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What is nuclear energy?

Nuclear energy is derived from atoms. Atoms are parti-
cles that make up matter. They are very tiny; in fact, in
one drop of water there are more than
1,000,000,000,000,000,000,000 (one sextillion) atoms. An
atom is mostly empty space, but at its center is its 
nucleus surrounded by a cloud of moving electrons.
Almost all of the atom’s mass is in its nucleus which is
made of protons and neutrons. It would take nearly
2,000 electrons to equal the size of one proton. Protons,
neutrons, and electrons are all atomic particles.

Protons have a positive electric charge, electrons have a
negative electric charge, and neutrons are neutral, they
have no electric charge. Objects with like electric charges
repel one another and objects with differing charges
attract one another. Because the protons in the nucleus
of the atom are positively charged, and the electrons
moving around the nucleus are negatively charged, they
attract each other, and the force of this attraction helps to
hold the atom together. An atom usually has the same
number of electrons floating around the outside of the
nucleus as it has protons in the nucleus.

Atoms can have different numbers of protons and neu-
trons but are classified according to the number of pro-
tons found in the nucleus. Atoms with one proton are
called hydrogen atoms, helium atoms have two protons,
carbon atoms have six protons, and so on to the last nat-
urally occurring atom, uranium, which has 92 protons. 

How is nuclear energy released from an atom?

Nuclear energy is released from an atom through nuclear
fission or nuclear fusion. In the fission process, com-
monly used in today's nuclear reactors, a nucleus of a tar-
get material such as Uranium-235 is bombarded by a
neutron which is absorbed. The absorbed neutron causes
the atom’s nucleus to split apart or “fission” into two

atoms of lighter weight, releasing energy, neutrons and
radioactivity. Fission then is the splitting of atoms.
Fission reactions produce enormous amounts of heat
which turns water into steam for generating electricity.
The heat is produced from the collision of fissioned parti-
cles with other atoms, converting kinetic energy into
heat.

In the second process of releasing energy from the atom,
the nuclei of atoms are joined through “fusion,” resulting
in the creation of a third element, a free neutron, and
nucleus. Heat is produced when the free neutron collides
with other atoms. The sun and stars get their energy from
the fusion of hydrogen to produce helium. Scientists have
been attempting to imitate this process for many years,
but it requires extremely high temperatures. Although sci-
entists have been unable to develop a container capable
of holding such extremely hot material, one of the more
promising efforts involves containing the material within
a magnetic field, while it is being heated to the required
temperature. 

What is a chain reaction?

The release of two or three neutrons in fission is very
important. These neutrons can make other Uranium-235
nuclei fission, releasing more neutrons which are absorbed
by new atoms causing them to fission, releasing more
heat and neutrons. The repeating of this process over and
over is a chain reaction, and can continue as long as
Uranium-235 nuclei and neutrons are present. Because
heat energy is produced whenever a nucleus fissions, a
chain reaction is a continuous source of heat energy.
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Nuclear fission causes a chain reaction producing a con-
tinuous source of heat energy.
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Why do we use uranium?

Uranium, which is naturally radioactive, occurs in nature
as either Uranium-235 or Uranium-238. (The number
refers to the element's atomic mass or the number of
protons plus neutrons in the nucleus.) Less than one per-
cent of naturally occurring uranium is Uranium-235, with
more than 99 percent being Uranium-238. It is U-235
which fissions, releasing energy. Thus, the ability of ura-
nium to fission or to be transformed into a fissionable
element is why uranium is used in nuclear reactors. U-
235 is only mildly radioactive, and no extraordinary pre-
cautions are necessary when handling fuel rods that have
not yet been used.

Uranium occurs naturally in the earth’s crust. Uranium
oxide is more abundant than gold and silver, and about
as common as tin. In 2002, Canadian and Australian ura-
nium mines accounted for over 50 percent of the world’s
total uranium production.

Uranium, used to generate electricity, has virtually no
other beneficial use. But in a nuclear power plant it pro-
duces large quantities of energy from very small amounts
of fuel while occupying a minimal amount of acreage.
These small sites are ideal to provide the vast amounts of
electricity needed for densely populated and heavily
industrialized areas. 

A uranium fuel pellet, approximately the size of the tip of
your finger, is equivalent to 17,000 cubic feet (481 cubic
meters) of natural gas, or 1,780 pounds (807 kilograms) of
coal, or 149 gallons (564 liters) of oil.

If you were to burn a 100-watt light bulb continuously for
one year it would consume 876 kWh of electricity. To gen-
erate that amount of electricity you would need 876 lbs
(397 kg) of coal, or 324-377 lbs. (147 to 171 kg) of natural
gas, or 508 lbs. (230 kg) of oil, but only 0.0007 lbs. (.0003
kg) of uranium enriched to 4 percent for use in a com-
mercial nuclear reactor. Clearly, the storage of nuclear
fuel, both prior to electric generation and the waste fuel,
is a fraction of the area required for other fuels.

How is fission accomplished in a nuclear reactor?

Nuclear reactors are composed of three principal parts:
reactor vessel, core and control rods. The reactor vessel,
a tank-like container weighing more than 500 tons (454
mtons) with steel walls six to nine inches (15 to 23 cm)
thick, is located at the base of the reactor building. The
core, located at the bottom of the reactor vessel, holds
the fuel assemblies. Control rods are inserted into the
core to regulate the rate of fission. The control rods are
able to do this because of their cadmium or boron com-
position (materials that absorb neutrons). The absorption
of neutrons controls the rate of fission. To slow the reac-
tion, the control rods are inserted farther into the core.
This decreases the number of neutrons that collide with
uranium atoms, thus slowing the reaction. The actual
operation of the core involves the consumption of
Uranium-235, the subsequent creation of fission by-
products and the production of plutonium. Energy
released by fission is transferred to water, turning it to
steam. From this point on, nuclear power plants operate
just like fossil fueled power plants.

What is spent fuel?

When the fuel assemblies can no longer efficiently sus-
tain a fission reaction (approximately three years), they
are removed from the core. The “spent fuel” as it is
called, contains unused nuclear fuel and radioactive
nuclear waste. The spent fuel is stored in pools—steel-
lined, concrete vaults filled with water; or in dry casks—
massive, above-ground concrete and/or steel containers,
at the nuclear power plant until it can be reprocessed or
disposed of. Water is used to both cool the fuel and
absorb radiation. Most spent fuel loses about 50 percent
of its radioactivity after three months and about 80 per-
cent after one year.

How do you isolate and store radioactive waste
from land, water and air?

Several methods are being developed to isolate and safely
store radioactive nuclear waste. One method proposed
includes reprocessing the spent fuel. The used fuel would
be transported to reprocessing plants where the still
unused nuclear fuel would be separated from the
radioactive material that needs to be safely stored.

The low-level or high-level material can be fused into a
glass or ceramic solid, which is impervious to air and
water, and buried in deep, stable, underground geologic
formations. These storage areas would be constantly
monitored.

In the future, radioactive wastes will be stored in federal
repositories. Currently in the U.S., the main repository
being developed is Yucca Mountain in Nevada.
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According to the Nuclear Energy Institute, “an individual’s
lifetime share of the amount of used nuclear fuel generat-
ed by America’s nuclear power plants, which provide 20
percent of the country’s electricity, would not fill a single
soft drink can.”
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What does the term “meltdown” mean?

Ceramic fuel pellets and the metal fuel pins housing the
uranium will melt at temperatures exceeding 5,000°F
(2,760°C). During normal operations a reactor core is
cooled by water circulating through the reactor vessel,
keeping the reactor’s temperature well below the melting
point of the fuel. For a meltdown to occur, the cooling
water would have to be lost from around the fuel for an
extended period of time allowing the pins and pellets to
overheat. Nuclear power plants are designed to prevent
this, with many independent cooling systems that oper-
ate automatically.

What safety precautions are taken at nuclear
power plants?

Nuclear power plants are monitored for radiation and are
designed with safety systems which “take control” in the
event of an accident. Other safety features of nuclear
plants are: cooling systems which pump water into the
core to keep it cool; the containment building, a large
dome-shaped, thick-walled steel and concrete building
which can prevent the escape of radiation should a prob-
lem develop; and an automatic procedure which inserts
the control rods into the core to stop the chain reaction.

Because of the dilute quantities of Uranium-235 used in
commercial nuclear reactors, nuclear explosions are
impossible. It requires at least 90 percent Uranium-235 or
Plutonium-239 to produce a nuclear explosion similar to
that of nuclear weapons.

The U. S. Nuclear Regulatory Commission (NRC), and the
Canadian Nuclear Safety Commission (CNSC) are
responsible for the regulation of nuclear power plants in
North America. Both agencies go to great lengths to pre-
vent nuclear accidents. The NRC requires nuclear plant
operators to undergo three or more years of extensive
training and examination. The agencies also administer
strict construction, maintenance and safety regulations.

What is the future of nuclear energy?

In 2001 the U.S. nuclear energy industry drafted a long-
term plan for the industry’s future. The foundation of that
plan was adding 50,000 megawatts of new nuclear elec-
tric generating capacity by 2020. In addition, the industry
included plans to add 10,000 megawatts of capacity
through increased efficiency of its existing 103 nuclear
power plants.

A megawatt is a unit of electrical power generally used to
define the size of an electricity generating power plant.
One megawatt equals 1,000 kilowatts. The average nuclear
power plant is about 1,000 megawatts, so the industry
foresees 50 new nuclear power plants, or a greater num-
ber of smaller plants generating less than 1,000 megawatts.

Since the beginning of nuclear energy in the 1940s, the
U.S. and Canada have led the development of three gen-
erations of nuclear energy. Generation I in the 1950s and
‘60s included the demonstration of early prototype reac-
tors. Generation II in the 1970s and ‘80s included the
construction of commercial power reactors, including the
light water reactor (LWR) of which there are two types—
the boiling water reactors (BWRs) and pressurized water
reactors (PWRs); and the Canada Deuterium Uranium
(CANDU)a pressurized-heavy-water, natural-uranium
power reactor.

At the beginning of 2003, 32 countries worldwide were
operating 441 nuclear plants for electricity generation.
Thirty-two new nuclear plants were under construction
in 11 countries. Today 103 commercial nuclear power
plants in the U.S. generate about 20 percent of the
nation’s electricity each year. Sixteen CANDU reactors
generate 15 percent of the electricity in Canada. These
reactors are generating electricity in a reliable, environ-
mentally safe and affordable manner without emitting
noxious gases into the atmosphere.

While the Generation II and III nuclear power plant
designs provide acceptable electricity supplies, advanced
designs in the nuclear energy system will increase the
opportunities for the use of emission-free, sustainable
nuclear energy. To explore these opportunities, the U.S.
Department of Energy’s Office of Nuclear Energy, Science
and Technology, laid out a plan to engage governments,
industry and the research community worldwide in a
wide-ranging discussion on the development of next-
generation nuclear energy systems. This plan resulted in
the formation of the Generation-IV International Forum
(GIF), a group whose member countries are interested in
jointly defining the future of nuclear energy research and
development. 

What is the Generation IV Technology Roadmap?

In January, 2000, the Generation-IV International Forum,
consisting of ten countries, met together with a goal to
develop future generation nuclear energy systems. This
forum embraced systems that can be licensed, construct-
ed, and operated to provide competitively priced and
reliable energy products while satisfactorily addressing
nuclear safety, waste, and public concerns. The primary
objective for these new nuclear energy systems—known
as Generation IV Systems— is to have them available for
use and construction before the year 2030.

GIF selected six Generation IV systems that would meet
challenging technology goals. Those recommended com-
prise the nuclear reactor and its energy conversion sys-
tems as well as the necessary facilities for the entire fuel
cycle, from ore extraction to final waste disposal. 

By selecting six systems technology goals can be reached;
the mission of electricity generation, and hydrogen and
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process heat production may be adequately addressed;
and individual needs can be met since no one system
may be sufficient to accommodate the range of national
priorities and interests of the GIF countries.

Advanced-design nuclear power plants and the
future!

(Adapted from the Nuclear Energy Institute, used by permission.)

The nuclear energy industry has been developing and
improving reactor technology for over four decades. Most
of the plants built using this proven technology are virtu-
ally one-of-a-kind, custom designs. Such designs are not
economically cost effective and they take a considerable
amount of time to construct.

For future nuclear plants, the industry is firmly commit-
ted to developing standardized designs that will incorpo-
rate the latest technologies, be easier to operate and
faster to build. These plants will achieve even higher safe-
ty ratings than today’s plants.

Standardization simply means that reactors will be built
in families of the same design, except for limited site-spe-
cific differences. Standardization will reduce construction
and operating costs, and lead to greater efficiencies and
simplicity in all aspects of nuclear plant operations,
including safety, maintenance, and personnel training.

Future plants are called “evolutionary” designs because
they build directly on a previous design and on the expe-
rience and lessons learned from plants already operating
around the world. The “evolutionary” designs optimize
the light water reactor, producing a plant that is simpler,
easier to operate and maintain, and costs less to build.
Safety studies indicate that these designs will be able to
meet safety goals that are more than 100 times better
than current plants.

In 1999, the Nuclear Regulatory Commission completed
the certification process for a mid-size, 600-megawatt,
nuclear power plant. The goal will be to achieve even
greater simplification in nuclear plant designs as a way of
reducing costs and enhancing safety. Utility requirements
for performance, operation, maintenance and construc-
tion were developed for these passive designs, just as
they were for the evolutionary designs.

The smaller 600-megawatt facility incorporates improved
automatic safety features. It has several large tanks of
emergency cooling water inside the containment struc-
ture above the reactor vessel. Should an emergency
occur, pressure and gravity would force this water into
the vessel to cool the core. Compared to today’s 1000-
megawatt plants, this smaller plant will need 50 percent
less building volume, 50 percent fewer valves, 80 percent
fewer pipes, 35 percent fewer large pumps, and 70 per-
cent less control cable.

Because of their simplicity, the smaller plants can be built
much faster. Quick construction is possible because
many systems and subsystems will be assembled in the
factory, not on the plant site.

Since today’s nuclear plants were designed and built,
there have been tremendous strides in many technologi-
cal areas. Electronic control systems are a good example.
Today’s nuclear power plants have miles of control cable.
New plant designs will greatly reduce the amount of
cabling required through the use of multiplexed, digital
control systems, including state-of-the-art fiber optic
technology. The new control systems are more compact,
easier to operate, and thus safer. They’re also simpler,
which cuts construction time and cost.

Nuclear Facts

The average electricity production cost in 2002 for nuclear
energy was 1.71 cents per kilowatt-hour; for coal fired
plants, 1.85 cents; for oil, 4.41 cents; and for gas, 4.06
cents.

Of all energy sources, nuclear energy has the lowest
impact on the environment. It is the most eco-efficient
because it produces the most electricity in relation to its
minimal environmental impact. Nuclear energy is the
world’s largest source of emission-free energy. No con-
trolled air pollutants, such as sulfur, particulates, or
greenhouse gases are produced at a nuclear power plant.
Thus, the use of nuclear energy helps to keep the air
clean, preserve Earth’s climate, avoid ground-level ozone
formation, and prevent acid rain.

Even if you lived right next door to a nuclear power plant
you would still receive less radiation each year than you
would receive in just one round-trip flight from New York
to Los Angeles.

You would have to live near a nuclear power plant for over
2,000 years to get the same amount of radiation exposure
that you get from a single diagnostic medical x-ray.

Since March, 1993, 175 metric tons of uranium from
weapons have been transformed into fuel for nuclear
power plants. That’s the equivalent of 7,000 dismantled
nuclear weapons. This is the result of the United States
and the Russian Federation signing an agreement on the
disposition and purchase of 500 metric tons of highly
enriched uranium from dismantled Russian nuclear
weapons.

Nearly 4,000 hospital-based nuclear medicine depart-
ments across the country perform more than 10 million
nuclear medicine patient procedures each year.

In 1963, the U.S. Food and Drug Administration approved
the irradiation of wheat, flour and potatoes; in 1983,
spices and seasonings; in 1985, pork; in 1986, fruits and
vegetables; in 1990, poultry; and in 1997, red meat.

ENERGY BASICS
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What is hydrogen?

Hydrogen is the most abundant and simplest element in
the universe. An atom of hydrogen has only one proton
and one electron. Hydrogen is not commonly found in its
pure form since it readily combines with other elements.
Combined with oxygen it is water (H2O) that covers 70
percent of Earth’s surface. Combined with carbon, it can
be found in numerous materials such as methane, coal,
and petroleum. It is found in all organic matter, and in all
growing things—biomass.

Hydrogen is a colorless, odorless, tasteless, and nonpoi-
sonous gas. It burns with a pale-blue almost invisible
flame, making hydrogen fires difficult to see. It is highly
flammable; it only takes a small amount of energy to
ignite hydrogen and make it burn. But, one valuable ben-
efit is that the combustion of hydrogen produces no car-
bon dioxide (CO2), particulate, or sulfur emissions. When
burned, the only by-products are heat and water. The
amount of energy produced by hydrogen per unit weight
of fuel is about three times the amount of energy con-
tained in an equal weight of gasoline, and almost seven
times that of coal.

Could hydrogen be a future energy carrier?

Everyday we use energy to produce electricity. Electricity
is a secondary source of energy. It is an “energy carrier”
used to transport and deliver energy. Energy is converted
to electricity because it is easier to transport and use than
its primary energy source. It would be difficult for each
person to burn coal or split atoms to power their com-
puter; an energy carrier makes life simpler.

Hydrogen is the most promising future energy carrier. It
is a high-efficiency, low-polluting fuel that can be used
for transportation, heating, and power generation. Today
we live in a fossil fuel economy; that is, most of our ener-
gy is generated from fossil fuels. Coal, natural gas, and
petroleum generate electricity, power our transportation
industry, and supply thousands of products we use every-
day. Many of the problems we encounter in a fossil fuel
economy could be solved with a hydrogen economy—
pollution caused by fossil fuels, greenhouse gases, eco-
nomic dependence on foreign countries, and the nega-
tive effects on the environment would all be eliminated.

An interesting problem with a hydrogen economy is the
hydrogen itself. Where will it come from? With the fossil
fuel economy you simply take the fossil fuel out of the
ground—its natural storehouse—refine it, and burn it as
an energy source. In the hydrogen economy, there is no
storehouse to tap into. The energy has to be created
before it can be used.

Where does hydrogen come from?

There are two main sources for hydrogen:

• Reforming fossil fuels: Oil and natural gas contain
hydrocarbons—molecules consisting of hydrogen and
carbon. Using a device called a fuel processor or a
reformer, you can split the hydrogen off the carbon in
a hydrocarbon fairly easily and then use the hydrogen.
The leftover carbon is released into the atmosphere as
carbon dioxide.

• Electrolysis of water: Using electricity, it is easy to split
water molecules to create pure hydrogen and oxygen.
One big advantage of this process is that you can do it
anywhere. For example, you could have a box in your
garage producing hydrogen from tap water, and you
could fuel your car with that hydrogen.

Reforming fossil fuels is, of course, a small step forward
since you are using fossil fuels as the source of hydrogen.
Air pollution is reduced but the problems of dependence
on fossil fuels, smog, air pollution, acid rain, and global
warming are still present. However, it is a step in the right
direction and may be a temporary solution as research
continues. 

There are also several experimental methods of produc-
ing hydrogen being explored—photoelectrolysis, thermal
or biological conversion of biomass, and scientists have
even discovered that some algae and bacteria produce
hydrogen under certain conditions.

Hydrogen Energy

A 30 ft. hydrogen-fuel-cell powered transit bus made by
Ballard Power Systems in Canada. It has a 275 horsepower
engine, and a range of 250 miles before requiring refueling.
The only emission from this bus is warm, moist air.
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How is hydrogen stored and transported?

Hydrogen is currently transported by pipeline or by road
in cylinders, tube trailers, and cryogenic tankers, with a
small amount shipped by rail or barge. Most of the
pipelines are owned by merchant hydrogen producers
and are limited to a few areas in the U.S. and Canada
where large hydrogen refineries and chemical plants are
concentrated.

Hydrogen distribution in high-pressure cylinders and
tube trailers usually has a range of 100 – 200 miles (160 –
320 km) from the production facility. For longer distances
of up to 1,000 miles (1,609 km), hydrogen is usually trans-
ported as a liquid in super-insulated cryogenic, over-the-
road tankers, railcars, or barges, and then vaporized for
use at the customer site.

Hydrogen can be stored as a compressed gas or liquid, or
in a chemical compound. It can also be stored in a solid
form in a chemical called “sodium borohydride.” The
chemical is created from borax—a common ingredient in
some detergents. One benefit of this type of storage is
that as sodium borohydride releases its hydrogen, it turns
back into borax and can be recycled.

What does the future hold for hydrogen?

We will be hearing more about hydrogen in the months
and years to come. The environmental problems generat-
ed by the fossil fuel economy are compelling governmen-
tal backing and support of the hydrogen economy.
Scientific breakthroughs in fuel-cell technology are
already pushing the development of fuel-cell-powered

vehicles. Even though they will be powered initially by
gasoline and reformers, fuel cells provide two major
improvements over the internal combustion engine: (1)
they are about twice as efficient, and (2) they can signifi-
cantly reduce air pollution in cities. Gasoline-powered
fuel-cell vehicles are a major transitional step.

Hydrogen fuel cells operate like a battery. The chemicals
are very simple—hydrogen and oxygen. The hydrogen
and oxygen atoms are joined together to produce water
and electricity. 

A hydrogen fuel cell consists of an electrolyte sand-
wiched between two electrodes. Oxygen passes over one
electrode and hydrogen over the other, generating elec-
tricity, water and heat. Hydrogen is fed into the “anode”
(the negative terminal) of the fuel cell. Oxygen (or air)
enters the fuel cell through the “cathode” (the positive
terminal) of the cell. Excited by a catalyst (a substance
that initiates a chemical reaction), the hydrogen atom
splits into a proton and an electron, which take different
paths to the cathode. The proton passes through the elec-
trolyte. The electrons create a separate current that can
be utilized before they return to the cathode, to be reunit-
ed with the hydrogen and oxygen in a molecule of water.

Since hydrogen fuel cells rely on chemistry and not com-
bustion, its emissions are virtually zero. Hydrogen fuel
cells can be made in a vast quantity of sizes. They can be
used to produce small amounts of electric power for
devices such as personal computers, or stacked together
to produce high voltage power for electric power stations.
Hydrogen fuel cell vehicles are an attractive alternative to
regular battery-powered vehicles. They can be refueled
quicker and even run longer between refueling.

A Hydrogen Fuel Cell

Presently, NASA is the
primary user of hydro-
gen fuel in the space
program. Liquid
hydrogen has fueled
the space shuttle and
other rockets since the
1970s. Hydrogen fuel
cells powered the shut-
tle’s electrical systems
producing pure water
which was used by the
crew as drinking water.
In the future, hydrogen
will join electricity as a
major energy carrier. It
can be made safely
from renewable energy
sources and is virtually
nonpolluting.
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What is a fuel cell?

Fuel cells have been around for over 150 years. They are
electro-chemical energy conversion devices that operate
very efficiently with little noise or air pollution. Direct
current (DC) voltage is provided that can be used to
power motors, lights or anything that is currently pow-
ered by electricity. In principle, a fuel cell operates like a
battery. However, unlike a battery, a fuel cell does not run
down or require recharging. It will produce energy in the
form of electricity and heat as long as fuel is supplied.

All fuel cells operate on the same principle—they convert
chemical energy directly into electricity rather than
requiring an energy source that must be burned, such as
coal or natural gas. The fuel cell will be used like many
other types of energy conversion devices such as the gas
turbine in a power plant, the gasoline engine in your car,
or the battery in your laptop computer. 

Are there different types of fuel cells?

The proton exchange membrane (PEM) fuel cell is one
of the most promising technologies and uses one of the
simplest reactions of any fuel cell. It needs only hydro-
gen, oxygen from the air, and water to operate and does
not require corrosive fluids like some fuel cells.

There are four basic elements in a PEM fuel cell:

The anode, the negative post of the fuel cell, has chan-
nels etched into it that spreads the hydrogen gas equally
over the surface of the catalyst. Electrons are stripped
from the hydrogen and travel through an external circuit
producing electricity. The hydrogen ions pass into the
electrolyte.

The cathode, the positive post of the fuel cell, has chan-
nels etched into it that distribute oxygen to the catalyst.
The electrons, released from the hydrogen in the anode,
travel back from the external circuit to the cathode where
they combine with the hydrogen ions and oxygen to form
water. 

The electrolyte is the proton exchange membrane. This
specially treated material, which looks something like
plastic food wrap, only conducts positively charged ions
and blocks electrons.

The catalyst is a special material that makes possible the
reaction of oxygen and hydrogen. It is usually made of
platinum powder very thinly coated onto carbon paper
or cloth. It is rough and porous so that the maximum sur-
face area of the platinum can be exposed to the hydrogen
or oxygen. 

The alkaline fuel cell (AFC) is one of the oldest designs. It
has been used in the space program since the 1960s.
Unfortunately, this fuel cell is very susceptible to contam-
ination, so it requires pure hydrogen and oxygen, making
it very expensive. This type of fuel cell is unlikely to be
commercialized.

The phosphoric-acid fuel cell (PAFC) has potential for
use in small stationary power generating systems but
operates at a higher temperature than PEM fuel cells and
takes longer to warm-up, making it unsuitable for use in
cars. The solid oxide fuel cell (SOFC) is best suited for
large-scale power generators that could provide electrici-
ty for industries or communities. It operates at very high
temperatures providing steam that can be directed into
turbines to generate more electricity. The molten car-
bonate fuel cell (MCFC) is very similar to the SOFC but it
operates at a lower temperature making the design a little
less expensive.

Are there current applications for fuel cells?

Fuel cells are being used throughout the world. Research
and development teams in many industries are concen-
trating on fuel cells. All of the automakers are designing
fuel cell cars. There are fuel cells powering buses, boats,
trains, planes, and scooters. Vending machines, vacuum
cleaners, highway road signs, hospitals, credit card cen-
ters, banks, and police stations are all using fuel cells to
provide power. Wastewater treatment plants and landfills
are using fuel cells to convert the methane gas they pro-
duce into electricity. The possibilities for this phenome-
nal, environmental friendly, technology are endless.

More than 2500 fuel cell systems have been installed all
over the world providing primary power or backup. Fuel
cells are ideal for residential power generation, either
connected to the electric grid to provide backup emer-
gency power or installed as an independent system in
remote areas that are inaccessible by power lines. Many

The parts of a PEM fuel cell

Anode
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Exchange Membrane

Cathode

Catalyst
(black line)
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of the systems being tested for residential use extract
hydrogen from propane or natural gas.

All of the major automotive manufacturers have a fuel
cell vehicle either in operation or in development. A fuel
cell car will be very similar to an electric car but with a
fuel cell and reformer instead of batteries. Some designs
use methanol while others are working on gasoline
reformers.

Miniature fuel cells, once they are available commercially,
will enable cellular phone use for up to a month without
recharging. Laptops and palm pilots will function hours
longer than they currently do with batteries, plus
recharge will be much quicker. Most encouraging is the
fuel cell technology that has the potential to replace con-
ventional combustion power plants. Large fuel cells will
be able to generate electricity more efficiently than
today’s power plants. These power plants will generate
electricity directly from hydrogen, but will also use the
heat and water produced in the cell to power steam tur-
bines and generate even more electricity.

What are the problems with fuel cells?

Fuel cells require oxygen which is plentiful and readily
available—it comes from the air all around us. They also
require hydrogen, which is not so readily available.
Hydrogen has some limitations. For instance, you don’t
have a hydrogen pipeline running to your house and you
can’t pull into a station and use a hydrogen fuel pump.

Hydrogen is difficult to store and distribute which pres-
ents a problem. To date, this problem is solved by a
“reformer.” A reformer turns hydrocarbon or alcohol
fuels into hydrogen which is then used in the fuel cell.
The negative side of this system is that reformers gener-
ate heat and produce other gases besides hydrogen.
Various devices are used to address this but if the hydro-
gen that comes out of them is not pure, then the efficien-
cy of the fuel cell is lowered.

What is the future of fuel cells?

Fuel cells have several advantages over present-day com-
bustion-based technologies being used in power plants
and passenger vehicles. Most fuel cells use a renewable
energy source—hydrogen. Even when natural gas or
methane is used as the source of hydrogen, fuel cells pro-
duce much smaller quantities of greenhouse gases that
contribute to global warming and none of the air pollu-
tants that create smog and cause health problems. In fact,
if pure hydrogen is used as a fuel, only heat and water are
emitted as by-products. 

Fuel cells are more efficient than combustion-based tech-
nologies, and the hydrogen used to power them can be
obtained from a variety of sources; including fossil fuels,
renewable sources, and nuclear energy. Since the fuel can
be produced from domestically available resources, fuel
cells have the potential to improve national energy secu-
rity by reducing our dependence on oil from foreign
countries.
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Introduction

Past studies and evidence suggest that every year about
28 to 30 million tons (25.4 to 27.2 million metric tons) of
carbon go into the formation of new fossil sediments and
about 6 to 8 billion tons (5.4 to 7.2 billion metric tons) of
carbon are being consumed per year. The rate of con-
sumption is over 200 times the rate of deposition.
Because of this, we say that fossil fuels are limited and
nonrenewable.

All the things we use everyday to meet our needs and
wants are provided through the use of natural resources.
Natural resources are either renewable or nonrenewable.
Renewable resources are materials that can be replaced
through natural and/or human processes. Nonrenewable
resources exist in fixed amounts within the earth and
once they’re used up, they’re gone forever or it takes the
earth an extreme amount of time to make them.

Energy, derived from natural resources, lights, heats, and
cools our homes, offices and factories. It powers the
machines of industry and transportation. The clothing we
wear, the food we eat, the buildings in which we live and
work, and even the systems we use to communicate—all
are dependent on energy.

For generations, our society has been enjoying the bene-
fits of plentiful, inexpensive, and easily available energy—
fossil fuels. But these fuels, such as coal, oil and natural
gas, are finite. As supplies have decreased and become
more expensive to extract, the search has intensified for
alternative energy sources—sources of energy other than
fossil fuels.

The most obvious and virtually limitless energy source is
the natural fusion reactor which Earth revolves around in
space—the sun. In terms of humankind’s residence on
Earth, the sun is an object that will last forever, continu-
ously radiating energy that makes life on our planet pos-
sible. Although Earth intercepts only a small fraction of
the total energy emitted by the sun, the amount received
is thousands of times the present energy requirement of
the world’s human population. 

Other renewable energy sources include wind energy,
hydroelectric energy, biomass energy, geothermal ener-
gy, and various forms of energy derived from the ocean.
New ways and ideas to harness or use these renewable
energy sources are continually being researched and
developed.

How is the sun an energy source?

The surface of the sun, which radiates energy in the form
of heat and light, is called the photosphere. The sun's
interior is composed of dense gases (70 percent hydrogen
and 28 percent helium) and high temperatures (27 mil-

lion degrees Fahrenheit/15 million degrees Celsius). The
heat and light energy is produced through a thermo-
nuclear reaction (fusion) in which hydrogen atoms are
fused together to form helium.

Of the sun's energy that reaches Earth's atmosphere, 30
percent is reflected back into outer space, 47 percent is
absorbed by Earth's surface and converted into heat ener-
gy, 23 percent drives the hydrological (water) cycle, less
than one percent creates winds and ocean currents, and
only 0.03 percent is captured by plants and used in pho-
tosynthesis. The 0.03 percent of the sun's energy captured
by plants provides all the world's food energy and pro-
duced the stored fossil fuel energy (coal, oil, natural gas).
Thus, the sun is the primary source of all energy on Earth.

The sun's position in the sky has a major effect on the
solar energy received by Earth. In order to collect and use
solar energy efficiently, one must be knowledgeable of
the sun's movements, both daily and seasonally.

Is there a difference between heat and tempera-
ture?

To understand solar energy, one must understand the
principles of heat, temperature, and heat flow since solar
energy technologies are based on these principles.

Heat and temperature are different, but often incorrectly
interchanged. Heat is an indication of how much energy
an object contains; whereas temperature is the hotness of
an object. The heat energy contained by an object is
influenced by many factors; including temperature, the

Renewable Energy Sources
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The sun is the primary source of all energy on Earth.
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About 47% is absorbed by Earth’s sur-
face and converted into heat energy.
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composition of the object, and the size of the object. For
example, if a nine-inch (23 cm) diameter pie tin and a
five-inch (12.5 cm) diameter pie tin were filled with dirt
and heated in an oven for several hours, each would have
the same temperature, but the nine-inch ( 23 cm) diame-
ter pie tin would contain more heat energy because of its
larger size.

Heat energy also flows from warm objects to cold objects
because of the temperature difference. The heat will con-
tinue to flow from the warm object to the cold object
until the temperatures are equal. There are three natural
means by which heat flows: conduction, convection and
radiation. Conduction is the transfer of heat through a
solid. Convection is the transfer of heat by movement of a
liquid or a gas. Radiation is the transfer of heat in waves
through the air.

Temperature difference causes heat to flow, but how fast
the heat flows is determined by the thermal resistance of
the object. Thermal resistance is influenced by tempera-
ture difference, the composition of the object, its state of
matter (gas, solid, liquid) and the area of the heat flow
path.

What is solar radiation?

Solar radiation is a form of electromagnetic radiation,
such as x-rays, light waves, microwaves, television waves
and radio waves. However, solar radiation differs from
heat flow radiation. This difference is important to solar
energy technologies.

First, color is an important factor in solar radiation, but is
not in radiation heat flow. Black or dark-colored objects
absorb solar radiation and become hotter, while white or
light-colored objects reflect solar radiation. Color has no
effect on radiation heat flow. Light- and dark-colored
objects will absorb the same amount of heat energy from
radiation heat flow.

The second most important difference is that solar radia-
tion passes through transparent materials (glass, plas-
tics), whereas radiation heat flow cannot. Thus, transpar-
ent materials trap heat energy.

How is the sun's energy harnessed?

Three primary processes exist by which solar energy can
be put to practical use: photochemical, photoelectrical,
and photothermal. The photochemical process, called
photosynthesis, uses solar energy to unite carbon diox-
ide, water, and nutrients from the soil to create carbohy-
drates (chemical potential energy) and oxygen. The coal,
oil and natural gas we use today probably resulted from
photosynthesis that took place eons ago.

In the photothermal process, light energy (shortwave
radiation) is transformed into heat energy (longwave
radiation). As light energy strikes an object, it is either
absorbed, reflected or transformed into heat energy. The
heat energy is then either radiated away from the object,

carried off by air or water (convection), or conducted to
surrounding objects.

Photothermal technologies include: passive and active
solar energy systems, power towers and Ocean Thermal
Energy Conversion (OTEC) systems.

The photoelectrical process converts light energy into
electrical energy. It involves the use of photons (light
energy) to excite the outer (valence) electrons of atoms,
causing the electrons to move, producing an electrical
current. Photoelectric technologies include photo-
voltaics.

What is a power tower?

Power towers produce electrical energy from the absorbed
heat energy of the sun. In their design, a central receiver
(boiler) is placed at the top of a tall tower located in the
center of a field of sun-tracking mirrors (heliostats). The
solar energy reflected from the mirrors is absorbed by the
receiver and used to heat a liquid or gas. The high-tem-
perature, high-pressure vapor turns a turbine which
turns a generator to produce electricity. It can also be
used to deliver heat energy to a thermal-storage unit for
deferred operation. The mirror field for a 100 megawatt
facility consists of about 20,000 heliostats, requiring
roughly 2.2 square miles (3.5 square kilometers). The
tower for a power plant of this size is 284 yards (260
meters) high. The solar energy concentrated upon the
central receiver is over 1,000 times as great as the normal
solar radiation and will raise the temperature of the
receiver 1475°F to 2200°F (800°C to 1200°C). Power tower
feasibility is controlled by the sun’s availability and space,
thus power towers are located in sunny, sparsely populat-
ed areas like the Southwestern United States.

What are photovoltaics?

Photovoltaic comes from the words “photo” meaning
light and “volt” a measurement of electricity. Photovoltaic
cells are sometimes called PV or solar cells. In the photo-
voltaic process, light is converted directly into electricity. 

Light is composed of tiny bundles of energy called pho-
tons. When photons reach the earth they interact with
the atoms of solids, liquids, and gases. An atom consists
of a nucleus surrounded by electrons. When incoming
photons strike an atom, energy is converted. In some
atoms the added energy knocks the atom’s outer elec-
tron(s) off. Electrons freed in this manner are known as
conduction electrons because they form an electric cur-
rent. Photovoltaic solar cells are designed to take advan-
tage of this phenomenon.

Silicon is used to form very thin wafers to make photo-
voltaic solar cells because its electrons are easily dis-
placed by absorbed photons. In some wafers a small
amount of phosphorous is added giving the wafers of sili-
con an excess of free electrons so it will have a negative
character. This wafer is called the n-layer. In some wafers
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a small amount of boron is added giving the wafers of sil-
icon a positive character because it attracts electrons.
This layer is called the p-layer. Keep in mind that the n-
layer has a negative character, not a negative charge; and
the p-layer has a positive character, not a positive charge.

When the two wafers are placed together the free elec-
trons from the n-layer flow into the p-layer for a split sec-
ond, then form a barrier to prevent more electrons from
moving from one layer to the other. This contact point
and barrier is called the p-n junction.

After the layers are joined the p-layer section of the junc-
tion has a negative charge and the n-layer section of the
junction has a positive charge. An electric field is pro-
duced between the p-layer and the n-layer at the p-n
junction because of the imbalance in the charge of the
two layers.

Place the PV cell in the sun and photons of light energy
strike the electrons in the p-n junction, energizing them
and knocking them free of their atoms. These electrons
are attracted to the positive charge in the n-layer and
repelled by the negative charge in the p-layer.

If you attach a wire between the p-layer and the n-layer,
the free electrons are pushed into the n-layer and repel
each other. The wire provides a path for the repelled elec-
trons to get away. This flow of electrons is an electric cur-
rent.

For many years, PV cells have been used for specialty
applications such as powering space craft, remote weath-
er stations, and consumer products such as watches and
calculators. But today, PV cells have become a common
power source for a wide variety of telecommunications
equipment, including cellular phone towers, radio-con-
trolled valves used on oil and gas pipelines, and in weath-
er stations. Solar-power watches have batteries that are
continually recharged by small PV cells. This same tech-
nology is used in calculators and toys. In remote areas,
excess electricity can be stored in batteries for use when
the sun isn’t shining.

What is wood energy?

Chemical potential energy is produced by plants
through photosynthesis and is stored as biomass. The
chemical potential energy of biomass is released when
the plants decay or are burned.

Wood is one of the most abundant and useful forms of
biomass on this planet. Even though trees take 50 to 100
years to reach maturity, we can use this valuable resource
forever if we grow and harvest trees with care and plan-
ning. The most ambitious plan for the use of wood fuel is
the “energy plantation.” These are large tracts of land
devoted to the production of trees for use in nearby elec-
trical generating plants. It is estimated that a 1,000
megawatt plant would require between 200 and 600
square miles of woodland in order to have a sufficient
supply of wood fuel.

However, there are problems with large-scale use of
wood. Unless the harvesting of trees is done carefully and
properly, the soil can become seriously depleted of nutri-
ents and eroded. Also, there are simply too many of us
and we want far more energy than our grandparents or
great-grandparents did: so wood cannot fully satisfy our
energy needs. There are also air pollution problems with
burning wood in heavily populated areas.

What are biofuels?

Biofuels are derived from plants, which capture the sun's
energy and convert it to biomass (chemical potential
energy) through photosynthesis. Biofuels are distin-
guished from fossil fuels, which are also of biological ori-
gin, but are nonrenewable. Biomass, in the process of
being eaten, burned or decayed, transfers its energy to
the rest of the living world. There are many proposals for
biomass energy plantations. One idea calls for growing
sea kelp in the offshore waters of California and Peru to
produce 1.8 billion tons of dry marine algae per year. This
biomass would then be converted to methane. 

Some farmers are already growing crops to convert into
ethanol. Ethanol, a biofuel, is mainly produced from
corn. Other plant material, such as sugar cane and rice
straw (agricultural waste), have also been used. The
advantages of biofuels over other fuel sources are:
domestic production would have a favorable economic
impact, a more favorable impact on the environment
(biomass is low in polluting sulfur), and the energy pro-
duced is renewable. There are, however, problems with
the energy plantation concept; large land areas would be
needed and by centralizing energy production, the ener-
gy plantation would require elaborate electricity trans-
mission grids.

How is refuse an energy source?

One type of biomass that has potential as an energy source
is organic waste or refuse (garbage). Although still con-
sidered a problem rather than a resource, there is little
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doubt that refuse will be used more and more as raw
materials for conversion and recycling. Refuse can also
be converted to other useful forms by composting
(decaying organic materials to produce a soil conditioner
and fertilizer) or anaerobic digestion (decaying organic
material in airtight containers to produce methane, liq-
uid fertilizer, or distilled to produce ethanol). However,
we must remember that it takes energy to produce the
items that become our refuse. Conservation—using less
paper, plastics, fabrics, aluminum, etc.—saves more
energy than conversion and recycling.

How is wind an energy source?

Wind is a form of kinetic energy created in part by the
sun. About two percent of the sun's energy that reaches
the earth is converted to wind energy. The atmosphere is
heated during the day by the sun and at night it cools by
losing its heat to space. Wind is the reaction of the atmos-
phere to the heating and cooling cycles, as well as the
rotation of the earth. Heat causes low pressure areas, and
the cool of the night results in high pressure areas. This
process creates wind when air flows from high pressure
areas into low pressure areas.

Wind energy has been used for hundreds of years. The
windmills of Europe and Asia converted the kinetic ener-
gy of the wind into
mechanical energy,
turning wheels to grind
grain. Today wind-driv-
en generators are used
to convert the kinetic
energy of wind into
electrical energy.
Wind-driven systems
consist of a tower to
support the wind gen-
erator, devices regulat-
ing generator voltage,
propeller and hub sys-
tem, tail vane, a storage
system to store electric-
ity for use during wind-
less days, and a con-
verter which converts
the stored direct cur-
rent (DC) into alternat-
ing current (AC).

Wind energy accounts for 6 percent of renewable elec-
tricity generation. The U.S. wind energy industry
achieved unprecedented success in the first year of the
new century, installing nearly 1700 megawatts or $1.7 bil-
lion worth of new generating capacity. Due to continuing
research and better placement of turbines, wind power
has become much more reliable.

Virtually all regions of Canada have areas with good wind
resources. Oceans and large lakes, open prairie, and cer-

tain hill or mountain areas often have good winds, and
these areas are where Canada’s current wind generation
facilities are located. There are commercial wind turbines
in five provinces and the Yukon, with plans for further
installations in almost all the rest of the provinces.

Natural Resources Canada estimates that Canada has
almost 30,000 megawatts of developable wind resource.
This compares to the current installed base of 200
megawatts, and would be enough to supply 15 percent of
Canada's electricity supply.

The wind energy future looks bright and there is a grow-
ing interest in wind power within the North American
electric industry. Wind power is a clean and renewable
energy source, it produces no pollution and it doesn’t
harm our earth. Also important is the fact that the price
of wind power is not affected by fuel price increases or
supply disruptions—it is a domestic, renewable energy
source. The land used for wind turbines can still be used
for other purposes such as grazing and farmland.

What is hydropower?

Hydropower is a form of solar energy. The sun's energy
drives the hydrologic cycle by evaporating water from
lakes and oceans and by heating air. The hot air then
rises over the water carrying moisture to the land. The
cycle continues when the water falls as precipitation and
flows back to lakes and oceans.

The potential energy of water located at elevations above
sea level is one of the “purest” forms of energy available.
It can provide energy without producing pollution. It is
relatively easy to control and can be converted to elec-
tricity with an efficiency of 75–85 percent. As a result,
large and small rivers around the world, with the appro-
priate topography, have been dammed and waterwheels
and water turbines installed to capture the kinetic energy
of the falling or flowing water.
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Hydroelectric installations require the construction of
dams to increase the reliability of the energy available
from a stream. The dam also regulates the flow of water
and creates water pressure at the bottom of the dam. The
water pressure is proportional to the depth of the reser-
voir created by the dam. The greater the water pressure,
the greater the power.

Water from the reservoir flows through the dam in pipes
called penstocks to the powerhouse. In the powerhouse
the water pressure is applied to a turbine which spins a
generator to produce electricity. After the water has
moved through the turbine, it is released into the river
below the dam.

Hydroelectric power is cost-effective and proven.
However, there are drawbacks. The damming of a river or
stream has a critical and sometimes irreversible impact
on the long-term ecological balance of that river or
stream. Dams also encourage an accumulation of silt and
can be a hazard in earthquake zones. However, dams cre-
ate a better environment for some animals and plants,
provide new recreational areas, and can control natural
disasters such as floods and erosion.

Hydroelectric generation accounts for about 24 percent
of all electric generation worldwide, and about 8 percent
in the U.S. Current hydroelectric generation in the United
States is at about 20 percent of its potential. However,
most remaining hydroelectric generating facilities would
be in the form of small dams (10 – 30 megawatts).

The flow of water accounts for most of the electric power
Canadians use—61 percent. Canada’s land features are
well suited for hydropower. A good example is the
Canadian Shield, an area of rugged terrain and large river
systems that stretches from Hudson Bay to Labrador and
from the Great Lakes to the Arctic. More than one-third of
our hydroelectric capacity is located on rivers that are sit-
uated in or flow into this region.

Hydroelectricity provides most of the power used in
Quebec, British Columbia, Manitoba, Newfoundland and
Labrador, and the Yukon. The province of Quebec is the
country’s largest producer of hydroelectricity, with 93
percent of its electricity produced by hydroelectric facili-
ties. Almost half of our country’s hydroelectric capacity is
found in this province. 

How are ocean tides an energy source?

The potential energy of gravity—caused by the relation-
ship between the earth, moon, and sun—and the kinetic
energy of Earth's rotation creates tides and the kinetic
energy associated with their rising and falling. The key to
the usefulness of tidal energy is the height difference
between high and low tide.

In order to obtain energy from tides, a dam must be con-
structed across a coastal inlet. The dam allows water to
flow inward at high tide, trapping the water. At low tide

the water is allowed to flow back through the dam in a
penstock. The flowing water turns a turbine and genera-
tor, producing electricity.

There are only a few locations in North America that are
suitable for tidal energy development.

How are ocean waves an energy source?

The kinetic energy of waves is derived from the interac-
tions of winds and ocean currents. Methods for harness-
ing the kinetic energy of waves are new and untested.
Several different devices have been successful on a small-
scale operation. All of them operated by using the natural
up-and-down motion of waves. For example, the
Madsuda buoy consists of an upturned canister with two
holes in the top portion of the container floating in the
water. As the waves rise and fall inside it, air is forced in
and out by air pressure. The stream of air drives an air
turbine, which, in turn, drives a generator producing
electricity. 

Waves, like wind, are unpredictable. Presently, wave ener-
gy is not economically feasible.

What is geothermal energy?

Geothermal energy, heat from within the earth, is the
result of radioactive decay, chemical reactions, friction
from the movement of crustal plates, and heat present
from the earth's formation.

There are three basic forms of geothermal energy:
hydrothermal, geopressurized, and hot dry rock.
Hydrothermal systems are composed of hot water and
steam trapped in porous or fractured rock near the
earth's surface. Geopressurized reservoirs contain a mix-
ture of hot water and methane gas trapped in sedimenta-
ry rock far beneath the earth's surface. Hot dry rock for-
mations contain abnormally hot rock and little water.

Most of the recoverable United States geothermal
reserves are located within the Western states; Alaska,
California, Idaho, Montana, Nevada, New Mexico,
Oregon, Utah, and Washington.

All geothermal energy sources can be used in industrial
processes and space heating, but only hydrothermal
resources can be used in electrical generation.
Hydrothermal resources use steam directly to turn a tur-
bine and generator to produce electricity. In the process,
steam is condensed to water and returned to the earth.

Direct application of geothermal energy to heat buildings
can be found in Reykjavik, Iceland; Klamath Falls,
Oregon; and Boise, Idaho. Electricity is produced by geo-
thermal energy in California and Utah in the U.S.

Environmental and maintenance problems arise when
the hot geothermal water, saturated with soluble miner-
als, cools and deposits the minerals in pipes and equip-
ment. Geothermal energy, because of its localization,
cannot satisfy North Americas’ overall energy needs.
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