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Solar Energy Industries Association

Established in 1974, the Solar Energy Industries Association® is the national trade association of the U.S.
solar energy industry. Through advocacy and education, SEIA® and its 1,000 member companies are
building a strong solar industry to power America. As the voice of the industry, SEIA works to make solar a
mainstream and significant energy source by expanding markets, removing market barriers, strengthening
the industry and educating the public on the benefits of solar energy.

For additional information, please visit www.seia.org.
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In 1891, inventor Clarence Kemp of Baltimore patented the first commercial solar water heater in America.
Kemp enclosed a simple metal tank in a wooden box, creatingtheso-c al | ed fibatcho water
back, webve certainly come a |l ong way since then!

Today, more than 30,000 solar heating and cooling systems (SHC) are being installed annually in the

United States, employing more than 5,000 American workers from coasttoc o a st . Tihhatit@an g o o
be a | ot better. As an organi zat i oaking#his Happers Itavouldi n du
provide a huge boost for our economy and help the environment, too.

This first-of-its-kind SHC roadmap, developed by a task force made up of SEIA-member companies and
BEAM Engineering, lays the groundwork i as well as makes a compelling case 1 for driving installed SHC
capacity from9GWthermalt o 300 GW t her nmaal almpi 209@Q@s gltads but it

As this new report spells out, in order to reach our target, it will require the installation of 100 million SHC
panel s over the next 35 years. Admi ttedl vy, that 6s a
stiff competition and economies of scale would drive down system prices nationwide; more than 50,000
good-paying American jobs would be created across the United States; and there would be an estimated

$61 billion in annual energy savings for homeowners, businesses, schools and governments.

But just as importantly, there also would be invaluable environmental benefits. This dramatic expansion of

SHC systems will allow America to generate nearly 8% of its total heating and cooling needs through clean

sol ar energy, di splacing an estimated 226 million t
of mothballing 64 coal plants.

Clarence Kemp would be proud i but so are we! Today, innovative solar heating and cooling systems are
offering American consumers cost-efficient, effective options for meeting their energy needs, while lowering
their utility bills.

So, yes, weoOr e e xec Astthe goicead smlartenetgyire Wakshingtan, D.C. and state capitals
around the nation, SEIl Abs #1 job i s t-lboking aublw pdlides,n an
which are critically important toindustegy. future gr owth

Moving forward, we need to do a better job of educating policymakers i at both the state and federal level
about the enormous benefits SHC provides, and why i
supply in the future.

With the launch of the SHC roadmap, we are now embarking on yet another new, exciting journey. At
times, it will be filled with twists andturnsi and, yes, wededbdumps aldng tseavayetoos

But gi ven what 6 sheeconony tira khe enfironment) thet dastination will be worth the drive!
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EXECUTISBVIMARY

The heating and cooling of air and water are
essential parts of our everyday lives, supporting
our comfort, safety, and productivity. However,
these services come at a cost, with approximately
44% of energy consumption in the United States
directly attributable to heating and cooling. Solar
heating and cooling (SHC) can play a significant
role in providing an economically viable and
environmentally sustainable long-term solution to
these essential needs.

This report seeks to establish:

1. How SHC fits into the current U.S. energy
picture

Key benefits of the technology

The current condition of the SHC market
Specific national targets

Policies needed to achieve these targets

arMwnN

The current U.S. energy picture

Current dialogue about energy in the United
States is centered around electricity and
transportation. However, a third element is
missing from this discussion: the thermal energy
that is used for all heating and cooling end-
use applications. The residential, commercial,
and industrial sectors spend over $270 billion
annually on heating and cooling. SHC
technologies possess a wide range of applications
and proven uses, including domestic water
heating, space heating, swimming pool heating,
air conditioning, process heating, steam
generation, and air heating.

SHC draws from an inexhaustible energy source
while displacing fossil fuels and electricity
otherwise needed for heating and cooling. This
reduces emissions of CO, and air pollutants while
stimulating local job and economic growth. As a

SEIA | www.seia.org

mature, low-risk technology, SHC is deployable
throughout the U.S. given our vast solar
resources.

Basics and benefits

Solar heating collectors capture the sun's energy
and efficiently transfer this heat for heating and
cooling applications - easily integrating into most
buildings. SHC equipment consists largely of
copper, aluminum, steel, or polymers, most of
which are easily recyclable and non-toxic.
Systems are typically sized to the specific water
heating or space conditioning loads of the
building.

Residential solar water heating systems typically
range between $6,000 to $10,000, while
commercial and industrial systems generally fall
within the $20,000 to $1,000,000 range per
system. Depending on application, location, and
financial incentives the payback period can be as
little as 4 to 8 years.

Capital expenditures (CAPEX) for SHC systems
are often higher than conventional fuel systems,
although operational expenses (OPEX) are much
lower since the fuel is generated and supplied for
free. There is no price volatility with solar energy,
so given its lower OPEX it is often easier for
businesses and families to budget fuel expenses
over the long term with SHC installed.

Employment in the SHC sector currently exceeds
5,000 jobs. Since these positions are largely
installation-driven, they cannot be outsourced.
These jobs are higher paying, with median wages
13% above those in other U.S. industries. With an
increased national emphasis on manufacturing
and a growing global need for SHC equipment,
the U.S. has the opportunity to invest in and
expand its domestic manufacturing base.

TRERCY
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The US.i s the worl doés
carbon dioxide (CO,), and as such is a contributor
to extreme weather events and health related
issues attributable to global warming. SHC
technologies emit 0 pounds of CO, per MWhy, of
thermal energy generated, while natural gas - the
‘cleanest' option of the fossil fuels - emits 400
pounds of CO, per of MWhy, of generation. In
many circumstances, SHC displaces combustion
pollutants generated within our homes or places
of business, supporting a reduction in the amount
of pollutants we breathe every day.

Current market conditions

Each year approximately 30,000 SHC systems
are installed in the U.S., generating an estimated
$435 million in annual revenue. There is currently
9 GWy, of SHC capacity installed in the U.S.,
which ranks 36™ in the world in installed capacity
relative to its population. The vast majority of SHC
installations are located in China (152.2 GWy,)
and Europe (39.3 GWy,). The majority of these
applications are for water heating, though
commercial-scale solar space cooling is already
being deployed in Japan, Korea, and China. In
developed markets, such as Austria, combination
water and space heating systems make up 50%
of installations.

The solar heating market saw a period of rapid
growth in 1978 when a 40% federal investment
tax credit was introduced following the oil crisis.
Coupled with additional state tax credits, this
caused a dramatic ramp-up of the solar market
and drove innovation within the SHC industry.
However, the federal tax credit was allowed to
expire at the end of 1985, causing the solar
heating market to contract sharply. A
Congressional Budget Office report noted that
from 1916 to the 1970s, federal energy-related tax
policy focused almost exclusively on increasing
the production of domestic oil and natural gas. An
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period of modern energy infrastructure
development, the gas and oil industries have
been provided an annual average of $4.86 billion
in Federal support. This has created an uneven
playing field with other energy technologies,
establishing a number of market barriers to SHC
adoption that must now be addressed. These
barriers include lack of consumer awareness of
SHC as a heating and cooling option, high upfront
costs due to lack of volume, unclear permitting
and building code guidelines, and under-
developed industry distribution channels.

National SHC targets

The policy recommendations in this Roadmap
target the installation of 300 GWy of SHC
capacity by 2050. Without adoption of the
Recommended Policy, and continuation of
Business-as-Usual, 75 GWy of capacity is
expected to be installed by the same point in time.
To reach the more aggressive goal, a deployment
of 100 million SHC panels, or in lay terms, about
10ft> of solar collector area per person, is
required. By achieving this goal, SHC can
generate nearly 8% of the total heating and
cooling needs in the United States by 2050.

Achieving these targets will produce a number of
positive economic and societal impacts. The
creation of over 50,000 jobs driving $61 billion in
annual energy savings will allow Americans to
keep additional money in their pockets while
creating long term local jobs. Furthermore,
deployment of SHC can avoid at least $19.1
billion in expected transmission and distribution
upgrades to the existing electric and natural gas
infrastructures.

This deployment will avoid 226 million tons of CO,
emissions annually, or the equivalent of taking 64
coal plants permanently offline. Distributed SHC
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generation can also mitigate localized
environmental damage through the partial
displacement of fossil fuel related drilling,
extraction, transportation, and storage.

Policies needed to achieve targets

Renewable heating and cooling standards would
strongly complement existing renewable energy
policies. The policies required to meet national
targets should be long-term oriented and provide
financial incentives. Long-term targets with clearly
defined goals can take many forms - including
Renewable Portfolio Standards (RPS) with SHC
eligibility, Renewable Thermal Standards, and
building mandates.

The three main types of financial incentives are
tax credits, rebate/grant programs, and
Renewable Energy Credits (REC). Successful
financial incentives allow businesses to make
investments  under  predictable, long-term
economic conditions.

Similar to the SunShot Initiative, the Federal
government should also take a leadership role in
reducing soft costs of SHC to achieve cost
competitiveness with conventional fuels.

Other supporting programs include consumer
awareness campaigns, research and
development for innovation, demonstration
projects, and workforce development.

Solar energy is widely supported in the U.S., with
both Republicans and Democrats favoring solar
above all other forms of energy. Sustained and
smart investments in SHC will facilitate a unified
transition to clean and low-cost heating and
cooling solutions for the United States.

SEIA | www.seia.org

(Photo: SunTrac Solar)

Today, more than 30,000 solar
heating and cooling systems (SHC) are
being installed annually in the United

States, employing over 5,000
American workers from coast to coast.




1.The United StdEeerglicture

Current dialogue about energy in the United
States is centered around electricity and
transportation. However, a third element is
missing from this discussion: the thermal energy
that is used for all heating and cooling end-
use applications. Any long-term U.S. energy
strategy must include thermal energy generation
and consumption as part of the fall-of-the-aboveo
energy resource development approach.

DIREOHERME&DNSUMPTI®SENERATION
Virtually every home, office building, warehouse,
and manufacturing facility in the U.S. uses
thermal energy. Thermal energy is used for
building space heating, water heating, industrial
process heating, and swimming pool heating. Itis
also possible to shift space cooling to a thermally
driven process powered by solar heat.

Thermal energy directly consumed as heat
represents 33% of t o d a y send-lse energy,
with another 11% of final energy demand used for
space cooling.

M Transportation
M Electricity
m Thermal Energy

=SHC Targets

United States energy loads and target SHC offsets.

Fuels currently used to meet this demand include
natural gas, coal, oil, and propane. However,
thermal energy can also be generated from

! www.eia.gov/energyexplained/
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renewable sources such as solar, biomass, and
geothermal. Collectively, these systems are
referred to as renewable heating and cooling
technologies. Products that convert sunlight into
usable thermal energy are known as solar heating
and cooling (SHC) technologies.

Thermal energy is often measured in terms of
British Thermal Units (BTUs)d the amount of
energy required to raise 1 pound of water 1°
Fahrenheitd or dherms,éboth of which can readily
be converted into kilowatt-hours (kWhs).?

SHC TARGETTORE&SIDENTIAL, CROAME:
INDUSTRIAL

Today, 27% of U.S. end-use energy is consumed
by the transportation sector, 40% is consumed as
electricity, and 33% is consumed as thermal
energy for heating water, air, and process
heating. This consumptive load provides ample
opportunity for SHC integration since SHC
technologies possess a wide range of applications
and proven uses throughout the residential,
commercial, and industrial sectors.

Residential Sector: Typical residential SHC
applications are domestic water heating, space
heating, and space cooling.

Water Heating, Space Heating, and Space
Cooling

Over 9 million residential water heaters are
replaced annually, creating an excellent
opportunity to incorporate solar water heating at a
low incremental cost.® In the U.S., roughly 80% of
the existing SHC market volume is in the small
residential sector.® Many residential solar water
heating projects can be installed in as little as one

% 1 therm = 100,000 BTU = 29.3 kWh. See more under Definitions,
Terms, and Unit Conversions.

® AHRI: Residential Storage Water Heaters Historical Data Report
* U.S. Solar Market Insight 2010




day. In some cases, larger combination space
and water heating systems are installed to meet
more of the energy demand in a residence.

With solar space cooling, often called solar
assisted cooling or air conditioning, larger
residential systems can be used for space heating
in the winter and cooling in the summer.

In the U.S., 115 million homes consume $266
billion of energy annually, of which approximately
72% is related to water heating, space heating,
and space cooling.> For comparison, this
expenditure is equivalent to putting 10 million
Americans through college every year.°

e B

A residential SHC installation (Photo: Viessmann)

Residential Pool Heating

Solar swimming pool heating is the most widely
used application of solar heating technology in the
U.S. today. In recent years, over 30,000 solar
pool heating systems have been installed
annually.” Over the last 35 years, significant

® http://buildingsdatabook.eren.doe.gov/
® At average of 26,600 per year cost for college
" http://www.seia.org/cs/research/Solarinsight
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market penetration has been achieved nationwide
for pools located at single-family residential
homes due to simple installations and rapid
payback periods.

I —
SEIA's goal is to install 100 million SHC
panels over the next 35 years.

A residential solar pool heating installation
(Photo: Aquatherm)

Commercial: Typical commercial applications
include space heating and cooling and water
heating. Building types that are particularly well-
suited include military facilities, manufacturing
plants, large multi-family residential buildings and
affordable housing, municipal facilities, hotels,
elderly and student housing, hospitals, sport
centers, and agricultural operations. In the U.S.
there are 4.8 million commercial buildings which
consume $107.9 billion of energy annually, of




which approximately 47% is related to heating
and cooling.®

Fenway Park's solar hot water system helped power the
Boston Red Sox organization as they cruised to their 2007
World Series victory. (Photo: Gro-Solar)

Air Conditioning

Solar space cooling (air conditioning) can be
accomplished using thermally activated cooling
systems (TACS) driven by solar energy. The two
most commonly used types are solar absorption
systems and solar desiccant systems.

The use of solar air conditioning is increasing,
albeit slowly. The market potential for solar
cooling is very significant given the high cost of
electric air conditioning. Furthermore, air
conditioning demands are a primary contributing
factor to strain on electrical grids during hot
weather, precisely the same time that solar
cooling equipment functions best.

& http://buildingsdatabook.eren.doe.gov/
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Commercial Pool Heating

Businesses such as hotels, resorts, apartment
complexes, health clubs, and schools are perfect
candidates for solar pool heating since pools must
be maintained at a comfortable temperature. As
an example, the amount of energy required to
heat a competition-sized outdoor pool located in a
warm climate such as California is equivalent to
the annual natural gas consumption of
approximately 150 single-family homes, so
significant energy savings can be achieved in this
area.

As of 2008, there were over 186,000 heated
commercial pools nationwide. Of these,
approximately 62%, or 115,540, were indoors and
required year-round heating.’

Commercial pool heating installations can extend swimming
seasons. (Photo: FAFCO).

Industrial & Warehouse: Typical industrial SHC
applications include process water heating,
preheating of steam makeup water, air heating,
and process cooling. In the U.S. there are
350,000 industrial facilities which consume $94.4
billion worth of energy annually, of which

 PK Data, IRL80 2008 U.S. Commercial Pool Market Statistics.




approximately 30% is related to heating and
cooling.*

Process Water and Steam Heating

Industrial-scale solar heating can be readily
applied to hot water and steam applications such
as food processing, pasteurization, sterilization,
beer and wine production, and water desalination.
SHC systems can heat the water directly, or
provide a boost to an existing boiler system.

Air Heating

Solar air heating systems can deliver solar heated
air up to 180°F, making the systems well-suited
for industrial preheating processes, crop drying,
laundry drying, or dehumidification applications.
The industrial sector has a large potential for
space heating with solar air systems proving low-
cost energy during all daytime hours.

Solar air heating system vertically installed on exterior wall at
Fort Drum, New York
(Photo: Solar Wall).

HANNING FARECURHERMAL FUTURE
There are many established targets for renewable
transportation fuels at the federal and state levels,
as well as for renewable electricity in 37 states.™
However, there are few targets for renewable
heating and cooling or solar heating and cooling
specifically, representing a major gap in U.S.
energy policy. To date, renewable heating and
cooling technologies have mainly been
incorporated into policies promoting renewable
electricity generation, and market penetration of
SHC in the U.S. remains low.

(Photo: Paradigm Partners)

10 Energy Information Administration. CBECS Data;
www.eia.gov/consumption/ " http://www.dsireusa.org/rpsdata/
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Renewable heating and cooling standards would
strongly complement existing renewable energy
policies. As such, SHC is a favorable option since
it:

1 Uses an inexhaustible energy source
Displaces fossil fuels and electricity otherwise
needed for heating and cooling

Reduces emission of CO, and air pollutants
Stimulates local job and economic growth

Is a mature and low-risk technology

Is deployable throughout the U.S. given vast
distributed solar resources

=

= =4 =4 =4

In order to take full advantage of these benefits,
the U.S. must begin crafting policies that support
accelerated deployment of SHC technology.

This SHC Roadmap is designed to help
policymakers at the federal, state, and local levels
understand the benefits and potential of SHC
technology and assist them in crafting successful
policies to support the widespread and long term
adoption of solar heating and cooling throughout
the U.S.

(Photo: Sunwater Solar)
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(Photo: Apricus)

I —
An expansion of SHC systems will
allow America to generate nearly 8%
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