INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
T. Bagdi et al., Vol.12, No.4, December 2022

Whose Development Counts? Adoption of Biogas in
the Rural Communities of India- A Review

, Sreya Ghosh*"=", Anuradha Sarkar*"=', Amit Kumar Hazra**
Balachandran***"='| Shibani Chaudhury***

Tapas Bagdi*} , Srinivasan

* Department of Lifelong Learning and Extension, Research Scholar of Palli Samgathana Vibhaga (Institute of Rural
Reconstruction), Visva-Bharati University, Santiniketan, India-731235

** Department of Lifelong Learning and Extension, Faculty of Palli Samgathana Vibhaga (Institute of Rural Reconstruction),
Visva-Bharati University, Santiniketan, India-731235

***Department of Environmental Studies, Faculty of Siksha-Bhavana (Institute of Science), Visva-Bharati University,
Santiniketan, India-731235

(tapasbagdi25@gmail.com, sreyag2@gmail.com, anuradha.sarkar2009@gmail.com, amit.hazra@visva-bharati.ac.in,
s.balachandran@visva-bharati.ac.in, shibani.chaudhury@visva-bharati.ac.in,)

1 Corresponding Author: Tapas Bagdi, Postal address: Department of Lifelong Learning and Extension, Research Scholar of
Palli Samgathana Vibhaga (Institute of Rural Reconstruction), Visva-Bharati University, Santiniketan, India-731235,

Tel: +91 9126185497, tapasbagdi25@gmail.com
Received: 16.09.2022 Accepted: 11.11.2022

Abstract- In developing countries like India, biogas technology is a clean and sustainable renewable energy for rural people.
The Government of India encourages and supports disadvantaged groups of people in rural areas by launching various schemes
to construct biogas plants to fulfil their energy needs and reduce energy poverty at a very low cost. Caste-based inequalities are
one of the major social factors, especially in rural areas leading to low biogas utilization. This paper highlights the Indian scenario
with 2000 households from the various districts of West Bengal, exploring the caste-based inequalities over the access of
utilization of biogas plants. Analysis was performed on the access and utilization of biogas by different castes. The results
demonstrate that the general caste households have adopted 60% of biogas plant and have controlled over the biogas than the
marginalized or underprivileged caste of the society. The study found that needy and disadvantaged groups are deprived for
several socio-economic barriers of the access and utilization of biogas due to a lack of consideration of caste inequalities. The
households belonging to scheduled caste and scheduled tribe communities have poorer access to biogas energy than the general
caste. The higher caste people benefitted more by accessing biogas energy, whereas lower caste people still lack access to modern
energy like biogas. It also exposes that caste inequalities still dominate the access to modern energy in the society of developing
countries.

Keywords Caste, underprivileged or marginalized, social group, inequalities, biogas.

1. Introduction

Energy is one of the essential requirements for the
development of any nation. Energy plays a fundamental role
in sustained and inclusive growth, which is highly correlated
between development and energy consumption [1], [2]. UN
report of 2017 projected that India is the 2" largest population

in the world and also the fastest growing population country

and will overtake China by 2027. According to International
Energy Agency (IEA) statistics stated that India is the 3™
biggest electricity consumer globally, and per capita, energy
consumption is 106" positions in 2017, which is one-third of
the world’s energy consumption [3], [4]. According to the
world resource institute report 2017, globally India ranked 41"
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responsible for nearly 6.65% of total global carbon emissions
in the world [5]. The emissions from burning fossil fuels are
the main factor of increasing energy crisis and greenhouse gas
leading to global warming [6]. Biogas technology is a very
cheap alternative energy and can reduce environmental
problems such as soil degradation, deforestation, CO.
emissions, and indoor air pollution. This will be helping the
rural people by providing cooking fuel and improving living
conditions and health benefits of the people [7].

Biogas is vital renewable energy, reducing the demand and
cost of fossil fuels and reducing greenhouse gas emissions.
Biogas is renewable energy resulting from the biological
breakdown of organic components like leaf, human, and
animal excreta and biodegradable waste in a biogas plant, [8].
A biogas plant generates 50-70% of methane gas with 24-44%
of CO, that can be used as cooking fuel and generates
electricity [9], [10]. It also generates byproducts as output
from that biogas plant called ‘slurry’, one of the good quality

organic fertilizers; it can increase crop and soil quality [11].

Sustainable development can ensure access to affordable,
reliable, and modern energy for people through sustainable
energy. In a developing country like India, rural people face
many problems regarding accessing modern and clean
sustainable energy. The service of supply sustainable,
affordable and reliable clean energy source is one of the
emerging priorities for developing country including India, to
promote energy security [2]. The Government of India, with
the fulfilment of the objective of SDG-7, “Ensure access to
affordable, reliable, sustainable and modern energy”, is to
provide energy security towards people [12], [13]. The
Government of India has taken several policy initiatives
towards the disadvantages of the social group to access
sustainable, reliable, modern, and clean energy towards rural
people. Improvement of access to energy services can play a
significant role in health improvement, poverty reduction,
economic growth promotion, and social inequality following
gender and caste [2], [9]. In many developing countries like
South Africa,

renewable energy to promote social equality [14]. The

India; the Government felt the need for

significant barriers to sustainable development are social

inequalities that block rapid economic development from
access to clean and modern energy technologies [4]. In India,
social stratifications play a dominant role in distributing social
opportunities and resources. Generally, the scheduled caste
(SC) and scheduled tribe (ST) populations are considered
deprived and backward classes due to economic and social
discrimination. At the same time, the Government has
encouraged and provided support to those groups of people by
launching various schemes for their socio-economic
development, like policies to adopt biogas plants. This paper
discusses the problems associated with adopting biogas

among disadvantaged communities, i.e. scheduled caste.
2. Energy Access Scenario of India

According to Soubghya Dashboard, Govt of India (2019),
almost 99% of households have electricity connections [15],
whereas only 65% of rural people are covered under
governmental electrification schemes. According to Ministry
of New and Renewable Energy (MNRE, 2017), almost 70%
of the population depends on traditional biomass and 32% of
primary energy is derived from the traditional biomass of
India [16]-[18]. According to World Bioenergy Association
(WBA) statistics of 2016, globally, India is the 2" largest
country using biomass after China [19]-[21]. According to the
NSSO report of 66" round, 76% of rural households use
traditional biomass, 15% use LPG as their primary energy
source, and very few use biogas for cooking energy. A recent
study conducted by Council on Energy, Environment And
Water (CEEW) observed that 54% of households still use
traditional biomass along with LPG connection because of the
high cost of refilling [22]. According to the IEA report of
2020, more than 2.6 billion are still dependent on solid
biomass fuels (like fuelwood, crop residues, charcoal, coal,
and dung cake) for cooking [15], [23], [24]. According to
World Energy Outlook (WEO), a 2017 report indicate that
almost 770 million populations still do not have access to
electricity [15], [25]. Globally it is estimated that over two-
thirds (772 million) of countries population still use traditional
biomass for cooking which is accounted for 30% of total
global biomass users [26], [27]. Globally, India is the largest
producer of fuelwood, about 307 million tons in 2015 [19].
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However, biogas can potentially reduce the use of firewood

and promote the regeneration of degraded forests [28]-[30].
3. Caste System in India

The Indian caste system is very complex and one of the

oldest forms of social stratification. In India, social
stratification begins with the social group. The caste system is
one of the oldest social institutions, which gives a distinct
identity and structure to Indian society [31]. Caste is a social
stratification that is exclusive and exhaustive; still, it is
prevalent in Hindu societies worldwide [32]. Its roots are
based on the theological model of Hindu scriptures from the
ancient period, classified into four hierarchically ranked castes
called Varna’s. They were identified and classified according
to their occupation in their society. The Brahmin’s, are usually
nominated as priests and scholars who are the hierarchically
top of society based on caste [33]. Next are Kshatriyas, who
are mainly warriors and rulers. They are followed by the
Vaishya, who are the merchants or traders. Lastly, Sudras are
considered the lower group of society and their main
occupation is to serve the upper caste people. Sudras are
generally known as ‘Untouchables’ in society. Besides these

four Varnas, the fifth category of people was considered tribal

[33], [34], native or aboriginal people.

Caste is pre-set hierarchical social identities determined by
birth and categories through occupations. In modern India,
caste describes as Jati or Varnas. After Independence, the
constitutions of India abolished the practice of untouchability
and identified Sudras as ‘Scheduled Castes’ (SC). Apart from
the scheduled caste, many of the population lived in forests,
mountains far away from the main populations called Adivasi
or Tribes. Indian Government constitutionally recognizes
them as ‘Scheduled Tribes’ (ST) [34]. Traditionally these are
the two groups that were the most deprived in the society. The
Brahmins and Kshatriyas have traditionally enjoyed the
advantages of high status and esteem those who are referred
to as the ‘general caste’. Besides the top three castes (Brahmin,
Kshatriya and Vaishya), the Indian Government also
recognized other backward Classes (OBC) classified as

socially and educationally disadvantaged groups of people

compared to the general caste, but they are vastly
heterogeneous and have a high range of backwardness. Thus
the Indian societal structure seems a pyramid based on caste
hierarchically, representing that general caste are top of the
society followed by other backward classes (OBC), and the

SCs and STs are the bottoms of this pyramid [35]-[40].

According to the census 2011 of India, 121 crore people
lived in the country [41]. At the same time, 83.3 crores
(68.86%) people and 37.7 crores (31.14%) live in rural and
urban areas, respectively [42], [43]. The number of literate
people in India is 778.5 million (73%) (Rural areas 493
million about 67.8% and urban areas 285.4 million about
84.1% people) [44]. Presently the number of villages in India
is about 6.4 lakh [45]-[47]. The Scheduled Caste and
Scheduled Tribe population is 16.5% and 8.6% respectively of
the total countries population in India [48]. According to the
Ministry of Social Justice & Empowerment report, almost
76% Scheduled caste and 90% Scheduled Tribes people lived
in rural areas of India [49], [50]. As per census 2011, it is
estimated that 1284 and 757 groups of people were notified as
Scheduled Caste (SC) and Scheduled tribe (ST) respectively

among all over India.

4. The Emergence of Biogas Technology In India

Biogas is a sustainable, renewable, and environmentally
friendly source of energy which is an excellent opportunity for
us to reduce greenhouse gas and deforestation to save the
planet from the current climate-change situation [58]. Biogas
technology is considered economically and technically
affordable and accessible among poor people of rural areas,
providing clean energy and improving agricultural activity
[2]. Biogas technology is one of the alternative vehicles to
reduce rural poverty and meet the energy needs of rural people
of India [53]. In India, according to census 2011, nearly 70%
of the population lives in rural areas [28], [54], [55]; those who
primarily depend on firewood and chips as their primary

source of cooking fuel around 67.3% [56].
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Biogas technology in India has a long historical experiment
on digesters. Biogas in India was introduced in the early 1930s
for research on sewage purification at Mumbai undertaken by
Prof. N.V. Joshi of Indian Agriculture Research Institute
(IARI), New Delhi [57], [58]. But the plants were costly, and
they could not supply enough gas for a small family [59]. Then
after a few years, Jashbhai Patel developed, designed and
made small scale biogas for the farmers. The design was
adopted and promoted nationwide by Khadi and Village
Industry Commission (KVIC) in 1961 called Gramalakshmi.
The first family type is the floating Dome biogas plant in rural
India [27], [60], [61]. The Planning Research and Action
Division (PRAD) took more initiatives by establishing a
research station at Ajitmal in Uttar Pradesh, known as Gobor
Gas research Centre, in 1977. They developed the Janata
Fixed Dome plant model, which is similar to China. It is well
designed with maximum gas pressure and outlet of the slurry
system. This plant is 30% cheaper to construct and maintain
as compere to KVIC floating Dome Model [62]-[64]. The
Indians cannot adopt the model because, during that time, the
relationship between China and India is not cordial. So the
Indian Government felt the need for biogas technology as an
alternative energy source that could be beneficial for the rural
people to solve the energy crisis [65], [66]. So, the Janta model
was introduced in 1978. This model failed to provide rural
people service [67]. It had some disadvantages like a short
circulating path of outlet for slurry, production of less amount
of gas due to the undigested slurry [68]. The Government of
India felt the need for biogas energy and launched National
Project on Biogas Development (NPBD) under the 6™ five-
year plan in 1981; it was the first national policy for promoting
[69], [70].
Energy Source (DNES) undertook the

biogas plants The Department of Non-
Conventional
programme, established in 1981 under the Ministry of Power
[71], [72]. In 1984 AFPRO developed the fixed dome biogas
design called the Deenbandhu model approved by NPBD in
1986 [63], [73]. It was more crack-proof and consumed less
material for construction than the Janta Model [74], which is
30% cheaper than the Janata biogas model and 45% cheaper
than KVIC floating dome model [75]. During this time, the

Deeenbandhu model became popularised toward the rural

people in India. In the Himalayans regions, this model
becomes ideal because of the underground digestion chamber,
providing good biogas during colder climates. The energy-
using pattern in hilly areas is an average of 1.49 kg fuelwood
per capita per day [76]. The demand for fuelwood of tribal
communities is five times higher [77]. In hilly regions, 90%
of rural households use firewood for cooking [78], [79]. In
1992, Department of Non-conventional Energy Sources
(DNES) transformed into Ministry for Non-conventional
Energy Source (MNES) [80]-[82]. MNES took many
initiatives to develop access energy in rural areas like
improved Chullas extension, biogas research and
development, hydro and solar photovoltaic power through
various nodal agencies such as IREDA (Indian Renewable
Energy Development Agency) [81]. The National Project on
Biogas Development (NPBD) was renamed National Biogas
and Manure Management Programme (NBMMP) in 2003.
This programme is a Central Financial Assistance (CFA) for
ensuring subsidies for the construction of family type biogas
plants [54], [83]. During the twelfth five year plan (2012-
2017), the Government of India set a target to set up 6.5 lakh
biogas plants under the National Biogas and Manure
Management Program (NBMMP) project across the nations
[29], [58], [84]-[86]. The installation of these biogas plants
could produce per day 1-6 meters of biogas and 4745 lakh

cubic meter biogas generated annually [3], [87].

These projects (NBMMP) are carried out by the State Nodal
Department and Agencies (such as WBREDA), Energy
Development Agency at the state level. At the district level,
Khadi and Village Industries Commissions (KVIC), and
Biogas Development and Training Centre’s (BDTCs), District
Rural Development Agency (DRDA) collaboratively work
with the Government and in the ground level Panchayet,
Agents and NGOs implementing the biogas plant towards the
rural households [88]. The NBMMP provides family types of
biogas plants mainly for rural households. The schemes
provide capital subsidies up to 5500 rupees and 7000 rupees
for the general category and SC/ST category, respectively, to
set up one cubic meter biogas plant. Whereas for setting up 2-

6 cubic meter biogas plant subsidies are given 9000 rupees for
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and 11000

respectively. The main objective is to provide clean and cheap

general caste rupees SC/ST categories,
cooking fuel by reducing the use of traditional biomass and
LPG for financially assisting the poor people and increasing

the use of biofertilizer to reduce chemical fertilizer.
5. India’s Biogas Scenario: Reality and Potential

According to the estimation of the Government, India is the
4™ worldwide largest country for renewable energy
installation capacity [89]. India efforts to increase renewable
energy capacity from 42,489 MW to 175000 MW by 2022
[90]1-[92]. India has set up the 2" largest number of bio-gas
plants after China [93]. According to a recent estimation of the
MNRE Government of India, the total number of biogas plants
installed in India was around 47.5 lakh till March 31, 2014 [5],
[94]-[99]. Less than 1% of households in India use biogas for
cooking [100]. During the 12" five year plan, MNRE
estimated that 3.22 lakh plants would have been installed by
December 2015 [91], [101]. It will generate about 6.46 Lakh
cubic meter biogas per day [102], an equivalent of 70.90 lakh
LPG cylinders, 8.20 lakh tonnes of firewood that can reduce
615000 tons of CO2 annually [10]. However, the NSSO report
shows that biogas plants have increased from 0.20% in 2000-
2001 to 0.25% in 2012-13 [103]. According to Mr Piyush
Goyal, Ministry in charge of New and Renewable Energy in
2015 reported that about 20,700 lakh cubic meters of biogas
are produced in India, equivalent to 5% of total LPG
consumption during the year 2014-15 [3], [104], [105]. It was
estimated that the total annual production of biogas is about
40734 mm?3 by other organic waste in India. India can install
about 12 million household type biogas plants [8] whereas
about 4.75 million, which is 40% of the total potential of
biogas plants established in the year 2015, which has increased
by 1.27 million in 1990 [106]. Biogas can generate 17000 MW
powers which are about 10% of the country’s energy
requirement [107], [108]. If India achieves the target to install
12 million family sizes biogas plant, it will reduce about 120
million CO; every year [92], [109], [110], which will be able
to produce 8.75 billion cubic meters of biogas, and generate
11.67 GWh renewable energy for India by 2022 [92].

According to the report of MNRE, 2017 estimated that 49.6
Lakh Biogas plants have been constructed against the potential
of 2.1 crore biogas plant by March 2017 [10]. The Comptroller
and Auditor General of India or CAG (2015) evaluated 429
NBMMP systems across 13 states and highlighted that 74% of
installed biogas plants were functioning [111]. While biogas
offers a great opportunity of accessing clean energy with
minimum cost, the MNRE reported that only 55% target had
been archived by NBMMP for 2016-17 [112], awareness and
satisfaction of using biogas plant is the central to sustained use
of biogas plants as per the report of ACCESS, only 36% of
households surveyed aware of biogas as cooking fuel. The
study also revealed that almost 50% of biogas users are
satisfied with their plants [16], [29], [112], [113]. In India,
biogas production is estimated at 20,757 lakhs cubic meters in
2014-15 [114], [115]. It is equivalent to 6.6 crores domestic
LPG cylinders [59], [116]. The average cost of a two cubic
meter Biogas plant is about Rs. 17,000, which will be
accounted for 10000 by government subsidies under NBMMP
(MNRE, 2009). The cost is 6.25% of the annual household's
income of 1,60,000 rupees [88], [92].

Biogas is used as cooking fuel; it is very economical and
convenient. One cubic meter (1m®) of biogas energy is
equivalent to 1.1 liters of gasoline, 1.7 liters of bioethanol and
0.97 m® Natural gas [74], [98], [117]-[120], equivalent to
about 4700 kcal energy [75], [121], [122]. It is also equal to
lighting 60-100 watt bulb for 6 hours or cooking three meals
per day for 5-6 persons [123], [124]. However, a 2 m® biogas
plant would be the appropriate size for family types biogas
plants to fulfil the daily energy requirement of 8 members of
the family, which is monthly equivalent to 740 kg animal
dung, 37 litres of kerosene or 88 kg of charcoal, 210 kg
Fuelwood, and 26 kg LPG which is about two standers of
cylinders save (700/cylinders x 2pc = 1400/month x 12
months) Rs 16800 annually [10], [104], [125], [126]. A family
type biogas plant can mitigate global warming by an estimated
9.7 tons CO; equivalent [39]. Biogas technology is very
effective in rural areas to enhance energy requirements at a

low price [127].
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6. West Bengal Biogas Potential and Scenario

West Bengal is the second-highest rural biogas density in
India [128], [129].
Development Agency (WBREDA) is the state nodal agency

West Bengal Renewable Energy
established in 1993 to promote and improve renewable energy
in West Bengal [129]. Santanu Basu, Director in Charge of
WBREDA, stated that the MNRE, Government of India, aims
to install 175 GW of grid-connected renewable energy by
2022 [130]-[132]. WBREDA targeted to install 18000
numbers of domestic types of biogas plants in West Bengal by
2011-12 [133], whereas approximately 11000 biogas plants
were installed by December 2011. West Bengal can install an
estimated 695000 no of family type’s biogas plant of which
the NPBD programme installed 355960 biogas plants till 2016
(Fig. 1). The annual growth rate of the family type biogas plant
was 5.95% in West Bengal, which is higher than the country's
annual growth rate of 3.3% during 2011-12 [133]. The Agency
for Non-Conventional Energy and Rural
(ANERT) collaboratively works with MNRE to set up 1100

biogas plants with particular consideration for the households

Technology

of Scheduled Caste (SC) and Scheduled tribes (ST) in the
district of Kolkata, West Bengal.

West Bengal is the top cattle population, followed by Uttar
Pradesh, Madhya Pradesh, Bihar and Maharashtra. The biogas
plant is most popular and technically known for digesting
animal waste [106]. The animal dung yield per cattle is about
4.5 kg/day, and a buffalo is about 10.2 kg/day [106], [134],
[135]. Cow dung generated from 3-5 cattle is 9-15 kg
dung/day [116], [136], which can run 8-10 m? biogas plant, it
will produce 1.5-2 m?® biogas per day, that can be sufficient for
2-3 times cooking for 6-8 persons [116]. It is estimated that
7818.24 MT dung will be produced annually, generating
biogas about 15083 mm? annually [106]. It also generates
13.87 metric tons of organic fertilizer per year, used as bio-
fertilizer [116], [137].

Biogas plants in West Bengal from 1990 to 2017

400000
350000
300000

250000 S
200000 /
150000 /

100000

50000

0

1990 1995 2002 2006 2007

2008 2009

2010 2011 2012 2014 2015 2016 2017

Fig 1: Distribution of biogas plants in West Bengal from the period 1990 to 2017 [79]

According to the livestock census 2019 of Gol, West
Bengal is the fourth highest livestock population of 37.4
million in India, of which the cattle population was about 19
million. The higher availability of cow dung cakes is
becoming extensively used along with firewood in West
Bengal in rural areas, about 102 kg/month than 64 kg/month
in urban areas. Cooch Behar (170 kg/month) and Murshidabad

(147 kg/month) consume the highest cow dung cake from all

districts of West Bengal. According to the latest NSSO 72
round, 42.8% of people have LPG connections in rural areas
of West Bengal. Saubhagya scheme of the Government of
India (Gol) reported that West Bengal had already achieved
100 per cent village electrification by 2017. Petroleum
Planning and Analysis Cell (PPAC) in 2016 estimated that per
capita electricity consumption was increased from 515 kW-h
in 2010 to 660 kKW-h in 2016 with a 4.24% annual average rate
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of West Bengal. Biomass use is highest (125 kg/month), about
63% to cook in West Bengal. Rural households use biomass
about 35.7% due to its higher availability in rural areas.
Districts located in forest areas with a high tribal population
such as Cooch Behar, Jalpaiguri have reported high rates of
firewood consumption, about 150 kg/month for cooking.
Biomass used as fuel over 90% of households in CoochBehar,
Murshidabad (201 kg/month) and East Medinipur (137
kg/month) of West Bengal due to large family, low income
and available biomass from forest and agricultural land is

plenty.

7. Role Of Caste Inequality in Energy Access in

India

Structural inequalities and discriminations are the key
factor of the caste system in society. Social stratification,
according to caste, determines social hierarchy and people’s
access to fundamental human rights. Inequality and
discrimination are central to the agenda of SDG 2030
“emphasis equality of opportunity and reducing inequality of
outcomes, the elimination of discriminations in law, policy
and social practice and socio-economic inclusion of all under
the banner goal to leave nobody behind’’ [138]. Many
international human rights organizations proposed that
worldwide 260 million people suffer from discrimination
based on caste, which is around 25% of the world’s population
and 17% of the SC population of India [139]-[141]. India is
the largest population of scheduled caste in the world. Now
the constitution of India formally termed Dalits as scheduled
caste; over 76.4% of SC lives in rural areas while 23.6% of SC
lives in urban areas [142]. The upper caste, like the general
caste and the lower caste, like disadvantaged groups of society
like SC and ST, participate as wages labourers in the economy
(Mosse, 2018). V. Saxena highlights in his research that lower
caste (SC) and tribal households have 10-30% of less access
to electricity and clean cooking fuel energy [143]. According
to Census 2011, The Scheduled caste and Scheduled Tribes
comprise about 17% and 9%, respectively, from the Hindu
group of the Indian population. Muslims in India comprises
about 14% of the Indian population. These social groups are

still belonging the lowest level of social scale from energy

deprived people of India. As per NSSO initial research
conducted by V.Saxena in 2017, the households belonging
from upper caste have access to LPG 55%, which is a far
difference among the three disadvantaged social groups of
Muslims households 45% Scheduled Caste 39% and
Scheduled Tribes 34% households [143]. This highlights that
upper caste people have better LPG access than SC, ST and

Muslim households.

According to WHO, 2018 reported that globally, 1.3 million
people in India die prematurely from indoor air pollution
because of lack of access to modern energy. The dependency
rate of solid fuel is higher in rural areas with 72.22% than
21.43% in urban areas [144]. Households belonging from
socially and economically marginalized & disadvantaged
groups of society are more dependent on solid fuels for
cooking, like Scheduled Caste (SC) 64% and Scheduled Tribe
(ST) 71% [144]. Similarly, those households where solid fuel
is used as a primary source of cooking, like Scheduled Caste
(SC) and Scheduled Tribe (ST), they are a chance of suffering
17-60% more from various respiratory diseases [144]. So the
Government provided subsidies for the disadvantaged groups
of people for widely used clean cooking fuel is Liquefied
Petroleum Gas (LPG) by launching Pradhan Mantri Ujjwala
Yojana (PMUY) in 2016 and distributed 8 million LPG
connections to the poor women at free of cost (CAG report,
2019) with aimed to safeguard the health of women and
children of the country. Council on Energy, Environment and
Water (CEEW) estimated that about 94% of
households would have LPG connections by April 2019 [145].
As per National Family Health Survey-5 (NFHS-5), only 23%

of rural households used LPG as primary cooking fuel. But the

Indian

illegal and informal uses and high cost of LPG by the
advantages group often prioritize the distribution of cylinders
for the economic purpose of black marketing[143]. As a result,
only 48.3% of rural households have access to LPG in rural
areas as per The of 76" round report NSSO [146], [147]. There
is a lack of demand for LPG due to the high cost, huge
availability with free of cost of biomass, which is the problem
encountered by the marginalized groups of people [78], [148].

The solution to this problem is that the Government should
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focus on renewable energy like biogas technology can be used
as an alternative source of energy access, which will be
affordable and accessible for the poorer people in rural India.
Basically, in rural areas of India, SC and ST people are do not
live together with the other communities of the villages. The
SC residence will be away from the village, while ST villages
are in the forest or remote areas that will be very far from the
main village, making it difficult to access electricity and gas
supply [17], [18].
determinants of human capital. Suppose the Government

Equal energy access is essential
wants to develop culturally and economically, then it must
reduce inequality to access safe cooking fuel and electricity
among all social groups. To reduce inequality, government
policies must pay attention to the disadvantaged and

marginalized populations.

Many studies related to biogas adoption and utilization have
been done in India. Still, very few research has been taken
place on the energy consumption inequality based on caste. At
the same time, none of the research dwelled on the impact of
caste on biogas adoption in rural areas. The adoption of biogas
technology differs and vary based on the different social group
in other regions. This article aims to present the caste factor in
adopting and utilizing biogas technology at the community
level of rural West Bengal in India and discuss the variables
influencing the adoption of biogas technology. The goal is to
highlight and discuss the impact of caste inequalities among
different social groups on promoting biogas adoption to

strengthen access to sustainable energy in rural Bengal.
8. Study Area and Methodology

West Bengal is an agricultural based state in India. It is the
fourth most populous state. The state of West Bengal covers
88,752 m?/km, which is 2.7% of the geographical area of
India. The state has 19 districts. Among 12 districts are tribal
districts, and one is a hill district. West Bengal is the third-
highest population living in rural areas of India. According to
the 2011 census, the population of West Bengal is 91.28
million, and the proportionate rural and urban population
constitutes 6.21 million (68.13%) and 2.91 million (31.87%),
respectively. The Scheduled Caste and Scheduled Tribe

population is 27.5% and 7.8%, respectively, in West Bengal.
West Bengal is the second-highest number of scheduled caste
populations in India, about 23% all over West Bengal. It is
estimated that 60 and 40 groups of people were notified as
Scheduled Caste (SC) and scheduled tribe (ST) respectively
among all over West Bengal.

The present data used in this paper is a large scale
representative of rural areas from districts of West Bengal.
The article focuses on biogas adoption among the rural areas
of fifteen various districts from West Bengal of Eastern India.
Every biogas plant size is two cubic meters, fixed dome
Deenbandhu Models installed by KVIC in all districts. Since
it is impossible to study the entire population, secondary data
was collected through KVIC of West Bengal from 2009 to
2011. The initial research was carried out in 15 districts of
West Bengal with 2000 households as sample constructed
biogas from 2009, 2010 and 2011. The households are mainly
caste-wise social stratified into four social groups as per the
Gol constitutions: General, Scheduled Caste, Scheduled

Tribe, and Minorities.

9. Result And Discussion

9.1. The Pattern of District Wise Biogas Plants in West
Bengal

Livestocks manuare are one of the main organic wastes and
it was the best feedstock for biogas production [149]. Among
all the livestock waste, cattle and buffalo dung are mainly and
widely used as feedstock for Biogas in rural India. But in
India, people mainly use cow dung as direct burning cooking
fuel in rural and urban areas [116], [126]. The conversation of
25 kg fresh dung to biogas yields 55% efficiency rate that is
much higher than direct burning, about 10% [92].
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Table 1: distribution of biogas plant in districts of West Darjeeli | 2.36 1.99 0.84 115 | 48.7
Bengal ng
Districts | Rural Rural Per Biog | Biogas Total 115.66 135.47 | 1.17 2000 | 17.29
Househo | Cattle | Househ | as plants
lds  (In | 2019 old Plant | ( Per Source: 20th Livestock Census as on October, 2019
Lakh) (In Cattle s Lakh/ http://www.darahwb.org/stasticstics_census.php;
Lakh) | Populat house Livestock plays a crucial role in Indian society. According
ion holds) to UN-FAO, the world has 1.4 billion cattle [150]. According
North 24 1 9.9 650 065 175 1177 to the 20™ livestock census 2012, India is the highest livestock
Pargana population, about 535.78 million [151]-[155] Uttar Pradesh is
s the highest livestock population with 67.8 million, followed
by Rajasthan (57.7 million), Madhya Pradesh (36.3 million)
Bankura | 7 5.18 0.74 70 10.0 and West Bengal (30.3 million) [153]. About 20.5 million
people depend on livestock in India, which provides two third
Burdwa | 10.71 1483 | 1.38 182 ) 123 livelihood opportunities for rural communities [156]-[158].
: The cattle estimated around 191 million, which is 36% of total
Birbum | 7.15 1169 | 1.64 237 | 331 livestock in the country followed by goats accounted 28%
around 135 million, buffaloes accounted 20.45% about 109
Medinip | 9.88 10.56 | 1.07 40 4.0 million, sheep accounted 14% about 65 million and the pig is
ur East significantly less accounted 1.7% about 10 million livestock
Hoogly | 7.81 B6E 111 55 195 population India [153]. Table 1, it can be observed that almost
every district except Uttar Dinajpur has benefited through
Howrah | 3.91 2.18 0.56 57 14.6 biogas facilities in rural areas of West Bengal. Jalpaiguri
district is the highest 335 households using biogas, followed
Jalpaigu | 6.25 719 115 335 | 536 by Nadia 321 households, Birbhum 237 households. The
i lowest number of biogas users district in Uttar Dinajpur just
Malda 734 1033 | 1.41 a7 6.4 two households followed by Medinipur West 35 household
and Medinipur East 40 households. Table 1 shows that Uttar
Mursida | 12.86 1167 | 091 214 | 16.6 Dinajpur is the highest because eevergy households have more
bad than 2 cattle and the second highest is purulia where evergy
Nadia 58 =93 590 31 1365 households have 1.83 cattle population on the other side it
stated that Jalpaiguri district is the highest followed by
Purulia | 4.95 9.08 1.83 68 13.7 Darjeeling and Birbhum interms of per households bogas
adoption since 2009 to 2011 financial year.
Uttar 5.32 10.72 | 2.01 2 0.4
Dinajpur 9.2. Yearly Adoption of Biogas Plants in West Bengal
Medinip | 11.42 16.97 | 149 35 31 Ministry of New and Renewable Energy (MNRE)
ur West launched Biogas Distributed/Grid Power Generation

Programme (BGPG) in 2006 to produce electricity by biogas
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plants. The main objectives of this programme is aim to
developed at community and village level organization or

institution to produce electricity and sold to the village

Fig 2: Yearly adoption of biogas plant in West Bengal

people at a minimum value[159]. The MNRE report shows
that during that time 73 projects are ongoing with total
capacity of 461 kW. S. Hazra in his study conducted in
Bangladesh find out that lower rate of electricity use is
significantly negatively associated with the ownership of
working biogas plant[26]. This schemes helps to people
converted to the faith on the renewable energy source. In 2™
December 2009, MNRE launched National

Cookstove Programme (NBCP) implemented in the 12" Five

Biomass

year Plan. The programme aims to enhance the use of
improved cookstove and switching towards the modern
energy access for domestic cooking. The prommmage helps
the people to moving from use of traditional fuel to modern
fuel. The Improved biomass cookstove directly benefitted
towards the weaker and vulnerable people of the society.
Similarly Biogas stove also perform better to enhance the
efficiency around 50%. So during that time the adoption of
biogas plant is also increased side by side due to emphasis on
the access of modern fuel. Fig. 2, it can be observed that there
was slide increase in biogas adoption from 2009 to 2010 and
slide decrease in 2011. Because the reason behind the access
of biogas adoption is totally is the time era to moving towards

the modern energy source. The government also takes several

indicatives to moving forward the changing pattern of access

of cooking pattern.
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Anuually biogas adoption

0z009 0O
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Fig 3: Caste wise adoption of biogas plants every year

9.3. Caste Wise Distribution of Biogas Plant Annually

Households from Scheduled Caste and Scheduled Tribes
are still deprived of LPG access and lower electricity
consumption than upper-caste households, especially in rural
areas [143]. Fig 3, It can be noted that most of the biogas plants
were adopted in 2011. The general caste has adopted every
year biogas plant. Besides that other three social groups
mainly adopted biogas in the year 2011. ST groups of
households are the lowest in the case of adopting biogas plants
every year. The ‘SC’ group of households adopts biogas plants
more or less every year except the year 2009 after general
caste. In 2011, minority community households adopted more

biogas plants than in 2010.

Percentages of caste wise biogas adoption

60% /

Fig 4 represents the percentages of caste wise adoption of
a biogas plant in the rural areas of various districts of West
Bengal. The study revealed that 60% of General category
households adopted biogas facilities. 27% of households
from the SC category and 10% from the minority community
adopted biogas plants. The ST community households
adopted the lowest number of biogas plants viz. 3%. The
study finds that the needy and poor people still depend on
traditional biomass and lack access to modern energy. It
shows in that most disadvantaged case to access the biogas
plant; upper-caste still dominates them for social inequalities.
The graph shows that caste inequalities are the factor of

accessing modern energy towards disadvantaged people.

Fig 4: Percentages biogas adoption plants by different social

groups
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9.4. Proportion of Biogas Plants Adoption Among Caste in

West Bengal

BGeneral WSC WST W Minority

Fig 5: Caste wise percentage of biogas adoption in different
districts of West Bengal

Fig 5 illustrates that in 2009-2011, most households
belonging from general categories in all the districts adopted
over 50% biogas plants except Bankura, Malda, and North 24
Parganas. Besides that, Bankura district is the highest, about
60% of households adopted biogas plant by Scheduled Caste
community followed by Nadia (35%), Purulia (31%).
Scheduled Tribes groups of communities lowest in case of
adopting biogas plants, whereas Darjeeling is the highest with
about 14% of the population adopting biogas plant, followed
by Purulia (10%). Lastly, Nadia is the highest percentage
(40%) of the minorities’ communities adopting biogas plants,
followed by North 24 Parganas, Murshidabad district. There
were some barriers influencing the biogas adoption mostly for

the lower caste people.

Barriers For Biogas Adoption

Historically, caste based discrimination has widely
experienced distributed among rural India households.
Scheduled Caste (SC) and Scheduled Tribe (ST) people
mostly known as social and economic disadvantage and
marginalized groups of the society in India. Other backwards
caste (OBCs) s also known as socially and educationally
disadvantage groups of the society. The key barriers identified
based on literature review which is summaries in the Fig 6 on

the factor of caste to biogas adoption in rural societies in India.

9.5.1.

There are several socio cultural barriers influence by

Socio-cultural Factors

the caste system in terms of adoption of biogas
technology in rural areas. First, backward classes faced
many challenges in accessing education due to
discrimination by the other forward caste people
especially in rural society. Second, in rural areas lower
caste people mainly lived from outskirts of the main
village areas and the tribal lived in forest and remote areas
for that reason this community people lagged behind from
late access of the several upliftment schemes or
information. Because households living nearby to the
market have high probability of switching towards clean
cooking fuels for cooking [160]. So the service providers
have lack penetration in rural and remote areas [161]. So
lack of information become is one of the factor of
inequality of caste system. Third, disadvantages and
marginal groups of people have cultural and social stigma
regarding the biogas plants so the adoption rate of biogas
plant is higher among forward caste than the lower caste.

9.5.2.

Economic condition is one of the key barriers to

Economic Factors

adoption of biogas technology for the rural people. While
caste system is also dominating on the economic sector as
well. The cost of biogas construction, labour and
equipment is very high for the marginalized caste groups
of the society such as Scheduled Caste (SC), Scheduled
Tribe (ST) and Other Backward Class (OBC). These
group of people earn less than national household’s
income. On the other hand upper caste households earn
nearly 47% more than the national average annual
households income [162]. So the wealth inequality is one
of the factor in terms of adoption of biogas technology
because it has a high capital cost which is quite high for
the lower caste people. Mittal in study indicates that the
installation of a family type households biogas plant is
significantly higher than monthly households expenditure
of low income households in rural India [8]. This makes
difficultly for the rural low level income households to

adopt biogas technology even after receiving very lower
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amount of subsidies. Moreover lack of access of credit for
installing biogas plant and the burden of low subsidies
from the government is influencing the lower rate of
biogas plant adoption among the lower caste people of the

society.

Socio-cultural
Low education level
Lack of information
Cultural and religious stigmatization

Environmental
Huge availability of alternative fuel
Low cost of alternative fuel
Lack of livestock availability

Barriers for biogas
adoption due to
caste system

Institutional
Lack of participation in developmental

Economic

Low income level programme

High investment cost Less priority towards the marginalised

Lack of sufficient subsidies Errps
Lack of provide awareness

Fig 6: Barriers for biogas adoption due to caste system in
India
9.5.3.  Environmental Barriers

Environmental factor affecting the biogas adoption in
rural areas of developing countries. The adoption choice
of biogas technology as cooking fuel among rural
households substantially influenced by huge availability
of biomass fuel nearby their location. Most of the
marginal and disadvantages caste groups mainly collect
and gathering biomass fuel due to social stigma of
structural hierarchy and well as low income level than the
forward caste people. ST people are the main forest
dwellers they mainly used traditional fuel due to greater
accessibility of firewood at a free of cost [161]. V.Saxena
in his study shows that in rural India 55% general caste
population people use LPG as modern fuel whereas only
34% and 39%, SC and ST people used LPG as their

(2.17%) caste have more livestock than the SC (1.50%)
and ST (0.75%) people of total population due to
availability of huge amount of farming land and higher
income source. So the lack of availability of feed stock is
also another important problem for adoption of biogas
technology for the lower caste people of the rural Indian
society.
9.5.4. Institutional Barriers

NBMMP programme initiated by central government
of India for top-down approach of biogas adoption. The
programme mainly targeted towards the 2-3 cattle
ownership households as their one of the major criteria of
gain capital for subsidies to install biogas plants [8],
[163]. But this amount of cattle does not provide reliable
substrate for biogas plant. Since majority of rural
households with low-income and lower caste does not
have 2-3 cattle, so it very difficult to gain capital subsidies
and also installing biogas plant [8]. Therefore those
section of rural people still depend on biomass for
cooking. Thus it seems to that government provide less
consideration among those  marginalized and
disadvantages groups of society as they were some
amount of subsidies for SC and ST people but still the
amount is very less to install a biogas plant. Lack of
awareness about the technology is one of the reasons for
low adoption of biogas plant in rural area. Feedstock is
the main issues for the lower caste people of rural areas.
People are not aware about the alternative feedstock for
biogas plants [8], [164]. Multiple developmental agencies
are involved in planning and implementing schemes
regarding adoption of biogas plant but there have been
lack of participation and research on the poor
performances and lower adoption of biogas plants in rural

areas.

10. Conclusion

rimary fuel r tively [143]. Lack of feedstock amon . A . .
primary fuel respectively [143]. Lack of feedstock among Social stratification plays a dominanting role in the different

the lower income and lower caste people is one of another . . L . ..
social groups in the distribution of social opportunities and

problem. The NSSO report shows less than 2 per cent (2.7 resources in India. However, the SC and ST are more deprived

million) rural households depend on livestock for their
livelihood, it also shows that General (1.67%) and OBC

and backward than the other social group. So the government
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biogas dissemination schemes nominate these backward
groups of people to get more advantages than the other group
of people to fulfil their energy needs. Similarly, religious
factored may also affect the choice of biogas adoption. The
study's main purpose is that the decision to adopt biogas
technology is also significantly influenced by socio-
demographic characteristics of a household where caste
factors play a vital role in rural India. The general group is
more likely to adopt biogas plants than the other social group
in society, whereas the lower caste is still deprived in society.
This reflects that the subsidies programmes implemented by
MNRE for to this

marginalized social group [9]. So they should get the most

dissemination could not appear

priority to adopting the biogas facilities to fulfil their energy
requirements. Thus biogas technology adoption is positively
associated with caste identity and social status. India is the
highest livestock population with enormous quantities of cow
dung that can be transformed into renewable energy to fulfil
the energy requirement of households in rural areas. Biogas
technology effectively enhances energy supply to enable
people to meet their energy needs during the time of difficult
access to commercial fuels in rural areas [106]. The situation
in India, such as resource availability, suitable climate, hands-
on operation, etc., encourages biogas generation and
utilization in rural people [165]. The study also emphasizes
the strategies to reduce energy inequality among different
social groups and encourage adopting biogas technology for

energy consumption.

Thus it conclude that the study recommends that the
government policy measures be targeted at the poor and
backward section of society. Inequality in every country is one
of the greatest issues, but caste inequalities are more glaring
in India than in other countries. Therefore policies should
remodify according to the focus on the deprived section of the

society.
11. Acknowledgement

The author acknowledges the project titled “Bioenergy,

Fertilizer and Clean Water from Invasive Aquatic

Macrophytes” funded by BBSRC (Grant Ref: BB/S011439/1)
for the fund required for the research.

References

[1] S. O. Negro, F. Alkemade, and M. P. Hekkert, “Why does
renewable energy diffuse so slowly? A review of
innovation system problems,” Renewable and sustainable
energy reviews, vol. 16, no. 6, pp. 3836-3846, 2012.

[2] S. E. Uhunamure, N. S. Nethengwe, and D. Tinarwo,
“Correlating the factors influencing household decisions
on adoption and utilisation of biogas technology in South
Africa,” Renewable and Sustainable Energy Reviews, vol.
107, pp. 264-273, 2019.

[3] R. K. Bhatia, G. Ramadoss, A. K. Jain, R. K. Dhiman, S.
K. Bhatia, and A. K. Bhatt, “Conversion of waste biomass
into gaseous fuel: present status and challenges in India,”
BioEnergy Research, vol. 13, no. 4, pp. 1046-1068, 2020.

[4] S. K. Yawale, T. Hanaoka, and M. Kapshe, “Development
of energy balance table for rural and urban households and
evaluation of energy consumption in Indian states,”
TIDEE: TERI Information Digest on Energy and
Environment, vol. 19, no. 4, pp. 472-472, 2020.

[B1M. A. Majid, “Renewable energy for sustainable
development in India: current status, future prospects,
challenges, employment, and investment opportunities,”
Energy, Sustainability and Society, vol. 10, no. 1, pp. 1-
36, 2020.

[6] P. Dhirawani, R. Parekh, T. Kandoi, and K. Srivastava,
“Cost Savings Estimation for Solar Energy Consumption
Using Machine Learning,” in 2022 11th International
Conference on Renewable Energy Research and
Application (ICRERA), Sep. 2022, pp. 42-49. doi:
10.1109/ICRERA55966.2022.9922872.

[7] M. Aggarwal and V. Gupta, “Biogas as future prospect for
energy dependency and rural prosperity in India:
Statistical analysis and economic impact,” in 2009 Systems
and Information Engineering Design Symposium, 2009,
pp. 45-48.

[8] S. Mittal, E. O. Ahlgren, and P. R. Shukla, “Barriers to
biogas dissemination in India: A review,” Energy Policy,
vol. 112, pp. 361-370, Jan. 2018, doi:
10.1016/j.enpol.2017.10.027.

[9] D. Das, K. Goswami, and A. Hazarika, “Who Adopts
Biogas in Rural India? Evidence from a Nationwide
Survey,” International Journal of Rural Management, vol.
13, no. 1, pp. 54-70, Apr. 2017, doi:
10.1177/0973005217695163.

[10] B. Paikaray and S. Mishra, “Socioeconomic
Analyses of Biogas Technology Towards the Upliftment
of Rural India,” 2019, pp. 293-324.

[11] J. Devarenjan, G. M. Joselin-Herbert, and D.
Amutha, “Utilization of bioslurry from biogas plant as
fertilizer,” Int J Recent Technol Eng, vol. 8, no. 4, pp.
12210-12213, 2019.

[12] I. B. Franco, C. Power, and J. Whereat, “SDG 7
affordable and clean energy,” in Actioning the Global
Goals for Local Impact, Springer, 2020, pp. 105-116.

[13] R. Melgar and M. Burke, “SDG 7 ‘Energy for all’:
Ecological economic targets for an energy transition that
centres well-being within planetary boundaries,” in

2036



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

T. Bagdi et al., Vol.12, No.4, December 2022

Ecological Limits of Development, Routledge, 2021, pp.
82-99.

[14] E. Vitturini, “Caste, Hierarchy, and Social Change:
Tools for the Study of the Gaboye of Somaliland and
African Hereditary Groups of Occupational Specialists,”
Africa Today, vol. 67, no. 1, pp. 3-23, 2020.

[15] IEA, “Access to electricity — SDG7: Data and
Projections - Analysis,” IEA, 2020.
https://www.iea.org/reports/sdg7-data-and-
projections/access-to-electricity (accessed Nov. 09, 2022).

[16] V. Kaur, “Knowledge-based dynamic capabilities: a
scientometric analysis of marriage between knowledge
management and dynamic capabilities,” Journal of
Knowledge Management, no. ahead-of-print, 2022.

[17] D. Sharma and S. N. Kharpude, “Improved Cook
stoves: A Comprehensive Review,” TECHAGRO, vol. 1,
no. 1, p. 18, 2021.

[18] M. Srivastava and D. Chakrabarty, “Plant Biomass to
Bioenergy,” Bioprospecting of Plant Biodiversity for
Industrial Molecules, pp. 345-355, 2021.

[19] B. Kummamuru, “WBA Global Bioenergy Statistics
2016,” World Bioenergy Association, 2016. [Online].
Available:
https://www.worldbioenergy.org/uploads/WBA%20Glob
al%20Bioenergy%20Statistics%202016.pdf

[20] S. Prasad, V. Venkatramanan, and A. Singh,
“Renewable energy for a low-carbon future: policy
perspectives,” in Sustainable Bioeconomy, Springer, 2021,
pp. 267-284.

[21] G. Surie, “Achieving sustainability: insights from
biogas ecosystems in India,” Agriculture, vol. 7, no. 2, p.
15, 2017.

[22] S. Mani, S. Agrawal, A. Jain, and K. Ganesan, “State
of Clean Cooking Energy Access in India,” p. 62, 2020.
[23] M. P. Kshirsagar and V. R. Kalamkar, “A

comprehensive review on biomass cookstoves and a
systematic approach for modern cookstove design,”
Renewable and Sustainable Energy Reviews, vol. 30, pp.

580-603, 2014.

[24] V. Menghwani, H. Zerriffi, P. Dwivedi, J. D.
Marshall, A. Grieshop, and R. Bailis, “Determinants of
cookstoves and fuel choice among rural households in
India,” EcoHealth, vol. 16, no. 1, pp. 21-60, 2019.

[25] WEO, “WEO-2017 Special Report: Energy Access
Outlook — Analysis,” 2017. Accessed: Nov. 09, 2022.
[Online]. Awvailable: https://www.iea.org/reports/energy-
access-outlook-2017

[26] S. Hazra, J. Lewis, I. Das, and A. K. Singha,
Adoption and use of improved stoves and biogas plants in
rural India, vol. 86. South Asian Network for
Development and Environmental Economics Kathmandu,
Nepal, 2014.

[27] S. Kumar, “Overview of Biogas Technology As
Future Fuel,” 2021.

[28] M. Agarwala, S. Ghoshal, L. Verchot, C. Martius, R.
Ahuja, and R. DeFries, “Impact of biogas interventions on
forest biomass and regeneration in southern India,” Global
Ecology and Conservation, vol. 11, pp. 213-223, 2017.

[29] C.Jana and S. C. Bhattacharya, “Sustainable cooking
energy options for rural poor people in India: an empirical

study,” Environment, Development and Sustainability,
vol. 19, no. 3, pp. 921-937, 2017.

[30] S. E. Uhunamure, N. S. Nethengwe, and D. Tinarwo,
“Development of a Comprehensive Conceptual
Framework for Biogas Technology Adoption in South
Africa,” Resources, vol. 10, no. 8, p. 76, 2021.

[31] C. P. S. Chauhan, “Education and caste in India,”
Asia Pacific Journal of Education, vol. 28, no. 3, pp. 217—
234, 2008.

[32] B. Pariyar and J. C. Lovett, “Dalit identity in urban
Pokhara, Nepal,” Geoforum, vol. 75, pp. 134-147, 2016.

[33] M. S. Deshpande, “History of the Indian caste system
and its impact on India today,” 2010.

[34] 0. Joshi, “Inequality in India: Life Chances and Caste
Matters,” p. 23.

[35] A. Ingole, Caste panchayats and caste politics in
India. Springer, 2021.

[36] N. Saikia, J. K. Bora, and M. Luy, “Socioeconomic
disparity in adult mortality in India: estimations using the
orphanhood method,” Genus, vol. 75, no. 1, pp. 1-14,
2019.

[37] D. L. Sheth, “Revisiting the Reservations Policy,” in
At Home with Democracy, Springer, 2018, pp. 239-254.

[38] S. B. Singh, “Caste politics: a study of the jat demand
for reservation,” PhD Thesis, Department of Sociology
(Delhi School of Economics), University of Delhi, 2018.

[39] A. Verma, Development Policy and Administration.
KK Publications, 2021.

[40] D. Vijay and V. G. Nair, “In the name of merit:
Ethical violence and inequality at a business school,”
Journal of Business Ethics, vol. 179, no. 2, pp. 315-337,
2022.

[41] A. Z. Aktas, “A Review and comparison of
renewable energy strategies or policies of some countries,”
in 2015 International Conference on Renewable Energy
Research and Applications (ICRERA), 2015, pp. 636-643.

[42] A. Ali, “Rural libraries and rural development in
India: a case study of West Bengal,” Opportunities and
Challenges of the Institutional Library in Rural Areas, vol.
5,no. 1, p. 22, 2014.

[43] V. B. Shahare, “Assessing the impact of
demonetization on rural economy,” Jharkhand Journal of
Development and Management Studies, vol. 15, no. 2, pp.
7311-7324, 2017.

[44] A. Chakravarty, “a study on migratory population in
india: some selected states,” 2020.

[45] E. Anand, “Swot analysis-understanding the rural
consumer with special reference to britannia biscuits,”
South Asian Journal of Marketing & Management
Research, vol. 3, no. 10, pp. 10-21, 2013.

[46] S. Gardasu and J. P. Babu, “a study on the behaviour
of rural consumers towards fmcg products,” Human
Resource Management: New Horizons, p. 71, 2017.

[47] N. N. Joshi, “Rural markets-miles to go,” Rural
Marketing, p. 52, 2014.

[48] A. Nayak and K. K. Bagchi, “Trends and pattern of
population ageing in India and West Bengal: A
comparative study,” PRAGATI: Journal of Indian
Economy, vol. 4, no. 2, pp. 96-119, 2017.

[49] A. Beniwal, “Indian Tribes:
Perspective”.

A Theoretical

2037



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

T. Bagdi et al., Vol.12, No.4, December 2022

[50] Gol, “Handbook On Social Welfare Statistics,”
Ministry of Social Justice & Empowerment, New Delhi,
2018. [Online]. Available:
https://socialjustice.gov.in/writereaddata/UploadFile/HA
NDBOOKSocialWelfareStatistice2018.pdf

[51] N. Ray, M. Mohanty, and R. Mohanty, “Biogas
compression and storage system for cooking applications
in rural households”,” International Journal of Renewable
Energy Research, 1JRER, vol. 6, no. 2, pp. 593-598, 2016.

[52] M. Cakir, I. Cankaya, |. Garip, and I|. Colak,
“Advantages of Using Renewable Energy Sources in
Smart Grids,” in 2022 10th International Conference on
Smart Grid (icSmartGrid), 2022, pp. 436-439.

[53] M. Talevi, S. K. Pattanayak, I. Das, J. J. Lewis, and
A. K. Singha, “Speaking from experience: Preferences for
cooking with biogas in rural India,” Energy Economics,
vol. 107, p. 105796, Mar. 2022, doi:
10.1016/j.eneco0.2021.105796.

[54] P. S. Bandgar, S. Jain, and N. L. Panwar, “Current
status, opportunities and challenges in anaerobic digestion
in Indian context: An overview,” Bioresource Technology
Reports, vol. 16, p. 100830, 2021.

[55] M. D. Miah, R. R. M. S. Kabir, M. Koike, S. Akther,
and M. Y. Shin, “Rural household energy consumption
pattern in the disregarded villages of Bangladesh,” Energy
Policy, vol. 38, no. 2, pp. 997-1003, 2010.

[56] M. of Statistics and G. of I. Programme
Implementation, “Energy sources of Indian households for
cooking and lighting, NSS 66th round, July 2009-June
2010.” National Sample Survey Office 2012 New Delhi,
2012,

[57] A. Gupta, “Making Biogas SMART using Internet of
Things (10T),” in 2020 4th International Conference on
Electronics, Materials Engineering & Nano-Technology
(IEMENTech), 2020, pp. 1-4.

[58] R. S. Khoiyangbam, N. Gupta, and S. Kumar, Biogas
Technology: towards sustainable development. The
Energy and Resources Institute (TERI), 2011.

[59] A. Arya, S. Badgujar, A. Kumari, K. Badgujar, and
R. K. Singh, “State-of-the-art, challenges, and issues of
biogas production technology in India: A review,”
Microbiology Research International, vol. 8, no. 4, pp. 57—
77, 2020.

[60] N. H. Ravindranath and P. Balachandra, “Sustainable
bioenergy for India: Technical, economic and policy
analysis,” Energy, vol. 34, no. 8, pp. 1003-1013, 2009.

[61] Y. K. Sharma, M. Mathew, and K. Yanamandram,
“Enhancement of the biogas system application using solar
photovoltaic and IoT based automation,” in 2017
International Conference on Intelligent Computing,
Instrumentation and Control Technologies (ICICICT),
2017, pp. 851-855.

[62] M. Kiplagat Kibet, “Optimization of biogas yield
through co-digestion of sugarcane vinasse and pre-treated
maize stalks,” PhD Thesis, Moi University, 2021.

[63] P. D. Narale, S. N. Kharpude, and M. S. Seveda,
“Biogas Production, Utilization and Entrepreneurship
Opportunities,” in Bioenergy Engineering, CRC Press,
2021, pp. 17-34.

[64] M. B. A. M. Zaki, R. Shamsudin, and M. Z. M.
Yusoff, “Portable Biodigester System for Household Use—

A review,” Advances in Agricultural and Food Research
Journal, vol. 2, no. 2, 2021.

[65] F. Ayadi, I. Colak, I. Garip, and H. I. Bulbul,
“Impacts of renewable energy resources in smart grid,” in
2020 8th International Conference on Smart Grid
(icSmartGrid), 2020, pp. 183-188.

[66] H. N. Singh and A. Layek, “An exposition on the
results of utilizing biogas as an alternative fuel on the
attributes of internal combustion engines,” International
Journal of Renewable Energy Research (IJRER), vol. 9,
no. 3, pp. 1249-1259, 2019.

[67] R. O. Owhondah, “Optimization of small-scale low-
cost anaerobic digestion system: Model-based analysis,”
PhD Thesis, University of Leeds, 2019.

[68] C. M. Ajay, S. Mohan, and P. Dinesha,
“Decentralized energy from portable biogas digesters
using domestic kitchen waste: A review,” Waste
Management, vol. 125, pp. 10-26, 2021.

[69] A. Kumar and A. B. Rao, “A Historical Perspective
on the Biofuel Policies in India,” in Greener and Scalable
E-fuels for Decarbonization of Transport, Springer, 2022,
pp. 33-64.

[70] M. Kumar, L. Ahmad, and M. Singh, “Feasibility
Assessment of Biogas and Evaluating other Alternate
Energy Sources in the Mid Mountainous Region of
Uttarakhand,” Centre for Ecology Development and
Research, Dehradun, Uttarakhand-248006, Technical
Report, 2020. [Online]. Available:
https://www.researchgate.net/profile/Manish-Kumar-
199/publication/351231537_Feasibility_Assessment_of
Biogas_and_Evaluating_other_Alternate_Energy Source
s_in_the_Mid_Mountainous_Region_of Uttarakhand_Fi
nal_Project_Report/links/614ac120519a1a381f75f154/Fe
asibility-Assessment-of-Biogas-and-Evaluating-other-
Alternate-Energy-Sources-in-the-Mid-Mountainous-
Region-of-Uttarakhand-Final-Project-Report.pdf

[71] V. Lakshmi, Adoption of improved chulhas by rural
families. Blue Rose Publishers, 2021.

[72] A. Sharma, M. Dharwal, and T. Kumari, “Renewable
energy for sustainable development: A comparative study
of india and china,” Materials Today: Proceedings, vol.
60, pp. 788-790, 2022.

[73] P. Singh and A. S. Kalamdhad, “A comprehensive
assessment of state-wise biogas potential and its utilization
in India,” Biomass Conversion and Biorefinery, pp. 1-23,
2021.

[74] J. Bhol, B. B. Sahoo, and C. K. Mishra, “Biogas
digesters in India: A review,” in National Conference on
Renewable and New Energy Systems. Odisha: SIET. p1-6,
2011.

[75] K. J. Singh and S. S. Sooch, “Comparative study of
economics of different models of family size biogas plants
for state of Punjab, India,” Energy Conversion and
Management, vol. 45, no. 9-10, pp. 1329-1341, 2004.

[76] Y. S. C. Khuman, R. Pandey, and K. S. Rao,
“Fuelwood consumption patterns in Fakot watershed,
Garhwal Himalaya, Uttarakhand,” Energy, vol. 36, no. 8,
pp. 4769-4776, 2011.

[77] Y. S. Rawat, S. C. Vishvakarma, and N. P. Todaria,
“Fuel wood consumption pattern of tribal communities in
cold desert of the Lahaul valley, North-Western Himalaya,

2038



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

T. Bagdi et al., Vol.12, No.4, December 2022

India,” Biomass and Bioenergy, vol. 33, no. 11, pp. 1547—
1557, 2009.

[78] S. Khanwilkar, C. F. Gould, R. DeFries, B. Habib,
and J. Urpelainen, “Firewood, forests, and fringe
populations: Exploring the inequitable socioeconomic
dimensions of Liquified Petroleum Gas (LPG) adoption in
India,” Energy research & social science, vol. 75, p.
102012, 2021.

[79] S. K. Lohan et al., “Biogas: A boon for sustainable
energy development in India’ s cold climate,” Renewable
and Sustainable Energy Reviews, vol. 43, pp. 95-101,
2015.

[80] R. Korhale, “Renewable Energy Sources—Policies of
India,” 2011.

[81] S. Kumar and R. L. Meena, “Renewable energy
sources—policies in India,” Int. J. Appl. Environ. Sci, vol.
12, no. 2, pp. 293-297, 2017.

[82] B. Shyam and P. Kanakasabapathy, “Renewable
energy utilization in India—policies, opportunities and
challenges,” in 2017 International Conference on
Technological Advancements in Power and Energy (TAP
Energy), 2017, pp. 1-6.

[83] A. Kumar, N. Kumar, P. Baredar, and A. Shukla, “A
review on biomass energy resources, potential, conversion
and policy in India,” Renewable and sustainable energy
reviews, vol. 45, pp. 530-539, 2015.

[84] P. Balachandra, “Dynamics of rural energy access in
India: An assessment,” Energy, vol. 36, no. 9, pp. 5556—
5567, 2011.

[85] P. Joshi, N. Sharma, and P. Manab Sarma,
“Assessment of biomass potential and current status of
bio-fuels and bioenergy production in India,” Current
Biochemical Engineering, vol. 3, no. 1, pp. 4-15, 2016.

[86] R. Prabakaran and S. E. Valavan, “Wealth from
poultry waste: an overview,” World’s Poultry Science
Journal, vol. 77, no. 2, pp. 389401, 2021.

[87] U. Awasthi, F. Y. Khan, N. Ahmad, and S. Bajpai,
“Statistical Evaluation of Renewable Energy Technologies
and Initiation Programs in Rural Area of Lakhimpur-
Kheri, Uttar Pradesh, India: Prevailing Schemes, Barriers
Faced and Future Scope,” International Journal of
Innovative Technology and Exploring Engineering
(IJITEE), vol. 8, no. 5, pp. 997-1002, 2019.

[88] R. Kothari et al., “Assessment of Indian bioenergy
policy for sustainable environment and its impact for rural
India:  Strategic implementation and challenges,”
Environmental technology & innovation, vol. 20, p.
101078, 2020.

[89] IBEF, “Renewable Energy Industry, Solar Energy
Companies in India - IBEF,” India Brand Equity
Foundation, 2020.
https://www.ibef.org/industry/renewable-energy
(accessed Nov. 10, 2022).

[90] S. N. Saxena, “Smart Distribution Grid—and How to
Reach the Goal,” International Journal of Smart Grid, vol.
3, no. 4, pp. 188-200, 2019.

[91] M. Irfan, Z.-Y. Zhao, M. Ahmad, and M. C.
Mukeshimana, “Critical factors influencing wind power
industry: A diamond model based study of India,” Energy
Reports, vol. 5, pp. 1222-1235, 2019.

[92] V. Narayan, B. Li, and L. Timmons, “Harnessing the
energy potential of cattle dung in India: A policy
memorandum to the ministry for new and renewable
energy,” Journal of Science Policy and Governance, vol.
12, no. 1, pp. 1-7, 2018.

[93] R. K. Chauhan, S. Sen, K. Bhambhani, and S.
Kumawat, “Transmission Planning for Renewable Energy
Zones,” CIGRE India Journal, vol. 8, no. 2, pp. 32-38,
2019.

[94] N. P. Adhikari and R. C. Adhikari, “Analysis of
biogas production potential based on livestock dung
availability: A case of household biogas plants in Nepal,”
Biofuels, vol. 13, no. 6, pp. 735-743, 2022.

[95] D. Akila, “Food Waste to Biogas: A Performance
Evaluation,” International Journal on Future Revolution
in Computer Science & Communication Engineering, vol.
3, no. 11, Art. no. 11, Nov. 2017.

[96] B. Diouf and E. Miezan, “The biogas initiative in
developing countries, from technical potential to failure:
the case study of Senegal,” Renewable and Sustainable
Energy Reviews, vol. 101, pp. 248-254, 2019.

[97] A. Muralidharan, “Feasibility, health and economic
impact of generating biogas from human excreta for the
state of Tamil Nadu, India,” Renewable and Sustainable
Energy Reviews, vol. 69, pp. 59-64, 2017.

[98] K. Rajendran, S. Aslanzadeh, and M. J. Taherzadeh,
“Household biogas digesters—A review,” Energies, vol.
5, no. 8, pp. 2911-2942, 2012.

[99] D. P. Singh, R. Kothari, and V. V. Tyagi, Emerging
Energy Alternatives for Sustainable Environment. CRC
Press, 2019.

[100] P. Singh, H. Gundimeda, and M. Stucki,
“Environmental footprint of cooking fuels: a life cycle
assessment of ten fuel sources used in Indian households,”
The International Journal of Life Cycle Assessment, vol.
19, no. 5, pp. 1036-1048, 2014.

[101] S. Mishra, Biogas Technology. New India Publishing
Agency (NIPA), 2019.

[102] M. More, D. Sharma, and K. Samar, “Pelleting
Machine for Biogas Slurry as an Organic Manure: A
Review,” 2019.

[103] S. N. Meera, R. Rao, and D. K. Prathibha, “Growth
and Performance of Electricity Sector in Rwanda-A
Descriptive Analysis.,” Global Management Review, vol.
10, no. 3, 2016.

[104] B. Singh, Z. Szamosi, Z. Siménfalvi, and M. Rosas-
Casals, “Decentralized biomass for biogas production.
Evaluation and potential assessment in Punjab (India),”
Energy Reports, vol. 6, pp. 1702-1714, 2020.

[105] K. Tharani, K. Bagai, and S. Dabas, “Selection of
Renewable Energy Sources for Off-grid Electrification of
North-Eastern States of India,” in 2018 2nd IEEE
International Conference on Power Electronics,
Intelligent Control and Energy Systems (ICPEICES),
2018, pp. 78-84.

[106] A. K. Rupnar, S. Jain, and N. L. Panwar, “Biogas in
India: potential and integration into present energy
systems,” International Journal of Current Microbiology
and Applied Sciences, vol. 7, no. 07, pp. 2175-2186, 2018.

[107] P. A. Azeem Hafiz, A. R. Rashid, S. A. Muhamed,
and M. Sharukh, “Study of Biogas as a Sustainable Energy

2039



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

T. Bagdi et al., Vol.12, No.4, December 2022

Source in India,” International Journal of Research in
Mechanical Engineering, vol. 4, no. 3, pp. 58-62, 2016.

[108] S. S. Chandel, R. Shrivastva, V. Sharma, and P.
Ramasamy, “Overview of the initiatives in renewable
energy sector under the national action plan on climate
change in India,” Renewable and Sustainable Energy
Reviews, vol. 54, pp. 866-873, 2016.

[109] H. Pathak, N. Jain, A. Bhatia, S. Mohanty, and N.
Gupta, “Global warming mitigation potential of biogas
plants in India,” Environmental monitoring and
assessment, vol. 157, no. 1, pp. 407-418, 2009.

[110] T. V. Ramachandra, “Geographical information
system approach for regional biogas potential
assessment,” Research Journal of Environmental

Sciences, vol. 2, no. 3, pp. 170-184, 2008.

[111] T.Bondand M. R. Templeton, “History and future of
domestic biogas plants in the developing world,” Energy
for Sustainable development, vol. 15, no. 4, pp. 347-354,
2011.

[112] F. Ahmad and M. S. Alam, “Economic and
ecological aspects for microgrids deployment in India,”
Sustainable cities and society, vol. 37, pp. 407-419, 2018.

[113] T. G. Berhe, R. G. Tesfahuney, G. A. Desta, and L.
S. Mekonnen, “Biogas plant distribution for rural
household sustainable energy supply in Africa,” Energy
and Policy Research, vol. 4, no. 1, pp. 10-20, 2017.

[114] P. Fuke, “Assessment of global as well as India’s
bioenergy potential along with current technologies and
research trends in bioenergy,” International Journal of
Engineering Research and General Science, vol. 6, no. 5,
2018.

[115] N. Nair, “Health and Environmental Risk of using
Renewable Natural Gas in India,” Industrial &
Engineering Chemistry Research, vol. 52, no. 18, pp.
6253-6261, 2019.

[116] K. K. Gupta, K. R. Aneja, and D. Rana, “Current
status of cow dung as a bioresource for sustainable
development,” Bioresour. Bioprocess., vol. 3, no. 1, pp. 1-
11, 2016, doi: 10.1186/s40643-016-0105-9.

[117] V. Bhagat, V. N. Khune, R. Pathak, N. Singh, S.
Yogi, and K. Kashyap, “Production of biogas from
different waste materials: A,” 2021.

[118] D. Y. Bisu, A. Kuhe, and H. A. Tortyer, “Urban
household cooking energy choice: an example of Bauchi
metropolis, Nigeria,” Energy, Sustainability and Society,
vol. 6, no. 1, pp. 1-12, 2016.

[119] M. Elfeki, E. Elbestawy, and E. Tkadlec,
“Bioconversion of Egypt’s Agricultural Wastes into
Biogas and Compost.,” Polish Journal of Environmental
Studies, vol. 26, no. 6, 2017.

[120] H. Omar and S. El-Haggar, “Proposed Sustainable
Rural Community Framework,” in 4th International
Conference on Sustainable Solid Waste Management,
2016.

[121] R. P. Agrahari and G. N. Tiwari, “The production of
biogas using kitchen waste,” International Journal of
Energy Science, vol. 3, no. 6, pp. 408413, 2013.

[122] S. M. Bhatt and S. Bhat, “Biogas: An Effective and
Common Energy Tool-Part III,” in Biofuel Production
Technologies: Critical Analysis for Sustainability,
Springer, 2020, pp. 123-139.

[123] S. K. Bello and O. S. Alamu, “Design and
construction of a domestic biogas digester,” International
Journal of Applied Engineering and Technology, vol. 6,
no. 2, pp. 8-15, 2016.

[124] J. Oba, J. E. Agori, H. U. Nwoke, and B. U. Dike,
“Comparative Economic Assessment of Methane Gas and
Liquefied Petroleum Gas (A Community Research
Initiative for Patani, Delta State),” International Journal
of Advanced Research in Science, Engineering and
Technology, vol. 8, no. 8, 2021, [Online]. Available:
https://www.researchgate.net/profile/Herbert-
Nwoke/publication/354294107 _Comparative_Economic_
Assessment_of Methane_Gas_and_Liquefied_Petroleum
_Gas_A_Community_Research_lInitiative_for_Patani_De
Ita_State/links/612fd5ecc69a4e487972e26f/Comparative-
Economic-Assessment-of-Methane-Gas-and-Liquefied-
Petroleum-Gas-A-Community-Research-Initiative-for-
Patani-Delta-State.pdf

[125]  S. Parajuli, “Impact of Biogas Plants Day to Day Life
A Study of Jyamdi Village Development Committee of
Kavre District, Nepal,” PhD Thesis, Central Department
of Sociology, 2018.

[126] T. V. Ramachandra, G. Hegde, B. Setturu, and G.
Krishnadas, “Bioenergy: A sustainable energy option for
rural India,” Advances in Forestry Letters (AFL), vol. 3,
no. 1, pp. 1-15, 2014.

[127] S. C. Bhattacharyya and D. Palit, “Energy poverty in
Asia,” in Routledge Handbook of Energy in Asia,
Routledge, 2017, pp. 46-61.

[128] S. Nautiyal, M. Goswami, S. Manasi, P. Bez, K.
Bhaskar, and Y. I. Khan, “Potential of manure based
biogas to replace conventional and non-conventional fuels
in India: Environmental assessment for emission
reduction,” Management of Environmental Quality: An
International Journal, 2015.

[129] R. Rai, N. D. Sharma, and A. Jha, “Association And
Influence Of Demographic Components In Purchase
Decision Of Products Of Renewable Energy,” in IOP
Conference Series: Materials Science and Engineering,
2018, vol. 377, no. 1, p. 012099.

[130] N. Bansal, “Promoting Solar Energy in India to Meet
the Country’s Commitment to Climate Change and Energy
Security,” Energy and Environmental Security in
Developing Countries, pp. 545-570, 2021.

[131] S. Dahiya and P. Prabhakar, “Recapitulation of
Renewable Energy Generation in India,” International
Journal of Research in Informative Science Application &
Techniques (IJRISAT), vol. 3, no. 1, pp. 56-62, 2019.

[132] S. K. Wankhede, P. Paliwal, and M. K. Kirar, “Smart
Grid Initiatives Towards Sustainable Development: Indian
and Worldwide Scenario,” in Advances in Clean Energy
Technologies, Springer, 2021, pp. 153-162.

[133] K. Singh and T. Jash, “Performance analysis of micro
turbine-based grid-connected biogas power plant in
Purulia in West Bengal, India,” Clean Technologies and
Environmental Policy, vol. 17, no. 3, pp. 789-795, 2015.

[134] N. Kamalimeera and V. Kirubakaran, “Prospects and
restraints in biogas fed SOFC for rural energization: a
critical review in Indian perspective,” Renewable and
Sustainable Energy Reviews, vol. 143, p. 110914, 2021.

2040



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

T. Bagdi et al., Vol.12, No.4, December 2022

[135] D. Thiruselvi et al., “A critical review on global
trends in biogas scenario with its up-gradation techniques
for fuel cell and future perspectives,” International
Journal of Hydrogen Energy, vol. 46, no. 31, pp. 16734—
16750, 2021.

[136] R. Joseph, K. Saminathan, M. P. Deepthi, and P.
Kathireswari, “Comparative analysis on bioactive
compounds presents in dung material of Bos taurus and
Bos indicus,” Materials Today: Proceedings, 2020.

[137] S. Dhiman, S. Kumar, N. Baliyan, S. Dheeman, and
D. K. Maheshwari, “Cattle Dung Manure Microbiota as a
Substitute for Mineral Nutrients and Growth Management
Practices in Plants,” in Endophytes: Mineral Nutrient
Management, Volume 3, Springer, 2021, pp. 77-103.

[138] D. Mosse, “Caste and development: Contemporary
perspectives on a structure of discrimination and
advantage,” World development, vol. 110, pp. 422-436,
2018.

[139] P. D. Namala, “Norm Entrepreneurship at the UN-
Dalits and Communities Discriminated on Work and
Descent,” CASTE: A Global Journal on Social Exclusion,
vol. 2, no. 2, pp. 235-264, 2021.

[140] R. K. Panda, W. N. T. Abhiyan, and G. Force,
“Socially exclusion and inequality: Opportunities in
agenda 2030,” A Position Paper on State of Socially
Excluded Groups (SEGs) and Framework of Action.
Available online: https://sustainabledevelopment. un.
org/content/documents/11145Social% 20exclusion%
20and% 20Inequality-Study% 20by% 20GCAP% 20India,
vol. 20, 2016.

[141] R. Thapa, E. van Teijlingen, P. R. Regmi, and V.
Heaslip, “Caste exclusion and health discrimination in
South Asia: A systematic review,” Asia Pacific Journal of
Public Health, vol. 33, no. 8, pp. 828-838, 2021.

[142]  “Slum numbers show cities don’t help Dalits shed
caste,” The Indian Express, Nov. 29, 2020.
https://indianexpress.com/article/opinion/columns/slum-
numbers-show-cities-dont-help-dalits-shed-caste-
7072206/ (accessed Nov. 10, 2022).

[143] V. Saxena and P. C. Bhattacharya, “Inequalities in
LPG and electricity consumption in India: The role of
caste, tribe, and religion,” Energy for Sustainable
Development, vol. 42, pp. 44-53, 2018, doi:
10.1016/j.esd.2017.09.009.

[144] M. A. Faizan and R. Thakur, “Association between
solid cooking fuels and respiratory disease across socio-
demographic groups in India,” Journal of Health and
Pollution, vol. 9, no. 23, 2019.

[145] S. Patnaik and A. Jain, “Roadmap for Access to
Clean Cooking Energy in India,” Council on Energy,
Environment and Water (CEEW), 2019. [Online].
Available: https://www.ceew.in/sites/default/filessf CEEW-
Roadmap-for-Access-to-Clean-Cooking-Energy-in-India-
Report-310ct19-min.pdf

[146] G. Kelkar and D. Nathan, “Cultural and Economic
Barriers in Switching to Clean Cooking Energy: Does
Women’s Agency Make a Difference?,” Energies, vol. 14,
no. 21, p. 7242, 2021.

[147] V. Sharma and M. Dash, “nDelineating Energy
Consumption Behaviour: A Household-level Assessment

from India’s Energy NEXUS Strategy,” Energy Nexus, p.
100085, 2022.

[148] R. Patil et al., “Barriers to and facilitators of uptake
and sustained use of LPG through the PMUY in tribal
communities of Pune district,” Energy for Sustainable
Development, vol. 63, pp. 1-6, 2021.

[149] M. A. Haque, A. A. Kabir, M. A. Hashem, M. A. K.
Azad, M. K. J. Bhuiyan, and M. M. Rahman, “Efficacy of
Biogas Production from Different Types of Livestock
Manures,” International Journal of Smart Grid, vol. 5, no.
4, pp. 158-166, 2021.

[150] K. B. Savalia, A. R. Ahlawat, V. V. Gamit, S. S.
Parikh, and A. D. Verma, “Recently recognized
indigenous cattle breeds of India: A review,” International
Journal of Current Microbiology and Applied Sciences,
vol. 8, no. 12, pp. 161-168, 2019.

[151] M. Kumari and K. K. Dhawal, “Utilization Patterns
of Livestock Waste: Waste is Wealth!!!,” VIGYAN
VARTA, vol. 7, no. 10, p. 63, 2020.

[152] M. Lata and B. C. Mondal, “Impact of Bypass Protein
Supplementation in Ruminant Animals,” Just Agriculture:
Multi disciplinary newsletter, vol. 2, no. 1, 2021.

[153] Livestock Census, “20 th Livestock Census,”
Ministry of Fisheries, Animal Husbandry & Dairying,
India, 2019. [Online]. Available:
https://www.dahd.nic.in/division/provisional-key-results-
20th-livestock-census

[154] R. Saini, “Livestock Waste Management,”
Integrated Publications, vol. 3, pp. 85-107, 2021.

[155] M. Sharmaetal., “Survey of socioeconomic status of
farmers and distribution of cattle population in the
Mahakaushal region of Madhya Pradesh,” 2021.

[156] S. S. Acharya, “Sustainable agriculture and rural
livelihoods,” Agricultural Economics Research Review,
vol. 19, pp. 205-217, 2006.

[157] P. Balamurugan, “Farmers Clubs and Livelihood
Opportunities through Livestock Development: An
Analysis in Select Villages of Nagapattinam District,
Tamil Nadu.,” Productivity, vol. 59, no. 1, 2018.

[158] P. Singh and B. Kumari, “Importance of livestock
sector in doubling farmers Income by 2022,” Indian
journal of economics and development, vol. 13, no. 2a, pp.
136-140, 2017.

[159] A. M. Patel and S. K. Singal, “Economic analysis of
integrated renewable energy system for electrification of
remote rural area having scattered population,”
International Journal of Renewable Energy Research, vol.
8, no. 1, pp. 258-265, 2018.

[160] D. Das and R. Srinivasan, “Income Levels and
Transition of Cooking Fuel Among Rural Poor in India,”
Energy Science and Technology, vol. 4, no. 2, pp. 85-91,
2012, doi: 10.3968/j.est.1923847920120402.226.

[161] S. Singh, R. Ranjan, and O. N. Gonsalves,
“Decomposing the Gaps in Access to LPG across Socio-
Religious Groups in Rural India,” Journal of Social
Inclusion Studies, vol. 6, no. 1, pp. 97-112, Jun. 2020, doi:
10.1177/2394481120944780.

[162] “Income inequality in India: Top 10% upper caste
households own 60% wealth | Business Standard News,”
2019. https://www.business-standard.com/article/current-
affairs/income-inequality-in-india-top-10-upper-caste-

2041



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
T. Bagdi et al., Vol.12, No.4, December 2022

households-own-60-wealth-119011400105_1.html
(accessed Jul. 07, 2022).

[163] T. Nevzorova and V. Kutcherov, “Barriers to the
wider implementation of biogas as a source of energy: A
state-of-the-art review,” Energy Strategy Reviews, vol. 26,
p. 100414, Nov. 2019, doi: 10.1016/j.esr.2019.100414.

[164] D. Raha, P. Mahanta, and M. L. Clarke, “The
implementation of decentralised biogas plants in Assam,
NE India: The impact and effectiveness of the National
Biogas and Manure Management Programme,” Energy
Policy, wvol. 68, pp. 80-91, 2014, doi:
10.1016/j.enpol.2013.12.048.

[165] G.Minde, S. Magdum, and V. Kalyanraman, “Biogas
as a sustainable alternative for current energy need of
India,” Journal of Sustainable Energy & Environment, vol.
4, pp. 121-132, 2013.

2042



