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ABSTRACT

The present work focuses on use of agriculture residue as energy feedstock. Agricultural residues
as gasification feedstock require pre-processing before it can be used in a gasifier. Corncob (CC)
and Eucalyptus wood (EU) are generally sliced into pieces, whereas pearl millet cob (PMC)
required densification through palletization. A scientific approach is followed in this work for
thermal characterisation of the selected biomasses for gasification. Thermochemical gasification
is carried out and Performance Analysis and Optimization of gasification performed. Lastly, the
producer gas singularly and together with biodiesel and biogas are utilized in IC engines for
power generation.

The quantification of various characteristics included carrying out proximate analysis (moisture,
volatile matter, fixed carbon, and ash), ultimate analysis (CHNS test), thermal degradation
studies, heating value measurement, TGA and estimation of activation energy, etc. All of these
confirmed the suitability of the biomasses as good gasification candidates. The average apparent
activation energy of the chosen biomasses using FWO methods follows the trend, EU > PMC >
CC. The activation energies for EU, PMC, and CC are 201, 150, and 68 kJ.mol™. The biomass
gasifier require feedstock having bulk density higher than about 200kg.m™.As a bulk density of
agriculture residue (PMC) is low, densification can achived through the process of pelletization.
Densification improves the physical and conversion charteristics of low density biomass or
agriculture residue.

A open top downdraft was used for generation of producer gas from the three biomasses and the
it was evaluated by carrying out Performance Analysis besides conducting Optimization of
gasification. It is found that the producer gas has average calorific value for PMC, CC and EU as
3.80, 3.43, 4.08 MJ.Nm™ respectively. Eucalyptus is considered an appropriate energy source
amongst the residues for gasification in the study with a stable gas composition (EU being a
conventional feedstock). The thermal conversion coefficient of PMC, CC and EU is 0.673, 0.671
and 0.730 respectively and energy release per kg of fuel is 13.58, 13.55 and 14.75 MJ.kg™
respectively.

Power generation from producer gas using a spark ignition converted I.C. engine was studied.
Generation of electric power with blends of producer gas with biogas was also studied using a

dual fuel compression ignition engine. Biodiesel was used as the pilot fuel and its substitution

ivi



was achieved in the dual fuel engine with an acceptable efficiency. The converted engine was
found to run smooth and stable on 100 % producer gas smoothly, and found the optimum power
by three biomass EU, PMC and CC as 2.5, 2.0 and 1.7 kW respectively at 20°bTDC with a
constant speed of 1500 rpm. The performance of engine operation in dual mode with fuels
biodiesel and producer gas - biogas mix was found satisfactory. The flow rates were 0.53, 9.5
and 0.63g.s™ for biodiesel, producer gas and biogas respectively. The optimum power is found
by mixing of biodiesel - producer gas-biogas was 6.3kW. This work has huge application in the

rural sector and its implementation was highlighted.
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