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Executive Summary �

Executive Summary

As one of the sunniest states in the 
country, Colorado has great po-
tential for solar energy. By 2030, 

Colorado could install solar energy ca-
pacity equivalent to that of a million solar 
rooftops—reducing our dependence on 
fossil fuels, addressing global warming and 
boosting our economy. 

Colorado can install a million solar 
roofs—or at least 3,000 MW of solar 
energy capacity—by 2030.*

•    Denver has sunny skies 245 days of 
the year, and Colorado as a whole has a 
better solar resource than many places 
in California, the nation’s solar leader.

•   Colorado has a lot of empty rooftop 
space. Installing solar photovoltaic 
(PV) panels on every available and 
appropriate rooftop space in Colorado 
would yield more than 16,000 MW of 
solar capacity by 2030. With the right 
policies in place, Colorado can devel-
op at least 3,000 MW of this capac-
ity—the equivalent of installing one 
million rooftop solar energy systems. 

•   Community solar projects and utility-
scale solar energy can further expand 
solar capacity in Colorado, providing 
hundreds of additional megawatts of 
capacity in the near term and thou-
sands of megawatts over time. 

By 2030, solar power can help Colo-
rado avoid 3.6 million metric tons of 
global warming pollution annually—
equivalent to taking 760,000 of today’s 
passenger vehicles off the road.

•   Preventing global warming pollution 
is critical to protecting our treasured 
ecosystems and way of life. Global 
warming could increase average 
global surface temperatures by as 
much as 11°F by 2100. Temperature 
increases on this scale would reduce 
winter snowpack, threaten urban 
and rural water supplies, interfere 
with agriculture, threaten the 
state’s forests with more frequent 
and intense wildfires and insect 
infestations, and shrink wildlife 
habitat. 

*For the purposes of this report, we assume rooftop solar energy systems to be 3 kW (DC) in size.
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Increasing solar power would help 
protect public health by reducing harm-
ful air pollution from the state’s fossil 
fuel-fired power plants.

•   Colorado’s coal- and natural gas-fired 
power plants harm public health by 
emitting smog-forming pollution. In 
2013, Fort Collins and Denver re-
ceived “F” grades from the American 
Lung Association for high levels of 
ground-level ozone, a key element of 
smog; Colorado Springs received a 
“C” grade.

•   In 2030, a million solar roofs (or 
at least 3,000 MW of solar energy 
capacity) would help the state avoid 
11.8 million pounds of smog-forming 
nitrogen oxide pollution from power 
plants annually—a reduction of 9 per-
cent below 2012 power plant emission 
levels.

Solar power can help speed Col-
orado’s transition to a clean energy 
economy.

•   There are already 266 solar energy 
companies employing 3,600 people in 
Colorado—placing Colorado sixth in 
national rankings for total number of 
jobs in the solar industry and seventh 
in jobs per capita.

•   The largest area of solar employment 
in Colorado is in system installation, 
according to the Solar Energy Indus-
tries Association (SEIA). These jobs 
cannot be outsourced, and as the solar 
industry grows, so will local employ-
ment.

•   Altogether, the solar industry contrib-
uted more than $1 billion to Colora-
do’s economy over the past three and 
half years, according to a report by the 
Denver Post. 

State leaders should set a goal of in-
stalling one million solar rooftops—or 
at least 3,000 MW of solar energy capac-
ity—by 2030. At least half of this capacity 
should come from distributed, small-scale 
solar PV systems to ensure a robust, self-
sustaining solar energy market for the 
long term. The state should also establish 
a goal of installing 250,000 residential and 
commercial rooftop solar water-heating 
systems by 2030.

Reaching this goal will require ambi-
tious policies to promote both small-scale 
and large-scale solar energy systems, as well 
as a sustained commitment to strengthen-
ing these policies in the long term.

To promote development of Colora-
do’s solar energy market, policymakers 
should:

1.	 Strengthen the state’s renewable 
energy standard: The state should 
strengthen its renewable energy stan-
dard (RES) for all utilities by requir-
ing them to get 50 percent of their 
electricity from renewable sources by 
2030. Included in the standard should 
be a requirement that 10 percent come 
from distributed renewable energy 
sources, which will boost development 
of small-scale and onsite renewable 
projects such as rooftop solar energy 
systems.

2.	Strengthen net metering policies: 
The state’s net metering policies re-
quire investor-owned utilities to credit 
customers who produce electricity 
through rooftop solar panels at the 
retail rate for every kilowatt-hour they 
supply to the grid. Colorado should 
require that customers of municipal 
and cooperative utilities be reim-
bursed at the retail rate, as well. 

3.	 Make solar energy an attractive 
investment for all customers: 	



Executive Summary �

Colorado should require utilities to 
work with solar developers to create 
long-term contracts to purchase 
solar power from local providers at 
a fixed rate, which helps eliminate 
the financial uncertainty caused by 
fluctuations in electricity prices and 
guarantees solar energy producers 
a reasonable return on their 
investments. The state should also 
offer more financing options that 
make solar energy cost-competitive 
with traditional fossil fuels. 

4.	Develop Colorado’s potential for 
solar water heating: Solar water-
heating systems have the potential to 
reduce household energy use for water 
heating by about 60 percent, but they 
are not widely used because they have 
higher up-front costs than natural 
gas water-heating systems. The state 
should create an incentive program to 
bring down the cost of installing solar 
and other renewable energy water-
heating systems and include renew-
able water-heating technologies in 
residential and commercial natural gas 
efficiency programs. 

5.	 Renew tax exemption programs: 
Colorado exempts renewable en-
ergy products—such as solar panels, 
mounting equipment and wiring—
from sales and use taxes. The state 
should extend these exemptions 
beyond their 2017 expiration date, 
guaranteeing the incentives for at least 
10 years.

6.	Support community solar 
projects: Community solar gardens 
allow residents to pool their 
resources to establish community 
solar arrays, and to offset their 
electricity use through group 
net metering. By fall 2013, Xcel 
Energy’s community solar program 
is expected to bring online 9 MW 
of solar capacity in 13 solar gardens 
across the state. Xcel should 
continue approving solar gardens at 
this pace, and other utilities should 
follow suit. 

7.	 Eliminate regulatory barriers to 
the expansion of solar energy: 
State and local leaders should work 
to standardize procedures, minimize 
fees, and streamline the process of 
installing a new solar energy system 
and integrating it into the electricity 
grid to make it as easy and affordable 
as possible for Coloradans to 
participate in the solar market.

8.	Create a net-zero energy building 
code: A net-zero energy building 
code requirement would increase 
the use of solar and other local clean 
energy systems in new construction. 
Colorado should require all new 
homes to include solar power or 
other on-site renewable electricity 
generation by no later than 2020, 
and all non-residential buildings 
by no later than 2030, through 
a net-zero energy building code 
requirement.   
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Colorado has some of the sunniest 
weather in the country. Strong, fre-
quent sunshine even during winter 

months can melt a week’s worth of snow 
in a matter of hours. Whether climbing 
the Rockies in summer or skiing on sun-
splashed slopes in winter, Coloradans enjoy 
cloudless blue skies for about 245 days out 
of the year.1  

This sunlight shines on millions of 
square feet of empty rooftop space in the 
state. If outfitted with solar panels, these 
rooftops would help provide Colorado 
with an abundant supply of zero-emission 
energy—all while creating jobs and boost-
ing the economy.

Colorado is wel l-poised to take 
advantage of its full potential for solar 
power. Thanks to the state’s 2004 adoption 
of a renewable energy standard—the 
nation’s first to be passed by popular 
vote—Colorado’s clean energy industry is 
now drawing millions of dollars in capital 

investment annually, mostly in green 
building and wind energy technologies.2 
In recent years, solar energy has emerged 
as a robust part of the state’s clean energy 
economy, as well. The industry is already 
supported by thousands of workers who 
develop, manufacture, sell and install 
solar energy systems and their component 
parts. In 2012, investments in solar 
installations for homes and businesses 
topped $187 million.3 

Still, the state gets less than 1 percent 
of its electricity from solar energy. With 
the right policies in place, clean, renew-
able solar power can become a significant 
part of Colorado’s energy mix, helping the 
state expand its clean energy economy and 
protect its environment from the impacts 
of global warming. This report explores 
this potential for expanding solar energy 
in Colorado and charts a path forward for 
widespread adoption of solar energy in 
the state.

Introduction
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Colorado’s abundant solar resources 
and rooftop space make it an ideal 
place to launch a market for rooftop 

solar power. Given the amount of rooftop 
solar power currently installed in Colo-
rado, even modest growth—much slower 
than the growth of other leading states 
such as California and New Jersey—would 
result in about 3,000 megawatts (MW) of 
solar power by 2030.4 That amount of solar 
capacity would be enough to supply 8 per-
cent of the state’s electricity needs in 2030.5 
Much of Colorado’s rooftop space that is 
appropriate for solar PV could also support 
solar water-heating systems, and achieving 

an equivalent market penetration for solar 
water-heating systems as solar PV would 
reduce the state’s water-heating needs by 
11 percent in 2030.6 

The state can also tap into its potential 
for large-scale, non-rooftop solar power, 
such as along highways, over landfills 
or on military bases. Non-rooftop solar 
arrays can be ground-mounted in com-
munity solar “gardens” or span dozens of 
acres of barren land. These community 
and utility-scale solar energy projects can 
help Colorado replace much more dirty 
electricity in the short term.   

The Sun Shines on Colorado
Coloradans are blessed with sunny weather. 
The sun can shine for weeks in a row in any 
season, and a day that begins as overcast 
can end with blue skies. Denver has sunny 
skies 245 days of the year, and Colorado 
as a whole has a better solar resource than 
many places in California.7 (See Figures 
1 and 2.) 

Solar resource quality at a given location 

Colorado Can Install Solar Capacity 
Equivalent to a Million Solar Roofs
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can be measured by the average output of 
a solar photovoltaic (PV) panel over the 
course of a year. The output—or amount 
of solar power generated—depends on the 
intensity of the sunlight reaching the panel, 
which varies from hour to hour with the 
weather and the passing of day and night, 
and from season to season with the angle 
of the sun and length of the day.

In Denver and other Colorado popula-
tion centers, a one kilowatt (kW) solar 
energy system using today’s technology 
will capture enough sunlight to gener-
ate around 1,460 kWh of electricity over 
the course of a year.8 Colorado’s solar 
resource rivals that of California, which, 

like Colorado, has a strong solar energy 
market, and far outstrips that of Germany, 
the world’s most developed solar energy 
market.9 For example, in Sacramento a one 
kilowatt solar energy system will generate 
about 1,400 kWh per year; in Germany, 
it would produce only 754 kWh per year.j 
(See Figure 1.) 

Colorado also has great potential to 
capture heat from the sun to reduce en-
ergy consumed for water heating. Rooftop 
solar water-heating systems are more 
effective in Colorado that in many other 
parts for the country, according to the 
National Renewable Energy Laboratory.12 
(See Figure 3.)  
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Figure 1. Solar Energy Resources by Location11
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This map was produced by
the National Renewable Energy Laboratory

for the U.S. Department of Energy.
May 30, 2008
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Energy saved using a glycol solar system with a selective surface collector

Figure 3. Solar Water-Heating Systems Work Well in Colorado13

Figure shows annual energy savings in gigajoules (GJ)
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Rooftop Solar Energy Systems Work 

Solar photovoltaic (PV) panels capture the energy in sunlight and turn it into 
electricity. Buildings with rooftop solar PV systems are typically connected to 

the electric grid. The grid provides supplemental power during cloudy weather or 
at night. During sunny weather it distributes the extra electricity produced by the 
panels for use elsewhere. Since rooftop solar panels generate electricity close to where 
it will be used—and often at times of the day when demand for electricity is high 
and the cost of supplying the electricity is also high—solar technology can reduce 
the need to invest in cross-country power lines and help increase the reliability of 
electricity service.

Solar water-heating systems use simple technology to capture solar energy and 
heat water for a home, commercial building or factory. Tens of millions of households 
worldwide—particularly in Israel and China, but also increasingly in the United 
States—use solar water heating.14 Solar water-heating systems work by preheating 
water before storing it in an insulated tank, reducing the amount of electricity or 
natural gas required to further heat the water to a useable temperature. In Denver, 
solar water-heating systems can cut the energy use of a standard water heater by 
about 60 percent.15

Rooftop solar water-heating system above the Grand Hyatt resort in Aspen. 
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Solar power can make an important 
contribution to a stable, sustainable 
and affordable regional electricity 

system. By 2020, Colorado’s population 
is expected to reach nearly 6 million—up 
from 5.2 million in 2012.16 Colorado will 
need more energy options to meet the 
needs of this growing population. Solar 
power can help meet this additional de-
mand and reduce the state’s reliance on 
dirty forms of energy. 

Solar panels generate the greatest 
amount of electricity at the times when it 
is most needed—particularly on hot, sunny 
summer days, when more residents run 
their air conditioners. During these periods 
of peak consumption, electricity providers 
must bring peaking power plants, which 
are expensive to operate, on line to ensure 
reliability of service. Most power providers 
use natural gas-fired power plants to meet 
peak electricity demand, which makes it 
the fuel most commonly replaced by solar 
power—also a peaking resource.17 Solar 
power also has the potential to replace 
baseload electricity fuel sources, such as 
coal, as overall capacity expands and energy 
storage technology improves, according to 
the Department of Energy.18  

Solar power’s unique characteristics as 
a clean, distributed energy source would 
reduce the need to run these peaking 
power plants or to build more of them in 
the future. A significant increase in solar 
energy deployment would also reduce en-
ergy prices in the long term.19 

Solar energy has many other advantages, 
as well, including:

•	 Rooftop solar energy is generated near 
where it is used. It therefore reduces 
the need to invest in new high-volt-
age transmission lines and reduces the 
electricity losses that result from long-
distance transmission of power from 
large, centralized power plants.20

•	 Solar panels provide energy for de-
cades at a fixed cost, because sunlight 
is free. Fossil fuels often experience 
wild price swings. Solar PV can act 
as an effective hedge against these 
price fluctuations, helping to maintain 
stable electricity prices.21

•	 Rooftop solar energy requires no 
additional land beyond that already 
occupied by buildings, parking lots or 

The Benefits of Solar Power 
to Colorado
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other developed areas, and consumes 
practically no water. 

•	 Solar energy benefits society at large 
by reducing global warming  
pollution.22

Solar Energy Protects  
Colorado’s Environment and 
Strengthens the Economy
Solar energy prevents emissions of carbon 
dioxide, a leading contributor to global 
warming, and helps protect Colorado’s 
environment and economy for current and 
future generations. Increasing the market 
for solar power will also benefit the state’s 
economy by creating jobs in solar energy 
system installation and manufacturing.

Solar Energy Helps Prevent Global 
Warming Pollution
Increased deployment of solar PV panels 
and solar water-heating systems can reduce 
Colorado’s dependence on fossil fuels and 
lessen its contribution to global warming. 
Solar energy can replace fossil fuel combus-
tion—especially natural gas—reducing the 
state’s emissions of carbon dioxide, which 
is the leading pollutant driving global 
warming.23 

Like the rest of the country, Colorado’s 
environment and economy are vulnerable 
to the impacts of global warming.24 From 
1977 to 2006, temperatures in Colorado 
increased approximately 2°F.25 Climate 
models predict global average surface tem-
peratures could increase by 2.5°F by 2025 
and up to 11°F by 2100.26 Climate experts 
warn that higher temperatures will impact 
many aspects of Colorado’s environment 
and economy, including:  

•   Declines in snowpack: Higher 

winter temperatures will cause more 
precipitation to fall as rain rather than 
snow, reducing winter snowpack. By 
the middle of the 21st century, models 
predict that snowpack will decline by 
10 to 20 percent in elevations higher 
than 8,200 feet.27 In addition, higher 
spring temperatures will melt winter 
snowpack at a faster pace. From 1978 
to 2004, snowpack that melts to feed 
streams began melting two weeks ear-
lier.28 These disruptions to Colorado’s 
water cycle reduce the runoff feeding 
into the headwaters of Colorado riv-
ers. Projections indicate that runoff 
from the Upper Colorado River Basin 
into the Colorado River will decrease 
6 to 20 percent by 2050 compared to 
the 20th century average.29

•   Insect infestations: Rising tempera-
tures may also lead to destructive im-
pacts from invasive species and insect 
pests, such as mountain pine beetles. 
Rising temperatures have allowed 
these beetles to survive in once-in-
hospitable areas and caused changes 
in their life cycle, even, in some cases, 
allowing two generations of beetles 
to exist per year rather than one.30 In 
Colorado and Wyoming, pine beetle 
populations have surged, result-
ing in 1.5 million acres of damaged 
lodgepole pine trees between 1996 
and 2008.31 As temperatures increase, 
insects from regions south of Colo-
rado—historically unable to survive in 
cold, high-altitude areas—will migrate 
north, causing unknown effects to the 
state’s forests.32 

•   Wildfires: A study by the University 
of Arizona found that wildfires in 
the Western United States burned 
seven times more forested federal 
land between 1987 and 2003 than 
between 1970 and 1986.33 The study 
cited higher temperatures in spring 
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and summer months, especially in 
mid-elevation areas in the northern 
Rocky Mountains, as the primary 
factor behind the increased fires.34 
Thirty of Colorado’s 35 largest 
recorded fires have occurred since 
2000.35 In 2012, Colorado experienced 
the most destructive and second-most 
destructive fires in state history.36

•   Shrinking alpine forests: As tem-
peratures rise, dense alpine forests 
become unable to survive at current 
elevations. According to U.S. Envi-
ronmental Protection Agency, for 
each degree increase in temperature, 
alpine forests could shift upwards by 
350 feet.37

•   Wildlife habitat destruction: Rising 
temperatures threaten Colorado’s 
wildlife. The state is currently home 
to 74 threatened and endangered spe-
cies, including the lynx, the whooping 
crane and the river otter.38 Changes 
in precipitation will also affect stream 
flows and water temperatures, putting 
fish that cannot adapt to higher water 
temperatures at risk. Rising tempera-
tures could cause Western trout popu-
lations—which reside in cold water 
bodies—to decline by more than 60 
percent across the region.39 

In the Rocky Mountain Power Area 
(RMPA), the regional electricity grid that 
includes Colorado and parts of Wyoming 
and South Dakota, energy sources used to 
meet daily peak electricity needs emit over 
1,750 pounds of carbon dioxide pollution 
for every megawatt-hour of electricity 
generated. In comparison, solar panels emit 
zero carbon dioxide pollution.40

With a million solar roofs—or 3,000 
MW of solar PV capacity—Colorado 
could significantly reduce the state’s 
contribution to global warming. By 2030, 
this much solar energy would annually 

prevent 3.6 million metric tons of carbon 
dioxide pollution per year—equivalent to 
the annual emissions of 760,000 of today’s 
passenger vehicles.41

Reducing Colorado’s energy use for 
water heating by 11 percent through the 
use of solar hot water systems would ad-
ditionally prevent 347,000 metric tons of 
global warming pollution.42 Solar energy 
can make a strong contribution to meeting 
Colorado’s goals of reducing global warm-
ing pollution to 20 percent below 2005 
levels by 2020 and 80 percent below 2005 
levels by 2050.43

Solar Energy Helps Prevent Health 
Threatening Air Pollution
Colorado’s coal- and natural gas-fired 
power plants harm public health by emit-
ting a variety of pollutants, including 
pollution that contributes to ground-level 
ozone, or “smog.” When inhaled, ozone 
quickly reacts with airway tissues and 
produces inflammation similar to sunburn 
on the inside of the lungs. This inflamma-
tion makes lung tissues less elastic, more 
sensitive to allergens, and less able to ward 
off infections.44 Minor exposure to ozone 
can cause coughing, wheezing and throat 
irritation. Constant exposure to ozone over 
time can permanently damage lung tissues, 
decrease the ability to breathe normally, 
and exacerbate or potentially even cause 
chronic diseases like asthma.45 

The American Lung Association’s 2013 
State of the Air report awarded “F” grades 
to Fort Collins and Denver, and awarded 
a “C” grade to Colorado Springs for air 
quality because of high levels of ground-
level ozone, a key element of smog.46 The 
severity of Denver’s air pollution problem 
is especially apparent during the winter, 
when an inversion layer traps health-en-
dangering pollutants from power plants, 
fires and automobiles close to the ground, 
forming a “brown cloud” that hovers over 
the city.

However, with a million solar roofs—or 
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3,000 MW of solar energy capacity—
Colorado could replace 8 percent of its fossil 
fuel-generated electricity by 2030, which 
would help the state avoid 11.8 million 
pounds of smog-forming nitrogen oxide 
pollution from power plants annually—a 
reduction of 9 percent below 2012 power 
plant emission levels.47

Solar Energy Creates Jobs and 
Strengthens Colorado’s Economy
Increasing the market for solar power in 
Colorado would create jobs in manufactur-
ing of solar panels and other parts of solar 
energy systems, sales and installation, and 
would boost the state’s economy. 

Colorado’s clean energy industry already 
has significant momentum. More venture 
capital for “advanced energy companies”—
which include solar firms—is invested in 
Colorado than any other state except Cali-
fornia and Massachusetts.48 In 2012, more 
than 3,600 Coloradans were employed by 
266 firms in the solar industry—placing 
Colorado sixth in national rankings for 

total number of jobs in the solar industry 
and seventh in jobs per capita, according 
to the Solar Energy Industries Association 
(SEIA).49 In Colorado, the top creator of 
jobs in the solar industry is system installa-
tion, and these jobs cannot be outsourced.50 
As Colorado’s solar market grows, so will 
local employment.

According to SEIA, the second-largest 
sector of the solar energy industry in Colo-
rado is manufacturing.51 Companies such 
as SunPower, Enphase Energy and Amatis 
Controls support local communities by 
purchasing local fuel or supplies, and by 
paying property taxes that help support 
schools, fire services, roads and hospitals. 
Company employees also purchase food 
from local restaurants and grocery stores 
and support local entertainment and hos-
pitality industries. Altogether, the solar 
industry contributed over $1 billion to 
Colorado’s economy over the past three 
and a half years.52

Expanding demand for solar energy sys-
tems could create thousands of additional 

Two installers with Lighthouse Solar put microcrystalline PV modules on top of a townhome in 
Golden in December 2011. 
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jobs throughout Colorado’s economy. 
Workers would be needed to design and 
manufacture solar energy technology, 
and to install and periodically inspect 
and maintain those systems. A 2009 study 
from the University of California, Berke-

ley, concludes that every MW of solar 
capacity installed results in 25 job-years 
of employment in manufacturing, instal-
lation and maintenance of solar energy 
systems—although only the installation 
and maintenance labor is guaranteed to 
be local.53
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Millions of Buildings Are 
Suitable for Solar  
Development
Empty rooftops represent a prime loca-
tion for solar energy systems. In Colo-
rado, there are nearly 600,000 multi-unit 
apartment buildings, about 1.7 million 
single-family homes, and about 120,000 
commercial buildings with hundreds of 
millions of square feet of empty rooftop 
space.54 Many of these buildings have the 
proper orientation and exposure to the 
sun to support solar panels, and as more 
buildings are constructed, the state’s solar 
energy potential increases even further. 

The amount of solar PV or solar water-
heating capacity that can be installed if 
every square inch of appropriate, available 
rooftop space is used is known as “techni-
cal potential.” Technical potential does not 
consider economic factors or new policies 
to drive market development. It is therefore 
not a projection of how the market will 
develop; it is merely an accounting of how 
much rooftop space can support either so-
lar PV or solar water-heating systems. In 
this chapter, we have calculated Colorado’s 

“technical potential” for each of these 
technologies in 2030. In the next chapter, 
“Launching a Market for Solar Power,” 
we estimate how much of that technical 
potential Colorado could feasibly develop, 
with the right policies in place and given 
historical precedent elsewhere.  

Rooftop Solar Photovoltaic Panels
Solar photovoltaic panels produce the most 
power when they are placed on a roof with 
optimal sun exposure. Appropriate loca-
tions face south or southwest and are not 
shaded by trees or other objects for most 
of the day. A typical home solar installa-
tion ranges from 3 to 8 kilowatts (kW) in 
capacity, taking up 300 to 800 square feet 
of rooftop area.55 Solar PV systems on 
commercial buildings can exceed 100 kW 
in size, especially on large warehouses.56

In 2008, Navigant Consulting esti-
mated how much residential and com-
mercial rooftop area in each state was 
appropriate for solar power development 
for the U.S. National Renewable Energy 
Laboratory.57 Navigant’s estimate took 
into account shading, building orientation, 
roof structural soundness, and anticipated 

Colorado Has Great Solar Potential
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improvement in solar PV technology. 
The organization calculated that there is 
enough properly oriented and available 
rooftop space in Colorado to accommodate 
11,644 megawatts (MW) of solar capacity 
in the year 2013.58

Based on pre-2008 trends in construc-
tion of new homes, warehouses and other 
buildings, and ignoring any potential for 
solar technology to improve beyond the 
year 2015 (a conservative assumption), 
Colorado has the technical potential to 
support 16,000 MW of solar PV capacity 
on rooftops by 2030.59 (See Figure 4.) That 
much solar photovoltaic capacity could 
generate nearly 23.6 million MWh of elec-
tricity—the equivalent of about 40 percent 
of Colorado’s estimated annual electricity 
needs in that year.60

Rooftop Solar Water-Heating  
Systems
Virtually any building with a roof exposed 
to the sun can take advantage of solar water 
heating. The U.S. Department of Energy’s 
National Renewable Energy Laboratory 
estimates that 55 percent of homes and 
65 percent of commercial buildings in the 
U.S. Mountain region have appropriate 
characteristics to support a solar water-
heating system.61 These characteristics 
include factors such as proper roof orien-
tation, minimum roof size, shading and 
load-bearing capability, and local building 
codes and ordinances.62   

Moreover, solar water-heating systems 
take up very little space. Solar water-heat-
ing technology is simple and compact. A 

Namaste Solar Electric installs a 300 kw PV rooftop installation on top of the Colorado Convention 
Center in Denver in March 2012. 
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dark surface and liquid-filled tubes are 
enough to effectively capture the heat 
energy in sunlight.63 In fact, reaching 
Colorado’s full potential for rooftop solar 
water-heating systems would only reduce 
the rooftop space available for solar PV 
systems in 2030 by about 8 percent.64

At full technical potential in 2030, 
Colorado could host nearly 1.2 million 
residential solar hot water systems and 
117,000 commercial-scale solar hot water 
systems. Those systems could save 783,000 
MWh of electricity and 22 billion cubic 
feet of natural gas.65 

Community Solar and Utility-scale 
Solar Power
There are also many non-rooftop loca-
tions in Colorado that could support solar 
arrays. Ground-mounted solar panels can 
be installed along highways or on land with 
minimal ecological or economic value, 
such as landfills or brownfields. They can 
also be installed in creative locations such 

as on top of parking structures or utility 
poles. These solar arrays can take the form 
of small community solar gardens or vast, 
utility-scale solar arrays that can span doz-
ens of acres. Colorado has great potential 
for both types of large-scale solar power.

Utility-scale solar arrays can be virtu-
ally any size, but most are at least 1 MW. 
As of early 2013, Colorado had 109 MW 
of utility-scale solar projects that were at 
least 1 MW in size—representing about 40 
percent of total installed solar PV capacity 
in Colorado in 2012.66 The Air Force Acad-
emy in Colorado Springs installed a 6 MW, 
ground-mounted solar power system that 
became operational in 2011.67 Fort Carson, 
just south of the city, has also installed a 2 
MW solar array on top of a former landfill 
near the base that will supply 2.3 percent 
of Fort Carson’s energy consumption.68 
Denver International Airport has 8 MW 
of solar capacity, which supplies about 6 
percent of the airport’s electricity use.69 

Because these systems are large, they 
can displace a significant amount of dirty 

Figure 4. Technical Potential for Rooftop Solar PV in Colorado Through 2030
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electricity in the short term. In addition to 
the 109 MW of utility-scale solar energy 
projects currently operating in the state, 
Colorado has 267 MW of utility-scale 
solar energy projects under development.70 
Combined, these systems will generate 
enough clean electricity to prevent about 
440,000 metric tons of carbon dioxide 
pollution—equivalent to that emitted by 
84,000 of today’s passenger vehicles.71  

The technical potential for utility-scale 
solar energy in Colorado is limited only by 
the availability of appropriate locations and 
transmission lines to carry the electricity 
to market. The National Renewable En-
ergy Laboratory estimated in 2012 that 
Colorado’s urban areas could technically 
support 19,000 MW of utility-scale solar 
projects, while rural areas could support 
4.5 million MW.72 Most utility-scale solar 

projects not located at facilities using the 
electricity directly are connected to the 
power grid via a local substation, and the 
electricity is distributed in the same way as 
from a traditional power plant.

Utility-scale solar power is also one of 
the most affordable ways to install large 
amounts of solar power. These systems 
generally have lower overhead costs than 
rooftop solar PV systems because they 
benefit from economies of scale and 
standardized, ground-mounted system 
designs, according to NREL.73 With solar 
module costs decreasing as well, some of 
these projects—such as SunPower’s 579 
MW Antelope Valley Solar Projects being 
constructed in California—have become 
cost-competitive with peaking natural gas 
power plants.74 

Colorado can also take advantage 

The 82-acre Alamosa Photovoltaic Plant near the New Mexico border is one of the largest photo-
voltaic power plants in the country. It generates about 8.2 megawatts of power, which is purchased 
by Xcel Energy. 
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of ut il ity-scale solar thermal power 
technologies. Solar thermal power stations 
use mirrors to concentrate the heat of the 
sun to generate electricity.75

Other large-scale solar installations in 
Colorado take the form of community solar 
projects. These installations are usually 
smaller than utility-scale solar installations 
and can be installed by community groups, 
non-profit organizations or local govern-
ments. Community solar projects allow 
residents who would not normally be able 
to benefit from solar power—either be-
cause they are renters or don’t have homes 
that are appropriate for solar power—to 

pool their resources to establish these so-
lar arrays. Some of these projects, known 
as solar “gardens,” have net metering, 
allowing community members who buy 
into the system to offset their electricity 
use. United Power near Brighton opened 
the first community solar array in the 
state.76 Clean Energy Collective opened 
the first of eight new community projects 
approved in Xcel territory, in Boulder 
County.77 Community solar projects are 
also cropping up in far western Colorado, 
in the San Miguel Power territory, and in 
northern Colorado, in the Poudre Valley 
Rural Electric territory.78
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Solar Photovoltaic Technology Is Becoming Increasingly 
Cost Effective

Solar energy has great benefits for Colorado and is becoming increasingly attrac-
tive as the price of solar PV systems plummets. As the market for solar energy 

technology has expanded and matured, economies of scale have drive down costs for 
raw materials and for manufacturing solar panels.

In 2012, the installed cost of solar photovoltaic panels declined by 27 percent from 
installed costs in 2011, according to Greentech Media and SEIA’s annual U.S. Solar 
Market Insight Report.79 These declining prices are partially a result of increasing 
economies of scale in solar panel production and falling prices for solar modules.80 
The price of solar PV modules dropped precipitously in 2012, falling 41 percent 
from an average sales price of $1.15/W in the fourth quarter of 2011 to $0.68/W at 
the end of 2012.81 No other type of major power generation technology is achieving 
cost reductions at such a rapid pace.82

The price drop in solar panels mirrors the consumer experience with cell phones, 
digital cameras, flat-screen televisions and other modular electronic technologies, 
which have all rapidly improved and become cheaper as manufacturers produce 
more devices. As the market for solar PV grows in Colorado, the industry is likely 
to develop economies of scale in manufacturing and installation, which will also 
reduce so-called “soft costs,” or non-hardware costs associated with installing solar 
PV systems. These costs, which include permitting, inspection and interconnec-
tion, can account for up to 40 percent of the installed cost of a standard rooftop PV 
system, according to Colorado Solar Energy Industries Association (COSEIA).83 
Growing the solar market and streamlining the permitting and interconnection 
process can significantly reduce these costs. Germany, for example, has the world’s 
most developed solar market, with an established supply chain, a large network 
of skilled installers, and a streamlined permitting process; as a result, Germany’s 
non-hardware costs are lower than in the United States, making the overall cost of 
installed solar PV much cheaper. Germany’s average installed costs for solar PV in 
the third quarter of 2011—not including incentives or rebates—were 50 percent less 
than in the United States.84 

In 2012, COSEIA launched a Solar Friendly Communities program, designed to 
bring down soft costs in Colorado.85 It is a voluntary program that offers local gov-
ernments an easy-to-follow roadmap and certifies them as Solar Friendly Communi-
ties once they make significant progress. In November 2012, COSEIA recognized 
Denver as a solar friendly-community because of its progressive policies to promote 
solar power; including posting permitting requirements online; offering low-cost, 
same-day permits; streamlining inspections; and providing educational materials to 
residents.86 
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At the end of 2011, Colorado had 
about 197 megawatts (MW) of solar 
photovoltaic capacity installed in 

total, or about 39 watts per resident.87 This 
placed the state sixth in national rankings 
for per capita solar PV installations, right 
behind California, which had 42 watts per 
resident.88 New Jersey, which receives far 
less sun than Colorado, has 64 watts per 
resident.89 

Strong energy policies have accelerated 
solar markets in Colorado and other lead-
ing states, such as New Jersey. The main 
hurdle preventing even greater solar energy 
deployment is the same hurdle facing any 
new energy technology—developing the 
experience and economies of scale needed 
to make it cost-competitive with estab-
lished forms of energy generation, many 
of which have benefited from decades of 
consumer investment and government 
support. In 2011, total worldwide subsidies 
for fossil fuels were about $588 billion—six 
times more than subsidies for renewable 
energy technologies, according to the In-
ternational Energy Agency.90 Clean energy 
policies can level the playing field for solar 
power. In Germany, strong policy support 
helped its solar market grow from 2 MW 

to more than 32,000 MW—a 16,000-fold 
increase—in just 22 years.91

With a sustained commitment to prog-
ress, renewable energy can grow quickly 
in Colorado, too. The state’s renewable 
energy standard helped the state’s wind 
industry grow from 231 MW at the end 
of 2004 to 2,301 MW at the end of 2012.92 
With the right policies in place to promote 
rooftop solar power, Colorado can install a 
million solar roofs—or 3,000 MW of solar 
energy capacity—and nearly 250,000 com-
mercial and residential solar water-heating 
systems by 2030.93 Colorado can achieve 
this amount of solar capacity even with 
modest market growth of 18 percent per 
year—far slower than the growth of recent 
years in Colorado (66 percent per year on 
average from 2009 to 2012), as well as in 
California (52 percent per year on average 
from 2001 to 2012) and New Jersey (87 
percent per year on average from 2005 to 
2012), where strong clean energy policies 
have driven solar PV development.94 

In Colorado, reaching 3,000 MW of 
solar capacity would generate the equiva-
lent of 8 percent of Colorado’s anticipated 
annual electricity needs in 2030, or 4.6 
million MWh.95 That is enough electricity 

Launching a Market for Rooftop 
Solar Power
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to power nearly 490,000 typical Colorado 
homes—or nearly three times the number 
of households in Colorado Springs.96 (See 
Figure 5.)

With additional policies to drive adop-
tion of solar water-heating systems, Colo-
rado could achieve an equivalent market 
penetration to solar PV systems, yielding 
226,000 residential-scale and nearly 23,000 
commercial-scale solar water-heating 
systems by 2030.97 Incentive programs or 
stronger energy efficiency building codes 
can help put solar water-heating systems on 
a level playing field with traditional natural 
gas systems. Natural gas systems have low-
er up-front costs than solar water-heating 
systems, but solar water-heating systems 
are less expensive over time because sun-
light—in contrast to fossil fuels—is free. 
With 249,000 commercial and residential 

systems, solar water-heating technology 
would reduce Colorado’s water heating 
energy use by 11 percent, saving 150,000 
MWh of electricity and 4.2 billion cubic 
feet of natural gas per year.98 That much 
energy could meet the water-heating needs 
of 300,000 Colorado households.99

In total, this much solar energy ca-
pacity would use only 19 percent of the 
state’s available rooftop area suitable for 
solar development, leaving a great deal of 
room to continue expanding the rooftop 
solar energy market in the years beyond 
2030.100 Additionally, this level of solar 
energy development does not consider 
Colorado’s large potential for utility-scale 
solar power, which if deployed aggres-
sively, would likely put Colorado on track 
to achieving 3,000 MW of solar capacity 
well before 2030.
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With all the sun that shines on Colo-
rado, the state can significantly 
reduce its dependence on gas and 

coal for much of its energy needs. Solar 
energy is clean, renewable and becoming 
cheaper over time. Solar energy is ready 
to take off in Colorado. The state should 
set a goal of installing one million solar 
rooftops—or at least 3,000 MW of solar 
energy capacity—by 2030.101  At least half 
of this capacity should come from distrib-
uted, small-scale solar PV systems to en-
sure a robust, self-sustaining solar energy 
market for the long term. Additionally, the 
state should set a parallel goal of installing 
at least 250,000 residential and commercial 
solar water-heating systems by 2030.

Reaching this goal will require ambi-
tious policies to promote both small-scale 
and large-scale solar energy systems, as well 
as a sustained commitment to strengthen-
ing these policies in the long term.

To promote development of Colora-
do’s solar energy market, policymakers 
should:

1.	 Strengthen the state’s renewable 
energy standard: To drive develop-
ment of solar power in Colorado, the 

state should strengthen its renewable 
energy standard (RES) for all utili-
ties in the state, including investor-
owned utilities, municipal utilities 
and rural electric co-ops. Specifically, 
the state should set an ambitious 
standard requiring that 50 percent 
of our electricity come from renew-
able sources by 2030. Included in the 
standard should be a requirement 
that 10 percent come from distrib-
uted renewable energy sources, which 
will boost development of small-scale 
and onsite renewable projects such as 
rooftop solar systems.

2.	 Maintain and strengthen net meter-
ing policies: The state’s net metering 
policies require investor-owned utili-
ties to credit customers who produce 
electricity through rooftop solar panels 
at the retail rate for every kilowatt-
hour they supply to the grid. Colorado 
should strengthen its net metering laws 
by mandating that customers of mu-
nicipal and cooperative utilities, who 
are currently compensated at a rate de-
termined by the utility, be reimbursed 
at the retail rate.102

Policy Recommendations
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3.	 Make solar energy an attractive in-
vestment for all customers: Colorado 
should require that utilities work with 
solar developers to create long-term 
contracts for producing clean, local 
solar power. Requiring utilities to pur-
chase all of the electricity fed into the 
grid from a solar energy system at a set 
rate over several years would help elim-
inate the financial uncertainty caused 
by fluctuations in electricity prices and 
guarantee solar energy producers a 
reasonable return on their investments. 
Germany’s feed-in-tariff is one ex-
ample of this type of arrangement. The 
state should also offer more financing 
options that make solar energy cost-
competitive with fossil fuels. Encour-
aging banks to offer low-interest loans 
to citizens interested in financing solar 
energy systems or working with local 
governments to get Property Assessed 
Clean Energy (PACE) projects up and 
running are two of many examples of 
ways to help make solar energy more 
accessible.

4.	Develop Colorado’s potential for 
solar water heating: Solar water-
heating systems have the potential to 
reduce household energy use for water 
heating by about 60 percent. How-
ever, these systems have not gained 
widespread use in Colorado because 
they have higher up-front costs than 
traditional natural gas water-heating 
systems. To level the playing field, 
the state should create an incentive 
program to bring down the cost of 
installing solar and other renewable 
energy water-heating systems. The 
state should also include renewable 
water-heating technologies in resi-
dential and commercial natural gas 
efficiency programs. 

5.	 Renew tax exemption programs: 
Colorado exempts renewable energy 

products—such as solar panels, mount-
ing equipment and wiring—from sales 
and use taxes. The state should extend 
these exemptions beyond their 2017 ex-
piration date, guaranteeing the incen-
tives for at least 10 years.103 

6.	Support community solar projects: 
Community solar gardens allow resi-
dents who are unable to take advan-
tage of rooftop solar PV systems to 
pool their resources to establish com-
munity solar arrays, which help offset 
electricity use through grouped net 
metering. By fall 2013, Xcel Energy’s 
community solar program is expected 
to bring online 9 MW of solar ca-
pacity in 13 solar gardens across the 
state.104 Xcel should continue approv-
ing solar gardens at least at this pace, 
and other utilities should follow the 
lead of progressive municipal and 
rural co-op utilities in encouraging 
community solar projects as well. 

7.	 Eliminate regulatory barriers to the 
expansion of solar energy: Colorado 
policymakers at all levels of govern-
ment should simplify and standardize 
permitting and interconnection rules 
to make it as easy and affordable as 
possible for Coloradans to participate 
in the solar market. Different juris-
dictions across the state have varying 
permitting and interconnection proce-
dures and fees, which can add unneces-
sary friction to the process of installing 
solar energy systems. State and local 
leaders should work to standardize pro-
cedures, minimize fees, and streamline 
the process of installing a new solar 
energy system and integrating it into 
the electricity grid.

8.	Create a net-zero energy build-
ing code: A net-zero energy build-
ing code requirement would increase 
the use of solar and other local clean 
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energy systems in new construction. 
Incorporating solar energy technol-
ogy into new buildings at the time of 
construction represents an enormous 
opportunity to grow Colorado’s solar 
market. Colorado should require all 

new homes to include solar power or 
other on-site renewable electricity 
generation by no later than 2020, and 
all non-residential buildings by no 
later than 2030, through a net-zero 
energy building code requirement.
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This analysis focuses on the potential for 
solar power and water heating on the 
rooftops of Colorado buildings and on 

other large structures. Electricity and hot 
water generated on top of buildings can be 
used locally, reducing the need for cross-
country transmission lines and increasing 
grid efficiency and reliability.

Solar PV Potential

Technical
To estimate the total technical potential 
for rooftop solar PV in Colorado, we 
relied upon Rooftop Photovoltaics Market 
Penetration Scenarios, a report carried out 
by Navigant Consulting for the National 
Renewable Energy Laboratory.105 Taking 
into account factors such as trees and other 
shading, roof tilt and orientation, and the 
room taken up by other objects such as 
chimneys and fan systems, Navigant es-
timated that 22 percent of residential roof 
space and 65 percent of commercial roof 
space in states with cool climates (such as 

Colorado) could be used for solar panels, 
on average.106

Navigant found that installing solar 
panels on all suitable residential and com-
mercial rooftop space in Colorado in 2008 
would result in 8,350 MW of solar power. 
Navigant also estimated total technical 
rooftop solar potential through 2015, based 
on a forecast for increasing rooftop space as 
new buildings are constructed.107 Navigant 
also assumed that solar PV technology 
would increase in average efficiency from 
13.5 percent in 2007 to 18.5 percent in 
2015—meaning that the same amount of 
rooftop area could host solar panels capable 
of producing more electricity.108 

To estimate total solar PV potential in 
2030, we extrapolated Navigant’s trend 
of Colorado technical PV potential from 
2007-2015, ignoring any possible further 
improvements in solar technology. We 
found that in 2030, Colorado could techni-
cally install 16,000 MW of rooftop solar 
capacity.  

We next calculated how large an area 
this would cover. We calculated that 
at 18.5 percent conversion efficiency, 
installing the full 16,000 MW of Colorado’s 

Methodology
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technical PV potential in 2030 would 
require approximately 842 million square 
feet of rooftop area.109 Subtracting out the 
area required by solar water-heating systems 
at full penetration (see below) would reduce 
the area available for PV by 8 percent, 
yielding a total net technical potential in 
2030 of 14,700 MW.

We did not attempt to make an estimate 
of the technical potential for non-rooftop 
solar installations, which would be limited 
only by the availability of appropriate open 
land area (i.e. having minimal ecological 
or economic value) with adequate sun ex-
posure and transmission capacity to bring 
the electricity to market. According to the 
National Renewable Energy Laboratory, 
Colorado’s technical potential for utility-
scale solar installations in urban and rural 
areas may exceed 4,519 gigawatts.110  

2030 Vision
To lay out a vision for a future course of 
rooftop solar PV development for Colorado 
to pursue, we first needed to determine 
how much rooftop solar power capacity 
Colorado had installed at the end of 2012. 
To do this, we subtracted Colorado’s 
operational utility-scale solar capacity from 
total capacity, and used the non-utility-
scale solar capacity numbers as a proxy 
for “rooftop” solar capacity in the state. 
We referred to the Interstate Renewable 
Energy Council Solar Market Trends 
2010 and 2011 reports for cumulative 

solar capacity installed in each year in 
Colorado.111 To obtain a 2012 value for 
installed solar capacity, we referred to 
SEIA 2012 Top 10 Solar States, which 
reported 69.9 MW installed in 2012.112 The 
resulting cumulative statewide capacity 
numbers (which include utility-scale solar 
installations) are shown in Table A-1.

To isolate installed rooftop solar capac-
ity from these cumulative estimates, we 
referred to a SEIA fact sheet that reported 
109 MW of operating utility-scale solar 
capacity in Colorado as of March 2013.113 
We subtracted 109 MW from the 2012 
cumulative capacity of 267 MW, resulting 
in a rough estimate of 158 MW distributed 
rooftop solar in Colorado in 2012. (See 
Table A-2.)  

Table A-2: Potential Rooftop Solar PV 
Market Growth in Colorado114

				  
		  Percent
	 Growth	 Cumulative 		
Year	 Rate	 Capacity (MW)

2012	 35%*	 158

2013	 18%	 186

2014	 18%	 220

2015	 18%	 259

2016	 18%	 306

2017	 18%	 361

2018	 18%	 426

2019	 18%	 503

2020	 18%	 594

2021	 18%	 700

2022	 18%	 826

2023	 18%	 975

2024	 18%	 1,151

2025	 18%	 1,358

2026	 18%	 1,602

2027	 18%	 1,891

2028	 18%	 2,231

2029	 18%	 2,633

2030	 18%	 3,106

*Colorado’s solar market growth between the end of 
2011 and the end of 2012 was 35 percent. See Table 
A-1.

Table A-1. Annual Solar Market Growth 
and Cumulative Solar PV Capacity  
Installed in Colorado, 2008-2012

				  
		  Percent
	 Cumulative	 Market 		
Year	 Capacity (MW)	 Growth

2008	 36	
2009	 60	 65%
2010	 122	 104%
2011	 197	 62%
2012	 267	 35%
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We created a development scenario in 
which the market for distributed solar 
power in Colorado increases at 18 percent 
per year through 2030. This development 
scenario would get Colorado to the goal 
of 3,000 MW of rooftop solar capacity by 
2030; however, this scenario represents 
only one of several possible pathways for 
solar market development in Colorado. In 
our scenario, the average annual growth of 
the solar market is considerably slower than 
that experienced in Colorado from 2008 
to 2012 (See Table A-1), in California (52 
percent on average from 2001 to 2012) and 
New Jersey (87 percent on average from 
2005 to 2012).115 With the right policies in 
place, Colorado’s market could grow much 
faster than in our development scenario. 

In Colorado, 3,000 MW of solar PV 
will generate about 4.6 million MWh of 
electricity per year.116 (See Figure 5 on page 
21.) That’s about 8 percent of Colorado’s 
projected electricity supply in 2030. (See 
“Estimating Colorado’s Future Electricity 
and Hot Water Energy Needs” below.)

Energy Output
We calculated the energy output of solar 
PV panels in Colorado using a population-
weighted state average annual electricity 
generation estimate of 1,466 kWh per 
kW, per the National Renewable Energy 
Laboratory’s PVWatts tool.117

Solar Water Heating  
Potential

Technical
To calculate the maximum market penetra-
tion for solar hot water systems, we first 
needed an estimate of the number of resi-
dential and commercial buildings that will 
exist in Colorado in 2030. We estimated 
the number of housing units in Colorado 

in 2030 using data from the U.S. Census 
Bureau. Using 2010 estimates of population 
and housing units, we calculated a ratio of 
residents to housing unit.118 Holding this 
ratio constant, we then applied population 
projections to obtain an estimate of total 
housing units in 2030.119

We calculated the current number of 
commercial buildings in Colorado using 
estimates of the number of commercial 
buildings and the number of establish-
ments per building in the Mountain 
census region, per the U.S. Department 
of Energy’s Commercial Building En-
ergy Consumption Survey.120 Given that the 
Census reports that there were 144,000 
commercial establishments in Colorado 
in 2003—the year of the most recent avail-
able data on commercial building energy 
consumption—we calculated that there 
were 119,000 commercial buildings in the 
state in that year.121 (The number of es-
tablishments per commercial building was 
listed as ranges in the Commercial Buildings 
Energy Consumption Survey—for example, 
two to five establishments per building. In 
order to be conservative in estimating the 
number of buildings, the highest number 
in the range was assumed when convert-
ing number of establishments to number 
of buildings.)

To project the number of commercial 
buildings in Colorado in 2030, we first 
calculated growth in commercial building 
space. We began with a 2004 Brookings 
Institution Metropolitan Policy Program 
report called Toward a New Metropolis: The 
Opportunity to Rebuild America. This report 
estimates and projects the number of com-
mercial workers by state in 2000 and 2030, 
and the building space that they require.122 
To interpolate those figures for interven-
ing years, we assumed that the percentage 
of the population engaged in commercial 
work (determined using the Brookings 
Institution commercial workers data and 
population projections from the U.S. Cen-
sus) would change at a steady rate between 
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2000 and 2030.123 Then we calculated the 
total square footage of building space that 
those commercial workers would require 
using the Brookings Institution estimates 
of space requirements per worker. We 
found that Colorado commercial building 
area is likely to increase 52 percent by 2030 
relative to 2003.124 Assuming that average 
space per commercial building remains 
constant, in 2030, Colorado would have 
180,000 commercial buildings.125 

We assumed that 55 percent of residen-
tial buildings and 65 percent of commercial 
buildings in the Mountain region could 
technically support solar hot water sys-
tems, per the National Renewable Energy 
Laboratory.126 This yielded a maximum 
of nearly 1.2 million residential solar hot 
water systems and 117,000 commercial-
scale solar hot water systems in 2030. We 
calculated that Colorado would require 
71 million square feet of rooftop area to 
deliver the energy savings described, as-
suming solar water-heating systems have 
an average heat-capture efficiency of 55 
percent (very conservative) and using 
population-weighted solar resources per 
our PVWatts estimate described above.

2030 Vision
We assumed that solar water-heating sys-
tems could be installed in Colorado such 
that the state would achieve 19 percent of 
total technical potential for solar water 
heating by 2030—achieving the same per-
centage of technical potential achieved by 
solar PV, as described above. This yielded 
226,000 residential and 23,000 commercial 
solar water-heating systems—249,000 sys-
tems altogether.

Energy Output
To determine how much energy could be 
saved by solar hot water systems in 2030, 
we first had to determine how much energy 
the buildings with solar water-heating sys-
tems installed would otherwise consume 
to heat water. 

To determine the amount of energy 
that would otherwise be consumed to heat 
water by buildings with solar water-heat-
ing systems in 2030, we first we used the 
Residential Energy Consumption Survey and 
Commercial Building Energy Consumption 
Survey to determine what percentage of 
residential and commercial buildings in 
Colorado use electricity to heat water, and 
what percentage use natural gas.127 We 
assumed these percentages hold constant 
through 2030 and used them to determine 
how many of the solar water-heating sys-
tems installed in 2030 would be on build-
ings that heat water with natural gas, and 
how many would be on buildings that use 
electricity for water heating.  

We then multiplied the number of 
solar water-heating systems by the aver-
age Mountain region electricity or gas 
consumption per household and per com-
mercial building for water heating, which 
yielded the total amount natural gas and 
electricity that the buildings with solar 
water-heating systems in 2030 would nor-
mally consume.128 Then, we assumed that a 
typical solar hot water system in Colorado 
could replace 50 percent of the energy used 
to heat water, per the National Renewable 
Energy Laboratory report.129 

Estimating Colorado’s Future 
Electricity and Hot Water 
Energy Needs
Calculations for the equivalent percent of 
Colorado’s future energy needs that solar 
output would represent were based on the 
following. 

We derived an estimated value for 2030 
electricity consumption in Colorado using 
the actual and forecasted annual growth 
rates for electricity demand 2010-2030 
in the service territory of Public Service 
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Company of Colorado.130 Public Service 
Company (a subsidiary of Xcel Energy) 
is one of two investor-owned utilities in 
the state, which together supplied almost 
63 percent of all electrical power sold to 
customers in the state in 2009.131 Of the 
3.1 million electricity customers served by 
the two utilities, Public Service Company 
serves 87 percent.132 We assumed that 
the projected power needs of the state’s 
largest electricity provider would be rep-
resentative of the state’s electricity needs 
as a whole. Therefore, beginning with 
actual statewide electricity consumption 
in 2010, per Energy Information Ad-
ministration State Electricity Profiles, we 
applied Public Service Company’s actual 
and projected annual rates of growth in 
electricity consumption to project what 
statewide electricity consumption would 
be in 2030.133

Colorado’s anticipated water heating 
energy needs in 2030 were derived by 
multiplying the housing and commercial 
space increase forecast described above by 
the average electricity and natural gas con-
sumption for water heating per residence or 
square foot of commercial building space, 
per the U.S. Census Bureau’s Residential 
Energy Consumption Survey and Commercial 
Building Energy Consumption Survey.134

To be conservative, this calculation 
assumes that there are no improvements 
in the energy efficiency of residential and 
commercial buildings in Colorado before 
2030.

Reducing Global Warming  
Pollution
We translated energy generation figures 
into global warming pollution as follows. 

We assumed that energy generated by 
solar PV would primarily replace non-
baseload electricity generation. In the 
Rocky Mountain Power Area (RMPA), 
non-baseload electricity sources produce 
an average of 1,757 lbs of carbon dioxide 
per MWh.135

We assumed that electricity saved by 
solar water-heating systems would not 
necessarily be timed to coincide with peak 
electricity demand, and therefore assumed 
that solar water heating would displace 
electricity at the total RMPA subregion 
pollution rate of 1,825 lbs of carbon dioxide 
per MWh.136

For natural gas, we assumed that every 
million British thermal units (BTU) of 
avoided natural gas use would prevent 53 
kilograms of carbon dioxide pollution, 
per emission coefficients from the U.S. 
Department of Energy.137
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