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Abstract

The current manuscript focuses on the advancements made in establishing zone-based biogas plants in India from 1990 to
the present. India generates various types of waste from agricultural, industrial, and human activities. Several methods are
available to manage and derive energy from these waste materials, such as incineration, gasification, and anaerobic digestion
(AD). Among these options, AD stands out as one of the most viable and environmentally friendly alternatives for biogas
production, thanks to its low energy consumption. However, developing biogas plants in developing countries faces signifi-
cant challenges, primarily due to governments’ inadequate application of policy, financial, social, market, information, and
technical constraints. To compile this information, data from various agencies in India have been gathered, revealing that
1.81 million biogas plants are currently installed in the West Zone, 1.48 million in the South Zone, 1.106 million in the North
Zone, and 0.65 million in the East Zone. These biogas plants across the zones generate 7.02 lakh m? per day. Additionally,
22 bio-CNG plants produce 84,759 kg/day of compressed biogas, and 201 waste plants generate 330.935 MW of electricity.
Recently, the government has emphasized several initiatives, including GOBAR-DHAN, New National Biogas and Organic
Manure, Sustainable Alternative Towards Affordable Transportation, and the waste-to-energy program. These initiatives
aim to enhance the utilization of waste, promote cleanliness in villages and towns, and support the Swachh Bharat Mission
and Atmanirbhar Bharat campaign, leading to tremendous overall success.

Keywords Biogas plant - Barriers, Policies and plans - Waste management - Environmental sustainability - Renewable
energy - Energy production

Introduction

India, the world’s second-most populated country with
1.38 billion people, covers a total area of 3.28 million km?
and is divided into four zones: West, North, South, and
East (Ministry of Home Affairs 2021; MSME 2021). The
country faces numerous environmental challenges due to
its growing population, rapid urbanization, and the genera-
tion of a significant amount of waste. Additionally, India
relies heavily on Gulf countries to meet its escalating energy
demands, resulting in a fuel crisis and highlighting the need
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for alternative energy sources (Prabakar et al. 2018). Fossil
fuels dominate global energy consumption, accounting for
approximately 84% of the total (Shafiee and Topal 2009).
However, finding sustainable and environmentally friendly
solutions for waste management and renewable energy gen-
eration has become crucial for long-term viability (Baji¢
et al. 2015).

A substantial percentage of the global population lacks
access to electricity and relies on solid fuels like firewood,
agricultural wastes, cow dung, and coal for cooking (WHO
2009). As a developing country, India produces a substan-
tial amount of waste annually, estimated at around 62 mil-
lion tons, with a 4% annual growth rate (Bhatia et al. 2020).
Proper management of municipal organic waste, which has
significant potential as a biogas plant substrate, is essential to
prevent environmental hazards (Pandyaswargo et al. 2019).
Unfortunately, more than 90% of waste streams in India
are disposed of in uncontrolled landfills, burned openly, or
composted inefficiently (The World Bank 2019). Effective
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waste management technologies, particularly biogas, can
help reduce India’s reliance on fossil fuels and convert mas-
sive amounts of garbage into electricity (Masera et al. 2015).
Biogas production from waste biomass is considered a cru-
cial alternative worldwide, given the negative environmental
impacts and greenhouse gas emissions associated with fossil
fuels (Bhatia et al. 2020).

Promoting biogas production would contribute to devel-
oping renewable energy sources, reducing greenhouse gas
emissions, and improving the economic conditions for
underprivileged populations, especially farmers in rural
India (MNRE 2019). Biogas is produced through the anaero-
bic digestion of biodegradable organic matter, such as ani-
mal waste, producing methane (Mukeshimana et al. 2021).
The calorific value of raw biogas ranges from 21 to 23 MJ/
m? and consists of 50-70% methane, 30—50% carbon diox-
ide, and other residual gases (Dieter Deublein 2011; Akin-
bami et al. 2001). Biogas utilizes the residue as fertilizer
and soil conditioner as a renewable energy source, reduc-
ing waste and enhancing agricultural efficiency. Anaerobic
digestion of organic wastes, including food, manure, and
wastewater sludge, is a global focus for this technology
(Di Maria et al. 2017). Composting organic wastes reduces
groundwater and soil contamination and local air pollut-
ants like carbon dioxide and methane (Lewis et al. 2017).
Replacing fossil fuels and untreated solid biomass with clean
fuels like biogas helps to mitigate greenhouse gas emissions
and indoor air pollution (Pathak et al. 2009). While biogas
energy is well suited for households and small-scale farms,
especially in hot climates, it is increasingly recognized as
a viable technology for industrial applications, providing
heat and cogeneration (Kothari et al. 2010). Biogas energy
generation can transform a costly issue into a profitable
solution (Walekhwa et al. 2009). Biofertilizers produced
from biogas plants can partially or fully replace chemical
fertilizers, addressing the high energy demand during fer-
tilizer production in agricultural lands (Saidmamatov et al.
2021). Domestic biogas digesters offer economic, social, and
environmental advantages to rural households, addressing
the lack of clean cooking energy and crop fertilizer sup-
ply (Ahmad Romadhoni Surya Putra et al. 2017; Diouf and
Miezan 2019).

The concept of anaerobic methane digestion was first
implemented in India in 1939 at the Indian Agricultural
Research Institute (IARI) in New Delhi. The first biogas
plant was developed in 1946, followed by the construction
of the Gramalaxmi gas plant by Patel in 1951, producing
approximately 5.7 m? of gas per day. An improved version
of the Gramalaxmi gas plant was developed in 1954, known
as the KVIC design. It gained recognition for its trouble-free
operation, stable gas pressure, and efficient cast iron burn-
ers. The Khadi and Village Industries Commission (KVIC)
popularized this design, and by 1963, India had over 6000
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biogas plants. The KVIC design, colloquially known as
the “Janta plant,” with over 100,000 installations, remains
India’s most widely utilized design (Qureshi 1985).

The National Project on Biogas Development (NPBD),
initiated in 1981-1982, promoted advanced digester designs
and provided financial assistance, training, and development
activities. During the 1980s and 1990s, government subsi-
dies at the state and federal levels ranged from 30 to 100%
for residential bioreactors (Tomar 1995). By 1999, India had
over three million family-sized biogas plants, and by the end
of 2007, government subsidies had supported the construc-
tion of around four million family-sized biogas plants (Bond
and Templeton 2011). The country has over five million
biogas plants (Statista 2021). The simplicity and versatility
of biogas technology have facilitated its widespread adop-
tion in India (Amigun and Von Blottnitz 2010). However,
further research is required to create more efficient and cost-
effective anaerobic digestion systems for waste-to-biogas
conversion, including biogas, biohydrogen, and biometh-
ane. Providing incentives and GST (goods and services tax)
exemptions to individuals and biogas-related enterprises can
ensure the success of waste-to-renewable energy projects
(Surendra et al. 2014). These endeavors contribute to energy
generation from waste biomass and environmental protec-
tion (Bhatia et al. 2020), with ongoing research focusing on
optimizing biogas production methods and the quality of the
generated residue (Angelidaki et al. 2018).

While the European Union (EU) currently produces
approximately half of the world’s biogas, developing coun-
tries have shown inadequate biogas output due to various
factors such as climate conditions, technology availability,
developmental levels, natural resource endowment, and soci-
oeconomic factors (Gu et al. 2016). Developing countries
often rely on small-scale and home-based biogas facilities
(Chen et al. 2010). In contrast, emerging countries increas-
ingly establish medium- and large-scale biogas facilities
(Patinvoh and Taherzadeh 2019). Limited research has
been conducted on the barriers to rural bioenergy adoption
(Rao and Ravindranath 2002), stakeholder perspectives, and
bioenergy possibilities (Kumar et al. 2015), and the per-
formance of biogas development efforts through rural case
studies (Raha et al. 2014). The potential for biogas diffu-
sion in developing countries is significant, but infrastructure,
funding, and policy gaps have hindered widespread adoption
(Patinvoh and Taherzadeh 2019).

A review article was conducted to gain insights into the
biogas plant scenario in India, particularly across different
states and regions. The review aimed to cover five main
areas:

1. Analysis of the increase in biogas plants over the last 30
years regarding the number of states, union territories,
districts, wards, population, and areas.
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2. Assessment of the current status of biogas plants in dif-
ferent zones, including the achieved targets by states and
zones, and identification of the best and worst-perform-
ing conditions in each zone.

3. Examine the number of waste-to-energy plants in each
zone, the proportion of plants producing biogas or bio-
CNG, and the overall power generated.

4. Discuss the obstacles faced in installing and developing
biogas plants in a developing country like India.

5. Overview of new schemes and policies aimed at boost-
ing biogas plant installations.

By addressing these areas, the review article aimed to
provide a comprehensive understanding of the biogas plant
landscape in India, including its growth, challenges, and
potential strategies for further development.

Zone-wise biogas plant growth rate (%)
from 1990 to present

West Zone

In the West Zone of India, there are a total of 151 districts
and 21,265 wards. However, only 7273 wards have access
to door-to-door waste pickup services. Among the states in
this zone, Goa is the only one that provides 100% door-to-
door waste collection from all its wards. The West Zone has
the highest number of biogas plants installed, with a total of
1.81 million plants (Table 1).

There is no biogas plant in Lakshadweep, but population
= 64,473, one district, area = 32 km?, density = 2013/km?>
is added in the south zone, and data for Telangana in Andhra
Pradesh has been added. Presently, J&K is a union territory,
but we considered all those data till 2019-2020, when it used
to be a state. Source: Subramanyam 2015; Census of India
2011; Census of India 2008; Planning Commission of India
2019; Statista 2021; Lohan et al. 2015; MSME 2021

Maharashtra alone accounts for approximately 0.92
million biogas plants, nearly 50% of the total in the West
Zone. On the other hand, Dadra Nagar Haveli and Daman
Diu have the lowest number of biogas plants among this
region’s states and union territories. Examining the growth
rates of biogas plants from 1990 to 2002, Rajasthan, Mad-
hya Pradesh, Gujarat, Dadra Nagar Haveli and Daman
Diu (Union Territory), Maharashtra, and Goa experienced
growth rates of 90.89%, 446.71%, 278.59%, 27.06%,
82.15%, and 131.69%, respectively. The average growth rate
of biogas plants in the West Zone during this period was
176.18%. From 2002 to 2010, the growth rates for biogas
plants in these states were 1.19%, 44.82%, 17.11%, 0%,
15.6%, and 16.03%, respectively, with an average growth
rate of 15.29% for the entire region.

From 2010 to 2020, the growth rates for biogas plants in
these states were 7.64%, 27.28%, 5.66%, 302.95%, 18.39%,
and 8.55%, respectively. The average growth rate during this
period was 61.74%. Over the 30 years from 1990 to 2020,
the states in the West Zone experienced an average growth
rate of 84.57% for biogas plants. Among the states, Mad-
hya Pradesh had the highest growth rate at 172.93%, while
Maharashtra had the highest increase in biogas plants.

North Zone

In the North Zone of India, which includes states like
Himachal Pradesh, Jammu and Kashmir, Uttarakhand, and
Uttar Pradesh, the climate conditions are considered cold,
with an annual average temperature ranging from 15 to 20
°C. Uttar Pradesh is the largest state in population, districts,
wards, and land area. On the other hand, Jammu and Kash-
mir is the smallest state in terms of land area in this zone.
Out of 18,473 wards in the North Zone, only 4327 wards
have access to door-to-door waste collection services. Chan-
digarh is the only one that provides 100% door-to-door waste
collection in all 26 wards among the union territories in
the North Zone. Regarding biogas plants, 1106 million are
erected in the North Zone. Uttar Pradesh has the highest
number of biogas plants, accounting for nearly 40% of the
total number in the zone.

On the other hand, Jammu & Kashmir and the Union
Territory of Chandigarh have established the most dimin-
utive biogas plants in the region. Looking at the growth
of biogas plants from 1900 to 2002, Jammu and Kash-
mir, Himachal Pradesh, Punjab, Chandigarh, Uttarakhand,
Haryana, Delhi, and Uttar Pradesh experienced growth
rates of 177.54%, 110.99%, 364.43%, 25.97%, 1547%,
143.58%, 16.95%, and 104.76%, respectively. The aver-
age annual growth rate during this period was 311.40%.
It is worth noting that Uttarakhand experienced signifi-
cant growth during this period as it was established as an
independent state after being split from Uttar Pradesh.
From 2002 to 2010, the growth rates of biogas plants in
these states were 26.66%, 4.05%, 53.15%, 0%, 579.25%,
22.47%, 0.44%, and 14.05%, respectively, with an aver-
age growth rate of 87.5% for all states. Interestingly, no
new biogas plants were built in Chandigarh during this
time. Continuing from 2010 to 2020, the growth rates
for biogas plants in the states of this zone were 28.56%,
4.35%, 76.26%, 42.6%, 3369.56%, 17.29%, 14.87%, and
4.42%, respectively. The average growth rate during this
period was 441.02%. However, during this time, existing
biogas plants in Delhi were shut down, resulting in a neg-
ative growth rate for biogas plants in Delhi. Overall, the
average annual growth rate of biogas plants in the North
Zone over the 30 years from 1990 to 2020 was 279.97%.
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Uttarakhand witnessed the highest annual growth rate of
1831.93% during this period, mainly due to the establish-
ment of biogas plants in the state.

South Zone

The South Zone of India is the third-largest zone in terms
of land area but has the smallest population. It consists of
five states and three union territories. However, Telangana
is considered together with Andhra Pradesh for data pur-
poses, and the data of Lakshadweep union territory is added.
Therefore, a total of four states and two union territories are
included in this zone. The South Zone has a total of 25,659
wards, out of which 19,220 wards have 100% door-to-door
waste collection. Among the states, Tamil Nadu has the most
significant number of wards and districts, while Kerala has
the smallest number.

Examining the growth rates of biogas plants in the South
Zone from 1990 to 2002, Andhra Pradesh, Karnataka, Ker-
ala, Tamil Nadu, Puducherry, and Andaman and Nicobar
Islands experienced growth rates of 273.96%, 415.81%,
238.85%, 58.38%, 28.18%, and 39.79%, respectively. This
growth is illustrated in Fig. lc. During this same period
(1990-2002), the average growth rate of biogas plants in
the South Zone was 175.82%. From 2002 to 2010, the aver-
age growth rates for these states and union territories were
37.08%, 23.06%, 59%, 7.56%, 0.87%, and 0%, with an over-
all average growth rate of 21.26%. It is worth noting that
no new biogas plant was built in the Andaman and Nicobar
Islands Union territory during this period, resulting in a 0%
growth rate for the region. Additionally, from 2010 to 2020,
the growth rates in these states and union territories were
25.65%, 22.01%, 20.8%, 3.4%, 2934.77%, — 29.19%, with
an average growth rate of 496.24% for the 10 years. Dur-
ing this later period, some existing biogas facilities in the
Andaman and Nicobar Islands Union territory were closed
down, leading to a negative growth rate in the sector. Over-
all, from 1990 to 2020, the South Zone experienced an aver-
age growth rate of 231.05% for biogas plants. Among the
states, Karnataka had the highest growth rate at 153.62%,
while Puducherry had the highest increase in biogas plants
with a growth rate of 987.6%.

East Zone

The East Zone of India encompasses several states and has
a total of 13,236 wards, out of which 3439 wards have 100%
door-to-door waste collection. However, it is worth noting
that Tripura is the only state in this zone where no society has
implemented door-to-door waste collection. Examining the
growth rates of biogas plants in the East Zone from 1990 to
2020, the states of Bihar, Sikkim, Arunachal Pradesh, Naga-
land, Manipur, Mizoram, Tripura, Meghalaya, Assam, West
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Bengal, Jharkhand, Odisha, and Chhattisgarh experienced
growth rates of 108.2%, 854.67%, 6,208.33%, 1244.35%,
476.99%, 376.81%, 1407.89%, 1282.63%, 499.14%, 403.2%,
400%, 283.6%, and 3047%, respectively. These growth rates
are illustrated in Fig. 1d. The average growth rate across the
East Zone for this period was 1276.37%.

From 2002 to 2010, the growth rates of biogas plants
in these states varied. They increased by 3.26%, 111.02%,
95.31%, 149.13%, 8.79%, 35.55%, 62.47%, 188.47%, 59.14%,
56.38%, 1133.25%,29.14%, and 951.95%, respectively, with
an average growth rate of 221.83% over the 8 years. Moving
on to the period from 2010 to 2020, the growth rates of biogas
plants in the region were as follows: 3.2%, 23.33%, 22.04%,
91.5%, 0%, 53.29%, 32.83%, 67.48%, 69.72%, — 99.66%,
59.23%, 13.29%, and 86.27%. The average growth rate for
these 10 years was 32.5%. It is important to note that no new
biogas plants were built in Manipur during this time, and the
existing biogas plants in West Bengal saw a shutdown rate of
99.62%, resulting in a decrease in the number of biogas plants
in the East Zone from 2010 to 2020. The average growth rate
of biogas plants in the East Zone over the past 30 years is
510.23%. Arunachal Pradesh experienced the highest growth
rate during this period at 2108.56%. Among the states, Odisha
has the highest number of biogas plants installed.

Present status of estimated and cumulative
achievement of biogas plants in states
of different zones

West Zone

Rajasthan has installed only 7.89% of its potential biogas
plants in the West Zone. In contrast, Madhya Pradesh,
Gujarat, Dadra Nagar Haveli, and Daman Diu & Goa have
installed 25.02%, 78.52%, 34.05%, and 52.83% of their
potential, respectively. On the other hand, Maharashtra has
installed 102.36% more biogas plants than expected, making
it the state with the highest number of biogas plants in this
zone and the entire country (Fig. 2).

North Zone

In the North Zone, Jammu, Kashmir, Delhi, and Chandi-
garh have installed biogas plants at just 2.49%, 4.48%, and
12.07% of their anticipated capacity, respectively. Himachal
Pradesh has installed 38.14% of its potential biogas plants,
while Punjab, Haryana, and Uttar Pradesh have installed
44.72%, 20.94%, and 22.72%, respectively. Uttarakhand is
the only state in this zone that has exceeded expectations,
with 438.09% more biogas plants than anticipated.
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Fig. 1 Status and growth rate of biogas plants from 1990 to present: a West Zone, b North Zone, ¢ South Zone, and d East Zone

South Zone

In the South Zone, AP & Telangana, Karnataka, Tamil
Nadu, and A & N Islands have installed 53.98%, 74.1%,
36.36%, and 4.4% of their potential biogas plants, respec-
tively. Kerala and Puducherry have exceeded their estimated
potential, installing 101.34% and 407.93% of their respective
capacities.

East Zone

In the East Zone, states like West Bengal, Jharkhand, and
Manipur have installed 0.13%, 7.82%, and 5.6% of their
potential biogas plants, respectively, falling far below their
expected capacities. Bihar, Arunachal Pradesh, Tripura,
Meghalaya, Assam, Odisha, and Chhattisgarh have also
struggled to establish biogas facilities, building only a
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Fig.2 Estimated potential and cumulative achievement of biogas plants in a West Zone, b North Zone, ¢ South Zone, and d East Zone (MNRE

2021a)

fraction of their capacity. However, Sikkim, Nagaland,
and Mizoram have surpassed their projected potential,
installing 123.89%, 118.7%, and 116.76% of their biogas
facilities. Overall, most states in the North and East Zones
have established less than half of their anticipated biogas
capacity, while some states in the West and South Zones
have exceeded their expected potential. These variations
in achievement can be observed in Table 2, with different
states categorized based on their performance.

@ Springer

Status of waste-to-energy plants and biogas
production in different states of the regions

Maharashtra generates the highest power in the western
region, producing 43.63 MW from 29 garbage facili-
ties. It yields 1.6 lakh m? of biogas daily from 19 biogas
facilities, with 12 units producing over 61,000 kg of
bio-CNG gas daily. The West Zone has 60 waste plants
generating 84.61 MW of energy. Moving to the northern
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Table 2 Worst, moderate, and excellent categories in biogas installation by states in different zones

0-50% Biogas plants established by
states/UTs (worst condition)

51-100% Biogas plants installed by
states/UTs (moderate condition)

51-100% Biogas plants installed
by states/UTs (moderate condi-
tion)

(a) West Zone Rajasthan
Madhya Pradesh Goa
D & N and Daman Diu
Jammu & Kashmir
Delhi/New Delhi
Chandigarh

Himachal Pradesh

Punjab

(b) North Zone _

Haryana
Uttar Pradesh
A & N Islands
Tamil Nadu

(c) South Zone

(d) East Zone Manipur

West Bengal
Chhattisgarh
Jharkhand

Tripura

Bihar

Arunachal Pradesh
Meghalaya

Assam

Odisha

Gujarat

AP & Telangana
Karnataka

Maharashtra

Uttarakhand

Kerala
Puducherry

Sikkim
Nagaland

Mizoram

part of Uttar Pradesh, six units produce 62,320 m> of
biogas daily using organic waste. One waste plant gen-
erates 2000 kg of bio-CNG gas daily, while the other
twenty-two waste plants utilize solid waste. This zone
generates around 44.63 MW of electricity, with a total
of 54.24 MW generated by 29 waste facilities.

Delhi generates a maximum of 52 MW of electricity
using three waste facilities, while Himachal Pradesh gener-
ates up to 1 MW. The North Zone states collectively gener-
ate 36,670 metric tons of trash, which produces 1.7 lakh
m? of biogas from 17 plants. An additional 7117.44 MW
is made from 36 waste facilities, resulting in 135.06 MW
of electricity generated by 60 waste facilities, the highest
in all zones.

Table 3 Status of biogas production, MSW generation,
and power generation from waste to energy plants in the
states of different zones

In the South Zone, Andhra Pradesh generates 6141
metric tons of waste daily, producing 90,540 m? of biogas
from seven biogas plants. Fifteen waste plants generate
40.81 MW of electricity. Tamil Nadu generates 1.5 lakh

m? of biogas daily from 28 biogas plants and 22.97 MW
of electricity from 34 waste plants, using 15,272 metric
tons of municipal solid waste (MSW). Kerala generates
less biogas, providing only 0.23 MW of power from 2760
m>. The South Zone has 77 plants generating 108.775
MW of electricity.

In the East Zone, West Bengal has experienced the
shutdown of most of its biogas facilities, leaving only
two plants producing 14,000 m® and generating 1.17 MW
of power. Bihar has one biogas plant generating 12,000
m? and 1 MW of energy. Chhattisgarh has a single waste
energy plant generating 0.33 MW of power. Overall, the
East Zone has four waste facilities generating 2.5 MW
of power from the three biogas plants, producing 26,000
m? of biogas.

In summary, there are 83 biogas plants across all zones,
generating 7.02 lakh m? of biogas daily. Additionally, 22
plants produce 84,759 kg of bio-CNG per day. Power is
generated by 96 waste facilities, totaling 254.33 MW. The
combined output of all 201 regional waste facilities is
330.93 MW of electricity.
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Table 3 Status of biogas production, MSW generation, and power generation from waste to energy plants in the states of different zones

State/UT Municipal waste Biogas generation Bio-CNG generation  Power generation Total MWeq
generation (metric plants M%/day (no. of plants kg/day (no. of plants MW (no. of (A+B+0C)
tons/day) plants) (A) plants) (B) plants) (C)

(a) West Zone  Rajasthan 5247 - 4000 (2) 3.0(1) 3.83(3)
Madhya Pradesh 5079 27,014 (5) 1200 (1) 15.4 (3) 17.90 (9)
Mabharashtra 26,820 109,636 (10) 27,723 (4) 28.713 (15) 43.63 (29)
Gujarat 9277 24,800 (4) 28,338 (5) 11.275 (10) 19.25 (19)
Total 46,423 161,450 (19) 61,261(12) 58.38 (29) 84.61 (60)

(b) North Zone Delhi 8400 - - 52.00 (3) 52.00 (3)
Haryana 3490 - 4250 (3) 4.0 (2) 4.89 (5)
Punjab 3900 34,800 (5) 1847 (1) 14.92 (7) 18.20 (13)
Uttarakhand 1400 67,260 (5) 5880 (2) 1.89 (2) 8.72 (9)
Himachal Pradesh 300 12,000 (1) - - 1.00 (1)
Uttar Pradesh 19,180 62,320 (6) 2000 (1) 44.63 (22) 50.24 (29)
Total 36,670 176,380 (17) 13,977 (7) 117.44 (36) 135.05 (60)

(c) South Zone Andhra Pradesh 6141 90,540 (7) - 40.82 (15) 48.365 (22)
Karnataka 8784 58,060 (3) 9521 (3) 7.8 (5) 14.62 (11)
Kerala 1576 2760 (1) - - 0.23 (1)
Tamil Nadu 15,272 150,218 (28) - 10.45 (6) 22.97 (34)
Telangana 8634 37,100 (5) - 19.5 (4) 22.59 (9)
Total 40,407 338,678 (44) 9521 (3) 78.57 (30) 108.775 (77)

(d) East Zone  West Bengal 8675 14,000 (2) - 1.17 (2)
Bihar 3703 12,000 (1) - - 1.00 (1)
Chhattisgarh 1896 - - 0.33 (1) 0.33 (1)
Total 12,378 26,000 (3) - 0.33 (1) 254

Source: International Institute of Health and Hygiene 2020

Challenges or barriers to biogas
implementation in developing countries

Technical barrier

According to several studies, the establishment of biogas
facilities in underdeveloped countries is hindered by sev-
eral technical barriers. These include a lack of information
and training among householders, leading to inadequate
maintenance of biogas digesters and insufficient knowledge
of feedstock compatibility (Raha et al. 2014). Inappropriate
garbage disposal, insufficient waste collection, and defec-
tive supply chains can impede biogas generation (Mittal
et al. 2018). In rural areas where not all households have
livestock or poultry, biogas generation is further hampered
by the shortage of animal manure (Khan and Martin 2016).
Farmers in agro-biogas plants need to be educated so that
biogas slurry can be utilized for organic farming in addition
to biogas utilization (Uddin et al. 2016). However, a lack
of technical expertise among biogas operators, including
experienced and qualified personnel, presents significant
challenges to establishing long-term biogas plants.

@ Springer

Moreover, most operators lack the necessary techni-
cal training and course certificates, making connecting
biogas with eco-agriculture and reducing biogas output
challenging (Chen et al. 2010) Table 4. As a result, most
biogas plants are shut down before their full operational
potential due to a lack of setup and operation expertise
(Ghafoor et al. 2016). In addition to technical barriers, the
failure of biogas initiatives due to poor management, lack
of technical knowledge, and lack of experience have led to
an overly pessimistic view of biogas technology (Surendra
et al. 2014). A lack of R&D to manufacture high-quality
digesters, a lack of information about effective digester
management, and a failure to embrace technology on time
are other causes of digester failure (Rupf et al. 2015a).

Larger-scale biogas production has proven to be a
substantial impediment in many countries due to water
scarcity experienced by many developing nations (Patin-
voh and Taherzadeh 2019). In addition, the daily organic
waste-to-water ratio in a biogas digester is crucial to pro-
ducing biogas. It can be completely stopped when the
quantity is too much or too little (Rupf et al. 2015a). In
metropolitan environments, where organic and inorganic
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Table 4 The primary roadblocks to biogas program acceptance in developing nations (India) are summarized below

Categories

Barrier description

References

Technical barrier

Financial barrier

Social barrier

Market barrier

Institutional barriers

Information barrier

Policy barrier

o Substrate toxicity/inhibitor

e Land availability (sufficient amount of space required to construct the
AD reactor)

e Water supply (no issue of water scarcity)

e Technical assistance during the construction

o Standardized/regulated/appropriate plant design

e Reliable transportation and infrastructure for supply stability

e Inadequate supply of feedstock (low output in winter)

e Lack of technical services

e Poor quality of feedstock

e Lack of waste storage and treatment facilities

e Lack of standards and quality control measures

o Insufficient local research and development work

e Poor design and construction

e Lack of technical skills and training

e Low rate of functional installed biogas systems/short lifespans

e Fertilizer pricing system

o Electricity market

e Project technology transfer scheme for large-scale AD

e Private investment public-private partnership

o Support for Initial investment (donor/subsidies)

e Expensive initial investment

o Excessive transaction fees

e Lack of financial mechanism

o Inadequate subsidy

o Extensive payback time and limited rate of return

o High-risk perception by financial institutions

e Poor financial conditions and purchasing power for household

e Competition from firewood —where the wood collection is free and
available

o Local laborers and technicians are included.

e Guarantee for safety

e Ease of operation

o Aesthetic consideration

o Ethical obstacles or sociocultural taboos

o Leadership (attitude of the leader toward renewable energy)

e Working with a variety of stakeholders

o Technology adoption is more difficult due to low literacy levels.

o A lack of understanding of the technology’s advantages.

e Objections to utilizing animal or human waste on social, cultural, or
religious grounds

e Preference for conventional cooking methods, such as using a wood
stove rather than a biogas burner.

e Women are underrepresented in the biogas adoption process.

e Competition from other fuels
e Other technologies, such as Refuse Derived Fuel (RDF) and compos-
iting, pose a threat.

e Government policies or support for biogas are insufficient.

e Biogas system ownership and accountability are not correctly defined
or understood.

e There is a lack of current information, knowledge sharing, and trans-
lational biogas research at the national, continental, and international
levels.

e Coordination and collaboration between institutions are lacking.

e Limited municipal capacities in cities

o Inadequate transmission of information about government-sponsored
technology and incentives

o A lack of knowledge about alternative biogas substrates to cow dung

e Inadequate government incentives and poor policy execution
e Monitoring and follow-up services are lacking.
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waste segregation is not done appropriately, biogas pro-
duction is also negatively impacted.

Furthermore, due to municipal and government neglect
of trash collection and segregation, there are insufficient
waste-to-energy facilities in India’s cities, towns, and vil-
lages. Adopting biogas technologies is also a difficult chal-
lenge. Many private enterprises are reluctant to invest in
new construction and technology for biogas plants due
to the costly investment and market risk associated with
biogas technology (Amuzu-Sefordzi et al. 2018; Chen and
Liu 2017).

Financial barrier

According to several studies, financial barriers pose a sig-
nificant challenge to adopting and proliferating biogas sys-
tems. Biogas systems are expensive to install and maintain,
making them unaffordable for low-income individuals and
households. A self-built home-scale biodigester with a daily
input capacity of 50 kg can cost more than $1500, a sig-
nificant investment (Morgan et al. 2018). The cost of treat-
ment and transportation of feedstock can further reduce the
economics of biogas power plants, especially over long dis-
tances (Mittal et al. 2018). Moreover, producing pure biogas
from raw biogas requires expensive equipment such as H,S
scrubbers, CO, scrubbers, and gas conditioners (Satchwell
et al. 2018), and mechanical pretreatment for optimal biogas
generation is also costly (Rodriguez et al. 2017). Access
to commercial capital to invest in biogas infrastructure is
severely restricted in poor countries, mainly rural areas. As
a result, subsidies, financial assistance programs, and low-
interest loans are significant economic barriers that make
biogas projects less attractive to investors (Chen and Liu
2017). Lack of long-term finance and high-interest rates also
impair the economic viability of biogas plants (Schmidt and
Dabur 2014).

Additionally, the lack of government incentives for adopt-
ing biogas technology and favoring fossil fuels over renew-
able fuels in many developing nations’ financial structures
delay or prevent the implementation of biogas initiatives
(Christensen and Bach 2015; Roopnarain and Adeleke
2017). Corruption, lack of political will, and insufficient
government policies further hinder the implementation of
biogas systems (Bansal et al. 2013). The shortage of skilled
researchers due to a lack of financing also poses a challenge
(Shane et al. 2015a). More funds for research and develop-
ment would enhance technology innovation (Cheng et al.
2017), and institutional networking for R&D and coordi-
nated efforts in solving R&D obstacles should be established
to improve biogas processes, reduce the cost of biogas tech-
nologies, make them available to more imperfect investors,
and expand training and consulting opportunities.

@ Springer

Social barrier

The major sociocultural hurdle for biogas adoption is the
lack of public participation and consumer interest. In India,
households typically do not sort their organic waste, instead
dumping it all in the same container due to a lack of knowl-
edge and time. As a result, most people are unaware that
biogas can be produced from home organic waste (Pradeep,
Amit Pal, Samsher 2020; Herbes et al. 2018). In rural areas,
several social and cultural barriers prevent the adoption of
biogas. For example, there is a social taboo surrounding
the use of human excrement in biogas plants, which con-
tains plant owners and individuals from using this source.
Although farm households are involved in developing these
new technologies, it is not held accountable for their use,
maintenance, or the environmental and economic benefits
biogas consumption delivers (Chen et al. 2017). In addition,
women in rural households are more likely to cook, which
means it is more likely to be exposed to indoor air pollu-
tion caused by burning solid fuels. However, due to rural
women’s lack of decision-making authority, adopting clean
energies is slow.

Furthermore, small-scale biogas installations are often
ignored because people in these areas typically cook with
dung, and local communities are unwilling to embrace the
consumption of biogas due to cultural beliefs surrounding
waste, excrement, or any other form of fecal material (Giwa
et al. 2017). There are also problems with feedstock and
slurry management, as many users hesitate to do the required
daily dung mixing because it is an unpleasant burden (Khan
et al. 2014). Similarly, using human excrement in biogas
plants is socially undesirable due to filthy conditions within
the home (Sharma et al. 2018). Some religions also have
rigorous hygiene standards, particularly surrounding people
and animal excrement (Gebreegziabher et al. 2014). Finally,
the adoption and implementation of biogas plants may be
affected by consumers’ preference for existing brands over
new ones, as it can be difficult for them to evaluate the qual-
ity of a new product (Dahlin et al. 2015). This knowledge
affects the adoption and implementation of biogas plants.

Market barrier

The high cost of biogas compared to natural gas is a signifi-
cant market barrier, making it difficult for new companies
to enter the bioenergy technology market (Piwowar et al.
2016). Government regulations further complicate the mar-
ket entry process, as licensing, raw material access, envi-
ronmental requirements, and product testing are all subject
to government oversight (D. Ravindranath 2011). To make
biogas competitive in the public sector, its price must be
lowered to match that of other available fuels (Martin 2015).
Additionally, biogas faces competition from other, cheaper
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cooking alternatives, such as traditional solid biomass, fire-
wood, and cow dung, all locally available (Rao and Ravin-
dranath 2002). While biogas can potentially increase natu-
ral gas imports, customers are not interested in using 100%
enhanced biogas due to its high cost. However, blending
natural gas with biogas makes the fuel more acceptable to
the general public (Sanches-Pereira et al. 2015). Biogas also
faces competition from other fuel sources, such as bioetha-
nol and electric cars. The success of electric vehicles has
been linked to the increase in biogas use (Sanches-Pereira
et al. 2015). The study’s interviews indicate that munici-
palities prefer electric vehicles over biogas vehicles due to
a lack of fueling infrastructure, internal mistrust, and a fear
of accidents caused by a lack of knowledge (Ammenberg
et al. 2018).

Additionally, established soil and organic fertilizer busi-
nesses compete with digestate-based product makers, as
merchants and garden centers prefer providers with varied
product offerings and the capacity to provide large volumes
(Dahlin et al. 2015). Despite the excellent market potential
for organic fertilizer, no substantial efforts have been made
to develop and commercialize the non-energy products of
the biogas process (Yousuf et al. 2016). These market barri-
ers may hinder the participation of biogas plant developers
(Kumaran et al. 2016).

Institutional barriers

The lack of government support and specific efforts is one
of the primary impediments (Muradin and Foltynowicz
2014). Additionally, the energy sector has been ignored in
emerging country policy discussions (Surendra et al. 2014).
The National Biogas and Manure Management Program
(NBMMP), launched by the Central Government, has too
many formal requirements and administrative and legal
processes, hindering biogas plant installation (Pazera et al.
2015). The program’s capital subsidies require the pos-
session of two to three cattle, making it difficult for most
low-income rural families to secure a grant and impeding
the application of biogas technology (Raha et al. 2014). As
a result, low-income families resort to using locally avail-
able biomass for cooking. Several agencies implement the
national biogas development effort. A lack of collabora-
tion and competition for incentives has been identified as
a reason for poor performance and limited dissemination
of biogas technology in rural regions (Bansal et al. 2013).
The policy environment’s volatility and uncertainty are also
tricky (Pazera et al. 2015), and cooperation between national
and subnational governments is minimal. While standard
pricing for electricity produced by biogas and waste-to-
energy plants was established in 2016, state electrical regu-
latory commissions have not yet developed everyday prices
for energy produced by anaerobic digestion power plants

(SERCs), making it difficult to evaluate the project’s feasi-
bility during the pre-investment evaluation phase due to the
uncertainty of pricing for the SERCs’ power purchase agree-
ment (MINISTRY OF POWER 2016). Private investment in
large-scale biogas plants is discouraged without government
initiatives such as specific guidance and stakeholder involve-
ment, making risks associated with income sources, technol-
ogy, and feed supplies essentially the responsibility of pri-
vate parties (Martin 2015). According to several studies, the
future of biogas taxes, incentives, and government support
in India is mainly unpredictable (Martin 2015; Ammenberg
and Feiz 2017). Regulatory restrictions, such as the need for
permits from several government ministries, including the
Petroleum Explosives Safety Organization (PESO) and the
Ministry of Environment and Forest, inhibit the improved
biogas industry (Mittal et al. 2018). The private sector is
crucial for delivering biogas energy to the market and ensur-
ing economic viability (Msibi and Kornelius 2017).

Information barrier

The lack of information and knowledge dissemination on
biogas technology is a significant factor in its low adoption
as a primary cooking fuel in rural areas (Blenkinsopp et al.
2013). The general public, including rural communities,
financial institutions, and enterprises, lacks access to appro-
priate information and necessary tools, resulting in a lack
of awareness and understanding of the numerous feedstock
choices and how digesters might use them (Raha et al. 2014).
This lack of information and technological, infrastructural,
and user limitations have hindered biogas technology adop-
tion in rural regions (Mittal et al. 2018). Despite decades
of government efforts, adopting biogas technology in rural
areas remains challenging. This is due to the poor perfor-
mance of biogas technology, leading to its unsuitability and
unreliability in meeting households’ daily or seasonal cook-
ing energy demands (Mittal et al. 2018). This results in rural
families resorting to alternate, easily accessible fuels.
Additionally, NGOs, corporate groups, microfinance
institutions, and governments are often unaware of the
advantages of bioenergy, resulting in a stronger push for
renewable energy alternatives such as wind and solar (Ghosh
et al. 2006). Raising awareness is one of the three compo-
nents of the integrated policy package necessary to combat
climate change, alongside carbon pricing and innovation
assistance (Stern 2007). However, agencies struggle to col-
lect consistent information on biogas plant utilization and
mitigation potential, hindering capacity-building efforts.
Developing a sample plan for routine monitoring of biogas
consumption in different regions can be a suitable solution.
The long-term acceptability of biomass gasifiers and biogas
facilities is hindered by a lack of information and awareness
about proper operation and maintenance (D. Ravindranath
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2011). Overall, the lack of available information and under-
standing regarding biogas technology has contributed to its
low adoption in rural areas, emphasizing the need for better
dissemination of information and capacity-building efforts.

Environmental barrier

Biogas production is not without its potential drawbacks and
environmental concerns. One prominent challenge biogas
plants face is the need for a significant amount of water,
which is necessary for anaerobic digestion and maintain-
ing the ideal water-to-manure ratio of 1:1 (Kelebe 2018).
Biogas production can become challenging during dry sea-
sons or in areas where water is scarce (Pazera et al. 2015).
In addition, colder temperatures can negatively impact
biogas production. For instance, temperatures below 15 °C
can reduce biogas output, making it difficult for farmers in
colder regions to use it as an energy source (Clemens et al.
2018). Furthermore, the potential for environmental harm
exists in noise pollution, odor concerns, and gas leakage. In
particular, broken digester lids and leaking gas valves can
release a mixture of methane, carbon dioxide, and hydrogen
sulfide, increasing greenhouse gas emissions and groundwa-
ter contamination (Cheng et al. 2017; Nevzorova and Kutch-
erov 2019). Certain African countries, such as Zambia, may
face water shortages that could compound the challenge of
operating biogas plants (Shane et al. 2015b). To mitigate
these environmental risks, using leak-proof feedstock and
digester storage areas and identifying hazardous locations
are essential. Waste gas outlets should also be appropriately
managed to protect groundwater and prevent unpleasant
odors (Nevzorova and Kutcherov 2019).

Policy barrier

The renewable energy industry faces significant obstacles
due to government policies, particularly energy price dis-
tortion, which favors fossil fuels over renewable energy
sources (ESCAP 2004). In addition, low agricultural rates
lead to excessive electricity and groundwater usage, and
energy subsidies prevent progress in replacing inefficient
agrarian pump sets (Phadke, A and Sathaye 2006). The lack
of environmental policy and a defined policy on renewable
energy utilization also hinders the spread of biofuel tech-
nologies (Jiang et al. 2011). Although the Electricity Act of
2003 mandates the establishment of a National Electricity
Plan and a National Tariff Policy, tariff levels for renewable
energy vary across different states, leading to developers’
complaints about the system’s fairness (CERC 2010; KERC
2005). The absence of a reliable waste collection and sort-
ing infrastructure in most developing countries also impedes
the growth of renewable energy. Waste management busi-
nesses often dispose of wastewater effluents in uncontrolled
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landfills or publicly burn them, causing environmental
problems (The World Bank 2019). Land-tenure policies are
another issue that limits the ability of farmers and munici-
palities to enter long-term contracts to acquire wood fuel
for bioenergy (Rao and Ravindranath 2002). Corruption is
also a significant barrier that decreases the rate of return on
investment in implementing biogas investments and operat-
ing expenses (Taherzadeh and KR 2014).

Furthermore, the lack of government commitment and
inadequate continuity of previous biogas program initiatives
across successive governments also hinder the adoption of
biogas technology (Akinbomi et al. 2014). In India, energy
pricing regulations that favor existing technologies and
heavily subsidize electricity use for farming further stifle
the growth of biogas, as farmers lack incentives to invest in
biogas technology (ESCAP 2004). These policies, combined
with a lack of environmental policy and weak government
commitment, impede the spread of biofuel technologies and
hinder the renewable energy industry’s development.

Government of India policies for setting
up biogas plants

National Biogas and Manure Management Program

The National Biogas and Manure Management Program
(NBMMP) is a scheme implemented by India’s Ministry
of New and Renewable Energy (MNRE). This program
enables rural and semi-urban families to install Family
Biogas Plants, which utilize organic resources such as cow
manure, farm biomass, gardens, and kitchen waste to pro-
duce biogas. The NBMMP has been active since 1981-1982
and aims to provide rural households with cooking fuel and
organic fertilizer through biogas systems (D. Ravindranath
2011). One of the primary objectives of the NBMMP is to
improve sanitation in rural and semi-urban areas. By con-
necting latrines with cow dung biogas facilities, the program
aims to alleviate the suffering of women, free up their time
for other livelihood activities, reduce pressure on forests,
and generate social benefits. The MNRE is responsible for
implementing the NBMMP nationwide, and as of March 31,
2014, approximately 4.75 million biogas plants have been
developed under this program (Saravanan et al. 2018). For
the fiscal year 2014-2015, a target of 1.1 million biogas
plants has been set (MNRE 2021b). Families with access to
feedstock and a desire to become self-sufficient in cooking
gas and organic biomanure are encouraged to install biogas
facilities. This approach helps reduce the cost of refilling
LPG cylinders while mitigating indoor air pollution. As part
of the NBMMP, the Central Financial Assistance (CFA) pro-
vides subsidies for biogas plants. The subsidy ranges from
Rs 7000 to Rs 15,000 for plants producing 1 m? of biogas
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per day and from Rs 9000 to Rs 17,000 for plants producing
2 to 6 mj; per day.

An incentive of Rs 1200 is also awarded when a biogas
plant fueled by cow manure is connected to hygienic toilets
(MNRE 2021b). Under the NBMMP, purchasing a turnkey
project includes 3 years of free maintenance and support
for repairing non-functional or old plants. The program also
focuses on promoting and expanding the benefits of biogas
technology for users, masons, and entrepreneurs. At the state
level, the Biogas Development and Training Center (BDTC)
has developed financial assistance programs for institutions
constructing cattle dung-based power plants (D. Ravin-
dranath 2011).

New National Biogas and Organic Manure Program

In 2018, India’s Ministry of New and Renewable Energy
(MNRE) enhanced the National Biogas and Manure
Management Program (NBMMP). It introduced the New
National Biogas and Organic Manure Program (NNBOMP)
across all states and union territories (MNRE 2020a). With
a significant livestock population of 512.06 million animals
in India, including 300 million bovines such as yak, cattle,
and buffalo, there is ample capacity for biogas production
(MNRE 2021c). The livestock industry plays a substantial
role in India’s gross domestic product and is expected to
grow, making biogas technology a valuable asset for farm-
ers. The primary objective of the NNBOMP is to provide
clean cooking fuel for kitchens, lighting, and other thermal
and small-scale power needs, specifically targeting farm-
ers, dairy farmers, and individual households (Bharti 2019).
Furthermore, the program aims to strengthen the use of a
bioslurry-based organic manure system in rural and semi-
urban areas by establishing small-scale biogas plants with
capacities ranging from 1 to 25 m>. By utilizing biogas
slurry for activities such as vermicomposting and organic
composting, the program seeks to reduce reliance on syn-
thetic fertilizers like urea, thereby contributing to environ-
mental sustainability and climate change mitigation by pre-
venting the release of CO, and CH, into the atmosphere.
To benefit from the NNBOMP, individuals must own
land or have an area of 50-60 m? to install a small biogas
plant (MNRE 2021c). Beneficiaries must have access to
cow manure and water and the ability to invest in biogas
technology. Under the initiative, Central Financial Assis-
tance (CFA) grants are provided, with subsidies ranging
from $106 to $352, depending on the daily biogas genera-
tion capacity of the plants, which can produce 1 to 25 m?
of biogas per day (Bharti 2019). In addition, an additional
subsidy of Rs. 1600 is available for cow dung-based biogas
plants connected to sanitary toilets, but this subsidy is lim-
ited to single-family homes (GRAMEEN 2021). Under the
NNBOMP, the installation of 12 million biogas plants with

capacities ranging from 1 to 25 m® per day has been planned.
Thus far, 5 million biogas plants have been installed under
the program (Bharti 2019). To facilitate the development and
promotion of biogas technology, eight Biogas Development
and Training Centers (BDTCs) collaborate with State Rural
Development Departments and State Nodal Agencies. These
centers provide technical support, training, field inspections,
and information dissemination to ensure the effective imple-
mentation of the program. Monitoring biogas plants includes
physical verification and village-by-village monitoring to
ensure proper functioning (MNRE 2021d).

Biogas Power Generation (Off-Grid) and Thermal
Energy Application Program (BPGTP)

The Ministry of New and Renewable Energy (MNRE) in
India has introduced the Biogas Power Generation (Off-
Grid) and Thermal Energy Application Program (BPGTP).
This program aims to construct large-scale commercial
biogas plants that generate and supply electricity to the
power grid (Bhatia et al. 2020). The project will be under-
taken by state agriculture and rural development depart-
ments and dairy cooperatives.

The primary objective of the BPGTP is to promote biogas
as a decentralized renewable energy source for electricity
generation (off-grid) in the range of 3 to 250 kW. It also
encourages the utilization of biogas for thermal energy
applications such as heating and cooling. Biogas plants with
capacities ranging from 30 to 2500 m* will be established
to facilitate these energy generation and utilization activities
(Bharti 2019).

To support the development of large-scale biomethana-
tion plants that generate power from municipal garbage, the
Indian government provides financial assistance of up to 1
crore per megawatt. Additionally, 1.5 crores are allocated
for constructing biogas bottling plants, 1 lakh for creating
comprehensive project reports for bio methanation facili-
ties, and a 5-year warranty on installation and maintenance
(Kshirsagar et al. 2019). These initiatives aim to utilize
organic and biomass waste as scientifically managed feed-
stock in biogas plants. The renewable energy sources used
in these plants include cow dung/animal waste, food and
kitchen waste, poultry waste, cattle dung, paddy straw, green
grass, and waste from milk and food processing industries,
agro-processing enterprises, gaushalas, food processing
parks, agricultural farms, and dairies in rural areas.

The BPGTP focuses on biogas plant facilities for farm-
ers, dairy farmers, and small businesses in rural regions. It
is particularly beneficial for meeting these areas’ electrical
and thermal energy demands, especially for small dairy and
poultry farms. The Central Financial Assistance (CFA) sub-
sidy rates for biogas-based power generation (off-grid) and
thermal application projects are categorized into three slabs
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based on the size of the biogas plants and their associated
power generation and thermal power generation capacities.
The subsidy rates range from Rs. 25,000 to Rs. 40,000 per
kilowatt-hour (kWh) of electricity and Rs. 12,500 to Rs.
20,000 per kWh of thermal energy (MNRE 2021e). These
goals and strategies demonstrate the government’s com-
mitment to enhancing the country’s energy infrastructure
and promoting environmental sustainability (Khanna et al.
2013). By encouraging the adoption of biogas technology
and supporting its implementation in large-scale commercial
plants, the BPGTP aims to harness the potential of organic
waste to generate renewable energy and contribute to India’s
energy needs while mitigating the environmental impact.

GOBAR-Dhan waste-to-wealth program

The GOBAR-Dhan program, officially known as Galva-
nizing Organic Bio-Agricultural Resources Dhan, was
launched by the Indian government in April 2018 as part of
the Swachh Bharat Mission’s Waste Management compo-
nent. The program promotes rural cleanliness and creates
economic value and energy from livestock and organic waste
(Bharti 2019).

The key objectives of the GOBAR-Dhan program are to
maintain clean villages, increase rural incomes, and generate
electricity and organic fertilizer from cattle dung. It plays a
significant role in helping communities achieve the Open
Defecation Free (ODF) status, a crucial target of the Swachh
Bharat Mission Phase 2.0 (GRAMEEN 2021).

The program’s primary purpose is to effectively assist
rural communities in managing their animal manure, agri-
cultural waste/residues, and other organic waste. It focuses
on converting organic waste, especially cow manure, into
valuable resources such as fertilizer and electricity. This
approach contributes to enhancing environmental sanitation,
promoting livelihood development in rural regions, and rais-
ing the income of farmers and other residents (Affairs 2019).

The program’s implementation involves the participation
of various stakeholders, including self-help organizations,
Gram Panchayats, bulk waste producers, and entrepreneurs.
Biogas facilities are constructed by these entities, with state
officials responsible for developing at least one biowaste
management project in each district. Financial aid is avail-
able for the development of biogas projects, and the sup-
port provided by each Gram Panchayat depends on the total
number of households. Biogas reduces the demand for lique-
fied petroleum gas (LPG), resulting in improved household
income and savings (GRAMEEN 2021).

The GOBAR-Dhan program brings several benefits to
agriculture and agricultural output by aiding in the creation
of organic manure. It also provides employment and income
generation opportunities for self-help groups (SHGs) and
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farmer groups. Moreover, the program conserves foreign
currency by reducing the demand for natural gas imports.

In terms of implementation, the program aims to cover
700 districts during the 2018-2019 period. It was introduced
on a trial basis in 350 districts, with the remaining districts
being addressed in the second half of the fiscal year. The
program has received 318 requests for the construction of
biogas plants (Bharti 2019).

The GOBAR-Dhan program supports four models: the
Individual Household model, the Cluster model, the Com-
munity model, and the Commercial model. Under the Indi-
vidual Household model, Gram Panchayats identify suitable
households and provide technical and financial assistance for
constructing biogas plants. The government funds the con-
struction of biogas plants for Gram Panchayats up to 100%.
The cluster model involves selecting clusters of homes to
install household-level biogas plants, with the government
contributing 75% of the funding. The Community model
allows for the construction biogas plants at the community
level for five to ten dwellings, with up to a 50% government
subsidy. Biogas plants are constructed in this model, and
the produced biogas is used in homes, restaurants, and other
enterprises. At the same time, the slurry is utilized in agri-
culture and converted into biofertilizers and organic manure
(GRAMEEN 2021).

Under the Commercial model, entrepreneurs, coopera-
tives, gaushalas, dairies, and other entities can construct
large-scale biogas or compressed biogas (CBG) facilities.
The biogas is converted into CBG, which can be sold to
industries or used directly as fuel. The state and districts
actively encourage the construction of commercial units as
part of the GOBAR-Dhan effort, aiming to promote biogas
utilization for various purposes. The program focuses on
creating policy regulations that facilitate entrepreneurs’ and
companies’ establishment of business units. It encourages
these entities to use different departments and institutions’
loan and financial aid programs. Additionally, the program
aims to promote the offtake of slurry by government agen-
cies and other related entities by increasing awareness of the
commercial viability of biogas facilities (GRAMEEN 2021).

Waste-to-energy program

The waste-to-energy program uses energy generated from
various sources, including industrial, agricultural, and urban
waste. This initiative involves biogas production through
biomethanation, industrial waste, sewage treatment facili-
ties, and urban and agricultural waste. Power plants are
being constructed to generate energy from industrial efflu-
ents, sewage treatment facilities, and biogas plants that uti-
lize urban and agricultural waste. Additionally, some plants
produce bio-CNG or enriched biogas. The construction of
waste-to-energy plants is eligible for subsidies and financial
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assistance, particularly for biogas facilities with a daily pro-
duction capacity of over 2500 m> and a power generation
capability of over 250 kW (Bharti 2019).

The waste-to-energy program includes the management
of municipal solid waste (MSW) as part of its energy genera-
tion efforts. The program targets various industries, such as
distilleries, paper mills, pulp mills, rice mills, textiles, and
pharmaceuticals. Capital subsidies are provided to support
the development of waste-to-energy plants. The Ministry of
Road Transport and Highways has also made amendments
to incorporate provisions for using biogas, particularly bio-
CNG, in waste-to-energy vehicles (Hiloidhari et al. 2014).

The initiative holds significant potential, with the ability
to generate 5690 MW of power from urban garbage and
industrial organic waste. Currently, 330 MW of power has
already been achieved through this program (Bharti 2019).

To ensure the timely completion of projects, state nodal
authorities will monitor their development and provide nec-
essary recommendations. Developers are required to pro-
vide quarterly progress updates to the Ministry of New and
Renewable Energy (MNRE). MNRE may establish a moni-
toring committee comprising financial institutions/banks,
technical institutions, and state nodal agencies to track pro-
ject execution and performance (MNRE 2020Db).

Sustainable Alternative Towards Affordable
Transportation

The Sustainable Alternative Towards Affordable Transpor-
tation (SATAT) program was established by the Ministry
of Petroleum and Natural Gas and the Ministry of Skill
Development and Entrepreneurship in October 2018. The
primary objective of SATAT is to establish CBG manufac-
turing plants and make CBG available as fuel for vehicles.
The program was launched during the Swachhta Hi Seva
fortnight, a state-wide campaign to achieve Mahatma Gan-
dhi’s vision of a Clean India. SATAT aims to increase the
availability of affordable transportation fuels, utilize agri-
cultural waste, cow dung, and municipal solid waste, and
provide farmers with a new source of income. It can also
improve municipal solid waste management and address air
pollution caused by farm stubble burning and carbon emis-
sions (MOP&NG 2021).

SATAT was developed in collaboration with government
agencies and oil marketing corporations, with IOCL, BPCL,
and HPCL among the early adopters. Oil and gas marketing
firms have partnered with approximately 344 small-scale
biogas companies to supply compressed biogas sustainably
to the automotive industry, utilizing biogas generated from
municipal solid waste in cities (Gas 2018). The establish-
ment of compressed biogas plants will primarily be under-
taken by individual entrepreneurs (BYJU’S 2021). India’s
network of 1500 CNG stations currently serves around 3.2

million gas-powered vehicles. Entrepreneurs can generate
additional revenue by selling other by-products from these
plants, such as biomanure and carbon dioxide. The plan is
to establish 5000 compressed biogas facilities across India
in phases, with 250 plants completed by 2020, 1000 plants
completed by 2022, and 5000 plants completed by 2025
(Vikaspedia 2021). These plants are expected to produce 15
million tons of CBG annually, accounting for nearly 40% of
the country’s current CNG consumption of 44 million tons
annually. The estimated cost of this project is over Rs. 1.7
lakh crore, providing direct employment to 75,000 people
and producing 50 million tons of biomanure for agricultural
use (Bharti 2019). Due to the abundance of biomass in the
country, compressed biogas can potentially replace CNG in
future automotive, industrial, and commercial applications.

The future directions and latest policies added
by the Indian government

The Government of India has set forth a series of forward-
looking policies and initiatives on implementing biogas
plants. These measures reflect a concerted effort to promote
sustainable energy solutions and address environmental
concerns.

Promotion of compressed biogas

The government is actively promoting the production of
compressed biogas from biomass, organic waste, and sew-
age. This is intended to serve as an alternative and cleaner
fuel source for transportation, reducing dependence on fossil
fuels (Ministry of Petroleum & Natural Gas 2018).

National Policy on Biofuels (2018)

The National Policy on Biofuels outlines the strategic road-
map for expanding the production and use of various bio-
fuels, including biogas. It provides measures for creating
an enabling environment for biofuels and sets targets for
their integration into the energy mix (Ministry of New and
Renewable Energy 2018).

Biogas Development Fund

The government has established a Biogas Development
Fund to support installing biogas plants. This fund helps
subsidize the initial costs of setting up biogas units (Ministry
of New and Renewable Energy 2021a, b).

Integration with waste management

There is a growing emphasis on integrating biogas gen-
eration with waste management practices. This approach
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helps in efficient waste disposal while generating renewable
energy (Ministry of New and Renewable Energy 2021a, b).

Research and development initiatives

The government is investing in research and development to
enhance biogas technology. This includes efforts to develop
advanced digester designs, explore new feedstock options,
and improve the overall efficiency of biogas production
(Ministry of New and Renewable Energy 2021a, b).

Financial incentives and subsides

Various financial incentives and subsidies are available to
support the establishment and maintenance of biogas plants.
These incentives aim to make biogas technology more
affordable and accessible for rural and urban communities
(Ministry of New and Renewable Energy 2021a, b).

Collaborations and partnerships

The government actively engages with international organ-
izations, research institutions, and industry partners to
exchange knowledge and best practices in biogas technol-
ogy and policy development. These collaborations leverage
global expertise to benefit India’s biogas sector (Ministry of
External Affairs 2021).

Comparative analysis with neighboring countries

Nepal Nepal has a well-established track record in commu-
nity-based biogas programs facilitated by the National Bio-
digester Program. This program has significantly contributed
to rural energy access and sustainable waste management.
The success of this program lies in its community-driven
approach and extensive technical support. Nepal’s biogas
initiatives emphasize decentralized systems and community
participation, making them highly effective in rural areas
(Ministry of Population and Environment 2021).

Bangladesh Bangladesh has made remarkable strides in
promoting biogas for rural electrification through the Infra-
structure Development Company Limited (IDCOL) Biogas
Program. This program focuses on providing clean energy
solutions to off-grid areas, thereby improving rural liveli-
hoods and reducing dependence on traditional biomass
sources. Bangladesh’s emphasis on rural electrification
sets it apart and addresses the energy needs of underserved
populations (Infrastructure Development Company Limited
2021).

Sri Lanka Sri Lanka actively promotes biogas technology
to address energy security and environmental sustainability.

@ Springer

The government has implemented policies to incentivize
biogas plant installations, particularly in the agricultural sec-
tor. This approach reduces greenhouse gas emissions while
providing a renewable energy source for rural communi-
ties. Sri Lanka’s focus on agriculture and emission reduc-
tion aligns with its environmental challenges (Ministry of
Mahaweli Development 2021).

Pakistan Pakistan has been making strides in promoting
biogas as a renewable energy source. The Pakistan Biogas
Development Company (PBDC) plays a crucial role in facili-
tating the adoption of biogas technology. The focus is on
rural electrification and providing clean cooking energy to
households. Additionally, there are initiatives to explore the
potential of biogas in the agricultural sector for enhanced
productivity and sustainability. Pakistan’s focus on rural
electrification and agrarian productivity highlights its unique
approach to biogas implementation (Rabia Liaquat et al.
2021).

Conclusion

This comprehensive review offers a detailed assessment of
India’s biogas landscape, divided into five key segments. It
commences with an in-depth analysis of biogas production
growth since 1990, revealing divergent trajectories across
different geographical zones. Noteworthy highlights include
Madhya Pradesh’s remarkable 446.71% surge in the West
Zone and Uttarakhand’s exceptional 1831.9% growth in the
North Zone. The subsequent section evaluates biogas plant
installations, categorizing zones based on target achieve-
ments, with Uttarakhand surpassing its capacity by over
100%. The third section scrutinizes waste-to-energy facili-
ties and biogas production, spotlighting substantial advance-
ments in the West Zone. The fourth section identifies an
array of technical, financial, and policy-related hurdles.
Lastly, the review outlines key government initiatives such
as NBMMP, NNBOMP, and SATAT, underscoring their piv-
otal role in driving forward green energy generation. This
review provides a comprehensive overview of achievements
and areas for enhancement in India’s biogas development
endeavors.
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