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Biofuels
and the
Carbon
Balance

by Carol E. Whitman, Ecologist, and
Gary R. Evans, Special Assistant
for Global Change Issues, Office of the
Assistant Secretary for Science and
Education, USDA, Washington, DC

The burning of fossil fuels for energy
has contributed to the buildup of carbon dioxide (CO^) in the atmosphere.
As the demand for energy continues to
expand with population and economic
growth, so will the need for alternative
fuels that have no net effect on atmospheric carbon concentrations. One alternative is fuel made from crop
biomass (biofuel).
This approach to balancing the carbon cycle has so far received scant attention, compared with proposals to
plant more trees to sequester carbon
from the atmosphere. But fuels made
from plant biomass can reduce our dependence on imported, nonrenewable
fossil fuels, slow the net increase of
atmospheric CO^, and help bring the
Earth's carbon cycle back into
balance.

CO^, the predominant inorganic
form of carbon, is found both in the air
and dissolved in water. It is the principal source of carbon for living organisms. Aquatic and land plants convert
CO^, water (H^O), and light energy
into organic carbon during photosynthesis:
light energy + CO^ + H^O — (CHß) + O,.
In this way, light energy is stored in
organic compounds as chemical energy, and energy and inorganic carbon
(CO^) are made available to living organisms.
In order to meet their energy needs,
plants break down some of these organic compounds through the process
of respiration:
(CH^O) + O, ~ CO, + H^O + energy.

The Carbon Cycle

Carbon is one of the basic elements of
all living organisms. It exists in two
principal forms: organic carbon derived from living things, and inorganic
carbon, that is, gaseous and mineral
compounds. Since carbon is central to
life, its cycling between inorganic and
organic phases is an important part of
the Earth's ecology (see fig. 1).
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But much of the carbon remains in
the plant's structure until it dies or is
eaten by animals. On land, plant residues then become incorporated into
the soil as soil organic matter. This
constitutes a large pool of the Earth's
organic carbon.
Animals also release CO^ during
respiration, eliminate carbon in waste
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material, and retain carbon in their
bodies until they die. As the dead
plants, dead animals, and animal waste
material decay, CO2 is returned to the
air or water.
This cycle of carbon moving between an inorganic store and organic
systems occurs on a relatively short
time scale of several decades or less.
Within this time frame, the carbon is
balanced; that is, there is no net gain
or loss in either carbon pool.
Other pathways occur over a much
longer time scale. Sometimes the dead
remains of plants and animals fail to
decompose and under certain conditions are converted into fossil fuels
(such as coal, oil, and natural gas),
rock, or diamonds. This process takes

place over millions of years, forming
an almost permanent carbon reservoir.
Carbon Out of Balance
Over the past several hundred years,
human beings have begun to alter
many of the flows in the carbon cycle,
and with them, the carbon balance of
the Earth. The burning of coal, oil, and
gas has released some of the permanent store of organic carbon to form
CO^. In addition, native forests and
grasslands have been cleared for agriculture and development. Often forests
are burned, prematurely returning carbon to the air. The reduction in number and size of forests has decreased
the overall ability to assimilate CO^
from the atmosphere. Without a steady

Figure 1

The Carbon Cycle
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source of plant residues, the carbon
tied up in soil organic matter also declines, resulting in a net release of CO^
into the air.
Human activities have caused a net
increase in atmospheric CO, from a
preindustrial level of 280 parts per
million volume (ppmv) to 350 ppmv
today. At current levels of energy consumption, CO2 is expected to double
over the next century. This increase in
atmospheric CO^ is significant because of its role in regulating the
Earth ' s temperature.
Like a blanket around the Earth, atmospheric CO2 absorbs heat radiation
emitted by the sun-warmed planet, and
radiates it back to the surface. In effect, CO^ helps to keep the Earth
warm. This natural "greenhouse effect" provides human beings, animals,
and plants with a comfortable living
environment. But increases in atmospheric CO^, like adding another blanket, may cause the Earth's temperature
to rise.
The impact of increased atmospheric CO2 is as yet uncertain. The
global warming scenario does not take
into account the effect of clouds or
particles in the atmosphere on the
Earth's radiation balance. Though we
are in relatively uncharted territory, it
may be prudent to take actions that
can help bring the carbon cycle back
into balance.

Biofuels and the Carbon Cycle
Biofuels are liquid and gaseous fuels
produced from plant biomass (see
chapter 32). The major types of
biofuels are shown in table 1. These
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biomass-based fuels can be substituted
for fossil fuels and thereby check the
net increase in atmospheric CO,,
As with fossil fuels, CO, is released
into the air when plant biomass is
burned for energy. But the carbon
from biomass fuels is part of the
shorter carbon pathway, cycling over a
time scale of several decades. In contrast, the carbon in fossil fuels cycles
over millions of years. The carbon released during combustion of biofuels
is converted to biomass by plants
within the same time frame that it is
released. As a result, there is no net
buildup of atmospheric carbon like
that associated with the burning of
fossil fuels. Thus, the biofuel cycle is
part of the short-term carbon cycle.
In terms of displacing CO, emissions from fossil fuels, plant biomass
yields, upon combustion, as much energy per carbon content as coal does,
making it an effective substitute. In
comparison with petroleum or natural
gas, biofuels are currently less efficient on an energy output per carbon
basis; but technological breakthroughs
are making them more competitive all
the time. Moreover, biofuels have the
advantage of having less environmentally harmful exhaust emissions.

The Potential for Energy Crops
Over the last 20 years, research into
alternative fuels has been driven by
our need to reduce U.S. dependence
on imported fossil fuels, improve our
balance of payments, and reduce air
pollutants such as sulfur, carbon monoxide, and ozone. The current concern
over increases in atmospheric CO^ is
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just an additional motivation. The major obstacle, to date, has been the conversion economics, that is, the ability
to produce biofuels as cheaply as petroleum products. Recent technological advances could make biofuels
cost-competitive within a decade.
Ethanol production in the United
States through fermentation of com
now stands at 1.1 billion gallons per
year. Ten-percent ethanol blends make
up 7 percent of all gasoline sold in the
United States. This capacity is expected to expand by 500 million gal-

lons per year under the provisions of
the Clean Air Act alone.
The greatest potential for this alcohol fuel, as well as for methanol, is in
cellulosic feedstocks. Cellulosic materials (such as wood or crop residues)
can be converted to ethanol by acid
hydrolysis or enzymatic hydrolysis.
The big promise lies with biotechnological advances in enzymatic conversion. This includes better enzyme
preparation and process design, better
pretreatments of cellulosic feedstock,
and genetic engineering of bacteria for
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Type

Source

Use

Ethanol

Grains (corn ieedstocks, grain
sorghum), sugar crops

Can be blended with
gasoline as ETBE*, or

(sugarcane, sweet sorghum),

used as a substitute
for gasoline

ceilutosic feedstocks (wood,
short rotation woody crops,
kenaf), and food processing
wastes
Methanol

Cellulosic feedstocks (wood,
grass crops, crop residues)

Can be used as a
feedstock in chemical
manufacturing, or
blended with gasoline
as MTBE*

Biodiesel fuel

Oil seeds (rapeseed, soybean,
sunflower, oil palm)

Seed oil can be
converted to gasoline,
diesel, or jet fuel

Methane
(Biogas)

Cellulosic feedstocks (wood,
crop residues)

Chemical feedstocks

* ETBE, ethyl tertiary butyl ether; MTBE, methyl tertiary butyl ether
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faster and more efficient hydrolysis
and fermentation.
There is considerable forest and
crop land available in the United
States for the production of energy
crops. Marginal lands, although generally unsuitable for intensive annual
cropping, could also be brought into
production with less risk of erosion,
because some energy crops have
longer rotation times and need less intensive management (minimal or no
tillage and less fertilizer and pesticide
than annual crops). Initial expectations

are that energy crops will have minimal environmental impacts.
Expansion in the use of energy
crops to produce biofuels holds
considerable promise for these nontraditional agricultural products.
Technological breakthroughs are essential to reduce costs, increase
production potential, and ensure
environmental sustainability. USD A
continues to support research into
the production of energy crops, as well
as biochemical conversion technologies for biofuels. □

Improvements
in Recycling
Wood and
Wood-Fiber
Products

by Ted Laufenberg, Richard Horn,
and Ted Wegner, Forest Products
Laboratory, Forest Service, USDA,
Madison, Wl, and Stan Bean,
Forest Products and Harvesting
Research, Forest Service, USDA,
Washington, DC (retired)

Since the turn of this century, the
United States has been dubbed by
some "the throw-away society," and it
generates approximately 50 percent
of the world's solid and industrial
waste. Almost half the municipal solid
waste (MSW) that goes into landfills
consists of paper and wood fiber
(table 1). Recovery and reuse of these
materials would offer a significant opportunity for saving landfill space as
well as for reducing our impact on the
environment.
The pulp and paper industry has expanded recycling of some grades of
paper, including corrugated containers

and cartonboard, newspapers, and
white office paper. In addition to this
effort, altemative uses of recovered fibers and wood from MSW need to be
developed. Wood fibers can be recovered from industrial operations or the
MSW stream to produce useful, ecologically sound commodities.
This chapter highlights research on
recycling that is being conducted by
USDA's Forest Products Laboratory.
These research activities represent a
step toward achieving the technology
needed to expand recycling opportunities in this country.
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