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merica has virtually limitless po-

tential to tap the energy of the sun.

Solar energy is clean, safe, proven
and available everywhere, and the price of
many solar energy technologies is declin-
ing rapidly. By adopting solar energy on
a broad scale, the nation can address our
biggest energy challenges—our depen-
dence on fossil fuels and the need to ad-
dress global warming—while also boost-
ing our economy.

America has the potential to obtain a
large and increasing share of our energy
from the sun. In the near term, America
should set the ambitious goal of ob-
taining 10 percent or more of our fo-
tal energy comsumption’ from the sun
by 2030, using a wide variety of tech-
nologies and tools. Achieving that target
would result in the sun providing us with
more energy than we currently produce
at nuclear power plants, more than half as
much as we currently consume in our cars

* Note: This goal refers to total energy consumption
from 4/l sources in the United States, not just electric-
ity consumption.

Executive Summary

and light trucks, or nearly half as much as
we currently obtain from burning coal.

A comprehensive suite of public policy
strategies can remove many of the com-
mon barriers to solar energy development
and help to make this vision a reality.

There are many ways to take advan-
tage of the sun’s energy. Solar energy
can be converted to electricity, or used
for lighting, heating and cooling. It can
replace the fossil fuels we burn at electric
power plants, in factories, in our homes,
and even in our cars. Solar energy tech-
nologies include:

e Photovoltaics (PV) — Photovoltaics
directly convert solar radiation into
electricity. PV can take the form
of panels or be incorporated into
building materials. PV is scalable,
generates electricity anywhere
the sun shines, including in cold
climates, has no essential moving
parts, uses virtually no water, and
is one of the few power generation
technologies well suited for use in
urban areas.

Executive Summary
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2 Building a Solar Future

Concentrating solar power (CSP)
— CSP plants use mirrors to focus
the sun’s energy to harness heat that
can be used directly or to generate
electricity. Because heat is cheaper
and easier to store than electricity,
CSP plants with thermal storage
can be designed to provide energy
from the sun even at night. CSP
plants have been reliably generating
power in desert areas of the West for
decades and are now experiencing

a resurgence due in part to falling
costs and increasing demand for
utility-scale renewable electricity.

Solar water heaters — Rooftop-
mounted collectors capture solar
energy as heat and produce hot
water. Solar heat collectors can be
extremely efficient; low-temperature
heaters can capture up to 87 percent
of the solar energy that reaches
them. Solar water heaters can also
be adapted for uses ranging from
residential water heating to large-
scale industrial use.

Solar space heating and cooling

— Collectors similar to those used
for hot water can also be used

to heat air in place of furnaces

or boilers. These systems can
contribute 50 percent or more of the
energy needed to heat a building.
Solar energy can even be used to
cool buildings through the use of
absorption chillers.

Passive solar design — For
centuries, skilled builders have
designed homes and other buildings
that take the best possible advantage
of solar energy. “Passive” solar
design can contribute to the overall
efficiency of a building, reducing the
need for energy for lighting, heating
and cooling.

Solar energy can help power virtual-
ly every aspect of America’s economy.

Solar Homes

New homes can be built to maximize
use of the sun’s energy through
passive solar design and the use of
solar PV panels and water heating
systems. Solar energy can be paired
with advanced energy efficiency
techniques to create zero net energy
homes, which produce as much
energy as they consume. Zero net
energy homes have already been built
in parts of the country, are possible in
all climates, and often save money for
consumers over time.

Many existing homes can also
incorporate solar technologies.
Photovoltaic panels can be installed
on the roofs of 35-40 percent of
homes nationwide, and solar heat
collectors on 50 percent of residential
roofs.

Solar Businesses

Commerecial buildings—such as
big-box stores, strip malls and

office complexes—also have many
opportunities to take advantage of
solar energy. About 60 to 65 percent
of commercial roof space nationwide
is suitable for photovoltaics. Large-
scale commercial photovoltaic and
solar water heating installations are
also cheaper per unit of energy than
smaller residential installations.

Many businesses present unique
opportunities to tap solar energy:

o  Walmart’s use of skylights in

some its big box stores has cut



energy costs by 15 to 20 percent
by reducing the need for electric
lighting.

o Laundry facilities, hotels, hospi-
tals and even baseball’s Boston
Red Sox have adopted solar
water heating to reduce their
consumption of natural gas for
water heating.

Solar Factories

Manufacturing facilities consume vast
amounts of energy to create heat, much
of it at temperatures that could be sup-
plied by solar water heating systems. Food
processors, chemical companies and tex-
tile plants are among those that are good
candidates for solar energy. For example,
a Frito-Lay plant in California uses solar
concentrators to provide heat for cooking
snack foods. At full capacity, the system
replaces as much natural gas as is used by
340 average American homes.

Solar Farming

Solar photovoltaics can provide a large
share of the electricity needed to operate
a farm and keep harvested crops cool, and
are especially useful for pumping water,
providing irrigation and meeting other
needs in remote areas that aren’t easily
reached by the electric grid. Many farms
could also take advantage of solar energy
for heating greenhouses, ventilating barns
or drying crops.

Solar in Transportation

* The development of plug-in vehi-
cles—both plug-in hybrids and fully
electric vehicles—will allow renew-
able energy to play a larger role in

powering our transportation system.
Toyota, for example, is developing
solar charging stations for its Toyota
Prius plug-in hybrid vehicle, due

on the market in 2011. In addition,
America’s vast areas of highways and
parking lots could house solar panels.

* New transportation technologies
create new opportunities to use
solar power. California’s high-
speed rail authority has committed
to powering the state’s new rail
system with renewable energy,
while major shipping companies are
experimenting with the use of “solar
sails” to reduce the environmental

impact of shipping.

Solar Communities

e Government facilities such as offices,
schools and wastewater treatment
plants, as well as community insti-
tutions such as churches, are often
excellent candidates for solar energy.

* New policy tools enable members
of a community to work together to
finance solar energy installations,
enabling even individuals without
suitable roofs to take part in expand-
ing solar power.

*  Housing developments in Europe
and elsewhere have created neigh-
borhood-wide solar district heating
systems that reduce fossil fuel con-
sumption for space heating and water
heating by 25 percent or more.

Building the Solar Grid

*  Concentrating solar power plants can
replace coal and other fossil fuels for
base load electricity generation.

Executive Summary



* Since photovoltaics generate energy
best when demand is highest—on
hot, sunny summer days—they can
reduce the effective peak demand
that utilities have to meet, provid-
ing stability to the grid, reducing the
need for expensive new power plants
and transmission lines, and curbing
air pollution.

* Photovoltaic cells and solar water
heaters distributed on buildings
around the country will reduce the
amount of energy that needs to flow
from central power plants or energy
providers to consumers.

* Investing in forms of “smart grid”
technologies can expand the amount
of electricity the nation can generate
from distributed solar power while
maintaining reliable electricity
supplies.

America can obtain a large share of
its energy from the sun. But it will not
happen on its own. Local, state and
federal governments must implement
public policies that remove the barriers
currently impeding the spread of solar
energy and adopt policies to make solar
energy an important part of America’s
energy future.

* Financial incentives, such as grants,
tax credits and feed-in tariffs help
to compensate homeowners and
businessowners for the benefits their
investments in solar energy deliver to
society and can create a robust early
market for solar technologies, build-
ing the economies of scale needed
to lower the price of solar energy.
"To create a stable market, financial
incentives should be applied con-
sistently over a long period of time,
instead of as intermittent, on-again
off-again programs.

4 Building a Solar Future

Renewable electricity standards
(RES), such as those now in place

in 29 states, can ensure that utilities
integrate solar into their energy pro-
files. Solar carve-outs, which require
that a share of the RES be met with
solar energy, can ensure a diversified
mix of renewable resources and en-
courage the development of distrib-
uted renewable resources.

New financing tools can help in-
dividuals and businesses absorb the
large upfront costs of solar instal-
lations and begin reaping benefits
immediately. Municipalities can use
their power to borrow at low inter-
est rates to finance residential solar
installations, which can be paid back
through assessments on property tax
bills. Utility on-bill financing can
achieve similar aims, while low-in-
terest loans and loan guarantees can
help reduce the payback time for so-
lar energy investments by businesses.

Advanced building codes and stan-
dards can ensure that builders take
maximum advantage of passive solar
heating and lighting in new build-
ings and create new opportunities for
integrating solar energy into existing
buildings. Solar-ready building stan-
dards guarantee that new homes are
built with solar energy in mind, and
can be broadened to require that so-
lar energy be offered as an option on
new homes. Some states and coun-
tries have gone so far as to require
the use of solar energy (specifically,
solar water heating systems) on new
residential buildings.

Consistent rules to ensure ac-
cess to solar energy are needed to
overcome bureaucratic barriers that
can prevent individuals and busi-
nesses from using solar power. Solar



access laws prevent homeowners’
associations and municipalities from
adopting rules that effectively ban the
use of solar energy, while revisions to
permitting rules and utility regula-
tions can reduce the hassle and cost
of installing solar energy and ensure
that people are compensated fairly
for the solar power they supply to the
grid.

Public education and workforce
development efforts are critical to
expanding the use of solar energy.
Public education programs can help
answer consumers’ questions about
solar energy and make it easier to
“go solar.” Workforce training can
expand the number of workers with
the skills needed to partake in the
dramatic growth of America’s solar
energy market. Meanwhile, energy

labeling requirements for buildings
can ensure that the energy-sav-

ing value of passive and active solar
energy systems is fully understood
when properties change hands.

Investments in a solar grid will be
needed to fully tap America’s solar
energy potential. A well-designed
“smart grid” can ensure that solar
power is an asset to the electric grid,
while limited investments in new
transmission capacity can help to tap
the nation’s best solar resources.

Research and development pro-
grams can help ease the integration
of existing solar technologies, further
develop emerging technologies with
great promise for the future, and in-
vestigate new potential uses for solar
energy.

Executive Summary 5



Introduction

merica’s energy system is all-impor-
tant to our economy, but it is so in-
tegrated into our daily lives that it
has become all but invisible to most of us.
Few of us ever stop to marvel at the
path that a drop of oil must take from a
Saudi Arabian well to the gas tanks of our
cars—the drilling technology that allows
the crude oil to be pumped from deep be-
neath the earth, the pipelines that carry
that oil to a port, the military power that
keeps the shipping lanes open for the tank-
ers to transport that oil halfway around
the world to our shores, the giant refiner-
ies that convert the crude oil into gasoline,
and the extensive distribution infrastruc-
ture that gets the gasoline into our tanks.
Similarly, few of us see the immense
infrastructure that turns a lump of coal
mined in Montana into the electricity that
powers a computer in Alabama—the gi-
ant machines that mine the coal, the trains
that carry it across the country, the mas-
sive power plants that convert it into elec-
tricity, the ubiquitous web of wires that
transmit that electricity across great dis-
tances and through neighborhoods to our
homes.
Even fewer of us see the environmental

6 Building a Solar Future

damage left behind by our consumption
of fossil fuels. Some of that damage is
invisible, such as the health-threatening
pollutants that foul our air and infiltrate
our lungs or the leaking underground oil
storage tanks that slowly pollute drinking
water. Sometimes the damage is inflicted
far away from where most Americans live,
appearing as the melting of Arctic ice
due to global warming, or the filling in
of a remote Appalachian hollow resulting
from mountaintop mining. As people in
America and worldwide have awakened
to the environmental dangers posed by
fossil fuels, we have built even more
infrastructure to mitigate those dangers—
from installing scrubbers on coal-fired
power plants to training hazmat teams to
clean up oil spills.

Over the course of more than a century,
and with the investment of untold
billions of dollars, America has built
an energy system that does a masterful
job of unlocking the energy stored in
underground deposits of fossil fuels and
transforming that energy into the heat,
electricity and kinetic energy that power
our economy. However, that same system
does a poor job of taking advantage of the



powerful renewable energy sources all
around us—especially the sun.

Indeed, as America has built its econ-
omy around the expectation of continued
access to cheap fossil fuels, we have turned
our backs on centuries of received wisdom
about how to use the sun’s energy to our
benefit. Once upon a time, skilled builders
oriented homes to take maximum advan-
tage of the sun and wind, installed awnings
and deciduous trees to block the sun’s rays
in summer, and used light-colored build-
ing materials to reflect solar energy in hot
climates. Today, many of these practices
have been eschewed in the quest for mass-
produced “cookie cutter” homes that are
cheaper to build but more expensive to
operate, solidifying our dependence on
fossil fuels.

Cheap fossil fuels have also caused us
to turn our backs on newer technologies
to tap the power of the sun. Solar water
heaters have been standard equipment on
homes in some parts of the world for de-
cades (and were common in parts of the
U.S. in the early part of the last century),
yetare rare in the United States today. For
years, technologies such as solar photovol-
taic panels and concentrating solar power
plants have stood ready to play an impor-
tant role in supplying us with energy, only
to falter for lack of consistent government
support of the kind enjoyed by the fossil
fuel industry.

Today, America is experiencing the
downsides of our dependence on fossil fu-
els as never before. The ominous specter
of global warming, the continued pollu-
tion of our air and water that results from
fossil fuel use, and worries about the cost

and availability of fossil fuels in an era of
growing worldwide demand—all of these
are powerful reasons to look for alterna-
tives. And never before have so many good
alternatives been available.

Solar energy has the potential to dra-
matically reduce our use of fossil fuels in
virtually every area of our economy. It is
clean, safe, ubiquitous and flexible. It is
also increasingly cost competitive with
conventional sources of energy.

Taking advantage of America’s limitless
solar energy potential would deliver great
rewards to the nation, but it won’t be easy.
It will take creativity to transform our en-
ergy system from one based on fossil fuels
and centralization to one that efficiently
reaps solar energy at the places where that
energy is used. Realizing a “solar future”
for America will require new habits of
thinking, new policy tools, and, most of
all, a roadmap of where we are headed.

The immense infrastructure that brings
fossil fuels to our homes is a potential
obstacle to that transformation, but it is
also an inspiration. If America and the
world can surmount the challenge of us-
ing a drop of oil from a desert half a world
away to power a trip to the grocery store
in Omaha, how much easier must it be to
harness the heat and light that strikes our
homes every day?

The time has come for America to em-
brace a vision of a clean energy future,
with solar energy as a key contributor, and
to lay the groundwork for that future by
adopting smart public policies that can
transform our economy and preserve our
environment.

Introduction
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Why Solar? Why Now?

merica urgently needs to reduce our
Aconsumption of fossil fuels to pro-

tect our environment and ensure
our continued economic prosperity. Solar
energy can replace many of the fossil fu-
els we currently use to power our homes,
communities, farms, businesses, factories
and cars.

America’s Dependence on
Fossil Fuels: Harming Our
Environment and

Threatening Our Future

The vast majority of the energy America
uses each year, 84 percent of it, comes
from fossil fuels.! Coal, oil and natural gas
are inherently limited resources, requiring
tremendous effort and expense to discover,
extract, process and distribute. Fossil fuels
represent one of the most important day-
to-day expenses for American families and
businesses—in 2006, the United States
spent nearly 7 percent of its gross domes-
tic product, or $921.2 billion, on fossil

8 Building a Solar Future

fuels for home, business and transporta-
tion use.’ For every dollar that an Ameri-
can household spends each year, about 9
cents goes toward the purchase of energy,
most of it for fossil fuels.’

Perhaps the greatest challenge posed by
our dependence on fossil fuels is the dam-
age those fuels do to our environment and
our health. Fossil fuel combustion contrib-
utes to the formation of smog and soot,
which damage the lungs and make the air
in areas housing 186 million Americans
unhealthy to breathe.* The burning of
coal contributes to the formation of acid
rain and contaminates our waterways with
mercury, a neurotoxin that makes fish in
many waterways unsafe to eat.

The toll of fossil fuel extraction on
our environment is widespread and se-
vere—from oil spills off our coast to the
fragmenting of natural habitat for natural
gas drilling. Coal mining in the 19* and
20% centuries fouled approximately 9,000
miles of rivers in Appalachia with acid mine
drainage.’ “Mountaintop removal” mining
in many of these same areas threatens new
environmental damage in the 21* century.

No issue, however, poses as great a
long-term threat to our environment as



global warming. Global warming is un-
derway, and its impacts can already be felt
in the United States and worldwide. Al-
ready, plants and animals are being forced
northwards by rising temperatures, put-
ting populations at risk. In the oceans,
rising temperatures and acidity are rap-
idly destroying coral reefs and threatening
other ecosystems.’

Disturbing though these changes are,
they are only a fraction of what will take
place if we fail to rein in our emissions.
In the few years since the Intergovern-
mental Panel on Climate Change issued
its most recent report, global warming’s
harmful effects have already outpaced the
scientists’ worst predictions.® Worse yet,
scientists report that we are approaching
“tipping points” at which the effects of
global warming will accelerate, and efforts
at mitigation become more and more dif-
ficult.”

If global warming emissions continue
unabated, global temperatures may in-
crease by as much as 11.5° F and sea levels
could rise 6.5 feet by the end of the centu-
ry, causing massive flooding and displace-
ment.'? If global warming is allowed to take
place on this scale, the consequences will
likely include the extinction of as much as
70 percent of all species on earth, intense
heat waves with temperatures reaching
120° F in large parts of the United states,
and droughts across as much as a third of
the globe."

In 2008, our nation emitted more than
7 billion metric tons of global warming
pollution, the vast majority of it result-
ing from the production and use of fossil
fuels.”? In order to preserve a reasonable
chance of keeping the increase in global

average temperatures below 2° C, emis-
sions of global warming pollutants must
peak soon and be cut by roughly half by
mid-century. The United States, as the
world’s second-largest emitter of global
warming pollution, and the country re-
sponsible for more of the global warming
pollutants in the atmosphere than any
other, must go farther and faster than the
world as a whole.

Achieving these emission reductions
will require us to use every resource avail-
able to us to decrease our use of fossil
fuels. While energy efficiency will likely
account for the first major steps we take
towards averting a climate crisis, we will
also need to replace existing dirty energy
sources with new clean fuels. Solar ener-
gy—in the form of solar power plants, so-
lar panels and collectors on our homes and
businesses, and new buildings that take ad-
vantage of the sun’s energy through their
design—will be a critical tool for achiev-
ing this goal.

Solar Energy:
A Powerful Solution

Solar energy technologies are a power-
tul solution to reduce the environmental
damage caused by our dependence on fos-
sil fuels.

Life-cycle analyses of solar photovoltaic
(PV) systems show that they dramatically
reduce emissions of global warming pollut-
ants and smog- and soot-forming pollut-
ants compared with fossil fuels, even when
the emissions created in the manufacturing

The decision to install solar PV yields 26 to 27 years of true

fossil fuel-free electricity.

Why Solar? Why Now?
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of the PV systems are included. For some
PV technologies, life-cycle emission reduc-
tions are as high as 89 to 98 percent.”
According to the U.S. Department of
Energy, the “energy payback” time for a
PV system—the amount of time it takes
to save as much energy as was used to pro-
duce the system—ranges from three to
four years and is decreasing over time. As-
suming a system lifetime of 30 years, the
decision to install PV yields 26 to 27 years
of true fossil fuel-free electricity."*
Concentrating solar power plants also

10 Building a Solar Future

dramatically reduce fossil fuel use and
emissions. According to one analysis, a
concentrating solar power plant generates
enough energy in its first five months in
operation to “repay” the energy used to
build the plant.”®

Solar energy can dramatically reduce
our use of fossil fuels and our emissions
of global warming pollutants. There are
many solar technologies that can play a
role in America’s energy system, and many
ways to use those tools to help power our
economy.



Building a Solar Future for America:

hen most people think about so-
VVlar energy, they think of solar

panels sitting on rooftops, or, less
frequently, mirrors spread out across the
desert. While these technologies are im-
portant, they represent only part of the
potential for solar energy to transform our
energy system.

The sun is a ubiquitous and tremen-
dously flexible source of energy. Solar en-
ergy can be converted directly into elec-
tricity, stored as heat for later conversion,
or used in the forms—light and heat—in
which it arrives. It can be captured cen-
trally and then distributed to users, or col-
lected right where it will be used. There
are many technologies and tools that can
be used to harness solar energy.

Photovoltaic Power

Photovoltaic (PV) cells use the sun’s radia-
tion to generate a direct flow of electric-
ity. The two most common forms of PV
are crystalline silicon PV—the traditional,
self-contained PV panels most Americans

The Tools

envision when considering solar power—
and “thin films,” inexpensive sheets of
material that can be used in panels or be
spread across roofs and other architectural
features. Crystalline silicon PV panels are
frequently more expensive, but are more
efficient at converting sunlight into elec-
tricity, and can be mounted on a roof or
can stand alone on top of a pole or piece of
machinery. Thin films, while less efficient,
cost less and require less silicon to pro-
duce. They can also be integrated unob-
trusively into buildings—rolled out across
rooftops or walls as a barely visible sheet.

PV systems are easily transportable and
installable, and can be used to generate
electricity where it will be used, even at
locations the electric grid doesn’t reach.'
PV is also modular, so installations can be
scaled to the appropriate size for a given
use.'” PV’s scalability allows it to be used
for both large-scale power plants and to
power handheld calculators, and it dis-
tinguishes PV from almost every other
power generation technology—imagine,
for instance, a coal-powered calculator,
or a nuclear-powered roadside cell phone
call-box.

PV has other advantages as well. PV

Building a Solar Future for America: The Tools
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Solar photovoltaics belp to power the Indian Pueblo Cultural Center in Albugquerque, New Mexico, one of mamny

community buildings that can make good use of solar energy. Credit: Sandia National Laboratories

is one of the few power-generating tech-
nologies that is a good fit for urban ar-
eas—it produces no air pollution and can
be installed on buildings, parking lots and
other developed areas without interfering
with human activities. As a result, there
is no additional land required for siting a
distributed PV system. PV systems, un-
like steam generators, do not use water
for anything other than routine cleaning
of the panels, making them a good fit for
areas with low water availability. And PV
systems generate the greatest amount of
electricity at the times when it is most
needed, particularly hot, sunny summer
days.

Photovoltaic installations are increas-
ing rapidly in the United States. Between
1998 and 2008, the amount of installed PV
capacity increased by a factor of more than
10, from 100 megawatts (MW) to 1,173
MW.® (See Figure 1.) But the potential

12 Building a Solar Future

for PV systems far outstrips the number
installed today. America’s residential and
commercial rooftops, for example, could
host as much as 712 gigawatts of solar
panels (roughly 700 times the capacity of
all solar installations today) if every inch
of suitable rooftop were to be covered,
enough to produce roughly a quarter of
America’s electricity using current tech-
nologies.”” Central-station photovoltaic
systems in sunny areas, PV systems along
roads or over parking lots, and PV instal-
lations at factories could add to this total.

Concentrating Solar Power

Whereas PV technologies produce elec-
tricity only when the sun is shining on
them, concentrating solar power (CSP)
can provide a steady and uninterrupted



Figure 1. Installed Photovoltaic Capacity, United States®
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stream of power by storing the sun’s heat
and using it to power a generator. These
systems are particularly suitable for large
power stations, but can also be deployed
for smaller scale on-site generation.

All concentrating solar power technol-
ogies use mirrors to focus light on a re-
ceiver to heat a fluid. Once heat has been
captured, it can be stored until it is needed,
or it can be used immediately to power a
steam generator or heat engine.

Large-scale concentrating solar plants
can take several forms—either focusing
heat on a single central tower, or on long
pipes that carry heated fluid to a central
collector. These technologies are versa-
tile enough to use as a stand-alone power
plant, as a preheating system for the wa-
ter used in fossil-fuel plants, or in a hy-
brid configuration alongside existing fossil
tuel generators.?! CSP plants in California

have been reliably producing power for
decades, while at least six new plants have
come on line since 2006. %

Concentrating solar can also be used
on a smaller scale, with satellite dish-like
mirrors focusing energy on a small receiv-
er that contains a heat exchange engine.
These systems have less storage capability,
but are also more modular, requiring less
access to vast open spaces.

Solar Water Heating

Solar water heating systems are among
the simplest uses of sunlight for energy.
In solar water heating systems, water (or a
heat transfer fluid) is piped to the roof of
a building, where it is heated by traveling
through sunlight-absorbing pipes. Because
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Solar “power towers” such as this one in California use arrays of mirrors to focus
sunlight on a central receiver; and can incorporate thermal storage, which enables the
plant to deliver electricity even at night. Credit: Sandia National Laboratory

capturing heat from sunlight is simple and
efficient, solar water heating systems can
absorb as much as 87 percent of the energy
radiated at a given section of roof.?* Solar
water heating can be used for swimming
pools, to replace conventional residential
and commercial hot water heaters, and in
larger-scale industrial settings.

A range of collector types is avail-
able for heating water with solar energy.
The least expensive systems raise water
temperatures only about 18° F above the
ambient air temperature and are typically
used to heat swimming pools.** A slightly
more expensive collector can heat water
to temperatures suitable for a home hot
water system.” These collectors can func-
tion in all climates, and in warm climates
they can be made less expensive by storing
water on the roof near the collector. The
most expensive collectors are designed for
applications requiring extremely hot wa-
ter, or for heating large volumes of water
for commercial or industrial use. Solar
water heating systems should have a con-
ventional fuel backup to provide heat on

14 Building a Solar Future

cloudy days. Overall, solar collectors can
typically provide for 50-80 percent of a
building’s water heating needs.*®

Solar water heating has already become
widely used in some countries. In Israel,
for example, 90 percent of homes current-
ly use solar water heating and Hawaii has
recently adopted a standard requiring so-
lar water heating on all new homes built in
that state, though with some exceptions.?”’

Passive Solar Lighting
and Heating

For most of human history, skilled build-
ers designed buildings to take advantage
of the sun for lighting and heating. That
changed in the mid-20® century as build-
ers began to rely on cheap energy to make
up for deficiencies in a building’s design.
A renewed focus on energy conservation,
however, has brought the practice of day-
lighting and passive solar heating back into
the forefront of architectural thought.

In its simplest form, daylighting is the
art of bringing a comfortable amount of
light into living and work spaces during
the day, without causing excessive glare
or heat transfer through windows.
Lighting designers can use windows,
skylights, reflective surfaces, and exterior
features that direct or diffuse light to
illuminate rooms and decrease the need
for artificial lighting.”® A well daylit space
will have comfortable levels of light in all
different areas, throughout the day, and
all year round. Daylighting can reduce
total building energy costs by as much
as one third.?” Solar lighting systems
can be augmented by electric lights that
are controlled automatically by dimmer
switches and that supplement sunlight
when necessary. Advanced systems,
meanwhile, can use fiber optic cables to
deliver light from collectors on the roof



to fixtures that also hold electric lights,
automatically decreasing the amount of
electricity used as appropriate.’

Passive solar heating, much like pas-
sive solar lighting, aims to admit solar en-
ergy to a building when it is needed, while
keeping it out when it is not. South-facing
windows that admit winter sunlight (usu-
ally positioned so as to be shaded during
the summer), skylights, and air circulation
teatures that move solar heat through the
house all assist in reducing the need for
active heating.’! Passive solar features can
also include sunspaces such as enclosed
porches, which provide a pocket of warm
air outside the building envelope. Thermal
storage walls (dark-colored walls behind
glass that can conduct heat to the interior)
can store solar energy during the day and
release it at night.”

Active Solar Heating
and Cooling

Solar heat can also be captured through ac-
tive systems, either for heating residential
and work spaces or for industrial purpos-
es. The collectors used for these systems
generally resemble those used for solar
hot water heaters; either glazed plates (for
most home space heating applications) or
evacuated tubes (for commercial, industri-
al, or solar cooling applications) are used.”
In some cases, solar space heating and wa-
ter heating systems can be combined.
When used for home heating, active
solar systems generally provide for 40-80
percent of a building’s heating needs.**

Passive solar design techniques such as daylighting can
create attractive living spaces while reducing electric-
ity consumption. Credit: U.S. Department of En-
ergy Solar Decathlon, reprinted under Creative
Commons license

While solar heating is fairly intuitive, it
may be more surprising to learn that solar
energy can also be used to cool buildings,
even without being converted into elec-
tricity. In a solar cooling system, air is cy-
cled through a dessicant material that pulls
the humidity out of the air. That material
is then baked dry by solar heat—captured
just as in a solar heating system—allow-
ing it to be reused. The dry air can then
evaporate water from another source, such
as an indoor fountain, which cools the
air—just as the evaporation of sweat cools
a human body. Such systems can save ap-
proximately 50 percent of the energy used
to air condition a building.** They are also
at their most effective on sunny days when
the need for air conditioning is likely to be
greatest.

Building a Solar Future for America: The Tools

15



Ll

el

— pe—
|
|
/,';_./ F
Y
. 2

Solar water beating systems, which are common in parts of the world, can provide 50 to 80 percent of a building’s

hot water needs. Credit: VELUX/ESTIF
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A Solar Future for America

tually every part of American life—the

homes we live in, the offices where
we work, the farms and factories that pro-
duce the products we buy, and the schools
where our children learn. With creativity
and sound public policy, solar energy can
make a major contribution to America’s
energy future.

S olar energy can be integrated into vir-

Solar Homes

There are more than 128 million hous-
ing units in the United States, includ-
ing more than 80 million single-fam-
ily homes.*¢ Virtually all of these homes
consume fossil fuels for heating, lighting,
air conditioning and other purposes, yet
only a tiny fraction currently produce en-
ergy from the sun. Tapping America’s full
potential for powering our homes with
the sun could dramatically reduce our
dependence on fossil fuels and our emis-
sions of global warming pollution while
also creating thousands of installation
jobs that can’t be outsourced.

What a Solar Home Looks Like
Solar homes use the energy of the sun to
avert the need to burn fossil fuels or tap
electricity from the grid. New homes have
the greatest potential to take advantage of
solar energy, but solar technologies can
also be integrated easily into many exist-
ing homes.

New Homes
New homes are the easiest places to take
maximum advantage of the sun’s energy.
Solar energy can play an important role in
the construction of “zero-energy homes,”
which produce as much energy as they use
over the course of a year.

Most of the features that distinguish
a “solar home” are subtle. Well-posi-
tioned windows and skylights decrease
the amount of time that electric lighting
is needed each day. Thoughtful building
orientation and the proper use of shading
elements—such as overhangs, awnings or
deciduous trees—allow warming sunlight
in during the winter while keeping it out
during the summer. “Thermal mass” ele-
ments, such as stone walls or floors, can
be used to store the sun’s warmth during

A Solar Future for America
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the day and release it at night. Replacing
conventional wood-frame walls with ther-
mal mass walls made of concrete, for ex-
ample, could reduce whole-house energy
consumption by 6 to 8 percent.*”

Not only are many of these design el-
ements energy savers, but many of them
also add to the beauty and comfort of a
new home.

Figure 2. Elements of a Passive Solar Home*®
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New homes also provide an opportu-
nity to take full advantage of “active” solar
energy technologies such as photovoltaics
and solar water heating systems. Instead
of having to retrofit a building’s electricity
or plumbing systems to accommodate so-
lar energy, solar technologies can be built
into new homes right from the start, and
the home and surrounding vegetation can
be deliberately designed to maximize the
solar energy potential of the home.

Installing a solar water heater in a new
home, for instance, can cost just half of
what it would to install one in an existing
home.** Photovoltaics, meanwhile, can be
incorporated into building materials so
that they require little technical expertise
to install. In October 2009, Dow Chemi-
cal announced that it would be rolling out
a line of solar shingles that it expects to
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generate $5 billion worth of revenue by
2015, and which will take less than half as
long to install as conventional solar pan-
els.* Other companies are developing
similar products.

Home builders with standardized so-
lar home designs can incorporate solar
energy features less expensively than the
owner of an existing home, and may be
able to shave costs further by ordering
solar components in volume and devel-
oping a trained workforce. California, for
example, has seen the development of new
residential subdivisions—amounting to
hundreds of homes—that incorporate so-
lar technologies either as an option or a
standard feature."

Residents of solar homes have generally
been happy with their purchase. A 2006
survey of California solar home owners
found that 92 percent would recommend
the purchase of a solar home to a friend.*
Builders of solar homes also benefit be-
cause solar homes sell faster than con-
ventional homes.” When combined with
advanced energy efficiency technologies,
passive and active solar energy can dra-
matically reduce fossil fuel consumption in
homes, while saving homeowners money.
A study in the U.S. Southwest estimated
that “zero-energy” homes could reduce
net energy consumption by 60 percent or
more. These homes would cost an added
$15,000 to $20,000 for construction, but
in all cases the homeowner would save
more in energy bills than was spent on the
energy-saving features.*

Nor do solar homes only work in the
Southwest or other sunny regions of the
United States. A Massachusetts state task
force, for example, concluded that the en-
ergy savings of a zero-energy home in that
cold-weather state more than compensate
for the additional upfront cost. In fact, in-
corporating passive solar features can ac-
tually 7educe some of the costs associated
with building a new home by allowing for
the installation of smaller, less expensive



heating and air conditioning systems.*

Some building design experts are con-
templating “Energy-Plus” building de-
signs that make homes net energy produc-
ers. These homes are built using extremely
airtight construction materials and tech-
niques and use designs that take optimal
advantage of sunlight. The international
Passive House design standard, for ex-
ample, saves up to 90 percent of the en-
ergy used in home space heating.* These
buildings could be paired with active so-
lar systems to be net sources of energy to
their communities.

Existing Homes
Existing homes may not have been built
to take advantage of the sun, but many are
good candidates for incorporating solar
energy.

Photovoltaic panels can be installed on
almost any roof, but they are most effective
on flat or lightly-sloped roofs facing the

equator, which receive direct sunlight
throughout most of the day. Current
estimates suggest that 35-40 percent
of residential buildings are suitable for
photovoltaic panels.”

Solar water heaters typically decrease
the amount of natural gas or electricity
required for water heating by 50 to 80
percent.® A National Renewable Energy
Laboratory study estimated that 50 per-
cent of residential buildings nationwide
could use solar water heating systems.* As
with solar photovoltaic panels, solar water
heating systems—in which a rooftop col-
lector is used to pre-heat water for house-
hold use—can be installed in any climate,
although different types of systems work
better in different parts of the country.
Solar water heating systems are smaller,
technologically simpler, less expensive,
and more efficient at capturing the energy
at sunlight than solar PV panels. Installing
a solar water heater in an existing home

Solar homes—such as those in this California development—are increasingly common and sell more rapidly than
conventional homes. Credit: Sacramento Municipal Utility District
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costs about $6,000.%° State and federal in-
centives can defray some of the cost of in-
stalling solar water heaters.

Solar Businesses

America’s commercial  buildings—its
big-box stores, strip malls, hotels, office
buildings, and the like—are just as depen-
dent on fossil fuels as our nation’s homes.
Commercial buildings are responsible for
nearly roughly 14 percent of the nation’s
energy consumption.’’ For certain types
of businesses, fossil fuel expenditures can
be a major business expense. A growing
number of firms nationwide are coming
to recognize that adopting solar energy
makes good business sense, as well as good
environmental sense.

What a Solar Business Looks Like
America’s commercial sector is extraor-
dinarily diverse, with businesses of many
types ranging in size from mom-and-pop
stores to giant office complexes. Differ-
ent kinds of commercial buildings present
different kinds of opportunities for using
solar energy. Businesses that use a particu-
larly large amount of energy for any one
purpose have the potential to take advan-
tage of the economies of scale described
for homes in offsetting that need with so-
lar energy.

* Big box stores are single-story build-
ings and use a great deal of electricity
for indoor lighting during the day-
time. By installing just one skylight
per 1,000 square feet of store space
and using dimmable indoor lights,
Walmart has been able to save 15-20
percent of total building energy costs

to expand its production of solar
electricity in the years to come."

Warehouses also use a great deal of
energy on lighting, and can benefit
from incorporating passive solar
lighting features. Temperature-con-
trolled warehouses can save energy
by incorporating appropriate passive
solar heating or cooling features.’*

Laundromats use a great deal of
energy to heat both water for washers
and air for dryers, and can use solar
energy for both of these purposes.
For example, the World’s Largest
Laundromat in Berwyn, Illinois,
installed a solar water heating system
designed to produce 2,400 gallons of
hot water every day after natural gas
prices spiked in 2001.%° Other kinds
of businesses and institutions with
large laundry facilities, such as pris-
ons and hotels, can use solar energy
in a fashion similar to laundromats.

Restaurants and other businesses that
serve food to many customers can use
solar water heating for their water
heating needs. Baseball’s Boston Red
Sox, for example, installed solar water
heaters on the roof of Fenway Park,
reducing consumption of natural gas
for water heating at the facility by
more than one-third.’¢

Businesses and institutions with large
public meeting spaces or other open
spaces can use 50 percent or more
of their total energy on heating, and
could use solar heating systems to
offset their need for conventional
heating.’’

As with solar homes, newly built com-

in many of its superstores.” In addi-
tion, Walmart has installed solar PV
systems on 20 of its stores and plans

mercial buildings can be designed to in-
corporate passive and active solar fea-
tures from the very beginning, reducing
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their cost. A 2007 assessment of several
categories of “green buildings” (some of
which incorporate passive or active solar
energy systems), for example, found that
there was no significant difference in the
cost of building green versus non-green
buildings.’® A similar analysis of buildings
meeting the Leadership in Energy and
Environmental Design (LEED) standards
found that buildings meeting the criteria
of the lowest three tiers of the LEED pro-
gram cost an additional 2 percent or less
to build, while cutting energy consump-
tion by 28 to 48 percent.’’

Commercial buildings are much more
likely than residential buildings to have
flat roofs, meaning that many of them can
play host to properly oriented photovoltaic
panels or solar water heating systems. A
report for the National Renewable Energy
Laboratory estimated that 60-65 percent of
commercial roof space nationwide would
be suitable for PV panel installation.®

Many businesses have larger roofs, and
use more energy, than residential energy
customers. This makes it possible for them
to take advantage of the significant econo-
mies of scale that come with purchasing
and installing active solar installations of
larger sizes. Large photovoltaic systems
with between 500 and 750 kilowatts (kW)
of capacity, for instance, cost about 30 per-
cent less per Watt of capacity than small
residential systems.’' The high-efficiency
heat collectors often used for commercial
solar heating applications, meanwhile, can
be installed in large numbers and coupled
with mirrors to enhance their effective-
ness. These measures can reduce the per-
square-foot cost of these high-efficiency
collectors to 50 percent or more below the
average cost of residential units.®

One potential barrier is that commer-
cial establishments are disproportionately
likely to rent their buildings, creating
potential “split incentive” problems, in
which builders bear the cost of installing
solar energy systems but tenants reap the

Waorkers install solar panels on the roof of the supervisor’s office at Wayne National
Forest in Obio. Many office buildings can take advantage of solar energy. Credit:
Alex Snyder, Wayne National Forest

benefits in reduced energy costs. Feed-in
tariffs and third-party financing tools can
help to surmount these obstacles. (See
page 43.)

Solar Factories

Historically, manufacturing facilities have
been thought of as environmental pollut-
ers, not potential contributors to a green
future. But America’s manufacturing sec-
tor has a great deal to gain from a transi-
tion to cleaner sources of energy.
Manufacturing is extremely energy in-
tensive. Food processing facilities, cement
plants, steel mills and other industrial fa-
cilities use energy on a vast scale. They are
responsible for roughly 28 percent of the
global warming pollution emitted in the
United States.” Reducing fossil fuel con-
sumption in factories is not just a matter of
environmental concern. American manu-
facturers face the challenge of international
competition—reducing energy costs is just
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one way to remain competitive.

Solar energy cannot replace all the en-
ergy that is used by America’s manufactur-
ing sector, but it can make an important
contribution to meeting the energy needs
of many of America’s factories.

What a Solar Factory Looks Like
America’s manufacturers use energy for a
wide array of purposes. Electricity is used
to light shop floors and power machinery,
fossil fuels are burned in boilers to create
steam and process heat and to generate
electricity. Solar energy can help to alle-
viate energy demand in several of these
areas.

The creation of “process heat” uses
more energy in America’s manufacturing
sector than any other single activity.%
Melting iron in a mill or cooking cement

in a kiln obviously requires process heat,
but so does distilling ingredients in a phar-
maceutical plant, pasteurizing milk in a
food processing plant, or bleaching cloth
at a textile mill.

Uses of process heat are classified by
the temperatures required. Some pro-
cesses take place at temperatures well
above what can be achieved economically
using solar energy, but many others take
place at lower temperatures. About 30
percent of process heat is used at “low”
temperatures—below the boiling point
of water—and another 27 percent is used
at “medium” temperatures—between 100
and 400° C.% Solar heat is most useful for
processes occurring at less than 250° C.%
In certain key industries—such as food,
textiles, and paper—60 percent or more of
process heat is needed at these tempera-
tures.”” Solar water heating is potentially

Audi installed a solar cooling system (above) at its training center in Ingolstadt, Germany. Credit: Solahart/
ESTIFE.
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well-suited to several uses of industrial
heat, including cleaning, drying, preheat-
ing of boiler water, and sterilization.®®

Industrial plants that use large amounts
of process heat at low and medium tem-
peratures can potentially install large ar-
rays of solar thermal collectors to provide
that heat. Worldwide, approximately 90
solar process heat systems are currently
in place, including several in the United
States.”” The largest solar process heat
system in operation in the United States
is located at a Frito-Lay factory in Cali-
fornia. It uses a 5-acre field of solar con-
centrators to create steam, which is used
to heat the oil used to cook the company’s
SunChips brand of snack foods.”” At full
capacity, the system can produce 14.7 bil-
lion BT'U of energy per year, equivalent to
the annual natural gas use of 340 average
American homes.”

The industries with the most existing
solar process heat plants are food, chemi-
cals, transport and textiles.”? The kinds of
solar heat collectors used can vary with the
temperatures needed, and with the scale of
the application. Rooftop collectors similar
to those used for residential hot water are
appropriate for some industrial applica-
tions, while large-scale collector arrays
similar to those used for concentrated
solar power plants can serve large scale,
high temperature uses. For fairly low tem-
perature uses, process heat can actually be
generated at the same time as electricity
through the use of photovoltaic/thermal
collector arrays, which capture the waste
heat generated by sunlight striking photo-
voltaic panels.”

Solar process heat is just one of many
opportunities to tap solar energy in indus-
try. The Steinway & Sons piano factory
in New York City, for example, recently
installed the world’s largest solar cooling
system. During the summer, the system
cools and dehumidifies the factory, pre-
venting moisture from affecting the preci-
sion parts of the company’s world-famous

pianos, while during the winter the system
helps heat the facility.”*

Solar photovoltaics can be used to help
meet the electricity needs of factories.
Like commercial buildings, large factories
are likely to have flat roofs and be exposed
to sunlight. Installing photovoltaics on
factories can reduce demand for electric-
ity, provide power to drive motors and
industrial machinery, and deliver electric-
ity back into the grid during peak demand
times on hot summer days.

Passive solar design can also reduce en-
ergy demand in factories. About 5 percent
of the energy used in the manufacturing
sector is actually used for lighting and cli-
mate control in workspaces.” Passive solar
design elements such as daylighting can re-
duce the need for artificial light. Ford Mo-
tor Company’s Rouge Center truck plant
in Dearborn, Michigan, for example, was
redesigned to incorporate daylighting of
work areas, augmented by well-controlled
electric lights.”

The use of solar energy in industry can
avert the consumption of fossil fuels, while
providing a hedge against volatile fossil
fuel prices for energy-intensive industries.
The vast amount of energy used in indus-
try means that the potential for energy
savings and emission reductions is large. A
study by the International Energy Agency,
for example, estimated that solar process
heat could provide for roughly 4 percent
of industrial heat demand, reducing con-
sumption of fossil fuels.”’

The expansion of solar energy use in
industry faces unique hurdles, however.
Solar process heat, for example, seems like
a perfect fit for many industries that rely
on hot water—industrial facilities are hun-
gry for options to reduce energy costs and
the technology to provide solar hot water
is relatively cost-effective and technologi-
cally proven.

However, industrial facilities, like other
businesses, are often driven by short-term
economics, rather than the potential to
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generate energy savings over the long
term. A mid-1990s review of cancelled so-
lar process heat projects in the U.S. found
that two projects were rejected by com-
panies because they sought a three-year
payback time, while the proposed projects
delivered payback in 4.4 and 5.2 years, re-
spectively.”®

In addition, integrating solar water
heating into an existing industrial plant
can be technologically challenging—es-
sentially requiring the re-engineering of
key processes. Resolving those issues re-
quires the existence of experts trained in
integrating solar energy into industrial
processes. Unfortunately, the solar process
heat industry in the United States is rela-
tively undeveloped. The European Union
is working aggressively to develop markets
for and expertise in the solar process heat

sector, and the United States could follow
suit.””

Solar on Farms

In the 1930s, the United States brought
electricity to remote towns and dwellings
across the country through rural electrifi-
cation—one of the signature accomplish-
ments of the New Deal. Access to cheap
energy, however, has also resulted in many
tasks that were once carried out using so-
lar energy—such as crop drying—being
shifted to fossil fuels.

Agriculture represents only a small por-
tion (approximately 1 percent) of America’s
total energy consumption.® But, for indi-
vidual farmers, fossil fuel costs can repre-

P-R Farms in California’s San Joaquin Valley uses the electricity created from a photovoltaic system to power its cold
storage and packing operations, resulting in a dramatic reduction in montbly energy bills. Credit: PowerLight

24 Building a Solar Future



sent a large share of their total expenses.
Farmers spent $28.8 billion on energy in
2003, about 14 percent of their produc-
tion expenses.®!

The distributed, modular nature of
solar energy makes it uniquely suitable
to provide electric power and heat on
farms and ranches around the country.
Farms and ranches may need electricity
for pumps and fences and on-site pro-
cessing operations, space heating for
barns and greenhouses, and hot water
for cleaning at locations where running
electric wires from the grid or frequent-
ly refilling fuel tanks can be inconve-
nient and expensive. Photovoltaic panels
and solar heat collectors, which require
minimal maintenance, no refueling, and
no connection to a grid, can provide a
simple and economical solution.

What a Solar Farm Looks Like
Solar energy is already commonly used on
farms for remote applications. Photovol-
taic panels, for instance, are often used for
powering water pumps in remote pastures.
These PV-powered pumping systems cost
a total of $2,500 to purchase and install,
and operate completely independent of the
grid.*? Solar electricity can also be used to
power electric fences, irrigation systems,
and building machinery. These remote so-
lar systems, while small, can deliver out-
sized environmental benefits, since they
often replace inefficient and highly pollut-
ing diesel generators.

There are, however, many other poten-
tial applications for solar energy on farms.
Space heating and ventilation, for exam-
ple, are important on many farms, pro-
viding winter heat for animal barns and
greenhouses and keeping the air in animal
enclosures free of dust, gases and odors.
Farmers also use heat to dry crops—a tra-
ditional role for solar energy that is now
sometimes performed by heat from fossil
tuels. Passive solar heat can displace fossil

fuels for some greenhouse and crop drying
applications. Many greenhouses that derive
growing light from the sun, but heat from
gas or propane, could be replaced with
buildings that rely on passive solar heat-
ing for much of their needs. These passive
solar greenhouses are oriented to capture
more direct sunlight from the south, and
use thermal mass and insulation to store
heat from the day through the night.¥ In
warmer climates, crop drying can be per-
formed in sheds with glazed south-facing
walls that admit heat, requiring no active
heating system.®

Active solar heating is most useful on
farms for heating barns. Barns contain a
large volume of air, and also need more
ventilation than many large buildings,
because of the dust and livestock emis-
sions that quickly build up in them.®
Solar heating systems can replace gas or
propane heaters in barns, and can also be
used to promote air circulation during the
summer. Active heating systems can also
be used for crop-drying applications, but
are most cost-effective for this purpose
when the solar collector provides heat
both to a drying shed and other build-
ings, as needed.®

Farmers who need to clean barns or
machinery use a significant amount of
energy for heating water. Dairy farms
in particular (which have both barns and
milking machines to clean on a regular
basis) need large energy inputs for water
heating—as much as 40 percent of the
farm’s total energy use.’” A solar water
heater can replace half the fossil fuel used
for water heating, preventing emissions
and saving money.*

Some farms are adopting photovolta-
ics to provide electricity to keep harvested
crops cool and to run equipment. As of
early 2009, more than 50 California win-
eries had installed solar panels, with doz-
ens more planning to follow suit, taking
advantage of California’s abundant sun-
light to help power their operations.*
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Solar in Transportation

The phrase “solar cars” brings to mind
images of toy-store science projects and
experimental, Batmobile-style vehicles.
But any transportation vehicle—a car,
truck, train or even boat—can be a “solar”
vehicle, so long as it is capable of being
powered by electricity, and that electricity
comes from solar power.

America has many reasons to look for
alternative sources of energy for its trans-
portation system. The nation’s dependence
on petroleum has severe environmental,
economic and national security implica-
tions. Shifting more of America’s trans-
portation system to operate on electricity
would enable the nation to use a wider
variety of fuels, including solar power and
other forms of renewable energy.

America’s transportation system also
