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Unit 1

Liquid fuels

Liquid fuels are indispensable to the US economy. Petroleum, essential
for the transportation sector as well as the chemical industry, makes up
approximately 42% of total US energy consumption. At present, the United
States imports about one half of its petroleum and is projected to import nearly
100% within 10 to 15 years. Barring radically improved electric battery
technologies, a shift from petroleum to alternative liquid and gaseous fuels will
have to be made. The analysis in this section is focused on the potential of
three liquid fuels; ethanol, methanol, and hydrogen.

Ethanol can be obtained by yeast- or bacteria-mediated fermentation of
sugar crops, such as sugarcane, sugar beet, and sweet sorghum, or of starchy
crops, such as corn and cassava. It can also be obtained, albeit at lower yields,
from cellulose, a sugar polymer from woody crops, through acid or enzymatic
hydrolysis followed by fermentation. Methanol can be obtained from wood or
woody crops by means of a wood gasification process followed by compression
and methanol synthesis. Biodiesel fuels can be obtained from oil crops, such as
soybean, rapeseed, sunflowers, and palms, by extracting the oil with suitable
solvents or through mechanical pressing and then converting the oil into diesel
fuel by a transesterification process.

Ethanol and methanol
Ethanol is a good substitute for gasoline in spark-ignition engines.

Methanol can also be used as a substitute for gasoline. Of course, existing
¢« 1
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vehicles cannot run on 100% ethanol or methanol fuel unless engines are
modified substantially.

The total fossil energy expended to produce 1 liter of ethanol from corn is
10,200 kcal, but note that 1 liter of ethanol has an energy value of only 5130
kcal. Thus, there is an energy imbalance causing a net energy loss.
Approximately 53% of the total cost of producing ethanol in a large, modern
plant is for the corn raw material. The total energy inputs for producing
ethanol using corn can be partially offset when the dried distillers grain
produced is fed to livestock. Although the feed value of the dried distillers
grain reduces the total energy inputs by 8% to 24%, the energy budget
remains negative,

The major energy input in ethanol production, approximately 40%
overall, is fuel needed to run the distillation process. In the production
process, special membranes can separate the ethanol from the so-called beer
produced by fermentation. The most promising systems rely on distillation to
bring the ethanol concentration up to 90%, and selective-membrane processes
are used to further raise the ethanol concentration to 99. 5%. The energy input
for this upgrading is approximately 1,280 kcal/liter. In laboratory tests, the
total input for producing a liter of ethanol can potentially be reduced from
10,200 to 6,200 kcal by using membranes, but even then the energy balance
remains negative. Any benefits from ethanol production, including the corn
by-products, are negated by the environmental pollution costs incurred from
ethanol production. Intensive corn production in the United States causes
serious soil erosion and also requires the further draw-down of groundwater
resources. Another environmental problem is caused by the large quantity of
stillage or effluent produced. During the fermentation process approximately 13
liters of sewage effluent is produced and placed in the sewage system for each
liter of ethanol produced.

Although ethanol has been advertised as reducing air pollution when
mixed with gasoline or burned as the only fuel, there is no reduction when the
entire production system is considered. Ethanol does release less carbon
monoxide and sulfur oxides than gasoline and diesel fuels. However, nitrogen
oxides, formaldehydes, other aldehydes (all serious air pollutants) are
associated with the burning of ethanol as fuel mixture with or without gasoline.

. 2.
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Also, the production and use of ethanol fuel contribute to the increase in
atmospheric carbon dioxide and to global warming , because twice as much
Fossil energy is burned in ethanol production than is produced as ethanol®.

Ethanol produced from corn clearly is not a renewable energy source.- Its
production adds to the depletion of agricultural resources and raises ethical
questions at a time when food supplies must increase to meet the basic needs of
the rapidly growing world population.

Methanol is another potential fuel for internal combustion engines. Various raw
materials can be used for methanol production, including natural gas, coal, wood,
and municipal solid wastes. At present, the primary source of methanol is natural
gas. Themajor limitation in using biomass for methanol production is the enormous
quantities needed for a plant with suitable economies of scale’. A suitably large
methanol plant would require at least 1,250 tons of dry biomass per day for
processing. More than 150,000 ha of forest would be needed to supply one plant.
Biomass generally is not available in such enormous quantities from extensive forests
and. at acceptable prices.

If methanol from biomass were used as a substitute for oil in the United
States, from 250 to 430 million ha of land would be needed to supply the raw
material. This land area is greater than the 162 million ha of US cropland now
in production. Although methanol production from biomass may be impractical
because of the enormous size of the conversion plants, it is significantly more
efficient than the ethanol production system based on both energy output and
economics.

Compared to gasoline and diesel fuel, both methanol and ethanol reduce
the amount of carbon monoxide and sulfur oxide pollutants produced, however
both contribute other major air pollutants such as aldehydes and alcohol. Air
pollutants from these fuels worsen the tropospheric ozone problem because of
the emissions of nitrogen oxides from the richer mixtures used in the

combustion engines,
Hydrogen
Gaseous hydrogen, produced by the electrolysis of water, is another

alternative to petroleum fuels. Using solar electric technologies for its
3.
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production, hydrogen has the potential to serve as a renewable gaseous and
liquid fuel for transportation vehicles. In addition hydrogen can be used as an
energy storage system for electrical solar energy technologies, like
photovoltaics.

The material inputs for a hydrogen production facility are primarily those
needed to build a solar electric production facility. The energy required to
produce 1 billion kWh of hydrogen is 1. 3 billion kWh of electricity. If current
photovoltaics require 2,700 ha/ billion kWh, then a total area of 3,510 ha
would be needed to supply the equivalent of 1 billion kWh of hydrogen fuel.
Based on US per capita liquid fuel needs, a facility covering approximately 0. 15
ha would be needed to produce a year’s requirement of liquid hydrogen. In such
a facility, the water requirement for electrolytic production of 1 billion kWh/yr
equivalent of hydrogen is approximately 300 million liters/yr.

To consider hydrogen as a substitute for gasoline: 9.5 kg of hydrogen
produces energy equivalent to that produced by 25 kg of gasoline. Storing 25
kg of gasoline requires a tank with a mass of 17 kg, whereas the storage of
9.5 kg of hydrogen requires 55 kg. Part of the reason for this difference is
that the volume of hydrogen fuel is about four times greater than that for the
same energy content of gasoline, Although the hydrogen storage vessel is
large, hydrogen burns 1.33 times more efficiently than gasoline in
automobiles, In tests, a BMW 74Si liquid-hydrogen test vehicle with a tank
weight of 75 kg, and the energy equivalent of 40 liters (320,000 kcal) of
gasoline, had a cruising range in traffic of 400 km or a fuel efficiency of 10
km per liter.

At present, commercial hydrogen is more expensive than gasoline. For
example, assuming 5c per kWh of electricity from a conventional power plant,
hydrogen would cost 9c per kWh, This cost is the equivalent of 67 ¢ /liter of
gasoline. Gasoline sells at the pump in the United States for approximately 30
c /liter. However, estimates are that the real cost of burning a liter of gasoline
ranges from $1. 06 to $ 1. 32, when production, pollution, and other external
costs are included. Therefore, based on these calculations hydrogen fuel may
eventually be competitive.

Some of the oxygen gas produced during the electrolysis of water can be

used to offset the cost of hydrogen. Also the oxygen can be combined with
.« 4 .
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hydrogen in a fuel cell, like those used in the manned space flights. Hydrogen
fuel cells used in rural and suburban areas as electricity sources could help
decentralize the power grid, allowing central power facilities to decrease
output, save transmission costs, and make mass-produced, economical energy
available to industry.

Compared with ethanol, less land is required for hydrogen production that
uses photovoltaics to produce the needed electricity. The environmental
impacts of hydrogen are minimal. The negative impacts that occur during
production are all associated with the solar electric technology used in
production. Water for the production of hydrogen may be a problem in the arid
regions of the United States, but the amount required is relatively small
compared with the demand for irrigation water in agriculture. Although
hydrogen fuel produces emissions of nitrogen oxides and hydrogen peroxide
pollutants, the amounts are about one-third lower than those produced from
gasoline engines. Based on this comparative analysis, hydrogen fuel may be a
cost-effective alternative to gasoline, especially if the environmental and

subsidy costs of gasoline are taken into account.

Glossary

ethanol ['efonol | n. Z.B¥, Wiy
methanol ['meGonol] n. FRE
hydrogen [ 'haidredzen] n. &
sugarcane [ 'fugekein] n. HAE

sugar beet ['fugo bit] n.  FH3E

sweet sorghum [switt 'soigem] FHER
starchy ['statfi] a. JEBH

cassava [ ko'saive] n.  ARE

albeit [ol'bitit] conj. ZRER; BR
cellulose [ 'seljulous| n. #H4%EXR
enzymatic [ enzai'meetik] a. BEEHY
hydrolysis [hai'drolisis] n. 7K (FERD
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gasification [igeesifi'keifen] n. Sk

biodiesel [ baisu'dizel] n.  A:#4EiH
transesterification [ itreenzestorifi'keifon] n. %88 (&) 1EF, BERESZHRIER
distillation [ |disti'leifon] n. Z&IE '
stillage [ 'stilidz] n. 2&18%)

effluent ['efluent ] n. V5K, BK, WY

carbon monoxide [ 'ka:bon mo'noksaid] —&ALER
sulfur oxide ['salfa'oksaid] &4

formaldehyde [fo:'meeldihaid] n. HIf@$

aldehyde ['eeldihaid] n. B2k

tropospheric [ tropous'fierik] a. . XTI EH

ozone [ 'ouzoun] n. RE

electrolysis [ilek'trolisis | n. Hf#

photovoltaics [ ifoutouvol'teiiks ] n. A FABEHE
hydrogen peroxide [ 'haidrodzen pe'roksaid] it&ALE

Notes

1. Also, the production and wuse of ethanol fuel contribute to the
increase in atmospheric carbon dioxide and to global warming , because twice
as much fossil energy is burned in ethanol production than is produced as

ethanol.

MH, £-HEHZERESEIN AT ZEARNEEHFNELR (K
5 ARBR, XEFEAEATZELRS, BRENAARBENEERSET ZBR
B (K8 HAENREE.

2. The major limitation in using biomass for methanol production is
the enormous quantities needed for a plant with suitable economies of
scale .

FRAEYRETFFEEENRBERET CEUHE) — 1 BEEH
HEFMEN L X TEYENERTFERE. SHAZXERNRET) MM
B, BMREBREBLEFSE. MAEXKN T WFEREEREN (&Y
Ji) .
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Exercises

1. True or false?

1. Petroleum makes up one half of total US energy consumption.

2. Existing vehicles may run on 100% ethanol or methanol fuel if engines are
modified substantially.

3. The total fossil energy expended to produce 1 liter of ethanol from corn is
more than the energy value of 1 liter of ethanol.

4, The dried distillers grain can be fed to livestock and the feed value reduces
the total energy inputs for producing ethanol,

5. According to the author, ethanol produced from corn is a renewable energy
source.

6. Compared with gasoline and diesel fuel, both methanol and ethanol cause no
air pollution,

7. Hydrogen may become a renewable gaseous and liquid fuel for transportation
vehicles.

8. Methanol production is more efficient than the ethanol production based on
both energy output and economics. '

9. The volume of gasolihe is smaller than that for the same energy content of
hydrogen fuel.

10. According to the author, gasoline may eventually be competitive because it

is cheaper than hydrogen.
I. Completion

1. The three liquid fuels mentioned in this article include ,
and

2. Though at lower yields, alcohol can also be obtained from
3. Biodiesel fuels can be obtained from oil crops by extracting the oil with
suitable solvents or through mechanical pressing and then converting the oil-
into diesel fuel by a process.
4. Approximately 40% energy input in ethanol production is fuel needed to run
the process,
« 7 o



