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ABSTRACT 
 
Grid-connected photovoltaic installations grew by 40% in 
2009 compared with installations in 2008. California and 
New Jersey have the largest markets. Growth occurred in 
the residential and utility markets, but annual installations 
in the non-residential customer installations did not 
change compared with the installations in 2008. 
 
Two small solar thermal electric plants were connected to 
the grid in 2009 with a combined capacity of 7 MW. The 
future prospects for solar thermal electric plants look 
bright, although developers are not expected to complete 
any new large plants until at least 2011. 
 
Solar water heating and solar space heating annual 
installations grew by 40% in 2008 compared with 2007. 
Hawaii, California, Puerto Rico, and Florida dominate 
this market. 
 
Solar pool heating annual installation capacity fell by 1% 
in 2008 following a dramatic decline of 15% in solar pool 
heating capacity in 2007 compared with 2006. Florida and 
California are the largest markets for solar pool heating. 
The economic decline in the real estate markets in Florida 
and California likely led to the decrease in pool 
installations and thus the dramatic decline in capacity 
installed of solar pool systems in 2007.   
 
1.  INTRODUCTION 
 
Different solar energy technologies create energy for 
different end uses.  Two technologies—photovoltaics 
(PV) and high-temperature concentrating solar thermal 
electric—produce electricity.  A third technology, low-
temperature solar thermal collectors, produce heat for hot 
water, space heating, pool heating, and process heat.  
 

Photovoltaic cells are semi-conductor devices that 
generate electricity when exposed to the sun.  
Manufacturers assemble the cells into modules, which can 
be installed on buildings, parking structures or in ground-
mounted arrays. PV was invented in the 1950s and first 
used to power satellites.  As PV prices declined, PV 
systems were installed in many off-grid installations – 
installations not connected to the utility grid.  In the last 
decade, and especially in the last several years, grid-
connected installations have become the largest market 
sector for PV. 
 
High-temperature solar thermal electric systems, more 
commonly known as concentrating solar power (CSP), 
use mirrors and collecting receivers to heat a fluid to a 
high temperature (300°F to more than 1000°F) and then 
run the heat extracted from the fluid through a traditional 
turbine power generator or Sterling engine.  CSP can also 
be paired with existing or new traditional power plants, 
providing high-temperature heat into the thermal cycle. 
These generating stations produce bulk power on the 
utility side of the meter rather than generating electricity 
on the customer side of the meter.  CSP plants were 
installed in the United States in the late 1980s and early 
1990s, but installation stopped due to lack of supportive 
government policies.  Installations have now resumed 
with a significant number of announcements for new 
plants to go in service beginning in 2011. In another 
application, concentrating solar thermal can provide high 
temperature solar process heat for industrial or 
commercial applications and a few installations are made 
each year using this technology.  
 
Low-temperature solar thermal collectors can heat water, 
heat and cool buildings, and heat swimming pools.  A 
variety of flat plate, evacuated tube and concentrating 
collector technologies produce the heat needed for these 
applications.  Solar hot water systems were common in 
southern California in the early 1900s before the 
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introduction of natural gas and many systems were sold in 
the late 1970s and early 1980s.  In the mid-1980s, the 
expiration of federal solar tax credits and the crash of 
energy prices led to an industry slow-down. The 2006 
resumption of federal tax credits for residential solar hot 
water installations led to growth again in this sector. 
 
This paper provides public data on U.S. solar installations 
by technology, state, and market sector.  Public data on 
solar installations help industry, government, and non-
profit organizations improve their efforts to increase the 
number of solar installations across the United States.  
Analysis of multi-year installation trends and state 
installation data helps these sectors learn more about the 
state markets and evaluate the effectiveness of marketing, 
financial incentives and education initiatives.  In addition, 
these data allow better understanding of the 
environmental and economic impact of solar installations. 
 

Fig. 1: Annual Installed Grid Connected PV Capacity by 
Sector (2000-2009) 
 
The data included in this paper is preliminary for 2009, 
especially for photovoltaic installations.  The PV numbers 
include actual data for about 90% of the installations and 
projections for the remainder.  In summer, 2009, the 
Interstate Renewable Energy Council will publish a final 
report on 2009 solar market trends.  This report will 
include final data for 2009 and more detailed analysis 
than is possible in this short paper.  
 
For all solar technologies, the United States is only a 
small part of a robust world solar market. Product 
availability and pricing generally reflect this status.  
Germany is the top market for PV and China is the largest 
market for solar thermal collectors.  However, this report 
does not analyze markets outside the United States.  
 

2. PHOTOVOLTAICS 
 
2.1 Overall Trends in Installations and Capacity 
 
Annual U.S. PV grid-connected installations grew by 
40% in 2009 compared with installations in 2008 to 436 
MWDC, bringing the cumulative installed grid-connected 
capacity to 1.06 GWDC. Although PV installation growth 
was strong in 2009, the annual growth rate was 
significantly less than the 61% and 84% growth in 2007 
and 2008 respectively.  In 2009, the capacity of PV 
installed during the year was four times the annual 
amount installed in 2006. More than 36,000 sites installed 
PV in 2009, a 90% increase of the 2008 installations.  
Most of these installations are mounted on buildings, but 
some are ground-mounted or pole-mounted installations. 
 
The growth was smaller than the past several years, but 

still impressive considering the 
economic challenges in 2009.   
 
The following factors helped 
drive the growth in 2009: 
 Many states are offering 

incentives, and system 
installation growth more 
than doubled in New 
Jersey, Florida, Arizona, 
Massachusetts, and Texas.  
Each of these states has one 
or more significant 
financial incentive and/or a 
renewable portfolio 
standard (RPS) program 
with a mandate for solar 
installations.  

 During 2009, prices of photovoltaic modules began 
to fall.  For installations in the California Solar 
Initiative, the installed cost decreased by 7% in the 
fourth quarter of 2009 compared with the fourth 
quarter of 2008. 

 
2.2 Grid-Connected Installations by Sector 
 
The growth by sectors was very different than in past 
years. Figure 1 shows the annual PV installation capacity 
data, segmented by residential, non-residential and utility 
installations. Non-residential installations include such 
sites as government buildings, retail stores, and military 
installations. Their larger average size means a larger 
aggregated capacity. Both residential and non-residential 
installations are on the customer’s side of the meter and 
produce power used on-site.  In contrast, the utility 
installations are on the utility’s side of the meter and 
produce bulk power for the utility grid. 
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Residential installations were 36% of all new grid-
connected PV systems installed in 2009 by capacity.  This 
market share is consistent with residential installations in 
2005 through 2007 and significantly higher than the 27% 
market share for residential installations in 2008. 
 
Part of the drop in the 2008 market share for residential 
installations was due to changes in the federal ITC. On 
October 2008, the residential ITC was renewed and the 
$2000 cap was removed for residential installations 
beginning in January 2009.  This caused some 
homeowners in the final quarter of 2008 to delay new 
installations until 2009 in order to receive a larger federal 
tax credit. This decreased the number of residential 
installations in 2008. 
 
The non-residential sector experienced no growth in 
capacity installed in 2009 compared with 2008 
installations.  This was a dramatic change from the past 
several years when the non-residential sector had the 
largest growth rates. 
 
A number of factors led to no 
growth in non-residential 
installations.  First, for most 
of 2008, the future of the 
residential and commercial 
ITC was uncertain, the 
residential ITC was scheduled 
to expire, and the commercial 
ITC was scheduled to 
decrease from 30% to 10% on 
January 1, 2009.  Developers 
signed many contracts for 
new installations with a 
delivery date before the end 
of 2008.  This resulted in a 
rush of installations in the last 
quarter of 2008, but few orders for installation in 2009.  
When the ITC was renewed in October 2008, the 
economy soured and credit markets froze.  Obtaining 
orders and financing for new projects was very difficult in 
this environment.  Then in February 2009 Congress 
passed stimulus legislation, which included the provision 
for cash grants instead of tax credits.  However, the rules 
for this program were not published until July 2009 
further slowing orders.  In the last half of 2009, federal 
incentive rules were clear, credit markets improving, and 
federal stimulus funds flowing.  However, this 
improvement came too late for 2009 installations and will 
result in growth in the non-residential sector in 2010. 
 
Virtually all of the larger installations and many of the 
medium-sized non-residential installations use power 

purchase agreements (PPAs).  Several companies now 
provide PPAs for residential customers.  In these 
agreements, a third party finances and owns the solar 
installation and receives the available tax advantages and 
other incentives.  The third party then leases the system or 
sells the solar-generated electricity to the building or site 
owner through a long-term contract. 
 
Utility installations, defined here as installations for bulk 
power on the utility’s side of the meter, tripled in 2009 
and were 16% of the grid-connected PV systems installed 
in 2009 by capacity. A 25-MWAC installation in Florida 
and a 21-MWAC installation in California were the largest 
PV systems installed in 2009 and the largest installations 
ever in the U.S. In 2009 New Jersey’s PSE&G began 
installing many 200W systems mounted on power poles.  
Although the total installed capacity was modest at the 
end of 2009, the small size of each installation means the 
number installations was large. 
 
 

Fig. 2: Average Capacity of Grid-Connected Residential 
PV Installations (1999-2008) 
 
The renewal of the federal ITC in October 2008 allowed 
utilities to use federal credits for the first time.  This 
change along with state renewable portfolio requirements 
led to dramatic growth in utility sector installations.  
Announced projects for installation in 2010 indicate that 
this trend will continue in 2010. 
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2.3 Grid-Connected Installations by Capacity 
 
The average size of a grid-connected PV residential 
installation has grown steadily from 2.1 kW in 2000 to 
nearly 5.3 kW in 2009 (see Figure 2).  The average size of 
a non-residential system decreased to 95 kW in 2009 
though the long-term trend is larger average system size 
in this sector as well (see Figure 3). The average size of 
grid connected PV installations varies from state-to-state, 
depending on available incentives, interconnection 
standards, net metering regulations, solar resources, retail 
electricity rates, and other factors. 

 
Fig. 3: Average Size of Grid-Connected Non-Residential 
PV Installations (1999-2008) 
 
Although the number of utility 
installations remains small, the 
average size increased nearly 25% to 
over 1,500 kW when the New Jersey 
pole-mounted installations are 
counted as one instaaltion. 
 
In several states, regulators are 
considering defining third-party 
owners of solar equipment as utilities 
(i.e. the PPA model discussed 
previously). Such rulings are 
generally unfavorable to the solar 
PPA model. If such rulings are 
made, third-party owners in these 
states may still be able to lease solar 
facilities (as opposed to owning and operating solar 
facilities) without being classified as utilities, but their 
ability to use the federal ITC will need to be clarified.   If 
the federal ITC cannot be used as readily under the 
leasing model, PPAs will become less viable in these 

states, and the growth of solar installations in these states 
will be constrained.   
 
Over 31,000 grid-connected PV installations were 
completed in 2009, with 93% of these at residential 
locations (see Figure 6).  At the end of 2009, 101,000 PV 
installations were operating on the grid, including over 
90,000 residential installations.  Since the average size of 
non-residential systems is more than ten times the average 
size of residential systems, the number of residential 
installations is much larger than non-residential 
installations, even though the installed capacity of non-

residential installations is 
greater. 
 
 
2.4 Grid-Connected 
Installations by State 
 
In 2009, installations of 
grid-connected PV systems 
were concentrated in 
California, New Jersey, 
Florida, Arizona, and 
Colorado, as shown in 
Table 1. Eighty-two 
percent of grid-connected 
installed capacity was in 
these five states and 93% 
was in the top ten states.   
 

 
 

Fig. 6: Number of Annual Grid-Connected PV 
Installations (2000-2009) 
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Table 1: TOP TEN STATES  
Ranked by Grid-Connected PV Capacity Installed in 
2009 (MWDC/yr) 

 
The market more than doubled in New Jersey, Florida, 
Arizona, Massachusetts, and Texas. Florida is a new 
addition to this list, largely due to a single  28 MW utility 
installation.  Of the states with over 1 MW installed in 
2009, only Nevada saw a decline in the capacity of 
systems installed in 2009 compared with those installed in 
2008.  Nevada was home to one large single installation 
in both 2007 and 2008.  No similar installation was 
completed in 2009.  
 
 
Table 2: TOP TEN STATES 
Ranked by Grid-Connected PV Cumulative Installed 
Capacity through 2008 
 
 MWDC Market 

Share 
1. California 771 61% 
2. New Jersey 128 10% 
3. Colorado 59 5% 
4. Arizona 51 4% 
5. Nevada 36 3% 
6. New York 34 3% 
7. Hawaii 26 2% 
8. Connecticut 20 2% 
9. Massachusetts 18 1% 
10. Oregon 15 1% 
All Other States 101 8% 
Total 1,259  
 

Table 3: TOP TEN STATES 
Ranked by Cumulative Installed PV Capacity per 
Capita (WDC/person) through 2009 
 

 
State 

Cumulative 
through 2009 
(WDC/person) 

1. California 16.6 
2. Nevada 15.1 
3. New Jersey 14.2 
4. Hawaii 13.0 
5. Colorado 12.1 
6. Arizona 8.0 
7. Connecticut 5.6 
8. Oregon 3.8 
9. Massachusetts 2.8 
10. Vermont 2.7 
National Average 3.6 

 
Table 2 shows the cumulative per capita grid-connected 
PV capacity through 2008.  Even with the largest 
population in the country, California has the highest total 
capacity of installations per capita – a capacity that is 
more than five times the national average. Both Hawaii 
and Nevada installed more on a per-capita basis than 
California in 2008.    The large number of installations in 
a few states raises the national average, but 42 states have 
a per-capita PV installation rate that is less than the 
national average. As a point of reference, the city of 
Freiburg, Germany, with less solar resource than any of 
these states, has 41 watts installed per capita, considerably 
more than the average 3.6 watts installed per capita in the 
U.S. 
 
 
3. SOLAR THERMAL ELECTRIC 
 
Two small solar thermal electric plants were connected to 
the grid in 2009 with a combined capacity of 7 MW. 
Sixty-five megawatts of solar thermal electric capacity 
were added in 2006 and 2007 and nine solar thermal 
electric plants with a capacity of 354 MW were 
constructed in California from 1985 to 1991. These plants 
continue to operate today. 
 
The future prospects for solar thermal electric plants look 
bright, although developers are not expected to complete 
any large new plants until at least 2011. Several different 
companies have announced plans totaling over 10,000 
MW of generating capacity, and some have begun to 
receive required approvals from government agencies for 
these projects.  
 

2009 Rank by State 2009 
(MWDC) 

2008 
(MWDC) 

08-09 
% change 

1. California 215.2 197.6 9% 
2. New Jersey 57.3 22.5 155% 
3. Florida 35.9 0.9 3694% 
4. Arizona 25.5 6.2 314% 
5. Colorado 22.9 21.7 6% 
6. New York 12.1 7.0 72% 
7. Hawaii 12.0 8.6 40% 
8. Massachusetts 9.5 3.5 174% 
9. Connecticut 8.7 7.5 16% 
10. North Carolina 7.9 4.0 96% 
All Other States 30.3 31.8 -5% 
Total 437.4 160.3 41% 
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4. SOLAR HOT WATER AND SPACE HEATING 
 
Solar thermal collectors can heat hot water for domestic 
or commercial use or heat spaces such as houses or 
offices.  More rarely, solar-thermal collectors can provide 
heat for industrial processes or air conditioning. 

 
Fig. 7: Annual Installed 
Capacity for Solar Hot Water 
and Space Heating (2003-2008) 
Based on analysis of collector 
shipment data from EIA. 
 
 
In 2006, the new residential 
federal ITC and the increased 
commercial ITC, together with 
rising conventional energy 
prices, contributed to a dramatic 
increase in the U.S. solar hot 
water market.  The credits were 
further increased in January 
2009 with the removal of the 
$2,000 cap. Prior to 2006, about 
half of the solar water heaters 
sold each year in the United 
States were in Hawaii due to a 
combination of utility rebates, 
state tax credits, and high 
energy prices. By 2008, the 
national capacity of systems 
installed each year was four 
times the number in 2005, and 
installations outside Hawaii increased by 7 times (see 
Figure 7). After Hawaii, California, Puerto Rico, and 

Florida lead the states in solar hot water installations.  
Data for solar thermal installations comes from the U.S. 
Energy Information Administration and lag the data from 
other sources by a year.  Therefore these data are only 
available through 2008.  
 

Figure 8 shows that, 
like PV installations, 
solar water heating 
and space heating 
installations are 
concentrated in a few 
states (and Puerto 
Rico).  However, the 
states with the most 
installed capacity for 
solar hot water are 
different than the 
states with the most 
installed PV. Hawaii 
represents more than a 
quarter of the solar hot 
water market.  High 
energy prices and 
strong government 
policies have built the  

Fig. 8: Installed Solar Hot Water and Space Heating 
Capacity by State for 2008 
Based on analysis of EIA data for 2008 
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solar hot water market in Hawaii.  In addition, installation 
costs are lower in Hawaii than in most other locations in 
the United States because freezing is not a concern.  
 
 
5. SOLAR POOL HEATING 

Fig. 9: Annual Installed Capacity for Solar Pool Heating 
(1999-2008) 
Based on collector shipment data from EIA 
 
Figure 9 shows the annual installed capacity for solar pool 
heating systems during 2000 to 2008.  Installed capacity 
fell by 1% in 2008 following a dramatic decline of 15% in 
solar pool heating capacity in 2007 compared with 2006.  

Fig. 10: Installed Solar Pool Heating Capacity by State 
Based on EIA Data for 2006-2007 

To a certain extent, the sales of solar pool heating systems 
follow the sales of pools.  The economic decline in the 
real estate markets in Florida and California likely led to 
the decrease in pool installations and thus the dramatic 
decline in capacity installed of solar pool systems in 2007.  
Though the market stabilized in 2008, it remains below 

the installation rate 
in 2004 through 
2006. 
 
The trend continues 
for solar pool 
heating systems, 
with installations 
concentrated in a 
few states, notably 
Florida and 
California (see 
Figure 10).  Unlike 
other solar 
technologies, only a 
few states offer 
incentives for solar 

pool heating systems and any incentives provided are 
modest. 
 
 
6. PROSPECTS FOR 2010 
 
Early indicators point to grid-connected PV growth of 50-
100% in 2010.   The long-term extension of the federal 

ITC, new rules that allow electric 
utilities to use the ITC, the 
establishment of a grant alternative 
to the commercial ITC, and Federal 
stimulus spending will all help drive 
market growth. In addition, 
improved capital availability will 
allow customers to take advantage of 
these financial incentives.  
Companies have announced plans 
for many large solar projects, 
including solar thermal electric 
projects, utility-owned projects, and 
third-party owned projects.  Many of 
these projects will be completed in 
2010 and many more will start 
construction in 2010 to take 
advantage of the Federal cash grant 
program.  Completion of these later 
projects will be in 2011-2013.  
 
Prices for PV modules fell 
throughout 2009, and many analysts 

expect prices to continue to fall in 2010.  Lower PV prices 
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increase the potential of installations in states without 
state or local incentives.  However, in 2010, installations 
will continue to be concentrated in states with strong 
financial incentives and other strong solar policies, and 
these incentives and other policies will remain critical to 
market growth.  
 
Electric utility announcements point to growth in 
installations on the utility-side of the meter.  As many as 
four times the capacity of 2009 utility installations may be 
installed in this sector in 2010.  Many of these 
installations will be large arrays owned by the utility or a 
third-party.  Others involve siting PV on residential or 
commercial buildings.  These systems are configured on 
the utility-side of the meter and have no effect on the 
consumer’s bill; instead the building owner receives a 
roof lease payment or similar type of compensation. 
 
 
7. CONCLUSION 
 
Solar markets continue to grow in the United States 
despite difficult capital markets and changing incentive 
programs. The 40% growth for grid-connected 
photovoltaic installations would be the envy of most 
industries during the current recession and slow recovery. 
 
The capacity of new grid-connected PV installations grew 
by 41% in 2009 compared with those installed in 2008 
and the average size of PV systems is growing. A 28-MW 
installation in Florida and a 24-MW installation in 
California were the largest PV systems installed in 2009, 
and together accounted for 12% of the annual installed 
capacity. The PV market is expanding to more states, and 
installations doubled in more than six states.  However, 
California remains the dominant market. 
 
Solar hot water installations have boomed since the 
enhanced federal ITC took effect in 2006. In the 
continental 48 states, annual installed capacity has 
quintupled since 2005.  Hawaii remains the largest market 
for solar hot water. 
 
Two new solar thermal electric plants were connected to 
the grid in 2009 adding 7 MW of new capacity.  The 
future prospects for solar thermal electric look bright, 
with over 10,000 MW of projects announced. 
 
The impact of Federal tax incentives expanded or 
renewed in October 2008 and February 2009 plus Federal 
stimulus spending will lead to accelerating market growth 
in 2010. 
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