs within a given system size range has narrowed 
significantly since 1998, with high-cost outliers becoming increasingly infrequent, indicative 
of a maturing market.  

• Both the decline in average costs and the narrowing of cost distributions halted in 2005, with 
average costs and cost distributions remaining essentially unchanged from 2005-2007. 

• PV installed costs exhibit significant economies of scale, with systems <2 kW completed in 
2006 or 2007 averaging $9.0/W and systems >750 kW averaging $6.8/W (i.e., about 25% 
less than the smallest systems). 

• Average installed costs vary widely across states; among systems <10 kW completed in 
2006 or 2007, average costs range from a low of $7.6/W in Arizona (followed by California 
and New Jersey, which had average installed costs of $8.1/W and $8.4/W, respectively) to a 
high of $10.6/W in Maryland.   

• International experience suggests that greater near-term cost reductions may be possible in 
the U.S.  The average cost of residential PV installations in 2007 (excluding sales/value-
added tax) in both Japan ($5.9/W) and Germany ($6.6/W) was significantly below that in 

                                                 
1 Although the report is intended to portray national trends, with 12 states represented within the dataset, the overall 
sample is heavily skewed towards systems in California and New Jersey, where the vast majority of PV systems in the 
U.S. have been installed. 
2 Unless otherwise noted, the results reflect all system types (e.g., rack-mounted, building-integrated, tracking, non-
tracking, crystalline, non-crystalline, etc.). 
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the United States ($7.9/W).  Variations in average installed cost across states, as well as 
comparisons with Japan and Germany, suggest that markets with large PV deployment 
programs often tend to have lower average installed costs for residential PV. 

• The new construction market offers cost advantages for residential PV; among 1-3 kW 
systems funded by California’s Emerging Renewable Program and completed in 2006 or 
2007, PV systems installed in residential new construction cost $0.6/W less than 
comparably-sized residential retrofit systems (or $0.8/W less if focused exclusively on rack-
mounted systems). 

• Somewhat surprisingly, among systems <10 kW and installed in 2006 or 2007, those with 
thin-film modules were found to cost $0.5/W more, on average, than those employing 
crystalline modules.  Among larger systems completed in 2006 or 2007, average installed 
costs did not differ substantially between crystalline and thin-film systems. 

• The limited component-level cost data that are available (for systems <100 kW only) 
indicate that, on average, module costs represent just over 50% of total installed costs, while 
inverter costs represent just under 10%.  Smaller residential systems are faced with higher 
overhead, regulatory compliance, and other costs (on a $/W basis) than are larger systems.  

• State and utility cash incentives for PV declined significantly, on average, from 2002 
through 2007 across all system size categories.  Among systems <5 kW, for example, pre-
tax incentives declined from 2002-2007 by an average of $1.9/W (from $4.3/W to $2.4/W).   

• As a result of the increase in the Federal investment tax credit (ITC) for commercial systems 
in 2006, however, total after-tax incentives for commercial PV (i.e., state/utility cash 
incentives plus state and Federal ITCs, but excluding revenue from renewable energy 
certificate sales and the value of accelerated depreciation) were $3.9/W in 2007, an all-time 
high.  Total after-tax incentives for residential systems, on the other hand, averaged $3.1/W 
in 2007, their lowest level since 2001.  These trends may partially explain the shift towards 
the commercial sector within the U.S. PV market over this period.  Starting in 2009, 
however, residential PV is likely to receive some gain in overall incentive levels with the 
lifting of the dollar cap on the Federal residential ITC. 

• Due to the overall decline in total after-tax incentives for residential PV from 2001-2007, the 
net installed cost of residential PV (installed cost minus state/utility cash incentives and tax 
credits) averaged $5.1/W in 2007, just 7% below 2001 levels.  The net installed cost of 
commercial PV, however, averaged $3.9/W in 2007, a near-record low and 32% below 
average net installed costs in 2001. 

• Financial incentives and net installed costs diverge widely across states.  Among residential 
PV systems completed in 2007, the combined after-tax incentive ranged from $2.5/W in 
Maryland to $5.7/W in Pennsylvania.  These two states also represent the bookends in terms 
of net installed costs for residential PV, which averaged $3.2/W in Pennsylvania and $7.7/W 
in Maryland.  Incentives and net installed costs for commercial systems varied similarly 
across states. 

• Although average installed costs remained flat from 2005-2007, recent developments 
portend a potentially dramatic shift over the next few years in the customer-economics of 
PV. Most industry experts anticipate an over-supply of PV modules in 2009, putting 
downward pressure on module prices, and presumably on total installed costs as well.  In 
addition, the lifting of the cap on the Federal ITC for residential PV, also beginning in 2009, 
will further reduce net installed costs for residential installations, potentially leading to some 
degree of renewed emphasis on the residential market in the years ahead. 
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1. Introduction  

 Installations of solar photovoltaic (PV) systems have been growing at a rapid pace in recent 
years.  In 2007, 3,400 MW of PV was installed globally, up from 2,200 MW in 2006 and dominated 
by grid-connected applications.  Cumulatively, roughly 10,600 MW of PV was installed worldwide 
by the end of 2007.3  The United States was the world’s fourth largest PV market in terms of annual 
capacity additions in 2007, behind Germany, Spain, and Japan; 205 MW of PV was added in the 
U.S. in 2007, 152 MW of which came in the form of grid-connected installations.4  Despite the 
significant year-on-year growth, however, the share of global and U.S. electricity supply met with 
PV remains small, and annual PV additions are currently modest in the context of the overall 
electric system. 

 The market for PV in the U.S. is driven by national, state, and local government incentives, 
including up-front cash rebates, production-based incentives, requirements that electricity suppliers 
purchase a certain amount of solar energy, and Federal and state tax benefits.  These programs are, 
in part, motivated by the popular appeal of solar energy, and by the positive attributes of PV – 
modest environmental impacts, avoidance of fuel price risks, coincidence with peak electrical 
demand, and the location of PV at the point of use.  Given the relatively high cost of PV, however, a 
key goal of these policies is to encourage cost reductions over time.  Therefore, as policy incentives 
have become more significant and as PV deployment has accelerated, so too has the desire to track 
the installed cost of PV systems over time, by system characteristics, by system location, and by 
component.   

 This report seeks to fill this need by summarizing major trends in the installed cost (i.e., the cost 
paid by the system owner, prior to the receipt of any available incentives) of grid-connected PV 
systems in the U.S. from 1998 through 2007.5  The report is based on an analysis of project-level 
cost data from nearly 37,000 residential and commercial PV systems in the U.S., all of which are 
installed on the utility-customer side of the meter (i.e., “customer-sited” systems).  These systems 
total 363 MW, or 76% of all grid-connected PV capacity installed in the U.S. by the end of 2007, 
representing the most comprehensive source of installed PV cost data in the United States.  In 
addition to the primary dataset, which is limited to data provided directly by PV incentive program 
administrators and only includes systems installed on the utility-customer side of the meter, the 
report also summarizes installed cost data obtained through public data sources for five multi-MW 
grid-connected PV systems in the U.S. (several of which are installed on the utility-side of the 
meter).  These additional large systems represent a combined 32 MW, bringing the total dataset to 
395 MW, or 89% of all grid-connected PV capacity installed in the U.S. through 2007.  The report 
also briefly compares recent PV installed costs in the U.S. to those in Germany and Japan.  Finally, 
it should be noted that the analysis presented here focuses on descriptive trends in the underlying 

                                                 
3 Photon Consulting. 2008. Solar Annual 2008: Four Peaks. Boston, Massachusetts.  Installed capacity totals refer to 
power applications, and exclude wafer-integrated products (e.g., electronic devices). 
4 Sherwood, L. 2008. U.S. Solar Market Trends 2007. Interstate Renewable Energy Council. http://www.irecusa.org.  
Note that there is some uncertainty over the correct number for 2007 grid-connected capacity additions in the U.S. 
5 This report focuses on installed costs paid by the system owner, rather than the costs born by manufacturers or 
installers.  It is possible, especially over the past several years, that cost trends may have diverged between 
manufacturers and installers, or between installers and system owners.  Note also that, in focusing on installed costs, the 
report ignores improvements in the performance of PV systems, which will tend to reduce the levelized cost of energy 
of PV even absent changes in installed costs. 
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data, and is primarily summarized in tabular and graphical form; later analysis may explore some of 
these trends with more-sophisticated statistical techniques.   

 The report begins with a summary of the data collection methodology and resultant dataset 
(Section 2).  The primary findings of the analysis are presented in Section 3, which describes trends 
in installed costs over time, by system size, by state, by application (new construction vs. retrofit), 
and by technology type (building-integrated vs. rack-mounted and crystalline silicon vs. thin-film).  
Section 3 also describes trends related to non-module costs and component-level costs, drawing on 
a limited amount of available component-level cost data and the results of a 2008 survey of PV 
system installers conducted by Berkeley Lab.  Section 4 presents additional findings related to 
trends in PV incentive levels over time and among states (focusing specifically on state and utility 
incentive programs as well as state and Federal tax credits), and trends in the net installed cost paid 
by system owners after receipt of such incentives.  Brief conclusions are offered in the final section.
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2. Data Summary 

 This section briefly describes the procedures used to collect, standardize, and clean the data 
provided by individual PV incentive programs, and summarizes the basic characteristics of the 
resulting dataset, including: the number of systems and installed capacity by PV incentive program 
and by year, the sample distribution by state and project size, and the sample size relative to all 
grid-connected PV capacity installed in the U.S. 

Data Collection, Conventions, and Data Cleaning 
 Requests for project-level installed cost data were sent to state and utility PV incentive program 
administrators from around the country, with some focus (though not exclusively so) on relatively 
large programs.  Ultimately, 16 PV incentive programs provided project-level installed cost data.  
To the extent possible, this report presents the data as provided directly by these PV incentive 
program administrators.  That said, several steps were taken to standardize and clean the data, 
which are briefly summarized here and described in greater detail in Appendix A. 

 In particular, two key conventions used throughout this report deserve specific mention:   

1. All cost and incentive data are presented in real 2007 dollars (2007$), which required 
inflation adjustments to the nominal-dollar data provided by PV programs. 

2. All capacity and dollars-per-watt ($/W) data are presented in terms of rated module power 
output under Standard Test Conditions (DC-STC), which required that capacity data 
provided by several programs that use a different capacity rating be translated to DC-STC. 

 Additionally, the data were cleaned by eliminating projects with clearly erroneous cost or 
incentive data, by correcting text fields with obvious errors, and by standardizing the identifiers for 
module and inverter models.  Finally, each PV system in the dataset was classified as either 
building-integrated PV or rack-mounted, and as using either crystalline or thin-film modules, based 
on a combination of information sources. 

Sample Description 
 The final dataset, after all data cleaning was completed, consists of roughly 37,000 grid-
connected, residential and non-residential PV systems, totaling 363 MW (see Table 1).6  In 
aggregate, the PV systems in the dataset represent a significant fraction of the U.S. grid-connected 
PV market, equivalent to approximately 76% of all grid-connected PV capacity installed in the U.S. 
through 2007, and about 70% of the PV capacity installed in 2007 alone (see Figure 1).7  The 
largest state markets missing from the primary data sample, in terms of cumulative installed PV 
capacity through 2007, are: Nevada (representing 4.0% of total U.S. grid-connected PV capacity), 
Colorado (3.1%), Hawaii (0.9%), and Texas (0.7%).8 

                                                 
6 There may be a moderate level of double-counting of systems between programs, particularly between LADWP’s 
Solar Incentive Program and the ERP and SGIP programs in California, and between the two Illinois programs. 
7 Sherwood, L. 2008. U.S. Solar Market Trends 2007. Interstate Renewable Energy Council. http://www.irecusa.org. 
8 Some data on larger PV installations in both Colorado and Nevada are included in this report outside of the primary 
dataset, as summarized in the next paragraph.  Additional data from Nevada were provided to Berkeley Lab, but are not 
included in this report; those data will be included in subsequent updates.  
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 The primary sample consists only of data provided by PV incentive program administrators, all 
of which are for systems installed on the utility-customer side of the meter.  The report separately 
describes the installed cost of five multi-MW grid-connected PV systems, several of which are 
installed on the utility-side of the meter.9  Cost data for these projects were compiled from press 
releases and other publicly available sources.  The data for these five projects bring the total PV 
capacity for which cost data are presented to 395 MW, equal to 89% of all grid-connected PV 
capacity in the U.S. installed through 2007. 

 
Table 1. Data Summary by PV Incentive Program 

State PV Incentive Program No. of 
Systems 

Total 
MW 

% of 
Total 
MW 

Size Range 
(kW) 

Year 
Range 

AZ Solar Partners Incentive Program (Arizona Public 
Service) 540 3.1 0.9% 0.4 – 255 2002 - 2007

Emerging Renewables Program (California Energy 
Commission) 27,267 143.0 39.4% 0.1 – 670 1998 - 2007

Self Generation Incentive Program (Pacific Gas & 
Electric, Southern California Edison, California 
Center for Sustainable Energy) 

801 132.6 36.5% 34 – 1,265 2002 - 2007

California Solar Initiative (Pacific Gas & Electric, 
Southern California Edison, California Center for 
Sustainable Energy) 

2,303 14.3 3.9% 1.2 – 1,182 2007 

CA 

Solar Incentive Program (Los Angeles Dept. of 
Water & Power) 592 10.6 2.9% 0.3 – 467 1999 - 2006

CT Solar PV and Onsite Renewable DG Programs 
(Connecticut Clean Energy Fund) 311 2.7 0.7% 1.0 – 434 2003 - 2007

Renewable Energy Grant Programs (Illinois Clean 
Energy Community Foundation) 21 0.6 0.2% 1.0 – 110 2002 - 2005

IL 
Renewable Energy Resources Rebate Program 
(Illinois Dept. Commerce & Economic Opportunity) 145 0.7 0.2% 0.8 – 60 1999 - 2007

MA Small Renewables Initiative (Massachusetts 
Technology Collaborative) 702 4.7 1.3% 0.2 – 432 2002 - 2007

MD Solar Energy Grant Program (Maryland Energy 
Administration) 78 0.2 0.1% 0.5 – 45 2005 - 2007

MN Solar Electric Rebate Program (Minnesota State 
Energy Office) 105 0.4 0.1% 0.9 – 40 2002 - 2007

NJ Customer Onsite Renewable Energy Program (New 
Jersey Clean Energy Program) 2,395 42.1 11.6% 0.8 – 702 2003 - 2007

NY PV Incentive Program (New York State Energy 
Research & Development Authority) 755 4.4 1.2% 0.7 – 51 2003 - 2007

OR Solar Electric Program (Energy Trust of Oregon) 600 2.3 0.6% 0.8 – 67 2003 - 2007

PA Solar PV Grant Program (Sustainable Development 
Fund) 137 0.5 0.1% 1.2 – 10 2002 - 2007

WI Cash Back Rewards Program (Wisconsin Focus on 
Energy) 240 0.9 0.2% 0.2 – 19 2002 - 2007

Total 36,992 363.1 100% 0.1 – 1,265 1998 - 2007
 
                                                 
9 These five systems include: a 14.2 MW system installed in 2007 at Nellis Air Force Base in Nevada; two systems (8.2 
MW and 2 MW) installed in Colorado in 2007; and two systems (4.6 MW and 3.4 MW) installed in Arizona, completed 
in 2004 and 2006, respectively. 
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Figure 1. Data Sample Compared to Total U.S. Grid-Connected PV Capacity10 

 

Table 2. Data Sample by Installation Year 

 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Total 
No. of Systems 39 190 219 1,344 2,523 3,471 5,497 5,084 8,353 10,272 36,992 

% of Total 0.1% 0.5% 0.6% 3.6% 6.8% 9.4% 14.9% 13.7% 22.6% 27.8% 100% 
Capacity (MW) 0.2 0.8 1.0 5.6 14.0 36.0 47.9 61.2 89.3 107.0 363.1 

% of Total 0.1% 0.2% 0.3% 1.6% 3.9% 9.9% 13.2% 16.9% 24.6% 29.5% 100% 

 

 The PV systems in the primary dataset were installed over a ten-year period, from 1998 through 
2007.  As to be expected, however, given the dramatic expansion of the U.S. solar market over 
recent years, the sample is skewed towards projects completed during the latter years of this period 
(see Table 2).  Approximately half of the PV systems in the sample were installed in either 2006 or 
2007, and slightly more than half (54%) of the total capacity was installed during these two years.11  
See Appendix B for detailed annual installation data (number of systems and capacity) by PV 
incentive program and system size range. 

 Among the 16 PV incentive programs that provided data for this report, the lion’s share of the 
sample is associated with the four largest PV incentive programs in the country to-date: California’s 
Emerging Renewables Program (ERP); California’s Self-Generation Incentive Program (SGIP); the 
California Solar Initiative (CSI) Program; and New Jersey’s Customer Onsite Renewable Energy 
(CORE) Program.  As such, the sample is heavily weighted towards systems installed in California 
and New Jersey, as shown in Figure 2.  In terms of installed capacity, these two states represent 
83% and 12% of the total data sample, respectively.  Massachusetts, New York, Arizona, 
Connecticut, and Oregon each represent between 0.6-1.3% of the sample, with the remaining five 
states (Illinois, Maryland, Minnesota, Pennsylvania, and Wisconsin) comprising 0.9%, in total. 

                                                 
10 Data source for U.S. Grid-Connected PV Capacity: Sherwood, L. 2008. U.S. Solar Market Trends 2007. Interstate 
Renewable Energy Council. http://www.irecusa.org. 
11 Dates used in this report are the system completion dates, or whatever date is provided that best approximates that 
date. 
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 The size of the PV systems in the primary dataset span a wide range, from as small as 100 W to 
as large as 1.3 MW, but almost 90% of the projects in the sample are smaller than 10 kW (see 
Figure 3).  In terms of installed capacity, however, the sample is considerably more evenly 
distributed across system size ranges, with systems larger than 100 kW representing 40% of the 
total installed capacity, and systems smaller than 10 kW representing 38%. 
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3. PV Installed Cost Trends 

 This section presents the primary findings of the report, describing trends in the average installed 
cost of grid-connected PV, based on the dataset described in Section 2.  It begins by presenting the 
trends in installed costs over time; by system size; between Japan, Germany, and the U.S.; and 
among individual states.12  It then compares installed costs among several specific types of 
applications and technologies – specifically, residential new construction vs. residential retrofit, 
BIPV vs. rack-mounted systems, and systems with thin-film modules vs. those with crystalline 
modules.  Last, the section presents some limited data related to component-level costs.  To be 
clear, the focus of this section is on installed costs, as paid by the system owner, prior to receipt of 
any financial incentives (e.g., rebates, tax credits, etc.). 

Installed Costs Have Declined over Time, but Were Stable from 2005-2007 
 Figure 4 presents the average installed cost of all projects in the primary sample completed in 
each year, from 1998-2007.  As shown, capacity-weighted average costs declined from $10.5/W in 
1998 to $7.6/W in 2007, equivalent to an average annual reduction of $0.3/W, or 3.5%/yr in real 
dollars.   

 These cost reductions, however, have not occurred steadily over time.  From 1998-2005, average 
costs declined at a relatively rapid pace, with average annual reductions of $0.4/W, or 4.8% per year 
in real dollars.  From 2005 through 2007, however, installed costs remained essentially flat.  During 
this period, U.S. and global PV markets expanded significantly, creating shortages in the supply of 
silicon for PV module production and putting upward pressure on PV module prices.  As 
documented in the next section, however, silicon shortages are not the sole cause for the cessation 
of price declines during 2005-2007, as average non-module costs also remained relatively flat over 
this period. 
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Figure 4. Installed Cost Trends over Time 

                                                 
12 Unless otherwise noted, the results include all system types (e.g., rack-mounted, building-integrated, tracking, non-
tracking, crystalline, non-crystalline, etc.). 
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Installed Cost Reductions Are Primarily Associated with Non-Module Costs 
 Figure 5 disaggregates average annual installed costs into average module and non-module costs.  
Few programs provided actual component-level cost data.  In lieu of this information, Figure 5 
presents Navigant Consulting’s Global Power Module price index as a proxy for module costs.  The 
non-module costs (which may include such items as inverters, mounting hardware, labor, permitting 
and fees, shipping, overhead, taxes, and profit) shown in Figure 5 are then calculated as the 
difference between the average total installed cost and the module price index in each year.   

 Using this method, the decline in total average PV installed costs since 1998 appears to be 
primarily attributable to a drop in non-module costs, which fell from approximately $5.7/W in 1998 
to $3.6/W in 2007, a reduction of $2.1/W (or 73% of the $2.9/W drop in total installed costs of this 
period).  In comparison, module index prices dropped by only $0.8/W from 1998-2007, and 
increased somewhat from 2003-2007.13  As with the trend in total installed costs, however, average 
non-module costs remained relatively stable from 2005-2007. 

 Trends in non-module costs may be particularly relevant in gauging the impact of state and 
utility PV programs.  Unlike module prices, which are primarily established through national (and 
even global) markets,14 non-module costs consist of a variety of cost components that may be more 
readily affected by local programs – including both deployment programs aimed at increasing 
demand (and thereby increasing competition and efficiency among installers) as well as more-
targeted efforts (e.g., training and education programs).  Thus, the fact that non-module costs have 
fallen over time, at least until 2005, suggests (though, admittedly, does not prove) that state and 
local PV programs have had some success in driving down the installed cost of PV. 
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13 Other sources of historical PV module price data are available (e.g., SolarBuzz and Photon Consulting) and show 
qualitatively similar trends.  For example SolarBuzz’s retail module price index is approximately $0.6/W lower in 2007 
than at the end of 2001, with relatively constant prices from 2005-2007. 
14 PV modules are effectively commodities whose prices are established through the interplay of global supply and 
demand.  Though average module prices can and do vary by region, those differences are likely to be considerably 
smaller than differences in non-modules costs. 
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Historical Cost Reductions Are Most Evident for Systems Smaller than 100 kW 
 The overall decline in average installed costs across the entire sample largely reflects the decline 
in costs of small and medium-size systems, as shown in Figure 6.  From 1998-2007, the installed 
cost of systems <5 kW in size dropped from an average of $11.8/W to $8.3/W, equivalent to an 
average annual reduction of $0.4/W per year.  Similar cost reductions occurred for 10-100 kW 
systems, and lower but still apparent cost reductions occurred for 5-10 kW systems.  Larger systems 
(100-500 kW and >500 kW), however, did not exhibited a discernable reduction in average installed 
costs over this period.   

 These trends may, in part, be attributable to the fact that non-module costs, which declined more 
over time than module costs, comprise a larger portion of the overall cost of smaller systems (as 
documented later in this report, where component-level cost data are presented for different sizes).  
Some caution is warranted in interpreting the results for large systems, though, as relatively few of 
these systems were installed during the early years of the study period.  For example, for 100-500 
kW systems, fewer than 10 systems were installed each year until 2003; and for >500 kW systems, 
fewer than 10 systems were installed each year until 2006 (see Table B-2 in Appendix B for annual 
sample size data by system size). 
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Figure 6. Installed Cost Trends over Time, by PV System Size 

The Distribution of Installed Costs Has Narrowed Over Time 
 As indicated by the standard deviation bars in Figure 4, the distribution of installed costs has 
narrowed considerably over time.  This trend can be seen with greater precision in Figures 7 and 8, 
which present frequency distributions of installed costs for systems less than and greater than 10 
kW, respectively, installed in different time periods.  Both figures show a marked narrowing of the 
cost distributions over the past decade.  This convergence of prices, with high-cost outliers 
becoming increasingly infrequent, is consistent with a maturing market characterized by increased 
competition among installers and module manufacturers, improved module manufacturing and 
installation efficiency, and better-informed consumers.  The two figures also show a shifting of the 
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cost distributions to the left, as would be expected based on the previous finding that average 
installed costs have declined over time.  As with the overall decline in average costs, however, the 
narrowing of the cost distribution has subsided within the past 3-4 years, with the distribution of 
installed costs remaining largely stable from 2004/05 to 2006/07.   
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Figure 7. Distribution of Installed Costs for Systems <10 kW 
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Figure 8. Distribution of Installed Costs for Systems >10 kW 

Installed Costs Exhibit Significant Economies of Scale 
 Large PV installations may benefit from economies of scale, through price reductions on volume 
purchases of materials and through the ability to spread fixed costs (including transaction costs) 
over a larger number of installed watts.  This expectation has been borne out in experience, as 
indicated by Figure 9, which shows the average installed cost according to system size, for PV 
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systems completed in 2006 and 2007.  The smallest systems (<2 kW) exhibit the highest average 
installed costs ($9.0/W), while the largest systems (>750 kW) have the lowest average cost 
($6.8/W, or about 25% below the average cost of the smallest systems).  Interestingly, the 
economies of scale do not appear to be continuous with system size, but rather, most strongly 
accompany increases in system size up to 5 kW, and increases in system size in the 100-750 kW 
range.  In contrast, the data do not show evidence of significant economies of scale within the 5-100 
kW size range.   

 The primary dataset underlying the results shown in Figure 9 consists only of data provided by 
the 16 PV program administrators in our sample.  Not included in this dataset are a number of large, 
multi-MW PV systems, several of which are installed on the utility-side of the meter.  Installed cost 
data for five of these projects have been reported in press releases and other public sources, and are 
summarized in Table 3.15  As shown, the installed costs of these projects are generally similar to the 
average cost of the >750 kW systems shown in Figure 9.16  Importantly, though, a number of these 
out-of-sample multi-MW projects have tracking systems, and are therefore likely to attain higher 
performance (and thus lower levelized costs on a $/MWh basis) than the large projects in the 
primary dataset, which are mostly fixed-axis systems. 

 To the extent that the economies of scale described above have persisted over time, they may 
partially explain the temporal decline in average installed costs as the average size of PV systems 
has grown over time.  As shown in Figure 10, the average size of systems <10 kW (a rough proxy 
for residential systems) grew from 2.7 kW in 1998 to 4.6 kW in 2007.  Similarly, the average size of 
systems >10 kW (most of which are non-residential systems) rose from 25 kW to 55 kW over the 
same time period. 
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Figure 9. Variation in Installed Cost According to PV System Size 

                                                 
15 Table 3 only includes systems >2 MW that are not in the primary dataset and for which installed cost data could be 
found.  Note, though, that the sources of these cost data vary in quality, and therefore these data are less certain than the 
data in the primary sample. 
16 Though the focus of this report is on systems installed through 2007, it is worth noting that a number of utility-scale 
PV systems installed in 2008 are reported to have installed costs significantly below the average for >750 kW customer-
sited systems installed in 2006/07. 
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Table 3. Installed Cost of Large PV Systems Not Included in the Primary Dataset 

Location Year of 
Installation 

Plant Size 
(kW) 

Installed 
Cost 

(2007$/W) 

Actual or 
Expected 

Capacity Factor 
Tracking System Design 

Nellis, NV 2007 14,200 7.0 24% single axis 
Alamosa, CO 2007 8,220 7.3 24% fixed, single axis, and double axis 
Fort Carson, CO 2007 2,000 6.5 18% fixed 
Springerville, AZ 2001-2004 4,590 5.9 19% fixed 
Prescott Airport, AZ 2002-2006 3,388 5.4 21% single axis and double axis 
Notes: Cost for Springerville is for capacity added in 2004.  Cost for Prescott is for single-axis capacity additions in 2004. 
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Figure 10. PV System Size Trends over Time 

Average Installed Costs Are Lower in Germany and Japan than in the U.S. 
 Notwithstanding the significant cost reductions that have already occurred in the U.S., 
international experience suggests that greater near-term cost reductions may be possible.  Figure 11 
compares average installed costs in Japan, Germany, and the United States, focusing specifically on 
residential systems installed in 2007 (and excluding sales or value-added tax).  Among this class of 
systems, average installed costs were substantially lower in Japan and Germany ($5.9/W and 
$6.6/W, respectively) than in the U.S. ($7.9/W).  These differences may be partly attributable to the 
much greater cumulative grid-connected PV capacity in Japan and Germany (about 1,800 MW and 
3,800 MW, respectively, at the end of 2007), compared to just 500 MW in the U.S.  However, it is 
also evident that larger market size, alone, does not account for all of the variation – as indicated by 
the fact that installed costs are higher in Germany than in Japan, despite the substantially greater 
grid-connected PV capacity in the former.17 

                                                 
17 The relatively low residential PV costs in Japan may be partly explained by the fact that Japan’s PV support policies 
have focused largely on the residential sector, and that a large portion of this market consists of pre-fabricated new 
homes that incorporate PV systems as a standard feature.  More generally, installed costs may differ among countries as 
a result of a wide variety of factors, including differences in: module prices, technical standards for grid-connected PV 
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Figure 11. Comparison of Average Installed Costs in Japan, Germany, and the U.S. (Residential 
Systems Completed in 2007)18 

Installed Costs Vary Widely Across States 
 The U.S. is clearly not a homogenous PV market, as evidenced by Table 4, which compares the 
average installed cost of systems completed in 2006 or 2007, across the 12 states in the dataset.19  
Figure 12 focuses specifically on systems less than 10 kW, for which there are a relatively large 
number of projects in each state.  Among systems in this size class, average costs range from a low 
of $7.6/W in Arizona to a high of $10.6/W in Maryland.   

 This variation in average installed costs across states is, in part, likely a consequence of the 
differing size and maturity of the PV markets, where larger markets stimulate greater competition 
and hence greater efficiency in the delivery chain, and may also allow for bulk purchases and better 
access to lower-cost products.  Most notably, the two largest PV markets in the U.S. – California 
and New Jersey – have among the lowest average costs, lending some credence to the premise 
behind state policies and programs that seek to reduce the cost of PV by accelerating deployment.20   

 As noted in the preceding comparison between the U.S., Japan, and Germany, however, other 
factors also drive differences in installed costs among individual states.  Incentive application 
procedures and regulatory compliance costs, for example, vary substantially.  Additionally, installed 
costs vary across states due to differing sales tax treatment; five of the 12 states shown in Figure 12 
(Arizona, Massachusetts, Minnesota, New Jersey, and New York)21 exempted PV hardware costs 
from state sales tax throughout 2006 and 2007, and Oregon has no state sales tax.  If PV hardware 
costs represent approximately 60% of the total installed cost of residential PV systems (an 
                                                                                                                                                                  
systems, installation labor costs, procedures for receiving incentives and permitting/interconnection approvals, foreign 
exchange rates, and the degree to which components are manufactured locally. 
18 In Figure 11, the Japanese cost data are for 2-5 kW systems, while the German and U.S. cost data are for 3-5 kW 
systems.  Additionally, note that the U.S. data presented in this figure exclude sales tax, and therefore are not entirely 
comparable to data presented elsewhere in this report, which include sales tax, if applicable.  Sources for Japanese and 
German data: Ikki, O. and K. Matsubara. 2008. National Survey Report of PV Power Applications in Japan 2007. Paris, 
France: International Energy Agency Cooperative Programme on Photovoltaic Power Systems.  Wissing, L. 2008. 
National Survey Report of PV Power Applications in Germany 2007. Paris: France: International Energy Agency 
Cooperative Programme on Photovoltaic Power Systems. 
19 See Appendix B for average annual cost data for each of the 16 PV incentive programs. 
20 The reason for the relatively low average cost in Arizona – itself a smaller PV market – is unknown. 
21 Connecticut established a state sales tax exemption for PV beginning in July 2007. 
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assumption supported by data presented later in this report), sales tax exemptions effectively reduce 
post-sales-tax installed costs by $0.2-0.4/W, depending on the state sales tax rate.   

 
Table 4. Average Installed Cost by State and PV System Size Range 

2006-2007 Systems 
Simple Average Cost State 

Total Sample  
Capacity-Weighted 

Average Cost 
Capacity-Weighted 

Average Cost 
(all sizes) 0 - 10 kW 10 - 100 kW 100 - 500 kW >500 kW 

AZ $7.8  (n=540) $7.6  (n=413) $7.6 (n=391) $8.1 (n=20) $9.1 (n=2) n/a (n=0) 
CA $7.7  (n=30963) $7.5  (n=14614) $8.1 (n=12850) $7.6 (n=1607) $7.3 (n=136) $6.7 (n=33) 
CT $8.4  (n=311) $8.3  (n=274) $8.8 (n=252) $8.1 (n=19) $7.9 (n=3) n/a (n=0) 
IL $12.4  (n=166) $8.5  (n=118) $9.8 (n=116) $3.3 (n=2) n/a (n=0) n/a (n=0) 
MA $9.7  (n=702) $9.6  (n=415) $9.1 (n=389) $10.1 (n=24) $8.8 (n=5) n/a (n=0) 
MD $9.8  (n=78) $9.7  (n=71) $10.6 (n=69) $8.5 (n=2) n/a (n=0) n/a (n=0) 
MN $8.4  (n=105) $8.5  (n=60) $8.8 (n=59) $8.7 (n=3) n/a (n=0) n/a (n=0) 
NJ $7.7  (n=2395) $7.5  (n=1588) $8.4 (n=1301) $8.4 (n=272) $7.6 (n=50) $6.7 (n=15) 
NY $8.8  (n=755) $8.8  (n=519) $8.8 (n=472) $8.9 (n=52) n/a (n=0) n/a (n=0) 
OR $8.0  (n=600) $8.4  (n=324) $8.4 (n=305) $8.4 (n=19) n/a (n=0) n/a (n=0) 
PA $9.0  (n=137) $8.7  (n=67) $8.7 (n=66) $8.4 (n=1) n/a (n=0) n/a (n=0) 
WI $8.4  (n=240) $8.3  (n=162) $8.7 (n=149) $7.9 (n=16) n/a (n=0) n/a (n=0) 
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Figure 12. Variation in Installed Costs among U.S. States 

The New Construction Market Offers Cost Advantages for Residential PV 
 The California Emerging Renewables Program (ERP) is one of few PV incentive programs 
within the sample that explicitly tracks which of the funded systems are installed in residential new 
construction applications.22  Figure 13 compares the average installed cost of residential new 
construction and residential retrofit projects funded through the ERP, focusing in particular on 1-3 
                                                 
22 Note that, starting in 2007, the California Energy Commission’s New Solar Homes Program (NSHP) replaced the 
ERP as the incentive program for PV systems installed in residential new construction (within the service territories of 
California’s investor-owned utilities).  No systems funded through the NSHP were completed in 2007, however.   



 

Tracking the Sun: The Installed Cost of Photovoltaics in the U.S. from 1998-2007        17

kW projects (the size range typical of residential new construction) completed in 2006 or 2007.  
Among this group of PV systems, those installed in residential new construction cost $0.6/W less, 
on average, than comparably-sized residential retrofit systems ($7.9/W compared to $8.5/W), a 
price advantage of approximately 7%.23   
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Figure 13. Comparison of Installed Costs for Residential Retrofit vs. New Construction 

 

 Simply comparing the overall average cost of all residential new construction and all residential 
retrofit systems masks the fact that a much larger proportion of new construction systems are 
building-integrated PV (BIPV), which tend to have somewhat higher costs than rack-mounted 
systems, thought the higher installed costs may be partially offset by avoided roofing material costs.  
To allow an apples-to-apples comparison, Figure 13 also presents average costs for rack-mounted 
and BIPV systems within both the new construction and retrofit samples.  Systems were identified 
as BIPV or rack-mounted based on module manufacturer and model data provided for the ERP-
funded systems.  These comparisons suggest a somewhat greater cost advantage for new 
construction than implied by the overall averages, with rack-mounted systems installed in 
residential new construction averaging $0.8/W less than residential retrofit systems ($7.7/W 
compared to $8.5/W), and BIPV systems in new construction averaging $1.1/W less than residential 
retrofits ($8.3/W compared to $9.4/W).24 

                                                 
23 For this report, we have not attempted to distinguish between PV systems installed in large new residential 
developments and those installed on individual custom new homes.  This issue was explored in a previous Berkeley Lab 
report:  Wiser, R., M. Bolinger, P. Cappers, and R. Margolis. 2006. Letting the Sun Shine on Solar Costs: An Empirical 
Investigation of Photovoltaic Cost Trends in California. LBNL-59282. Berkeley, California: Lawrence Berkeley 
National Laboratory.  That earlier report used data from the ERP and a multi-variate linear regression analysis, and 
found that the cost differential between residential new construction and retrofit markets was much greater for large new 
developments than for individual new homes.  Specifically, PV systems installed in large new residential developments 
were found to cost $1.2/WAC ($1.0/WDC-STC) less, on average, than residential retrofit systems, while systems installed 
on individual new homes cost just $0.18/WAC ($0.15/WDC-STC) less than retrofit systems.   
24 Some caution is warranted in interpreting the cost comparison for BIPV systems.  Individual PV systems in the ERP 
dataset were identified as BIPV using module manufacturer and model data provided for these systems.  Because some 
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Small Systems with Thin-Film Modules Had Higher Installed Costs in 2006 and 
2007 than Those with Crystalline Modules 
 Module manufacturer and model data were provided for approximately half of the systems in the 
dataset, and were used to determine whether these systems employed thin-film or crystalline 
modules.25  As shown in Figure 14, thin-film systems <10 kW in size and installed in 2006 or 2007 
had average installed costs $0.5/W higher than comparably-sized crystalline systems.26  This result 
comes as somewhat of a surprise given that thin-film modules are widely considered to be lower 
cost than crystalline, and that greater uncertainty in the long-term performance of thin-film 
modules, on the part of consumers, would seemingly tend to drive down the price of thin-film 
systems relative to their crystalline counterparts.  One potential explanation may be that the lower 
efficiency of thin-film modules leads to higher balance of system costs, at least among the systems 
in our sample, and therefore higher total installed costs.   

 Among larger systems, average installed costs did not vary substantially between those 
employing thin-film modules and those with crystalline modules.  Within the >100 kW size 
category shown in Figure 14, thin-film systems appear to be substantially more costly than 
crystalline systems ($7.7/W, compared to $7.1/W for crystalline systems).  However, this apparent 
trend is an artifact of the small sample size and the presence of a single thin-film system with an 
installed cost of $25/W.  If this system were eliminated from the data set, the average cost of the 
thin-film systems >100 kW would be $7.2/W – only marginally higher than the corresponding value 
for crystalline systems.  
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Figure 14. Comparison of Installed Costs for Crystalline vs. Thin-Film Systems 

 
                                                                                                                                                                  
modules made for BIPV applications may be installed as rack-mounted systems, it is possible (if not likely) that some of 
the systems identified as residential retrofit BIPV systems may be misclassified and may, in fact, be rack-mounted 
installations. 
25 Thin-film systems include both amorphous silicon and non-silicon modules. 
26 For the purpose of this comparison, we compare rack-mounted crystalline to rack-mounted thin-film (i.e., we exclude 
BIPV systems. 
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Module Costs Represent About Half of Total PV Installed Costs, with the 
Remainder Consisting of a Diversity of Non-Module Cost Components 
 The average module and non-module costs presented previously in Figure 5 were estimated 
based on a module price index.  This approach was necessitated by the fact that many of the PV 
incentive programs in our data sample did not provide component-level cost data.  However, a few 
programs did provide component-level cost data, and this limited quantity of data do lend some 
validation to the break-down between module and non-module costs implied in Figure 5, and also 
provide a moderate level of additional detail on the composition of non-module costs.  Figure 15 
summarizes the limited amount of component-level cost data provided by the PV incentive 
programs in our data sample, for <10 kW and 10-100 kW systems completed in 2006-2007.  For 
both system size ranges, modules represent slightly over 50% of total costs, on average – which is 
roughly consistent with the imputed module cost indicated in Figure 5 – while inverter costs 
average just under 10% of total costs.  “Other” costs (e.g., mounting hardware, labor, overhead, 
profit, etc.) make up the relatively substantial remaining portion of total installed costs.   

 Some additional detail on individual component costs, although not based directly on project 
data, can be gleaned from the results of a survey of PV installers conducted by Berkeley Lab in 
2008.  The survey asked installers to provide the typical percentage contribution to total cost for a 
variety of specific cost components (e.g., modules, inverters, installation labor, etc.).  As shown in 
Figure 16, installers reported that module costs typically represent approximately 50% of total 
installed cost, and inverters represent 6-7% of total costs – findings that are generally consistent 
with the component cost data reported by PV incentive program administrators, which are based on 
actual system installations.  The survey results also provide further granularity in decomposing non-
module, non-inverter costs.  In particular, the survey results indicate that, depending on the system 
size, installation labor represents 9-10% of total installed cost, and other materials (e.g., mounting 
hardware) represent 7-11% of installed cost.  The remaining 20-29% of installed costs consists of 
overhead, profit, and regulatory compliance (e.g., permitting, interconnection, rebate application).  
Not surprisingly, these “other” costs – many of which are largely fixed costs – represent a greater 
percentage of total installed costs for residential systems than for larger, non-residential systems. 
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Figure 15. Module, Inverter, and Other Costs 
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Figure 16. Results from Berkeley Lab Survey of PV Installers on Component Costs 
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4. PV Incentive and Net Installed Cost Trends 

 Financial incentives provided through utility, state, and Federal programs have been a major 
driving force for the PV market in the U.S.  These incentives potentially include some combination 
of cash incentives provided through state or utility PV incentive programs, Federal and/or state 
investment tax credits (ITCs), revenues from the sale of renewable energy certificates (RECs), and 
accelerated depreciation of capital investments in solar energy systems.  This section describes 
trends in incentive levels (focusing specifically on state/utility incentives and ITCs) and net 
installed costs (i.e., installed costs after receipt of financial incentives) over time, by system size, 
and among states. 

 Two important caveats should be noted at the outset:   
• First, the set of incentives addressed here are necessarily limited in scope, accounting only 

for the direct cash incentives provided through the 16 state/utility incentive programs in the 
dataset, plus state and Federal ITCs.  The analysis does not account for the incentive for 
commercial PV provided through accelerated depreciation (which has remained constant 
over the sample period),27 nor for any additional incentives that projects may have received 
from state/utility incentive programs outside of the 16 program covered in this report.28  The 
results presented in this section also do not account for revenue from the sale of RECs, 
although the potential magnitude of this revenue stream is briefly discussed in general terms 
(see Text Box 1).   

• Second, this section marks a departure from Section 3 by going beyond a simple reporting of 
the data provided by program administrators.  In particular, a variety of assumptions, as 
documented within this section and described further in Appendix C, were required in order 
to estimate the value of Federal and state ITCs for each project and to determine the net 
installed cost on an after-tax basis. 

State/Utility Cash Incentives Have Declined since 2002 
 The 16 state and utility PV incentive programs represented within the dataset provide cash 
incentives of varying forms.  Most provide up-front cash incentives (i.e., “rebates”), based either on 
system capacity, a percentage of installed cost, or a projection of annual energy production.  Several 
programs, instead, provide performance-based incentives (PBIs), which are paid out over time 
based on actual energy production, as either a supplement or an alternative to an up-front rebate.29  
Figure 16 shows the average cash incentive, on a $/W basis, received by the PV systems in the 
dataset, over time and according to system size.  These data are presented on a pre-tax basis – that 

                                                 
27 Commercial PV owners are allowed to depreciate the installed cost of their system over a 5-year schedule, rather than 
the standard 20-year period.  The net present value of this accelerated depreciation (relative to the standard depreciation 
schedule) is equal to 12% of installed costs.  See: Bolinger, M., G. Barbose, and R. Wiser. 2008.  Shaking Up the 
Residential PV Market: Implications of Recent Changes to the ITC. Berkeley, CA: Lawrence Berkeley National 
Laboratory. 
28 For example, in Pennsylvania, some projects may have received incentives through both the Sustainable Energy 
Fund’s Solar Grant Program and the state’s Energy Harvest Program (where the former is included in the dataset and 
the latter is not).   
29 PBI payments were reported by PV incentive program administrators on a $/W basis, based on estimated energy 
production.  These $/W figures were used directly, without discounting, in the analysis provided in this section. 
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is, prior to assessment of state or Federal taxes that may be levied if the incentive is treated as 
taxable income.30   

 As shown, average cash incentives declined significantly from 2002-2007 across all size ranges 
(with the exception of the >500 kW category, for which insufficient data are available for 2002).  
Specifically, cash incentives declined from 2002-2007 by an average of $1.9/W for systems in the 
<5 kW, 5-10 kW, and 10-100 kW size ranges, and by $1.4/W for systems 100-500 kW.31  These 
trends largely reflect changes in incentive levels within California’s Emerging Renewables Program 
(ERP) and Self-Generation Incentive Program (SGIP), which together represent approximately 75-
80% of all systems in each size category.  To some extent, these incentive level trends also reflect 
the growing prominence of New Jersey’s Customer-Onsite Renewable Energy (CORE) program, 
which has offered relatively high incentives.  The CORE program represents an increasing 
percentage of the sample in all size categories over time, counteracting, to some degree, the decline 
in average incentive levels associated with the drop in ERP and SGIP incentives.  Although masked 
by the dominant effect of the California and New Jersey programs, average incentives among the 
other PV incentive programs also generally declined since 2002/2003 (see Table B-3 in Appendix 
B).  Last, it is perhaps interesting to note that, although the difference is relatively small, the largest 
systems in the sample (>500 kW) received the highest incentives, on average, in 2007 ($2.9/W), 
while the smallest systems (< 5 kW) received the lowest average incentives in that year ($2.4/W).   
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Figure 16. Pre-Tax State/Utility Cash Incentive Levels over Time 

                                                 
30 Although the IRS has provided only limited guidance on the issue, it appears that, in most cases, cash incentives 
provided for commercial PV systems are considered Federally-taxable income.  Cash incentives for residential PV, 
however, are exempt from Federal income taxes if the incentive is considered to be a “utility energy conservation 
subsidy,” per Section 136 of the Internal Revenue Code.  Despite several IRS private letter rulings of potential 
relevance, uncertainty remains as to what exactly constitutes a “utility energy conservation subsidy.”  See: Bolinger, M., 
G. Barbose, and R. Wiser. 2008.  Shaking Up the Residential PV Market: Implications of Recent Changes to the ITC. 
Berkeley, CA: Lawrence Berkeley National Laboratory. 
31 For systems >500 kW, the maximum average incentive was $3.6/W in 2004, declining to $2.9/W in 2007 (a drop of 
$0.7/W).  However, fewer than 10 systems in this size range were installed each year prior to 2006, and therefore the 
time trend is rather idiosyncratic and not particularly meaningful. 
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Including Federal and State ITCs, Financial Incentives Rose for Commercial PV 
from 2002-2007, But Fell for Residential PV 
 Although direct cash incentives received from state and utility PV programs have, on average, 
declined over time, other sources of financial incentives have become more significant.  Most 
notably, starting January 1, 2006, the Federal ITC for commercial PV systems rose from 10% to 
30% of project costs, and a 30% ITC (capped at $2,000) was established for residential PV.  (Note 
that the Energy Improvement and Extension Act of 2008 lifted the cap on the residential ITC for 

Text Box 1.  Revenue from the Sale of RECs 
 

PV system owners may be able to sell RECs generated by their system, adding to any direct incentives 
received from state/utility PV incentive programs and Federal or state ITCs (provided that REC ownership is 
not automatically transferred to the state/utility as a condition of receiving a direct cash incentive).  
Projecting the value of REC sales over the lifetime of each individual PV system in our dataset would be a 
highly speculative task, and therefore was not undertaken for this study.  Based on historical REC prices, 
however, the revenue potential in most states (with the exception of New Jersey) is relatively modest, 
compared to the value of direct cash incentives received through state/utility PV incentive programs and to 
the value of the Federal ITC for commercial PV. 

In general, the potential REC revenue for customer-sited PV depends on where the system is located, and 
consequently, what types of REC markets are available.   

• Voluntary REC Markets.  In most states, RECs generated by PV systems may be sold to individuals, 
businesses, or government agencies that are voluntarily seeking to support renewable energy and/or to 
publicly demonstrate their support.  Given the voluntary nature of these transactions, prices in 
voluntary REC markets have historically been quite modest.  For example, voluntary RECs traded 
through Evolution Markets, a brokerage firm, averaged about $20/MWh in 2007.  Extrapolated over a 
20-year period, revenues from REC sales at this price are equivalent to just $0.23/W on a present 
value basis (assuming a 10% nominal discount rate and a capacity factor of 14%), without accounting 
for income tax that may be assessed on REC revenue.   

• Traditional RPS Markets.  In some states, RECs generated by PV systems may be sold to electricity 
suppliers for compliance with state renewables portfolio standards (RPS).  These markets may offer 
greater REC revenue potential, though REC prices in RPS markets have historically varied quite 
substantially across states and over time.  For PV, the most critical issue typically is whether the state 
RPS has a specific solar requirement (i.e., a “solar set-aside”).  In traditional RPS markets without a 
solar set-aside, the highest average REC prices in 2007 (based on trading through Evolution Markets) 
occurred in Massachusetts, where REC prices for compliance with the state’s Class I RPS requirement 
averaged approximately $55/MWh.  Extrapolating these prices over a 20-year period (using the same 
assumptions as before) is equivalent to an up-front, pre-tax payment of $0.63/W.   

• RPS Solar Set-Aside Markets.  Substantially greater REC revenue potential may be available in states 
with an RPS solar set-aside.  Through 2007, active trading of solar RECs (or SRECs) for compliance 
with a solar set-aside occurred primarily in New Jersey, where SRECs traded through Evolution 
Markets averaged $253/MWh in 2007.  Again, extrapolating this revenue stream over a 20-year 
period yields the equivalent of an up-front, pre-tax payment of $2.9/W (equal to roughly 60% of the 
average pre-tax cash incentive paid by New Jersey’s CORE Program for PV systems installed in 
2007).  As of 2009, however, systems larger than 50 kW in New Jersey are no longer eligible for cash 
incentives, as the state shifts towards an SREC-based support mechanism. 
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systems installed on or after January 1, 2009; however, this change does not pertain to the systems 
within our sample.)  In addition to the Federal ITC, a number of states have, at various times, also 
offered state ITCs for PV, although these tax credits have generally been smaller and/or available to 
a more-restricted set of projects than the Federal tax credit (see Appendix C for details on the ITCs 
for PV offered by the states in our dataset).   
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Figure 17. After-Tax State/Utility Cash Incentives plus State & Federal ITCs (Estimated) 

 

 Figure 17 illustrates the combined effect of changes over time in state and Federal ITCs 
(assuming that all customers take advantage of available tax credits) plus changes in the cash 
incentives provided through the state and utility PV incentive programs in the dataset, expressed 
here on an after-tax basis.  As noted previously, this assessment ignores potential revenues from the 
sale of RECs, though for most of the 12 states in our dataset (other than New Jersey), such revenues 
would likely add only marginally to the overall incentive received (see Text Box 1). 

 Figure 17 suggests a notably different trend for commercial PV systems than that exhibited in 
Figure 16 for systems >10 kW (the majority of which are commercial).  Specifically, as shown in 
Figure 17, the decline in the average combined commercial incentive that began in 2002 abruptly 
reversed course in 2006, when the Federal ITC for commercial PV increased from 10% to 30% of 
project costs.  As a result, commercial PV systems received greater total financial incentives in 
2006-2007, on average, than at any time since 1998, with the after-tax value of cash incentives plus 
ITCs averaging $3.9/W in 2007.  Residential PV also saw a slight boost in overall incentive levels 
when the Federal ITC was extended to these systems in 2006; however, with the $2,000 cap on the 
residential credit, the effect was much less dramatic than for commercial PV.32  Consequently, the 

                                                 
32 Removal of the $2,000 ITC cap for residential systems installed on or after January 1, 2009 will, of course, provide an 
additional increase in residential incentives.  Even after the cap is lifted, however, the average value of the residential 
ITC will still be less than the commercial ITC, because utility rebates for residential systems are often tax-exempt and 
therefore reduce the tax credit basis on which the ITC applies. 
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combined after-tax incentive (cash incentives plus ITCs) for residential PV was, in 2007, at its 
lowest average level ($3.1/W) since 2001. 

 The fact that combined after-tax incentives rose substantially from 2005-2007 for commercial 
PV, while remaining essentially flat for residential PV, may partially explain the shift towards the 
commercial sector within the U.S. PV market over this period.  With the lifting of the cap on the 
Federal ITC for residential PV beginning in 2009, however, some movement back towards the 
residential sector may occur. 

Declining Financial Incentives for Residential PV Offset Much of the Cost 
Reductions from 2001-2007, While Net Installed Costs for Commercial PV 
Continued to Fall 
 As discussed at length in Section 3, average installed costs across most PV system size 
categories declined significantly from 1998-2005, but remained relatively stable from 2005-2007.  
At the same time, average after-tax incentive levels for residential systems steadily declined from 
2002-2007.  The net effect of these two trends, as illustrated in Figure 18, is that the net installed 
cost of residential PV – that is, the installed cost after deducting the after-tax value of state/utility 
cash incentives plus ITCs – has remained relatively flat since 2001, declining by $1.0/W from 2001-
2004, and then increasing by $0.5/W from 2004-2007.  Thus, in 2007, the average net installed cost 
of residential PV was $5.1/W, compared to an average of $5.6/W in 2001, a drop of just 7%. 

 As shown in Figure 19, the trend for commercial PV is markedly different, by virtue of the more-
lucrative Federal ITC available beginning in 2006.  Specifically, in 2007, the net installed cost of 
commercial PV was $3.9/W, compared to $5.9/W in 2001, a drop of 32%.  Without Federal and 
state ITCs, though, the average net installed cost of commercial PV would be only 9% lower in 
2007 than in 2001 ($6.3/W compared to $7.0/W), and would be essentially unchanged from the 
average net installed cost in 2003 ($6.2). 

 Finally, Figures 18 and 19 also illustrate the potential impact of incentive levels on gross (i.e., 
pre-incentive) installed costs.  A previous Berkeley Lab report, Letting the Sun Shine on Solar 
Costs: An Empirical Investigation of Photovoltaic Cost Trends in California, found a statistically 
significant correlation between pre-incentive installed costs in California and incentive levels under 
the state’s two major PV incentive programs at the time (ERP and SGIP).33  Evidence of this 
correlation can be seen in Figures 18 and 19 (not surprisingly so, given the dominance of ERP and 
SGIP systems within the dataset).  Most visibly, the decline in gross installed costs that had 
occurred during prior years ceased in 2001-2002, especially among commercial systems, coinciding 
with a substantial increase in incentive levels under the ERP and SGIP.  

 

                                                 
33 Wiser, R., M. Bolinger, P. Cappers, and R. Margolis. 2006. Letting the Sun Shine on Solar Costs: An Empirical 
Investigation of Photovoltaic Cost Trends in California. LBNL-59282. Berkeley, California: Lawrence Berkeley 
National Laboratory. 
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Figure 18. Net Installed Cost of Residential PV over Time (Estimated) 
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Figure 19. Net Installed Cost of Commercial PV over Time (Estimated)  

Incentives Have Diverged Widely Across States 
 The preceding time trends apply to the sample at large, which is itself dominated by the PV 
incentive programs in California and New Jersey.  Of course, incentives and net installed costs vary 
significantly from state-to-state, as shown in Figures 20 and 21, which compare average incentive 
levels and net installed costs across the 12 states in our dataset, focusing specifically on systems 
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installed in 2007.34  Again, note that this analysis does not capture all types of financial incentives 
that may be available to PV systems in each state (e.g., incentives offered by other PV incentive 
programs outside of the 16 programs included in the data sample, and revenue that may be available 
from the sale of RECs). 

 Among residential systems installed in 2007 (Figure 20), average after-tax incentives (i.e., the 
sum of direct cash incentives from state/utility PV incentive programs plus state and Federal ITCs, 
but excluding revenue from sale of RECs) ranged from a high of $5.7/W in Pennsylvania to just 
$2.5/W in Maryland.  These two states also represent the bookends in terms of net installed cost 
after incentives, averaging $3.2/W and $7.7/W, respectively.  The largest PV markets, California 
and New Jersey, also fall at opposite ends of the spectrum.  In California, after-tax incentives for 
residential PV averaged $2.8/W in 2007, yielding an average net installed cost of $5.4/W.  In New 
Jersey, which offered a much more lucrative cash incentive in 2007, the combined after-tax 
incentive for residential PV averaged $5.1/W, yielding an average net installed cost of $3.3/W. 

 For commercial PV (Figure 21), average after-tax incentive levels and net installed costs also 
varied considerably across states in 2007.  Comparing only those states within the dataset that had 
five or more commercial systems completed in 2007 (which excludes Pennsylvania and Maryland, 
the two bookends from the residential comparison, as well as Illinois), average after-tax incentives 
for commercial PV in 2007 ranged from $5.6/W in Massachusetts to $3.7/W in California.  The 
lowest average net installed cost belongs to New Jersey, at $3.0/W (not accounting for SRECs, 
which, as discussed in Text Box 1, could reduce net installed costs by a substantial additional 
amount).  In comparison, the net installed cost of commercial PV in 2007 was greatest in 
Minnesota, at $5.4/W. 
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Figure 20. Comparison of Incentive Levels and Net Installed Cost across States for Residential PV 
Systems Installed in 2007 (Estimated) 

 

                                                 
34 See Appendix B for data on the average annual cash incentive for each of the 16 PV incentive programs. 



 

Tracking the Sun: The Installed Cost of Photovoltaics in the U.S. from 1998-2007        28

$0

$2

$4

$6

$8

$10

$12

MA
n=26

0.9 MW

NY
n=25

0.3 MW

OR
n=40

0.4 MW

CT
n=19

0.8 MW

NJ
n=92

10 MW

AZ
n=11

0.4 MW

MN
n=6

0.1 MW

WI
n=23

0.2 MW

CA
n=859

47.5 MW

Av
er

ag
e 

Co
st

 o
r I

nc
en

tiv
e

(2
00

7$
/W

)
State/Utility Cash Incentive (after-tax) State ITC
Federal ITC Net Installed Cost

Notes: IL , MD , and PA are omitted from the figure due to insufficient sample size (<5 systems).  We assume that all systems 
>10 kW are commercial (unless identified otherwise) and that state/utility cash incentives for such systems are taxed at a 
Federal corporate tax rate of 35%  plus the prevailing state corporate tax rate, and do not reduce the basis of the Federal ITC. 
The value of state ITCs is calculated as described in Appendix C.

 
Figure 21. Comparison of Incentive Levels and Net Installed Cost across States for Commercial PV 
Systems Installed in 2007 (Estimated) 
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5. Conclusions 

 Installations of photovoltaic systems have been growing at a rapid pace in recent years, driven in 
large measure by government incentives.  Given the relatively high cost of PV, a key goal of these 
policies has been to encourage cost reductions over time.  Out of this goal arises the need for 
reliable information on the historical installed cost of PV.  This report addresses this need, 
describing trends in the installed cost of approximately 37,000 grid-connected systems deployed 
across 12 states from 1998-2007. 

 Available evidence confirms that PV costs have declined substantially over time, especially 
among smaller systems, primarily as a result of reductions in non-module costs.  This trend, along 
with the narrowing of cost distributions over time, suggests that PV deployment policies have 
achieved some success in fostering competition within the industry and in spurring improvements in 
the cost structure and efficiency of the delivery infrastructure.  Moreover, the fact that states with 
the largest PV markets also appear to have somewhat lower average costs than most states with 
smaller markets lends further credence to the premise that state and utility PV deployment policies 
can affect local costs.  Even lower average installed costs in Japan and Germany suggest that deeper 
near-term cost reductions may be possible. 

 Despite these findings, both module and non-module costs remained largely unchanged from 
2005-2007, perhaps reflecting constraints throughout the supply-chain and delivery infrastructure as 
PV markets rapidly expanded.  This trend, were it to continue indefinitely, would be cause for 
concern, given the desire of PV incentive programs to continue to ratchet down the level of 
financial support offered to PV installations.  Recent developments, however, portend a potentially 
dramatic shift over the next few years, with significant improvements in the customer-economics of 
PV.  First, in contrast to the recent past, most industry experts anticipate an over-supply of PV 
modules in the near future, putting downward pressure on module prices in 2009 and, hence, on 
total installed costs (though projections of the magnitude of these price reductions vary 
considerably).  Second, the lifting of the cap on the Federal ITC for residential PV, also beginning 
in 2009, will further reduce net installed costs for residential installations (to the extent that it is not 
offset by corresponding reductions in state and utility incentives).  Although large commercial PV 
installations may continue to be the dominant growth market (joined by utility-scale PV), the 
removal of the cap on the residential ITC may lead to some degree of renewed emphasis on the 
residential market in the years ahead. 
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Appendix A:  Data Cleaning, Coding, and Standardization 
To the extent possible, this report presents the data as provided directly by PV incentive program 
administrators.  That said, several steps were taken to clean the data and standardize it across programs, 
described below. 
 
Projects Removed from the Dataset: The initial data sample received from PV incentive program 
administrators consisted of 37,249 PV systems installed through 2007.  To eliminate presumably erroneous 
numerical data entries, systems were removed from the dataset if the reported installed cost was less than 
$3/W (13 systems) or greater than $30/W (28 systems), or if the incentive amount was zero (27 systems) or 
greater than the installed cost (17 systems).  In addition, systems missing installed cost data (31 systems), 
incentive data (6 systems), or system size data (71 systems) were removed from the dataset.  Finally, 74 
systems with battery back-up were removed from the dataset.  In total, 267 systems, out of an initial sample 
of 37,185, were removed from the dataset as a result of these filters, yielding a final sample of 36,992 
systems. 
 
Manual Data Cleaning: City, installer, zip code, module manufacturer/model, and inverter 
manufacturer/model data were reviewed in order to correct obvious misspellings and misidentifications, and 
to create standardized identifiers for individual module and inverter models. 
 
Completion Date: The data provided by several PV incentive programs did not identify the system 
completion date.  In lieu of this information, the best available proxy was used (e.g., the date of the incentive 
payment or the post-installation site inspection). 
 
Identification of Residential New Construction and Residential Retrofit Systems:  Section 3 compares 
the cost of systems installed in residential new construction to those installed in residential retrofit 
applications, focusing specifically on 1-3 kW systems funded through the California Energy Commission 
(CEC)’s Emerging Renewables Program (ERP) and installed in 2006 or 2007.  Residential new construction 
systems were identified within the ERP dataset if the data field labeled “Category” contained the value 
“Development,” “New Home,” or “n”.   
 
Identification of Building-Integrated and Rack-Mounted Residential Systems: The comparison between 
residential new construction and residential retrofit systems funded through the ERP is further differentiated 
between building-integrated PV (BIPV) and rack-mounted systems.  The raw data provided by the CEC did 
not include explicit identifiers for these categories; thus, systems were identified as either BIPV or rack-
mounted by cross-referencing data provided on the module manufacturer and model for each system with the 
California Solar Initiative (CSI)’s List of Eligible Modules, which explicitly identifies whether modules are 
BIPV or rack-mounted. 35  Based on this procedure, 2,835 of the 2,879 applicable systems (i.e., 1-3 kW 
systems funded through the ERP in 2006 or 2007) were identified as either BIPV or rack-mounted. 
 
Identification of Crystalline and Thin-Film Systems: Section 3 compares the installed cost of systems 
with thin-film modules to those with crystalline modules.  The raw data provided by PV program 
administrators generally do not include explicit identifiers for these categories.  Thus, systems were 
categorized as thin-film or crystalline by cross-referencing data provided on module manufacturer and model 
with the CSI’s List of Eligible Modules, which explicitly identifies whether modules are crystalline or thin-
film.  Based on this procedure, 32,035 of the 36,992 systems were identified as employing either thin-film or 
crystalline modules. 
 

                                                 
35 http://www.gosolarcalifornia.org/equipment/pvmodule.php 
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Conversion to 2007 Real Dollars: Installed cost and incentive data are expressed throughout this report in 
real 2007 dollars (2007$).  Data provided by PV program administrators in nominal dollars were converted 
to 2007$ using the “Monthly Consumer Price Index for All Urban Consumers,” published by the U.S. 
Bureau of Labor Statistics.  
 
Conversion of Capacity Data to DC Watts at Standard Test Conditions (DC-STC): Throughout this 
report, all capacity and dollars-per-watt ($/W) data are expressed using DC-STC capacity ratings.  Most of 
the capacity data were already provided in units of DC-STC; however, two programs (California’s Emerging 
Renewables Program and Self-Generation Incentive Program) provided capacity data only in terms of the 
CEC-AC rating convention.  Capacity data from these two programs were converted to STC-DC, according 
to the procedures described below.  
 
Emerging Renewables Program (ERP): The data provided for the ERP included data fields identifying the 
module manufacturer, model, and number of modules for most PV systems.  DC-STC module ratings were 
identified for most systems by cross-referencing the information provided about the module type with the 
CSI’s 2008 List of Eligible Photovoltaic Modules, which identifies DC-STC ratings for most of the modules 
employed by systems funded through the ERP.  The DC-STC module rating for each system was then 
multiplied by the number of modules to determine the total DC-STC rating for the system, as a whole.  This 
approach was used to determine the DC-STC capacity rating for 86% of the systems in the ERP dataset.  For 
the remaining systems, either the module data fields were incomplete, or the module could not be cross 
referenced with the CSI list, or the estimated DC-STC rating for the system was grossly inconsistent with the 
reported CEC-AC rating.  In these cases, an average conversion factor of 1.200 WDC-STC/WCEC-AC was used, 
which was derived based on the other systems in the ERP dataset.  
 
Self-Generation Incentive Program (SGIP): The data provided for the SGIP included data fields identifying 
the module manufacturer and model (but not number of modules), and inverter manufacturer and model.  
DC-STC module ratings and DC-PTC module ratings (i.e., DC watts at PVUSA Test Conditions) were 
identified for most SGIP projects by cross-referencing the information provided about the module type with 
the CSI’s 2008 List of Eligible Photovoltaic Modules.  Similarly, the rated inverter efficiency for each 
project was identified by cross referencing the information provided about the inverter type with the CSI’s 
2008 List of Eligible Inverters, which identifies inverter efficiency ratings for most of the inverters employed 
by systems funded through the SGIP.36  For 16% of the systems in the SGIP dataset, data on the inverter 
manufacturer and model either was not provided or could not be matched with the CSI’s list.  In these cases, 
an average inverter efficiency of 92% was used, which was derived based on the other systems in the SGIP 
dataset. 
 
These pieces of information (module DC-STC rating, module DC-PTC rating, and inverter efficiency rating), 
along with the reported CEC-AC rating for the system, were used to estimate the system DC-STC rating 
according to the following: 
 

SystemDC-STC = (SystemCEC-AC / Inverter Eff.) * (ModuleDC-STC / ModuleDC-PTC) 
 
This approach was used to determine the DC-STC capacity rating for 68% of the systems in the SGIP 
dataset.  For the remaining systems, either the module data fields were incomplete, or the module could not 
be cross referenced with the CSI list, or the estimated DC-STC rating for the system was grossly inconsistent 
with the reported CEC-AC rating.  In these cases, an average conversion factor of 1.204 WDC-STC/WCEC-AC 
was used, which was derived based on the other systems in the SGIP dataset. 
 

                                                 
36 http://www.gosolarcalifornia.org/equipment/inverter.php 
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Appendix B: Detailed Sample Size Summaries 
Table B-1. Program-Level Annual Installation Data, Based on Final Study Sample 

State Program Administrator(s) and Program Name   1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Total % of 
Sample 

No. Systems - - - - 4 9 42 72 183 230 540 1.5%AZ AZ Public Service: Solar Partners Incentive Program 
MW - - - - 0.01 0.1 0.2 0.4 1.1 1.4 3.1 0.9%

No. Systems 39 178 213 1,236 2,243 2,964 4,542 3,869 6,119 5,864 27,267 73.7%CA Energy Commission: Emerging Renewables Program 
MW 0.2 0.7 0.9 4.8 9.8 15.1 22.4 20.5 34.2 34.4 143.0 39.4%

No. Systems - - - - 17 99 160 212 160 153 801 2.2%Pacific Gas & Electric, Southern Calif. Edison, Calif. Center 
for Sustainable Energy: Self Generation Incentive Program MW - - - - 2.4 15.1 19.6 30.9 30.9 33.6 132.6 36.5%

No. Systems - - - - - - - - - 2,303 2,303 6.2%Pacific Gas & Electric, Southern Calif. Edison, Calif. Center 
for Sustainable Energy: California Solar Initiative MW - - - - - - - - - 14.3 14.3 3.9%

No. Systems - 3 4 103 232 150 24 61 15 - 592 1.6%

CA 

Los Angeles Dept. of Water & Power: Solar Incentive 
Program MW - 0.01 0.1 0.6 1.5 4.7 1.6 1.8 0.3 - 10.6 2.9%

No. Systems - - - - - 1 2 34 95 179 311 0.8%CT CT Clean Energy Fund: Solar PV and Onsite Renewable 
DG Programs MW - - - - - 0.003 0.03 0.2 0.7 1.8 2.7 0.7%

No. Systems - - - - 7 4 8 2 - - 21 0.1%IL Clean Energy Community Foundation: Renewable 
Energy Grant Programs MW - - - - 0.2 0.1 0.3 0.1 - - 0.6 0.2%

No. Systems - 9 2 5 5 - 3 3 42 76 145 0.4%
IL 

IL Dept. of Commerce and Economic Opportunity: 
Renewable Energy Resources Rebate Program MW - 0.02 0.03 0.2 0.2 - 0.05 0.003 0.1 0.2 0.7 0.2%

No. Systems - - - - 1 69 128 89 248 167 702 1.9%MA MA Technology Collaborative: Small Renewables Initiative 
MW - - - - 0.02 0.3 0.6 0.8 1.8 1.3 4.7 1.3%

No. Systems - - - - - - - 7 41 30 78 0.2%MD MD Energy Administration: Solar Energy Grant Program 
MW - - - - - - - 0.02 0.1 0.1 0.2 0.1%

No. Systems - - - - 1 9 23 12 23 37 105 0.3%MN MN State Energy Office: Solar Electric Rebate Program 
MW - - - - 0.002 0.02 0.1 0.03 0.1 0.2 0.4 0.1%

No. Systems - - - - - 34 281 492 995 593 2,395 6.5%NJ NJ Clean Energy Program: Customer Onsite Renewable 
Energy Program MW - - - - - 0.2 2.1 5.5 17.8 16.4 42.1 11.6%

No. Systems - - - - - 43 98 95 190 329 755 2.0%NY NY State Energy Research and Development Authority: PV 
Incentive Program MW - - - - - 0.2 0.5 0.6 1.1 2.0 4.4 1.2%

No. Systems - - - - - 54 135 87 126 198 600 1.6%OR Energy Trust of Oregon: Solar Electric Program 
MW - - - - - 0.1 0.4 0.3 0.5 0.9 2.3 0.6%

No. Systems - - - - 3 17 28 22 52 15 137 0.4%PA PA Sustainable Development Fund: Solar PV Grant 
Program MW - - - - 0.01 0.1 0.1 0.1 0.2 0.1 0.5 0.1%

No. Systems - - - - 10 18 23 27 64 98 240 0.6%WI WI Focus on Energy: Cash Back Rewards Program 
MW - - - - 0.02 0.03 0.1 0.1 0.2 0.5 0.9 0.2%

No. Systems 39 190 219 1,344 2,523 3,471 5,497 5,084 8,353 10,272 36,992 100%Total
MW 0.2 0.8 1.0 5.6 14.0 36.0 47.9 61.2 89.3 107.0 363.1 100%
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Table B-2. Sample Size by Installation Year and System Size Range 

Installation Year System Size Range 
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Total % of 
Sample 

 
No. Systems            
  0-5 kW 31 167 180 1,141 1,889 2,235 3,389 2,891 4,643 5,764 22,330 60%
  5-10 kW 3 13 24 159 459 855 1,534 1,508 2,685 3,327 10,567 29%
  10-100 kW 5 9 14 38 163 320 521 578 912 1,051 3,611 10%
  100-500 kW - 1 1 6 9 55 46 98 92 104 412 1%
  >500 kW - - - - 3 6 7 9 21 26 72 0%
Total 39 190 219 1,344 2,523 3,471 5,497 5,084 8,353 10,272 36,992 100%
 
Capacity (MW)             
  0-5 kW 0.1 0.4 0.4 3.1 5.0 6.3 9.8 8.6 14.4 18.5 66.5 18%
  5-10 kW 0.02 0.1 0.2 1.0 3.1 5.7 10.4 10.5 18.8 23.1 72.9 20%
  10-100 kW 0.1 0.2 0.3 0.6 2.9 7.3 12.4 14.3 19.0 21.5 78.7 22%
  100-500 kW - 0.1 0.1 0.9 1.3 11.4 10.4 20.4 20.3 23.3 88.2 24%
  >500 kW - - - - 1.7 5.2 5.0 7.4 16.8 20.6 56.8 16%
Total 0.2 0.8 1.0 5.6 14 36 47.9 61.2 89.3 107 363.1 100%
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Table B-3. Annual Average Installed Cost and Direct Cash Incentives, by PV Incentive Program and System Size 

Program Administrator(s) and Program Name 
Size 

Range 
(kW) 

  1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

No. Systems - - - - 4 8 40 68 173 218
Avg. Cost - - - - 8.6 11.4 7.4 7.5 7.8 7.4 <10 kW 

Avg. Incentive - - - - 3.3 3.5 3.7 3.7 3.6 3.0 
No. Systems - - - - - 1 2 4 9 11 

Avg. Cost - - - - - 4.7 11.6 11.8 7.7 8.4 10-100 kW 
Avg. Incentive - - - - - 2.2 3.8 3.7 3.7 3.3 

No. Systems - - - - - - - - 1 1 
Avg. Cost - - - - - - - - 9.3 8.9 

AZ Public Service: Solar Partners Incentive Program 

>100 kW 
Avg. Incentive - - - - - - - - 4.1 4.0 

No. Systems 34 168 200 1199 2104 2727 4185 3522 5492 5198 
Avg. Cost 11.9 11.2 10.6 10.1 10.1 9.0 8.3 7.9 8.0 8.1 <10 kW 

Avg. Incentive 3.2 3.1 3.0 4.1 4.2 3.8 3.3 2.8 2.5 2.3 
No. Systems 5 9 12 33 135 235 357 347 627 666 

Avg. Cost 11.6 10.8 8.7 9.7 9.6 8.4 7.7 7.3 7.4 7.8 10-100 kW 
Avg. Incentive 3.2 3.0 2.8 4.2 4.2 3.9 3.4 2.8 2.5 2.3 

No. Systems - 1 1 4 4 2 - - - - 
Avg. Cost - 8.8 7.4 6.2 7.6 8.2 - - - - 

CA Energy Commission: Emerging Renewables Program 

>100 kW 
Avg. Incentive - 3.1 2.6 2.4 3.5 4.0 - - - - 

No. Systems - - - - - - - - - - 
Avg. Cost - - - - - - - - - - <10 kW 

Avg. Incentive - - - - - - - - - - 
No. Systems - - - - 11 56 114 118 86 63 

Avg. Cost - - - - 9.4 8.1 8.2 7.6 7.6 7.3 10-100 kW 
Avg. Incentive - - - - 3.9 3.3 3.8 3.6 3.1 2.5 

No. Systems - - - - 6 43 46 94 74 90 
Avg. Cost - - - - 7.8 7.4 7.6 7.2 7.3 7.1 

Pacific Gas & Electric, Southern Calif. Edison, Calif. Center for 
Sustainable Energy: Self Generation Incentive Program 

>100 kW 
Avg. Incentive - - - - 3.9 2.5 3.2 3.5 3.3 2.5 

No. Systems - - - - - - - - - 2136 
Avg. Cost - - - - - - - - - 8.1 <10 kW 

Avg. Incentive - - - - - - - - - 2.0 
No. Systems - - - - - - - - - 163 

Avg. Cost - - - - - - - - - 8.0 10-100 kW 
Avg. Incentive - - - - - - - - - 2.0 

No. Systems - - - - - - - - - 4 
Avg. Cost - - - - - - - - - 7.1 

Pacific Gas & Electric, Southern Calif. Edison, Calif. Center for 
Sustainable Energy: California Solar Initiative 

>100 kW 
Avg. Incentive - - - - - - - - - 2.2 
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Program Administrator(s) and Program Name 
Size 

Range 
(kW) 

  1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

No. Systems - 3 3 100 223 118 16 51 12 -
Avg. Cost - 10.9 13.5 10.8 10.0 9.2 9.0 7.4 7.3 - <10 kW 

Avg. Incentive - 3.3 3.3 5.8 6.1 5.6 4.3 3.1 2.7 - 
No. Systems - - 1 1 7 16 3 5 2 - 

Avg. Cost - - 6.3 10.1 9.6 9.2 12.4 7.3 6.9 - 10-100 kW 
Avg. Incentive - - 3.4 5.2 6.0 5.9 4.9 2.9 2.7 - 

No. Systems - - - 2 2 16 5 5 1 - 
Avg. Cost - - - 8.3 9.2 9.2 8.0 8.3 7.9 - 

Los Angeles Dept. of Water & Power: Solar Incentive Program 

>100 kW 
Avg. Incentive - - - 5.7 6.2 6.0 5.9 2.9 2.7 - 

No. Systems - - - - - 1 1 33 88 164 
Avg. Cost - - - - - 6.4 9.1 8.7 8.8 8.8 <10 kW 

Avg. Incentive - - - - - 3.7 4.7 4.8 4.6 4.3 
No. Systems - - - - - - 1 1 6 13 

Avg. Cost - - - - - - 15.3 8.3 8.1 8.1 10-100 kW 
Avg. Incentive - - - - - - 6.7 4.6 4.7 4.1 

No. Systems - - - - - - - - 1 2 
Avg. Cost - - - - - - - - 7.7 8.0 

CT Clean Energy Fund: Solar PV and Onsite Renewable DG 
Programs 

>100 kW 
Avg. Incentive - - - - - - - - 4.2 4.1 

No. Systems - - - - 2 2 3 - - - 
Avg. Cost - - - - 19.4 16.3 14.5 - - - <10 kW 

Avg. Incentive - - - - 2.3 2.3 2.2 - - - 
No. Systems - - - - 5 2 4 2 - - 

Avg. Cost - - - - 15.8 16.4 12.7 10.6 - - 10-100 kW 
Avg. Incentive - - - - 2.0 2.1 2.2 5.3 - - 

No. Systems - - - - - - 1 - - - 
Avg. Cost - - - - - - 13.3 - - - 

IL Clean Energy Community Foundation: Renewable Energy Grant 
Programs 

>100 kW 
Avg. Incentive - - - - - - 2.0 - - - 

No. Systems - 9 1 1 - - 2 3 42 74 
Avg. Cost - 19.4 22.7 15.6 - - 13.7 9.8 9.5 10.0 <10 kW 

Avg. Incentive - 9.1 9.9 7.2 - - 3.6 4.8 3.3 2.9 
No. Systems - - 1 4 5 - 1 - - 2 

Avg. Cost - - 18.6 11.9 14.4 - 4.4 - - 3.3 10-100 kW 
Avg. Incentive - - 7.3 6.6 7.4 - 3.5 - - 0.8 

No. Systems - - - - - - - - - - 
Avg. Cost - - - - - - - - - - 

IL Dept. of Commerce and Economic Opportunity: Renewable 
Energy Resources Rebate Program 

>100 kW 
Avg. Incentive - - - - - - - - - - 
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Program Administrator(s) and Program Name 
Size 

Range 
(kW) 

  1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

No. Systems - - - - - 64 118 73 228 158
Avg. Cost - - - - - 10.2 8.9 8.9 9.3 8.8 <10 kW 

Avg. Incentive - - - - - 4.7 4.7 4.5 4.1 3.6 
No. Systems - - - - 1 5 10 16 17 7 

Avg. Cost - - - - 16.4 12.6 11.6 10.1 10.5 9.4 10-100 kW 
Avg. Incentive - - - - 13.6 9.3 7.7 7.1 5.8 6.6 

No. Systems - - - - - - - - 3 2 
Avg. Cost - - - - - - - - 7.7 10.6 

MA Technology Collaborative: Small Renewables Initiative 

>100 kW 
Avg. Incentive - - - - - - - - 3.5 2.4 

No. Systems - - - - - - - 7 40 29 
Avg. Cost - - - - - - - 10.0 10.8 10.3 <10 kW 

Avg. Incentive - - - - - - - 1.2 1.5 1.6 
No. Systems - - - - - - - - 1 1 

Avg. Cost - - - - - - - - 9.5 7.4 10-100 kW 
Avg. Incentive - - - - - - - - 0.1 0.4 

No. Systems - - - - - - - - - - 
Avg. Cost - - - - - - - - - - 

MD Energy Administration: Solar Energy Grant Program 

>100 kW 
Avg. Incentive - - - - - - - - - - 

No. Systems - - - - 1 9 23 12 23 34 
Avg. Cost - - - - 5.8 9.5 7.5 9.2 8.1 9.2 <10 kW 

Avg. Incentive - - - - 2.3 2.2 2.1 2.1 2.1 2.0 
No. Systems - - - - - - - - - 3 

Avg. Cost - - - - - - - - - 8.7 10-100 kW 
Avg. Incentive - - - - - - - - - 2.0 

No. Systems - - - - - - - - - - 
Avg. Cost - - - - - - - - - - 

MN State Energy Office: Solar Electric Rebate Program 

>100 kW 
Avg. Incentive - - - - - - - - - - 

No. Systems - - - - - 34 260 411 794 458 
Avg. Cost - - - - - 9.3 8.8 8.4 8.3 8.4 <10 kW 

Avg. Incentive - - - - - 6.1 6.0 5.8 5.4 4.8 
No. Systems - - - - - - 20 73 168 104 

Avg. Cost - - - - - - 9.0 8.4 8.2 8.7 10-100 kW 
Avg. Incentive - - - - - - 5.1 5.5 5.2 4.7 

No. Systems - - - - - - 1 8 33 31 
Avg. Cost - - - - - - 8.4 7.2 7.7 7.0 

NJ Clean Energy Program: Customer Onsite Renewable Energy 
Program 

>100 kW 
Avg. Incentive - - - - - - 4.5 4.1 4.4 3.4 
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Program Administrator(s) and Program Name 
Size 

Range 
(kW) 

  1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

No. Systems - - - - - 37 89 80 169 298
Avg. Cost - - - - - 9.2 9.3 8.9 8.9 8.8 <10 kW 

Avg. Incentive - - - - - 4.6 4.5 4.3 4.1 4.0 
No. Systems - - - - - 6 9 15 21 31 

Avg. Cost - - - - - 9.2 8.2 8.4 9.0 8.9 10-100 kW 
Avg. Incentive - - - - - 5.4 5.2 4.5 4.2 4.0 

No. Systems - - - - - - - - - - 
Avg. Cost - - - - - - - - - - 

NY State Energy Research and Development Authority: PV 
Incentive Program 

>100 kW 
Avg. Incentive - - - - - - - - - - 

No. Systems - - - - - 54 134 84 119 186 
Avg. Cost - - - - - 7.8 7.2 7.5 8.3 8.5 <10 kW 

Avg. Incentive - - - - - 4.5 4.0 3.1 2.0 2.0 
No. Systems - - - - - - 1 3 7 12 

Avg. Cost - - - - - - 6.9 7.5 7.7 8.8 10-100 kW 
Avg. Incentive - - - - - - 2.2 1.6 1.1 1.3 

No. Systems - - - - - - - - - - 
Avg. Cost - - - - - - - - - - 

Energy Trust of Oregon: Solar Electric Program 

>100 kW 
Avg. Incentive - - - - - - - - - - 

No. Systems - - - - 3 17 28 22 51 15 
Avg. Cost - - - - 12.1 8.9 10.5 9.1 8.6 9.1 <10 kW 

Avg. Incentive - - - - 4.6 4.4 4.2 4.0 4.4 5.7 
No. Systems - - - - - - - - 1 - 

Avg. Cost - - - - - - - - 8.4 - 10-100 kW 
Avg. Incentive - - - - - - - - 3.5 - 

No. Systems - - - - - - - - - - 
Avg. Cost - - - - - - - - - - 

PA Sustainable Development Fund: Solar PV Grant Program 

>100 kW 
Avg. Incentive - - - - - - - - - - 

No. Systems - - - - 10 18 23 27 61 85 
Avg. Cost - - - - 10.7 10.5 7.7 9.5 8.4 8.9 <10 kW 

Avg. Incentive - - - - 3.2 2.6 2.1 2.4 2.5 1.9 
No. Systems - - - - - - - - 3 13 

Avg. Cost - - - - - - - - 8.0 7.9 10-100 kW 
Avg. Incentive - - - - - - - - 2.8 2.1 

No. Systems - - - - - - - - - - 
Avg. Cost - - - - - - - - - - 

WI Focus on Energy: Cash Back Rewards Program 

>100 kW 
Avg. Incentive - - - - - - - - - - 
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Appendix C: Calculating After-Tax Cash Incentives and State and 
Federal Investment Tax Credits 
 Section 4 presents trends related to combined after-tax financial incentives (direct cash incentives from 
state/utility PV incentive programs plus state and Federal ITCs) and net installed costs after receipt of these 
incentives.  Calculating this value required that several operations first be performed on the data provided by 
PV program administrators, as described below.   

 
1. Segmenting Systems as Residential, Commercial, or Tax-Exempt.  Data provided by many of the 

programs did not explicitly identify whether the PV systems were owned by residential, commercial, 
or tax-exempt entities.  Unless otherwise identified, we classified all systems <10 kW as residential 
and all systems >10 kW as commercial. 

 
2. Estimating the After-Tax Value of Cash Incentives from State/Utility Incentive Programs.  

Although the IRS has provided only limited guidance on the issue, it appears that, in most cases, 
cash incentives provided for commercial PV systems are considered Federally-taxable income.  As 
such, the cash incentives provided for systems in the dataset identified as commercial PV were 
assumed to be taxed at a Federal corporate tax rate of 35%.  The taxation of cash incentives for 
commercial PV at the state level may vary by state; for simplicity, we assume that all commercial 
PV systems are taxed at the “effective” state corporate tax rate, which accounts for the fact that state 
corporate taxes reduce the incentive-recipient’s Federally-taxable income.  The effective state 
corporate tax rate applied to the cash incentive is equal to 65% (i.e., 1 minus 35%) of the nominal 
state corporate tax rate in 2007, which ranged from 6.60% to 9.99% among the 12 states in our 
dataset.37 

 
Cash incentives paid to residential PV system owners are exempt from Federal income taxes if the 
incentive is considered to be a “utility energy conservation subsidy,” per Section 136 of the Internal 
Revenue Code.  Despite several IRS private letter rulings of potential relevance, uncertainty remains 
as to what exactly constitutes a “utility energy conservation subsidy.”  Notwithstanding this 
uncertainty, we assume that cash incentives provided to all systems in the dataset identified as 
residential PV are exempt from Federal income taxes.   The taxation of cash incentives for residential 
PV at the state level may vary by state, but for simplicity, we assume that all residential PV systems 
are also exempt from state income tax. 

 
3. Estimating the Value of State ITCs.  We identified 5 of the 12 states in our dataset as having 

offered a state ITC for PV at some point from 1998-2007.  Based on the information contained in 
Table C-1, we determined whether each project in the dataset was eligible for a state ITC, and if so, 
estimated the amount of the tax credit.  In all cases, we assumed that the size of the state ITC was not 
impacted by any Federal ITC received.  We did, however, account for the fact that state tax credits 
are financially equivalent to Federally-taxable income (since they increase the recipient’s Federally-
taxable income by an amount equal to the size of the state tax credit).  The net value of state ITCs 
was therefore reduced by 35% to reflect the offsetting increase in Federal income taxes. 

4. Estimating the Value of Federal ITCs.  Projects in the dataset identified as residential PV and 
installed on or after January 1, 2006 were assumed to receive a Federal ITC equal to the lesser of 
30% of the tax credit basis or $2,000.  Projects in the dataset identified as commercial PV are 
assumed to receive a Federal ITC equal to 10% of the tax credit basis if installed prior to January 1, 
2006, or 30% of the tax credit basis if installed after that date.   

 

                                                 
37 http://www.taxadmin.org/fta/rate/corp_inc.html 
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The tax credit basis on which the Federal ITC is calculated depends on whether cash incentives 
received by a project are Federally-taxable.  If the cash incentives are Federally-taxable, as assumed 
for all commercial PV, then the Federal ITC is calculated based on the full installed cost of the 
system.  If, on the other hand, the cash incentives are not Federally-taxable, as assumed for all 
residential PV, then the Federal ITC is calculated based on the installed cost minus the value of the 
tax-exempt cash incentives. 

 
Table C-1: State ITC Details 

State Applicable 
Customers 

System 
Size Cap Applicable Period Tax Credit Amount Cap 

Residential None 1995-indefinite 25% of pre-rebate installed cost $1,000 
AZ Non-Residential and 

Tax-Exempt None 2006-2012 10% of pre-rebate installed cost $25,000 

All 200 kW 2001-2003 15% of post-rebate installed cost None 
CA 

All 200 kW 2004-2005 7.5% of post-rebate installed cost None 
MA Residential None 1979-indefinite 15% of pre-rebate installed cost $1,000 

Residential 10 kW 1998-9/1/2006 25% of post-rebate installed cost $3,750 
NY 

Residential 10 kW 9/1/2006-indefinite 25% of post-rebate installed cost $5,000 

Residential None 11/4/2005-indefinite $3/W based on rated capacity (DC-
STC)* 

$6,000 up to 
50% of pre-

rebate installed 
cost 

Non-Residential and 
Tax-Exempt None 1981-2006 35% of pre-rebate installed cost $10,000,000 OR 

Non-Residential and 
Tax-Exempt None 2007-2017 50% of pre-rebate installed cost (up to 

max. eligible cost**) $10,000,000 

* Tax credit paid out over multiple years, with an annual limit of $1,500/yr. 
** Max. eligible cost varies by system size: currently $9/W for systems up to 100 kW, ramping down linearly to $7.50/W for 

systems >1,000 kW.  The tax credit is paid out over five years. 
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