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1) Abstract 

The world faces twin problems of energy crisis and environmental degradation. Fossil fuels 

contribute to more than 80% of the world total energy utility. Use of fossil fuels produces more 

greenhouse gas emissions. The demand for more power as well as complying with strict 

emission norms is a major concern for all automotive manufacturers across the world.  

The gradual reduction of the petroleum reserves and increase of pollutant emissions have 

demanded the development of alternative and renewable energy sources which can help to 

reduce the current oil dependency in the field of internal combustion engine(ICE). The search for 

a vehicle fuel that will produce minimum emissions and maximize fuel efficiency and economy 

has become an important aspect for cleaner vehicle fuel development. Recently, alternative 

transportation fuels have been receiving increasing attention as it produces minimum emissions 

and is eco-friendly too.  

Biogas is eco-friendly, renewable and clean burning fuel which is more safer than CNG. Biogas 

produced by anaerobic digestion of various bio-degradable organic substances such as kitchen 

wastes, agricultural wastes, municipal solid wastes, sewage, cow dung etc., offers utility of low 

cost and low emissions compared to any other secondary fuels. Biogas contents 50-70% 

methane, 25-50% carbon dioxide, 1-5% hydrogen, 0.3-3% nitrogen on volume basis and 

various minor impurities including traces of hydrogen sulfide. After removal of CO2, H2S and 

water vapor, biogas can be converted as an equivalent fuel to natural gas. India is one of the 

largest nation into cattle breeding, larger quantity of waste generates from municipal 

wet waste, press mud, from sugar industries also yield a large scope for producing 

biogas. In this respect, biogas is a well established renewable and environment friendly 

vehicular fuel which can be used in S.I mode.  

One of the major factors affecting the sale of biogas engines is the de-ration factor (45-50% 

compared to gasoline engine) owing to the gas properties and the cost of these engines as most of 

the biogas engines are diesel engine converts. The factors include due to low density, low 

volumetric efficiency, low flame speed and absence of fuel evaporation. Biogas engines require 

compact and turbulent combustion chamber for effective combustion of the charge inside the 

cylinder. Biogas having high knocking stability due to higher octane rating of 130 allows higher 

compression ratio. Looking to the above fact the main aim of the research work is to reduce the 

de-rating of power with lower specific fuel consumption and emissions.  
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The present research work is an attempt to develop a dedicated biogas fuelled SI engine 

technology from a 100cc motor cycle. Such a small engine is coupled with alternator especially 

suitable in remote rural electrification which are still not connected to grid line or have a limited 

access. The experimental work presents the performance results of a small 98cc, single-cylinder, 

four stroke cycle gasoline engine which is optimized to run on scrubbed biogas (CH4 93.8%) and 

raw biogas (CH4 56.6%) with successive modifications to the engine and its components. The 

work is carried out in stages to develop a dedicated biogas engine technology. 

The various aspects like piston crown geometry, compression ratio (CR), stroke-to-bore (S/B) 

ratio and ignition voltage is investigated in this research work to evaluate the performances of 

the engine on biogas fuel and comparison of the same with gasoline is also made with the results 

obtained during experimental tests. The research work explored various strategies like increase 

in CR, reduction in S/B ratio and increase in ignition voltage of 2 kV to enhance engine 

performance and reduce engine emissions to run on biogas as a fuel. Through experimentation it 

has been observed that under certain cases the maximum power produced by the biogas fuelled 

engine has increased by 31%. The brake thermal efficiency and BSEC has increased by 8.91% 

and 17.74% respectively. There is a 18.18 % improvement in BSFC. 

2) Brief description on state of the art of research topic. 

In lieu of development of a dedicated biogas engine technology, lot of research papers from peer 

reviewed journals were studied. Gurneesh et al.[5] suggested dual spark plug strategy to enhance 

biogas-fuelled engine performance in the low power range of less than 1kW. Chang et al.[6-12 ] 

investigated the effects of CR and CO2 in biogas fuelled SI engine. The study concludes that 

with reduction in CO2 content in biogas, improved engine performance and reduced HC 

emissions is witnessed. The results also conclude that increase in compression ratio seems to be 

desirable to enhance performance and reduce emissions with biogas. Xinyan et al.[24-29] 

investigated the influence of S/B ratio on  engine performance of SI engine and concluded that 

reduction in S/B ratio improve performance of the gas engines. David et al.[30-31] suggested 

that gas engine air mixture requires higher break down voltage and high ignition voltage 

improves performance of the gas engine. 
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The literature survey reveals the following for a biogas fuelled engine; 

 Maximum engine performance is obtained by lowest carbon dioxide dilution, and 

increasing compression ratio enhance the brake power output, brake thermal efficiency 

and improve brake specific fuel consumption.  

 The shape of the piston crown geometry and increase in compression ratio affects 

combustion parameters and proper selection of piston with larger cleavages on its crown 

increases the turbulence levels which in turn improves the performances. 

 Lower S/B ratio offers more compact combustion chamber and which increases the 

mechanical efficiency thus improving the performance of the engine.  

 Low flame velocity and high ignition temperature of biogas requires higher break down 

voltage, high ignition energy and advance timing. To enhance the combustion and flame 

propagation velocity, high ignition voltage is required. High ignition voltage accelerates 

the flame propagation, which improve combustion, engine performance and also reduce 

engine tail pipe emissions. 

The above research work, the studies carried out with multi cylinder high power or medium 

capacity biogas fuelled engines (500cc and above). Very few research works concerned with the 

study of biogas fuelled small S.I. engine 100cc category. Looking to the above facts and in order 

to develop the biogas engine technology the objectives of the research work are chosen 

accordingly. 

3) Definition of the Problem. 

Few of the major concerns deals with biogas fuelled SI engine are mentioned as below; 

 Low power output of 40% to 50% for biogas fuelled engine as compared to gasoline due 

to low density, low flame speed and absence of fuel evaporation. Due to low flame 

velocity of 25 cm/s [12], its combustion period is delayed which requires high break 

down voltage, high ignition energy and advance timing. In order to enhance the 

combustion and flame propagation velocity, higher ignition voltage is required. Higher 

ignition voltage accelerates the flame propagation, which improve combustion, engine 

performance and reduce engine emissions. An ideal piston capable of generating 

maximum turbulence desirable for rapid combustion can solve the problem of low 

burning speeds.  
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 Lower S/B ratio offers a better compact combustion chamber, which increases the 

mechanical efficiency that improve the performance of the engine. High knocking 

stability of biogas allows higher compression ratios and improved brake thermal 

efficiency and power [24].  

In order to solve the above problems, various strategies are explored in the current research work 

to enhance the performance of a small biogas fuelled SI engine of 100cc category. 

4) Objective and Scope of work. 

The research work aims is to develop a dedicated biogas fuelled small SI engine technology in 

the range of 80-125 cc category. Generally such small SI engines having low power capacity less 

than 1 kW are suitable in remote rural electrification which are still not connected to the grid line 

or have a limited access. In order to develop a biogas engine technology the strategies like 

influence of piston crown geometry, compression ratio, stroke-to-bore (S/B) ratio and high 

ignition voltage of 2 kV on the performance of biogas fuelled small SI engines 100cc category 

are explored to gather for the first time to the best of the available literature.  

The objectives of the research work are to study the  

 Influence of piston geometries. 

 Influence of compression ratio (CR). 

 Significance of ignition system and voltage requirements. 

 Effects of stroke-to-bore(S/B) ratios and methane content in biogas on performance 

parameters of a small 98cc, single-cylinder, four stroke cycle gasoline engine which is 

optimized to run on scrubbed biogas and raw biogas. 

5) Original contribution by the thesis. 

Present research work has attempted to develop a dedicated biogas fuelled small SI engine 

technology in the range of 80-125 cc. by exploring various strategies like influence of piston 

crown geometry, compression ratio, stroke-to-bore (S/B) ratio and high ignition voltage of 2 kV 

for the above engine to improve the engine performance. The research work has revealed the 

following: 

 Proper selection of piston geometry and increase in compression ratio with a larger 

cleavage piston increases the performance and reduce emissions.  

 The performance improvement with improved compression ratio form 6.2:1 to 7.8:1 with 

larger cleavage on piston crown produced better turbulence for scrubbed biogas and raw 
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biogas as a fuel which leads to high power and brake thermal efficiency and reduced HC 

and CO emissions.  

 The engine with S/B=1.1 gives an equivalent performance compare to gasoline because it 

is a 108 cc engine. The performance of the 88 cc engine for S/B=0.9 with high ignition 

voltage is comparable with S/B=1.1 which is a remarkable achievement. 

 Increase in ignition voltage by 2 kV with reduced S/B ratio= 0.9 has played a major role 

to enhance the peak power output of the engine with larger cleavage on piston crown on 

scrubbed biogas and raw biogas as a fuel. The lower S/B ratio offers more compact 

combustion chamber, which increases performance of the biogas fuelled small SI engine.  

Summary:  

The outcomes of the research are proper selection of piston with large cleavage on its crown, 

increase in compression ratio in a close range of 8:1, increase in ignition voltage by 2kV for the 

S/B=0.9 enhance the performance of biogas fuelled small SI engine of 100cc category. 

6) Methodology of Research, Results / Comparisons. 

In order to develop the technology an experimental investigation on a small 98cc, single-

cylinder, four stroke cycle gasoline engine which is optimized to run on scrubbed biogas (CH4 

93.8%) and raw biogas (CH4 56.6%) is carried out in stages. The influence of piston crown 

geometries, compression ratio, significance of ignition voltage requirements and effects of 

stroke-to-bore(S/B) ratios on performance parameters and emissions characteristics have been 

experimentally evaluated and compared the same with gasoline, scrubbed biogas and raw biogas. 

The optimal configurations are found from the experimentation which are deemed to be a 

dedicated biogas engine technology. 

Instrumentation used:  

 The test includes digital tachometer for speed measurement and digital multi-meter for 

measurement of voltage and current. It can measure both voltage as well as current 

generated during the operation. It was connected to load board for measurement purpose.  

 A digital anemometer was used for air flow measurement, air mixture and gas vaporizer 

circuit were installed before fuel supply system and pressure of gas got maintained with 

low pressure regulator.   

 Electrical type 3kVA single phase alternator was directly coupled with engine crank shaft 

at engine magnet side, electrical resistance load board was used for electrical loading on 
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engine crank shaft. Load measurement were carried out by giving resistive loads using 

bulbs of 50 watts, 100 watts, 200 watts and 500 watts incremental up to 3 kW. 

 The gas consumption for biogas was measured by diaphragm type gas flow meter.  

The selected engine specifications is shown in table 1 below 

Table1, Engine specification 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
In order to study the effects of piston crown geometry and compression ratio 3 pistons (refer 
figure 1), were identified based on local availability in the market and on the following criterion: 

 The basic structure of the combustion chamber is not affected and they fit in the same 

bore diameter.  

 No changes are required to be made with the connecting rod assembly. 

 The gudgeon pins fit easily in the small end of the crankshaft. 

 Above all, all the crown geometries should not remain the same. 

 
(a)            (b)              (c) 

Figure 1 (a) Photograph of Piston A (b) Photograph of Piston C ( c ) Photograph of Piston T 

 

 

Type 
Four stroke, air cooled, single 

cylinder SI engine 

Fuel Petrol/Biogas 

Number of cylinders One 
Bore 50 mm 

Stroke 49.5 mm 
Compression ratio 8.8:1 

Connecting rod length 90 mm 
Rated power 5.5 KW@8000 rpm 

Maximum Torque 7.95Nm @5000 rpm 
Displacement volume 97.30cc 

Idle speed 1400 ± 100 
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Following is the significance behind identifying these 3 pistons for testing purpose:  

Piston A and Piston T have cleavage on the piston crown; hence it is assumed to be capable of 

generating a large amount of turbulence in the combustion chamber. Higher cleavage on the 

crown of Piston A and Piston T results into a lower compression ratio of 6.59 and 6.24 

respectively for the engine. Piston C is the original flat base piston of the selected engine which 

has a compression ratio of 8.8. Thus, these three Pistons A, C and T enabled to study the 

simultaneous influence of CR and piston crown geometry to achieve an optimal configuration.  

In order to study the effects of S/B ratios and ignition voltage following modifications has been 

made in the engine. These modifications include: 

  Machining the engine block from the bottom to maintain the compression ratio for lower 

S/B ratio. (refer fig.2) 

 Adding spacers to maintain the compression ratio for larger S/B ratio. 

 Crankshaft modification includes fabrication of crank pin to test at different S/B ratio. 

 Modifying the ignition coil for generating higher ignition voltage of 2 kV.(refer fig.3)  

 
                           (d)                                         (e)              (f) 
Fig.2.(d) Engine block with Pistons (e) Block before machining ( f ) Block after machining 

                            
                           (g)                                         (h)              (i) 
Fig.3.(g) Crank web for the S/B=0.9 (h) Crank web for the S/B=1.1 (i) Modified ignition coil 
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The configuration of S/B ratio is given in Table 2. 

Table 2. Configurations at different stroke-to-bore ratio(S/B). 
S/B 
ratio 

Rcr 
(mm) 

L 
(mm) 

Engine block machining / 
providing spacers (mm) 

Justification to the changes  

0.9 22.5  45 5 Increase in clearance volume, hence resulting 
into a lower compression ratio 

1.0 25.0 50 0 No changes 
1.1 27.5 55 5 Addition of spacers to prevent the piston 

collision with the cylinder head. 
6.1 Experimentation:  

The properties and contents of both scrubbed and raw biogas were tested through certifying 

agencies and the experimentation work is carried out by testing the engine under gasoline, 

scrubbed biogas(CH4 93.8%) and raw biogas(CH4 56.6%)  mode in the following sequence: 

 To study the influence of piston crown geometry the engine is tested on all the selected 3 

pistons A, T and base Piston C for assessment of performance and emissions. 

 Testing of the modified engine to study the effect of compression ratio for more cleavage 

Piston A and Piston T. 

 To study the effects of S/B ratios on the modified engine with Piston T at S/B=0.9, 1.0 

and 1.1. To study the significance of ignition voltage testing the modified engine with 

Piston T at S/B=0.9.  

The schematic layout of the experimental setup is shown in figure 4 below 

 
Figure 4, Schematic layout of experimental setup. 
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Figure 5, A photographic view on experimental test rig setup of SI engine. 

The supply of biogas is from biogas plant to the engine includes, the raw biogas initially passed 

from water absorbing column and then it is stored in buffer storage tank at 10 bars, from the 

buffer tank, gas is discharged through a valve to a first stage regulator where there is a further 

pressure drops to 0.6 bars and gas enters the vaporizer which has the settings for maximum fuel 

control settings and idle settings, the vaporizer is connected to the mixer which is exposed to the 

air-filter side and rear end is connected to the carburetor. The rear end of the carburetor, 

connected to the intake manifold of the engine. During performance test under scrubbed biogas, 

the raw biogas initially passed from scrubbing unit and then it is stored in buffer storage tank. 

Biogas composition like CH4, CO2, H2S and O2 were measured by four gas analyzer and the 

composition was also compared with that obtained with gas chromatograph. The actual 

composition of biogas was estimated regularly to take of changes. The volume flow rate was 

measured by diaphragm type gas flow meter and which was converted to mass basis by 

multiplying its actual density calculated using the measured composition, pressure and 
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temperature. The stoichiometric air fuel ratio was calculated from known concentration of 

methane and CO2. Equivalence ratio was determined from measured air and fuel flow ratio. 

The engine was run at a standard 3000 (±100) rpm and was subsequently resistively loaded 

gradually. The engine speed was maintained constant ( + 100 rpm) by throttling the engine 

against the drop in speed due to the loading. Initially, the idling speed adjustment in the engine 

speed range of 1050 rpm to 1150 rpm was carried out before starting any set of experiments. 

Engine was allowed to warm up for 15 minutes before conducting the experimentation. To 

ensure the repeatability in results, the engine was tested at same loading conditions and the 

results were noted down. Any discrepancy in the results resulted into the repetition of the 

experiment from the first stage itself.  

The engine performance parameters like brake power, brake thermal efficiency, BSFC and 

BSEC are calculated using following formulas, 

Brake power:                            Brake thermal efficiency: 

V× I
BP=

1000
                                                          

f

BP×3600
η 100

CV×M
   

 
Brake specific fuel consumption:   Brake specific energy consumption: 
       

fBSFC= M / BP                         BSEC = BSFC  CV    
                      
 

Table 3. Details of measuring instruments                                      Table 4. Uncertainty values. 

Measuring 

instruments 

Make  Range/Accuracy  Parameter Uncertainty 

value(%) 

Diaphragm  
type gas flow meter 

George Wilson  
Ind. U.K. 

0.016-22.5 m3/h  Speed +3% 

Digital anemometer  
(air flow meter) 

AM-4202 0.4-30 m/s, 0.8-58.3 knots Voltage  +1% 

Digital Multimeter Fluke 107 A.C voltage +(1%+3 digit) 
A.C Current+(1.5%+3 digit 

Brake 
thermal 
efficiency 

+2% 

Photo type digital 
Tachometer 

DT2234-C 2.5 to 99,999rpm  
+(0.05%+1 digit) 

Brake 
power 

+1.5% 

Exhaust      
gas analyzer 

EPM  
1601 i3Sys 

CO:  0-15 % /  ±3% Current +1.5% 
HC:  0 – 20000ppm /  ±5%  
CO2: 0 – 20% / ±3% 
O2: 0 – 25% / ±3% 
NOx: 0 – 5000ppm / ±3% 
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The initial experimentations concluded that Piston A and Piston T had a poor performance on all 

fuel compared to base Piston C. The deterioration in results for Piston A and Piston T were due 

to low compression ratio (CR) of 6.59:1 and 6.24:1 respectively against CR of 8.8:1 for base 

Piston C. Hence the CR for Piston A and Piston T were increased to 7.47:1 and 7.82:1 

respectively and renamed as modified Piston A and T in this report. Figure 6 to Figure 17 

represent the performance curves by loading the crankshaft on petrol, scrubbed biogas and raw 

biogas as a fuel for various pistons. 

The abbreviations used in the figures are given below: 

Activa piston CR 6.59:1  :   Piston A 

Base CD 100 piston CR 8.8:1 :   Piston C 

Twister piston CR 6.24:1 :   Piston T 

Modified engine piston A, CR 7.47:1 :  MOD Piston A 

Modified engine piston T, CR 7.82:1 :  MOD Piston T 
 

 
 
Figure 6. Brake thermal efficiency with respect to brake power for Petrol and Scrubbed Biogas 
as a fuel. 
 
The results obtained with improved compression ratio of 7.8:1 for MOD Piston T is observed to 

be highest as compared with all piston A (CR 6.59:1 and 7.47:1) and piston C (CR 8.8:1). This is 

due results better turbulence due to piston crown geometry and increasing the CR and higher 

cleavage on crown of the piston improve performance of the engine. 
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Figure 7. Brake thermal efficiency with 
respect to brake power for Raw Biogas as a 
fuel. 

Figure 8. Maximum brake thermal efficiency 
for various fuels and different CR 
 

 

The maximum brake thermal efficiency achieved with MOD Piston T is 20.81 %  for Raw 

biogas and which is 5.49% and higher than that of base Piston C. The maximum efficiency 

achieved with MOD Piston A is 18.06 % for Raw biogas and which is 2.74% higher than that of 

base Piston C. 

 
 
Figure 9. Minimum brake specific fuel consumption for various fuels and different CR 
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The minimum BSFC achieved with MOD Piston T for Raw biogas is 0.3762 kg/kW-h, which 

is 18.88% lower than that of base Piston C. The minimum BSFC obtained with MOD Piston A 

for Raw biogas is 0.3939 kg/kW-h and which is 15.07% lower than that of base Piston C. 

 

Figure 10. Brake specific energy consumption for various fuels and different CR 
 
The minimum BSEC achieved with MOD Piston T for Raw biogas is 14.91 MJ/kW-hr, which is 
improved by 26.84% compare to base Piston C. The minimum BSEC obtained with MOD  
Piston A for Raw biogas is 17.18 MJ/kW-hr, which is improved by 15.70% compare to base 
Piston C. 

 

Figure 11. Maximum brake power for various fuels and different CR 
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The maximum power produced by base piston C on petrol is 1375 Watt and 676 Watt on raw 

biogas so the de-rating of the engine on raw biogas for base piston C is 51% which is reduced to 

37.6%  with improved compression ratio for modified piston T and 39.8% for modified piston A 

respectively. Maximum power produced with improved compression ratio 7.82:1 with modified 

piston T on petrol is 1571 Watt and 979 Watt on raw biogas as fuel which is 31% more than base 

piston C on raw biogas. 

In order to study the influence of S/B ratios and effect of ignition voltage on performance of 

biogas fuelled small SI engine. Accordingly, the experimentation was carried out in successive 

stages by testing the engine under gasoline, scrubbed biogas and raw biogas with three S/B ratios 

0.9, 1 and 1.1 and with high ignition voltage of 2 kV for the S/B=0.9 to assess the performance.  

The study concluded that lower S/B ratio offers more compact combustion chamber, which 

increases performance of the biogas fuelled small SI engine. The engine with S/B=1.1 performed 

best among all combination because it is 108 cc engine. On gasoline it produced power of 

2079Watt and on raw biogas 1178Watt, so de-rating of the engine is 43% on raw biogas. While 

the engine with S/B =0.9 is 88 CC engine, it produced power of 1470Watt on petrol and 882 

Watt on raw biogas, so de-rating of the engine is 40%. The engine with S/B=0.9 having high 

ignition voltage produced 1564Watt on petrol and 975 Watt on raw biogas, so its de-rating is 

37% on raw biogas. This means that the engine configuration with S/B=0.9 having high ignition 

voltage delivers the performance comparable to the 108 cc engine. Figure 12 to Figure 17 

represent the performance curves by loading the crankshaft on petrol, scrubbed biogas and raw 

biogas as a fuel for various S/B ratios and high ignition voltage configurations. 

The abbreviations used in the figures are given below: 

Base CD 100 piston C, S/B 1.0, CR 8.8 :   Piston C S/B 1.0 

Twister Piston T, S/B 0.9, CR 7.8 :    Piston T S/B 0.9 

Twister Piston T, S/B 0.9, High ignition voltage 2 kV, CR 7.8  : Piston T S/B 0.9 HV 

Twister Piston T, S/B 1.0, CR 7.8 :    Piston T S/B 1.0 

Twister Piston T, S/B 1.1, CR 7.8 :    Piston T S/B 1.1 

The performance levels with all S/B ratios with scrubbed biogas and raw biogas as a fuel are 

observed to be inferior as compared to their operation with petrol fuel. This is due to lower 

achieved with biogas. The results obtained with S/B=1.1 was found the best among all 

combination because it is 108 cc engine. 
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Fig. 12. Brake thermal efficiency with respect to brake power for Petrol and Scrubbed Biogas as 
a fuel 
 
The significant enhancement in performance was achieved with S/B=0.9 having high ignition 

voltage is 88 CC engine. This means that the engine configuration with S/B=0.9 having high 

ignition voltage delivers the performance comparable to the 108 cc engine. The maximum brake 

thermal efficiency achieved with S/B=0.9 having high ignition voltage for raw biogas is 23.04% 

and for the base Piston C S/B=1.0 it is 15.32% , which is 7.72% higher than base Piston C. 

Fig. 13. Brake thermal efficiency with 
respect to brake power for Raw Biogas as a 
fuel.  

Fig. 14. Maximum brake thermal efficiency 
for various S/B configurations. 

 
The maximum brake thermal efficiency obtained for raw biogas with S/B=1.1 is 8.91% higher 

than base piston C. The efficiency for S/B=0.9 is 4.78% higher than that of base piston C 

S/B=1.0 for raw biogas as a fuel. 
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Fig. 15. BSFC for various S/B configurations. 

 
The minimum BSFC achieved with S/B = 0.9 having high ignition voltage for raw biogas is 

0.3273 kg/kW-h, which is 29.43% lower than that of base Piston C S/B 1.0. The minimum BSFC 

obtained with S/B = 0.9 for raw biogas is 0.3549 kg/kW-h and which is 23.47%  lower than that 

of base Piston C S/B 1.0. The minimum BSFC achieved with S/B=1.1 for raw biogas is 0.2933 

kg/kW-h. The load increases brake power and brake thermal efficiency increases and BSFC 

decreases relatively for all S/B ratios and at high ignition voltage respectively. 

 
Fig. 16. Minimum BSEC for various S/B configurations. 
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The minimum BSEC obtained with S/B=1.1 for raw biogas is 5.426 MJ/kW-hr and with base 
Piston C is 8.582 MJ/kW-hr, which is 36.77%  less than that of base Piston C S/B 1.0. The 
minimum BSEC obtained with S/B=0.9 having high ignition voltage for raw biogas is 6.055 
MJ/kW-hr and with base Piston C is 8.582 MJ/kW-hr, which is 29.43% lower than that of base 
Piston C S/B 1.0.  

 

Fig. 17. Maximum brake power for various fuels at different S/B ratios. 
 

The significant enhancement in performance is achieved with  S/B=0.9 is 88 CC engine, it 

produced power of 1470Watt on petrol and 882 Watt on raw biogas, so de-rating of the engine is 

40%. The engine with S/B=0.9 having high ignition voltage produced power of 1564Watt on 

petrol and 975 Watt on raw biogas, so its de-rating is 37% on raw biogas. The engine with S/B 

=1.1 produced power of 2079Watt on petrol and 1178 Watt on raw biogas, so its de-rating is 

43.33% on raw biogas. This means that the engine configuration with S/B=0.9 having high 

ignition voltage delivers the performance comparable to the 108 cc engine. 

The following emission results have been obtained from the 5 gas analyzer during engine testing. 

Figure 18 to 22 shows the emissions of HC, NOx, CO and CO2 with gasoline, scrubbed biogas 

and raw biogas as the fuel during testing of the engine. 
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Fig. 18. Variation of HC with B.P. for various piston geometry and compression ratio for petrol 
and scrubbed biogas. 

 

Fig. 19. Variation of HC and NOx with B.P. for various piston geometry and compression ratio 
for raw biogas and petrol. 

 
Fig. 20. Variation of NOx with B.P. for various piston geometry and compression ratio for 
scrubbed biogas and raw biogas. 
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Fig. 21. Variation of CO with B.P. for various piston geometry and compression ratio for petrol 
and raw biogas. 
 

 

Fig. 22. Variation of CO2 with B.P. for various piston geometry and compression ratio for petrol 
and raw biogas. 
 
The following conclusion has been drawn from engine emission testing under various 
configurations. 

 Enriched biogas reduces HC emissions for all combination of piston. 30 % reduction in 

NOx is found in raw biogas compare to scrubbed biogas. The present high proportion of 

CO2 in the fuel mixture of biogas reduces the NOx emissions and removal of CO2 in 

biogas results in enriched biogas that leads to faster combustion and which reduces hydro 

carbon (HC) emissions.[7,8,10,11] 
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 The HC emission reduced with high ignition voltage of 2 kV due to improved 

combustion [5, 10].A 90% reduction in HC, NOx emissions are found for high ignition 

voltage of 2 kV for piston T with a CR 7.8 for the S/B=0.9. Increase in compression ratio 

(CR) increases NOx, HC and CO emissions for both pistons A and T. Increase in CR 

results in a rise in the mass of unburned fuel in the crevices of the piston crown which 

increase the HC emission.[8,9,10,11] 

 CO emission in raw biogas is more comparing to scrubbed biogas. There is no significant 

difference in the CO level with change in CR. Emission of CO is negligible with 

scrubbed biogas compared to gasoline and 40 % reduction in CO2 is found for scrubbed 

biogas compare to gasoline. 

7) Achievements with respect to objectives. 

The research work has given vital clues to carry out research activities to develop a dedicated 

biogas engine technology. The present experimental work has suggested that a simple change in 

crown geometry, increase in CR ratio and reduction in S/B ratio can develop adequate power that 

can compete with the conventional gasoline engines.  

The achievements with respect to objectives can be summarized as: 

1. The de-rating of the engine on raw biogas for base piston C is 51% which is reduced to 

37.6% for modified piston T and 39.8% for modified piston A respectively. Hence 13.4% 

reduction of de-rating for piston T is witnessed compared with base piston C for raw biogas. 

2. The results obtained with improved compression ratio of 7.82:1 for piston T is observed to be 

highest as compared with all piston A (CR 6.59:1 and 7.47:1) and piston C (CR 8.8:1). This 

is due to better turbulence caused by the piston crown geometry and increase in the 

compression ratio which leads to improved power output and thermal efficiency.[6,11,13,17] 

3. Maximum power produced by modified piston T on petrol is 1571 Watt and 979 Watt on raw 

biogas as fuel which is 31% more than base piston C on raw biogas. Maximum power 

produced by modified piston A on petrol is 1478 Watt and 890 Watt on raw biogas as fuel 

which is 24% more than base piston C on raw biogas. Compare to base piston C there is a 

18.88% and 15% reduction in BSFC and BSEC is increased by 23.3% and 17.74% 

respectively for Mod Piston T and Mod Piston A respectively. 

4. The results obtained with S/B=1.1 was found the best among all combination because it is 

108 cc engine. On gasoline with S/B=1.1 the engine produced power of 2079Watt and on 
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raw biogas 1178Watt, but the de-rating of the engine is 43% on raw biogas. The maximum 

brake thermal efficiency achieved with S/B=1.1 for raw biogas is 24.23% and for the base 

Piston C S/B=1.0 it is 15.32%, which is 8.91% higher compare to base Piston C. However it 

is known that engines with higher CC always yield higher output which was not the scope of 

the research work hence the hypothesis was eliminated. 

5. The engine with S/B =0.9 is 88 CC engine, it produced power of 1470Watt on petrol and 882 

Watt on raw biogas, but the de-rating of the engine is 40%. The maximum brake thermal 

efficiency achieved with S/B=0.9 for raw biogas is 20.10% and for the base Piston C 

S/B=1.0 it is 15.32% , which is 4.78% higher compare to base Piston C. 

6. The engine de-rating with base Piston C is 50.80% on raw biogas. The engine with S/B=0.9 

having high ignition voltage produced power of 1564Watt on petrol and 975 Watt on raw 

biogas, but de-rating is 37% on raw biogas so its de-rating reduced to 13.8% compare with 

base Piston C. The maximum brake thermal efficiency achieved with S/B=0.9 having high 

ignition is 7.72% higher compare to base Piston C. 

7. The study concludes that proper selection of piston geometry, increase in compression ratio 

for large cleavage piston, increase in ignition voltage with reduced S/B=0.9 enhanced the 

performance and reduce the engine emissions for biogas fuelled small SI engine. 

8) Conclusion. 

Based on the experimental investigations on a small 98cc, single-cylinder, four stroke cycle 

gasoline engine which is optimized to run on scrubbed biogas (CH4 93.8%) and raw biogas (CH4 

56.6%) with successive modifications of piston crown geometry, compression ratio, stroke-to-

bore (S/B) ratio and high ignition voltage of 2 kV. The research work has suggested that change 

in crown geometry, increase in compression ratio, reduction in S/B ratio and high ignition 

voltage can develop the biogas engine technology. The present research developed the biogas 

engine technology in the range of 80-120 cc by exploring the various strategies like the 

compression ratio in a close range of 8:1, larger cleavage on piston crown geometry, lower 

stroke-to-bore (S/B=0.9) with high ignition voltage of 2 kV. A final configuration of S/B= 0.9 

having compression ratio 7.8:1 and higher ignition voltage of 2 kV yields better performance and 

low emissions with the least de-rating ( 37% ) can be decided as a dedicated raw biogas engine 

technology. 
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