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Abstract 

Transportation, unlike many other energy industries, has not seen considerable fuel 

substitution, with petroleum-based fuels accounting for over 90% of total energy use. 

Furthermore, generating electricity from traditional fuels such as coal, diesel, and other 

sources, as well as distributing and supplying it to rural areas, are major issues for under 

developed and developing countries. Alternative transportation fuels have recently gotten a 

lot of attention as potential answers to problems including poor urban air quality, global 

warming, and a strategic overdependence on imported oil. The holy grail of cleaner vehicle 

fuel development has become the search for a vehicle fuel that produces little emissions while 

maximising fuel efficiency and economics. Needless to say that Electric vehicles are paving 

their way into transportation market but inventors as power back up with solar substitution 

have already proved their presence. However, there is a lacuna for rural areas rich in natural 

feedstocks, this is where producer gas can be seen as a viable option to fill the gap. Producer 

Gas is a proven feasible, safe, and clean fuel that can be converted to both S.I and C.I modes 

in this context. 

Biomass gasification produces Producer Gas, which is a more environmentally favourable 

fuel. This fuel gas, in addition to being CO2 neutral, produces fewer unwanted pollutants. 

Because producer gas as a fuel has density almost equivalent to air, it disperses quickly into 

the atmosphere and does not form a dense enough mixture for combustion to occur. Producer 

Gas has an octane rating of 105 to 110 depending on its elemental composition, which is 

significantly higher than the 93 octane for petrol, making it more energy efficient. The greater 

the octane rating, the higher the compression ratio and the better the thermal efficiency. 

The fundamental issue that all researchers and manufacturers are currently grappling with 

producer gas is the poor power output of producer gas engines, which is caused by low 

density, low volumetric efficiency, high flame speed, and the lack of fuel evaporation. A 

standard producer gas engine delivers 50 % to 60 % less brake power compared to its original 

gasoline version when converted to run on producer gas. This under performance of the 



engine creates the necessity to develop the dedicated efficient engine technology. 

This fact highlights the necessity for the development of a dedicated producer gas engine 

technology that can deliver equivalent output compared to its gasoline-fueled counterparts 

within the same volumetric capacity which is the motivation for this research work. 

The current endeavour is an attempt to develop a dedicated producer gas engine technology 

for small capacity engines (100 CC) that can reduce the derating to the minimum level and 

deliver the performances at par with gasoline engines in the 75-125 cc range. 

Producer gas generated by the gasification process is a proven old age technology and has 

been present since World War II. Due to the depletion of fossil fuels and growing concerns 

about global warming, producer gas as a cleaner fuel is slowly gaining traction in the 

stationary engine application markets as an alternative to replace gasoline and diesel engine 

technologies, most prominent application is for mobile tower application for better 

connectivity across villages. Chapter 1 covers the issues surrounding these concerns and 

their existence in general, complemented by statistical data. 

Over the last 70 years, various researchers have investigated the idea of using producer gas 

as a substitute for gasoline and diesel. As a result, the roadmap for developing a dedicated 

technology for producer gas appears to be quite rewarding as of now. In Chapter 2, the 

various design and testing approaches employed by these researchers are briefly discussed. 

This comprises the design of the combustion chamber, the requirements for the ignition 

system, augmentation of compression ratio, changes in ignition timing, simulation 

methodologies, and dedicated engines. 

According to the literature, for effective burning of the charge inside the combustion chamber, 

a compact and turbulent combustion chamber with producer gas as a fuel is necessary. 

Furthermore, the performance of the existing producer gas system is influenced by engine 

characteristics such as ignition voltage, ignition timing, stroke to bore ratios, and multiple 

sparking system, and thus optimization of these parameters may lead to the development of a 

dedicated producer gas engine technology. 

Development of gasification system along with scrubbing system and successive modification 

for gaining good quality of producer gas are presented in this chapter 3. A single cylinder, 

100 cc, 4 stroke SI engine is converted to run on producer gas and is experimentally 

investigated at various combinations of crown geometries to estimate the optimal piston that 



could develop a compact and turbulent combustion chamber. The experimentation is carried 

out in stages by changing different engine parameters one by one to improve upon the 

performances by trial and error method. Chapter – 3 discusses the research methodology to 

develop experimental setup and the technique for conducting experiments and its stages are 

also covered. 

The findings of the experimentation and discussions are described in Chapter 4. The testing 

is carried out in stages, one after the other, in order to improve the results. The effects of 

compression ratio, piston crown shape, ignition voltage, stroke-to-bore ratios, ignition timing, 

and twin sparking on engine performance have been investigated and results were compared 

between gasoline and producer gas as a fuel. The experimentation was carried out on all 

feasible combinations of the tests carried out on the test bed in order to determine the best  

configuration that could be submitted as a dedicated producer gas engine technology. 

In Chapter 5, conclusions of the research work are presented and original contribution towards 

the development of this dedicated producer gas engine technology has been presented. Based 

on the design and extensive experimental investigations carried out on a 4 stroke, air cooled, 

naturally aspirated 100 CC Producer Gas fueled S.I. engine to study the performance 

characteristics under both petrol and producer gas modes, the present work authentically 

projects the compression ratio in the vicinity of 7.8, lower stroke to bore ratio of the order of 

0.9 and advancement in ignition timing by 20˚ assisted by twin spark ignition system as a 

dedicated producer gas engine technology. The results achieved and successes with respect 

to the experimental setup's objectives are summarised. The chapter also discusses possible 

scope of future work. 

The Ph.D thesis would be useful for development stages of such an engine technology which 

will give better performance on producer gas which can be used for fulfilling power 

requirement for rural area or for an automobile application. 
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