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Abstract: Municipal solid waste (MSW) generation has increased due to population growth,
urbanization, and changing lifestyles. Biodegradable waste such as food waste, vegetable residues, and
paper waste causes environmental pollution when disposed improperly. Anaerobic digestion is an eco-
friendly method that converts organic waste into biogas and nutrient-rich slurry through microbial
action in the absence of oxygen. Biogas can be used as a renewable energy source, while the slurry can
be used as organic fertilizer. The present study focuses on Assessment of generation of solid waste and
biogas production from foodwaste with cowdung and paper mill waste. Assessment of generation of solid
waste was conducted at Akshaya College of Engineering and Technology (ACET-Autonomous)
Coimbatore covering an area of 16 acres (4,55,694 sq.ft). A Dheenabandhu-type biogas plant with a
utilizing a combination of food waste and cow dung as feedstock under anaerobic digestion. The
increasing generation of organic waste in educational institutions demands sustainable and sustainable
and efficient waste management solutions

Keywords: Biogas Production, Anaerobic Digestion, Solid Waste management, Renewable Energy,
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I. INTRODUCTION

Solidwaste management has become a major environmental concern due to rapid population growth, urbanization and
increased consumption patterns .Solid waste refers to unwanted or discarded materials generated from households,
institutions, agriculture and industries. In institutional environments such as Tamilnadu Agricultural University, large
quantities of biodegradable waste are produced daily from hostels, canteens, farms and dairy units. Improper disposal
of such waste can lead to environmental pollution, greenhouse gas emissions and health hazards. Therefore, sustainable
waste management techniques are essential to reduce waste accumulation and promote resource recovery .Converting
organic waste into useful energy through biological processes is one of the most effective solutions for managing
biodegradable solid waste.

Biogas is a renewable and eco-friendly source of energy produced through the breakdown of organic matter in the
absence of oxygen. It primarily consists of methane (CH4) ,carbon dioxide (CO2) and trace gases. Biogas technology
plays a vital role in converting organic waste into clean energy while reducing environmental pollution. the use of
biogas systems in institutions and rural areas helps in minimizing dependence's on conventional fossil fuels and
promotes sustainable development. In campus like Tamilnadu Agricultural University. Biogas plants utilize waste such
as food residues,cow-dung, paper waste and agricultural by products to generate fuel for cooking and other
applications. Additionally the by product of biogas production known as slurry, serves as a nutrient rich organic
fertilizer, enhancing soil fertility

1.1 Anaerobic Digestion Process

Anaerobic Digestion is a biological process in which microorganisms breakdown organic waste in the absence of

oxygen(02).It uses materials like food waste,cow-dung,paper sludge and agricultural residues .this process takes place
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inside a closed container called a digester.it produces biogas(mainly Methane (CH3) and Carbon dioxide(CO2)) and
slurry (a nutrient rich fertilizer)lit is an eco-friendly method of waste management and energy production.
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1.2 Objectives of the study
1. To study the working principle of the existing biogas plant in Tamilnadu Agricultural University.
2. To collect and analyze the different types of biodegradable waste such as food waste ,cow-dung and paper waste

used as feed stock.
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Fig 1.Anaerobic Digestion Process

3. To investigate biogas production using selected organic waste materials.
4. To measure the quantity of biogas produced under different feeding conditions.

5. To study the effect of waste composition on biogas yield through experimental observation.

6. To analyze the properties and usage of slurry obtained after digestion.
7. To identify operational issues during experimentation and suggest improvements.
8. To assess the overall performance of the biogas plant through practical investigation.

II. LITERATURE REVIEW
Author(s) & Year Study Type Feedstock / Substrate System / Conditions | Key Findings
. . H, t ture, C/N | Bi ield d d
Gyadi et al., 2024 Review Food waste, manure P, temperature 10gas yield depends on

ratio optimized parameters
Trivifio-Pineda et al., . . . 42-69% MSW | High tential
2812‘2110 feda et a Meta-analysis | Organic solid waste organico ( Slig7 k\;ﬁfg potertia

Pre-treatment

Methane yield improves

Kasinath et al., 2021 Review Organic waste . LT
methods with optimization
. . table digestion; ~20
Alam et al., 2022 Experimental Food waste 37°C (mesophilic) Stab ? digestion 7
mL biogas
Karthik et al., 2023 Experimental Kitchen waste pH ~7, 37°C High  methane  from
starchy waste
Karne et al., 2024 Experimental Food waste (rice, | 24-28°C High yield (554 L/kg)
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chapati)
. I d ield with
Ahmed et al., 2019 Experimental Cow dung slurry 27-31°C, catalyst tiproved gas yieid wi
catalyst
F + + chick 29 thane; tt,
Hussaro etal, 2017 | Co-digestion | 004 * Ve *ehicken | o ¢ 30°C 72%  methane;  better
dung C/N ratio

Manonmani et al.,
2017

Co-digestion

Cow dung + food
waste

40 days digestion

Increased yield with
continuous feeding

Padmavathy et al.,
2024

Co-digestion

Vegetable waste + cow
dung

2:1 ratio, 35°C

66% methane; improved
stability

Higher yield in mixed

Wembe et al., 2023 Experimental Hyacinth + manure 40 days
substrates
A igesti
Pilarski et al., 2025 Review Multi-feedstock dvanced - digestion Up to 98% efficiency
systems
. Food te + d I d f tati
Ohetal., 2018 Experimental O.O waste WO 350¢ mprAO ve ermentation
chips efficiency
. High th, ield
Shehata et al., 2024 Experimental Cooked food waste ~21°C igher . mefhane - yie
from cooked food
. . . Temperature affects
Jameel et al., 2024 Review Food waste 10-20 days digestion
methane onset
2. k i
Mezgebo et al., 2019 Experimental Biomass (food waste) 13 days 32.9 . g/day  biogas
production
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III. METHODOLOGY
3.1 Description of Akshaya College of Engineering and Technology
The initial phase of the study was carried out at Akshaya College of Engineering and Technology in Kinathukadavu.
The campus consists of academic blocks, hostels, and mess/canteen facilities, which generate a considerable amount of
organic waste on a daily basis. Akshaya College of Engineering and Technology is located in kinathukadavu,
Coimbatore. The campus extends over an area of 16 acres with a total built-up area of approximately 4,55,694 sq.ft,
consisting of academic buildings, laboratories, administrative block, hostels, and other facilities. Due to large campus
population, a considerable amount of solid waste is generated daily. The college produces around 500 kg of food (wet)
waste from canteens and hostels, and about 560 kg of dry waste such as paper, plastic, and packaging materials from
academic and administrative activities. To manage biodegradable waste, the campus is equipped with a Dheenabandhu
type biogas plant having a capacity of 17,650 litres. This system processes organic waste through anaerobic digestion,
producing biogas that can be used as a renewable energy source for cooking or other applications within the campus.
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Figure : 3. ACET Campus
Table No.1 ACET Campus Block Description:
Block No. of. No. of. Library No. No.f. Restrooms
class rooms | Staff rooms of. Labs | Boys Girls Staff Open yard

A 6 1 1 1 - 2 -

B 1 - - 10 - - -

C 8 - - 1 - - -

D 3 2 - 2 - - - 1

M 6 10 - 2 2 - 3

E 16 6 - 12 2 2 2 -

F - - - 3 - - - 1

R R
Boys 102 1 - - 7 - 1 1
Hostel
Girls 63 1 - - - 4 1 1
Hostel
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Mess - 1 - - - - - -
Andhra - - - - - - - -
Mess
Food - - - - - - - -
Court

Gym - - - - - - -

3.2 Data Collection of Building Blocks

The detailed survey of the entire college campus to understand the infrastructure and waste generation sources. All
major blocks such as academic buildings (A, B, C, D, E, F, M, R), hostels (boys and girls), mess, food court, and other
facilities are considered. Data collected includes number of classrooms, laboratories, staff rooms, restrooms, and the
population using each block. This is essential because waste generation is directly related to the number of users and
activities carried out in each location. For example, academic blocks mainly generate dry waste, whereas hostels and
mess generate large quantities of wet (organic) waste. Proper data collection ensures accurate estimation of total waste
generation and helps in designing an efficient waste management system.

3.3 Identification and Quantification of Solid Waste

After data collection, the next step involves identifying and quantifying the solid waste generated from each block.
Waste is categorized into two main types: Each source is analyzed individually to determine the quantity of waste
generated per day (in kg). The study shows that the majority of wet waste is generated from hostels and mess facilities,
while dry waste is mainly from classrooms and offices Dry Waste: paper, plastic, packaging materials, dust, etc. Wet
Waste: food waste, vegetable peels, leftover food, organic matter Main Block is located at East side of the plot area.It
consist of various blocks such as: A-Block is located at North side of the plot area. B-Block is located at North side of
the plot area. C-Block is located at south side of the plot area. D-Block is located at south side of the plot area.

Table No. 2 Quantity of Solid waste generation at Main Block

Copyright to IJARSCT
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Block A B C D M

Class Room DW (kg) 5 0.5 7.25 2.5 5
WW (kg) - - - -

Staff Room DW (kg) 1 - - 3 8
WW (kg) - - - -

Labs DW (kg) 0.5 7 0.5 1 2
WWke) | : : :

Library DW (kg) 0.5 - - - -
WW (kg) - - - - -

Boys DW (kg) - - - - -
WW (kg) - - - - -

Girls DW (kg) - - - - -
WW (kg) 2 - - - 2

Staffs DW (kg) - - - - -
WW (kg) - - - - 3

Open Yard DW (kg) 1 1 1 1 1
WW (kg) - - - - -
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Table No.3 Quantity of Solid waste generation at E-Block
Class Staff Labs Restrooms Open
Rooms Rooms Boys Girls Staff Yard
DW | WW |DW | WW | DW | WW | DW | WW |DW |WW | DW | WW | DW | WW
Block
E 10 - 3 - 8 - - - - 2 - 1 - -
Table No. 4 Quantity of Solid waste generation at R-Block
Class Staff Labs Restrooms Open
Rooms Rooms Boys Girls Staff Yard
DW | WW |DW | WW | DW | WW | DW | WW |DW |WW | DW | WW | DW | WW
Block
R 10 - 3 - 8 - - - - 2 - 1 - -
Table No. 5 Quantity of Solid waste generation at Boys Hostel
Rooms Staff Labs Restrooms Open
Rooms Boys Girls Staff 'Yard
DW WwWw DW WwW DW WW DW WW DW WW DW WW DW |[WW
Bloc k
IBoys
Hostel 20 - 1 - - - - 2 - - - 0.5 S -
Table No. 6 Quantity of Solid waste generation at Girls Hostel
Rooms Staff Labs IRestrooms Open
IRooms Boys Girls Staff Yard
DW WW DW WW DW [WW DW WwW DW [WW DW |WW DW |[WW
Block
Girls
Hoste 1 10 15 3 2 - - - - S 15 1 1 7 -
Table No.7 Quantity of Solid waste generation at Mess
Dinning Staff Hall Restrooms Open Yard
Hall Labs Boys Girls Staff
DW | WW |DW | WW | DW | WW | DW | WW | DW |WW | DW | WW | DW | WW
Bloc k
Mess 5 25 1 2 - - - - - - - - - -

Table No.8 Quantity of Solid waste generation at Andhra Mess

Dinnin g Staff Hall Restrooms Open Yard
Hall Labs Boys Girls Staff
DW WwWw DW Ww DW WW DW WW DW WW DW WW DW |[WW
Bloc k
\Andh
ramess 2 5 - - - - - - - - - - - -
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Table No.9.Quantity of Solid waste generation at Food Court
Hall Staff ILabs Restrooms Open
IRooms Boys Girls Staff 'Yard
DW WwW DW WW DW WwW DW WW DW WW DW [WW DW WW
Bloc k
Food 10 5 - - - - - - - - - - - -
Court
Table No.10 Quantity of Solid waste generation at Gym
Hall Staff ILabs Restrooms Open
Rooms Boys Girls Staff 'Yard
DW WwW DW WW DW |WwW DW WW DW WW DW [WW DW WW
Bloc k
Gym 2 - - - - - - - - - - - - -

3.12. BIO-METHANATION UNIT
3.12.1 In Akshaya College of Engineering and Technology(ACET)
In Akshaya College of Engineering and Technology(ACET) Dheenabandhu type fixed dome biogas plant with a
capacity of approximately 17,650 liters. This type of digester is constructed underground using brick or concrete and
does not have any moving parts.
e Inlet Chamber-The inlet chamber is used to feed the slurry into the digester. The mixture of FW, CD or PS,
and water is added through this section.
e Digester-The digester is the main chamber where anaerobic digestion occurs. Microorganisms break down
organic matter and produce biogas in the absence of oxygen.
e Outlet Chamber-The outlet chamber removes the digested slurry. As new slurry is added, the old slurry is
pushed out.
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Fig No. 6.0utlet Chamber ACET Campus

IV. RESULT AND DISCUSSION
The experimental study was structured to evaluate the performance of a Dheenabandhu type fixed dome
biomethanation unit for the conversion of organic waste into renewable energy. While preliminary substrate
characterization was initiated at Akshaya College of Engineering and Technology,

4.1.1 Environmental and Institutional Impact

This biomethanation approach serves as a sustainable solution for institutional waste management, particularly for
college campuses. The system effectively reduces the volume of organic waste while generating biogas suitable for
cooking applications. Furthermore, the digested slurry collected at the end of the process is nutrient-rich, containing
essential elements like nitrogen, making it a high-quality organic fertilizer that promotes sustainable agricultural
practices. Overall, the study confirms that a waste-to-energy approach using a Dheenabandhu plant is technically
feasible, cost-efficient, and eco-friendly.

4.2. INITIAL CHARACTERISTICS of SUBSTRATE

The initial characteristics of the substrates used in the study were analyzed to understand their suitability for anaerobic
digestion and biogas production. The selected wastes include FW, CD, and PS, which were tested for parameters such
as pH, moisture content, TS (TS),VS (VS), nitrogen content, total organic carbon (TOC), and C/N ratio. The results
indicate that CD has a higher nitrogen content, which supports microbial growth, while FWcontains higherVS,
indicating good biodegradability. PS shows a higher carbon content and C/N ratio due to its fibrous nature, which may
slow down the digestion process. These initial characteristics play an important role in determining the efficiency of
biogas production, as a balanced C/N ratio and suitable No. pH are essential for effective anaerobic digestion. The
values obtained are presented in the Table 4.1. below.

Table No. 11.Chemical composition of CD

S.No Parameter Value
1. pH 6.8

2. Moisture Content (%) 85

3. EC (mS/cm) 4.6

4. TS (%) 69.67
S. TDS (mg/L) 5.32
6. VS (%) 52.5
7. 'VFA (mg/L) 285
3. INitrogen (%) 2.8

9. TOC (%) 53.4
10. C/N Ratio 19.07
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Table No.12 Chemical composition of FW
S.No Parameter Value
1. pH 5.9
2. Moisture Content (%) 80
3. [EC (mS/cm) 13.8
4. TS (%) 93.56
5. TDS (mg/L) 8.12
6. VS (%) 86.3
7. IVFA (mg/L) 356
8. Nitrogen (%) 1.6
9. TOC (%) 39.7
10. C/N Ratio 24.81

5.1 SUMMARY

The present study was carried out to investigate the efficiency of anaerobic digestion for biogas production using
biodegradable waste materials such as FW, CD, and PS. The study was initiated at Akshaya College of Engineering and
Technologyat Kinathukadavu, where preliminary work including literature review, problem identification, and
substrate selection was performed. Due to limitations in experimental facilities and insufficient availability of organic
waste,

5.2 SCOPE FOR FUTURE STUDY
The following suggestions are recommended for further study:
e Substrate Analysis: Detailed analysis of substrates can be carried out by studying additional parameters such
as lignin, cellulose, and hemicellulose content to better understand degradation characteristics.
e Biogas Production Optimization: The efficiency of biogas production can be improved by optimizing
operating parameters such as Temperature, pH, Hydraulic Retention Time (HRT), and Organic Loading Rate
(OLR).
e Co-digestion Studies: Further studies can be conducted by incorporating other biodegradable wastes such as
agricultural residues, vegeTable No. market waste, and industrial organic waste along with FW, CD, and PS.
e  Kinetic Modeling: Advanced kinetic models can be applied and compared with the Modified Gompertz model
to improve prediction accuracy of biogas production.
e Pilot Plant Study: A pilot-scale biogas plant can be implemented using FW generated from institutional hostels
or canteens to evaluate large-scale feasibility of the process.
e Biogas Upgradation: Further research can be carried out on purification and upgrading of biogas to
biomethane for use as vehicle fuel or for injection into gas grids.
e Slurry Utilization: Detailed studies can be conducted on the use of digested slurry as an organic fertilizer,
including its effect on soil properties and crop yield.
e Continuous Digestion System: Instead of batch process, continuous feeding systems can be studied to improve
efficiency and ensure steady gas production
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