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Abstract- Performance of an electrical generator 

using bio-fuel and gasoline blends of different 

composition as fuel in a single cylinder engine is 

presented. The effect of an optimized blend ratio of 

bio-fuel with gasoline on engine performance 

improvement and thereby on the electrical generator 

output is studied. The effects of different bio-

fuel/gasoline blending ratios are compared 

experimentally with that of the gasoline alone using 

the output power developed by the electric generator 

as the evaluation parameter. Bio-fuels such as 

ethanol, butanol and methanol are blended with 

gasoline in different proportions and evaluated for 

performance. With a composition of 11% ethanol–

gasoline, the engine performance is increased up to 

7% and with a blending ratio of 21% butanol–

gasoline the performance is increased up to 9% 

compared to the use of 100% gasoline. 

 

I. INTRODUCTION 

 

Gasoline-based engines have provided excellent 

performance over the past decades and are frequently 

used in agricultural systems. Due to the increase of oil 

prices and oil scarcity, there is the need to look for 

alternative energy resources. Most industrial process 

scenarios today are staged around the development of 

high performance economical machine tools to 

increase productivity. In the context of engine 

performance improvement and management 

researchers continue to study the effects of the usage 

of conventional gasoline blended with alternative fuels 

on the engines’ performance. Recent advancements in 

rare earth magnets have paved the way for 

simultaneous research into replacing conventional 

generators with high power generators that help 

increase the performance of the engine, and heavier 

conventional engines with battery setups are being 

replaced by lightweight portable electric generators, 

making the use of a portable electric generators more 

practical compared to the battery setups for outdoor 

applications, especially in the agricultural industry. 

The agricultural wastes that are processed as bio-fuels 

blended with gasoline make it a more economical, 

viable and environmental friendly fuel for engine 

performance. Malaysia is the largest palm oil producer 

and exporter in the World. Along with the economic 

profitability, the industry also generates large amounts 

of waste such as Empty Fruit Bunch that can be 

transformed into value-added bio-fuels such as bio-

ethanol bio-butanol and bio-methanol that can easily 

be blended with gasoline. These mixtures are best 

suited for use in the present fuel distribution system of 

existing engines that are used as prime mover for 

electric generators in harvesting applications. 

Numerous studies on blended bio-fuel and gasoline as 

engine fuel are under way for economic reasons and to 

provide a less combustion exhaust alternative for 

gasoline. Most of them reveal that bio-fuel gasoline 

blending increases the engine performance and 

reduces the emissions of carbon monoxide (CO), 

nitrogen oxides (NOx) and hydrocarbons (HCs). 

Muharrem et al. studied the effect of ethanol–gasoline 

and methanol–gasoline fuel blends on the performance 

and combustion characteristics of a spark ignition (SI) 

engine. The results indicated that when alcohol–

gasoline fuel blends are used, the brake specific fuel 

consumption is increased. Kelly et al.  Tested three 

blends of gasoline with ethanol at various ratios and 

reported that with the use of 75% ethanol the 

emissions of HC and CO were reduced considerably. 

Fikret et al.  Analysed a spark-ignition engine using 

ethanol–gasoline blends. It is inferred from that study 

that a dual fuel system can be serviceable after making 

simple modifications on the carburetor and that these 

modifications do not cause complications in the 

operation of the carburetor system. For better engine 

performance a high compression ratio is often 

desirable, as it allows the engine to extract more 

mechanical energy from a given mass of air-fuel 

mixture due to its higher thermal efficiency. However 

the higher compression ratio makes gasoline engines 
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using low octane-rated fuel prone to engine knocking 

by building up the cylinder pressure, thereby reducing 

tremendously the efficiency or even damaging the 

engine. Mustafa et al. studied experimentally the effect 

of unleaded gasoline and unleaded gasoline–ethanol 

blends on engine performance and emissions of 

pollutant gases in a single cylinder four-stroke spark-

ignition engine at two compression ratios. The results 

showed that the addition of ethanol to unleaded 

gasoline increased the engine torque, the power and 

the fuel consumption and reduced the CO, NOx and 

HC emissions. It is reported that ethanol–gasoline 

blends allow increasing the compression ratio without 

occurrence of knocking.  In his study used gasoline 

blended with methanol at a high compression ratio to 

increase performance and decrease emissions in a 

single-cylinder engine. Initially, the engine with a 

compression ratio 7:1 was tested at full load and at 

various speeds with gasoline and methanol. Then, the 

compression ratio was gradually raised to 8:1 and 

11:1. The results showed a considerable decrease in 

CO, CO2 and NOx emissions without any noticeable 

power loss compared to using methanol at the 

compression ratio of 7:1. By increasing the 

compression ratio from 6:1 to 11:1 with methanol, the 

engine power and brake thermal efficiency increased 

up to 18% and 39%, respectively. Moreover, CO, CO2 

and NOx emissions are reduced by about 35%, 32% 

and 24%, respectively. In none of the work reported 

by other researchers was the electrical power output 

from the generator used as an evaluation parameter for 

the engine performance, nor has a performance 

comparison of blending ethanol, butanol and methanol 

with gasoline and testing with electrical loading been 

reported. Many of them use ethanol-gasoline and 

methanol with gasoline in their studies. The purpose 

of this work was to test the performance of blended 

bio-fuel and gasoline as fuel in the single cylinder two 

stroke engine of a portable electric generator and 

compare the generator performance with that obtained 

using gasoline alone as fuel. A standard single cylinder 

two stroke engine which is readily available in the 

market is used in this study. This type of engine is the 

most commonly used prime mover for the portable 

electric generators that power harvesting machines in 

the agricultural industry use. Three types of bio-fuel–

gasoline combinations are used for the engine and the 

output electric power is experimentally evaluated as a 

performance parameter. The effect of various 

compression ratios on the performance of the engine 

due to the use of octane number rich blending fuels 

such as ethanol, butanol and methanol will be reported 

in future work. Experimental Setup Portable 

Harvesting System In the agricultural industry, 

portable lightweight electric generators with 

continuous power supply capability are widely used to 

power harvesting systems. For this purpose, small size 

engines with a high power density permanent magnet 

type electric generator are used. The development of 

these high power density generators is documented in. 

The output power generated by this engine-generator 

combination is used to supply power to a high torque 

brushless DC motor, which in turn is used as the load 

unit for the harvesting machines. Shows the 

configuration of a typical system with a mobile 

electric generator and a mechanical cutter. The first 

part of the system is the mobile electric generator, 

which consists of a gasoline engine and a high power 

permanent magnet type electric generator, while the 

second part, which is the mechanical cutter, consists of 

a rectifier, motor driver and single phase high torque 

brushless DC motor with a mechanical gear 

arrangement. As the gasoline engine coupled to the 

electrical generator rotates electrical output power is 

generated, depending upon the operating speed of the 

engine. The motivation of this paper is to present the 

possible performance improvement of the electrical 

generator by using an optimized bio-fuel gasoline ratio 

mixture in the engine. Once there is sufficient 

improvement in performance of the electrical 

generator output the performance of the loading unit 

coupled to the generator is improved. First the 

mechanical performance of the engine is tested with 

various fuel ratio combinations under conditions 

Energies ranging from no load to full load. The 

permanent magnet generator is then coupled to the 

prime mover and the electrical performance is 

evaluated by means of a resistance grid bank of 

sufficient capacity to accommodate its maximum rated 

capacity. This experimental evaluation is carried out 

prior to connecting to the actual load element which is 

the mechanical cutter. Several load tests of the engine 

with different fuel ratio combinations are preceded by 

a sufficient number of runs at no load and partial load 

to insure improvement of generator performance. 

Load test readings are taken over a period of time 

sufficient to obtain average values. With this 

demonstrated improvement in the generator 
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performance, the mechanical cutter segment 

performance is improved for real time portable 

applications like the harvesting systems described in 

this research. 

 

II. ENGINE CHARACTERISTICS 

 

A 20 cc single cylinder two stroke engine which 

weighs about 3 kg and can generate a maximum power 

of 900 W at 8000 rpm was used in this study. The 

engine complies with the ISO standards and is 

typically used in forest machinery, particularly for 

portable brush-cutters and grass trimmers. It shows the 

specifications of the engine used for this study. The cut 

off speed of this engine is at 10,300 rpm at a 

compression ratio of 6:1. The speed of the engine can 

be varied by a Throttle Valve Ratio adjuster. The 

higher the TVR value, the more fuel and air is taken in 

from the engine carburetor. 

 

III. GENERATOR STRUCTURAL FEATURES 

 

The electrical generator design is based on previous 

research work by the authors on the development of a 

high power permanent magnet assisted generator. The 

eight poles of the rectangular shaped rare earth 

permanent magnets are embedded in the rotor to 

facilitate high speed applications. The rotor and stator 

are made from a magnetic material such as soft steel 

while the shaft is made from a non-ferromagnetic 

material. The generators are designed for use as 

portable generators to supply electrical power for 

agricultural applications and are designed for single 

phase operation with the coil connected in series to 

produce a variable ac voltage. The output power of the 

generator is converted through a rectifier and filter 

before supply to a typical load application. It shows 

the structural specifications of the electrical generator 

used in this study. 

 

IV. FUEL CHARACTERISTICS 

 

It has been well documented in the literature that a 

high compression ratio gives better engine 

performance if a bio-fuel-gasoline blended fuel with a 

high octane number, normally called Research Octane 

Number (RON), is used. This octane rating is a 

measure of the self-ignition capability of a gasoline or 

liquid petroleum fuel. The higher the number, the less 

likely an engine is to pre-ignite and suffer damage. 

Each fuel has a different octane number (RON) value, 

with methanol being at 123 and butanol having the 

lowest octane number of 94. The octane number for 

gasoline is 90. The different blending ratio values 

directly affect the engine performance. The main 

measured parameter in this study is the blending ratio 

of the bio-fuel such as ethanol (E), butanol (B), 

methanol (M) with the gasoline (G). The engine 

performance is observed from the output electrical 

power generated by the electric generator. It shows the 

properties of the fuel components that are investigated 

in this study 

 

V. RESULTS AND DISCUSSION 

 

The voltage waveform in phase with the current 

waveforms as the load is a purely resistive load. A 

resistive load bank is used to experimentally study the 

performance characteristics of the electrical generator 

with different fuel combinations in the engine. The 

throttle valve ratio adjuster helps to adjust the fuel-air 

combustion inside the engine chamber and is one of 

the factors that help to increase the power output. The 

power that is generated for 20% TVR in Figure 5a is 

252 W and for 80% TVR in Figure 5b is 398 W for a 

20 Ω electrical load. The current frequency for 20% 

TVR is 390 Hz while for 80% TVR is 630 Hz. With 

the TVR at 80%, more fuel is injected into the engine 

contributing to increase of engine speed. The electrical 

characteristics are derived from the different load 

settings with different TVR values. 

 

VI. EFFECT OF BIO-FUEL-GASOLINE 

BLENDING RATIO ON OUTPUT POWER 

OF ELECTRIC GENERATOR 

 

The characteristic output power when the TVR is 

increased up to 100% with 20% incremental value 

using gasoline-ethanol blend. The output power 

increases proportionately up to 60% TVR value. But, 

for the TVR value from 80% and 95% the output 

power values are almost constant. Similar output 

power characteristics are observed when operated with 

different load resistance values. From the observation, 

it can be inferred that the optimal performance of the 

engine is achieved for a TVR of 80%. It is evident 

from that a higher compression ratio helps to achieve 

better performance with lower emissions. The higher 
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compression ratio thereby increases the fuel 

consumption efficiency and increases the performance 

of the electrical power output. Figure 7 also shows that 

for higher load resistances of 60 Ω and 40 Ω the 

generator does not exhibit any significant decrease of 

the maximum output power, even with different 

gasoline-ethanol blending ratios. However for the 

lower load resistance value as 20 Ω, the maximum 

output power shows significant changes. With a higher 

percentage of ethanol ratio in the blended fuel the 

maximum output power is reduced For instance, the 

output power for blending ratio G80%-E20% is 435 

W, which is 11% higher than the blending ratio G70%-

E30%. The correlation of the blending ratio is highly 

significant with lower resistance value compared to 

that of higher load resistance value. For higher load 

resistance 40 Ω and 60 Ω, the effect of blending ratio 

is difficult to observe for all types of blended bio-fuel 

and is less significant. 

 

Experiments are performed with different blending 

ratios of bio-fuel such as ethanol, butanol and 

methanol with gasoline for lower load values of 10 Ω, 

15 Ω and 20 Ω and the results are shown in Figure 8. 

For a typical load resistance value of 20 Ω the output 

power shows similar characteristics, irrespective of the 

bio-fuel used in the experiments. The output power 

observed for load values of 10 Ω and 15 Ω for the 

butanol-gasoline blends percentage of 75% to 85% 

shows variations in the characteristics because of the 

saturation of the generator. Because of the machine 

saturation the output power drops at 80% blending. 

The methanol-gasoline blend shows the same 

characteristics for the load resistance value of 15 Ω 

and 10 Ω. However, the ethanol-gasoline blends and 

butanol-gasoline blends show very interesting effects 

for load resistances of 15 Ω and 10 Ω. The output 

power generated for the ethanol-gasoline blend, for a 

blending ratio of G80%-E20% is seen to be the 

maximum. The output power is 7% higher compared 

to 100% gasoline. This behavior is observed with a 

load resistance of 15 Ω and 10 Ω. Furthermore, for 

butanol-gasoline blends, the output power is 

maximum when the blending ratio is G70%–E30%, 

where the output power is 9% higher corresponding to 

100% gasoline. This behavior is also observed with 

load resistances of 15 Ω and 10 Ω. 

 

 

CONCLUSIONS 

 

An evaluation of the effects of bio-fuel-gasoline 

blends on the generator performance of single cylinder 

two stroke engines is performed and reported. As 

alcohol–gasoline fuel blends improve the brake 

specific fuel consumption. As the fuel consumption is 

improved, the electrical power output performance is 

increased. In this research the engine performance is 

investigated by measuring the output power generated 

by an electric generator that is coupled to the engine. 

With the load resistance of 15 Ω and with a blending 

ratio of 20% ethanol–80% gasoline the performance of 

the engine is increased up to 7% more than by using 

100% gasoline alone as fuel. For a blending ratio of 

30% butanol-70% gasoline, the engine performance is 

increased by 8% more than when using 100% gasoline 

as fuel. In conclusion, the engine performance 

increases compared to using 100% gasoline as fuel for 

a typical load condition with certain bio-fuel and 

gasoline blends, especially when high load torque is 

required. 
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