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Agro-waste Based Power Generation – A Review
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Abstract: Agricultural waste generated by several agricultural activities has many alternative uses. Unfortunately much of it
is burnt in the open fields leading to environmental pollution. One way to utilise this is to generate electricity in agro-waste
based thermal plants. This paper discusses the various pros and cons of agro-waste power generation.
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1. INRODUCTION

Waste is unavoidable by-product of any activity. Agricultural
waste is waste specifically generated by agricultural
activities. There are different sources of agro-waste:

Crop waste: Crop residue like paddy straw, rice husk,
cotton stalk, sugarcane bagasse, maize stalk, hulls, kernels,
peanut shells, groundnut shells, sorghum, soybean stalks,
saw dust, sunflower stalks and straws of various pulses and
cereals. The crop residues are the main source of agro-waste

Plant residue: Residue after pruning plants, fruits and
vegetables wastes, tree and plant leaves

Animal waste: Cow dung  and animal carcasses

The main source of agro-waste is crop residue after
harvesting of crops. Paddy straw management is big
problem for rice farmers. This crop residue cannot even
use as ruminant fodder because of high silicon content and
low cellulose and other sugar contents. But the residue like
paddy straw, rice husk, cotton stalks, sugar bagasse etc
have high caloric value. In agro-waste power generation
plants, agro-waste with high calorific value are used as
fuel in boilers to produce electricity.  Biomass/Agro-waste
based power projects have attracted the attention of State
and Central Government and also have been given priority
due to short gestation periods for production of agro-waste,
smaller quantum of  investment, reduced transportation
losses, etc.

2. POWER GENERATION USING AGRO-WASTE

Biomass based power generation contributes 14% of the
total energy produced worldwide and 38% of this energy is
consumed in the rural and traditional sectors of developing
countries [1]. According to an estimate by Indian Renewable
Energy Development Agency Limited (IREDA), there is
production of  460 million tonnes of agricultural waste every
year. If this waste is used for power generation, it can save
260 million tonnes of coal that results in saving of about
Rs. 250 billion every year. Further as per the estimate, India

has potential to generate more than 19000MW power
through agro-waste alone [1].

In Punjab, straw management is one of main problem
faced by farmers after rice harvesting. Around 6 tonne of
straw is produced per hectare of rice cultivated [2]. Punjab
Energy Development Agency (PEDA) estimated that agro-
waste in Punjab is  sufficient to produce about 1000 MW of
electricity and can  fulfil 20% of the state’s demand. Punjab
government had decided to set up 36 Agro-waste power
plants, with total capacity of 350 MW [3]. Jalkheri power
plant (10MW), Malwa Power Ltd. at Vill. Gulabewala, Distt.
Mukatsar (6MW), Dee Development Engineers Pvt. Ltd at
Vill. Gadda Dhob, Distt Ferozepur (8MW) are few of
operating agro-waste based power generation plants.

Agro-waste plants have high life cycle energy balance
than thermal plants. Since agro-waste is not considered as a
traditional source of energy, it is estimated that 16 units of
energy is produced by consuming one unit of energy,
whereas thermal plants produces 0.3 units per unit of energy
[4]. In a laboratory study of agro-waste open field
combustion, emission factors of CO2, CO, NO, NO2 and
NOx were measured to be 791.3, 64.2, 1.02, 0.79 and 1.81
gram/kilogram respectively for paddy straw [5]. In an
analysis, it was observed that the overall emission reductions
of about 92-96% of CO2-eq can be achieved if paddy straw
is substituted for the coal fuels in the power generation.
Emission reduction can be 0.683 tCO2-eq/t straw (dry-based
paddy straw) or 0.959 kg CO2-eq/kWh. Similarly in case
the paddy straw is substituted for natural gas, then the
emission reduction is  0.368 tonne CO2-eq/tonne straw (dry-
based paddy straw) or 0.496 kg CO2-eq/kWh. Also, this
would result in the saving fossil fuels i.e. 0.285 t coal per 1
tonne of dry base rice straw [6]. While making these
calculation it was assumed that no further amount of
emissions occur in agro-waste based thermal plant, only
same amount of emission is produce as during open field
burning of paddy straw. That is why agro-waste based
thermal plants are called zero emission plants. The additional
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amount of CO2 emission on account of transportation and
pre-processing the straw is responsible for the CO2 emission
reduction being less than 100%.

 3. A CASE STUDY

Jalkheri power plant was constructed at village Jalkheri,
District Fatehgarh Sahib in Punjab by Punjab State
Electricity Board (PSEB) in the year 1992  with paddy straw
as fuel. The plant was set up to utilize the surplus agro-
waste available in the region for effective and clean
generation of electricity for supply to PSEB grid. The
project exports around 8.4 MW power to the PSEB grid by
considering auxiliary power consumption of 11%, on an
annual average basis. The project reduces the green House
Gas (GHG) emissions produced by the state grid generation
mix, which is mainly dominated by fossil fuel based power
plants. It was observed that during second monitoring period
i.e. 01/10/2006 - 31/08/2007 the total emission reduction
is 21,940 t CO2 e [7].

Some problems faced by the agro-waste based power
generation plant during operation of plants are:

Fuel availability: Crop residue are available seasonally.
The unavailability of agro-waste can hamper the operation
of plant. Late payment to the agriwaste suppliers and farmers
due to problems of working capitals, also caused short fall
of fuel [8].

Fuel price: Uncertainties and rise in prices of agro-
waste, increasing the per unit cost of generation.

Fuel Properties: Agro-waste like paddy straw contain
high amount of silica content and has alkaline nature that
cause slagging and clinkerisation in the boiler. Firing of high
chlorine fuels results in super heater tubes corrosion and
ash agglomeration. Because of low melting point of paddy
straw ash, boiler temperature has to be kept below the
melting temperature of ash, results in inefficient working
of boiler. Agro-waste has low calorific value and is
voluminous than other conventional fuels.

Fuel handling: Improper handling and storage of agro-
waste fuel increase the moisture content in fuel, results in
decreased boiler temperature.

Transportation emission: Transportation of agro-waste
from field to plant site cause gas emission. The emissions
due to transportation of Biomass/ agro-waste have been
accounted as leakage [6].

4. PROPOSED ALTERNATIVE

Agro-waste power generation faces many problems for
proper and continuous operation as discussed earlier. Agro-
waste have some nutrients in them which can be utilized
but these get destroyed while burning  it to produce
electricity. The major flaw in this philosophy is the
assumption that the agro-waste is anyway burnt in the open
field. There are other alternative also to utilize agro-waste

beneficially, instead of burning in the open field. These are
listed as:

Mulching: Covering the soil with agro-waste is called
organic mulching. Mulching helps in saving water,
suppressing weeds, protecting against high temperature,
reducing erosion, retaining moisture, providing nutrients [9].

Manure: Agro-waste can be decomposed to make
manure or can be used in bio gas plants which will produce
gas for household use and its by-product manure can be used
in field to increase soil fertility.

Cattle fodder: Agro-waste is usually used as ruminant
fodder, with the exception of paddy straw because of high
silica content and low cellulose and other sugar contents.

Biomass gasifiers: In biomass gasifiers solid agro-
waste in converted into gaseous fuel. The producer gas
obtained by the gasification can be used for mechanical or
electrical power generation or for thermal application.

5. FUTURE SCOPE

Because of difficulties faced by agro-waste power
generation, other alternative should be adopted to utilize
and attenuate the straw management problem of the farmers.
Considering the benefits and low labour cost, mulching
could be a better alternative. Study can be  conducted to
compare the use of agro-waste by mulching it on the field
rather than burning in power plants to generate electricity.
The amount of electricity saved on account of moisture
retention due to mulching may be a significant fraction of
that produced by burning it in agro-waste based thermal
plants.
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