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Executive Summary

America has the technological know-how and the
resources to move away from dependence on oil
and other fossil fuels and toward a cleaner, more
secure New Energy Future.

America’s dependence on fossil fuels poses
challenges to America’s environment, economic
health and national security. Each of those
challenges is likely to become more critical in the
years to come if we continue along our present
path of increasing energy use and increasing
imports of energy from abroad.

A New Energy Future in which America is
smarter about how we use energy and in which we
tap our abundant supplies of clean, renewable,
homegrown energy can address many of those
challenges. Achieving that future will require
America to set clear goals to guide our energy
policies and to mobilize the scientific, economic
and political resources we need to meet them.

This paper examines the benefits, in terms of
fossil fuel savings, of achieving a New Energy
Future guided by the following goals:

. Reduce our use of energy in our homes,
businesses and industry by 10 percent by
2025.

. Save one third of the oil we use today by
2025.

. Harness clean, renewable, homegrown

energy sources for at least a quarter of
our energy needs by 2025.

There are many ways that America can achieve
these goals. This paper lays out one plausible
pathway, which we call the “New Energy Future
scenario,” by which the United States could
achieve - and in some cases go beyond - the goals
and save vast amounts of fossil fuels.

By 2025, for example, the United States could:

. Save 10.8 million barrels of oil per day,
equal to fourfifths of the amount of oil
we currently import from all other
nations in the world.

. Save 9.1 trillion cubic feet of natural
gas per year, nearly twice as much as is
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currently used annually in all of
America’s homes.

. Save 900 million tons of coal per year,
or about 80 percent of all the coal we
consumed in the United States in 2005.

. Save 1.7 billion megawatt-hours of
electricity per year, 30 percent more
than was used in all the households in

America in 2005.

Fig. ES-1. Fossil Fuel and Electricity Savings
Under the New Energy Future Scenario
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Achieving the energy savings and renewable
energy targets listed above will not be easy, but it
can be done.

Reduce our use of energy in our homes,

businesses and industry by 10 percent by 2025.

. Cutting our use of energy in homes,
business and industry by 10 percent
would require reducing the amount of
energy we are projected to use in 2025
by 27 percent. Taking advantage of
America’s cost-effective energy
efficiency opportunities could reduce
our consumption of electricity by as
much as 20 percent and natural gas by
about 22 percent. Similar savings are
possible for petroleum use.

° A combination of new technologies
(spurred by more robust federal
investment in energy saving technologies
and tax incentives) and energy
conservation measures could provide the
remainder of the savings needed to
achieve the 10 percent energy savings
goal.



Save one third of the oil we use today by 2025.
Sensible steps to improve the fuel economy of our
vehicles, reduce the rate of growth of vehicle
travel, and replace some of the oil we use with
plant-based fuels could take us well beyond the
goal of saving one third of the oil we use today by
2025, providing total savings of 10.8 million
barrels of oil per day.

. Increasing fuel economy standards for
cars and light trucks to 40 miles per
gallon by 2018 and to 45 miles per
gallon by 2023 would yield oil savings of
2.4 million barrels per day.

. Setting fuel economy standards for
heavy-duty trucks would save 1.1
million barrels of oil per day by 2025.

. Changing our transportation priorities
so that the average American drives no
more in 2025 than he or she does today
could save 3.6 million barrels of oil per
day versus projected use in 2025.

. Replacing a share of transportation fuels
with plant-based fuels like ethanol and
biodiesel would save about 1.5 million
barrels of oil per day.

. Realizing 10 percent energy savings from
homes, business and industry would
produce another 2 million barrels per
day in oil savings.

Harness clean, renewable, homegrown energy
sources for at least a quarter of our energy needs
by 2025.

A variety of studies and industry projections

suggest that tapping America’s abundant supplies

of clean renewable energy could fulfill 22 percent
of our energy needs by 2025 - and we could reach

25 percent renewable energy with technology

advances that would enable us to fully tap our

renewable potential.

. Using plant-based fuels to substitute for
oil in transportation and industry could
supply about 4.5 percent of our total
energy use in 2025.

. Wind power could provide as much as
30 percent of America’s electricity by
2025 and possibly more as new
technologies and practices allow for us to
successfully integrate more wind power
into America’s electricity mix.

. Solar and geothermal power can
combine to produce another 12 percent
of America’s electricity, while an

assortment of other renewable
technologies - ranging from solar hot
water heaters to geothermal heat pumps
- can also make an important
contribution.

. Additional renewable energy could be
generated using new technologies such
as wave and tidal power or by achieving
technological improvements that would
enable us to expand our use of other
renewable energy sources.

To achieve the benefits of a New Energy Future,
the United States must adopt policies designed to
increase our use of renewable energy and tap
America’s vast potential for energy efficiency
improvements. America must also increase its
investment in research and development of the
next generation of clean energy technologies, as
well as make the investments necessary to bring
those technologies into wider use.

A New Energy Future



Fig. 4. Energy Savings from Achieving a 10 Percent
Reduction in Home, Business and Industry Energy

Use by 2025
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aggressive residential building energy
codes and provide even greater savings
in states with older, less up-to-date
building codes.”® In addition, some
builders are now constructing “zero
” .
energy” homes that combine energy
efficient technologies with on-site
renewable energy production to virtually
eliminate the need for fossil fuel energy
purchases.

. Require utilities to meet growing energy
needs through energy efficiency
improvements before building new
power plants.

. Establish tax incentives for investments

in energy efficiency.

. Expand and invest in energy efficiency
programs to help homeowners and
businesses install the latest technologies
in their homes and businesses.

. Invest in research and development of
new energy efficiency technologies.

. Educate the public about the benefits of
conserving energy and strategies for
reducing energy use.

Save More than One Third of the
0il We Use Today by 2025

America’s dependence on oil - particularly
foreign oil - is one of the biggest challenges to a
secure energy future for the nation. But there are
many sensible tools America can use to break that
dependence over the next two decades.
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Achieving the goal of saving more than one third
of the oil we use today by 2025 would cut
America’s petroleum consumption by 7 million
barrels per day - or more than twice as much as
we currently import from the Middle East. That is
a lot of oil, but it is actually a conservative vision
of what we can save if we apply our technological
know-how and embrace balanced transportation
policies that offer Americans more choices for
how to get from place to place.

For our New Energy Future scenario, we
anticipate that the United States can go well
beyond the 7 million barrel per day goal and save
more than 10 million barrels of oil per day using
sensible strategies to improve the fuel efficiency of
our cars and trucks, reduce the rate of growth in
vehicle travel, and substitute renewable energy
sources and materials for many of the purposes
for which we now use oil.

The first step toward achieving that goal is to hit
our target for reducing energy use in homes,
businesses and industry by 10 percent. By
achieving that goal alone, we can cut our
consumption of oil by more than 1.8 million
barrels per day. And since a small amount of oil is
used to generate electricity, achieving our energy
savings target would yield additional savings of
280,000 barrels per day from averted petroleum
consumption in power plants. That adds up to
more than 2 million barrels per day of oil savings,
getting us more than a quarter of the way to the 7
million barrel per day goal without touching the
largest source of oil consumption in the United
States: transportation.

IMPROVING VEHICLE FUEL ECONOMY

One of the best ways to cut our oil consumption
is to make our cars and trucks go farther on a
gallon of gas. Automakers have access to a range
of technologies - including advanced
transmissions, improved electronics, and energy-
saving engine designs - that can dramatically
improve the fuel economy of today’s vehicles. But,
despite the availability of those technologies,
today’s vehicles are actually less fuel efficient than
those built two decades ago, due to automakers’
unstinting efforts to sell consumers larger and
more powerful vehicles (like SUVs) and their
failure to deploy energy-efficient technologies in
more than a handful of the vehicles they sell.?!

A New Energy Future



As a result, more American drivers find
themselves in a bind as they cope with higher
prices at the pump and few choices of truly
energy-efficient cars in the showroom. Studies
completed over the last few years show that it
doesn’t have to be that way; automakers have the
technology to achieve fuel economy standards of
40 miles per gallon or more over the next decade
and doing so would save consumers money over
the long term in avoided fuel costs.?
Interestingly, those studies show that major
improvements in fuel economy can be had even
without the widespread use of hybrid vehicle
technology. Adding hybrids into the mix would
eventually allow automakers to achieve fuel
economy standards of 45 miles per gallon or

more.B

For our New Energy Future scenario, we assume
that America can increase average fuel economy
standards for both cars and light trucks to 40
miles per gallon by 2018 and, with the use of
hybrid vehicles and other more advanced
efficiency technologies, to 45 miles per gallon by
2023. Hitting those targets would result in
America using about 2.4 million barrels of oil a
day less than we would under business as usual

conditions.**

Americans’ personal cars and SUVs aren’t the
only vehicles that can be made to go farther on
less energy. Great potential exists for improving
the fuel economy of the heavy-duty trucks that
carry freight on America’s highways. Unlike cars
and SUVs, tractor-trailers are not currently
subject to any federal fuel economy standards.
But like those vehicles, the fuel economy of

tractor-trailers has been on the decline for the last
decade.”

Manufacturers have the technology to make
tractor-trailers far more efficient than they are
today. ACEEE estimates that heavy-duty trucks
could be made to get 58 percent better fuel
economy than today’s models - and that the
investment in more efficient vehicles would be
more than paid for by the savings in fuel costs

over time.*

The New Energy Future scenario assumes that
new federal fuel economy standards for heavy-
duty trucks result in a 50 percent improvement in
fuel economy for those vehicles by 2020.

A New Energy Future for America

Implementing those standards would save about
1.1 million barrels of oil per day in 2025.

REDUCING GROWTH IN VEHICLE TRAVEL

Americans are driving more miles in our cars and
SUVs than ever before. In 1980, the average
American drove a car or light truck about 6,200
miles per year. By 2004, the average American was
driving nearly 50 percent more miles per year.”
And, if we continue on our current, business-as-
usual path, the average American will be driving
2,000 more miles per year in 2025 than he or she
does today.”® To save large amounts of oil versus
business as usual projections, Americans simply
need to not drive more than we do today
(acknowledging that vehicle travel will continue to
increase somewhat due to population growth).

Many Americans are already looking for
alternatives to daily commutes that have grown
increasingly expensive due to high gas prices and
increasingly frustrating due to mounting
congestion. But for many of us, alternatives to
driving are few. Transit service may be
inconvenient, unreliable or altogether
unavailable. Employers may not provide the same
support for employees who wish to telecommute,
carpool, or walk or bike to work as they do for
employees who drive. And many Americans now
live in communities where a car is needed to
complete even the simplest of daily tasks.

Americans need more and better transportation
choices. Federal, state and local governments
should create a balanced transportation policy
that keeps our roads and bridges in good repair
while expanding the number of Americans with
the option to take transit, carpool, telecommute,
walk or bike. At the same time, we need to
encourage efficient land-use policies that allow
people to access jobs, shops, schools and
recreational opportunities without the use of a
car.

By achieving a national goal of holding per-capita
vehicle travel to today’s levels, America could save
the equivalent of 3.6 million barrels of oil per
day.

MAKING USE OF BIOFUELS

The final step in achieving large savings in oil use
is to find other fuels and materials to do the jobs
in our economy that oil does today. The best

12



candidates are “biofuels” such as ethanol and
biodiesel, and plant-based feedstocks for the
petrochemical industry. Plant-based fuels and
products will likely never replace petroleum
entirely - at least not unless we cut our petroleum
use way back from current levels. But they can be
part of the solution, particularly if they are
produced in ways that use as little fossil energy as
possible and are protective of the environment.

Not all biofuels are the same. Today, most of our
ethanol comes from corn, which is fairly energy-
intensive to grow and process into biofuels. Many
experts believe that we will reap the greatest
energy-saving potential from specially grown
“energy crops” like switchgrass and from plant
wastes. At the moment, however, the technology
for processing energy crops and plant wastes into
biofuels is in the early stages of development. Not
surprisingly then, expert estimates of how fast and
how large a role biofuels can play in our energy
future vary widely, as they grapple with
uncertainty over how feedstocks for biofuels will
be grown, how they will be processed, and how
they will be delivered to and used by consumers.

For our New Energy Future scenario, we make
several assumptions about the future role of
biofuels and bio-based products in our economy.
First, we assume that America is able to produce
about 27 billion gallons of ethanol per year by
2025 - with about half of that ethanol coming
from energy crops and plant wastes - enough to
replace about 22 percent of gasoline use in cars
and light trucks in that year.” (Recall that we've
already reduced gasoline consumption through
improved fuel economy and reduced growth in
driving. If we followed a “business as usual”
course, ethanol would make up a smaller
percentage of our gasoline consumption.) We also
assume that we can produce about 5.5 billion
gallons of biodiesel per year by 2025, enough to
replace about 16 percent of the diesel used in
heavy-duty trucks in that year.”® Ethanol and
biodiesel production at those levels would
produce approximately 2.7 quadrillion BTU of
energy by 2025, well within the amount of
biofuels that some observers believe could be
produced within that time frame.*' (See page 14
for an illustration of what a quadrillion BTU of
energy represents.) By achieving these biofuels
targets, we could save about 1.5 million barrels of
oil per day.
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Adding it all up, under our New Energy Future

scenario, America would use about 10.8 million

barrels of oil per day less than we would if we

continue on with business as usual. (See Fig. 5.)
That represents about four-fifths of the oil the
United States currently imports each year from all

the other countries of the world, combined.

Fig. 5. Energy Savings from Achieving the Oil
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In other words, by adopting an aggressive series of

strategies to reduce our use of oil today, America

can significantly boost its energy independence

and improve its security in the decades to come.

Changes in public policy can advance America’s

progress toward reducing its consumption of oil.

Among the steps the nation can take are the

following:

. Increase fuel economy standards for cars,
light trucks and SUVs to 40 miles per

gallon and set strong fuel economy

standards for heavy-duty trucks.

. Set goals for the use of plant-based fuels
like ethanol and biodiesel - and enact
policies that ensure that those fuels are
developed cleanly and sustainably.

. Invest in expanded and improved public
transit service, promote “smart growth”
practices that reduce the need for
driving, and encourage other
transportation choices like
telecommuting, carpooling, biking and

walking.

A New Energy Future




. Invest in research and development of
new technologies that can further reduce
our use of oil.

Obtain One Quarter of Our
Energy from Clean, Renewable
Sources

America has vast potential to take advantage of
natural forces - the movement of wind and water
and the energy provided by the sun - to power
our economy. The Great Plains has been dubbed
the “Saudi Arabia of wind” for its vast, high-
quality wind resource, and many of our offshore
areas are similarly blessed with strong, consistent
winds. America has similar potential to generate
energy from the sun - solar photovoltaic panels
placed on 7 percent of the area currently covered
by cities and residences would be enough to
generate all of America’s electricity.”

Taking advantage of renewable energy requires
technology - turbines to harness the wind,
photovoltaic panels to capture the sun’s energy,
and others. Renewable energy technologies range
from the tried and true, such as passive solar
heating and lighting of homes, to the new and
experimental, such as systems to generate energy
from waves and tides. But if America is going to
break its dependence on fossil fuels, we will need
to implement the technologies we already have to
harness renewable energy, while investing in
research and development in an effort to create
new and better technologies for the decades

ahead.

Our New Energy Future scenario includes many
renewable technologies, ranging from small-scale
technologies capable of providing energy for a
single home to large power plants that generate
electricity for thousands. In constructing this
scenario, we endeavored to identify the maximum
potential for various technologies that could be
achieved with a “pedal to the metal” push to
develop renewable energy over the next two
decades. Nonetheless, there remains uncertainty
about the future potential for some renewable
energy technologies. Thus, the New Energy
Future scenario should be viewed as illustrative of
the types of technologies that could be used to
achieve the 25 percent renewable energy goal and
not as a prescriptive “roadmap” laying out the
exact path for how to get there.

We begin by reviewing technologies that can
allow us to make direct use of renewable energy in
our homes and businesses, and then turn to
technologies that use renewable energy to
generate electricity. By pushing hard to maximize
our use of renewable energy technologies, we can
get very close to our goal of having clean
renewable sources supply 25 percent of America’s
energy by 2025.

DIRECT USES OF RENEWABLE ENERGY

In 2025, the Department of Energy projects that
we will be using about 127 quadrillion BTUs of
energy. About 93 quads of that energy is
“delivered energy” - energy we actually use in
homes, businesses and vehicles. (The rest is
energy “lost” in the production and transmission

WHAT’'S A QUAD?

compared to today’s levels of consumption.

A British Thermal Unit (BTU) of energy is technically the amount of energy needed to raise the
temperature of one pound of water by one degree Fahrenheit. Using a measure like the BTU allows us to
compare fuels based on their energy value. For example, instead of having to explain the difference in
energy content between a barrel of oil and a similar quantity of coal, we can use BTUs as a common
means of measurement. This is particularly important in evaluating the New Energy Future target of
replacing one quarter of America’s total energy consumption with renewables.

On a national scale, the amount of energy we use is so large that it is described in terms of quadrillion (or
“quad”) BTUs. In 2005, the United States consumed just under 100 quads of all forms of energy. So, one
can picture a quad as roughly equal to 1 percent of the amount of energy currently used in America every
year, or enough energy to power the entire country for three and a half days. Achieving a target that
would reduce our fossil fuel use by 0.5 quads would, therefore, cut our energy use by about 0.5 percent

A New Energy Future for America
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of electricity.) By cutting our consumption of oil
and reducing home, business and industrial use
of energy to 10 percent below today’s levels, we
can cut our need for delivered energy by about 30
percent, to a little more than 65 quads.
Therefore, to achieve our 25 percent renewables
goal, we would need to obtain about 16.3 quads
of delivered energy from clean renewable sources.

(See “What’s a Quad?” page 14.)

America already uses some renewable energy
directly, most of it in the form of biomass. By
2025, the Department of Energy projects that we
will be obtaining about 2.6 quads of energy from
those sources, even under business-as-usual
conditions. By using more biofuels in our cars
and trucks (see page 12), we can double our use of
renewables to about 5.3 quads by 2025. And by
adding in the renewable energy sources described
in the following section, we can increase our
direct use of renewable energy to 8.5 quads.

Passive Solar Heating and Lighting and Solar Hot
Water

For thousands of years, skilled builders have
known how to take maximum advantage of the
sun’s heat and light. In Ancient Greece, for
example, cities were designed so that every home
had a southern exposure, thus maximizing the
amount of solar energy available to heat homes.”
Today, however, improved building materials and
building techniques allow homeowners and
businesses to take advantage of solar energy as
never before. “Passive solar” building design uses
strategic placement of windows, proper site
orientation and intelligent design of building
interiors to maximize the use of solar energy to
heat and light homes and businesses. The U.S.
Department of Energy estimates that new office
buildings using a combination of passive solar
design and energy efficiency technologies can
reduce energy costs by 30 to 50 percent versus the
national average.”* Similar savings are possible for
homes.

We do not include an estimate for the amount of
solar energy that can be gained through passive
solar design because such estimates are difficult to
make. Passive solar design, however, can help to
achieve the goal of reducing energy use in homes,
business and industry by 10 percent over the next
two decades.
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Solar water heating is another way to capture the
sun’s energy economically. Roof-mounted solar
collectors allow solar energy to be captured and
used to heat household water. Solar hot water
systems generally can reduce fossil fuel use for
water heating by about two-thirds.*® Even if we
assume that solar water heaters reduce energy
consumption for water heating by only half,
installing solar water heaters on 40 percent of
America’s homes would cut energy use by about
0.51 quads by 2025.% Solar water heaters can also
provide hot water for commercial and industrial
use, thus producing further reductions in energy
consumption.

Geothermal Heat Pumps

Unlike the air around us, the earth tends to
maintain a fairly steady temperature over the
course of the year. Geothermal heat pumps use
this stability in temperature to provide heating
and cooling to homes and businesses. In winter, a
geothermal heat pump exchanges the heat
contained in the earth with the cool air inside a
home, reducing the need for fossil fuels or
electricity to provide heat. In summer, the process
is reversed, with the warmth inside a home being
exchanged with the cooler ground. Geothermal
heat pumps can reduce energy consumption by 40
to 70 percent compared with other means of
space heating.’” Expanding the number of
geothermal heat pumps in operation to account
for 10 percent of the residential and commercial
heating market could save 0.62 quads of energy by
2025.°8

Landfill Methane and Manure Digesters

Methane is the primary ingredient in natural gas.
It is also a product of the anaerobic (without
oxygen) decomposition of organic materials like
food waste and animal manure and a potent
greenhouse gas contributing to global warming.
There are many environmentally friendly ways to
reduce methane emissions, including aerobic
composting of organic material and proper use of
manure as fertilizer for farm crops. However,
much of America’s household organic waste is
currently buried in landfills, while the manure
from large farms is often treated as a waste
product or used in environmentally damaging
ways. Capturing the methane releases from
landfills, and using manure digesters to process
the waste from large farms can provide a small,
but significant amount of energy - about 0.15

A New Energy Future



quads - that can substitute for valuable natural that could be reached through the cultivation of
gas, and reduce to some degree the environmental energy crops and use of forest industry wastes.*!
impacts of farming and waste disposal practices.* The committee also set a goal of significantly
increasing the use of biomass for electricity
Biomass for Industry generation. Our New Energy Future scenario
Plant-based material already provides a significant assumes that the use of biomass for energy in
amount of energy to American industry. In 2003, American industry increases by 1.6 quads over the
industrial users consumed about 1.5 quads worth next two decades.
of energy from wood and waste materials.*
However, there is great potential for industrial Plant-based materials can also be used as
users (as well as electric power plants) to make substitutes for petroleum-based materials in the
greater use of plant-based energy sources, both as manufacture of chemicals, plastics and other
energy sources and as feedstocks for the creation products. One of the most interesting proposals
of chemicals, plastics and other products. for the use of biomass is the design and creation
of “biorefineries” in which plant-based materials
The Biomass Research & Development Technical are distilled into a variety of products, including
Advisory Committee, which advises the U.S. fuel and product feedstocks, at one integrated
government on biomass-related issues, has set a facility.* The Biomass Research & Development
target of obtaining 2.1 quads of additional Technical Advisory Committee has set a target of
industrial energy from biomass by 2030 - a goal obtaining 18 percent of America’s chemicals from

A CRASH COURSE IN ELECTRICITY MEASUREMENT UNITS

There are two measurements that are commonly used in discussions of electricity production and use.

The first measurement is the watt and its related units, the kilowatt (1,000 watts), megawatt (1 million
watts), and gigawatt (1 billion watts). The watt is a measure of power, or the rate at which work is
performed or energy is consumed or produced. The key thing to remember about the watt is that it
measures electricity consumption at one moment in time. So, a household with ten 100-watt light bulbs
burning would, at that moment, be consuming 1 kilowatt of power. A neighborhood or town with
10,000 such light bulbs burning would be consuming 1 megawatt of power. Most electric power plants
have their generating capacity measured in megawatts, with a typical coal-fired power plant capable of
producing about 500 megawatts of electricity. All of America’s power plants put together can generate
about 1,000 gigawatts of power.

The second important measurement is the watt-hour (as well as the kilowatt-hour, megawatt-hour and
gigawatt-hour). If a watt measures the amount of power consumed or produced at one time, then the
watt-hour measures energy production or consumption over a period of time. To continue the example
above, if a household keeps ten 100-watt light bulbs burning for one hour, it has just consumed one
kilowatt-hour of electricity. The average American household consumes about 10 megawatt-hours of
electricity over the course of a year. Electricity consumption from all American households for a year is
about 1.3 billion megawatt-hours, or 1.3 million gigawatt-hours.

The connection between watts and watt-hours becomes important when comparing the electricity
generating potential of various types of power plants. A 1-megawatt power plant that operates 100 percent
of the time and at 100 percent of its capacity would generate 8,760 megawatt-hours of power in a year
(8,760=24 hours x 365 days). But no power plant operates at 100 percent of its capacity all the time. A
typical coalAfired power plant, for example, might operate at an average capacity of 70 percent over the
course of the year, while a solar photovoltaic panel might operate at an average capacity of 18 percent
(since PV panels generate no power at night and some days are less sunny than others). Thus, it would
take more than 3 megawatts of solar PV generating capacity to replace 1 megawatt of coal-fired
generation.

A New Energy Future for America 16



biobased materials by 2020 and 25 percent by
2030.” Assuming that we can use biomass to
replace about 20 percent of the petroleum we
currently use for feedstocks in industry, we could
save an additional 0.27 quads of energy by 2025.

RENEWABLE SOURCES OF ELECTRICITY
GENERATION

By aggressively implementing the renewable
energy technologies above and expanding our use
of plant-based fuels for transportation, on top of
the renewable energy we are already projected to
use under business-as-usual conditions, we can get
slightly more than halfway to our goal of
obtaining 25 percent of America’s energy from
renewable sources by 2025. The remainder of our
renewable energy - about 8.2 quads, the
equivalent of about 2.4 billion megawatt-hours of
electricity - would need to come from renewable
energy sources used to generate electricity. (See “A
Crash Course in Electricity Measurement Units,”
page 16.) If other forms of renewable energy -
particularly plant-based biomass - can be
developed more quickly, the need for additional
renewable electricity to meet the 25 percent goal
would be less.

The U.S. Department of Energy projects that we
will obtain about 440 million megawatt-hours of
electricity from renewable resources in 2025,
leaving us to identify about 1.85 billion megawatt-
hours of new renewable electricity. That level of
generation also represents about 57 percent of the
electricity we are projected to use in 2025 under
our New Energy Future scenario.

The idea of getting more than half of our
electricity from new renewable sources by 2025
might appear to be a fantasy, and it is certainly a
very ambitious goal. But advances in renewable
energy technologies bring that goal within sight.
And a national commitment to advancing
renewable energy could bring the goal within our
reach.

Wind Power

Wind power is perhaps the technology with the
greatest potential to provide large amounts of
clean, renewable energy in the next two decades.
Wind turbines are already a cost-competitive
source of electricity in some parts of the country,
and wind power installations in the United States
have boomed in the last several years - recently
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topping the 10 gigawatt mark.** America isn’t
alone in experiencing rapid development of wind
power; indeed, European nations like Germany
and Spain have seen even faster growth in their
wind industries and now have more wind
generating capacity than the United States.”

But while the wind industry has grown
dramatically in recent years, we have barely begun
to scratch the surface of wind’s potential. A study
conducted for the National Renewable Energy
Laboratory estimates that, with consistent and
strong policy support, the United States could
develop 480 gigawatts of cost-effective wind power
capacity by 2025 (equivalent to nearly half of
America’s current electricity generating capacity) -
and that is without tapping the vast wind resource
off America’s coasts.*® If we could fully tap our
onshore potential, Americans could be getting as
much as 1.25 billion megawatt-hours of electricity
from the wind by 2025 - bringing us most of the
way to our 1.85 billion megawatt-hour goal.

But we may not be able to tap all of that wind
power capacity, at least not right now. Wind
power, like some other forms of renewable
energy, is an intermittent resource. That means
that wind turbines generate electricity only when
the wind is blowing. Since we have not yet figured
out a cost-effective way to store the electricity
generated by wind turbines, wind power must be
balanced on the electric grid by other sources of
“baseload” power (which generate electricity all
the time) or by smaller, natural gas-fired power
plants that can be switched on and off to provide
electricity when the wind is not blowing.

Nations such as Denmark have shown that it is
possible to obtain as much as 20 percent of their
electricity supplies from the wind (and even more
at certain times and places), while wind industry
analysts suggest it is possible to have up to 40
percent wind power as part of a smoothly
functioning electricity grid.*” For our New Energy
Future scenario, we assume that, with intelligent
planning and integration of wind power into the
nation’s electricity grid, wind power could provide
up to 30 percent of America’s electricity by 2025,
contributing about 900 million megawatt-hours of
electricity to America’s economy and getting us
nearly halfway to the 1.85 billion megawatt-hour
goal.®
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Solar Photovoltaics

The sun’s energy can directly provide electricity
for home or business use through the use of solar
photovoltaic (PV) panels. As is the case with wind
power, energy from solar PV systems is
intermittent. Homes and businesses with PV
systems use them to generate electricity when the
sun is shining, selling any extra electricity back
into the grid, and then using electricity from the
grid to obtain power at night. But solar PV is a
particularly valuable contributor to the overall
electric grid since it provides power at times when
demand is highest (when the sun is shining and
air conditioning use is high) and when electricity
is the most expensive to produce.

For most Americans, however, PV systems remain
relatively expensive compared to buying electricity
from the grid. While PV installations have
increased at a steady clip in recent years, there
remain only 365 megawatts of PV capacity
installed in the United States.*

The good news, however, is that the cost of PV
systems has declined at an average rate of about 4
percent per year over the last 15 years.’® And the
cost is likely to keep going down as the industry
gets larger and achieves economies of scale.
Recognizing this, countries like Germany and
states like California have recently made strong
commitments to solar power, helping to subsidize
the cost of PV systems now in anticipation that
PV will become cost-competitive in the near
future. California alone has targeted 3 gigawatts
(GW) of solar PV capacity over the next decade as
part of its “million solar roofs” program.”!

The solar industry has set a goal of having just
over 100 gigawatts (GW) of PV systems installed
by 2025.%* Should the industry achieve that goal,
the United States would be generating more than
164 million megawatt-hours of solar power by

2025.

Concentrating Solar Power Plants

Solar PV panels are not the only way to convert
solar energy into electricity. In the southwestern
United States, utilities and government agencies
have constructed several large-scale power plants
that use the sun’s energy to generate electricity
through the capture of heat.
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Concentrating power plants use mirrors to focus
solar energy, much in the same way that a child
might use a magnifying glass to scorch a blade of
grass. The solar energy is used to heat a receiving
fluid, which is then used to turn a turbine or
power an engine to generate electricity.
Concentrating solar power plants have one major
advantage over photovoltaics, in that the heat
energy they create can be more easily stored and
used to provide electricity when the sun is not
shining or at night.

To date, most solar concentrating plants in the
United States have been experimental, but that is
beginning to change. Over the past year, utilities
in the Southwest have committed to building
more than 1 gigawatt of new concentrating solar
power plants.”® By some accounts, the United
States could develop as much as 20 gigawatts of
generating capacity by 2025.>* Assuming that the
20 gigawatt target is met, the United States could
obtain about 66 million megawatt-hours of
electricity from concentrating solar power in

2025.

Geothermal

As described earlier, the earth’s natural heat
storage provides a potential small-scale energy
source for homes and businesses. But geothermal
energy also provides large-scale potential for the
generation of electricity, through the harnessing
of super-heated water buried beneath the earth’s
surface, particularly in the southwestern United
States. America already generates about 14
million megawatt-hours of electricity each year
from geothermal energy.” Much greater potential
exists for the tapping of geothermal energy, with
experts suggesting that we could achieve 25
gigawatts of geothermal generating capacity - an
increase of 19 gigawatts over the amount of
capacity projected for 2025 under business as
usual conditions.”® If we can achieve that goal,
America could generate as much as 177 million
megawatt-hours from new geothermal energy by

2025.

Wave and Tidal Power

A tremendous amount of energy exists just off our
shores in the movement of ocean waters. The
power of moving water has been harnessed for
hundreds of years by water-powered mills along
streams and by hydroelectric dams. Now, new
technologies hold the promise of harnessing
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power from waves and tidal movements without
doing damage to marine ecosystems. Among
those technologies are submerged turbines,
similar to wind turbines, that spin at low speeds
as water moves into and out of tidal areas.
Because the technology is relatively new, we do
not include an estimate for future generation of
electricity from wave and tidal power in our New
Energy Future scenario. But wave and tidal
technologies are among those that hold the
potential to increase the availability of renewable
energy.

MEETING THE 25 PERCENT RENEWABLE ENERGY
GOAL

Recall from above that, to meet our 25 percent
renewable energy goal, we will need to obtain
about 57 percent of the electricity we use in 2025
from new renewable sources. That translates into
about 1.85 million megawatt-hours of electricity.
Under our New Energy Future scenario,
aggressively harnessing the potential for wind,
solar, and geothermal power would result in the
generation of more than 1.2 million megawatt-
hours of new, clean renewable electricity.
Together with the other sources of renewable
energy identified here, this level of renewable
electricity generation would result in America
getting 22 percent of its delivered energy from
renewable sources in 2025 - close to our 25
percent goal, but not quite there.

There are, however, many opportunities to fill
that gap. First, as noted earlier, there is ample
potential for wind power generation beyond the
30 percent of America’s electricity we allow to
come from wind in our New Energy Future
scenario. If, through research and development of
new methods of power storage and intelligent
integration of wind power into the grid, we can
take advantage of more of America’s wind
potential, both on land and offshore, we could
generate enough electricity to achieve the 25
percent renewable energy goal. Second, other new
technologies - like tidal and wave power - have
the potential to make a major contribution to our
energy needs, even though that potential is
difficult to quantify right now. Finally,
technological improvements in any of the other
renewable technologies discussed - or greater use
of biofuels (see page 12) - could result in the 25
percent goal being achieved.
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Again, it is important to note that the New
Energy Future scenario presented here is
illustrative of the types of technologies that could
be employed to achieve the goal of deriving 25
percent of America’s energy from renewable
sources by 2025. It is not a definitive roadmap for
how to get there. New technologies, or
technological breakthroughs in current
technologies, could change the renewable energy
landscape dramatically between now and 2025.

Achieving the 25 percent renewable energy goal,
however, would deliver significant benefits for the
United States.

BENEFITS OF REACHING THE GOAL

Expanding our use of renewable energy would
have a major impact on America’s energy future.
How that impact is translated into energy savings
depends largely on which sources of electricity are
replaced by new renewable power generation. For
our New Energy Future scenario, we first assume
that the amount of power generated by each fuel
is the same in 2025 as it is projected to be in 2006
(except for renewable sources, which we allow to
grow to their 2025 projected levels). In other
words, we assume that there is no growth or
change to America’s current electricity mix.
Second, we assume that renewables replace
America’s major sources of electricity - coal,
petroleum, natural gas and nuclear - in
proportion to the degree to which those sources
contribute to America’s electricity mix.

The result of achieving the 25 percent renewable
energy goal would be a dramatic reduction in our
dependence on fossil fuels and nuclear power for
electricity. By 2025, we would save:

. 449 million short tons of coal per year,
equivalent to about 40 percent of the
coal America used in 2005.%

° 2,590,000 million cubic feet of natural
gas, nearly as much as is currently used
in commercial establishments
nationwide.*®

Should the United States achieve both the 25
percent renewable energy goal and the 10 percent
energy savings goal for homes, businesses and
industry, by 2025 America’s electricity mix would
be vastly different from today. Renewable energy
sources would supplant much of the fossil and
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Fig. 6 (a-b). U.S. Electricity Generation Mix in 2006 and in 2025 Under New Energy Future Scenario
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nuclear fuels we currently use to generate
electricity. (See Fig. 6, a-b.)

Even greater savings in fossil fuels would be
obtained from renewable energy used directly in
homes, business, industry and transportation.
Because these technologies supplant a variety of
fuels in a variety of settings, we do not estimate
the fossil fuel savings from those technologies
here.

There are a variety of ways that the United States
can promote the development of renewable
energy:

. Enact a national renewable energy
standard, similar to those already in place
in 20 states, that would require a
minimum percentage of the nation’s
electricity to come from renewable
sources.

. Use renewable fuel standards and other
policies to encourage the use of plant-
based fuels for transportation and to
transition to fuels made from plant wastes
and energy crops like switchgrass.

. Increase research and development
funding to develop the next generation of
renewable energy technologies.

. Provide tax incentives for the installation
of solar panels and other forms of
distributed renewable energy.

. Require utilities to prioritize renewable
energy development over the
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construction of conventional power
plants to satisfy electricity demand.
Enact a strong economy-wide cap on
global warming emissions, which would
provide an incentive to switch from fossil
fuels to renewable sources of energy.
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The Benefits of a New
Energy Future

Improving the energy efficiency of our economy,
slashing our use of oil, and boosting our use of
renewable energy would go a long way toward
addressing America’s energy problems and
creating a cleaner, more secure New Energy
Future for the United States.

There are many ways to achieve these goals. The
New Energy Future scenario described in this
paper presents one such vision. But the fossil fuel
savings that would result from that scenario
demonstrate that the United States would benefit
greatly from pursuing clean energy policies and
technologies.

By achieving the goals set out in this paper -
saving one third of the oil we use today; cutting
home, business and industry energy use by 10 °
percent below today’s levels; and obtaining 25
percent of our energy from clean renewable
sources by 2025 - using the technologies
contained in our New Energy Future scenario,
America could:

° Save 10.8 million barrels of oil per day,
equal to fourfifths of the
amount of oil we currently

import from all other nations Future Scenario

The benefits that would result from this New
Energy Future would be significant:

Greater energy security - Going beyond
our oil savings goal to save more than 10
million barrels per day of oil would save
enough petroleum to replace four-fifths
of our current imports. America will still
need to import some oil to satisfy our
energy needs, since oil production in the
United States has been declining for
decades and will likely decline further
still. But we will no longer need to be
beholden to faraway nations for vast
amounts of vital energy supplies. In
addition, by dramatically reducing our
consumption of natural gas, we can
avoid a repeat of our history with oil in
which imports (delivered, in this case, in
the form of liquefied natural gas) come
to make up a larger and larger segment
of our energy supplies over time.

Reduced need for polluting power
plants - Under the New Energy Future
scenario, the need for major additions of
coal, natural gas and nuclear power
plants would be eliminated. Instead, by
saving energy and expanding our use of
renewable energy sources, we would be
able to begin taking the dirtiest, most

Fig. 7. Fossil Fuel and Electricity Consumption Under New Energy
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dangerous and least efficient power
plants offline for good. Although we
may still need to build some small fossil
fuel power plants (particularly natural
gas “peaking” plants to supply power to
balance wind and solar resources), the
days of massive investments in new
conventional power plants would come
to an end.

° Dramatically reduced emissions of
global warming pollutants - In addition
to being the world’s leading energy
consumer, America is the world’s
leading source of global warming
pollution. By cutting our use of fossil
fuels - particularly heavy-polluting coal -
America could drastically reduce its
emissions of global warming pollution
and be able to assert leadership in the
worldwide effort to forestall the worst
impacts of global warming.

. Reduced pollution and environmental
damage - Energy production and use are
responsible for massive amounts of
environmental damage. Oil spills, the
destruction of landscapes and waterways
due to coal mining, the disruption of
wildlife habitat due to oil and gas
drilling, and health-threatening air
pollution in our cities are all
environmental and public health side
effects of our addiction to fossil fuels.
Nuclear power generates highly
radioactive waste with no good disposal
option. By embracing energy efficiency
and renewable energy, we can reduce
much of the pollution and
environmental damage that results from
our current energy system. Of course,
any source of energy brings with it
environmental impacts, and we will need
firm rules to ensure that renewable
energy technologies do as little damage
as possible to the environment. But it is
hard to imagine that well-designed
renewable energy technologies can do
more damage to our land, water and air
than our current fossil fuel-based
economy.

The Benefits of a New Energy Future

. Technological and economic leadership
- By developing and implementing
energy efficiency and renewable energy
technologies sufficient to meet these
goals, the United States can become the
global leader in new energy technologies.
The technologies and practices we
develop will be in increasing demand in
a world responding to energy supply
challenges and the threats posed by
global warming. In addition, energy
efficiency and renewable energy have
been demonstrated to be potent job-
creators, particularly in comparison to
the business-as-usual alternative in which
we continue to send more dollars
overseas for purchases of oil and other
fossil fuels.” European nations like
Spain, Germany and Denmark, as well
as Japan, have taken over global
leadership in the renewable energy
industry from the United States, thanks
in large part to their aggressive
investments in expanding solar and wind
power generation. By achieving the goals
of the New Energy Future platform,
America can regain its position of global
leadership, with long-term benefits for
our economy.

These benefits are not limited to the specific mix
of technologies included in the New Energy
Future scenario. Indeed, other combinations of
energy efficiency and renewable energy
technologies could deliver similar or greater
benefits. 