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SUMMARY: Sunflower, safflower and winter rape
have been evaluated for suitability as substitutes
for diesel fuel. Performance data taken from a
laboratory test stand is presented. Endurance
testing is in progress.
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VEGETABLE OILS--RENEWABLE FUELS FOR DIESEL ENGINES

Beginning in December of 1979 vegetable o0ils, specifically sunflower
oil, safflower 0il and winter rape 0il, have been tested as diesel fuel sub-
stitutes for use in agricultural diesel engines. The tests have included:

A. a 52-hp Ford 4600 3-cylinder diesel tractor, B. a 172 cubic inch dis-
placement diesel engine connected to an electric dynamometer, C. two Yanmar
single cylinder diesel engines connected to electric generators.

A. The 4600 Ford tractor is a demonstration unit which was first used
with small amounts of a 50 percent sunflower oil - 50 percent diesel fuel
mixture to demonstrate that the engine would continue to run with 1ittle or
no loss in power. In June, 1980 the tractor main tank was filled with 100
percent safflower oil and has been operated only on 100 percent safflower
oil since then. It has been used on the University of Idaho Plant Science
Farm and has accumulated approximately 80 hours. No modifications have been
made to the tractor or to the other engines mentioned here to use the vege-
table oils for fuel.

B. The 4-cylinder diesel engine has been used on a laboratory dyna-
mometer to measure engine performance of vegetable o0ils alone and in mixtures
with diesel fuel. The data in the attached tables were obtained from the
Taboratory tests. Power output of the engine is essentially the same when
operating on the vegetable 0ils; if anything, a slight increase in power has
been measured. Fuel economy is also very nearly the same. Vegetable oils
are heavier and have less energy per pound; therefore, the weight of fuel
used per hour increases. Fuel use in gallons per hour remains the same.
Fuel use versus horsepower output for 100 percent sunflower o0il and diesel
is shown on the attached tables. The data is typical of that measured for
the other oils.

C. The two Yanmar single cylinder diesel engines are being run to test
lTong-term effects of using the vegetable o0ils. One engine is being operated
on diesel, the other on 100 percent safflower 0il. The engines had been
running for 700 hours when the engine fueled by safflower oil broke a fan
belt causing premature shut down. It also suffered a rocker-arm failure.
These problems may or may not be related to the vegetable 0ils. Additional
testing will be required before use of vegetable 0ils alone or in combination
with diesel fuel can be recommended for general use.



0i1 Analysis

Analysis of the engine 0il was conducted at four intervals during the
operation of the Yanmar endurance engines. The analysis was performed by
a commercial laboratory. The engine operated on safflower 0il had high iron
and copper readings at the first test (60 hours) which continued during the
other tests. These high readings were evidently due to the wear on the
rocker arms. 01l viscosity and oxidation remained the same except for the
analysis at 600 hours when both oxidation and viscosity increased, probably
due to overheating the engine which occurred when the fan belt broke. 0il
analysis appears to be a good tool to use with the endurance engines.
Triple samples from each engine were used with the results being very close.

Emissions

Emissions, specifically HC and NOy were measured on the laboratory
engine. A Beckman Model 109A portable hydrocarbon analyzer and a Beckman
NO/NOy Model 951 analyzer were used. This equipment is suitable for exhaust
analysis on spark ignition engines but is not recommended for diesel engines.
Hot gas analysis instrumentation is required. Consequently the results are
only indications. The hydrocarbon analysis was quite variable with appar-
ently higher HC levels at the higher percentages of vegetable oil. Nitric
oxides were essentially the same throughout the tests. Additional work on
emissions will be pursued.

Future Work

An o1l expeller has been purchased for the University of Idaho by Brocke
and Son's, seedsman at Kendrick, Idaho. This equipment will enable the
project to pursue on-farm production of the oil-seed crop. Including crop
production, 0il extraction, 0il utilization, meal utilization and economics.
If vegetable 0il is to economically replace diesel fuel, themeal must be
utilized as a feed and the processing costs must be minimized.

Additional endurance tests are needed to evaluate the long term effects
of the vegetable oils, especially on-farm processed oils, on diesel engines,

An interdisciplinary approach to studying the problems associated with
vegetable oils as a diesel fuel substitute should hasten the day when they
may be used with confidence and should help make many of our farmers and
ranchers truly energy self-sufficient.
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