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1. Introduction

The research for alternative energy sources to replace fossil fuels is gaining more and more
importance in recent days. In this scope, biogas, the methane rich gas that emanates from
anaerobic digestion of organic matter, seems a potent candidate. Therefore, the research to build
an agricultural tractor that operated on both diesel and biogas was conducted. Specifically, the
aim of this study was to develop the electronic control unit (ECU) for the biogas-diesel dual-fuel
engine of the agricultural tractor.

2. Literature review

An extensive literature review was conducted. The current progresses in biogas production
were studied; including biogas digesters, purification plants and recovery systems. Then, the
diesel engine was studied with a close focus on the combustion process as well as the emissions.
Biogas and diesel were then combined in a thorough review of the dual-fuel engine. The effect of
methane on the combustion process and the way it alters engine’s emissions were studied and the
solutions suggested by past related researches were summarized.

3. Description of the base tractor, its engine and testing equipment

After the literature review, the base machine used in this research was explained along its
modifications. In short, a biogas unit containing four cylinders of biogas was mounted in front of
the tractor. It had an adjustable height and it contained along with the cylinders the necessary
pressure regulating system to deliver constant pressure to the rail of injectors. The important test
equipment was also described, such as the bench dynamometer and fuel measuring system.

4. Basic engine data and prototype algorithm

A series of basic tests fueling biogas on the tractor’s engine were carried out. It was observed
that while diesel reduction rates always increased with biogas injection, changes in heat
efficiency were not as consistent. In fact, low loading conditions cause the Brake Specific Heat
Consumption (BSHC) to increase due to biogas injections, but higher loads saw some decrease in
BSHC before it increased again. The basic study of the engine led to the foundation of the
backbone of the algorithm to control biogas flow. It was then decided that biogas flow should
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read from a three-dimensional look-up table where the engine speed and load formed the base.
The engine speed was directly measured while the load was to be estimated. In this scope, the

manifold pressure seemed the most satisfactory indicator of engine load. Such an algorithm was
roughly built and tested: the biogas successfully changed with engine load and speed. However, a
more rational way to construct the three-dimensional look-up tables of biogas flow was
necessary.

5. Optimizing biogas flow rates with a multi-objective algorithm

Extensive engine testing provided necessary data to allow the smooth running of a
multi-objective algorithm that was then used to generate the 3D look-up tables. The optimization
technique found the best biogas flow answering to four weighted parameters: brake mean heat
consumption, diesel reduction rate, NOy emission and CO emission. The generated
three-dimensional look-up tables were simulated and the results were found satisfactory. The
tables were answering to their objectives.

6. Development of engine ECU to deliver optimal biogas flow rates

The ECU with two main components: a microchip where the software was printed and a
memory where the three-dimensional tables were input was realized. The proper functioning of
the ECU required some alterations to the basic algorithm: in short, an equation was needed to
read the speed out of two consecutive pulses of magnetic sensor at the camshaft and calibration
was necessary to convert voltage reading of manifold pressure sensor into absolute pressure data.
As for the three dimensional tables, changing of y axis from load in Nm into pressure in kPa was
necessary and translation of biogas flow into injector opening time was required. With these
conditions satisfied, the ECU was tested. Four different 3D maps were prepared and labeled as
follows: best CO, best diesel reduction rate, best BSHC and best performance algorithms (where
the four parameters of CO, NO,, BSHC and diesel reduction rate had equal weights). The
torque-power characteristic curves of the engine were drawn at first and changes due to biogas
feed were observed. It was mainly seen that injecting biogas into the engine increased its
stability; making its speed less prone to changes in load. The emissions of the engine were
measure based on ISO standards; the ECU was working properly with its results quite
satisfactorily matching the expectations. More importantly, the same engine cycle of the
emission testing was simulated from the extensive data that was gathered; and the results were
quite similar. Finally some field operations were simulated to estimate how much biogas would
be needed for a certain job. For example, it was found that the biogas cylinders would suffice the
tractor to operate a mower conditioner for about three hours if the best performance algorithm
was to be used. "

7. Conclusion

This research aimed at using biogas to partially replace diesel in an agricultural tractor. After
basic testing, an optimization algorithm was used to calculate the exact flow of biogas to be
injected at each point of the engine’s speed/torque mesh. An ECU was then built and tested with
the engine on the bench dynamometer. The results showed that the ECU was driving the engine
to the desired targets. For example, the ECU when fed with the best efficiency 3D look-up table
effectively reduced the heat consumption to a2 minimum.
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