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Ethanol Use On The Farm

Walter W. Hinz, Agricultural Engineer

Summary

Gasohol, a blend of 10% alcohol (usually ethanol) and 90% gasoline, is being substituted for gas-
oline in an attempt to reduce crude oil imports.

Ethanol alone that is as low as 160 proof can be used in spark ignition engines if engine modi-
fications are made.

Ethanol is being used to a limited extent by carbureting it into the air supply of diesel en-
gines.

Ethanol cannot be injected satisfactorily with diesel engines either as a blend with diesel oil

or "straight ".

The addition of alcohol to fuels has increased the volatility of these fuels. Safety rules must

be observed to avoid accidents.

There are a number of problems connected with the production and use of ethanol however these
problems can be solved. Ethanol produced from American farm products could prove to be a valuable fuel

source.

Alcohol has been used as a fuel for many years and at one time was considered by some engine manu-
facturers to be a better fuel than gasoline for spark ignition engines. Gasoline turned out to be

cheaper and since then except for special applications, alcohol has not been seriously considered as a

fuel for internal combustion engines. In recent years some foreign countries have developed alcohol
production industries and are promoting the use of alcohol and alcohol- gasoline blends as fuels. The

United States Department of Energy has determined that gasohol can be substituted for gasoline for a
substantial part of our requirements and results in a reduction of crude oil imports. Gasohol is a

blend of 10% alcohol (usually ethanol) and 90% gasoline. President Carter has set a target of 500

million gallons of alcohol (ethanol) production for 1981. Ethanol is a product of the fermentation of

starch and sugar crops.

Energy in Alcóhol

The heat content of alcohol per gallon is much lower than that of a gallon of hydrocarbon fuel. It

has a high octane rating however and can be used with engines having high compression ratios. Gasoline

octane numbers range generally from 87 to 93 and ethanol has a rating of nearly 100. While ethanol will

improve the octane rating of gasohol or other blends of gasoline and alcohol, it is unlikely highway
vehicles will be modified to take full advantage of the higher rating since lower octane fuels could

then no longer be satisfactorily used.

The ethanol used to blend with gasoline in making gasohol must be 200 proof (100% ethanol). Even

a small amount of water in the blend can cause a phase separation. In the phase separation, alcohol

and water will mix and settle out in the tank or carburetor over some time period. This may not occur

or be noticed if the fuel blend containing water is used immediately. Most on -farm stills produce eth-

anol that is 190 proof or less. Ethanol alone that is as low as 160 proof can be used as a fuel in
spark ignition engines if some engine modifications are made. It cannot be injected satisfactorily as

a blend with diesel fuel (diesohol) or used "straight" in diesel engines. Ethanol is currently being

used to supplement diesel fuel to some extent by vaporizing low proof ethanol into the engine air
supply.

The heat value of ethanol will of course vary with the amount of water contained. Ethanol that is

180 proof is 10% water so will contain 10% less energy. Since power developed depends upon the energy
contained in a fuel, 180 proof ethanol will have a lower power output than 190 or 200 proof ethanol.
Table 1 shows the energy content in BTU's per gallon of fuel. The BTU (British Thermal Unit) is a heat

unit commonly used for energy comparisons. It is the amount of heat required to raise the temperature

of one pound of water one degree Fahrenheit. One Kilowatt hour is equivalent to 3410 BTU's.
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Table 1. Energy Content of Fuel

Kind of Fuel

Energy Content
BTU per gallon compared to gasoline

No. 2 Diesel Fuel

Regular gasoline

200 proof Ethanol

190 proof Ethanol

180 proof Ethanol

160 proof Ethanol

*Gasohol (10% Ethanol)

138,110

116,485

76,152

72,344

65,536

60,691

112,452

118.6

65.4

62.1

58.8

52.1

96.5

NOTE: Gasohol has 3.5% less energy content than regular gasoline.

Ethanol Blends for Gasoline Engines

The use of gasoline -ethanol blends for engine fuel has been investigated over a number of years.
The blend we are now calling gasohol contains 10% alcohol (usually ethanol) and was selected because
tests indicated that automobiles could be operated on that blend without modifications or with minimum
carburetor adjustments. As indicated in Table 1, gasohol contains 3.5% less volumetric heat than gaso-
line so the fuel mixture going into the engine would be somewhat leaner than with gasoline. Carbure-

tors can be adjusted to enrich the mixture if it seems necessary.

Fuel economy reports on the use of gasohol have presented a confusing picture. Some reports have

indicated the use of gasohol resulted in mileage improvements for automobiles while other reports show-
ed a mileage reduction. Tests with various vehicles can produce results with wide variations. Carbu-

retors that were initially set rich might show some economy when gasohol is substituted for gasoline
because of the leaner mixture being used. Carburetors that were already set lean might result in a

mileage loss. Since the energy content per gallon of gasohol is below that of a gallon of gasohol, it
is likely that most tests would result in some mileage reduction when using gasohol. Based on this

reduced volumetric energy content, automobile mileage will be reduced about two and one -half percent

with gasohol. (Small -Scale Fuel Alcohol Production+)

Unblended Ethanol for Gasoline Engines

Since the heat content of ethanol is only two -thirds that of gasoline, many gasoline engines may
not operate or will operate unsatisfactorily on ethanol alone. Carburetor jets can be enlarged to

solve this problem providing gasoline will no longer be used. Dual carburetion equipment will be re-
quired if both gasoline and unblended ethanol will be used for an engine. Both anyhydrous (200 proof)

and lower proof ethanol can be burned directly in a spark ignition engine. Starting problems can be

expected at temperatures below 40F° and some kind of starting assistance will be needed. The addition

of gasoline, ether or acetone to ethanol is being tried to improve starting. Manifold heaters can also

be used. If ethanol alone is to be used in an engine, a modification to raise the compression ratio
will improve efficiency. One manufacturer has a kit consisting of a modified carburetor, a fuel pre -
heater, and parts for increasing the compression ratio to 12.5:1.

Diesel Engines

Four ways of using ethanol in diesel engines are being studied:
1. Modifying the diesel engine for spark ignition.
2. Modifying the diesel engine for ethanol injection.
3. Using diesohol (diesel_ ethanol) as a fuel for injection.

4. Carbureting ethanol into the diesel engine air supply.

Converting a diesel engine to burn ethanol will involve changing a number of parts probably in-
cluding pistons, head assembly, intake and exhaust manifolds, carburetor, governor and adding an ig-
nition system. The cost will be substantial. According to the Small -Scale Fuel Alcohol Production
publication; engine conversion parts are available for the 855 Cummins Diesel engine used in several
four -wheel drive tractors.
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Ethanol is considered to be a poor fuel for compression ignition. The properties of a fuel desir-
able for spark ignition are undesirable for compression ignition. Octane ratings are not suitable for
classifying diesel fuels. A rating system based upon the performance of a heavy fuel called "cetane"
is used. Fuels with a high octane number will have a low cetane number. Cetane ratings of 40 to 60
are considered most satisfactory for fuels used in compression ignition engines. Ethanol has a cetane
rating of -20 to 8. Several chemical compounds have been used experimentally to raise the cetane num-
ber of ethanol. However much more information is needed before we can seriously consider using
straight ethanol as a direct substitute for diesel fuel in a compression ignition engine.

A blend of 10% ethanol and 90% diesel has been termed díesohol. Blends containing even more
ethanol have been studied to quite some extent. The phase separation problem caused by water in
ethanol below 200 proof, appears to be as much or more of a problem than with gasohol. The low cetane
rating of ethanol will increase ignition delay and result in inefficiency with light engine loading.
Strait et al.2 made the following comments in a 1978 report to the Minnesota Energy Agency following a
series of tests:

1) All diesel ethanol blends caused a reduction in the power output of engines tested as compared
to diesel oil (blends tested up to 30% alcohol).

2) All test results indicate engines will produce less useful work under similar conditions when
fueled with a diesel -ethanol blend as compared to performance when operating on diesel fuel.

3) With both engines tested, thermal efficiency at light loads was greatly reduced by an increase
in the ethanol content of the fuel.

4) Noise increased as the ethanol content of the fuel increased.
5) Leakage at various fittings in the fuel system and past the injection plungers was observed to

increase when fuels having a higher ethanol content were used.
6) Because of the lower viscosity and lesser lubricity of diesel -ethanol blends as compared to

diesel, it seems likely that the fuel injection system and the cylinder wear surfaces would be subject-
ed to increased wear if ethanol were premixed with diesel oil to fuel a tractor engine.

Carbureting ethanol into diesel engines appears to be the most practical way to use ethanol to
supplement diesel oil for engines at this time. Natural gas and LP has have both been used in this way
in diesel engines for many years. M & W Gear Company, Gibson City, Illinois has conversion kits avail-
able. Ethanol (as low as 100 proof) is introduced into the air intake upstream from the turbocharger.
The turbo boost pressure is used to pressurize the alcohol tank and the ethanol is metered as a func-
tion of engine load. Tests have shown that thermal efficiency may be poor with light loading but good
at heavy loading. Small Scale Fuel Production states: "This approach appears the most feasible near
term technology for using ethanol in diesel engines. Retrofit hardware is available in limited quan-
tities, efficiency is equal to pure diesel operation and risk of engine damage appears low (provided
the aspirated ethanol is used to replace diesel fuel rather than to boost power)." The primary disad-
vantages of the approach are the moderate conversion costs and the inconvenience of separate fuel
tanks. The value of ethanol is estimated at its heat value. The energy content of ethanol and the
volumetric value relative to diesel oil is given in Table 2.

TABLE 2

Ethanol
Proof

BTU
Energy Content

Volumetric value rel-
ative to No. 2 diesel

200 76,152 0.55

190
`

72,344 0.52

160 60,921 0.44

120 45,691 0.33

Some manufacturers of farm equipment are advising farmers not to use ethanol in diesel engines.
In some cases it has been stated that equipment warranties will be voided if ethanol is used as a fuel
in any way.

Some farmers in the midwest have fitted their tractors with the special carburetion equipment de-
scribed earlier and are using 120 to 180 proof ethanol in their diesel tractors. They use ethanol they
are producing on their farms and are willing to accept the risk of engine damage.

Safety

The addition of alcohol to fuels has increased the volatility of these fuels. Higher volatility

increases the danger. Vapor pressures are higher in fuel tanks and the hazard of a spark, or a lighted
cigarette igniting stray vapors is increased considerably. Alcohol will attack some metals, some plas-
tics and some rubber or neoprene parts. Aluminum is particularly subject to corrosive attack. Fuel
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leaks caused by parts failure are safety hazards. The following safety rules should be obeyed when

alcohol or alcohol - gasoline blends are used as fuels.

- Don't use fuel to clean parts.
- Don't refuel a running engine or a hot engine.

- Dont' smoke while refueling.
- Don't fill the fuel tank full- leave a little space for expansion.

- Make sure the fuel tank cap is tightened.
- Clean up spills immediately.
- Watch for leaks in fuel lines, pumps, filters, and all seals.
- Check electrical system for frayed wires or loose connections.

- If possible, store gasohol in underground tanks. If storage tank is above ground, locate it in

a cool shady place.

The Future

We are deeply concerned about farm fuel supplies. Conservation practices and better management

have decreased fuel requirements to a considerable degree. Today we are energy dependent upon

foreign countries and some of these countries have strong anti -American feelings. Our nation must

consider the steps that can be taken if and when these foreign supplies disappear. There are problems

associated with the production and use of ethanol and ethanol -gasoline blends, but these can be over-

come. The cost may be higher than present day costs of petroleum based fuels but this may be unimport-

ant if petroleum based fuels are no longer available. The problems associated with ethanol -diesel

blends may be quite serious. More information is needed before these blends can be recommended for

diesel engines. We are told by scientists employed by oil companies as well as others, that future

fuel supplies will be available from coal and oil shale at prices well below those perceived for alco-

hol production. These supplies may not be available for a number of years however. In the meantime,

all alternative fuel sources must be seriously considered. Ethanol produced on American farms from

farm products could prove to be one of our valuable fuel sources.

1

2
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Distillers By- Products as Cattle and Swine Feeds

Albert M. Lane, Extension Livestock Spec.
University of Arizona

Summary

Wet or dry Distillers Grains and Solubles are valuable feed ingredients for cattle and swine.
For cattle the value is variable, but as a simple rule, 2 lbs of distillers dry grain is worth
1 lb of soybean meal plus 1 lb of corn.

The grain appears more useful to cattle, the solubles more valuable for swine. Indeed the wet
by- product, a major saving is effected in energy and cost saving. However, the feeding must be
within a day or two, and near the distillery.

The major by- product of an ethanol distillery is high protein animal feed. The distilling
process does not affect the protein content of the feestock used, so a wet or dry spent grain by-
product can contain as much as 30% protein. The wet commodity is taken directly from the processing
facility and has a composition of 7% solids and 93% water. This substrate has high transportation
costs and a rapid spoilage rate, requiring nearby markets to be profitable. Current prices are in the
area of $.53 per cwt of dry material introduced into the production process. (i.e., a distillery
utilizing 10,000 pounds of grain per day would sell the post -production mixture for $53.00).

The dry version of this by- product is distillers dried grain (DDG) which has been dried and
pelletized immediately following the distilling process. The drying process adds to capital require-
ments and energy costs (12,000 to 30,000 BTUs per gallon), but the DOG is a far more valuable material.

because of its storage and handling advantages. Apparently DDG is preferred by livestock to the wet
form, adding to its marketability.
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