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Abstract— Rural population of India depends on bio-energy 

for cooking, space and water heating. Though most of the 

energy needs in India is harvested from fossil fuels, 70% of 

the rural population depends on the bio-energy for their 

domestic usage in the country. About 70% of the Indian 

population lives in rural  area where 75% of the primary 

energy need is supplied by bio-energy resources. Also, 

about 22% of the urban households depend on firewood, 

22% on kerosene and 44% on LPG for cooking in India. 

Bio-energy resources are renewable in nature and 

combustion would not produce poisonous gases and ash 

with sufficient oxygen supply. A village level study on the 

present scenario of domestic energy consumption will help 

to assess the demand and supply of bio-energy in the 

country. India offers a conducive environment for 

accelerating the use and internalisation of bioenergy 

technologies (BETs). Nearly 25% of its primary energy 

comes from biomass resources, and close to 70% of rural 

population depend on biomass to meet their daily energy 

needs. Energy is the primary driver of the world’s 

economies. Increasing populations and expectations of 

improved standards of living are accelerating the demand 

for energy. Theorists have acknowledged the positive or 

direct relationship between economic growth and 

greenhouse gas (GHG) emissions. One of the key variables 

affecting this positive relationship is increased energy 

demand as a result of economic well-being. India is one of 

the fastest growing countries in the world, with a GDP 

growth exceeding 8% consistently for the last two years, and 

this trend is expected to continue. India’s energy demand is 

expected to be more than three to four times its current level 

in another 25 years (Planning Commission, 2005). Present 

primary energy use in India is dominated by fossil fuels: 

40% of primary energy supply and 59% of power generation 

come from coal (IEA, 2007). The rising energy demand in 

India is expected to lead to a further increase in the use of 

fossil fuels. This will not only lead to growing GHG 

emissions and increased India is traditionally using biogas 

since long time but there is need to improve the technology, 

applications and deployment strategies. Bioenergy 

centralization in urban and decentralization in rural can help 

government to minimize both the import of fuel derivatives 

and solid waste processing cost. The aim is to highlight 

potential of the technology to bring social and economical 

sustainability to India. In this review, demand of energy 

sources, drivers for bioenergy use, economical, social and 

environmental benefits of biogas regularization in India are 

described with emphasizing biogas as an ideal sustainable 

energy source with its potential applications. 
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I. INTRODUCTION 

Not only lead to growing GHG emissions and increased 

Environmental problems, but will also to vast social 

problems such as inequalities between rural and urban 

populations, health-related disorders, and other community-

level issues. Whilst looking to reduce fossil fuel use, India 

faces a tough task in meeting its energy needs, especially 

rural energy needs. The rural population of India, which 

constitutes close to 70% of the population, consumes less 

than 40% of the total energy supply and one-third of the 

total power generated. Furthermore, though 74% of Indian 

villages were electrified as of March 2005, only 54.9% of 

households had access to electricity, compared to 92% of 

urban households. Close to 45% of rural households still 

depend on kerosene for lighting and about 75% still depend 

on fuel wood (in traditional stoves) for cooking (Censusof 

India 2001; NSSO, 2007). India has large potential for the 

adoption of renewable energy, a potential that goes beyond 

addressing environmental concerns. Overall, the underlying 

principle is to gain from the current worldwide interest in 

renewable energy for three reasons: 

1) To meet the growing demand for energy within the 

country, especially in rural areas. 

2) To reduce GHG emissions and help contribute to 

climate change mitigation 

3) To capitalise on the expanding market for 

renewable energy and secure an early market 

advantage 

India, together with other developing countries, has 

for the first time given indications that it is reducing GHG 

emissions, as is evident in the Cancun Climate Agreement 

of 2010. Although the emissions cuts are not currently 

legally binding, policy-makers have made it clear that 

reliance on traditional sources of energy will no longer 

suffice as a policy option. The market for renewable energy 

systems in rural and urban markets in India is set to grow 

exponentially. Of these, bioenergy is especially prominent. 

90% of rural energy needs and 40% of urban energy needs 

are met by biomass (TERI, 2010). Despite this, bioenergy 

does not figure in most energy studies and is classified as 

‘non-commercial’ energy. Bioenergy data are considered as 

‘inadequate and not up-to-date’, since it is not transacted on 

the market (FAO, 2010). While India has progressed well in 

initiating renewable energy programmes in general, 

increasing renewable energy (electricity) share from 2% 

(1628 MW) in 2002 to 11% (18,155 MW) in 2010, 

bioenergy programmes have not been on par with traditional 

sources of energy and at their full potential (MNRE, 2010). 

The article highlights the evolution of bioenergy from an 

institutional and policy standpoint, underlines progress and 

achievements, identifies barriers and proposes 

recommendations for their removal. Although the article 
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focuses on India, it is hoped that its recommendations are 

relevant to other developing countries looking to further 

their bioenergy technology (BET) agendas. 

II. NEED OF SUSTAINABLE ENERGY SOURCE IN 

INDIA 

Promising sustainable energy is needed for development and 

future security of India. Nation’s wealth, growth, status and 

population’s needs are power dependent. In India, no 

electricity is accessed by more than 300 million people in 

December-2011 [1].  

There is a shortage of electricity though India is the 

4th largest electricity producer in the world. India had 

installed capacity of 210.951 GW [2] and about 92,000 MW 

capacity additions are required in the next 10 years as 

annually the electricity demand grows at 8% [3]. 

Government of India plans to maintain its gross domestic 

product (GDP) average growth rate of about 8% in the next 

15 years. But India’s economy is expected to grow at a rate 

of 7% per annum over the next 5 years, meaning its demand 

for energy will also increase [4]. Hence future energy 

requirements and capable energy sources should be balanced 

for satisfying the power demands. 

III. PRESENT BIO-ENERGY STATUS IN INDIA 

India is the 4th most energy producing country in the world 

with the population share of 17.5% of the world’s 

population. As the population increased, the energy 

requirement also increased over the years which has led to 

exploitation of resources at a higher rate. Per capita Total 

Primary Energy Supply (TPES) in India was about 540 kgoe 

(kilogram oil equivalent) in 2010 and World average was 

1803 kgoe. Coal and peat are the major contributors to the 

TPES with a share of 42.30% followed by crude oil 

(23.60%) and natural gas (7.20%). Combustible Renewable 

and waste (CRW) is the 2nd prominent source of TPES with 

a share of 25%. FIG. (a) gives the percentage share of 

energy sources in total primary energy supply in India. 

Residential sector gets around 78% of the energy from CRW 

sources followed by Industries (17.40%). FIG. (b) gives the 

sector wise usage of CRW in the country. It clearly shows 

that major part of the domestic energy consumption is 

supplied by the combustible renewable or bio energy. [5] 

 
Fig. 1: Share of Energy Sources in TPES 

 
Fig. 2: Sector Wise Share of CRW 

year 
Population 

(millions) 

TPES 

(Mtoe) 
Net Imports (Mtoe) % Imports 

1960-61 439.23 117.2 6.04 5.15 

1970-71 547.90 147.05 12.66 8.61 

1980-81 685.20 208.3 24.63 11.82 

1990-91 843.93 303.15 31.07 10.25 

2000-01 1027 432.75 89.03 20.57 

2010-11 1220 715.00 111.00 15.52 

Table 1: Trends in Demand and Supply of Primary Energy 

(Mtoe) 

(Source: http://data.worldbank.org/country/india) 

Energy demand is in direct relation with 

population,that is, demand increases with the population. 

Total primary energy demand in India was 117.2 Mtoe 

in1960-61 and around 5.2% of the total demand 

wasimported. Per capita energy demand was 266.82 kgoe in 

1961 while the total population was about 43.9 crores. Table 

I gives the trends in demand and supply of primary energy 

in India from 1960-61 to 2011-12, which also shows the 

increase in population for the same duration. Energy 

generation in the country depends mostly on fossil fuels 

which are limited in nature. Since India has fewer fossil fuel 

resources and these resources should be conserved for the 

future generation, the country is importing significant 

amount of petroleum oil, nuclear energy resources, coal, 

natural gas etc. This trade affects the economic growth of 

the country and also more and more fossil fuel extraction 

has adverse effects on sustainable development. Burning of 

fossil fuels emits enormous amount of carbon dioxide (CO2) 

and other gases (CO, SO2 or nuclear waste) which are the 

root cause for all global and ecological problems. However, 

renewable energy applications have negligible carbon 

dioxide emission and eco-friendly. About 25% of the 

primary energy demand is supplied by combustible 

renewable and wastes in India, where most of the rural 

population depends on bio energy. 

Rural population of India mostly depends on bio 

energy for cooking, space and water heating. About 75% of 

the energy demand is supplied by bio energy in rural areas 

of the country where 70% of the total population live. The 

bio energy use in the country shows a decreasing trend over 
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the years due to urbanization and rural electrification; 

nevertheless at present about 25% of the energy demand is 

met by bio energy. More than 50% of the primary energy 

demand was supplied by bio energy in 1983 which was 

about 25% in 2010. Bio energy has a significant share in the 

TPES, which affects the total energy generation of the 

country. Since energy independence and the per capita 

energy consumption are the prominent factors determining 

country’s development, bio energy also has a significant 

effect on developmental issues. Other important aspects 

associated with energy generation are regarding 

environmental pollution and waste disposal. Bio energy 

resources are renewable in nature and combustion would not 

produce poisonous gases and ash with sufficient oxygen 

supply. However, the CO2 generated during combustion of 

bio energy is used by plants in the process of 

photosynthesis. Hence the ecological balance is not 

disturbed by using bio energy [14]. This process leads to 

forestation which is the important part of ecological system 

to maintain the balance and to promote sustainability. 

IV. BIOGAS FROM DIFFERENT SOURCES 

In India, the key biomass feed-stocks available include rice 

husk-straw, bagasses, sugarcane tops, leaves-trash, 

groundnut shells, cotton stalk, coconut residues, mustard 

stalk and wastes from agricultural products. Possible feed 

sources reported for biogas reactor available in India are 

shown in Fig. 

Different methods are used to improve biogas 

production and methane yield such as use of additives with 

organic matter as substrate, slurry recycling, operational 

parameter optimization for process, change in type of 

reactor and other configuration of biofilm. Biogas is being 

generated form cattle dung and kitchen waste since long but 

for highest yield the reactors are being optimized not only in 

size and types but also the substrates are studied. 

 
Fig. 3: Potential biogas feed sources 

V. BIOENERGY TECHNOLOGIES 

The major applications of bio-energy in the country are 

1) Domestic use i.e. for cooking, space heating 

(during winter), water heating (for bathing and 

livestock) and lighting; 

2) In rural industries (or home industries), for 

agricultural and horticultural crops processing, 

bricks and tiles manufacturing; 

3) Biogas production; and 

4) Electricity production (stand-alone community 

level, micro grids and decentralized generation at 

few locations) [6]. 

 
1) Bioenergy 

Technologies 
2) Features 3) Benefits 

For 

Power 

Biomass 

Gasification 

 Biomass converted to combustible 

gas for use in internal combustion 

engines for mechanical or electrical 

Applications. 

 Capacities in the range of 10 kg/h 

to about 500 kg/h. 

 Possible to meet rural electricity 

needs and feed into grid. 

 Requires sustainable supply of 

Biomass. 

 Small-scale gasifiers (of 20–500 kW) 

have the potential to meet all the rural 

electricity needs and leave a surplus 

to feed into the national grid. 

 Diesel savings of up to 80% possible 

in dual fuel systems and 100% diesel 

savings possible in 100% producer 

gas. 

 Rural employment generation. 

 Degraded land reclamation. 

 Fossil-fuel substitution. 

 Carbon sequestration due to forestry 

in degraded lands. 

Biomass 

Combustion 

 Biomass is burnt in a boiler to 

generate steam which is used to 

generate power. 

 Possible to meet rural electricity 

needs and feed into grid. 

 Requires sustainable supply of 

Biomass. 

 Degraded land reclamation 

 Fossil-fuel substitution 

 Carbon sequestration due to forestry 

in degraded lands. 

 Relatively more economical. 

 Employment generation. 

For 

cooking 
Biogas 

 Ideal fuel for cooking 

 Simple and indigenous technology 

 High first cost but economical. 

 Large experience of dissemination. 

 Forest plantation and tree 

 Conservation. 

 Reduced indoor air pollution. 

 Large improvements in quality of life. 

 High forest carbon sink conservation 

potential due to fuel wood savings. 
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Efficient 

cook stoves 

 Fuelled by small pieces of wood or 

special pellets made from dried and 

compressed agricultural waste. 

 Emit less smoke and give more 

 energy than dried wood or 

cowdung cakes. 

 Can reduce wood consumption by 

50% or more. 

 Low cost of device Forest plantation 

and village tree Conservation. 

 Large improvements in quality of life, 

especially women. 

 Moderate forest carbon sink 

 conservation potential. 

 Can be one of the most cost-effective 

global and local pollutants. 

For 

transport 
Bio-fuels 

 Extracting oil from non-edible 

seeds in  plants like Jatropha 

curcas, Neem, Mahua and other 

wild plants; to be mixed with 

diesel/petrol 

 Technology not fully evolved in 

India. 

 Land and water constraint. 

 Self-reliance 

 Transport fuel demands can be met. 

 Fossil fuel substitution and therefore 

GHG mitigation. 

 

Biogas production is considered CO2 neutral and therefore 

does not add GHGs to atmosphere. However if biogas is not 

recovered properly it will contribute to GHGs and the effect 

will be 24 times worse than if methane is simply combusted. 

Therefore the real challenge is to transfer biogas combustion 

energy into heat and/or electricity. Additional advantage of 

treating organic waste anaerobically is to reduce the adverse 

impact of these wastes. Biogas plants contribute to a better 

image of the farming community due to the reduction in 

odor, pathogens and weeds from the manure along with 

generation of improved fertilizer easily assimilated by 

plants. Biogas not only generates energy but also plays 

important role in waste management, environment cleaning 

and gives surety of continuous fuel supply in future. 

Conventionally biogas is consumed for cooking in India but 

with increasing faith in renewable energies the biogas 

application area is widening. General applications of biogas 

technology are described in Fig bellow. Crude biogas needs 

to be scrubbed and upgraded according to its application. 

Primarily biogas use is for direct combustion and heat 

production but farmers utilize biogas as well for cooking, 

heating, farm level electricity generation, organic waste 

recycling, efficient fertilizer production, waste disposal, 

veterinary sanitation, odor removal and GHGs reduction. All 

this eventually improves farmers’ economically. Biogas 

creates energy from municipal organic waste and solves the 

concern of waste disposal and hygiene. Biogas generated 

heat is useful for industrial processes, agriculture and for 

space heating. Use of biogas in internal combustion engines 

is reliable which does not affect engine performance but 

needs minor modifications. In biogas driven micro-turbines 

electric capacity is typically below 200 kWe but the cost of 

biogas micro-turbines is quiet high. The calorific value of 

biogas is about 21.6 MJ/m3 (net calorific value depends on 

the efficiency of the burners or appliances) which is about 

half a liter of diesel oil (Calorific value of diesel 35.86 

MJ/L) hence can be used as transportation fuel. 

 

 

 

 

 

 

 

 

 

 

 

VI. ECONOMIC ANALYSIS 

Bioenergy is renewable energy source, freely available in 

most of the regions in India (or very inexpensive). BETs 

mainly use the residues (byproducts) of forest, agriculture, 

horticulture etc and animal waste which are abundantly 

available in rural areas. Municipal Solid Waste (MSW) is 

the source for bioenergy (biogas) in urban area with massive 

productivity. Hence the availability of resource for 

bioenergy generation is plenty and has negligible cost 

compared to fossil fuels. Table VI shows the comparison of 

different power plants under capital cost requirements. 

Biomass based power generation system requires less capital 

cost compared to other technologies since land, 

infrastructure and technology requirements are less 

expensive. Table VII gives the comparison of overnight 

capital cost and O&M costs of different power plants. 
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Type of technology Capital cost (million rupees/MW) 

Solar photovoltaic 300-400 

Micro-hydel 40-60 

Wind 40-50 

Biomass 20-40 

Table 2: Capital Cost of Power Plants 

(Source: Biomass gasifier-based power generation system 

back to basics, with a difference, The Energy and Resource 

Institute.<http://www.teriin.org/index.php?option=com_cont

ent&task=view&id=59>) 

Power plant Overnight Capital Cost ($/kW) 

Coal 2844-5348 

Natural Gas 665-2060 

Nuclear 5339 

Fuel cell 6835 

Geothermal 4141 

Hyhropower 3078 

Wind 2438 

Wind offshore 5975 

Solar thermal 4692 

Solar PV 4755 

Biomass 3860 

MSW-Landfill gas 8232 

Table 3: Overnight Capital Cost and O&M Costs 

(Source: EIA, <http://www.eia.gov/oiaf/beck_plantcosts/>) 

Type of Power 

Plant 

Rs/MWh (at 

5% 

Discount rate) 

Rs/MWh (at 

10% 

Discount rate) 

Nuclear 2440.8 4217.24 

Coal 3400.2 4643.17 

Gas 3877.65 4339.85 

Hydro-smal hydro 4743 8501.27 

Large Hydro 4557.15 8841.65 

Wind-onshore 4887 8346.17 

offshore 6276.15 8999.03 

Geothermal 4438.35 7244.28 

Solar PV 12600.45 19058.99 

PV(        ) 15854 23273.48 

               9503.1 14809.73 

Biomass3 Rs. 4.55 to 6.75 

Table 4: Electrical Energy Generation Cost Comparison of 

Different Power Plants 

(Source: International Energy Agency (IEA) Nuclear 

Energy Agency (NEA), Organization for Economic Co-

operation and Development, 2010) 

1) Solar PV (rooftop) system in Germany, 

2) Solar thermal systems in United States 

3) MNRE, Case Studies of Selected Biomass Power 

Projects in India 

VII. CONCLUSION 

Energy being one of the driving forces in the nation’s 

growth India should produce it adequately. There is a need 

of sustainable energy sources in India to fulfill the power 

demands of growing population. Along with the energy 

solution environment should be balanced well. To achieve 

social-economical stability India should start developing 

energy from renewable sources such as bioenergy. Biogas, a 

traditional energy generating technology seems promising 

satisfying the energy needs of both urban and rural 

population. There are many advantages of biogas system 

such as waste to energy conversion, NPK rich manure, ease 

in operation for urban as well as for rural people. Biogas is 

supportive to agriculture hence can improve the status of 

farmers. The technology may lack somewhere but new 

adaptations in technology can solve the problems. Future 

aspirations of biogas technology are in transportation fuel, 

fuel cells, industrial level electricity generation and heat 

generation etc. Biogas can bring progress economically, 

socially as well as environmentally. Conditions Available in 

India such as climate, biomass availability and hands on 

operation etc are encouraging for biogas generation and 

utilization. Different designs, construction strategies and 

government policies are developing and some are to be 

developed to produce more methane yields with low 

investments, higher paybacks and sturdiness of system. 

Biogas market creation and scientific breakthroughs are 

needed to meet biogas technology challenges which India is 

facing currently. Otherwise there is a huge potential for 

biogas technology in the country. There is need to utilize 

biogas technology and/or other renewable energy sources in 

combinations for Indian as well as global bright energy 

future. 
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