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*Module I, II & III already covered in scheduled classes 

# Uncovered portion only 

TOPICS 
Biomass Energy: Introduction, Aerobic 

Digestion, Aerobic Decomposition, Anoxic 

Decomposition, Anaerobic Decomposition, 

Fixed-dome plants, Digester, Types of fixed-

dome plants -  Chinese fixed-dome plant, 

Janata model, Deenbandhu, CAMARTEC 

model, Advantage, Disadvantage, Types of 

floating-drum plants - KVIC model, Pragati 

model, Ganesh model, BORDA model. 
 
[Topics covered in this lecture note] 
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MODULE IV: BIOMASS ENERGY: 
 

 
Introduction: 

 
Biomass is the term used to describe all the organic matter, produced by photosynthesis that 

exists on the earth’s surface. The source of all energy in biomass is the sun, the biomass acting as a kind 
of chemical energy store. Biomass is constantly undergoing a complex series of physical and chemical 
transformations and being regenerated while giving off energy in the form of heat to the atmosphere. To 
make use of biomass for our own energy needs we can simply tap into this energy source, in its simplest 
form we know, this is a basic open fire used to provide heat for cooking, warming water or warming the 
air in our home. More sophisticated technologies exist for extracting this energy and converting it into 
useful heat or power in an efficient way. 

 
The exploitation of energy from biomass has played a key role in the evolution of mankind. 

Until relatively recently it was the only form of energy which was usefully exploited by humans and is still 
the main source of energy for more than half the world’s population for domestic energy needs. 
Traditionally the extraction of energy from biomass is split into 3 distinct categories: 

 
Solid biomass - the use of trees, crop residues, animal and human waste (all though not strictly a solid 
biomass source, it is often included in this category for the sake of convenience), household or industrial 
residues for direct combustion to provide heat. Often the solid biomass will undergo physical processing 
such as cutting, chipping, briquetting, etc. but retains its solid form. 

 
Biogas - biogas is obtained by anaerobically (in an air free environment) digesting organic material to 
produce a combustible gas known as methane. Animal waste and municipal waste are two common feed 
stocks for anaerobic digestion. 

 
Liquid Biofuels - are obtained by subjecting organic materials to one of various chemical or physical 
processes to produce a usable, combustible, liquid fuel. Biofuels such as vegetable oils or ethanol are often 
processed from industrial or commercial residues such as bagasse (sugarcane residue remaining after the 
sugar is extracted) or from energy crops grown specifically for Micro-organisms, like all living things, 
require food for growth. Biological sewage treatment consists of a step-by-step, continuous, sequenced 
attack on the organic compounds found in wastewater and upon which the microbes feed. 

 
Aerobic Digestion 

 
Aerobic digestion of waste is the natural biological degradation and purification process in which bacteria 
that thrive in oxygen-rich environments break down and digest the waste. 

 
During oxidation process, pollutants are broken down into carbon dioxide (CO2), water (H 2 O), nitrates, 
sulphates and biomass (microorganisms). By operating the oxygen supply with aerators, the process can 
be significantly accelerated. Of all the biological treatment methods, aerobic digestion is the most 
widespread process that is used throughout the world. 
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Biological and chemical oxygen demand 
 

Aerobic bacteria demand oxygen to decompose dissolved pollutants. Large amounts of pollutants 
require large quantities of bacteria; therefore, the demand for oxygen will be high. 

 
The Biological Oxygen Demand (BOD) is a measure of the quantity of dissolved organic pollutants that 
can be removed in biological oxidation by the bacteria. It is expressed in mg/l. 

 
The Chemical Oxygen Demand (COD) measures the quantity of dissolved organic pollutants than can be 
removed in chemical oxidation, by adding strong acids. It is expressed in mg/l. 

 
The BOD/COD gives an indication of the fraction of pollutants in the wastewater that is biodegradable. 

 
Advantages of Aerobic Digestion 

 
Aerobic bacteria are very efficient in breaking down waste products. The result of this is; aerobic 
treatment usually yields better effluent quality that that obtained in anaerobic processes. The aerobic 
pathway also releases a substantial amount of energy. A portion is used by the microorganisms for 
synthesis and growth of new microorganisms. 

 
 

 

 
 
 
 

Path of Aerobic Digestion 
 

Aerobic Decomposition 
 

A biological process, in which, organisms use available organic matter to support biological activity. The 
process uses organic matter, nutrients, and dissolved oxygen, and produces stable solids, carbon dioxide, 
and more organisms. The microorganisms which can only survive in aerobic conditions are known as 
aerobic organisms. In sewer lines the sewage becomes anoxic if left for a few hours and becomes 
anaerobic if left for more than 1 1/2 days. Anoxic organisms work well with aerobic and anaerobic 
organisms. Facultative and anoxic are basically the same concept. 
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Anoxic Decomposition 
 

 
A biological process in which a certain group of microorganisms use chemically combined oxygen such as that found 
in nitrite and nitrate. These organisms consume organic matter to support life functions. They use organic matter, 
combined oxygen from nitrate, and nutrients to produce nitrogen gas, carbon dioxide, stable solids and more 
organisms. 
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Anaerobic Digestion 
 

Anaerobic digestion is a complex biochemical reaction carried out in a number of steps by several types 
of microorganisms that require little or no oxygen to live. During this process, a gas that is mainly 
composed of methane and carbon dioxide, also referred to as biogas, is produced. The amount of gas 
produced varies with the amount of organic waste fed to the digester and temperature influences the 
rate of decomposition and gas production. 

 
Anaerobic digestion occurs in four steps: 

 
• Hydrolysis: Complex organic matter is decomposed into simple soluble organic molecules using water 
to split the chemical bonds between the substances. 

 
• Fermentation or Acidogenesis: The chemical decomposition of carbohydrates by enzymes, bacteria, 
yeasts, or molds in the absence of oxygen. 

 
• Acetogenesis: The fermentation products are converted into acetate, hydrogen and carbon dioxide by 
what are known as acetogenic bacteria. 

 
• Methanogenesis: Is formed from acetate and hydrogen/carbon dioxide by methanogenic bacteria. 

 
The acetogenic bacteria grow in close association with the methanogenic bacteria during the fourth stage 
of the process. The reason for this is that the conversion of the fermentation products by the acetogens 
is thermodynamically only if the hydrogen concentration is kept sufficiently low. This requires a close 
relationship between both classes of bacteria. 

 
The anaerobic process only takes place under strict anaerobic conditions. It requires specific adapted bio-
solids and particular process conditions, which are considerably different from those needed for aerobic 
treatment. 
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Path of Anaerobic Digestion 
 

Advantages of Anaerobic Digestion 
 

Wastewater pollutants are transformed into methane, carbon dioxide and smaller amount of bio-solids. 
The biomass growth is much lower compared to those in the aerobic processes. They are also much more 
compact than the aerobic bio-solids. 

 
Anaerobic Decomposition 

 
A biological process, in which, decomposition of organic matter occurs without oxygen. Two processes 
occur during anaerobic decomposition. First, facultative acid forming bacteria use organic matter as a 
food source and produce volatile (organic) acids, gases such as carbon dioxide and hydrogen sulfide, stable 
solids and more facultative organisms. Second, anaerobic methane formers use the volatile acids as a food 
source and produce methane gas, stable solids and more anaerobic methane formers. The methane gas 
produced by the process is usable as a fuel. The methane former works slower than the acid former, 
therefore the pH has to stay constant consistently, slightly basic, to optimize the creation of methane. You 
need to constantly feed it sodium bicarbonate to keep it basic. 
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Biogas - Digester types 
 
In this chapter, the most important types of biogas plants are described: 
· Fixed-dome plants 
· Floating-drum plants 
· Balloon plants 
· Horizontal plants 
· Earth-pit plants 
· Ferrocement plants 

 
Of these, the two most familiar types in developing countries are the fixed-dome plants and the floating-
drum plants. Typical designs in industrialized countries and appropriate design selection criteria have also 
been considered. 

 
Fixed-dome plants 
 

The costs of a fixed-dome biogas plant are relatively low. It is simple as no moving parts exist. 
There are also no rusting steel parts and hence a long life of the plant (20 years or more) can be expected. 
The plant is constructed underground, protecting it from physical damage and saving space. While the 
underground digester is protected from low temperatures at night and during cold seasons, sunshine and 
warm seasons take longer to heat up the digester. No day/night fluctuations of temperature in the 
digester positively influence the bacteriological processes. 

 
The construction of fixed dome plants is labor-intensive, thus creating local employment. 

Fixed-dome plants are not easy to build. They should only be built where construction can be supervised 
by experienced biogas technicians. Otherwise plants may not be gas-tight (porosity and cracks). 
The basic elements of a fixed dome plant (here the Nicarao Design) are shown in the figure below. 
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Figure 1: Fixed dome plant Nicarao design: 1. Mixing tank with inlet pipe and sand trap.2. Digester. 3. 
Compensation and removal tank. 4. Gasholder. 5. Gaspipe. 6. Entry hatch, with gastight seal. 
7. Accumulation of thick sludge. 8. Outlet pipe. 9. Reference level. 10.Supernatant scum, broken up by 
varying level. 

 
Function 

A fixed-dome plant comprises of a closed, dome-shaped digester with an immovable, rigid gas- 
holder and a displacement pit, also named ’compensation tank’. The gas is stored in the upper part of the 
digester. When gas production commences, the slurry is displaced into the compensating tank. Gas 
pressure increases with the volume of gas stored, i.e. with the height difference between the two 
slurry levels. If there is little gas in the gasholder, the gas pressure is low. 

 
Figure 2: Basic function of a fixed-dome biogas plant, 1 Mixing pit, 2 Digester, 3 Gasholder, 4 Displacement 
pit, 5 Gas pipe 
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Digester: 
The digesters of fixed-dome plants are usually masonry structures, structures of cement and 

ferro-cement exist. Main parameters for the choice of material are: 
 

. Technical suitability (stability, gas- and liquid tightness); 

. Cost-effectiveness; 
· Availability in the region and transport costs; 
· Availability of local skills for working with the particular building material. 

 
Fixed dome plants produce just as much gas as floating-drum plants, if they are gas-tight. However, 
utilization of the gas is less effective as the gas pressure fluctuates substantially. Burners and other simple 
appliances cannot be set in an optimal way. If the gas is required at constant pressure (e.g., for engines), 
a gas pressure regulator or a floating gas-holder is necessary. 

 
Gas-Holder: 

 

               Figure 3: Fixed-dome plant in Tunisia. The final layers of the masonry structure are being fixed. 
 

The top part of a fixed-dome plant (the gas space) must be gas-tight. Concrete, masonry and cement 
rendering are not gas-tight. The gas space must therefore be painted with a gas-tight layer (e.g. ’Water- 
proofer’, Latex or synthetic paints). A possibility to reduce the risk of cracking of the gas-holder consists 
in the construction of a weak-ring in the masonry of the digester. This "ring" is a flexible joint between the 
lower (water-proof) and the upper(gas-proof) part of the hemispherical structure. It prevents cracks that 
develop due to the hydrostatic pressure in the lower parts to move into the upper parts of the gas- holder. 

 
Types of fixed-dome plants 
· Chinese fixed-dome plant is the archetype of all fixed dome plants. Several million have been 
constructed in China. The digester consists of a cylinder with round bottom and top. 

 
· Janata model was the first fixed-dome design in India, as a response to the Chinese fixed dome plant. It 
is not constructed anymore. The mode of construction lead to cracks in the gasholder - very few of these 
plants had been gas-tight. 

 
· Deenbandhu the successor of the Janata plant in India, with improved design, was more crack-proof 
and consumed less building material than the Janata plant. with a hemisphere digester 
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· CAMARTEC model has a simplified structure of a hemispherical dome shell based on a rigid foundation 
ring only and a calculated joint of fraction, the so-called weak / strong ring. It was developed in the late 
80s in Tanzania. 

                                                            Figure 4: Chinese fixed dome plant 
 
 

 
                                                       Figure 5: Fixed dome plant CAMARTEC design 

 
Climate and size 
Fixed-dome plants must be covered with earth up to the top of the gas-filled space to counteract the 
internal pressure (up to 0,15 bar). The earth cover insulation and the option for internal heating makes 
them suitable for colder climates. Due to economic parameters, the recommended minimum size of a 
fixed-dome plant is 5 m3. Digester volumes up to 200m3 are known and possible. 

 
Advantages: Low initial costs and long useful life-span; no moving or rusting parts involved; basic design 
is compact, saves space and is well insulated; construction creates local employment. 

 
Disadvantages: Masonry gas-holders require special sealants and high technical skills for gas-tight 
construction; gas leaks occur quite frequently; fluctuating gas pressure complicates gas utilization; 
amount of gas produced is not immediately visible, plant operation not readily understandable; fixed 
dome plants need exact planning of levels; excavation can be difficult and expensive in bedrock. 
Fixed dome plants can be recommended only where construction can be supervised by experienced 
biogas technicians. 
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            Figure 6: Installation of a Shanghai fixed-dome system near Shanghai, PR China Floating-drum plants  

Floating – drum plants 

 

 
 
 
 
 
 
 
 
 
 
 

                                                                   Figure 7: Floating-drum plant in Mauretania 
 

The drum 
In the past, floating-drum plants were mainly built in India. A floating-drum plant consists of a cylindrical 
or dome shaped digester and a moving, floating gas-holder, or drum. The gas-holder floats either directly 
in the fermenting slurry or in a separate water jacket. The drum in which the biogas collects has an internal 
and/or external guide frame that provides stability and keeps the drum upright. If biogas is produced, the 
drum moves up, if gas is consumed, the gas holder sinks back. 

 
Size 
Floating-drum plants are used chiefly for digesting animal and human feces on a continuous feed mode 
of operation, i.e. with daily input. They are used most frequently by small- to middle-sized farms (digester 
size: 5-15m3) or in institutions and larger agro-industrial estates (digester size: 20-100m3). 

 
Advantages: Floating-drum plants are easy to understand and operate. They provide gas at a constant 
pressure, and the stored gas-volume is immediately recognizable by the position of the drum. Gas- 
tightness is no problem, provided the gasholder is de-rusted and painted regularly. 
 
Disadvantages: The steel drum is relatively expensive and maintenance-intensive. Removing rust and 
painting has to be carried out regularly. The life-time of the drum is short (up to 15 years; in tropical 
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coastal regions about five years). If fibrous substrates are used, the gas-holder shows a tendency to get 
"stuck" in the resultant floating scum. 
 
Types of floating-drum plants 
 
There are different types of floating-drum plants (see drawings under Construction): 
· KVIC model with a cylindrical digester, the oldest and most widespread floating drum biogas plant from 
India. 
· Pragati model with a hemisphere digester 
· Ganesh model made of angular steel and plastic foil floating-drum plant made of pre-fabricated 
reinforced concrete compound units floating-drum plant made of fiber-glass reinforced polyester 
· BORDA model: The BORDA-plant combines the static advantages of hemispherical digester with the 
process-stability of the floating-drum and the longer life span of a water jacket plant. 

 
 
References: 
 
[1]. Non-Conventional Sources of Energy- B. H. Khan, TMH Publication. 
[2]. Non-conventional Energy Systems – Mittal, Wheelers Publication. 
[3]. Energy Technology – S. Rao, Parulkar, Khanna Publishers. 
[4]. Non-Conventional Sources of Energy- G.D.Rai, Khanna Publishers. 
[5]. Renewable Energy Technologies - R. Ramesh, Narosa Publication. 
[6]. Renewable Energy sources And Emerging Technologies, DP. Kothari, PHI. 
[7]. Hand Book of Renewable Energy Technology, Ahmed F Zooba, R C Bansal, World scientific. 
 
 
 
 
 
 
 
Apart from this lecture note students are strongly recommended to follow the above-mentioned books in 
the references and confer with the faculty/teacher for thorough knowledge of the subject. 
 
 
 
 
 
 
 
 
                                                                      Best of Luck to All the Students 
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