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ABSTRACT  
 
The number and size of programs providing financial 
support for the installation of photovoltaic (PV) systems 
continues to grow, and while new means for delivering that 
support have become more common, most programs still 
offer direct incentives as the primary mechanism. This paper 
extends a previous analysis of the comparative performance 
of a number of PV incentive programs over time and 
investigates how several indicators of market activity have 
varied according to differences in incentive levels. Gaining 
a better understanding of how programs have matured in 
response to changing market conditions, and how incentive 
levels and market activity are related, should help to inform 
discussions on potential changes to incentive levels in the 
future and on general program designs. The ultimate goal of 
such discussions is to create programs that can use the 
dollars they have available to maximize the long-term 
impacts on sustainable development of photovoltaic 
markets. 
 
 
1.  INTRODUCTION 
 
The U.S. PV market continues to grow at an extremely rapid 
pace. Annual rate of growth doubled with the expansion of 
the Federal tax credit in 2006, and by 2008, the capacity of 
PV installed each year was triple the annual installed 
amount in 2005 (1). While installed costs are dropping and 
the returns to PV-produced electricity are projected to 
approach grid-parity in some regions in the mid-term future, 
the current rapid growth is still closely associated with 
markets where there are public investments and incentives 
to encourage market growth.  
 
While direct incentives and rebates have been the most 
common means of public funding historically, there is an 
increasing variety of support offered to PV investment 
through other mechanisms of public financial support. 
Alternative Compliance Payments and markets for 

Renewable Energy Credits (RECs) have been stimulated by 
increasing numbers of states with Renewable Portfolio 
Standards, many now including solar “carve-outs” or set-
asides for solar production. Feed-in tariffs, standard offers, 
purchase tariffs, and other production-based programs have 
been instituted in several jurisdictions and are being piloted 
or seriously considered in many others. In addition, 
extensions and expansions of Federal tax credits and the 
institution in some states of state tax credits have added to 
the pool of funds for PV investment, along with the creation 
of new financing methods.  
 
Even given these new methods of providing support, the 
number and size of programs offering direct incentives to 
support the installation of PV systems continues to grow. As 
of 2009, more than 330 rebate programs are being 
implemented in 47 U.S. states, territories, and the District of 
Columbia (2). States, local governments, and utilities offer 
rebates to promote the installation of PV systems; the 
majority of these programs are administered by state 
programs, municipal utilities, and electric coops. There is 
increasing variety in the design and the levels of direct 
incentives and rebates currently offered by PV programs. 
Direct incentives are becoming more creative, with 
production- or performance-based incentives gaining in 
popularity. Mechanisms for tying incentive level changes to 
market demand are being investigated. There is further 
variation in the total amount of incentive dollars available 
and the length of time for which these resources are 
committed.  
 
This paper presents an initial analysis of how several 
indicators of market activity (including the number of 
systems installed, the total capacity of systems installed, and 
the costs for systems installed) vary over time and according 
to differences in incentive levels. The research includes data 
from six programs in four states in the U.S., following these 
programs for an additional five years beyond an initial 
investigation undertaken in 2005 (3). By far, this does not 
represent a complete sampling of markets or program 
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activities. The intent is rather to help consider and establish 
some indicators of program and market activity per level of 
incentive dollar invested. Even in this broad fashion, this 
information should provide useful to policy makers, 
industry, and program designers who are seeking to promote 
maximum sustained orderly development of photovoltaic 
markets.  
 
Many factors contribute to the pace and scale of market 
activity for photovoltaic systems. Therefore, some caution 
needs to be used when looking at variations in program 
activity related to incentive levels. However, at the same 
time, it is evident that the most active photovoltaic markets 
are associated with active public support programs, and in 
most cases it is at least implicitly assumed that incentives 
(and/or upstream research and manufacturing investments) 
are critical forces behind current market growth. This study 
does not attempt to isolate the causative influence of 
incentive level, total incentive dollars, or the duration of 
incentive commitment on market activity. However, to date, 
there has been very little information on the variations in 
market activity that are associated with these differences. 
Gaining a better understanding of these relationships should 
help to inform discussions on potential changes to incentive 
levels in the future, and on general program design. 
 
 
2.  METHODS 
 
The research is based on the review and analysis of publicly 
available databases and reports on program activities and 
incentive levels. It extends analysis begun in 2005 (3) with 
data on program performance through 2009. Table 1 lists 
the incentive programs included in the analysis.  
 
TABLE 1:  INCENTIVE PROGRAMS ANALYZED 
 

STATE PROGRAM NAME DATA 
ANALYZED 

California California Emerging 
Renewables Program 2000-2009 

California California Solar Initiative 2007-2009 

New York 
Long Island Power 

Authority (LIPA) Solar 
Pioneer Program 

2000-2004; 
2007-2009 

New Jersey New Jersey CORE 
Program 2001-2009 

New Jersey New Jersey REIP Program 2009 

Vermont Small Scale Renewable 
Energy Incentive Program 2004-2009 

 
The most common structure for incentive programs in the 
U.S. is to offer a direct buy-down for installed capacity, and 
therefore our analyses are focused on this program type. 
California and New Jersey are included as the top two PV 

markets in the country (1). California continues to dominate 
the U.S. market, accounting for more than two thirds of the 
market activity, with New Jersey a close second. LIPA 
represents a top-ten utility program (4), and Vermont 
provides an example of a program in a small, relatively 
residential market. Total incentive investment levels for 
these programs are given in Table 2. 
 
TABLE 2:  INCENTIVES PAID 
 

PROGRAM NAME YEARS 
TOTAL 

INCENTIVES 
PAID 

California Emerging 
Renewables Program 2000-2009 $381,638,904 

California Solar 
Initiative 2007-2009 $254,914,938 

Long Island Power 
Authority (LIPA) Solar 

Pioneer Program 

2000-2004; 
2007-2008 $19,325,459 

New Jersey CORE 
Program 2001-2009 $272,548,805 

New Jersey REIP 
Program 2009 $ 2,237,314 

Small Scale Renewable 
Energy Incentive 

Program 
2004-2009 $ 2,473,657 

 
Secondary research on trends in market development and 
incentive levels was used to supplement the information 
from the program databases. The analysis normalized the 
reported program results to make the results more 
comparable. The data were prepared as follows:  

• Compiled reported program results for installed systems, 
with “installed” status being defined by payment of the 
incentive 

• Normalized results by population size of target market to 
gain an approximate sense of the activity level in each 
market in comparison to the size of each market 

• Determined per Watt incentive levels and installed costs 
by averaging total incentives paid and total installed costs 
across all installed systems within a year 

• Normalized results by dollar of direct incentive offered to 
assess the effect of incentive level on performance  

 
These program dollars do not include costs for program 
administration, consumer education, training, or system 
inspections – only the costs paid to the customers as 
incentives are included in this analysis. 
  
The programs at LIPA and in California through the 
California Emerging Renewables Program, as well as in 
New Jersey and Vermont, calculate incentives based on the 
rated capacity of the PV system installed. In 2007 with the 
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inception of the California Solar Initiative (CSI), calculation 
methods for PV rebates became performance related. 
Through the CSI program, systems smaller than 100 kW 
receive Expected Performance-Based Buy downs (up-front 
payments determined through a standardized method of 
performance estimation). Systems greater than 100 kW 
receive a Performance Based Incentive, paid monthly for 
five years based on actual production. For purposes of this 
analysis, we have not distinguished between any of these 
incentive designs; rather, average incentive levels have been 
determined for all programs and years by dividing total 
incentives paid by total capacity installed. Future research 
into the performance of systems and programs using such 
performance-based approaches will be useful once these 
methods have more of a track record. 
 
The research for this paper did not include primary research, 
investigation, or follow up with program managers or other 
experts familiar with each market and incentive program.  
 
 
3.  RESULTS 
 
The first measure of program activity presented here 
compares the number of systems installed (Figure 1). All 
these programs continue to show strong growth in activity 
over the past decade. California, with nearly 50,000 PV 
systems installed in the past 10 years, leads the nation in 
installation, with ten times more in 2009 than New Jersey, 
the second-most active state. PV activity in New Jersey 
supported through rebates peaked in 2006. After that year, 
the program began its transition to REC-only support for 
larger-scale systems (> 50 kW). Vermont’s program was 
hampered by limited funding in the early years, but 
increased funding has resulted in growth since 2006. Data 
were only available for LIPA for the first quarter of 2009, so 
performance for that year is not included. 
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Fig. 1a:  Total Installed Systems per Year (California) 
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Fig. 1b:  Total Installed Systems per Year (Other Programs) 
 
Total cumulative installed capacity also grew for all 
programs to the following levels: 

• California: 266,555 kW (2000-2009) 
• LIPA: 7,190 kW (2000-2004; 2007-2008) 
• New Jersey: 71,818 kW (2001-2009) 
• Vermont: 1,532 kW (2004-2009) 

 
The high levels of activity found in California and New 
Jersey are not surprising given the magnitude of the 
resources those programs are providing and the jurisdictions 
they serve. In order to gain an approximate sense of the 
activity level in each market in comparison to the size of 
each market, we normalized the systems installed per month 
by population and plotted them by year (Figure 2).  
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Fig. 2:  Population-normalized System Installations 
 
The results shown in Figure 2 illustrate that in general all of 
these markets show a general increasing trend. California’s 
intense investment results in substantial increases in per 
capita activity. When accounted for on a per-capita basis, 
Vermont’s modest program also shows impressive growth 
in activity, as does LIPA’s Solar Pioneer program. New 
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Jersey’s CORE program historically supports larger systems 
than the other programs, which may contribute to a 
shallower increase in installations per capita over this time 
period. 
 
The next stage in the analysis was to consider the number of 
systems and the capacity installed per dollar of direct 
incentive offered. This allows us to consider the effect of 
differing incentive levels on level of program activity. To 
facilitate comparison across programs with different market 
sizes, the data were again also normalized by population. 
The results (Figures 3 and 4) help illustrate the relative 
“bang for the buck” that these incentive programs attain.  
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Fig. 3:  Population-normalized Systems Installed per Dollar 
of Direct Incentive 
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Fig. 4:  Population-normalized Capacity Installed per Dollar 
of Direct Incentive 
 
Once again, general upward trends in the level of activity 
per dollar invested are evident. Strong customer demand 
even in light of low incentive levels contributes to these 
steep increases in normalized activity over this time frame, 
particularly for programs in Vermont and California, both of 
which have focused on keeping incentive levels low. The 

figure that follows shows the pattern of changes in average 
incentive levels in these programs over time, as well as 
average installed PV costs over time.  
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Fig. 5:  Average Installed Cost and Incentive Levels 
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While there is a clear decline in installed costs in California 
over this time frame, this trend is not quite so clear in other 
jurisdictions, indicating that while PV equipment costs may 
be lowering, balance of system cost reductions are not yet 
fully apparent. It is interesting to note that average installed 
capacity per system is over three times larger in New Jersey 
than the other programs considered here, but it is hard to tell 
if there is a strong effect of economies of scale from larger 
systems apparent in these installed cost data. 
 
Figure 5 also shows the variation in average incentive levels 
across these programs. California and LIPA both started 
with fairly low incentive levels per Watt of installed 
capacity, raised them early in their programs to stimulate 
activity, and lowered them over time as costs declined and 
interest increased. California’s incentives ranged from a 
high of 42% of cost to the current 20%, while LIPA’s 
climbed rapidly from 32% to 70% of cost and have now 
reduced to just under 45% of cost. New Jersey started with 
much higher incentives but has also incorporated a decline 
in average rates into their program design; incentives have 
fallen from a high of nearly 65% of cost to the current low 
average of 30% of cost. Incentive levels in Vermont have 
been very low since the inception of the program, ranging 
only from 25% to the current 18% of installed cost.  
 
 
4.  DISCUSSION 
 
The results above show continued increases in activity for 
all programs, even in light of decreases in program incentive 
levels, and hint at an interesting relationship between 
incentive levels and customer behavior. Figure 6 plots the 
relationship between incentive level (as a percent of total 
installed cost) and program activity (here in terms of 
population-normalized number of installed systems). The 
resulting points for each program are connected by a line 
that runs in chronological order, showing the behavior of 
this relationship as the program has matured. For example, 
California’s program began in 2000 with a 26% incentive 
level and very few installations. Incentive levels were 
increased for several years to promote activity and were 
then lowered again, to as low as 20% of cost by 2009. In 
spite of this much lower incentive contribution, the number 
of PV installations per capita has increased greatly. This 
same pattern holds for LIPA and New Jersey, though New 
Jersey’s systems installed per capita value has been fairly 
stable over the past few years. Vermont’s program has had 
very low incentive levels since the beginning of the 
program. Even there, decreases in incentive levels as a 
percent of installed cost have not limited the growth in 
activity. These patterns indicate that improving the 
performance of a program while lowering incentive 
performance is quite feasible. On the other hand, a total of 
eight programs in 12 states have increased the incentive 

level for individual systems in the current year (5). While 
such incentive increases may be designed to help achieve 
other program objectives, such as jump-starting a lagging 
market, the performance of the programs documented here 
is quite important to keep in mind when designing incentive 
structures. 
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Fig. 6:  Population-normalized System Installations vs. 
Percent of Total Installed Cost Provided by Incentive  
 
In recent years, many states have run out of funding quickly 
because of high demand for solar incentives. Typically, 
programs adjust the individual incentive level or the 
incentive cap (the maximum incentive allowed) rather than 
reduce the overall program budget. Reducing incentive 
levels can make funding available for a greater number of 
systems. Effective incentive design takes into consideration 
the economic purpose of an incentive when setting the level 
– an incentive should be designed to represent exactly that 
amount that will motivate the consumer to take the action 
he/she might otherwise not undertake. As installation prices 
fall, and other sources of financial support become 
available, the percentage of total installed cost that 
incentives provide should be able to decline. In addition, 
mechanisms can be put into place that tie reductions in 
incentive levels to market activity. For example, programs 
in California and New Jersey incorporate a capacity block 
structure into their incentive design. Under such a program, 
an established incentive level holds until a pre-set amount of 
capacity is procured, at which time the incentive level falls 
to the next step. This allows incentive levels to drop quickly 
in a “hot” market, more closely matching the program 
support to that actually needed to drive activity over time. It 
is also apparent that many if not a very large majority of 
consumers purchase PV systems for more than reasons of 
financial return. As public interest in renewable energy and 
corresponding demand for PV systems increases, well-
designed public programs will evolve to continue to provide 
support only as needed and will incorporate mechanisms to 
tie incentive levels to demand more directly than in the past. 
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The research and findings presented in this paper should 
provide useful insights for program designers, solar 
advocates, and the solar industry when considering what 
role incentive dollars have played in the last 10 years of 
rapid industry and market growth. The trends presented 
indicate that improving the yield of system installations and 
capacity installed per dollar of direct incentive is possible. 
The practice of considering the relative return per dollar of 
incentive offered can help to counter the myth that 
sometime circulates that equates a higher dollar per Watt 
incentive with a “better” program. The goal of promoting 
sustained and orderly development of PV markets will 
encourage advocates, policy makers, and industry to work 
together to design programs that can consistently improve 
the “yield” of activity per dollar.  
 
At the same time, the research suggests that there is no 
single “correct” incentive level. Most of the programs 
included in this research had the experience of starting with 
an incentive level that was found to be too low to generate 
sufficient market response. All of the programs studied in 
this research are now on a trend of downward incentive 
levels. In most cases the installed costs are also 
demonstrating a downward trend.  
 
It is clear from this analysis that the levels of market activity 
per dollar invested in the United States are growing and 
suggest that rapid gains can be made if more concentrated 
long-term policies and program investments are 
implemented. The trends analyzed here support the 
contention that high levels of investment can reasonably be 
expected to generate high levels of return per dollar invested 
and that attention to incentive level and design can be 
critical. 
 
While we can draw useful conclusions from the analysis 
undertaken in this paper, program “success” is inherently 
defined here by levels of activity, either absolute or 
normalized by dollars of incentive paid. What this type of 
analysis does not allow us to determine is a measure of “cost 
effectiveness” of different program offerings. These 
analyses did not incorporate differences between programs 
in their levels of spending for non-incentive costs, such as 
program administration, consumer education, training, 
system inspections, or evaluation. All of these are necessary 
components of a successful PV program, and levels of such 
spending vary greatly between programs. Markets where the 
technology or the program, or both, are relatively unknown 
may need to provide extensive consumer education. 
Programs in regions without an active installer base may 
choose to invest in installer training, certification programs, 
and extensive installation inspection and evaluation. 
Analysis of program activity using this broader base of costs 
has not been done here because such total program budget 

information is not readily available. Public budget 
information is often presented for multiple years; program 
budgets often cover several eligible renewable technologies; 
and budget years usually do not correspond to the year in 
which a project was finally completed and paid. We will not 
have a clear understanding of true program yields – the real 
benefit to the public funders – of our PV programs until we 
can analyze program performance in light of the full budgets 
expended. Such an understanding could provide critical 
information in the upcoming decade as we seek to justify 
continued public investment in PV systems in light of a 
changing market and other competing technologies. 
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