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cations in industrial processes and space
heating. Moreover, hydrogen is an impor-
tant industrial gas and raw material in nu-
merous industries, such as computer, metal-
lurgical, chemical, pharmaceutical, fertilizer
and food industries.

An energy infrastructure that relies on
hydrogen could enable much greater use of
distributed energy systems. These systems
are small, modular electricity generators
that can be placed right where they are
needed for heating, cooling, and powering
offices, factories, and residences. Hydrogen
fuel cells are a promising type of distributed
energy system that can provide the exacting
reliability needed for the high-tech industry.

Fuel cells can produce electricity and
heat from hydrogen, natural gas, and petro-
leum fuels, and fuel gases derived from coal
and biomass. What makes fuel cells unique
is that they can use fuels without combus-
tion, simply by chemical reactions, making
them extremely clean and efficient.

Fuel cells were developed by the Na-
tional Aeronautics and Space Administra-
tion to generate electricity, heat, and water
in space vehicles. The first-generation fuel
cells for stationary power applications en-
tered the commercial market in 1995. This
type of fuel cell is used to generate very
high-quality electricity and heat with negli-
gible emissions in commercial and indus-
trial settings. It is most likely to be used in
cases where users are willing to pay a pre-
mium for cleaner, more reliable power than
is available from the commercial grid.

The second generation of stationary
fuel cells is currently in the demonstration
phase, including a combined fuel cell–tur-
bine hybrid. These fuel cells are expected to
be more efficient and cost less when used
in similar distributed energy systems.
Smaller fuel cells for residential units are
also being developed, and some are in the
demonstration phase.

Despite technical progress, high costs
remain the main deterrent to widespread
fuel cell use. Significant cost reductions
must be achieved before fuel cells will be
competitive with internal combustion en-
gines, and the size and weight of fuel cell
systems must be reduced even more to ac-

commodate vehicle packaging require-
ments.

The primary challenge to using more
hydrogen in our energy systems is the cost
of producing, storing, and transporting it. A
serious challenge confronting a move to-
ward distributed energy is the transition
away from centralized energy systems of
supply and production. These challenges
are not expected to be resolved overnight,
but progress made in the last few years has
already far surpassed the expectations of
just a decade ago.

A significant amount of promising re-
search and development has already been
completed. The automobile industry is ag-
gressively exploring the fuel cell as the fu-
ture of the industry. Moreover, a new first-
generation class of distributed energy tech-
nologies are already hitting the market.

Fusion
Fusion—the energy source of the

sun—has the long-range potential to serve
as an abundant and clean source of energy.
The basic fuels, deuterium (a heavy form of
hydrogen) and lithium, are abundantly avail-
able to all nations for thousands of years.
There are no emissions from fusion, and the
radioactive wastes from fusion are short-
lived, only requiring burial and oversight for
about 100 years. In addition, there is no risk
of a melt-down accident because only a
small amount of fuel is present in the sys-
tem at any time. Finally, there is little risk of
nuclear proliferation because special
nuclear materials, such as uranium and plu-
tonium, are not required for fusion energy.
Fusion systems could power an energy sup-
ply chain based on hydrogen and fuel cells,
as well as provide electricity directly.

Although still in its early stages of de-
velopment, fusion research has made some
advances. In the early 1970s, fusion re-
search achieved the milestone of producing
1/10 of one watt of fusion power, for 1/100
of a second. Today the energy produced
from fusion is 10 billion times greater, and
has been demonstrated in the laboratory at
powers over 10 million watts in the range of
a second.

There is a significant

promise in renewable

technologies to meet an ever-

growing portion of our

nation’s energy needs.  Wind

power has significant growth

potential. The principal

challenges to achieving this

level of renewable energy

generation are cost and

market acceptance of renew-

able power technologies.
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Internationally, an effort is underway
in Europe, Japan, and Russia to develop
plans for constructing a large-scale fusion
science and engineering test facility. This
test facility may someday be capable of
steady operation with fusion power in the
range of hundreds of megawatts.

Both hydrogen and fusion must make
significant progress before they can be-
come viable sources of energy. However,
the technological advances experienced
over the last decade and the advances yet
to come will hopefully transform the en-
ergy sources of the distant future.

Recommendation:

★   The NEPD Group recommends
that the President direct the Secretary
of Energy to develop next-generation
technology—including hydrogen and
fusion.
•  Develop an education campaign
that communicates the benefits of
alternative forms of energy, including
hydrogen and fusion.
•  Focus research and development
efforts on integrating current pro-
grams regarding hydrogen, fuel cells,
and distributed energy.

Current Markets for Renewable
and Alternative Energy
Advances in Technology

Non-hydropower renewable energy
accounts for about 4 percent of current
U.S. energy production, divided evenly be-
tween electricity generation and transpor-
tation fuels such as ethanol. Between 1990
and 1999, renewable energy generation
grew by 29 percent, and renewable energy
is projected to continue to grow (Figure
6-1).  Renewable fuel consumption, includ-
ing ethanol for gasoline blending, is pro-
jected to grow at an average rate of 1.1 per-
cent a year through 2020. In 2020, 55 per-
cent of renewables are projected to be used
for electricity generation and the rest for
dispersed heating, industrial uses, and fuel
blending.

The success of renewables is, in part,

the result of over twenty years of research,
development, and demonstration conducted
by the public and private sectors. This work
has dramatically improved these technolo-
gies and has reduced their costs by as much
as 90 percent.  For example:

• The Department of Energy (DOE),
the National Renewable Energy Laboratory
(NREL), and Alstom Energy Systems jointly
created Advanced Direct-Contact Condens-
ers, which improve the efficiency and gener-
ating capacity of electric power plants by
providing the best surface area for condens-
ing spent steam. This technological ad-
vance, tested in geothermal applications in
California, can improve the efficiency of
electricity production by 5 percent and
capacity by 17 percent.

• United Solar Systems in Michigan
pioneered the first commercial use of solar
photovoltics as a building material. The
triple-junction, thin-film technology is now
sold as flexible solar panels, solar shingles
for building roofs, and a peel-and-stick-on
variety for standing seam metal roofs.
United Solar is now building a larger manu-
facturing plant in Michigan that is five times
the size of its existing manufacturing facil-
ity. DOE collaborates with United Solar on
research and development helping over-
come hurdles in manufacturing.  As a result,
United Solar is able to provide unique solar-
electric products using a unique roll-to-roll
manufacturing process.

• In partnership with DOE, NREL,
Battelle Lab, Burlington Electric and others,
Future Energy Resources Corporation of
Norcross, Georgia, was able to build, test,
and operate the world’s first biomass gasifi-
cation system. The McNeil Plant, located in
Burlington, Vermont, gasifies rather than
combusts wood chips to power a gas boiler.
The technology has shown itself to be com-
mercially viable, and is being considered
worldwide by industries as a way of upgrad-
ing existing inefficient and aging boilers.

Improved renewable and alternative
energy technologies are becoming increas-
ingly attractive to a number of energy com-
panies seeking to build new business oppor-
tunities for the future (Figure 6-3).  Follow-
ing are a few examples:

Natural
Gas 1.12

Figure 6-1
Increases in U.S. Energy
Production:  1990–1999
(Quadrillion Btus)

During the last decade, renewable en-
ergy sources contributed substantially
to the growth in U.S. energy produc-
tion, outpacing all fuel sources except
for nuclear energy.
_______
Source:  U.S. Department of Energy, Energy
Information Administration.
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