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TODAY’S CLEAN ENERGY

Energy lies at the heart of the global economy. Just as nothing is more central to economic
growth than the availability of cost-effective energy, no activities have a greater impact on the
environment than do energy production and use. The desire to protect the environment, create
economic opportunities and provide a variety of energy choices transcends political ideology and
geography. By utilizing clean energy technologies, we can achieve multiple objectives.

There are clean energy solutions right now that provide economic benefits and help protect the
environment. That is why the Business Council for Sustainable Energy first published Changing
Tides in 1996. Since then, clean energy technologies have advanced by leaps and bounds. Every
day, we hear of pioneering research, innovative products and cutting-edge advancements. The
Council wants to ensure that policymakers, the media and the general public appreciate that
clean energy is not just for the future, but for today.

This guide provides a look at a range of clean energy technologies, their benefits and the current
markets as well as real-life examples of their use. We hope this guide gives the reader a better
understanding of clean energy technologies available for use today.

We highlight leading companies in the energy industry that are on the cutting edge of efficient,
economic and environmentally sound fuels and technologies such as wind, solar and geothermal
power, combined heat and power, natural gas, insulation and fuel cells. The real-world business
examples shown here demonstrate verifiable results in financial savings, energy efficiency and
environmental protection.

The BCSE, founded in 1992, works to accelerate the use of clean energy through cost-effective
policies at home and around the world. We advocate market-based policies that will reduce our
reliance on energy imports.

When it comes to the latest information on the energy industry’s perspective on national and
international issues such as climate change, emissions trading and project finance, the BCSE is a
resource that policymakers, the media and the energy industry have relied on for more than a
decade. Our sister organizations in the European Union, United Kingdom and Australia ensure
that BCSE members are plugged into key energy debates and growing markets around the
world.

The Council would like to acknowledge Sharon Singh, Zoé Dawson, Nisha Thirumurthy and
Scott Pryor for their contribution to ensure that this publication was completed. The Council

would also like to thank its members for their assistance, guidance and support.

If you have any questions or need further information, please contact the Council at
(202) 785-0507.

Sincerely,

Lisa Jacobson
Executive Director
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Technology
Solar technologies use energy from

the sun to drive a turbine that converts
heat into electricity or to heat applica-
tions directly. Examples of applications
include charging vehicle batteries,
pumping water, heating swimming pools
and refrigerating vaccines in remote
areas.

Photovoltaics convert sunlight directly
into electricity. PV cells are made by
combining various materials in layers to
create an electric field inside. The light
from the sun strikes the material and
releases an electron from the weak
bonds that bind it.

The electric field pushes the electron out
of the PV and sends it through an
external wire to power an application

Courtesy of SEIA

before returning to the PV cell, thereby completing a full circuit.

Benefits

Solar technologies can be located anywhere there
is sunshine, but solar power may also be gener-
ated on cloudy days. Because solar power de-
pends only on the sun, and not on an electricity .}1‘“'{,
grid or other fuels, it provides a clean energy
alternative to undeveloped and remote areas that

fversion use
may not have easy access to an electricity grid. ri:nndllod:g '
o\ |
source

Market Information

Solar electric installations totaled 280 megawatts energy
in 2000, 340 megawatts in 2001 and 427 in 2002. — —F distribation
While the solar industry is growing at a rapid

energy

pace, solar electric energy still accounts for only
0.1 percent of the primary global energy demand. conversion
The global PV market currently generates $2.5

billion to $3 billion in annual revenues, including I
the sale and installation of solar modules and its lectric
. . mm \ '

associated equipment. ul
storage . Uiy

Industry

In an effort to expand the Society for the Protec-

tion of New Hampshire Forests” four-kilowatt PV Courtesy of SEIA

array, the Solar Energy Industries Association

launched a program to donate a 120-watt PV panel to the SPNHF for every solar electric or hot water

system purchased by a SPNHF member. SPNHF’s four-kilowatt solar electric system is the largest grid-tied
photovoltaic system in New Hampshire. It is capable of producing over 13 kilowatt-hours of electricity a
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day, which is equivalent to savings of more than $500 a year.*

The Sacramento Municipal Utility District (SMUD) passed the ten-megawatt milestone in solar electric
power installations, which meets the annual energy needs of approximately 3,330 homes in the Sacramento
area. Those ten megawatts operate in more than 1000 systems and represent over half of all of the grid-
connected PV systems in the United States. With this achievement, SMUD is leading the nation in local
solar installations.

Green Mountain Energy Company installed a 25-kilowatt solar array at Lake Farmpark in Kirtland, Ohio.
Located 25 miles east of Cleveland, the Green Mountain Energy solar array is one of the largest in Ohio
and is the first commercial solar array in the state to be built exclusively as a result of a competitive
market. It is designed to complement the operation of Lake Farmpark, a 235-acre farming and agricultural
educational facility. The 25-kilowatt facility will prevent nearly 35 tons of carbon dioxide from entering the

SMUD Residential PV Pioneer Systam ;
One of 30+ churches putting the sun to work for the benafit of the Sacramentn community through
the SMUD Salar Program

air each year, equivalent to driving almost 80,000 miles or a 145-mile trip from Cleveland to Columbus 550
times.

The solar array is also a functioning teaching vehicle for the 185,000 people who visit the park each year.
Unlike rooftop solar panels, this solar array is mounted at ground level so that the visitors can see the solar
panels and learn about solar-generated electricity.

Energy Conversion Devices Ovonics, in partnership with United Solar Systems, has installed several large
power plants and building integrated systems. Its solar lighting systems are designed for use in remote
villages that do not have access to a power grid. ECD’s portable solar battery chargers are used by defense
forces around the world for field communications, emergency power and battery maintenance.

Evergreen Solar installed a nine-kilowatt PV system at the White House for the National Park Service. This
new solar roof is the first solar electric project on the White House grounds.

Los Angeles Department of Water and Power installed a 150-kilowatt system vehicle shade structure at its
downtown general office building. This multi-purpose structure generates electricity, provides shade for
cars and houses the electric Los Angeles Airport shuttle van charger. This system produces 275 megawatt-
hours per year — enough electricity to power over 30 homes a year.

*A kilowatt is a measurement of energy capacity. A kilowatt-hour measures the amount of energy that a
particular system generates. For example, a one-kilowatt system, if left on for an entire year, would
generate approximately 4,380 kilowatt hours per year (12 hours of sunlight/day * 365 days = 4,380).
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Technology
Wind energy uses the kinetic energy in the wind to
generate electricity. Large, modern wind turbines are
used to produce electricity for utilities, while small
turbines supply homeowners and remote villages with
the energy to perform such activities as charging batter-
ies, pumping water or grinding grain. To generate
electricity, most wind turbines have two or three
propeller-like blades mounted on a rotor. The turbines
are placed at the top of towers to take advantage of the
stronger, less turbulent winds found 100 feet or more
above ground.

The propeller-like blade acts like an airplane wing. When
the wind blows, a pocket of low-pressure air forms on
the downwind side of the blade. The low-pressure air
pocket then pulls the blade toward it, causing the rotor
to turn. This is called [ift. The force of the lift is actually
much stronger than the wind’s force against the front
side of the blade, which is called drag. The combination of
lift and drag causes the rotor to spin like a propeller, and
the turning shaft spins a generator to make electricity.
Horizontal axis turbines are the most common turbine Courtesy of AWEA
configurations used today. They consist of a tall tower,
atop of which sits the generator, controller, a fan-like rotor that faces into or away from the wind and other
small components.

Benefits

Wind power’s stable and affordable price makes it a power of choice to diversify an energy portfolio. With
improvements in technology and economies of scale, the cost of bulk wind power (less than five cents per
kilowatt-hour at many sites) is now in a competitive range with that of electricity from other new power
sources. Although the energy cost associated with large wind power plants is slightly lower, small wind or
hybrid systems are often the most economical form of power generation for remote communities.

If environmental costs are included in the calculation of the costs of electricity generation, wind energy
becomes even more competitive because of its low environmental impact. Wind energy produces no
pollution or greenhouse gas emissions, and it eliminates the environmental costs that result from mining,
drilling, processing and shipping fuel.

Market Information

Wind energy, once considered an “alternative” source of power, is the fastest growing segment of the
worldwide energy market for over a decade. Its installed generating capacity has been increased by an
average of 32 percent annually over the last five years. Global wind power capacity has quintupled over
the past five years, growing from 7,600 megawatts at the end of 1997 to more than 39,000 megawatts at the
end of 2003. In 2003, the total installed wind electric generating capacity in the United States expanded
dramatically, with 1,687 megawatts of new equipment going into service. Despite this growth, wind
power’s potential remains largely untapped. Wind power has the potential to provide as much as 40
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percent of the power needs in the United States, yet the nation receives less than one percent of its power
from wind. In terms of wind energy capacity, Germany is currently the global leader with over 8,000
megawatts, followed by the United States, Spain and Denmark.

Industry Examples
GE Wind Energy’s wind turbines range from 600 kilowatts to 2.7 megawatts, and these turbines currently
operate in California, Germany and Spain. In Germany, GE’s
new 3.2-megawatt land-based and 3.6-megawatt offshore
wind turbines are currently in production. Over the past
two decades, the company has developed, supplied and
installed more than 6,100 wind turbines worldwide,
providing over 4,000 megawatts of capacity.

ABB supplies over 25 percent of turbine generators for all
the wind turbines used around the world.

Bergey Windpower helped bring energy to an isolated
fishing and tourism community of 100 homes located on the
west coast of Mexico’s Baja peninsula. The nearest power
grid is about 20 miles away, and the costs of extending the
grid are prohibitive. San Juanico had previously been
powered by a state government supplied 200-kilowatt
diesel generator. However, because the community was
required to supply the fuel and upkeep, they could only
afford to run the engine during times of peak demand (three
to five hours per evening). As a result, the local school had Courtesy of ABB
no electricity for classes during the day, and local busi-
nesses had to supply their own power for refrigeration.
Therefore, the local community formed an electrification
committee and agreed to help pay for the_electricity from
the wind turbines to ensure sustained periods of electricity. Several Bergey wind turbines were installed in
early 1999, providing the community with an affordable and stable source of power.

NRG Systems products help track the quality and quantity of wind, collect data from the wind sensors and
use software that makes wind data analysis possible. The data is used to enhance the wind farm siting
process and ensures that the turbines operate at peak efficiency.

Courtesy of AWEA
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ORMAT® Energy Converter for sustainable
geothermal power generation

Technology

Geothermal energy uses the natural heat of the
earth to generate electrical energy, heat residen-
tial and commercial buildings, facilitate plant
growth and even provide recreation in the form
of spas. This form of energy occurs when the
water contained in the earth’s crust permeates
the hot rocks near the earth’s surface. These
heated waters often flow to the surface and form
hot springs or steam vents known as fumaroles.
In most cases, geothermal reservoirs occur in
volcanic areas where there is natural heat in the
earth’s surface.

Wells drilled into higher temperature geothermal
reservoirs produce steam and water. This steam,
which results from the boiling of geothermal
water, is then transported directly to a conven-
tional steam turbine generator to generate
electricity. Moderate temperature resources can

also generate electricity by using heat exchange
technology in conjunction with special turbines.
Natural heat from ground water may also be applied directly to facilitate industrial processes, as well as
heat buildings, greenhouses, and aquaculture. The current installed capacity of direct-use systems is
enough to meet the annual heating needs of 40,000 average-sized houses.

Benefits

Geothermal energy, when used for electrical power generation, produces reliable energy with life cycle
costs that are competitive with those of natural gas-fired power plants. The environmental benefits of
geothermal energy include lower emissions of carbon dioxide (COp) sulfur oxides (SOxy and nitrogen
oxides (NOyy. For example, the 2,600 megawatts of geothermal energy currently on line in the United
States prevents the emission of 22 million tons of COZ, 200,000 tons of SOy and 80,000 tons of NO, annu-
ally.

Market Information

Global geothermal energy ranks third in the category of all renewable energy being used today. Utilizing
current technology, geothermal resources have the potential to supply 17 percent of the world’s population.
In the next ten years, the world market for this technology is expected to grow to approximately $4 billion.

For example, the geothermal potential of the Rift Valley region in Eastern Africa has the capacity to provide
the surrounding countries with all their powers needs with geothermal energy. The largest reserves of
geothermal energy in the US are located in the western part of the nation, from Hawaii to South Dakota,
including Alaska, California, Nevada, New Mexico, Utah and Idaho.
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Industry Examples

Calpine owns and operates 19 plants at The Geysers, the world’s largest geothermal operation located in
California’s coastal mountains approximately 100 miles north of San Francisco. Calpine’s project at The
Geysers utilizes dry steam from approximately 400 wells, which enables the power plants to generate
approximately 800 megawatts of electricity. In 2002, this project generated over 6.2 million megawatt-
hours of energy.

24 MW Zunil Geothermal Power Plant, in Guatemala *

Courtesy of ORMAT

ORMAT Technology’s plants reached an installed capacity of 700 megawatts of sustainable electricity in
such diverse locations as Iceland, New Zealand, Kenya and the United States. ORMAT commercial-scale
geothermal plants have been built in areas that would otherwise depend on expensive oil imports and
environmentally hazardous fuels. These geothermal combined-cycle steam/binary plants have logged over
16 million turbine hours of operation at very high levels of productivity.

Y
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FUEL CELLS

PEM Fuel Cell Process

Hydrogen is split into protons and [Efec!rr'cﬂy is generated via ] [ The outputs from the fuel ]
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through the MEA to combine with versus traditional combustion. and heat.
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FUuEL cotL sYSTEMS

(MEAs are Membrane Electrode Assemblies) Courtesy of Plug Power

Technology

A fuel cell converts the energy from any source of hydrogen such as natural gas, methanol or gasoline into
usable electricity. Fuel cells generally consist of a fuel electrode (anode) and an oxidant electrode (cathode)
separated by an ion-conducting membrane. When hydrogen gas is introduced into the system, the catalyst
surface of the membrane splits the hydrogen molecules into protons and electrons. The protons pass
through the membrane to react with oxygen in the air. The electrons, which cannot pass through the
membrane, must travel around it, thus creating a source of electricity. The fuel cell stack is comprised of
numerous individual cells stacked together to provide the required power. Fuel cells have no moving parts,
produce little noise, and when fueled by pure hydrogen, have only heat and water as by-products.

Benefits

Unlike traditional power plants that combust fuels, fuel cells generate electricity through an electrochemi-
cal process from which trace amounts of particulate matter, nitrogen or sulfur oxides are produced. As a
result, fuel cells do not contribute to the formation of smog and acid rain. Furthermore, while large, central
station generating plants release heat into the air, fuel cells capture and reuse a significant percentage of the
heat that they produce.

Market Information

Worldwide, there are over 500 small stationary fuel cells with electrical outputs of less than ten kilowatts.
These systems are generally designed to power homes, providing them with a primary or secondary power
source. The number of large stationary fuel cell systems is expected to grow 12 percent annually. The
smaller, portable systems are expected to grow several times faster than their larger counterparts.
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Courtesy of Fuel Cell Today

Industry Example

Plug Power installed one of its fuel cell units in the Babylon Town Hall in New York to provide the facility
with supplemental heat and electricity. This fuel cell system captures the heat generated during the
production of electricity and makes it available for integration into a heating or hot water system.

The system is capable of generating five kilowatts of electricity and nine kilowatts of heat. The ability to
use the heat generated by the system increases overall efficiency and lowers the total cost of energy. Plug
Power has installed many fuel cell units in the Long Island area.
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Five-kilowatt fuel cell system manufactured by Plug Power
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ENERGY SAVINGS PERFORMANCE CONTRACTS

Energy Saving Performance Contracts

An Energy Saving Performance Contract is an agreement between a private contractor and a government
agency in which the private contractor guarantees energy savings by a government agency. Under an ESPC,
the contractor assumes all of the financial risk. In exchange for this financial guarantee, the government
agrees to pay the private contractor a predetermined part of the funds that they would have otherwise
spent on energy. The initial savings are used to reimburse the contractor for their upfront costs, while any
extra savings go toward meeting the profit level stipulated in the initial contract.

An ESPC is the only contracting vehicle that allows non-utility energy service providers to perform energy-
related projects at federal facilities. The Super ESPC, an expansion of the conventional ESPC concept, is an
agreement between a federal agency and a company that is selected through a competitive bidding process.
Super ESPC’s provide a streamlined process through which agencies can upgrade facilities and reduce
energy consumption without capital appropriations and without risk that projected savings will fall short
of contract costs.

Benefits
ESPC’s provide the federal government with a guaranteed opportunity to decrease energy use and, thus,
increasing federal financial savings due to lower energy bills.

Market Information
The federal government invests $70 million to $100 million annually on ESPC’s. These contracts cost less
than what the government saves in energy expenditures by using ESPC’s.

Industry Example

Fort Bragg, North Carolina is home to the 18th Airborne Corps, 82nd Airborne Division, Special Forces
Command, as well as 44,000 soldiers and their families. This post is committed to the U.S. Army’s mandate
to reduce energy use by 30 percent by 2005 and 35 percent by 2010. Ft. Bragg, in partnership with
Honeywell International, has invested $51.6 million in capital improvements to facilities and infrastructure
through the ESPC. As a result of this partnership, Fort Bragg has saved more than $8.5 million a year on
energy and has cut total energy costs by more than 25 percent.

POLYISOCYANURATE INSULATION

Technology
Polyiso is a rigid foam board insulation material. Polyisocyanurate, an insulation made from polyiso, is the
most popular material of its kind.

Benefits

Polyiso has a high R-Value, which is a measure of thermal resistance used to evaluate the effectiveness of an
insulating material. The higher the R-Value, the more efficient is the insulation material. Polyiso is com-
pact in nature, resulting in thinner walls and roofs with shorter fasteners, fewer changes in building
dimensions to meet a determined R-Value and immediate cost savings caused by a reduction in materials
and labor. Polyiso is cost-effective, has a proven fire-safety record, and is now HCFC-free (HCFC is a
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pollutant that harms the earth’s ozone layer). Therefore, buildings that contain polyiso will have lower
heating and cooling costs.

Market Information
Polyiso is used in 60 percent of all new commercial construction applications and in 30 percent of new
residential buildings. The projected market growth is expected to be between five and six percent annually.

Industry Example

Polyisocyanurate Insulation Manufacturers Association members provide the WarmWall Sheathing
System with new home construction and renovations. The WarmWall is an innovative building concept
that utilizes polyiso insulation sheathing to provide a complete envelope of insulation on the exterior of a
home. This method works on both wood-and steel-framed construction and increases a home’s thermal
performance by as much as 60 percent.

INSULATION FIBER GLASS, ROCK AND SLAG WOOL

Technology

Man-made mineral fibers such as fiberglass, rock and slag wool insulations have been in existence for more
than 70 years and are widely used today. Fiber glass is made from molten sand or recycled glass and other
inorganic materials under highly controlled conditions. Rock wool is made from natural minerals like
basalt or diabase. Slag wool is made primarily from iron ore blast furnace fibers.

Benefits

The use of man-made fiber insulation results in an
immediate and measurable reduction in energy
consumption. It benefits the environment by
lowering the emissions associated with fuel
consumption. These energy savings and emission
reductions continue for the life of the building or
system in which the insulation is installed.

Market Information

The man-made mineral fibers industry currently
uses more than two billion pounds of recycled
materials each year to produce the domestic
supply of fiber glass, rock and slag wool insulation
materials. Fiber glass insulation products contain
as much as 40 percent recycled material, while
slag wool insulation can contain as much as 90
percent recycled content.

Picture courtesy of NAIMA

Materials insulation is a $7 billion industry with a projected growth rate between three and four percent
annually. This industry relies heavily on the status of the housing market — when home construction and
remodeling rates increase, so does the demand for insulation material. Emission reductions are made
possible by improvements in energy efficiency and control technologies, as well as by the increased use of
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recycled and rapidly renewable raw materials. The energy used to produce fiberglass insulation is more
than offset by the energy saved during all the other phases of the product’s life cycle.

Industry Example

The 3E Plus® Computer Thickness program is an industrial energy management tool developed by the
North American Insulation Manufacturers Association to simplify the task of determining how much insula-
tion is necessary to reduce energy consumption.

The Georgia-Pacific plywood plant in Madison, Georgia was losing millions of Btu because the steam lines
to the plant’s four dryers were not insulated. The units are used to dry layers of plywood veneer at tem-
peratures of 405 F. The company discovered that the heat was radiating out of the units, resulting in a loss
of pressure, a lower temperature as the plywood moved down the line, and a longer overall drying time.

The 3E Plus® determined what insulation thickness would be required to insulate the 1,500 feet of satu-
rated steam lines with temperatures operating at 437 F. Using computer projections, they estimated that
insulation would significantly reduce the heat loss along the steam lines leading to the dryers. Therefore,
the plant installed two-inch thick fiber glass pipe insulation.

The insulation allowed Georgia-Pacific to cut steam usage by approximately 6,000 pounds per hour (which
is equivalent to saving about 18 tons of fuel per day), eliminate the purchase of outside fuel, reduce the
amount of ash being generated and landfilled, and lower the surface temperature of the pipes to a much
safer level (approximately 85 F), thus increasing workplace safety. Georgia-Pacific calculated that the
project saved 7.2 million Btu per hour.

i

Picture courtesy of NAIMA
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HIGH EFFICIENCY APPLIANCES

Technology
Appliances such as refrigerators, dishwashers and washers that meet federal requirements under the
Department of Energy’s Energy Star program are considered high efficiency appliances.

Benefits

A typical household spends more than $1,100 per year powering its regular home appliances. This amount
can be reduced by using high energy efficiency appliances. Though these appliances can be slightly more
expensive than traditional ones, the energy savings gained more than compensates for the higher initial
costs.

Market Information

There has been substantial progress in improving the energy efficiency of home appliances. The average
appliance’s energy use has decreased between 25 and 65 percent in the last 25 years. As more energy-
efficient homes are built, market sales of high efficiency appliances will increase. High efficiency appliances
already comprise a significant percentage of market share. For example, highly efficient clothes washers,
dishwashers, and refrigerators represent 15.8 percent, 29.9 percent and 16.7 percent of their respective
industry sales.

Comparison of Standard and Energy Star Labeled Appliances

Appliance Annual Energy Cost*
Standard Model** Energy Star

Refrigerator

18-20 C.F. with Top Freezer $63 $50

Dishwasher

Electric/Gas Hot Water $47/$26 $42/$24

Clothes Washer
Electric/Gas Hot Water $83/$32 $39/$17

*Based on a price of 8.6 cents per kWh for electricity and 60 cents per therm for natural gas.
**Annual energy use for the Standard Model is sufficient to meet current federal appliance
standards.

Courtesy of New Jersey ENERGY STAR Homes

Industry Example

Introduced in 1997, Maytag’s Neptune washer exceeds the Energy Star level by 43 percent. When com-
pared to an average conventional washer, the Neptune washer consumes 10,764 fewer gallons of water per
year. By requiring 40 percent less water and 65 percent less energy than an average conventional washer,
the Neptune saves its users up to $100 a year. In addition, the high-speed washer spin cycle extracts more
water from the load, saving even more energy and reducing drying time by up to 30 percent.

3 |
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In 2000, Maytag and the Department of Energy partnered for an experiment in Massachusetts, where they
jointly monitored the energy and water savings local residents experienced as a result of switching to
Maytag’s updated high-efficiency, front-loading Neptune washer. Maytag replaced the conventional
washers and dryers in an apartment complex with the new Maytag Neptune high-efficiency laundry pairs.
The DOE monitored the machines to calculate the savings. The results of this study demonstrated that
participants consumed 50 percent less energy and 44 percent less water by switching from a traditional
top-loading washer to the new Neptune model.

Today, more than a million consumers have purchased Maytag Neptune washers, saving 9.3 billion gallons
of water and 803 million kilowatt-hours of electricity. These savings represent enough energy to light the
homes in Washington, DC for nearly four years, and enough drinking water to supply all of the people in
Washington DC, Boston, MA, and Norfolk, VA, for a lifetime.

*Compared to an average conventional washer. Based on DOE test method with an average conventional washer, nine loads
per week, average water and sewer rates, 2000 electrical energy rate and drying savings. Savings will vary depending on
utility rates, model replaced and usage.

r
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Courtesy of Maytag
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COOLING AND REFRIGERATION

Courtesy of York International and American Standard/Trane

Chillers

Most large commercial, institutional and industrial buildings are cooled by chillers. Chillers can be pow-
ered by natural gas or electricity. To understand how a cooling system works, think of water boiling on a
stovetop. The water absorbs the heat that is supplied by the stove’s flame. The flame can be thought as
“giving up” heat to the water. Therefore, the flame is actually being cooled and will continue to be cooled as
long the water absorbs heat.

In cooling systems, the liquid refrigerant in the air conditioning system is boiled like the water on your
stove. In this case, however, the heat needed to boil the refrigerant is provided by the indoor air of the
space being air conditioned. Like the flame under the water on the stovetop, the indoor air is cooled be-
cause it gives up heat to boil the refrigerant.

When the refrigerant is compressed, it heats up even more. This high pressure heated refrigerant vapor
comes into contact with the air again as it travels through the air conditioning system’s condenser coils.
The air gives up heat a second time to cool the coils. The excess heat from this process is either released into
the outdoor air or recovered to generate hot water or steam. These cooling systems reduce a building’s
electricity consumption and energy costs. Gas power comes into play when the refrigerant is compressed
by a natural gas-fueled turbine engine that drives the system’s compressor.

Absorption Systems

Like the vapor compression system, an absorption cooling system also uses condensation and evaporation
to produce a cooling effect. However, unlike the vapor compression systems, which use a mechanical
compressor, absorption systems utilize a less costly method that involves a refrigerant and an absorbent.
With absorption systems, heat is the primary form of energy. Only small pumps are used to move the
refrigerant and absorbent throughout the various components of the system.

Major US equipment manufacturers have now entered the market with improved, efficient double-effect
chillers, which are 50 percent more efficient than single-effect systems. The double-effect chillers are
powered directly by a gas burner or another heat source, such as waste heat from a natural gas engine or
turbine.

Changing Tide: Tomorrow’s Clean Energy - Today
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Benefits

Electrical and natural gas chillers have become much more energy efficient in the past few years. Some
chillers use approximately 40 percent less energy than those produced in the 1980s. New chillers allow
their owners to save money, improve occupant comfort and reduce energy consumption.

Absorption systems result in reduced electrical demand, minimal electric consumption and lower operat-
ing costs. In addition, they have a vibration-free operation and few moving parts, resulting in lower
maintenance costs.

Market Information
On average, the energy efficiency of residential air conditioning systems has increased by as much as 50
percent in the last 25 years. The combined US air conditioning and cooling market, including US exports, is

estimated to be between $55 billion and $70 billion annually. Total global cooling system production is
$150 billion to $200 billion annually.

Industry Examples

The University of Arizona campus includes over 10 million square feet of building, and it supports an
enrollment of more than 35,000 students. Because of the climate, air conditioning is a requirement for
virtually all campus buildings, and the university has long relied on a central chilled water system rather
than individual building systems. As a result of excessive cooling costs and numerous complaints from
students and faculty, the University decided to improve the energy efficiency in the chilled water plant.

The University of Arizona selected American Standard/Trane duplex chillers because of their extremely
low internal pressure drops and ability to deliver chilled water efficiently at temperatures of 40 F or lower.
The three chilled water plants include 19 chillers with a total installed capacity of 27,300 tons of water.

These plant improvements led to a two megawatt reduction in the demand for electricity. In addition, the
new system is quieter, more reliable and now pushes chilled water into buildings that previously received
inadequate service. The improvements included new chiller plant equipment, a new campus piping
system and a more efficient central dispatch of equipment. The aggregate result of the system upgrades is
equivalent to a monthly energy savings of up to $100,000, savings which led the electric utility to check its
metering equipment. This is attributed to the improved efficiency of the new chillers, as well as the
dramatic reduction in pumping costs associated with the chilled water grid, variable speed pumps and
direct primary cooling.

When the Time-Life Building opened in 1959, steam turbine-driven chillers helped cool it. Since then, York
International replaced the original machinery with one electric-driven, one steam turbine-driven and two
natural gas-fired chillers. This system is designed to run any combination of chillers, simultaneously or
stand-alone, depending on cooling demands and utility rates. Since 2000, these new chillers have saved the
building over $750,000 per year in energy costs and have increased overall performance efficiencies by 40 to
50 percent.
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WATER-SOURCE HEAT PUMPS
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Technology

Water-source heat pumps take heat from a water source and raise it to a useful temperature for heating
space or water. Typical sources of water for these pumps include streams, ponds, rivers, lakes, water
towers (in moderate climate) or any closed loop that circulates water between the heat pump and the heat
source. The pump heats and cools by taking heat through a connection from the ground to the pump. This
connection is called an earth loop or ground loop, and it involves the circulation of a water and anti-freeze
mixture from the earth to the pump and back.

Benefits
Water-source heat pumps provide a comfortable, cost-effective and environmentally friendly technology
that takes advantage of the Earth’s capacity to store heat energy.

Market Information

More than 650,000 water-source heat pumps have been installed in the US, resulting in an annual savings
of 5.2 billion kilowatt-hours and the elimination of nearly four million tons of carbon dioxide. These energy
savings are equivalent to removing almost 850,000 cars from the road each year, planting over a quarter of
a million trees or not importing 14 million barrels of crude oil.

Industry Example

American Standard/Trane and York are two manufacturers of horizontal, vertical and console water-source
heat pump units. These units achieve the lowest sound levels in the industry because they offer features
such as sound absorbing insulation and mufflers, vibration isolation for moving parts, enclosed compres-
sors and cabinet stiffeners.
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INTEGRATED SYSTEMS

Technology

The practice of window and lighting systems design in commercial buildings is typically a non-interactive
process. Usually architects do not discuss the integration of solar heat and daylight-admitting window
systems with their lighting and mechanical system consultants, leading to the construction of energy
inefficient buildings.

Two integrated systems have been developed to compensate for such inefficiencies and assist in cooling
load dominated commercial buildings: dynamic systems and advanced optical systems. Dynamic systems,
such as automated Venetian blinds with a dimmable electric lighting system, actively balance daylight and
thermal heat gains while addressing comfort issues. Advanced optical systems, such as light shelves and
light pipes, passively extend the depth of daylight penetration to ten meters beyond a conventional side-
light window and distribute daylight more uniformly to achieve a higher level of visual comfort.

Benefits

The fully integrated and efficient use of electric lighting, glazing and day lighting control technologies has
the potential to significantly reduce the total electricity use of commercial buildings. Since lighting and
cooling in commercial buildings constitute the largest portion of energy use and peak electrical demand,
promotion of such integrated systems is a cost-effective option for property owners.

Market Information

The commercial sector presents a unique set of opportunities and challenges for energy savings. Hotels,
restaurants, government and non-profit facilities and retail stores consume over 5.3 quads of energy per
year, spending almost $70 billion in the United States. The amount of CO, emissions generated as a result
of commercial sector energy consumption has increased by almost 30 percent, to 230.3 million metric tons,
since 1980. This is the fastest rate of increase in CO, emissions for any sector in the United States.

Residential energy consumption represents 20 percent of the total energy consumption in the United
States, as the U.S. residential sector spent nearly $136 billion on energy in 2001. The average home ac-
counts for the release of 22,000 pounds of CO, annually.

The market share for high-efficiency windows in the Pacific Northwest increased from between 10 and 15
percent in 1997 to 70 percent in the beginning of 2002.

New home construction using voluntary energy savings programs has yielded 20 to 30 percent savings
beyond local building codes requirements.

Industry Example
The Alliance to Save Energy is working on commercial and residential buildings to raise energy-efficiency
via the integrated-systems approach. Some of its projects include:

*  Business Energy Checkup is a guide that helps businesses identify the benefits and costs of a wide range of
energy efficiency options for their buildings.

*  The Alliance and the Building Codes Assistance Project work to increase awareness of the benefits of strong
energy codes for new buildings.

*  Efficient Windows Collaborative is a coalition of window, door, skylight and component manufacturers,
research organizations, federal, state and local government agencies interested in expanding the market
for energy-efficient windows. The coalition aims to double the current market share of efficient window
technologies and universalize the practice of labeling’ new windows in US markets with an energy
rating.

3 |
Changing Tide: Tomorrow’s Clean Energy - Today g

¥ (o




20

Standards and Labels Work Together to Transform Markets (Source US EPA)
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Technology

Combined heat and power, or cogeneration, is the production of electric power and thermal energy from
the same energy source in a single process. A typical combined heat and power system will produce
electricity to run factory motors or sell to the electric utility grid. This system uses the waste heat from
electricity production to provide process heat to the plant or, in some cases, to sell the heat to neighboring
industry, commerce, government buildings or residential housing areas.

Benefits

Natural gas-based systems are cost-effective and an important source of clean energy. The operating and
maintenance costs associated with natural gas-based systems are lower than those of other systems,
including coal-fired structures. When compared with a similarly sized conventional coal or oil-based
system with pollution control equipment, a gas-fueled turbine combined heat and power system emits
significantly lower levels of SO,, particulate, NO,_ and greenhouse gas emissions.
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Many commercial and industrial facilites can take advantage of natural gas cogeneration becuase they
require large quantities of heat and electricity. Natual gas cogeneration has been used effectively in the
pulp and paper, pharmaceutical, food processing, textile, oil refining, fertilizer and other petrochemical
industries, as well as in hospitals, universities, hotels, computer centers and other commercial facilities.

Market Information

Combined heat and power enables industrial building owners to save more than $5 billion per year in
energy costs, and the market has an extremely high growth potential. The combined heat and power
industry has set a goal of adding 50,000 megawatts of energy in the US by 2010. If reached, it would repre-
sent 14 percent of total electricity generated in the US.

Industry Example

NiSource collaborated with the Breeden YMCA in Angola, Indiana to install a combined heat and power
system. This system will generate approximately 25 percent of the facility’s summer electrical load and up
to 70 percent of the winter load requirement. In addition, the system’s back-up generation capabilities will
increase the reliability of the YMCA'’s critical electrical systems, which is particularly important to this
YMCA because it serves as a disaster relief center. Protecting the critical circuits enables the facility to
remain open to serve the public even during an electrical outage. This system also provides supplementary
heat for the facility’s water supply and swimming pool.

COMBINED-CYCLE

Technology

A combined-cycle is a combination of two or more thermal cycles within a single power plant in which the
intention is to increase the efficiency over single cycles. Typical combined-cycle installations use a natural
gas-fired combustion turbine to spin a generator. The hot exhaust from the turbine heats water in a boiler,
and the steam it creates drives another turbine. This separate turbine is connected to its own generator
and makes additional energy. The combined efficiency of this system can far exceed a single cycle process.

Benefits

Combined-cycle gas turbine plants generate electricity more efficiently than conventional fossil-fueled
power plants, with efficiencies approaching 60 percent (compared with 30 to 35 percent for typical new
boiler units).

In addition to higher efficiencies, combined-cycle units have lower construction and maintenance costs,
higher operating reliability and shorter construction time frames than those of conventional power genera-
tion sources.

Natural gas-fueled combined-cycle units are environmentally preferable to conventional coal systems. The
gas combined-cycle unit produces none of the solid waste, less than one percent of the SO, and particulate
matter, and about 85 percent fewer NO_than a similarly sized new coal unit equipped with pollution
control equipment.

Market Information

Approximately 15 percent of US electrical power is produced from natural gas. It has been projected that
33 percent of the nation’s electricity generated in 2020 will be from natural gas-fired power plants. The
majority of this growth is expected to be natural gas combined-cycle technology.

¢
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Industry Example

Calpine operates electric-generating facilities
that are fueled by natural gas, a clean-burning
fossil fuel. Calpine’s state-of-the-art, combined-
cycle natural gas-fired energy centers are
environmentally friendly sources of electricity.

Modern natural gas-fueled facilities produce 90
percent less emissions and are 40 percent more
fuel-efficient than older technology, fossil-fueled
electric generating facilities. Because this
technology is so preferable to that of older
facilities, it has earned the support of health,
safety, environmental and consumer groups.

These centers use a highly fuel-efficient process
that involves generating electricity in combustion
turbines and utilizing the procedure’s hot exhaust
to create water vapor, which is then used to
generate additional electricity in a steam turbine.

Combined-Cycle Technology Courtesy of Calpine

NATURAL GAS VEHICLES

Technology
Natural gas vehicles have steadily created a market for clean natural gas. Natural gas powers more than 2
million vehicles worldwide.

Benefits

Natural gas vehicles generally emit lower levels of hydrocarbons and carbon monoxide than conventional
gasoline and diesel vehicles. Particulate and NO, emissions are also much lower in natural gas vehicles
than in those operated by diesel fuel. Finally, the closed system of the natural gas vehicle eliminates
evaporative emissions.

Market Information

There are currently over 125,000 natural gas vehicles on the road in the US. Of the 1,300 natural gas vehicle
fueling stations, over half are available to the public. The pump cost of natural gas averages about one-
third less than regular gasoline. According to the American Public Transit Association, there are over 5,000
natural gas buses in the US — almost ten percent of all the transit buses in use. These buses save over 50
million gallons of diesel each year.

Industry Example

Sempra Energy worked with the Los Angeles County Metropolitan Transit Authority to create the largest
fleet of natural gas-fueled buses in the world. The use of these buses in Los Angeles reduces NO_
emissions — which contribute to smog — by 1,600 tons per year.
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Alliance to Save Energy

The Alliance is an international non-profit coalition of prominent business, government, environmental and
consumer leaders that work in partnership to promote the efficient use of energy worldwide to benefit con-
sumers, the environment, the economy and national security.

American Gas Association
The AGA is an advocate for local natural gas utility companies and provides a broad range of programs and
services for natural gas pipelines, marketers, gatherers, international gas companies and industry associates.

American Standard/Trane
American Standard/Trane is a global provider of total comfort equipment, systems and facility solutions for
commercial, industrial and institutional buildings and is a premier brand for residential air conditioning.

American Wind Energy Association

AWEA is the national trade association of the US wind energy industry. AWEA’s members include wind
power plant developers, wind turbine manufacturers, utilities, consultants, insurers, financiers, researchers
and others involved in the wind industry.

Bergey Windpower

Bergey Windpower is the world’s leading supplier of small wind turbines for homes, farms, small businesses
and villages. With installations in all 50 states and more than 90 countries, Bergey wind turbines are helping
to bring wind power into the mainstream of electricity supply options.

Calpine Energy

Calpine was formed in 1984 and has grown rapidly. Within 17 years, it went from an organization with a
one-megawatt interest in a small geothermal facility to the nation’s leading independent power producer.
Calpine is dedicated to providing customers clean, reliable and affordable electricity.

Econergy International Corporation

Econergy International Corporation combines energy, environmental and development consulting with asset
management services. The company blends technical, financial and economic assistance with on-the-ground
project development capabilities.

Energy and Security Group

The ESG assists clients to address critical energy and natural source issues at the nexus of national and
international security interests. It focuses on expanding clean energy use to improve quality of life, promote
environmental sustainability and enhance economic performance.

Energy Conversion Devices Ovonics

ECD is a leading technology, product development and manufacturing company with technologies in the area
of advanced renewable energy generation and storage, including thin-film photovoltaics, fuel cells, hydride
batteries and storage facilities that are capable of storing solid hydrogen.
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Evergreen Solar
Evergreen Solar is a developer and manufacturer of photovoltaic modules -- the engines of solar electric
systems -- used in remote power and emerging grid-connected markets.

First Environment, Inc.
First Environment provides strategic environmental management and engineering services in the United States
and abroad.

GE Wind Company
GE Wind Company designs and supplies reliable, cost-effective commercial wind turbine technologies
around the world.

Global Business Network
GBN is a global membership organization that engages in a collaborative exploration of the future, discover-
ing the frontiers of knowledge and creating innovative tools for strategic action.

Green Mountain Energy Company

Green Mountain Energy, based in Texas, sells cleaner electricity generated from sources such as wind, solar,
water, geothermal, biomass and natural gas to residential, business, institutional and governmental customers
in New Jersey, New York, Ohio, Oregon, Pennsylvania and Texas.

Honeywell

Honeywell is a diversified technology and manufacturing leader of aerospace product control technologies
for buildings, homes and industry, automotive products, power grid systems, specialty chemicals, fibers,
plastics and advanced materials. Honeywell employs approximately 100,000 people worldwide.

Los Angeles Department of Water and Power
LADWP is the largest municipally-owned utility in the nation. With a work force of over 7,000, LADWP
provides water and electricity to some 3.8 million residents and businesses in a 464-square-mile area.

National Hydropower Association

NHA is a non-profit national trade association that represents the U.S. hydropower industry. Its membership
consists of more than 140 organizations including; public utilities, investor-owned utilities, independent power
producers, equipment manufacturers, environmental and engineering consultants and attorneys.

NiSource, Inc.

NiSource, Inc. is a holding company whose operating companies engage in most phases of the natural gas
business from exploration and production to transmission, storage and distribution, as well as electric genera-
tion, transmission and distribution. NiSource companies are also engaged in the development and operation of
combined heat and power facilities at industrial sites, commercial facilities and other sites.

North American Insulation Manufacturers Association

NAIMA is the association for North American manufacturers of fiber glass, rock wool, and slag wool insula-
tion products. Its role is to promote energy efficiency and environmental preservation through the use of fiber
glass, rock wool, and slag wool insulation and to encourage the safe production and use of these materials.

NRG Systems
NRG Systems is a global leader in wind assessment technology and offers its products exclusively to the wind
energy industry. Its products are used worldwide.
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ORMAT Technology

ORMAT brings more than 35 years experience in the development, manufacture and marketing of innovative
power systems. Its power units, combined into modular power plants with a capacity of 300 kilowatts to 130
megawatts use locally available heat sources, including geothermal energy.

Plug Power
Plug Power designs, develops and manufactures on-site electric power generation systems utilizing fuel cells
for different applications.

Polyisocyanurate Insulation Manufacturers Association

PIMA is the national trade association that advances the use of polyiso insulation. Polyiso is one of the
nation’s most widely used and cost-effective insulation products. PIMA’s membership consists of manufac-
turers of polyiso insulations and suppliers to the industry.

Sacramento Municipal Utility District

SMUD is the nation’s sixth largest community-owned electric utility. SMUD generates, transmits and distrib-
utes electric power to a 900 square—mile service area that includes Sacramento County and a portion of
Placer County.

Sempra Energy

Sempra Energy is based in San Diego, California and has nearly 12,000 employees in eight subsidiaries. It
provides a spectrum of electric, natural gas, broadband and related products and services to a diverse range
of customers.

SkyBuilt Power

SkyBuilt Power is the premier source for portable, modular, quick assembly, durable, solar, wind, and other
distributed power—from 0.5 kW to 150 kW or more. SkyBuilt, based in Arlington, Virginia, provides energy
production and distribution products and services for simpler, smarter, and more reliable energy solutions for
military, homeland security, and commercial power needs, worldwide.

Solar Energy Industries Association

SEIA is the national trade association of solar energy manufacturers, dealers, distributors, contractors,
installers, architects, consultants and marketers, concerned with expanding the use of solar technologies in the
global marketplace.

The Stella Group, Ltd.
The Stella Group, Ltd. is a strategic marketing and policy firm facilitating distributed energy generation.

Trexler and Associates, Inc.

Trexler and Associates, Inc. is an internationally recognized leader in the emerging field of climate change risk
management and in identifying and implementing greenhouse gas emissions reduction and offset

strategies.

Winrock International
Winrock International is a not-for-profit organization that works with people around the world to increase
economic opportunities, sustain natural resources and protect the environment.

York International
York International is an independent manufacturer of heating, ventilating, air-conditioning and refrigeration
equipment in the United States and internationally.
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ABOUT THE BCSE

The Business Council for Sustainable Energy was created in 1992 by leading companies in the
energy efficiency, natural gas, renewable energy, independent power and electric utility industries.

The Council’s mission statement underscores the primary objectives of the BCSE:

As business leaders concerned about the health of the U.S. economy, we believe that the country needs to
follow a new energy path—for economic, environmental national security reasons. . . .[Wle represent
the first broad energy industry coalition that is committed to a comprehensive, forward-looking and
technology-based energy future that will help prepare the U.S. economy for the challenges of the 21°
century.

The BCSE is an organization dedicated to implementing market-based approaches to reducing
pollution and providing a diverse, secure mix of energy resources. Through our extensive na-
tional and international contacts, the Council works on issues pertaining to climate change,
international financing, clean energy tax equity and global market development. Our member-
ship includes companies on the cutting edge of efficient, economic and environmentally sound
tuels and technologies, such as natural gas, wind, solar and geothermal power, combined heat and
power, insulation and fuel cells.

The Council aims to:

¢ Promote strategies that accelerate the deployment of energy efficiency, renewable energy
resources and natural gas

¢ Implement cost-effective programs and policies that recognize the environmental attributes of
energy sources

¢ Advocate policies that increase economic efficiency and reduce US reliance on imported energy
¢ Advance clean energy technologies as solutions to economic and environmental challenges

¢ Encourage market-based policies and flexibility in environmental legislation

Global BCSE Strategic Alliance

To achieve our objectives, the Council works with networks around the world including its sister
organizations, the United Kingdom BCSE, the European BCSE and the Australian BCSE. In 2002,
the BCSEs announced the creation of an international strategic alliance that will allow the Coun-
cils to work together on projects of mutual concern while maintaining their own agendas. This
alliance represents over 500 companies and organizations around the world.

Environmental Advisory Committee

The Council’s Environmental Advisory Committee creates an avenue for the business community
to discuss important domestic and international policies with key members of the environmental
community. Understanding the environmental community’s perspective on different issues is
critical to understanding energy and environmental policy in the broader political picture.

BCSE members are leaders in the energy industry and through the Council they bring their
expertise and experience to the political and policy world to promote economic growth and

protect the environment.

For more information about the Council and its activities, please go to http//:www.bcse.org.




