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ABSTRACT
This project deals with designing and fabricating a biogas digester which is
focusing on Indian type. The objective of this project is to design a biogas digester that
can produces biogas with specific flow rate. The digester that uses floating roof will
produces constant pressure biogas. The specifications for the design will meet the type
and specifications of the diesel engine that will run the generator. The fabrication of lab
size digester was done by using 200 litres barrel. Biogas, a clean and renewable form of
energy could very well substitute (especially in the rural sector) for conventional
sources of energy (fossil fuels, oil, etc.) which are causing ecological–environmental
problems and at the same time depleting at a faster rate. Utilization of biogas has gained
importance in recent years, mainly due to the availability of cheap raw materials and
environmental compatibility. Further, with an increase in the cost of petroleum
products, biogas can be an effective alternative source of energy for cooking, lighting,
food processing, irrigation and several other requirements. In essence, a biogas digester
involves anaerobic fermentation process in which different groups of bacteria act upon
complex organic materials in the absence of air to produce biogas. The efficiency of
anaerobic digestion essentially depends on intensity of bacterial activity, which is
influenced by several factors such as ambient temperature, temperature of digester
material, loading rate, retention time, pH value of digester content etc. Therefore, for
efficient performance of a biogas plant, it is necessary to regulate all the factors
suitably. The rate of biogas production also depends on the ambient temperature of a
particular region.
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ABSTRAK
Projek ini melibatkan merekabentuk dan fabrikasi pencerna biogas yang
berfokuskan kepada rekaan Indian. Objektif projek ini adalah untuk mereka pencerna
biogas di mana ianya dapat menghasilkan biogas yang kadar alirannya adalah tertentu.
Pencerna yang menggunakan atap jenis terapung akan menghasilkan biogas yang
tekanannya adalah malar. Spesifikasi rekabentuk akan memenuhi jenis dan spesifikasi
enjen diesel yang akan menjalankan generator. Fabrikasi pencerna yang bersaiz makmal
adalah dengan menggunakan tong 200 liter. Biogas, di mana ianya merupakan gas yang
bersih dan juga merupakan suatu bentuk tenaga yang boleh diperbaharui amat sesuai
bagi menggantikan (terutamanya di sektor luar kota) sumber tenaga konvensional
(bahan bakar fosil, minyak dan lain-lain) di mana ianya telah menyebabkan
permasalahan ekologi alam sekitar dan pada masa yang sama sumber tenaga ini
berkurangan dengan kadar yang pantas. Penggunaan biogas telah meningkatkan
kepentingannya semenjak tahun-tahun yang lepas, berikutan terdapatnya bahan-bahan
mentah yang murah dan persekitaran yang sesuai. Oleh sebab itu, dengan peningkatan
kos produk-produk dari petroleum, biogas boleh menjadi suatu sumber alternatif yang
efektif bagi memasak, pencahayaan, pemprosesan makanan, irigasi (pengairan) dan
lain-lain. Secara dasarnya, pencerna biogas melibatkan proses penapaian anaerobic di
mana beberapa kumpulan bakteria bertindak ke atas bahan organik kompleks dengan
ketidakhadiran udara dan seterusnya menghasilkan biogas. Kecekapan pencernaan
anaerobic dasarnya bergantung pada intensitas aktiviti oleh bakteria, yang dipengaruhi
oleh beberapa faktor seperti suhu persekitaran, suhu bahan di dalam pencerna biogas,
tempoh masa penapaian, waktu retensi, nilai pH kandungan di dalam pencerna biogas
dan lain-lain. Oleh sebab itu, untuk mendapat prestasi yang cekap dari pencerna biogas,
adalah perlu untuk menetapkan semua faktor yang sesuai. Peningkatan pengeluaran
biogas juga bergantung pada suhu sekitar bagi kawasan tertentu.
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CHAPTER 1

INTRODUCTION

1.1

PROJECT SYNOPSIS

1.1.1

General Project Synopsis
This project involves designing and calculating a biogas digester which is

focusing on Indian type that using floating roof type rather than fixed type roof. This
digester could be used by other students or lecturers in order to do some research that
relates with biogas. As the Bachelor final year project allocates the duration of one
semester, this project only focused on designing the digester that can produces needed
amount of mass flow rate.
The project will be funded by student final year project funding, UMP short
term project funding as well as sponsorship attained from industrial sponsors in terms of
equipments, products and also monetary funding.
1.1.2

Specific Project Synopsis
The project title is Design a Biogas Digester (Indian type). The project involves

designing and calculating a digester which is using floating type roof. This type of roof
can produces constant pressure biogas which then can be used to run the internal
combustion engine (ICE) that will drives generator so that electricity can be generated.
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1.2

PROBLEM STATEMENTS
This project will focus on the size of the digester in order to achieve aimed

output which is the biogas itself. Lack of biogas industry in Southeast Asia especially in
Malaysia, rising of fuel price and plenty of waste (cow dung) lead to a beginning of this
project.
For the digester itself, the common digester has a problem regarding the feeding
of the manure. The project will use plunger in order to push the manure into the
digester.
1.3

PROJECT OBJECTIVES
The objective of this project is to design and fabricate a biogas digester that can

produces biogas with specific flow rate. The design is referred to Indian type digester.
The digester will produces constant pressure gas.
1.4

PROJECT SCOPES
The scopes that involved in this project are literature review and the design of

the digester itself. The literature review is to practice the knowledge and skill of the
student that have been gathered before in solving problem using academic research.
This project also important to train and increase the student capability to get know,
research, data gathering, analysis making and then solve a problem by research or
scientific research.
As for the design, it is specified to Indian type that uses floating type roof, so
that the digester will keep the biogas pressure constant. The specifications for the design
will meet the type and specifications of the diesel engine that will run the generator.
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1.5

PROJECT PLANNING
This project is begun with collecting all possible data and information regarding

the given title via website, reference books, journal others relevant academic material. It
took about three weeks before continue for literature review. All gathered information
about biogas will be referred to compile the literature review.

CHAPTER 2

LITERATURE REVIEW

2.1

INTRODUCTION AND OVERVIEW
Anaerobic treatment is the use of biological processes, in the absence of oxygen,

for the breakdown of organic matter and the stabilization of these materials, by
conversion to methane and carbon dioxide gases and a nearly stable residue. As early as
the 18th Century the anaerobic process of decomposing organic matter was known, and
in the middle of the 19th Century, it became clear that anaerobic bacteria are involved
in the decomposition process. But it is only a century since anaerobic digestion was
reported to be a useful method for the treatment of sewage and offensive material. Since
that time, the applications of anaerobic digestion have grown steadily, in both its
microbiological and chemical aspects. The environmental aspect and the need for
renewable energy are receiving interest and considerable financial support in both
Developed and Developing Countries, expanding research and application work in these
directions, and many systems using anaerobic digestion have been erected in many
countries (Satyanarayan S., 1977).
Anaerobic digestion provides some exciting possibilities and solutions to such
global concerns as alternative energy production, handling human, animal, municipal
and industrial wastes safely, controlling environmental pollution, and expanding food
supplies.
Most technical data available on biogas plants relate primarily to two digester
designs, the floating cover and fixed dome models. Promising new techniques such as
bag, dry fermentation, plug flow, filter, and anaerobic baffled reactors should be

5

explored to establish a firmer technical base on which to make decisions regarding the
viability of biogas technology. Along with this increase in interest, several newer
processes have developed, that offer promise for more economical treatment, and for
stabilizing other than sewage materials - agricultural and industrial wastes, solid,
organic municipal residues, etc. - and generating not only an alternative energy source,
but also materials that are useful as fodder substitutes and substrates for the mushroom
and greenhouse industries, in addition to their traditional use as organic fertilizers.
Other benefits of anaerobic digestion include reduction of odours, reduction or
elimination of pathogenic bacteria (depending upon the temperature of the treatment)
and the use of the environmentally acceptable slurry.
The technology of anaerobic digestion has not yet realized its full potential for
energy production. In most industrialized countries, biogas programs (except for sewage
treatments) are often hindered by operational difficulties, high costs of plants and as yet
low energy prices. In most Developing Countries, expansion of biogas programs have
been hindered because of the need for better economic initiatives, organized supervision
and initial financial help, while in other Developing Countries, on the other hand, slow
development has been observed, and a lack of urgency, because of readily available and
inexpensive non-commercial fuels, such as firewood.
Biogas technology is also potentially useful in the recycling of nutrients back to
the soil. Burning non-commercial fuel sources, such as dung and agricultural residues,
in countries where they are used as fuel instead of as fertilizer, leads to a severe
ecological imbalance, since the nutrients, nitrogen, phosphorus, potassium and micronutrients, are essentially lost from the ecosystem. Biogas production from organic
materials not only produces energy, but preserves the nutrients, which can, in some
cases, be recycled back to the land in the form of slurry. The organic digested material
also acts as a soil conditioner by contributing humus. Fertilizing and conditioning soil
can be achieved by simply using the raw manure directly back to the land without
fermenting it, but anaerobic digestion produces a better material. Chinese workers
report that digested biomass increases agricultural productivity by as much as 30% over
farmyard manure, on an equivalent basis. This is due in part to the biochemical
processes occurring during digestion, which cause the nitrogen in the digested slurry to
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be more accessible for plant utilization, and to the fact that less nitrogen is lost during
digestion than in storage or comporting.
In the area of public health and pollution control, biogas technology can solve
another major problem: that of the disposal of sanitation wastes. Digestion of these
wastes can reduce the parasitic and pathogenic bacterial counts by over 90%, breaking
the vicious circle of re-infection via drinking water, which in many rural areas is
untreated. Industrial waste treatment, using anaerobic digestion, is also possible.
With the growing significance of this process, it is appropriate to mention some
the historical developments which have occurred during the last 100 years of anaerobic
digestion. In many cases, this may help to clarify the state-of-the-art at the end of the
20th Century (Satyanarayan S., 1977).
2.2

SHORT HISTORICAL BACKGROUND ON ANAEROBIC DIGESTION
The appearance of flickering lights emerging from below the surface of swamps

was noted by Plinius and Van Helmont recorded the emanation of an inflammable gas
from decaying organic matter in the 17th Century. Volta is generally recognized as
putting methane digestion on a scientific footing. He concluded as early as 1776 that the
amount of gas that evolves is a function of the amount of decaying vegetation in the
sediments from which the gas emerges, and that in certain proportions, the gas obtained
forms an explosive mixture with air.
In 1804 - 1810 Dalton, Henry and Davy established the chemical composition of
methane, confirmed that coal gas was very similar to Volta's marsh gas and showed that
methane was produced from decomposing cattle manure. France is credited with having
made one of the first significant contributions towards the anaerobic treatment of the
solids suspended in waste water. In 1884 Gayon, a student of Pasteur, fermented
manure at 35°C, obtaining 100 liters of methane per m of manure. It was concluded that
fermentation could be a source of gas for heating and lighting. It was not until towards
the-end of the 19th Century that methanogenesis was found to be connected to
microbial activity. In 1868, Bechamp named the "organism" responsible for methane
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production from ethanol. This organism was apparently a mixed population, since
Bechamp was able to show that, depending on the substrate, different fermentation
products were formed. In 1876, Herter reported that acetate in sewage sludge was
converted stoichiometrically to equal amounts of methane and carbon dioxide (Patel,
V., Madamwar, D., 1994).
2.3

COMPONENTS OF A BIOGAS SYSTEM
Biogas technology is a complete system in itself with its set objectives (cost

effective production of energy and soil nutrients), factors such as microbes, plant
design, construction materials, climate, chemical and microbial characteristics of inputs,
and the inter-relationships among these factors. Brief discussions on each of these
factors or subsystems are presented in this section.
2.3.1

Biogas
This is the mixture of gas produced by methanogenic bacteria while acting upon

biodegradable materials in an anaerobic condition. Biogas is mainly composed of 50 to
70 % methane, 30 to 40 % carbon dioxide (CO2) and low amount of other gases as
shown in Table 2.1.
Table 2.1: Composition of biogas
Substances

Symbol

Percentage

Methane

CH4

0-70

Carbon

CO2

0-40

Hydrogen

H2

5-10

Nitrogen

N2

1-2

Water vapour

H2O

0.3

Dioxide

Biogas is about 20 percent lighter than air and has an ignition temperature in the
range of 650 to 750 ˚C. It is an odourless and colourless gas that burns with clear blue
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flame similar to that of LPG gas. Its calorific value is 20 Mega Joules (MJ) per m³ and
burns with 60 percent efficiency in a conventional biogas stove (Lagrange, B. 1979).
2.3.2

Methanogenic Bacteria/Methanogens
These are the bacteria that act upon organic materials and produce methane and

other gases in the process of completing their life-cycle in an anaerobic condition. As
living organisms, they tend to prefer certain conditions and are sensitive to microclimate within the digester. There are many species of methanogens and their
characteristics vary. The different methane forming bacteria have many physiological
properties in common, but they are heterogeneous in cellular morphology. Some are
rods, some cocci, while others occur in clusters of cocci known as sarcine. The family
of methanogens (Methanobacteriacea) is divided into following four genera on the basis
of cytological differences:
a) Rod-shaped Bacteria
i- Non-sporulating, Methanobacterium
ii- Sporulating, Methanobacillus
b) Spherical
i- Sarcinae, Methanosarcina
ii- Not in sarcinal groups, Methanococcus
A considerable level of scientific knowledge and skill is required to isolate
methanogenic bacteria in pure culture and maintain them in a laboratory. Methanogenic
bacteria develop slowly and are sensitive to a sudden change in physical and chemical
conditions. For example, a sudden fall in the slurry temperature by even 2˚C may
significantly affect their growth and gas production rate (Lagrange, B. 1979).
2.3.3

Biodigesters
The biodigester is a physical structure, commonly known as the biogas plant.

Since various chemical and microbiological reactions take place in the biodigester, it is
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also known as bio-reactor or anaerobic reactor. The main function of this structure is to
provide anaerobic condition within it. As a chamber, it should be air and water tight. It
can be made of various construction materials and in different shape and size.
Construction of this structure forms a major part of the investment cost.
Table 2.2: Anaerobic decomposition of organic material in biogas digesters
PROPERTIES

NATURE/USE

FIBROUS

BIOGAS

FIBROUS

SCUM

LIQUID
SOLID/LIQUID

SUPERNATANT
EFFLUENT

COMBUSTIBLE
INSULATOR
BIOLOGICALL
FERTILIZER

INORGANIC
SOLID

SOLIDS
(Sand/Gravel)
Source: Lagrange, B. (1979)

Table 2.2 shows the various stages of decomposition and the forms of the
material at each stage. The inorganic solids at the bottom of the tank are rocks, sand,
gravel, or other items that will not decompose. The effluent is the semisolid material left
after the gases have been separated. The supernatant is biologically active liquid in
which bacteria are at work breaking down the organic materials. A scum of harder-todigest fibrous material floats on top of the supernatant. It consists primarily of plant
debris. Biogas, a mixture of combustible (burnable) gases, rises to the top of the tank.
The content of biogas varies with the material being decomposed and the
environmental conditions involved. When using cattle manure, biogas usually is a
mixture of:
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Table 2.3: Composition of biogas
Substances

Symbol Percentage

Methane

CH4

54-70

Carbon Dioxide

CO2

27-45

Hydrogen

H2

1-10

Nitrogen

N2

0.5-3

Water vapour

H2O

0.3

Carbon

CO

0-1

Oxygen

O2

0-1

Hydrogen

H2S

0-1

Monoxide

Sulfide
Source: Lagrange, B. (1979)
The largest, and for fuel purposes the most important, part of biogas is methane.
Pure methane is colourless and odourless. Spontaneous ignition of methane occurs
when 4-15% of the gas mixes with air having an explosive pressure of between 90 and
104 psi. The explosive pressure shows that biogas is very combustible and must be
treated with care like any other kind of gas. Knowledge of this fact is important when
planning the design, building, or using of a digester.
2.3.3.1 Types of Digester
There are many types of digesters that commonly use in many countries
nowadays. For example, floating roof digester has been invented by Indian and for the
fixed roof digester, it has been invented by Chinese.

