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ABSTRACT: Municipal solid waste is considered as a potential source of energy as it can yield a good 
quantity of bio-gas through organic digestion process. At the same instant this mode of waste management 
can be implemented in large scale for the developing countries where the fraction of organic materials is 
higher in solid waste. Application of appropriate design principle as well as the optimization tools upon the 
controlling parameters of a particular biogas digester results in a drastic development of energy recovery 
from municipal solid waste (MSW). The present study illustrates the categories as well as the design aspects 
of biogas digester considering the baseline data of Agartala city, India. The design approach narrates the 
necessity of 18 nos of biogas digesters of 7.60 m dia and 7.00 m height for Agartala city by the year 2021. 
However shortage of field base data of solid waste production & characterization for newly developed urban 
bodies of the sate emerges as a major challenge in formulizing the bio-gas production plan for such areas. 
The study will serve as a baseline study for further project planning regarding energy source generation 
through bio-gas technology in urban and semi urban zones.  
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Abbreviations: MSW, Municipal Solid Waste; BOD, Biochemical Oxygen Demand; COD, Chemical Oxygen 
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I. INTRODUCTION 

The rapidly increasing population along with migrants 
from rural areas and industrial expansion, lead to 
enormous increase in the amount of municipal waste 
resulting in socio-economic and environmental issues 
worldwide [1]. Overall management of Municipal Solid 
Waste (MSW) is a challenge rather than an opportunity 
to obtain other commodities like recycling materials, 
energy etc [2]. Relying on the socio-economic status, 
climate, and energy sources, MSW composition varies 
from one country to another. Generally it is found that, 
the proportion of organic waste is highest in the low-
income countries compared to the high income 
countries, where MSW is composed by inorganic 
materials in a predominant manner [3]. The World Bank 
estimates a report in which it is mentioned that currently 
1.3 billion tonnes of waste is generated per year all over 
the world; and by 2025 this amount will increase to 2.2 
billion tons per year [4]. This shows an urgent need of 
effective deftness to treat the increasing rate of MSW 
generation around the globe. However, in developed 
countries waste is used by a resource to produce 
energy, heat, fuel and compost, where as, in developing 
countries collection, transport and disposal of waste are 
current issues. The Waste-to-energy technologies 
(WTE-T) are promising technologies, particularly for the 
developing countries, to switch waste into resources. In 
the developed world Waste-to-energy technologies are 

being a part of their Integrated Solid Waste 
Management Systems to not only produce other by-
products but also to locate global warming and climate 
change [5]. Waste-to-energy (WTE) processes aims to 
recuperate the energy from the waste through either 
direct combustion (e.g., incineration, paralysis, and 
gasification) or by producing combustible fuels in the 
forms of methane, hydrogen, and other synthetic fuels. 
Biogas which is a clean and renewable form of energy is 
produced through anaerobic degradation in a very 
complex process that requires certain environmental 
conditions as well as different bacteria populations [6, 
7]. Conventionally Biogas reactors commonly known as 
digesters are utilized for generating biogas from organic 
feed through a series of bio-chemical reactions. Bio gas 
is a potential mode of solid waste management that 
ensures the energy recovery in a much cleaner manner 
which is eco-friendly too.  
Several controlling factors are normally considered in 
the design of suchlike digesters suitable for the 
biodegradation and indeed stabilization of MSW, with 
the attendant production of biogas, and an in depth 
analysis both qualitatively and quantitatively is needed 
for developing waste to energy plan for a city by means 
of biogas production. In the present study, an attempt is 
made for analyzing such factors essentially related to 
biogas production considering the case study of 
Agartala city. 
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II. ENERGY STATISTICS OF INDIA 

As on 31.03.16, the estimated coal reserve in India were 
308.80 billion tonnes and that of crude oil stood at 
621.10 million tonnes (MT). The estimated reserves of 
Natural Gas in India as on 31.03.2016 stood at 1227.23 
Billion Cubic Meters (BCM) as against 1251.90 BCM as 
on 31.03.2015. There is high potential for generation of 
renewable energy from various sources like wind, solar, 
biomass, small hydro etc in India. The total potential for 
renewable power generation in the country as on 
31.03.16 is estimated at 1198856 MW including 
Biomass power of 17,538 MW (1.46%),  5000 MW 
(0.42%) from bagasse-based cogeneration in sugar 
mills, and 2556 MW (0.21%) from waste to energy. 
Despite of having a good potential the contribution of 
the state of Tripura is merely 0.18% including a share of 
3 MW of biomass based energy and 2 MW of waste to 
energy in the wise distribution of renewable energy, as 
per the reports of the Ministry of New and Renewable 
Energy. The commercial sources shows the production 
of energy in peta joules which mentions that Coal was 
the major source of energy, accounting for about 
70.25% of the total production during 2015-16. Crude 
Petroleum was the second (11.24%), while Natural Gas 
(9.02%) was the third major source. Fig. 1 depicts the 
gradual increment of availability of electricity in the 
country [8].  
The growing trend shows that the demand of electricity 
in the country is increasing in a steady rate with the 
urban as well as rural development schemes. To cope 
up with this trend it becomes an urgent necessity to 
increase the electricity production at the same pace. At 
the same instant it is also essential to ascertain the 
sustainability with respect to the energy resources of the 
country. In this particular platform, the renewable 
sources appear to as a promising alternative to fulfil the 
growing energy demand. With this concept the option of 
biogas and waste to energy can be further harnessed in 
order to extract maximum output from those sources. 

 

Fig. 1. Electricity availability statistics of India [8]. 

III. MECHANISM OF BIOGAS PRODUCTION 

Biogas technology is an idealized technology which 
inflicts an attractive route to utilize a range of lingo-
cellulosic biomass and other organic refuses, such as 
crop residues, vegetable wastes, food waste and even 
the organic fraction of MSW. Biogas production process, 
an anaerobic fermentation process, involves 
decomposition of biomass, through four groups of 
microorganisms into energy and manure [9].  

Fig. 2 shows diagrammatically the four steps involved in 
the biogas production process along with a schematic 
representation of major chemical reactions involved 
[10]. 
Hydrolysis is the foremost step of biochemical reaction 
involved in the production of biogas. The organic 
molecules of biomass which are complex in nature 
(carbohydrates, lipids, and proteins) are broken down by 
cellulolytic, lipolytic, and proteolytic bacteria, 
respectively, into smaller unit like monomer sugars, 
amino acids, alcohols, and fatty acids. The bacterial 
population undertaking such reactions belong to genera 
Bacteroides, Lactobacillus, Propionibacterium, 
Sphingomonas, Sporobacterium, Megasphaera, 
Bifidobacteriumetc [11]. The acidogenic group bacteria 
further break down the products obtained in hydrolysis, 
into short chain organic acids like lactic acid, propionic 
acid , and butyric acids along with gases like NH3, H2S, 
CO2 and H2 in the acidogenesis stage of biogas 
production involving facultative and obligate anaerobic 
fermentative bacteria, like Clostridium spp., 
Desulphovibrio spp., Corynebacterium spp., 
Lactobacillus spp., Staphylococcus spp.,  Escherichia 
coli etc [12]. Acetogenesis is the next step to produce 
biogas, in which the volatile fatty acids and ethanol are 
further converted into acetic acid, hydrogen, and CO2 by 
acetogenic bacteria [10].  In the final stage the oxygen 
demand (BOD, COD) of residual waste decreases by 
transforming acetic acid to the gaseous products like 
CH4 and CO2. Some microbial species, which are 
known ashydrogenotrophic methanogens, can generate 
methane from the CO2 and H2 formed as products in 
previous stages during the final stage [13].  
The chemical kinetics is an important tool to analyze 
any sort of chemical reactions. Accordingly certain 
kinetic models have been manifested to explain the 
anaerobic fermentation process. Among these the 
Monod model is one which is presented as most 
prominent kinetic relationship where it explains a 
hyperbolical relation among the exponential microbial 
growth rate and substrate concentration. In this model, 
the two kinetic parameters, particularly, microbial growth 
rate and half velocity constant determines, and predict 
the circumstances of the timing of highest biological 
activity and its cessation. The rate of substrate 
utilization can be evaluated by this model using the 
following equation [14]: 
rS= qmaxSx/K + S, 
Where, S is the limiting substrate concentration, K is 
half constant, x is a concentration of bacterial cells, and 
qmax is the maximum substrate utilization rate. 
The aforesaid equation is contextual for low substrate 
concentration. However, for high substrate 
concentration, the equation is rewritten as: 
rS = qmax · x. 
 An alternative equation was developed by Hashimoto to 
describe the kinetics of methane fermentation regarding 
certain parameters. In accordance with this equation, for 
a given loading rate So/q everyday volume of methane 
per size of digester depended on the biodegradability of 
the biomass and kinetic parameters µm and K [10].  

rV = (Bo ´ So/q ) · {1– (K/q µm – 1 + K)} 

where, rv is volumetric methane production rate, [CH4]
– 1 

digester d
– 1

 
So is influent total volatile solids (VS) concentration, gl

– 1
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Bo is ultimate methane yield 
q is hydraulic retention time d

– 1
 

µm is maximum specific growth of microorganism d
– 1

 
K is a kinetic parameter. 

IV. TYPES OF BIOGAS DIGESTORS 

There are three prime technologies for biogas plant. 
These are: 
1. Floating type model Biogas plant. 
2. Plug flow digester. 
3. Fixed dome model biogas plant. 
In 1956, a design of floating drum biogas plant popularly 
known as Gobar Gas plant was developed by Jashu 
Bhai J. Patel in India which the Khadi and Village 
Industries Commission (KVIC) of India approved in later 
years and soon it became popular by the name KVIC 
model [15]. The tank consists of cylindrical dome which 
is made of stainless steel that floats on the slurry and 
collects the gas generated. The gas can be taken out by 
an outlet pipe. The plug-flow type of anaerobic digester 
having a narrow horizontal tank in which manure is 
added at a constant rate and that force other material to 
move through the tank and be digested. Generally the 
plug flow digesters are made up of reinforced concrete, 
steel or fiberglass. Fixed dome also called as Chinese 
model biogas plant or drum less digester was built in 
China during the year 1936. Fixed dome digesters are 
usually built underground with cement concrete [16]. 
The used slurry is expanded and is overflowed into the 
overflow tank.  
 
 
 
 

V. DESIGN OF BIOGAS DIGESTER 

The design of the digester is done for MSW of Agartala 
city with the data available in different literatures.  
The design of the digester has been divided in three 
parts  
Part 1: Design of Biogas Digester 
Part 2: Design of Gas Collecting Dome 
Part 3: Design of Inlet and Outlet Arrangements 
At the very first step the daily inflow of slurry along with 
the detention time is calculated using the following 
equation 

                                              t = 
�

��.�.�
 - 1 

where, 
t = detention time 
kd = rate co-efficient of sludge BVSS anaerobic 
destruction = 0.272 (1.048) (θ

-33
)
  

n = residual fraction of BVSS at the end of digestion 
�  = Correction factor for actual raw sludge BVSS 
content 
Using these values the volume, surface area and 
detailed size of the digester is calculated. Further the 
size of gas dome is calculated based on the theoretical 
yield of biogas per day adding sufficient provision of free 
board. Suitable inlet outlet valve should be provided in 
the tank in order to control the flow pattern in both of the 
ways [17-19]. 
The predicted MSW generation of Agartala city for the 
year 2021 is 249.41 MT/day having a organic 
percentage of 55.46% approximately [20]. A design of 
pilot unit for stated waste quantum of biogas plant 
framed depending upon certain assumptions is 
presented in Table 1. 

 

Fig. 2. Schematic representation of steps involved in Biogas Production [9]. 

Table 1: Design of Biogas Digester. 

Total quantity of MSW 249.41 MT 

Organic Fraction 55.46% 
 

Quantum of MSW for Biogas production 138.32 MT 

 
138320 Kg 

Assuming 6 nos of digester in each zone of Agartala Municipal Corporation, no. of 
digesters 

18 
 

Waste quantity per reactor 7684.44 Kg 

Add 20% water for diluation 1536.89 Kg 

Waste inflow 9221.33 kg/day 

 
9221.33 lit/day 

kd (Assuming digester temperature to be 38
o
C) 0.344 

 
N (Assumed) 0.15 

 
Σ (Assumed) 1 

 
Detention time (t) 20 days 

Volume of each digester 184.43 cum 

Assuming hydraulic loading rate (HLR) for an anaerobic digester as 200L/day/m
2
, 

surface area of each reactor 
46.11 sqm 

Approximate diameter corresponding to the surface area 7.60 m 

Height of the digester adding necessary free board 7.00 M 
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VI. CONCLUSION 

A sizeable part of organic waste is converted into a 
convenient source of energy and it is a precious asset. 
The simultaneous generation of digestate, which can be 
turned into a soil amendment, may be an added 
advantage. Furthermore, the output efficiency of such 
digesters can be maximized by appropriate design and 
optimization of controlling factors. In the present study 
different types of digesters has been explained and the 
design step of commonly used biogas digester has also 
been discussed in the light of energy statistics of the 
country considering the case study of Agartala city. The 
case study indicates that theoretically 18 nos of biogas 
digesters of 7.60 m dia and 7.00 m height are essential 
to digest the organic fraction of MSW of Agartala city by 
the year 2021. This particular approach can be utilized 
in the establishment of biogas plants to convert 
municipal solid waste into energy by considering the 
field base data and optimization techniques which can 
be further improved by simulation studies in future 
course of studies. 
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