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ABSTRACT

U.S. solar installations by technology are detailed for 1998–
2005.  The growth and state distribution of installations are
different for the three primary solar sectors:

• photovoltaics,
• solar water heating and space heating, and
• solar pool heating.

Photovoltaic installations have grown steadily. Since 2001,
grid-connected installations grew at an average rate of 52%.
California has 79% of the installations, with Arizona, New
Jersey, New York, Illinois, Massachusetts, and Oregon
accounting for most of the remaining installations.  The off-
grid growth has been steady, but significantly lower.

Solar water heating and solar space heating installations
have shown little growth since 1997. Hawaii dominates,
with 41% of the market.  Other states with a large number
of installations include Puerto Rico, California, Florida, and
Arizona.

Solar pool heating accounts for the largest number of
installations and has grown at an average rate of 13% since
1997.  Installations in California and Florida are 75% of the
pool heating market.

1. INTRODUCTION

The U.S. solar market consists of four segments:
photovoltaics, solar thermal electric, solar thermal hot water
(including space heating), and solar thermal pool heating.
Passive solar energy is also used for space heating and
daylighting, but is beyond the scope of this paper. Because
solar space heating is a relatively minor market, its data are

combined with solar hot water.  Developers are
constructing or planning several solar thermal electric
projects. A one MW solar thermal electric plant was
completed in Arizona in late 2005 and is expected to be
fully operational in early 2006.

Others have published data on the U.S. installations for
these solar technologies (1) (2).  However, state data for
solar installations have not been published for many states.

Industry, government, and non-profit organizations are all
working to increase the number of solar installations across
the U.S.  State installations data help these sectors learn
more about the state markets and evaluate the effectiveness
of financial incentives and education initiatives.  In
addition, these data allow analysis of the environmental and
economic impact of solar installations.

This study was conducted for the U.S. Department of
Energy’s Solar Powers America Initiative. Because the
predecessor to the Solar Powers America Initiative – the
Million Solar Roofs Initiative – began in mid-1997, this
paper details U.S. solar installations for 1998 – 2005.

1. DATA SOURCES

1.1 Grid-Connected Photovoltaics

State data were obtained for grid-connected photovoltaic
installations from the following sources:

• State Agencies or organizations administrating
state incentive programs (data most commonly
available from states with incentives);



• Utility Companies (data most commonly available
from utilities who manage incentive programs or
from interconnection agreements);

• Million Solar Roofs Partnerships (data most
commonly collected through surveys or from
installations facilitated by local programs); and

• Renewable Electric Plant Information System
(REPiS) from the National Renewable Energy
Laboratory (3).

Sources most commonly report data in capacity (kW) and
number of installations.  Different sources report capacity
using different standards.  Most report DC Capacity under
Standard Test Conditions (STC), which is the nameplate
capacity manufacturers report.  Some sources, most notably
the California Energy Commission, report AC Capacity.
This study converts all capacity data to DC Capacity –
STC.

Occasionally data are only reported as capacity or number
of installations, but not both.  In these cases typical data
from other sources are used to obtain both pieces of data.

The data quality depends on the source. Certainly, this
study misses some installations. Data based on incentives
paid are usually the most reliable. Since grid-connected PV
is the technology most reliant on incentives, its state-by-
state installation data are the best.

1.1 Off-Grid Photovoltaics

National data for off-grid photovoltaic capacity were
obtained from PV Energy Systems (2).  Other sources
provide much less data on off-grid photovoltaic
installations than grid-connected ones. The best grid-
connected data comes from incentive programs, which
usually do not fund off-grid applications. Therefore state
data are not reported for off-grid photovoltaics.

1.1 Solar Thermal

Some sources report data on state solar thermal
applications, but many do not.  The U.S. Energy
Information Administration (EIA) annually reports the
shipments of solar thermal collectors to each state and the
shipments by market sector and end use (i.e shipments to
California and total shipments for pool heating use).
However, the EIA data does not report shipments by state
and market sector (i.e. shipments to California for pool
heating use).  The pool collector market is very different
than the hot water and space heating markets and we would
like to know the distribution of installations for both of
these market segments.  EIA did not design their survey to
provide this information.

Luckily, most pool collector manufacturers only ship
collectors for that market.  EIA provided the author with
Solar Thermal Collector Shipments by State of Destination
for Companies that Shipped only Collectors to be used for
Pool Heating.  These shipments total over 99% of the total
pool shipments reported elsewhere by EIA.

This study then calculated the difference between the Total
Solar Thermal Collector Shipments by State and the
Shipments from Companies that Shipped Collectors to be
used for Pool Heating.  This difference is assumed to be the
shipments for Hot Water and Space Heating.

This analysis provides a general picture of the state
distribution of solar thermal installations.  However, there
are errors introduced because manufacturers report to EIA
where they shipped the collectors. Most shipments go to
wholesale and retail distributors.  The final destination and
installation of the collectors may be in a different state.

The resulting state analysis was compared with state
installation data obtained from other sources. While not a
perfect match, the general trends are confirmed (i.e. the top
states and the general proportion of collectors sold there). In
general, this analysis shows a higher use of thermal
collectors for solar hot water than other state sources show.

1. SOLAR CAPACITY

Capacity measures the maximum power that a system can
produce.  For a solar energy system, the capacity is the
output under “ideal” full sun conditions.  Capacity is
typically measured in Watts (W) or Kilowatts (kW).  A
kilowatt of one technology does not produce the same
amount of energy (kWh) as a kilowatt of another
technology.  Thus, capacity for one energy technology is
not directly comparable to the capacity for another
technology.

1.1 Photovoltaics

This study reports PV capacity in DC Watts under Standard
Test Conditions (WDC-STC).  This is the capacity number that
manufacturers and others typically report and is the basis
for rebates in many states.

The notable exception to reporting DC Watts is the
California Energy Commission (CEC), which reports AC
Watts.  CEC calculates AC Watts by multiplying DC Watts
under PVUSA Test Conditions by the inverter efficiency at
75% of load.  The resulting capacity (WAC-PTC) is a more
accurate measure of the maximum power output under real
world conditions.



Based on an analysis of California systems installed in
2003:

WAC-PTC = WDC-STC x .83.

This study converted California data to DC Watts using this
formula.
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 Fig. 1: Annual Installed Photovoltaic Capacity

Figure 1 shows the annual installed photovoltaic capacity
for 1998-2005.  Grid-connected PV installations increased
from less than 1 MWDC in 2001 to over 62 MWDC in 2005.
Since 2001 the annual growth has averaged 52%, though
the growth rate slowed to 19% in 2005. The slowing in
photovoltaic installations growth is due to over subscription
of state incentive programs, PV module shortages, and
customers delaying installation until 2006 when federal tax
credits begin. The off-grid market growth has been steady,
but significantly slower.
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Fig. 2: Installed Grid-Connected Photovoltaic Capacity by
State (2001-2005)

Installations of grid-connected photovoltaic installations
have been concentrated in California and a few other states
as shown in Figure 2 and Table 1. California held 79% of
the installations between 2001 and 2005.  While the market
share in California has always been large, it has actually
increased in the last few years.

Seven states – California, Arizona, New Jersey, New York,
Illinois, Massachusetts, and Oregon – have installed more
than one MWDC since 2001.  Together these states represent
96% of the installed capacity during this period.  All seven
states offer rebates or other financial incentives for
photovoltaic installations.  Arizona has a renewable
portfolio standard called the Environmental Portfolio
Standard (EPS).  A systems benefits fund linked to the EPS
has financed most of the Arizona installations.

TABLE 1: INSTALLED GRID-CONNECTED
PHOTOVOLTAIC CAPACITY BY STATE (MWDC)

2001 2002 2003 2004 2005 Total
CA 7.4 17.0 31.6 43.7 51.0 150.7
AZ 2.6 2.2 3.4 2.3 1.5 12.0
NJ 0.0 0.8 0.8 2.1 5.5 9.2
NY 0.2 0.9 2.1 1.4 1.3 6.0
IL 0.4 0.4 0.3 0.4 0.2 1.7
MA 0.0 0.0 0.3 0.6 0.6 1.5
OR 0.1 0.0 0.2 0.4 0.4 1.0
Others 0.9 1.8 1.2 1.6 1.9 7.5
Total 11.6 23.1 39.9 52.4 62.5 189.5

1.2 Solar Thermal

Data sources usually report solar thermal capacity in area
(square feet).  Representatives from the International
Energy Agency’s Solar Heating and Cooling Programme
and several major solar thermal trade organizations
developed a factor to convert aperture area of solar thermal
collector to capacity (WTH) (4).  The factor is 0.7 kWTH/m2

(.065 kWTH/ft2). This study uses the IEA factor to convert
EIA data reported in square feet to MWTH.

1.2.1 Solar Hot Water and Space Heating Installations

Unlike the photovoltaic market, the solar hot water and
space heating markets have been generally flat with some
variations from year-to-year (see Figure 3).

This is consistent with state data showing stable markets or
variations from year to year, but no significant state markets
with steady sustained growth.  The solar hot water market is
significantly larger than the solar space heating market.
Since a solar space heating system is larger, this means that
the number of solar space heating installations is quite
small.
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 Fig. 3: Annual Installed Solar Thermal Capacity

Like photovoltaic installations, Figure 4 shows that solar
water heating and space heating installations are
concentrated in a few states and territories.  However the
states with the most installed capacity are different for solar
hot water than for photovoltaics. Hawaii offers both utility
rebates and tax credit for solar hot water systems.  Puerto
Rico and Arizona offer tax credits and a few Florida
utilities offer incentives.  California recently began
incentives for solar hot water installations, but offered no
incentives during 1998-2004.
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Fig. 4: Installed Solar Thermal Capacity by State

1.2.2 Solar Pool Heating Installations

Figure 5 shows the annual installed capacity for solar pool
heating systems during 1998 to 2005.  Installed capacity has
grown an average of 13% during the period and the
installed capacity and annual installations are significantly

larger than for either photovoltaic or solar hot water
installations.
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Fig. 5: Annual Installed Pool Heating Capacity
Note: 1998-2004 capacity based on EIA Collector Shipment
data.  2005 capacity is an estimate based on Solar Energy
Industries Association data.

Figure 6 shows that the trend continues for pool heating
systems of the installations concentrated in a few states
with Florida and California leading the way.  Unlike other
solar technologies, virtually no incentives exist for solar
pool heating systems.
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Fig. 6: Installed Pool Heating Capacity by State

4. NUMBER OF INSTALLATIONS

Many data sources report installed capacity and not the
number of installations.  This is especially true for solar
thermal systems.  So a factor is needed to convert capacity
to installations.



This study uses the following average installation sizes:
Off-Grid Residential Photovoltaics: 2 kWDC-STC

Off-Grid Non-Residential Photovoltaics: 10 kWDC-STC

Solar Hot Water: 50 ft2 (4.6 m2)
Solar Space Heating: 250 ft2 (23 m2)
Solar Pool Heating: 350 ft2 (33 m2)
For grid-connected photovoltaic installations, this study
uses actual data on number of installations.

Figure 7 shows that the number of solar installations has
grown from 34,000 per year in 1998 to 67,000 per year in
2005.  Over half of these installations are for solar pool
heating. The Figure 7 and Table 2 count each installation
and provide no information on the capacity installed for
each technology.  Since grid-connected photovoltaic
installations are larger on average, the number of
installations under represents the contribution of grid-
connected photovoltaics.
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Fig. 7: Annual Solar Installations by Technology, 1998-
2005

Table 2 shows the cumulative solar installations by
technology for 1998-2005.  Since most grid-connected
photovoltaic installations occurred during this period, that
installation number is approximately the total number of
grid-connected installations in the U.S.  For the other
technologies, significant installations occurred before 1998
and so the total number of installations would be much
higher.

TABLE 2: CUMMULATIVE SOLAR INSTALLATIONS
BY TECHNOLOGY, 1998-2005.

Solar Pool Heating 229,000
Solar Hot Water (and Space Heating) 65,000
Off-grid Photovoltaics 41,000
Grid-Connected Photovoltaics 23,000
Total 358,000

5. GRID CONNNECTED PHOTOVOLTAIC DATA

Because of the many incentive programs offered for grid-
connected photovoltaics, more data is available for these
installations than for other solar technologies.  Some trends,
based on this data, are presented here.

Data on residential and commercial installations are
available in many states with incentive programs.  From
this data we can see average residential system size (Figure
8) and the proportion of installations that are residential
(Figure 9).  However, such residential-commercial data is
not available from most California programs and in New
Jersey.  In these two states, residential installations are
assumed to be those less than 10 kWDC. Analysis of data
from Los Angeles Department of Water and Power, which
does include both residential and commercial data, indicates
that the 10 kWDC assumption is reasonable.
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Fig. 8: Average Size of Grid-Connected Residential
Photovoltaic Installations

The average size of a grid-connected PV residential
installation has grown steadily (see Figure 8).  In 2004 the
average size exceeded 4.3 kWDC, nearly twice the average
in 1997.  The average size varies from state-to-state and is
typically larger in states with rebates than in states without
rebates.

Figure 9 shows the annual installed capacity for residential
and non-residential grid-connected photovoltaic systems.
Although both residential and non-residential installations
show significant growth, non-residential systems are
increasing their share of the market.  In 2001, non-
residential installations were 48% of the market.  By 2005
their market share increased to 66%.  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 still larger than non-residential
installations.
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The trend toward more non-residential installations should
continue because the new federal tax credits are more
generous for commercial installations. Also as demand for
PV modules exceeds supply, installers of larger systems are
often better able to obtain modules.

6. EFFECTS OF INSTALLED CAPACITY

6.1 Energy Produced

The annual energy produced can be calculated from energy
production factors.  For photovoltaic systems, energy
production factors come from the Analysis of State Solar
Economic Tradeoffs (ASSET) developed by Segue Energy
Consulting and were calculated by the National Renewable
Energy Laboratory (5).  For solar hot water systems, energy
production factors were calculated by the Solar Ratings and
Certification Corp. (6).

TABLE 3: ANNUAL ENERGY PRODUCTION FROM
GRID-CONNECTED PHOTOVOLTAIC AND SOLAR
HOT WATER SYSTEMS INSTALLED 1998 – 2005

Grid PV Hot Water
Installed Capacity 199 MWDC 198 MWTH

Energy Production 314,000 MWH/yr 124,000 MWHTH/yr

Although the amount of energy produced annually remains
small compared with overall U.S. energy use, the
contribution is growing and the positive effects are real.

6.2 Environmental and Economic Effects

Using ASSET factors, the reduction in CO2 emissions and
job creation can be calculated.  The installed grid-connected
photovoltaic installation results in a decrease in CO2

emissions of 2.8 million tons.   The number of jobs created

is sensitive to the installed cost of the PV systems.  If the
average cost is $8/W, then 19,100 job-years have been
created and if the average installed cost is $10/W, then
25,700 job-years have been created.

7. CONCLUSION

The market trends for photovoltaics, solar hot water, and
solar pool heating are distinct.

Photovoltaic installations have grown rapidly since 1998,
with grid-connected installations concentrated in California.
The hot water market is stable and concentrated in Hawaii,
Puerto Rico, and California.  The pool heating market is
growing at an average rate of 13% and concentrated in
Florida and California.

Measuring the number of installations, the pool heating
market is the largest solar market, but the market share of
photovoltaics is increasing each year due to financial
incentives and other public policy initiatives.

The trends are likely to change in 2006.  Because the new
federal tax credits includes solar hot water installations,
growth should begin for that sector.  Photovoltaic
installation growth will likely be diminished due to module
shortages.

Installed solar energy systems each year provide energy for
the U.S. economy, create jobs, and reduce pollution.

8. ACKNOWLEDGEMENTS

This work was funded by the U.S. Department of Energy
through the Solar Powers America Initiative.

9. REFERENCES

(1) Energy Information Administration, Renewable Energy
Annual, 1997-2004 editions

(2) Paul Maycock World Photovoltaic Markets, PV Energy
Systems, Inc., June 2005

(3) Renewable Electric Plant Information System is
available on-line at http://www.nrel.gov/analysis/repis/

(4) “Recommendation: Converting solar thermal collector
area into installed capacity,” IEA, 2004

(5) L. Gillette, C. Herig, S. Gouchoe, “Solar Policy and
Economic Development Databank, Proceedings of the
ISES Solar World Congress, 2005.

(6) Jim Huggins, Florida Solar Energy Center, personal
communication, 2005.


