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1. Abstract 

Power generation from renewable energy sources is the most viable and essential option for rural 

electrification in all developing counties via off-grid mode. The present research work was an 

attempt to develop a dedicated producer gas engine technology from a 98 cc motor-cycle engine. 

The experimental work presents the performance results of a 98 cc, single-cylinder, four-stroke 

spark ignition engine which was optimized to run on producer gas with successive modifications 

to the engine and its components. Initially the comparative evaluation is presented in which three 

different piston geometries are used in the same cylinder and the performance of the engine is 

measured on gasoline and producer gas as fuel. Power output, fuel consumption, brake thermal 

efficiency, brake specific fuel consumption were measured. Results show that when the engine 

was operated on producer gas, all engines are derated to minimum 50% and more. The piston 

having maximum cleavage gives minimum deration in terms of power output and brake thermal 

efficiency as due to cleavage more turbulence is generated which leads to better combustion. Brake 

specific fuel consumption was found to be more in producer gas for all piston geometries as it is 

having lower calorific value. Compression ratio also plays a significant role in performance of 

producer gas fuelled engine along with piston geometry. Improvement of 20% is noticed by 

increasing the compression ratio from 6.2 to 7.8 for same piston which is having maximum 

cleavage. Ignition timing is also one of the important factor for the engine operated on fuel like 

producer gas which is having higher laminar flame speed. An advancement of ignition timing from 

(10° to 20°) enhance the performance of the engine by 13% keeping all other parameter same. In 

all piston geometry having maximum cleavage, higher compression ratio and advancement in 

ignition timing gives the best performance on producer gas. 
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2. Brief description of State of the art of research work: 

Power generation & supply to a rural and hilly area, efficient technology development for alternate 

fuel for vehicles, reduction of CO2 emission from vehicles, and reduction in transmission & 

distribution losses in electricity supply are major concerns for the developing country like India. 

Dedicated engine technology for the gaseous fuels like producer gas which can be generate from 

thermochemical conversion of renewable source like biomass can play vital role in solving all 

above concerns. Gaseous fuels are considered to be the cleanest form of energy that can be utilized 

for power generation as well as automotive application.  Amongst the widest range of gaseous 

fuels, alternate gaseous fuels like producer gas, biogas, and methane in different forms are gaining 

prominent attention nowadays.  The process of turning organic fuels into gaseous compounds by 

supplying less oxygen than is needed for complete combustion is called Gasification and the 

resultant gas is known as producer gas which can be used as a fuel for compression ignition (CI) 

engine in dual fuel mode or a spark ignition (SI) engine in a gas alone mode.  

Gaseous fuels are gaining eminence as cleaner fuels for power generation via the internal 

combustion engine route. Complete combustion with least emission is the key feature of gaseous 

fuels and this feature is currently being demoralized the world over for power generation purposes 

[1]. Harnessing the energy from biomass via the gasification route is not only proving to be cost-

effective but also ecologically caring [2]. 

The progress of gas engines using producer gas has been sightseen ever since World War II. It is 

expected that over seven million vehicles in Europe, Australia, South America and the Pacific 

Islands were adapted to run-on producer gas during World War II. These engines were spark-

ignition engines, mostly in the lower compression ratio bracket operating either on charcoal or 

biomass-derived gas. Widespread analysis has been carried at the National Swedish Testing 

Institute of Agricultural Machinery by mounting gas generators and engine set on trucks and 

tractors. There have also been periodic fittings at Paraguay and Sri Lanks for power generation 

applications [3]. 

The question of power generation using producer gas has been addressed in recent times by a few 

researchers [3, 4, 5] and attempts have been made to convert a standard compression ignition 

engine to a gas engine by doing different modifications in the engine. 

There have been two delusions regarding producer gas fuel and they are identified as follows: (1) 

Auto ignition affinity at higher CR when used in reciprocating engine and (2) Large de-rating in 

power due to the calorific value of the fuel being low. The knock affinity with producer gas can 

be expected to be better on account of the large fraction of inert gas it contains as compared to 

natural gas. De-rating using producer gas could be estimated on account of reduction in the mixture 

energy density and the product to reactant mole ratio [6].  

Effort on gasoline engine operation on producer gas has been described by Parke [7] with de-rating 

claims of 34% compared to gasoline operation. The same authors recommended supercharging to 

enhance the engine output.  
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Martin and Waulters [8] have testified that using charcoal gas and producer gas on an SI engine 

with a de-rating of 50% and 40% respectively at a CR of 7:1. However, the same authors appealed 

20% de-rating when worked with producer gas at a CR of 11:1. The authors presented a 

compression ratio barrier of 14:1 and 11:1 for charcoal and producer gas, respectively, with 

inadequate experimental justification. 

Crown geometry plays a dynamic role in augmenting squish and swirl features at the end of 

compression stroke which results in a greater influence on engine performance [9]. It has been 

experiential that 45% squish with a "W" shaped combustion chamber has presented a very good 

performance [10]. Accumulative burn rates of lean air-fuel ratios through squish motion rises 

turbulence levels that could lead to a 5% saving in specific fuel consumption [11]. 

In India, a major move was commenced [10] to enhance the performance of producer gas and CNG 

engines by altering the piston crown geometry. Ignition timing and its effects on fuel consumption 

and emissions were equalled between gasoline and CNG engines by Maji S. et al [12] whereby the 

present work is not currently concentrated on the effects of ignition timing. 

Thus, to boost the performance characteristics of producer gas engines, it is foreseeable to generate 

sufficient swirl and turbulence by changing the piston crown is a source of motivation towards the 

present work. 

Summary of the literature Survey: 

✓ Literature survey in the field of producer gas based engines reveals modest research work to 

have been carried out since the inception of biomass/ charcoal gasification systems. This could 

be attributed to two reasons, namely non availability of standard gasification system that could 

generate consistent quality producer gas and the other relating to misconceptions about 

producer gas fuel. 

✓ This is worth analyzing since producer gas contains a large fraction of inert gas ( > 50%) and 

with laminar burning velocity being high ( due to presence of H2 ), smooth operation at higher 

CR does not seem impossible. 

✓ No systematic investigation has been attempted so far in identifying if limitation of knock 

exists with producer gas operation at CR comparable with the diesel engine. 

✓ These aspects are very vital in establishing the fact that close to comparable power (with a 

lesser de rating of 15-20%) could be achieved with producer gas by operating engines at higher 

CR. 

✓ SI engine converts result into 40-50 % deration 

 

 

 

 



4 

 

3. Motivation for Research:  

Electricity is the basic need of every Indian which is unfortunately not available at some remote 

and hilly area in different parts of the India. To provide the electricity to all these people is the 

major challenge to the developing country like India. Renewable energy like solar, wind, hydro 

and biomass can play a major role to solve this problem if properly utilized. As per the report of 

International Energy Agency (IEA) in India, total energy supply by source biofuels and waste has 

contributed nearly 20% and total energy generated from renewables and waste is 336164 GWh in 

2019.  

In India, electricity is generated at centralized level and then distributed to different locations as 

per need/demand. As per the IEA report in 2015 total Transmission and distributed losses was 

nearly 20% in India which is a huge loss. To reduce this loss decentralized power generation is the 

best possible option. More than that harmful emission generated during this electricity generation 

is also a major problem for the nearby locality. Worldwide total CO2 emissions have reached upto 

33 Gt in 2019. 

Technology development which can harness the energy from renewable in a better way can play a 

vital role in overcoming these above problems. Out of all renewable energy sources, biomass is a 

major source that is abundantly available in rural area and easily available with these people. More 

than that people are already using biomass for generating energy by different ways. So, if we could 

develop a technology which can harness the energy content of this biomass in better way then that 

could be a great solutions for all the above problems. 

Biomass gasification is one of the best option available which can satisfy different requirement as 

well as provide solution for these problems. 

Present research work is an attempt to address these problem and provide a solution in following 

ways and that is the motive behind this research. Following are the advantage of this technology. 

✓ Producer gas that is generated from Biomass gasification is the cheapest and cleanest source 

of energy for generating electricity in decentralized mode. 

✓ From different literature survey, it was concluded that when an existing petrol or diesel engine 

is operated on producer gas, minimum to minimum 50 % deration was there. The present 

research was intended to develop a dedicated engine technology which could reduce the current 

deration to minimum. 

✓ To reduce this deration, some modifications needs to do on engine parameters like piston 

crown geometry, compression ratio, ignition timing and many more. 

✓ The ultimate aim of these modifications are to create better turbulence which leads to better 

combustion and finally better performance for the fuel like producer gas which is having higher 

laminar flame speed as compared to gasoline. 

✓ This research is to bring an overall development of the society in terms of Energy 

management, Eco friendly and Empower people. 
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4. Definition of the problem: 

To study and analyze the performance characteristics like power output, brake thermal efficiency, 

brake specific fuel consumption of a producer gas fuelled engine by modifying different engine 

parameters like piston crown geometry, compression ratio, ignition timing, dual sparking and 

further to conclude the best suited engine parameter combination which will give maximum 

performance which can be considered to be as a dedicated producer gas engine technology. 
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5. Objective and Scope of Work: 

The main objective of this research is to reduce the de-rating of any Spark Ignition (SI) engine 

running on producer gas fuel by investigating the following parameters: 

✓ To study the effect of different parameters like piston crown geometries, compression ratio, 

ignition timing, fuel gas composition, effect of air fuel ratio on the engine performance and 

come to the conclusion which will provide optimum result for best performance.     

The scope of the research is to bring an overall development of the society in terms of Energy 

management, Eco friendly and Empower people. 

✓ The outcome of this research is to develop small power plants in the range of 3 kVA to 50 kVA 

which will be highly suitable for hilly areas and remote locations where power supply is not 

available. 

✓ This research will also help in electrifying mobile towers in rural areas apart from domestic 

supply. 

✓ This research will be highly suitable for ASEAN (Association of South East Asian) Countries 

for electrification.  

✓ The use of producer gas derived from biomass as I.C engine fuels can play a vital role in 

helping the developed world to reduce the environmental impact of fossil fuels as well for 

developing countries to be self-dependent in producing electricity from waste to fulfil the 

basic need of every human being. 

✓ The particulate emissions of producer gas are lesser than that of the diesel fuel with a reduction 

in NOx and producer gas from biomass gave performance characteristics comparable to the 

petrol and diesel. Hence, they may be considered as diesel substitutes. 

✓ This technology will be useful to harness natural resources in a better way (through better 

technology) those are available in abundance. 

✓ This technology will provide cheap and subsidized power in the neighbourhood. 

✓ This research also generates employment to rural people in setting up and operation of 

Producer Gas plants.  
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6. Original contribution by the Thesis: 

Present research work has attempted to develop a dedicated producer gas fuelled small Spark 

Ignition engine technology in the range of 80-125 CC by exploring various strategies as follows. 

▪ Selection of proper piston crown geometry having larger cleavage which can create more 

turbulence in engine for better performance on producer gas. 

▪ The performance improvement with increasing compression ratio from 6.2:1 to 7.8:1 for the 

piston geometry having larger cleavage (Piston A). 

▪ This research reveals the effect of changing L/D ratio (0.9 & 1.1) on performance of spark 

ignition engine on producer gas. 

▪ This research also reveals the effect of changing (advancement) of ignition timing from (10° 

to 20°) on performance of spark ignition engine operated on producer gas. 

▪ The effect of dual sparking on performance of spark ignition engine can be understood with 

the help of this research. 
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7. Methodology of Research, Results and Comparison: 

In order to develop the dedicated engine technology, an experimental investigation on a small 

98CC, single cylinder, four stroke gasoline engine which is optimized to run on producer gas is 

carried out in stages. The influence of piston crown geometry, compression ratio, ignition timing 

on performance parameters have been experimentally evaluated and compared the same with 

gasoline. The optimum configurations are found from the experimentation which are deemed to 

be a dedicated producer gas engine technology.  

7.1 Major components: 

✓ Gasification system ( for providing good quality of gas ) (11KW) 

✓ Engine ( for converting chemical energy into mechanical output) (100CC) 

✓ Alternator ( for converting mechanical energy into electrical energy) (3KW) 

✓ Load bank ( 4500 watt) 

✓ Multimeter (KM2775) 

✓ Anemometer (KM 908 MK1) 

Specification of all these major components are as follows: 

Gasifier (Ankur Scientific private Limited – Baroda) [11KW]: 

 

Fig 1 – Downdraft Gasifier 
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Engine [100 CC]: 

 

Fig 2 – Engine  

Few Points for Selection of this engine: 

✓ Standard engines of this category have pistons of different crown geometries. 

✓ Crown geometry plays a very significant role in generating turbulence inside the combustion 

chamber. 

✓ The basic structure of the combustion chamber is not affected. 

✓ The selection of the piston is made such that the stroke length is not affected. 

✓ No changes should be made with connecting rod assembly. 

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

✓  All the crown geometries should not remain the same and should be easily fitted in single 

block. 

✓  As the laminar flame speed of producer gas is high, better turbulence due to cleavages on the 

piston geometry is likely to provide better combustion. 

Alternator (Behncke Make) [3 KVA]: 

 

Fig 3 – Alternator  
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Load Bank [4500 watt]: 

 

Fig 4 – Load Bank 

Anemometer [KM 908 MK1]: 

 

Fig 5 - Anemometer  

Multimeter [KM2775]: 

 

Fig 6 - Multimeter  
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7.2 Experimentation Work: 

In order to study the effects of piston crown geometry and compression ratio 3 piston which can 

be easily fitted in 100 CC engine and having different geometries have been identified in local 

market as per their availability. 

 

Fig 7 – Piston Crown Geometry 

These pistons have been selected considering the fact that as the laminar flame speed of producer 

gas is more that gasoline, better turbulence can be generated by selecting such pistons which are 

having cleavage on their surfaces. 

In order to study the effects of L/D ratio and ignition timing, certain modifications have been 

done on engine as follows. 

✓ Machining the engine block from the bottom to maintain the compression ratio for lower L/D 

ratio. 

✓ Adding spacers to maintain the compression ratio for larger L/D ratio. 

✓ Modifying the timing on magnet pulley. 

 

Fig 8 - Modification in Engine Block 
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Fig 9 - Modification in Magnet Pulley 

In order to study the effect of dual sparking, cylinder head have been modified and trials were 

also conducted on both gasoline and producer gas.  

 

Fig 10 – Dual Spark Cylinder Head 

After doing modification in all these components, trials have been conducted on gasoline, 

producer gas (as per the composition provided by Ankur Scientific Baroda) in following 

sequences. 

✓ Trial on original Piston S having L/D 1.0 

✓ Trial on Piston T having L/D 1.0 

✓ Trial on Piston A having L/D 1.0 

✓ Trial  on Piston A having L/D 0.9 

✓ Trial of Twin spark Engine having L/D 0.9 

✓ Trial on Twin spark Engine having L/D 0.9 and standard Ignition Timing (10 degree) 

✓ Trial on Twin spark Engine having L/D 0.9 and Ignition Timing  (15 degree) 
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✓ Trial on Twin spark Engine having L/D 0.9 and Ignition Timing  (20 degree) 

Test set up that is used for conducting all above trials. 

 

Fig 11 – Experimental Setup at Ankur Scientific Baroda 

7.2.1 Results on Gasoline (All Piston) 

 

Fig 12 – Power V/S BTE (Petrol- All Piston) 
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Fig 13 – Power V/S BSFC (Petrol- All Piston) 

Power Achieved: Piston S = 1400 Watts 

        Piston T = 1200 Watts 

        Piston A = 1000 Watts 

Piston A having larger cleavage on the piston crown was expected to yield better results compared 

to the other pistons 

Engine with Piston A was found to have a compression ratio of 6.8:1 compared to 8.4:1 with the 

original Piston S. 

Thermal Efficiency Achieved: Piston S = 25.71 %, Piston T = 24.38 %, Piston A = 22.06 % 

7.2.2 Experimental Results Conducted on Engine with Various Combinations Using 

Producer Gas: 

 

Fig 14 – Power V/S BTE (Producer Gas- All Piston) 
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Fig 15 – Power V/S BSFC (Producer Gas- All Piston) 

Max achieved load: 800 Watts & Max BTE: 16.93 % 

7.2.3 Experimental results conducted on Engine with various Ignition Timing (15°& 20° 

Advance) 

 

Fig 16 – Power V/S BTE (effect of Ignition Timing) 
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Fig 17 - Power V/S BSFC (Effect of Ignition Timing) 

Max achieved load: 1000 Watts 

Max BTE: 21.80 % 

7.2.4 Combined Results (Petrol & Producer Gas) 

 

Fig 18 – Power V/S BTE (Combined Results) 
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Fig 19 – Power V/S BSFC (Combined Results) 

  



18 

 

 

8. Achievements with respect to objectives: 

The performance characteristics (peak power, brake thermal efficiency and brake specific fuel 

consumption) for all the 3 pistons A, T and S for both gasoline and producer gas fuels are compared 

as shown in following table. It can be seen that the performance levels with all three pistons with 

producer gas as a fuel are observed to be inferior as compared to their operation with gasoline. 

This is attributed to the lower volumetric efficiency achieved with producer gas.  

Table 1 – Summary of Experimental results with L/D = 1 

Sr. 

No 
Parameter Fuel 

L/D = 1.0 

Piston A Piston S Piston T 

1 Peak Power (Watt) 

Gasoline 998.64 1351.48 1184.94 

Producer 

Gas 
496.8 600.3 297.99 

2 
Brake Thermal 

Efficiency (%) 

Gasoline 22.06 25.71 24.38 

Producer 

Gas 
10.87 11.87 5.93 

3 

Brake Specific Fuel 

Consumption 

(Kg/Kwh) 

Gasoline 0.0906 0.0777 0.0820 

Producer 

Gas 
0.1840 0.1685 0.3370 

 

After doing this basic performance measuring trials and going through summary of literature 

survey, Piston A which is having maximum cleavage have been selected for further research work. 

Certain modification in engine have been done in terms of changing in L/D ratio, changing ignition 

timing and performance of the engine has been measured. It can be seen that all the parameters 

(peak power, brake thermal efficiency, brake specific fuel consumption) are improving by 

increasing ignition timing. This is obvious as producer gas is having more laminar flame speed, 

by providing advanced timing better combustion occurs in engine. 
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Table 2 – Summary of Experimental results with L/D = 0.9 and Effect of Ignition Timing 

Sr. 

No 
Parameter Fuel 

L/D = 0.9 

Effect of Ignition Timing 

10° 15° 20° 

1 Peak Power (Watt) 

 

 

Producer 

Gas 

879.14 957.22 985.5 

2 
Brake Thermal 

Efficiency (%) 
19.11 20.54 21.80 

3 

Brake Specific Fuel 

Consumption 

(Kg/Kwh) 

0.1046 0.0973 0.0917 

From above two tables it can be concluded that by doing engine modification the peak power of 

an engine on piston A has increased from 496.8 Watts to 985.5 Watts. So, indirectly deration has 

reduced by almost 5% as compared to 50% maximum power output of an engine with piston A.  
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9. Conclusion: 

✓ Maximum power output on petrol was found to be around 1350 Watt on original piston. 

✓ On producer gas, the maximum power was found to be around 600 Watt with the original 

piston. The deration was hence around 50% [1,8,9,10,42,45,46,49,50] 

✓ The effect of crown geometry having high turbulence resulted into an improvement of power 

from 500 watt to 600 watt on producer gas for piston A due to restoring the 

CR.[1,8,9,10,11,12,12,26,47,56] 

✓ The combined effect of turbulence, CR and L/D =0.9 resulted into the improvement in power 

from 600 Watt to 900 Watt on PG. 

✓ The combined effect of the above with advance in ignition timing resulted into the 

improvement in power from 900 Watt to 1000 Watt on PG. [9,10,12,24,29,30] 

✓ Hence the deration from 1350 watt on petrol to 1000 Watt on PG has reduced from 50% to 

26% by an engine from 100 CC to 88 CC which is 12% smaller. 
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