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ABSTRACT

The dependence of our country on its rural areas can be understood from the fact that
almost 70% of the population still resides in rural areas and more than 50% of the
population relies on agricultural activities for their livelihoods. For true development
of the country it’s imperative that the rural areas must develop at the same pace as
urban areas. However, energy availability which is the key driver of a nation’s

development is often found to be lacking particularly in the rural areas.

In the present investigation, the feasibility of making rural areas self-sufficient for
their electricity needs by using biomass resources has been explored as the agrarian
nature of our country offers vast pool of these resources, surplus of which can be
tapped for energy generation. This idea is inspired from the concept of “Gram
Swaraj” given by Mahatma Gandhi and we have focussed on the energy part of it,
i.e., “Gram Urja Swaraj”. For this purpose Bhawan Bahadur Block in Bulandshahr
district of the Uttar Pradesh state was selected as a case study. The biomass
availability in the form of agricultural residues, livestock residues and horticultural

residues was comprehensively assessed and the surplus was evaluated.

Some special biomass resources in the form of tree seeds were identified in the
selected case study which can be used for energy generation. Four species of trees
were identified namely, Acacia nilotica, Albizia lebbeck, Leucaena leucocephala and
Prosopis juliflora, and it was observed that they are widely present almost all across
the country in large numbers. Their seeds having no other significant use have been
explored for biogas production for the first time. The average methane content in
biogas for all the species was found to be above 52% for the 90 days experimentation
period. Average specific biogas yield was 0.409 m’/kg VS for A. nilotica, 0.437
m’/kg VS for P. juliflora, 0.429 m3/kg VS for A. lebbeck and 0.408 m?/kg VS for L.
leucocephala, respectively. Thus, it was observed that they have a higher biogas

production potential than cattle manure and are promising alternative feedstocks.

Biodiesel was made using non-edible Pongamia oil. Pongamia trees are available in
large numbers in the selected block. Single stage base catalyzed transesterification

process was adopted as the acid value of the oil was less. This method is found to be



safe and suitable for rural areas as there is no use of hazardous acidic chemicals and
the cost of production is less. Few important basic characteristics of the purified
biodiesel like the density, viscosity, acid value and calorific value were evaluated and
found to be in the standard range. The main aim of biodiesel production experiments

was making biodiesel in large quantities to run dual fuel engine along with biogas.

Diesel engine is an integral part of rural energy system. After production of biofuels
i.e. biogas and biodiesel their utilization for producing electricity through converted
diesel engine as standalone distributed unit was investigated. Two diesel engines were
converted into 100% biogas engine and dual fuel engine respectively. Engine
performance parameters tested in this study are engine speed, brake power, brake
specific fuel consumption and brake thermal efficiency. Dual fuel engine was run on
four fuel combinations of Diesel + Raw/Enriched Biogas, Biodiesel + Raw/Enriched
Biogas. For the 100% biogas engine maximum power of 4.14 kW could be developed
at a power de-rating of 45%. To demonstrate engine operation as a distributed unit in
rural areas the electricity panel of our lab was connected to the engine and varying
load of the lab equipment’s was used to test engine’s performance. Thus, engine
conversion in rural area conditions simulated in our lab, is experimentally found to be
a suitable option for electricity production and will help in reducing the dependency

on grid based electricity which is highly intermittent and unreliable.

For the rural case study the bioenergy potential of the assessed surplus biomass was
estimated based on the experiments carried out and the available literature. It was
observed that the total biomass power potential (5.75 MW) is more than the power
requirement (5.6 MW) of the block indicating that it can be made self-reliant for
electricity by using the locally available biomass resources. The concept of self-
reliance has been demonstrated practically by making our laboratory energy self-
sufficient by using locally available resources from our institute’s campus which are
also present in the selected area of study. Thus, it is possible to make a rural area
energy wise self-reliant or to substantially reduce the use of conventional energy
resources by utilizing the locally available biomass resources to meet the local energy

demands with the involvement of local population.

vi
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