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Biomass

2002 Facts at a Glance

Classification: Renewable Energy Source

Percent of energy produced in US:
Percent of energy consumed in US:

*3.9%
*2.9%

(28Q)
(28 Q)

Maijor uses: electricity, transportation, heating
*Most electricity from biomass is for co-generation, not for the
electricity grid and is not measured or reported here.

What Is Biomass?

Biomass is any organic matter—
wood, crops, seaweed, animal
wastes—that can be used as an en-
ergy source. Biomass is probably our
oldest source of energy. For thou-
sands of years, people have burned
wood to heat their homes and cook
their food.

Biomass gets its energy from the
sun. All organic matter contains
stored energy from the sun. Dur-
ing a process called photosynthe-
sis, sunlight gives plants the energy
they need to convert water, carbon

dioxide, and minerals into oxygen
and sugars. The sugars, called car-
bohydrates, supply plants (or the
animals that eat plants) with en-
ergy. Foods rich in carbohydrates
(like spaghetti) are a good source of
energy for the human body!

Biomass is a renewable energy
source because its supplies are not
limited. We can always grow trees
and crops, and waste will always
exist.

Types of Biomass

We use four types of biomass to-
day—wood and agricultural prod-
ucts, solid waste, landfill gas and
biogas, and alcohol fuels.

Wood and
Agricultural Biomass
Most biomass used today is home
grown energy. Wood—Ilogs, chips,
bark, and sawdust—accounts for
about 71 percent of biomass energy.
But any organic matter can produce
biomass energy. Other biomass
sources include agricultural waste
products like fruit pits and corn cobs.
Wood and wood waste, along

In the process of photosynthesis, plants convert radiant energy from
the sun into chemical energy in the form of glucose - or sugar.

water +carbon dioxide+

6H,0 +

sunlight
6 CO,

—> glucose —+ oxygen

+ radiant energy—> CH, O, + 60,

with agricultural waste, are used to
generate electricity. Much of the
electricity generated by biomass is
used by the industries making the
waste; it is not distributed by utili-
ties. Paper mills and saw mills, for
example, use much of their waste
products to generate steam and elec-
tricity for their use. However, since
they use so much energy, they need
to buy additional electricity from
utilities.

Increasingly, timber companies
and companies involved with
wood products, are seeing the ben-
efits of using their lumber scrap and
sawdust for power generation. This
saves disposal costs and in some ar-
eas, may reduce the companies’ util-
ity bills. In fact, the pulp and paper
industries rely on biomass to meet
half of their energy needs.

Other industries that use bio-
mass include lumber producers, fur-
niture manufacturers, agricultural
concerns like nut and rice growers,
and liquor producers.

Solid Waste

There is nothing new about
people burning trash. What's new
is burning trash to generate electric-
ity. This turns waste into a usable
form of energy. A ton (2,000
pounds) of garbage contains about
asmuch heat energy as 500 pounds
of coal. Garbage is not all biomass;
perhaps half of its energy content
comes from plastics and rubber.

Power plants that burn garbage
for energy are called waste-to-en-
ergy plants. These plants generate
electricity much as coal-fired plants
do, except that garbage—not coal—
is the fuel used to fire their boilers.

Making electricity from garbage
costs more than making it from
coal and other energy sources. The
main advantage of burning solid
waste is that it reduces the amount
of garbage dumped in landfills by
60 to 90 percent, and reduces the
cost of landfill disposal. It also
makes use of the energy in the gar-
bage, rather than burying it in a
landfill, where it is unusable.
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Landfill Gas

Bacteria and fungi are not picky
eaters. They eat dead plants and
animals, causing them to rot or
decay. A fungus on a rotting log is
converting cellulose to sugars to
feed itself.

Even though this natural pro-
cess is slowed in the artificial envi-
ronment of a landfill, a substance
called methane gas is still pro-
duced as the waste decays.

New regulations require landfills
to collect methane gas for safety
and environmental reasons. Meth-
ane gas is colorless and odorless, but
itis not harmless. The gas can cause
fires or explosions if it seeps into
nearby homes and is ignited.

Landfills can collect the meth-
ane gas, purify it, and use it as an
energy source. Methane, which is
the main ingredient in natural gas,
is a good energy source. Most gas
furnaces and gas stoves use meth-
ane supplied by natural gas utility
companies. A landfill in Florence,
Alabama recovers 32 million cubic
feet of methane gas a day. The city
purifies the gas and pumps it into
natural gas pipelines.

Today, a small portion of landfill
gas is used to provide energy. Most
is burned off at the landfill. With
today’s low natural gas prices, this
higher-priced biogas is rarely eco-
nomical to collect. Methane, how-

ever, is a more powerful greenhouse
gas than carbon dioxide. It is bet-
ter to burn landfill methane and
change it into carbon dioxide than
release it into the atmosphere.

Methane can also be produced
using energy from agricultural and
human wastes. Biogas digesters are
airtight containers or pits lined with
steel or bricks. Wastes put into the
containers are fermented without
oxygen to produce a methane-rich
gas. This gas can be used to produce
electricity, or for cooking and light-
ing. It is a safe and clean-burning
gas, producing little carbon mon-
oxide and no smoke.

Biogas digesters are inexpensive
to build and maintain. They can be
built as family-sized or community-
sized units. They need moderate
temperatures and moisture for the
fermentation process to occur.

For developing countries, biogas
digesters may be one of the best
answers to many of their energy
needs. They can help reverse the
rampant deforestation caused by
wood-burning, and can reduce air
pollution, fertilize over-used fields,
and produce clean, safe energy for
rural communities.

Use of Biomass

Until the mid-1800s, wood gave
Americans 90 percent of the energy
used in the country. Today, biomass

provides almost three percent of the
energy we use. Biomass has largely
been replaced by coal, natural gas,
and petroleum.

Seventy-one of the biomass used
today comes from burning wood
and its scraps. The rest comes from
crops, garbage, landfill gas, and al-
cohol fuels.

Industry is the biggest user of bio-
mass. Sixty-one percent of biomass
energy is used by industry.

Electric utilities use biomass en-
ergy to produce electricity. Seven-
teen percent of biomass is used to
make electricity. Biomass produces
two percent of the electricity we use.

Homes are the next biggest users
of biomass. Thirteen percent of bio-
mass is used by the residential sec-
tor. About one-fifth of American
homes burn wood for heating.

Biomass and the
Environment

Environmentally, biomass has
some advantages over fossil fuels
such as coal and petroleum. Bio-
mass contains little sulfur and ni-
trogen, so it does not produce the
pollutants that can cause acid rain.
Growing plants for use as biomass
fuels may also help keep carbon
dioxide levels balanced. Plants re-
move carbon dioxide—one of the
greenhouse gases—from the atmo-
sphere when they grow.

"N BIOMASScenergy

Usually we burn wood and use its energy for heating. Burning, however, is not the only way to convert biomass
energy into a usable energy source. There are four ways:

Fermentation

There are several types of processes
that can produce an alcohol (ethanol)
from various plants, especially corn. The
two most commonly used processes in-

Burning

Bacterial Decay

We can burn biomass in waste-to-energy plants to produce steam for making
electricity, or we can burn it to provide heat for industries and homes.

volve using yeast to ferment the starch in
the plants to produce ethanol.

One of the newest processes involves
using enzymes to break down the cellu-
lose in the plants’ fibers, allowing more
ethanol to be made from each plant, be-
cause all of the plant tissue is utilized, not
just the starch.

Bacteria feed on dead plants and animals, producing methane. Methane is pro-
duced whenever organic material decays. Methane is the main ingredient in
natural gas, the gas sold by natural gas utilities. Many landfills are recover-
ing and using the methane gas produced by the garbage.

Conversion

Biomass can be converted into gas or liquid fuels by using chemicals or heat. In
India, cow manure is converted to methane gas to produce electricity. Methane
gas can also be converted to methanol, a liquid form of methane.
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Ethanol

What is Ethanol?

Ethanol is an alcohol fuel made
by fermenting the sugars found in
grains, such as corn and wheat, as
well as potato wastes, cheese whey,
corn fiber, rice straw, sawdust, ur-
ban wastes, and yard clippings.

There are several processes that
can produce alcohol (ethanol) from
the various plant forms of biomass.
The two most commonly used pro-
cesses involve using a yeast to fer-
ment the sugars and starch in the
feedstock (corn or wheat) to create
ethanol. This is how wine, beer, and
liquor are made. Cider, for example,
is made by fermenting apple juice.

A new process uses enzymes to
break down the cellulose in woody
fibers, so that more of the plant
waste can be used to make ethanol.

This new technology will soon
make it possible to make ethanol
from trees, grasses, and crop resi-
dues. Trees and grasses require less
energy to produce than corn, which
must be replanted and tended ev-
ery year.

Scientists have developed fast-
growing, hybrid trees that can be
harvested in ten years or less. Many
perennial grasses can be established
in one year and can produce two
harvests a year for many years.
These new energy crops will not re-
quire constant tending or fertiliz-
ers and their root systems will re-
build the soil. They will also pre-
vent erosion and offer habitats for
wild animals.

Soon, you may find yourself driv-
ing by huge farms that are not pro-
ducing food or animal feed, but fuel
for ethanol and power plants.
These energy crops will be a boon
to the American farmer. In recent
years, advances in farming have al-
lowed farmers to produce enough
food for the country on much less
land. In fact, American farmers ex-
port forty percent of the food they
grow, and still have plenty of land
that is not under production.
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Energy crops will allow farmers
to use more of their land produc-
tively.

History of Ethanol

Ethanol is not a new product. In
the 1850s, nearly 90 million gal-
lons were produced every year. At
the beginning of the Civil War, a
$2.08 per gallon tax was imposed
on liquor to finance the war. Since
ethanol is a product of fermenta-
tion, it was taxed as liquor.

At the same time, competitors
such as kerosene and methanol
were taxed at only 10 cents a gal-
lon. As a result, ethanol could not
compete as a fuel, and disappeared
from the market.

In 1906, the federal liquor tax
was repealed and ethanol became
competitive as a fuel. In 1908,
Henry Ford designed his Model T
Ford to run on a mixture of gaso-
line and alcohol, calling it the fuel
of the future.

Corn Plant

Today, ethanol

is made from the
starch inside the
corn kernel.

Soon, ethanol
production
will use the
entire kernel.

In the future,
ethanol will be
made from the
cob, leaves, and
stalk.

After the harvest,
part of the plant
is returned to the
soil o preserve
soil quality.
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During World War [, the use of
ethanol increased rapidly and, by
the end of the war, production had
risen to 50 million gallons a year.
It was used not only as a fuel, but
in the manufacture of war materi-
als, as well.

In 1919, the ethanol industry re-
ceived another blow when the era
of Prohibition began. Since etha-
nol was considered a liquor, it could
only be sold when poisons were
added to make it undrinkable. In a
process called denaturing, ethanol
was rendered poisonous by the ad-
dition of three-five percent petro-
leum components.

By the 1920s, ethanol was no
longer thought of as an alternative
to gasoline; it was considered a
gasoline extender or octane en-
hancer that boosts the power of the
car’s engine. However, with the pro-
duction of ethanol effectively
banned by Prohibition, other prod-
ucts were used for that purpose.

With the end of Prohibition in
1933, interest in the use of ethanol
as a fuel was revived. During World

War II, production of ethanol rose
dramatically, to 600 million gallons
a year. While some ethanol was used
as fuel, most was used in the pro-
duction of synthetic rubber, since
supplies of natural rubber had been
cut off by the war in Asia.

After the war, ethanol produc-
tion again declined sharply. Not
only were there no more govern-
ment contracts to produce ethanol,
but farmers were exporting much
of their grain. At the same time,
large supplies of cheap foreign oil
made gasoline less expensive.

Ethanol Today

In the 1970s, embargoes by ma-
jor oil producing countries cur-
tailed gasoline supplies, which re-
vived interest in ethanol as an al-
ternative fuel. Today, 75 ethanol
plants, mostly in the Midwest, pro-
duce about 3.5 billion gallons of etha-
nol a year. Many new plants are
under construction.

Another reason for the renewed
interest in ethanol is its environ-
mental benefit as a vehicle fuel.

Since ethanol contains oxygen,
using it as a fuel additive results in
lower carbon monoxide emissions.
Gasoline containing up to ten per-
cent ethanol is widely used in ur-
ban areas that fail to meet standards
for carbon monoxide and ozone.
These ethanol blends, called gaso-
hol, result in up to 25 percent fewer
carbon monoxide emissions than
conventional gasoline.

Using ethanol can also reduce
total carbon dioxide emissions.
Ethanol is made from crops that ab-
sorb carbon dioxide and give off
oxygen. This carbon cycle main-
tains the balance of carbon dioxide
in the atmosphere when using etha-
nol as a fuel.

It costs more to produce ethanol
than gasoline, but federal and state
tax advantages make ethanol use
competitive in the marketplace. As
new technologies for producing
ethanol from all parts of plants and
trees become available and eco-
nomical, the production and use of
ethanol should increase dramati-
cally.

THE CARBON CYCLE

Crops like corn

that is
reabsorbed
by the
original crops.

CO,

which releases
carbon dioxide

abm

N102 GVE

o)

are finely ground

A== -
=i g
0o ] {

(D

()
A

which can be used as
an alternative fuel

A,
N

and separated into
their component sugars.

The sugars are distilled
to make ethanol,
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