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ABSTRACT

Anaerobic Digestion (AD) technology has emerged as a viable and
universally adaptable solution for managing household kitchen waste (KW),
with twin benefits of pollution reduction, and at source generation of biogas
and organic fertiliser to support three sustainability pillars i.e., economic,
environmental, and social. This study is an attempt to implement this
technology at household level through “Automated compact biodigester”
(ACBD) developed and patented specifically to convert KW into biogas
and fertiliser as responsible household KW management that contributes
to health and safety, improving quality of life in urban areas, and meeting
some of the 17 SDGs. The findings reveal substantial progress, such as
poverty reduction through job creation in entire ecosystem of ACBD from
fabrication till final scrapping, bolstering economic growth (SDGs 1, 8, 10,
12) by reducing burden of KW management on municipal corporations,
enhancing agricultural productivity (SDG 2) via promoting use of ACBD’s
effluent as bio fertiliser, advancing renewable energy usage and diminishing
reliance on fossil fuels (SDG 7), fostering inclusive education and gender
equality (SDGs 4, 5, 9), combating climate change (SDG 13), transforming
cities into sustainable and harmonious environments (SDGs 11, 16, 17),
and curbing environmental pollution (SDGs 3, 6, 12, 14, 15).
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1. Introduction

Rapid population growth, economic development, and
urbanization have led to the generation of various types
of wastes, particularly municipal solid wastes [1]. House-
hold kitchen waste is a significant proportion of the solid
waste. Improper handling of kitchen waste leads to drain
clogging, bad odour, filthy waste dumps and increased
clean-up costs [2], along with loss of valuable nutrient rich
resource. Solid organic waste is recognized as a significant
sustainability challenge that is highlighted by inclusion of
solid waste management in the United Nations Sustainable
Development Goals (SDGs) [3].

Approximately, one-third of the food produced for
human consumption globally is wasted, which is around
1.3–1.4 billion tonnes per year. Within South and South-
east Asia, including developing economies like India and
China, approximately 275 million tonnes of food are

wasted every year. Food waste in India is primarily gen-
erated in various sectors such as hostels, restaurants,
supermarkets, residential areas, airlines, cafeterias, and
food processing industries. The Food Waste Index Report
of UNEP, 2021 [4] mentions that in India, about 90 kg of
food waste is produced per capita per year by the high-
income group, while the figures stand at 68 kg and 63 kg
for the middle- and low-income groups, respectively.

Municipal organic waste management is done using
composting, landfill, incineration or anaerobic digestion
(AD) technology [5]–[7]. Landfills due to their limited
recovery and recycling capabilities, along with water con-
tamination, negative impact on soil quality, and significant
contribution to global warming are less suitable from
sustainability point of view [8], [9]. Composting and incin-
eration are effective but legacy waste, bad odour, space
requirements, pollution are some of the challenges [10].
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Anaerobic digestion (AD) has emerged as a promising
approach for decomposing organic waste materials, which
a multi-step biochemical processes mediated by microbes
operating through various metabolic pathways. In the
absence of oxygen, this process efficiently converts organic
waste materials into valuable by-products, including bio-
gas, hydrogen, and other energy-rich organic compounds
[11]. Furthermore, AD technology can be applied across
a spectrum of micro to macro level urban scales, offering
flexibility and adaptability in its implementation [12]. AD
technology with its recent advancements and benefits is
finding increasing applications but there is need to under-
stand its economic, environmental, and social aspects [13].
The SDGs approach, and the midpoint of their timeline
(2015–2030), emphasize the need for further elucidation
to unlock the potential of AD initiatives among vari-
ous stakeholders, including policymakers, managers, and
private operators [14].

Hence, this study seeks to explore these uncharted ter-
ritories and offer a more comprehensive insight into the
role of anaerobic digestion (AD) in addressing some Sus-
tainable Development Goal (SDG) through the utilization
of an indigenously developed Automated Compact Biodi-
gester (ACBD), specifically tailored for the kitchen waste
generated in Indian households.

The study was undertaken with the aim of determining
the yield of biogas and effluent/digestate as an organic
fertilizer, from the kitchen waste using the Automated
Compact Biodigester (ACBD), which is patented by the
authors. Further, aim was to explore the possibility of
effluent/digestate use in place of chemical fertilizer for
pollution abatement in agriculture, and impact analysis
of the AD technology to examine as to which SDGs and
associated targets are met.

2. Materials and Methods

2.1. Estimating Average Family Size and Kitchen Waste
Generation in Three States of India

Field survey in 1090 families in three states (Delhi-
NCR, Uttarakhand, and Himachal Pradesh) in India was
conducted to assess family size and household kitchen
waste (KW) generation using questionnaire method and
door-to-door survey. This survey enabled a nuanced com-
prehension of KW generation dynamics across varied
household contexts showing disparities within the states.
Based on the data, standardized biodigester capacities
were identified, poised to address the diverse KW manage-
ment needs identified during the study.

2.2. Estimation of Biogas Production from Kitchen
Waste

The Anaerobic Compact Biodigester (ACBD) of 30L
working capacity was used (detailed description available;
Indian Patent 371126) with suitable arrangements for feed
inlet, gas collection, sampling ports and effluent outlet
using kitchen waste as substrate. 7.5 kg chopped Kitchen
Waste (KW) and 21.5 L water were fed into the digester
and seeded with 1 litre cow dung slurry from a biodigester
that was in operation for a long time in the laboratory and

operated under ambient conditions (temperature 30°C–
35°C). Once stable biogas generation started in the
digester, it was fed each day with 1000 ml of substrate
(250 g mixed KW and 750 ml Water) as described by
the authors earlier [15], and same amount of effluent was
drained out from each digester. The biogas was tested
for its combustibility (with a blue flame), and volume of
biogas collected each day was recorded.

2.3. Study on Testing the Efficacy of the Biodigester
Effluent/Digestate as Organic Fertilizer

Usability of the digestate/effluent from the biodigester
as a organic fertilizer was tested on growth and grain
yield of wheat [Sunehri (PBW 766; 2020)], and compared
with that getting chemical fertilizer. Seed treatment
against termite was done using thiamethoxam 1 g Cruiser
70 WS/kg seed and dried in shade. Wheat crop was
grown in two sets of test plots (1 m2 each) in trip-
licates to which chemical fertilizer or the organic
digestate from the ACBD digester were applied. The
test plots were located in Dhillon farmhouse, village
Mundia-Ani, District Udham Singh Nagar, Uttarak-
hand in Tarai region of Uttarakhand, India (minimum
and Maximum temperatures 3°C–5°C, and 39°C–
41°C, respectively; average annual rainfall 1433.4 mm)

The soil is alluvium, with medium phosphorus and
potassium, and low organic matter.

For chemical fertilization, as per recommended dose,
9.6 g muriate of potash before sowing, and 13.2 g of DAP
(18% N, 46% P2O5) were applied, while 10.8 g of urea
was applied during 1st and 2nd irrigation. In the second
set of plots, 0.6 kg of ACBD’s slurry was sprayed using
600 mL digestate from the biodigester (recommended dose
of 2.5 tonnes/Acre) during first and second irrigation.
Standard flood irrigation method (7.5 cm) was used 4
times as: 1st irrigation just after sowing (20th November
2022), 2nd (3rd January 2023), 3rd (10th February 2023) and
4th irrigation (8th March 2023). The crop was harvested on
maturity and yield was compared.

2.4. Analysing the Large-Scale Impacts of AD Technol-
ogy on SDGs and Associated Targets

Impacts of using the Automated Compact Bio-Digester
(ACBD) for kitchen waste management on addressing Sus-
tainable Development Goals (SDGs) encompasses several
key steps. In-depth analysis of the use cycle and perfor-
mance of the developed ACBD was done by studying its
efficiency in converting solid waste into useful by-products
such as biogas and organic fertilizer. Direct and indirect
contribution to SDGs such as reduced waste generation,
increased access to clean energy as direct, and improved
public health, reducing poverty by new job opportunities,
and environmental sustainability as indirect impacts were
assessed.

3. Results and Discussion

3.1. Household Kitchen Waste Generation

Household kitchen waste (KW) generation trends
across three states, namely Delhi-NCR, Uttarakhand, and
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TABLE I: Household Kitchen Waste Generation in Delhi-NCR, Uttarakhand, and Himachal Pradesh, India

State Number of households
surveyed

Average family size
(persons)

Average kitchen waste
(KWAv) generation
(g/day/household)

Population (2024) [16] Estimated kitchen waste
generated per state

(tonnes/d)

Delhi NCT 370 5.21 581.57 1,93,01,096 2154
Uttarakhand 410 5.62 384.33 1,17,00,099 800

Himachal Pradesh 310 5.29 585.16 75,03,010 830

TABLE II: Average Biogas Production (L/d) from Kitchen Waste (1:3 ratio) Over 8 Weeks

Biogas production (L/d) Mean

1st week 2nd week 3rd week 4th week 5th week 6th week 7th week 8th week

3.79 3.43 3.17 3.34 3.46 3.23 3.41 3.31 3.39 ± 0.17

Himachal Pradesh are presented in Table I. The analytical
data provide some insights into KW generation patterns
across the states. Projected estimates of total KW gener-
ated by the states were calculated based on population,
average family size, and per family waste production. KW
generation was relatively more in households of Delhi-
NCR region and Himachal Pradesh than in Uttarakhand,
which is a hilly state with lesser amenities available to the
local population. This could be the major factor for less
waste generation.

The findings indicate that the average family size across
the surveyed households is 5.37 (say five persons per fam-
ily). On an average, across the three states, each household
generates approximately 517 g of kitchen waste per day.
Based on our survey, huge quantities of household kitchen
waste are estimated to be generated per day by the people,
which is 2154 tonnes/day in Delhi-NCT, 800 tonnes/d
in Uttarakhand, and 830 tonnes/d in Himachal Pradesh.
These wastes are just added to our municipal solid waste
and ultimately add to dumpsites or reach the landfills.
The nutrients present in the kitchen waste are completely
lost and only add to environmental problems. Therefore,
it is very important to convert the waste to biogas and
organic fertilizer., for which the anaerobic biodigester is of
tremendous use.

3.2. Biogas Production from the KW using Automated
Compact Biodigester (ACBD)

Trial runs were conducted to optimize the parameters
for biogas production from kitchen waste using automated
compact biodigester. Based on the previously conducted
experiments, a substrate (KW) to water ratio of 1:3 (250
g mixed KW and 750 ml Water) was found to be optimal
for biogas generation. A reaction volume of 60 L was
finalized as the most suitable volume for converting the
average urban household kitchen waste into biogas [15].
Daily mean values of biogas production over 8 weeks run
of the biodigester shows 3.17 L/d–3.79 L/d production
(Table II).

Thus, from 250 g KW about 3.4 L of biogas can be
produced per day. Considering the average KW generation
of 4831 tonnes/day across the three states surveyed, the
projected biogas production will be 4.5 MT/d × 105 MT/d
(1 m3 biogas is approx. 0.5 tonne), which will be a huge
contribution to clean and affordable energy.

Fig. 1. Wheat crop in test fields treated with (a) Chemical
fertilizer (b) Biodigester effluent.

3.3. Efficacy of Biodigester Effluent as Organic
Fertilizer
Growth and yield of a popular variety of wheat receiving

chemical fertilizers and biodigester effluent as organic
fertilizer were studied. Fig. 1 depicts the growth of the crop
in the two types of test fields, which are almost similar.

Reported average yield of the variety as per ICAR report
[17] is 23.1 q/acre. As per ICAR (kvk.icar.gov.in), the
average recorded yield of Sunehri (PBW 766) crop is 554.4
g /m2 (23.1 q/acre). In the present study, the test field receiv-
ing the chemical fertilizers produced 676.3 g/m2 yield,
which is 27.31 q/acre whereas ACBD effluent receiving test
field yielded 662.8 g/m2 wheat yield, which is 26.82 q/Acre
(Fig. 2, Table III). Thus, the test field where the effluent of
the Automated Compact Bio-Digester (ACBD) was used
demonstrated a noteworthy increase of approximately 20%
compared to the average and almost comparable to that
receiving urea and DAP fertilizers.

Thus, the effluent derived from the ACBD exhibits com-
parable effectiveness to chemical fertilizers such as urea,
muriate of potash and di-ammonium phosphate (DAP).
This result is promising as it indicates that organic waste
converted into organic fertilizer through the ACBD can
contribute positively to agricultural productivity without
reliance on synthetic chemicals. The nutrients locked up in
organic wastes become available by microbial action [5],
[6]. Also, the utilization of ACBD effluent in agricultural
practices aligns with sustainable development goals by
promoting environmentally friendly and resource-efficient
farming techniques.

3.4. Design of Integrated Biodigester and Kitchen Cook-
ing Gas Assembly
The integration of the Automated Compact Bio-

Digester (ACBD) into Kitchen LPG Cooking System as
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Fig. 2. Design of ACBD fitted into Modern Household kitchen cooking stand.

TABLE III: Yield of Sunehri (PBW 766) Wheat Crop with Chemical Fertilizer and Biodigester Effluent

Field/Fertilizer treatment Grain yield (g/m2) Grain yield (q/acre)

Test field (chemical fertilizers) 676.37 ± 2.82 27.3 ± 2.77
Test field (organic fertilizer from biodigester) 662.8 ±3.87 26.8 ± 1.93

a module will be a promising technology advancement
in waste management. This design depicted in Fig. 2 can
directly address the challenge of household organic waste
management while also providing a solution to the short-
age of clean fuel for cooking and organic fertilizer for
farms and gardens. By incorporating anaerobic digestion
technology within the Kitchen Cooking System, the pro-
posed design offers a practical alternative for converting
organic waste into biogas and organic fertilizer.

This innovative approach overcomes the limitations
associated with conventional biogas techniques, which
often require large open spaces and sunlight to operate
efficiently. By integrating the ACBD into the kitchen LPG
cooking system, the system can function effectively within
the confines of a household, eliminating the need for
external space and sunlight. Additionally, the modified
bioreactor design helps mitigate the foul smells typically
associated with anaerobic digestion processes, making it
suitable for indoor use.

3.5. Anaerobic Digestion Technology and SDGs

This comprehensive approach of using AD technology
using Anaerobic compact biodigester (ACBD) in kitchen
has the potential for addressing several issues that will be
effective towards various sustainable development goals,
such as, reducing waste disposal problems, recovering
renewable biogas energy from the kitchen waste, reutili-
sation of the nutrients locked up in the waste as organic
fertilizer for plants, along with management of the solid
waste. The integration of the ACBD into the Kitchen LPG
Cooking System holds promise for addressing waste man-
agement challenges and meeting energy needs partially at
the household level. By providing a convenient method for
converting organic kitchen waste into valuable resources,
this technology has the potential to contribute significantly
to sustainable development goals related to waste manage-
ment, clean and affordable energy access, and improved

agricultural productivity required to meet the SDG of
zero hunger. Further research and development efforts
in this area can help refine the design and optimize its
performance for widespread adoption.

According to data provided by the Delhi Pollution Con-
trol Committee, the average per capita Municipal Solid
Waste (MSW) generation is 680 g and kitchen waste con-
stitutes approximately 32% of the total waste. This implies
that an average of 224.4 g per capita of MSW is generated
in the form of kitchen waste, which can be easily reduced
if we use ACBD technology. This approach not only offers
environmental benefits but also economic advantages. By
treating kitchen waste at the source, households can save
up to 32% of the cost associated with MSW collection,
segregation, treatment, and disposal.

Moreover, implementing source-level treatment of
kitchen waste can address various challenges associated
with MSW management. It has the potential to reduce
the population of stray animals, minimize the risk of
bioleaching, curb the spread of infections, and mitigate
unpleasant odours commonly associated with waste
disposal. These benefits underscore the significance of
adopting decentralized waste management strategies, such
as treating kitchen waste at the source, to achieve more
sustainable and efficient MSW management practices. The
ACBD technology, when scaled up for larger installations
in hotels, mess, canteens, and restaurants at large scale
would need human intervention at various stages, includ-
ing kitchen waste collection, operation of ACBD facilities,
and management of by-products. This will also create
job opportunities, providing income and livelihoods for
individuals and communities affected by extreme poverty,
ultimately aiding in breaking the cycle of poverty.

Implementation of ACBD systems will thus contribute
towards addressing several Sustainable Development
Goals (SDGs). Firstly, by generating biogas as a clean
fuel (SDG 7), ACBD systems help mitigate the adverse

Vol 6 | Issue 3 | June 2025 27



Automated Compact Biodigester for Anaerobically Transforming Kitchen Waste to Biogas Bhardwaj et al.

effects of household waste while reducing the discharge
of waste leachate into surface and groundwater resources,
thereby addressing pollution in water bodies (SDG 6 and
SDG 14). In addition, ACBD technology offers a sustain-
able solution to waste management challenges, reducing
soil and air pollution and minimizing the need for large
landfill sites (SDG 15). Moreover, on a larger scale,
anaerobic digestion can mitigate adverse environmental
impacts associated with urban waste management (SDG
12), including air pollution, health risks, water pollution,
and land use change. Various impacts of AD technology
on sustainable development have been critically reviewed
recently highlighting its importance [18].

Furthermore, anaerobic digestion has the potential to
mitigate conflicts stemming from greenhouse gas emis-
sions and improper waste management practices, thereby
contributing to the achievement of SDGs related to peace,
justice, and strong institutions (SDG 16). This compre-
hensive understanding may help policymakers, financers,
and investors to allocate resources strategically or foster
collaborations with organizations, governments, and com-
munities. Moreover, the research outcomes are expected
to benefit the academic community specializing in AD
research, empowering them to consolidate ongoing or
future studies related to the nexus between AD and SDGs,
thereby garnering support from governmental bodies and
private industries alike.

4. Conclusion

Comprehensive assessment of household kitchen waste
(KW) generation trends across three states of India,
namely, Delhi-NCR, Uttarakhand, and Himachal Pradesh
has shown that an average family size of five persons
produces approximately 517 g kitchen waste per day.
Household kitchen waste in a substrate to water ratio
of 1:3 and a reaction volume of 60 L capacity biodi-
gester can produce about 3.4 L/d biogas using 250 g KW
substrate every day employing the Automated Compact
Bio-Digester (ACBD) system. This biogas can substan-
tially supplement the energy needs in our kitchen by
developing a modular ACBD integrated to Kitchen LPG
system. The slurry from the biodigester is nutrient rich,
which can be used as organic fertilizer in garden, kitchen
garden or crop fields as it has been found to boost crop
growth and yield in test plots growing Sunehri wheat.
Its performance is as good as chemical fertilizers added
together as urea, DAP and muriate of potash. The organic
fertilizer is environmentally safe and free from the side
effects of synthetic fertilizers that cause nitrate pollution
of ground water, eutrophication of surface waters and
has energy costs involved along with carbon emissions
during production. The ACBD technology meets several
Sustainable Development Goals (SDGs) by generating job
opportunities, clean fuel, reducing pollution, help boost
crop production and promoting sustainable waste manage-
ment practices.
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