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ABSTRACT

The main objective of this work is to develop the prototype of small and large-
sized electrical generators from biogas engines. This is by using the electrical
generation technique with an engine running at a velocity synchronous with the
induction-motor until the induction-motor reaches the generation mode and becomes
the generator to produce electricity at 50 Hz. In this work, the biogas generator set
was designed, constructed and tested into two sets; the first set in this study is to
modify and tune a multi-valve automotive engine to use biogas to produce electricity.
The engine under study was a Nissan GA-16DE 1,600 cc 16-valve gasoline engine
coupled to a 3-phase 2-pole induction-motor and subsequent attachment to a small-
sized biogas generator set (under 100 kW). A biogas carburetor was designed and
installed on the engine. Operating variables including air/fuel ratio, ignition timing,
and compression ratio are varied to find the optimal operating point. The second set in
this study is to convert and tune a bus diesel engine for electricity production on a
farm using biogas as fuel. The engine under study was a Hino K-13CTI 13,000 cc 24-
valve diesel turbocharged engine coupled to a 3-phase 4-pole induction-motor and
attachment to a large-sized biogas generator set (100 kW or more). Modifications
included the addition of a biogas carburetor for air-fuel mixing, replacing the fuel
injection system with a spark ignition system, reduction of compression ratio from the
original 16:1 to 8:1 using a cylinder head spacer, and modification of the turbocharger
waste gate so the boost pressure can be adjusted.

In the biogas carburetors designed and tested, the numerical model of the venturi
is simulated by commercial computational fluid dynamic software. Numerical models
were successfully developed to an appropriate flow at 8 circular ports around the
throat area and 10° of diffuser cone angle of the venturi. Also, the metering needle for
the gas inlet was fabricated with a parabola profile to provide some linearity between



the needle position and the gas flow rate. Comparisons were drawn of the wear and
tear on the engine’s moving parts between the small-size biogas engine after 1,000
hours of operation at optimum conditions and the same gasoline engine model in a
pickup truck after 100,000 km of operation under normal conditions. The results
showed no abnormal wearing out of the engine’s moving parts and regarded as having
no significance. The amount of wear and tear on the biogas engine’s moving parts is
similar to the same gasoline engine model in a pickup truck. For example, the valve
thickness of the biogas engine has 0.02 mm ware and the piston ring gap and
thickness has 0.03 mm more ware than a similar gasoline engine.

The experimental results can be summarized into two parts as follows; for the
small-size biogas generator set tested, it was found that when the system was
operating at 3,000 rpm, the optimal settings are an excess air ratio of 1.006, ignition
timing at 49° BTDC, and compression ratio of 11:1 will produce the maximum engine
efficiency of 26.22%. With these settings, the output power from the generator is 21.4
kW, the CO emission is 697 ppm and the payback period would be 1.69 years when
running at 12 hours per day. The engine can also be tuned for maximum output power
which reduces the payback period to 1.55 year. In this case, settings of an excess air
ratio of 0.885, ignition timing at 44° BTDC, will produce engine efficiency of 25.22%,
maximum output power for this operating point is 22.7 kW and the amount of CO in
the exhaust gas is 1,301 ppm. The large-size biogas generator set tested, when the
induction motor was synchronized to the power grid, the running speed of the engine
was 1,500 rpm. Optimal engine efficiency was achieved at 28.63% by setting the
excess air ratio at 1.097, ignition timing at 54° BTDC, and the turbocharger boost at
56 kPa. With this setting, the generator power output was 134.2 kW with emissions of
CO and NOx being 1,154 and 896 ppm respectively. The generator specific output for
biogas containing 70%CH, is 1.7 kWh/m® of biogas consumed. With these settings,
the payback period is 0.42 year when running 12 hours per day. As the boost pressure
is increased from 56 kPa to 68 kPa, the efficiency begins to decrease and the amount
of pollution is increased. Increase in engine vibration is also noted in this turbocharger
boost range. NOx is high when high pressure and temperature occur in the
combustion. However, this system will produce electrical output power of 93.4 to
143.2 kW if the engine is operated with rich air/fuel ratio and high turbocharger boost.
Higher engine output will yield a shorter payback period for the investment but
increasing the boost pressure beyond 56 kPa will cause excessive pollution emissions
and engine vibration which will probably shorten the engine’s life. It can be
concluded that the boost pressure of 56 kPa yields the highest efficiency with an
acceptable pollution level for this engine. These experimental results tested, the
exhaust gas emissions passed the internationally accepted pollution control standard
of CO of a vehicle engine.
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