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1. Introduction

The project aims to improve the livelihood of rural households in the most disadvantaged
areas that are under the poverty line (£300 per annum) and heavily dependent on
agriculture. This applies to around 150 million rural Indians (1). Efforts to alleviate rural poverty
in India are held back by the triple challenge of poor electrification, household air pollution,
and farmland degradation and contamination. More than 40 million rural households in
India are lacking access to electricity and another 20 million rural households are receiving
only several hours of electricity daily (2, 3). The limited access to electricity has been one of
the major barriers to the economic development of rural communities. Poor electricity
critically impacts the living standard of rural communities as various essential activities such
as digitalization, technologies, education, medicine, food storage, production, and cooking
are tightly bonded to the use of electricity.

Household air pollution is a serious public health concern for around 90% of Indian rural
households relying on biomass stoves for cooking (4). Since women, children, and the elderly
in Indian villages spent most of their time indoors, there is a high risk for them to be
impacted by household air pollution caused by biomass and kerosene burning for cooking
and light. The toxic air pollutants in the rooms can persist for long time due to improper
ventilation leading to a variety of immediate and long-term health risks e.g., coughing,
bronchitis, and other chest illnesses, stillbirth, lung cancer, and leukaemia. Rural residents do
not pay sufficient attention to this silent issue for which urgent action is vital to mitigating
the problem.

Farmland degradation and contamination are a serious threat to agricultural productivity in
India where two-thirds of the population depend on agriculture for their livelihood (5).
Villages experience great food insecurities and increased poverty due to soil quality
deterioration. Unfortunately, agricultural productivity in some rural areas is being reduced
due to degradation and contamination of farmland, for example, by deforestation,
overgrazing, industrial pollution, overuse or underuse of chemicals, fertilizers, and pesticides,
etc. To treat issues related to food security and poverty in rural areas, actions must be taken
to tackle the challenge of soil degradation and contamination.

This booklet considers a novel tri-generation bioenergy (BioTrig) design compared to existing
bioenergy systems in India that mainly rely on inefficient uni-generation and are not
sustainable due to the lack of either economic viability or active participation of rural
residents. Our recent rural households surveys in India shows that there is plenty of
agricutural waste which represents a potential feedstock for the BioTrig development. For
example, majority of the surveyed farmers have to burn agricultural residues as it is the most
cost and labor effective way to treat the residues causing environmental issues (6).

The triple products of BioTrig include renewable electricity, bio-oil fuel for cooking, and
biochar for replacing chemical fertiliser, which are all derived from agricultural waste. The
integrated concept of multi-generation to enhance system efficiency and active involvement
of rural residents will help to solve the dilemma of sustainable bioenergy implementation in
rural India, which is critical for achieving Sustainable Cities and Communities as outlined in
the UN Sustainable Development Goals. Based on the BioTrig concept, this booklet will aim
to enhance public engagement and awareness of bioenergy development in rural India. The
development of education programme is on the accumulated understanding of the techno-
economic and social feasibility, and environmental impacts of BioTrig.
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Intended learning outcomes (ILOs):

After the learning, the villagers should:

1. understand the availability and potential of agricultural waste in rural communities for
generating electricity, bio-oil for cooking, and biochar for farmland conditioning.
2. be familiar with the concept of BioTrig.
3. be aware of the health risks of household air pollution and ways to mitigate it.
4. be aware of the impacts of renewable electricity generation from agricultural waste on
their lives and the environment.
5. understand the benefits of farmland productivity enhancement and sustainable ways to
maintain farmland health.
6. understand the various types of low-emission cooking fuels and the relevance of low-
emission cooking.



2. Agricultural waste classification
Agricultural waste is the by-product of agricultural activities such as cultivation, planting,
livestock and poultry farming, etc. Agricultural waste is usually categorized as being organic
or non-organic material depending upon its origin.

Organic waste

Non-organic waste

Cultivation

Livestock

Plant residues

Dung
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Overall, 13 district villages in India have been surveyed in terms of waste composition and its
production capacity per month, and the result is shown in Fig. 2.1. The waste found there is
mainly organic. On average 64% of all waste product comes from livestock in the form of
dung and liquid. Also, the waste produced from plants such as vegetable scraps, wood
pieces, and wood chippings makes up 11% of all waste produced in villages. Only small
amounts of plastic waste at 9% are produced compared to other waste types. The same
tendency is noted for used oils in all villages except Balarampur Odapada Dhenkanal. To
summarise, organic and non-organic waste types are produced in villages, where the former
is produced in sufficient volume to produce clean energy that can benefit local residents’
well-being and help soil remediation.

Fig. 2.1. Waste production in the villages, kilogram/month
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Condensor

3. Concept of BioTrig
BioTrig or Bioenergy Trigeneration is a process whereby agricultural waste (biomass) is
converted to biochar, syngas, and oil via pyrolysis (a thermal decomposition in absence of air).
The solid co-product, i.e., biochar, can be used for farmland remediation to partially replace
and to improve use efficacy of chemical fertilisers; syngas could be used for the production of
electricity; and pyrolysis oil could be used for electricity generation and as a fuel for cooking
to replace, e.g., biomass-based cooking.

In the pyrolysis process, agricultural waste undergoes thermal transformation into three co-
products, i.e., solid (biochar), pyrolysis liquids and gas. The condensible vapours are separated
from the gas stream in a set of condensers, leaving behind a flamable gas that can be used
as a fuel in power generation. The char is usually separated easily before the condenser as it
is solid, incondensable matter. The gas received from the pyrolysis is led to the co-generator
or internal combustion engine to produce electricity and hot water for domestic use. The
separated bio-oil is the main product for electricity generation and cooking fuel, but the bio-
oil needs treatment to be used as a fuel for cooking. The biochar is used as a soil
conditioners.

Agricultural
waste BioTrig plant

Biochar

Bio oil

Affordable
and clean
electricity

Household
air

pollution

Farmland
degradation

and
contamination

Poor
electrification

Agricultural
waste

BioTrig system

Electricity

Bio oil

Internal
combustion

engine

Reactor

Thermal
degredation of

feedstock

Pyrolysis
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Bio char

Fuel for
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wood
pieces

vegetable
scraps

dung and
animal
liquids

wood
chippings

Concept of BioTrig system

Waste composition data
collected from village surveys
show that there is plenty of
organic waste or biomass in the
form of livestock waste (dung
and animal liquids) and plant
waste (vegetable scraps,
wood pieces, and wood
chippings) available as a
potential feedstock for the
BioTrig system. The surveyed 13
villages produce around more
than 300 tonnes of organic
agricultural waste monthly.

The first step in the process is the
collection and transportation of
agricultural waste to the plant.

The waste will be fed into the
pyrolysis reactor to produce
pyrolysis liquids, biochar and a
small amount of syngas under
controlled conditions.

The pyrolysis oil is pumped to the
cogeneration system to generate
electricity for rural residents. Part of
the pyrolysis oil after the upgrading
will be supplied as an alternative
fuel for cooking to biomass . The
biochar will be supplied to rural
households and used as a soil
amendment partially replacing
chemical fertiliser to enhance soil
quality in terms of water retention,
pH, carbon content, etc. and
therefore agricultural productivity.
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4. Health impacts of household air pollution
”Polluted” air inside the closed space can affect one’s health adversely. “Indoor air pollution
(IAP), also called household air pollution (HAP), is defined as the presence of unwanted
substances in the indoor air at concentrations toxic to health”. According to the World
Health Organization (WHO), a pollutant released indoors can be one hundred times more
than an acceptable level (7). This can be attributed to their persistence in closed
compartments and the difficulty associated with removing them, typically due to lack of
proper ventilation.

Health effects of IAP

Bacteria, fungi,
microbial spores, and

animal dander produced
from stagnant water,

mattresses, carpets, and
humidifiers

Sources of indoor air pollution

Chemicals
from

incomplete
combustion

of fuels

Physical
sources

Chemical
sources

Biological
sources

Other
factors

Dust

Ash Inappropriate
storing of
chemicals

Poor
ventilation

Poor
housekeeping

Pregnant women, young
children, and senior
citizens are the most
heavily affected groups
as they spend the
majority of their time in
the home (7).

The short-term health
effects such as
suffocation, burning
eyes, and headaches.

The long-term health
effects result in
premature death from
non-communicable
diseases or bronchitis,
and other chest
illnesses, stillbirth, lung
cancer, and leukaemia
(7).
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The existing situation in Indian villages
regarding the conducted survey

90% of the rural Indian population use
biomass stoves for cooking (4).

The majority of the buildings they live in and
in which they do their cooking do not have
proper ventilation.

Despite improper ventilation, the survey
shows that 80% of all households cook
indoors in a dedicated room for such, the
main living space and any rooms within the
house.

The effects of IAP can be even worse as
villagers usually use fuels that contribute
significantly to indoor pollution, namely
kerosene, wood, and dung.

Overall,
1166

households
in 13

villages

Fig. 4.1. Share (%) and number
of households with a particular

cooking location in villages
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5. Impacts of renewable electricity generation from
agricultural waste

MORE
THAN 40

MILLION RURAL
HOUSEHOLDS
DO NOT HAVE

ACCESS TO
ELECTRICITY

SUPPLIES
 

Poor electrification of rural areas
disadvantages villagers across a series
of vital services such as education,
networking, medicine, technologies,
and so on. Many households, 72% or
840 of 1166 households surveyed still
use kerosine for lighting and its
greenhouse gases footprint on the
environment and adverse effect to
the locals’ health is profound. Indian
villagers produce more than
sufficient volume of organic waste
from livestock and plants to produce
their own supply of clean electricity.
There are also other benefits for
locals, in that they can not only get
electricity but can also collect
biomass and sell it as energy and
resource generation feedstock.

AROUND 20
MILLION RURAL
HOUSEHOLDS
HAVE ACCESS

TO
ELECTRICITY

SUPPLIES FOR
ONLY TWO OR
THREE HOURS

DAILY

Fig. 5.1. The impact of
renewable energy generation

can be summarized as follows:
 

Sustainable
development

Sustainable
economic

development

Environmental

EconomicSocial

Equitable
social

environment

Sustainable
natural and

built
environment

               A reduction in 
            expenditure from
             buying kerosene, 
     candles, and other pol-
luting fuels used for light.

 An income between Rs 4000-                  
8000/tonne from selling resi-
dues and dung (based on 
the survey).

   A few more productive hours
 for locals and their economic
 well-being will thus improve.

 The most important sec-
tors such as education, medi-
cine, the banking system, and
 networking can be positively
 supported.

A driving force for innova-
tions and, technology deve-
   lopment.

   Renewable electricity could
be a driving force for micro-
       business entrepre-
                neurs.

          A sustainable way for treatment 
of residues and dung to generate electricity.

 A reduction in indoor air pollution from kerosene,
candles, and other polluting fuels used for light.
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6. Benefits of farmland productivity enhancement
Villagers’ lives are dependent on agriculture, and the associated productivity influences their
living standards. Farmland is the main resource to grow crops for villagers’ activities and
income, and farmland productivity is closely interconnected with their economic well-being.
Farmland productivity is a measure of the output of villagers’ activities in terms of cultivation.

High farmland productivity means greater profit for farmers.
The main source of farming income is from farmers’ agricultural
activities, which naturally depend on the farmland. Increasing
their economic well-being gives them access to better living
conditions, with various commodities becoming more
affordable to them.

There are a few
simple effective

ways to enhance
the farmland

productivity of
small household
farmers in India

Deep and surface tillage.
These increase water
penetration capability.

Increasing or keeping soil
nutrients at optimal levels
through the use of soil
conditioners. Farmers usually
use soil conditioner to
improve soil structure and
quality by adding biochar,
compost tea, dung, so on.
One of the products of the
BioTrig system, the biochar
can be used as a soil
conditioner due to its
capacity in storing water and
water-soluble nutrients and it
positively affects the
environment for
microorganisms.

Crop diversification and
rotation. This helps to reduce
losses in crop yields by
maintaining crop fertility and
preventing diseases caused
by mineral or nutrient deficits.

Preventing wind erosion by
creating obstacles to the
wind. Villagers usually use
planting barriers to reduce or
negate wind erosion.

Benefits of highly productive farmland

Increasing economic well-being of farmers

A stop or at least slow environmental degradation.

Unsustainable use of land and lack of nutrients reduce crop
yields and farmers need to find a way through the expansion of
farmlands to maintain a certain economic income status.
Increasing the productivity of a given area of farmland
positively affects the environment, biodiversity, and sustainable
development. Productive land has a significant, positive effect
on the environment by returning unused and unneeded land to
nature.
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7. Use of low-emission cooking fuel

Food security

Reducing tension amongst farmers in the
competition for land

Many farmers in India struggling about generating sufficient
income to sustain their households. The number of farms and
the population in rural areas has continuously shown a gradual
increase (9). The tension between farmers for farmland could be
mitigated by improving the productivity of existing farmland
further.

Mitigating climate change

Highly productive farmland yields more crops and greens, and
resulting in more carbon being stored in soil. It means that
productive farmland is considered a good means of carbon
storage, which mitigates global warming.

Women experienced more significant
respiratory tract damage and associated
side effects by inhaling the harmful smoke
generated during burning of conventional
wood fuel as they spent most of the time
indoor. Also, it takes a long time to initiate
biomass-based combustion particularly in
rainy or winter climates due to the
increased moisture in the fuel.

The liquid product (pyrolysis oil) after the
upgrading to make it a suitable liquid fuel
can be used for combustion through
burners. The derived heat energy is
renewable since the feedstock, agricultural
waste is renewable and sustainable in
nature.

Low-emission bio
fuels Conventional fuels

10

Around 195 million people are undernourished worldwide, with
25% of this figure being in India (7). Four out of 10 children or
around 50 million suffer from chronic malnutrition and stunted
growth, and thus their full human potential cannot be met (8).
The undesirable consequences of this include poor
performance in learning activities and a high risk of chronic
disease development. Undernourished women give birth to
babies with low weights and adult life expectancy and health
are significantly affected. The food security of disadvantaged
villagers is closely associated with the farmland productivity.



8. Use of biochar from agricultural waste

Reduced soil quality due to overexploitation and unsustainable use of land is directly
associated with the low productivity of farmland for farmers in India. In some regions, the
farmland could have been unusable because it contains an excess of sand or clay, the soil is 
 nutrient-depleted, or other natural reasons. TA wide range of nutrients is needed to ensure
good crop yield. The most important of these are calcium, magnesium, potassium,
ammonium, and sodium, the presence or absence of which directly affect farmland
productivity. Soil conditioner products are used to maintain or improve physical
characteristics of soil such as its aeration, water penetration, and water holding capacity,
resistance to wind erosion, and fertility.

Soil
conditioners

Organic Non-organic

Animal
manure

Biochar

Straw Leaves

Gypsum
Limestone

Slate

Instead of using chemical fertilisers, which might involve significant energy consumption and
emissions upon its production and application, farmers can use the biochar derived from the
wastes from their own activities. In this case, unused or the need to dump agricultural waste
can be minimized, potentially to the extent that all organic waste can be used to conserve
the soil, promoting the development of a circular economy in a rural community-scale.

Biochar is a solid byproduct of the pyrolysis of agricultural
organic waste and mainly contains carbon. It has been
widely used as a soil conditioner to increase the productivity
of land and prevent soil-borne diseases. In the study, Mohan
etc. showed that using the conditioner, biochar in growing
eggplants positively affects the height of eggplants, leaf
numbers, and growing speed (10).

Using biochar for soil amendment has the following
benefits to soil health:
- It effectively stores water and water-soluble nutrients.
Biochar is porous material, which makes it hydrophilic. It
means the biochar is good at attracting and retaining water. 
- It creates a good environment for microorganisms and
thus has considerable soil health-related benefits.
Healthy soil inevitably affects crop yields.
- It reduces nutrient leaching and greenhouse gas
emission from the soil as biochar is a good binding
material.
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High-emission cooking fuels such as petrol /kerosene, charcoal, wood and dung  

86.8%

Low-emission cooking fuels such as gas and electricity

13.3%

Overall, 1166
households
in 13 villages

Fig. 7.1. Share (%) 
of households with
energy sources for

households' cooking
from the conducted

survey

86.8%

13.2%

High-emission cooking fuels such as petrol
/kerosene, charcoal, wood and dung  

Low-emission cooking
fuels such as gas and

electricity
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Fig. 8.1. Soil analysis report of the villages
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Kandasara, Angul, Angul, Odisha
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Paida Patna, Bali Patna(Khurda)

Odakanda, Balipatna, Khurda
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Kuanarpur, Dasarathpur, Jajpur

pH, 6-8

pH is defined as a
master soil variable
due to its important
application in nutrient
cycling between the
soil and plants, and soil
remediation (11).
Decreasing pH means
soil acidity, which is
one of the main
worldwide problems in
food and fibre
production (12).
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7.148

7.268
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6.89

5.62

5.86

6.439

6.572

6.97

6.91

6.348

6.523

it means that if pH in
these soil get optimal
range, the farmers can
harvest more crops. 

9. Conclusions
Many households in disadvantaged Indian villages have issues with poor electricity supplies,
high indoor air pollution, and farmland degradation. Indeed, some households do not even
have access to electricity supplies at all or can only get a couple of hours of electricity per
day.  Also, villagers suffer from indoor air pollution due to the use of high emission fuels
(kerosene, wood, etc.) for cooking, having improper ventilation, and cooking inside their
houses. Farmland degradation in particular is becoming increasingly worse because of the
currently unsustainable approach to the use of land, which clearly affects the associated
productivity. These three problems have an immense impact on everything related to
villagers’ lives such as life expectancy, living conditions, access to medicine, education, their
economic well-being, and so on.

Conducted soil analysis
found that chemical
compositions of the
soil samples in optimal
range except pH in
some villages.
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The BioTrig system has been suggested as an effective means of dealing with the above-
mentioned issues. A survey conducted in Indian villages showed that they all generally
produce large amounts of organic waste, namely dung and plant residues, that could be
used as potential feedstock for the BioTrig system. Such systems can produce 1) clean and
renewable electricity to tackle the issue of poor electrification, 2) bio-oil, defined as a 
 cooking fuel, and 3) biochar, which is considered a good soil conditioner that could
considerably improve the quality of farmland soil.

The BioTrig system has a high likelihood of being able to positively affect, villagers’ lives in
terms of sustainable development as it brings considerable social, economic, and
environmental benefits. Villagers can gain increased access to education and medicine, and
boost innovation and the operation of micro-entrepreneurs through the provision of a clean
and renewable electricity supply. Bio-oil used as a cooking fuel has lower emissionthan
kerosene that accordingly can have a positive effect in terms of the reduction of illnesses
related to indoor air pollution, while in general the ecology is improving because of the
reduction in air pollution. The use of biochar as a soil conditioner can at least maintain or
more likely improve the health and productivity of farmland. It is considered a more
sustainable approach to development for disadvantaged villages in India.
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