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6.1 BIOGAS COMPOSITION

Gas recovery from biodegradable waste is an established technology 
for energy recovery, it also reduces pollution load and in the process 
makes available nitrogen rich organic manure. Use of biogas is 
increasing in combined heat 85 power engine or as a fuel for cooking. 
More than 1000 high- rate anaerobic digester are in operation world -  
wide to treat organic waste from large kitchen of hostels, market and 
industrial units [234].
The product of anaerobic digestion is a mixture of methane and 
carbon dioxide with smaller amount of hydrogen sulphide and water 
vap6r and this is commonly known as biogas.
Usually, the mixed gas is saturated with water vapor and may contain 
dust particles and Siloxanes.
Composition of a representative sample of biogas is given below: 

Composition of biogas generated from kitchen

C o m p o n e n ts S y m b o l P e r c e n ta g e

M e th a n e CH4 50-70

C a r b o n  d io x id e CO2 30-40

H y d ro g e n H2 5-10

N itro g e n N2 1-2

W a te r  v a p o u r H2O 0.3

H y d ro g e n

S u lp h id e

H2S T ra c e

Source: Yadav and_Hesse, 1981 [235]



6.2 BIOLOGICAL PROCESS AND PRODUCTS
In the anaerobic digestion process high- molecular size organic 
material is cracked to low -  molecular size, in organic substances and 
gas by means of anaerobic (in the absence of oxygen) bacteria. [236]. 
The process may be described by the following expressions:
In element terms the input output relationship is as follows:
Biomass + Bacteria > Gasses + Nutrients 
C, H, O (N, P, K, S) > CH4, CO2, + N, P, K, S

In particular, biogas as a fuel could bring substantial reductions in 
green house gases, particulate matter and dust or nitrogen oxide 
emissions. When biogas is used as a vehicle fuel it has to be up 
graded. A number of technologies have been developed. A few 
processes have been described for up gradation of biogas and its 
utilization.
For many applications the quality of biogas has to be improved. The 
main parameters that may require removal in upgrading systems are 
H2S, water vapour, and CO2.

Desulphurisation to prevent corrosion and avoid toxic H2S 
concentrations. When biogas is burnt SO2 / SO3 is emitted which is 
even more poisonous than H2S. At the same time SO2 lowers the dew 
point in stack gas. The sulphurous acid formed (H2SO3) is highly 
corrosive.
Removal of water because of potential accumulation of condensate in 
the gas line, the formation of a corrosive acidic solution when 
hydrogen sulphide is dissolved or to achieve low dew points when 
biogas is stored under elevated pressures in order to avoid 
condensation and freezing.
Removal of CO2 will be required if the biogas needs to be upgraded to 
natural gas standards for use as vehicle fuel. It enhances the energy 
content of the biogas but has no significant environmental impact.



6.3 EFFECTS OF H2S ON BIOGAS PLANT AND DEVICES

H2S is a very poisonous, colorless gas. It is inflammable and forms 
explosive mixture with air (oxygen). H2S has characteristic smell of 
rotten eggs. Combustion product of H2S and SO2 forms a veiy 
corrosive acid (H2SO4), which contaminates the environment (acid 
rain).
Dissolved H2S in the fermentation slurry can inhibit the production of 
biogas and causing its composition to alter. The presence of H2S 
causes corrosion to the metal parts. The effect of H2S on non-ferrous 
metals in components such as pressure regulators, gas meters valves 
and mountings is much more serious. The combustion product SO2 
combined with water vapour badly corrodes burners, gas lamps and 
engines. Burning biogas in stoves and boilers can cause damage to 
the chimney. The acid formed by hydrogen sulfides and sulphur di
oxide corrodes engine parts in the combustion chamber, exhaust 
system and bearings. The sulphur contents of biogas used in engines 
shorten the time between the oil changes. SO2 dissolves in lubricating
oil and changes its properties. The benefits of up gradation are high 
calorific value and combustion rate will be higher.

6.4 GAS UPGRADATION TECHNOLOGIES

A number of gas upgrading technologies have been developed for the 
treatment of natural gas, town gas, sewage gas, landfill gas etc. 
However, not all of them are recommended for the application with 
biogas because of price and/ or for environmental concerns.

6.4.1 Carbon dioxide removal
Carbon dioxide being noncombustible element of biogas lowers its 
heat value. Number of methods has been developed for removal of CO2

137



To use of biogas as vehicles fuel it has to be enriched in methane. This 
is primarily achieved by carbon dioxide removal, which then enhances 
the energy value of the gas to give longer driving distances with a fixed 
gas storage volume. At present four different methods are used 
commercially for removal of carbon dioxide from biogas either to reach 
vehicle fuel standard or to reach natural gas quality.
These methods are:

(i) Water scrubbing
(ii) Polyethylene glycol absorption,
(iii) Carbon molecular sieves,
(iv) Membrane separation

6.4.2 Water scrubbing
In this method gas is passing through the water, which absorbs 
carbon dioxide and also hydrogen sulphide from biogas to some 
extent. Since these gases are more soluble in water than methane. The 
absorption process is purely physical.
Water scrubbing can also be used for selective removal of hydrogen 
sulphide since hydrogen sulphide is more soluble than carbon dioxide 
in water. The water, which absorbed carbon dioxide and hydrogen 
sulphide, can be regenerated and recirculated back to the absorption 
column.
Schematic flow sheet for water absorption is shown in the following 
fig.no.6.4.2
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UPGRADED BIOGAS

WATER PUMP

Fig. No. 5.4.2 Water Scrubbing

Based on the studies carried out by H, M. Lapp [236] it is observed 
that 12.3 litre of water required for purification of 0.2 cum of bio gas 
at 20 °C and at 1 atmospheric pressure (1.03kg/cm2.)

6.4.3 Limewater Scrubbing
Biogas containing carbon dioxide when passing through limewater, 
carbon dioxide is absorbed and calcium carbonate is formed, 
according to the following chemical reaction:
Ca (OH) 2 + CO2 = Ca (CO) 3 + H2O
Calcium hydroxide is preferred for biogas scrubbing as this chemical 
is readily available and cost of operation is less. The main limitation of 
limewater scrubbing is difficulties faced in controlling solution 
strength, 8s removal of large amounts of precipitate from mixing tank 
and scrubber. This precipitated calcium carbonate, has many uses, 
one of them can be in producing chalk sticks for writing, may be used 
in talcum powder manufacturing company. It has also many uses in 
pharmaceutical laboratories.
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6.4.4 Methods for Removal of Hydrogen Sulfide from Biogas
Cleaning of biogas is recommended because of the very corrosive effect 
of H2S which biogas contain. There are many process for removal of 
H2S from biogas, in principle, there are two basic procedures:

(i) Absorption of H2S by ferric oxide and
(ii) Microbial desulphurisation by the addition of air 

Among all the process, only the dry process is suitable for small-scale 
biogas plats. In this process, the desulphurisation of biogas is based 
on a chemical reaction of H2S with suitable substances.

6.4.5 The Desulphurising Apparatus
The absorbent is brought in to immediate contact with the raw gas. 
This takes place in closed purification chamber. This chamber is made 
of steel. The size of the chamber is designed in such a way that the 
raw gas should pass through absorbent and get sufficient time for 
purification. The chamber is having sufficient space for containing 
enough absorbent for the gas to be in contact with the absorbent with 
a sufficient distance and to avoid short refining cycle. The purification 
chamber contains several intermediate trays. A layer of absorbent 20 
to 30 cm. is placed in each tray. These trays are perforated made from 
steel sheet (12 swg.) The sealed cover is placed from the top of the 
chamber to access to the whole chamber of cross section. The control 
valves are installed in the inflow and exit pipes of the purification 
chamber. These are used to disconnect the chamber when the 
absorbents to be changed. The above arrangement is shown in the fig. 
no.6.4.5. (a)
A scavenging vent is used for flushing air out of the chamber with 
biogas after exchanging the absorbent and sealing the chamber. When 
the absorbing agent is saturated with sulfur and can be regenerated 
either inside the chamber or outside through natural ventilation with 
air. The absorbent material can be used several times. Fig. nos, 
6.4.5(a), 6.4.5.(b), 6.4.5.(c) and 6.4.5 (d)shows some aspects of the
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desulphurisation apparatus designed for a 1.5 per hour capacity 
desulphurising plants.
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PURIFIED
BIOGAS
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Fig. No. 6.4.5 (a): Desulphurisation Chamber for Biogas
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Fig. No. 6.4.5 (b): Cylindrical Purification Chamber
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S c a v e n g i n g  v e n t  

P u r i f i e d  B i o g a s

3 0 ^
R a w  B i o g a s

Fig. No. 6.4.5 (c): Rectangular Purification Chamber

CONSRTUCTION OF TRAYS, 
CROSS SECTION
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INTERMIDIATE TRAYS CAN BE

(a ) -  A FRAME COVERED WITH THIN SLATS

(b )  -  A FRAME C O VERED  WITH W IR E -S C R E E N IN G

(c )  -  A FRAME COVERED WITH WICKERWORK MADE FROM 
RATTAN OR SIMILAR MATERIAL

Fig. No. 6.4.5 (d): Construction of Trays
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-Pblyflienetube

Fig. 6.4.6 Trapping of Moisture

Biogas contains water vapour, which condense in the pipeline. 
Provision is made for removal of water from the pipeline by means of 
providing a correct slope to the pipe, which is nearest the gas plant. 
The pipe having a slope towards the moisture trap. The recommended 
slop is 1: 100 as shown in figure no. 6.4.7

SnJCAffiL

MOISTURE TRAP

Fig. No. 6.4.7 Removal of water vapour
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Elevation

Fig. No. 6.4.8: Joining Gasholder to Main Gas pipeline

After trapping the moisture from the pipe line, the gas is further 
passed through a chamber containing silica gel in order to absorbed 
water vapour content as shown in fig. No.6.4.7 
Following chemical reactions is taking place in this process

H2O
(i) 2Fc203 + 6 H2S ------------  2 FeaSa + 6 H2O

(ii) 2Fe2S3 + 3O2------------------  2 Fc203 + 3 S2
Regeneration

The above reaction is slightly endothermic; a temperature of 
approximately 12° C is required to provide the necessary energy. The 
reaction is optimal between 25^ and 50° C.
The reaction (ii) shows that the iron sulphides formed can be oxidized 
with air i.e. .the iron oxide or hydroxide is recovered with elementary 
sulphur. The process is highly exothermic, i.e., a  lot of heat is released 
during regeneration [237].
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6.4.7 Removal of Siloxane
Organic compounds are occasionally present in biogas, which can 
cause severe damage to combine heating and power (CHP) engines. 
During combustion the oxides convert to silicon oxide, which deposits 
at spark plugs, valves and cylinder heads abrading the surfaces and 
eventually causing serious damage. Particularly in case of Otto 
engines this might lead to major repairs. Siloxanes can be removed by 
absorption in a liquid media, a mixture of hydrocarbons vidth a special 
ability to absorb the silicon compounds.

STIRRER

5IUO GEL

DIGESTER
( 1)

COi REMOVAL
(2)

HzS REMOVAL MOISTURE
REMOVAL

G AS B A L L O O N

Fig. No. 6.4.9 Removal Process (CO2, H2S and Water Vapour)

6.4.8 Smell and odor control
Smells are the most apparent form of air pollution. The smells from 
decomposing manure are usually caused by the release of compounds 
like ammonia, volatile organic acids and sulphides. The sulphides, the 
worst smelling are produced by sulphate reducing bacteria. The smell 
increases with the storage time of manure. In an open storage tank, 
the smell escapes to the atmosphere. In an anaerobic digestion tank, 
however, the smells are contained both in the digester and in the 
gasholder before the gas is burnt. The remaining sludge has no 
offensive smell.
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6.4.9 Pathogen Removal
The kitchen waste contain a vast number of bacteria such as 
pathogenic and salmonella types which cause typhoid in humans and 
salmonellas in poultry and cattle and brucella which cause 
brucellosis. If these wastes are sprayed in land without treatment, 
there is a serious danger of infection to the animals, which graze in 
the field. The bacteria may also harm human if this waste is thrown 
on the road, drain, etc.
In view of the above it is recommended that the manure should be 
kept for at least one month before using to avoid infection. Anaerobic 
digestion reduces the number of pathogenic bacteria since the 
digestion happened inside the reactor without oxygen for a length of 

time between 30- 40 days at about 35°c [238].

6.4.10 Improvement of biogas after puriHcation
After purification of biogas through different ways there are many 
improvement in properties of the biogas as compare to raw gas.

A comparison of raw gas and upgraded gas is mentioned below:

Type of gas Raw gas Purified gas

Methane (CH4) 66% v/v 99.5% v/v

Carbon dioxide (CO2) 34% v/v 0.5 % v/v

Hydrogen sulphide (H2S) 300 ppm v/v 3 ppm v/v

6.4.10.1 Fuel values of Biogas
The fuel value of biogas is directly proportional to the amount of 
methane it contains (the more methane, the more combustible the 
biogas). This is because the gases, other than methane, are either 
non-combustible, or occur in quantities so small that they are 
insignificant.
Fuel value after up gradation of biogas has been shown in Table No. 
6.4.10.1.
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Table No. 6.4.10.1:Fuel value of Biogas and other major fuel gases

Fuel gas Fuel value, Kcal/m3 (BTU/ft3)

Coal (Town) Gas 4000-4450 (450-500)

Biogas 4800-6230 (540-700)

Methane 7970-9500 (896-1069)
Natural gas (Methane or propane 
based)

9350-19570 (1050-2200)

Propane 1960-23125 (220-2600)

Butane 25800-30250 (2900-3400)

Source: L.John Fry., “Methane digester for fuel gas and fertilizer”,
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