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Abstract 

Energy has become prerequisite to represent economic development and improved quality of life for citizens of any country. 

Due to rapid industrialization and urbanization in last few decades, there is a huge pressure on depletable crude oil, coal 

and other fossil fuels. It has been also observed that use of conventional crude based petroleum fuels are affecting pollution 

level and their combustion products are found responsible for the global warming and climate change. So researchers are 

doing their research to find out green energy alternatives to reduce emission of green house gases. About 70% population of 

India lives in rural areas and majority of them are engaged in agriculture, animal husbandry and small scale rural 

industries. In agriculture there is tremendous increase in energy consumption with increased use of tractor, bore well, 

irrigation pumps and farm machineries etc. Using anaerobic digestion of different biomasses such as cow/cattle dung, 

vegetables/fruit/agriculture waste, droppings of poultry farm, industrial waste water, municipal solid e/sewerage waste etc., 

biogas can be produced .In rural areas cattle dung and vegetable waste whereas in cities and urban area municipal solid 

waste are available in abundant quantity, from which biogas can be generated. In composition of biogas methane (CH4), 

carbon dioxide (CO2), traces of hydrogen sulfide, and moisture is found. Biogas quality can be upgraded by removal of CO2, 

H2S resulting into increased methane content nearer to the natural gas. Gas obtained after removing CO2, H2S, and moisture 

from raw biogas is equivalent to natural gas which can be compressed for bottling in cylinders and can be used as fuel for 

vehicle engines. Any low cost technique to remove carbon dioxide and hydrogen sulfide from biogas can make biogas a 

techno-commercially viable fuel. In this paper results obtained during experiments on biogas purification by chemical 

scrubbing i)) dry lime and potassium hydroxide and ii) aqueous solution of Caustic and lime are shown. Also results of on 

road testing of a vehicle fuelled with purified compressed biogas are shown showing one can purify the raw biogas to 

convert it to bio CNG which can be used as a vehicular fuel  
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Introduction 

Energy has become prerequisite to represent economic 

development and improved quality of life for citizens of any 

country. Due to rapid industrialization and urbanization in last 

few decades, there is a huge pressure on depletable crude oil, 

coal and other fossil fuels. India has very limited sources of 

fossil fuels and its majority of demand is fulfilled by importing 

it from foreign countries. Heavy dependence on depletable 

crude oil, coal, and other fossil fuels imposes added economic 

constraints on developing countries like India. Biogas as biofuel 

may provide a sustainable solution to oil crisis by displacing oil 

use in transport and agriculture sector. It may create pollution 

free environment by reducing green house gas emissions. In 

rural areas, cattle dung is used as compost or as fuel for cooking 

purpose in the form of dried cake. If this biomass in the form of 

cattle dung is used following biomethanation one can obtain 

clean fuel in the form of biogas whereas slurry available from 

digester can be used as a good quality compost. Biogas is 

ideally suitable as fuel for rural areas where required biomass in 

the form of animal or human excreta and agriculture waste are 

available. 

 

Using anaerobic digestion of different biomasses such as 

cow/cattle dung, vegetables/fruit/agriculture waste, droppings of 

poultry farm, industrial waste water, and municipal solid 

waste/sewerage waste, and landfill etc., biogas can be produced. 

Digested slurry is available as a byproduct. In Table -1, biogas 

production potential from various wastes and methane content is 

shown: 

 

Natural gas has become popular as fuel for cooking and vehicle 

engines since last 15 to 20 years. In composition of natural gas, 

generally methane upto 75 to 98% is found along with small 

amount of ethane, butane, propane. Whereas biogas has around 

50-70% methane, 30-45% carbon dioxide, traces of water vapor 

and hydrogen sulfide (H2S). The quality of biogas can be 

brought nearer to that of natural gas by increasing its methane 

content. After increasing methane content of biogas and its 

compression up to 150 bar, it can be used as fuel for vehicle 
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engines just like compressed natural gas (CNG). Conversion kit 

suitable for biogas is virtually the same as used for CNG. 

 

Table-1 

Biogas Production Potential from Various Wastes
1
 

Raw Material 
Biogas Production 

Litres/kg 

Methane Content 

in Biogas (%) 

Cattle dung 40 60 

Green leaves 

and twigs 
100 65 

Food waste 160 62 

Bamboo dust 53 71.5 

Fruit waste 92 49.2 

Bagasses 330 56.9 

Dry leaves 118 59.2 

Non edible oil 

seed cakes 
242 67.5 

 

The main problems of raw biogas are i. its lower heating value 

ii. Difficult and costlier to liquefy it, requiring its purification 

followed by compression to higher pressure as maximum as 

possible. For storing it at high pressure heavier cylinders is 

required making storage of the gas an important concern 

resulting into increased weight of the cylinder affecting its 

portability. So to increase energy content, other techniques like 

removing incombustible gases are to be checked. So that due to 

increased % of methane, energy content of particular volume of 

biogas also gets improved
3
.
 

 

Biogas composition and properties
4
 

Biogas has around 50-70% methane, 30- 45% carbon dioxide, 

traces of moisture as well as of hydrogen sulfide (H2S). 

Depending on feedstock used its composition may vary. The 

digestion temperature is very important for methane content in 

raw biogas. If digestion temperature is lower, methane content 

in raw biogas will be higher but gas produced will be lower. 

Longer digestion process may provide raw biogas with higher 

methane content and calorific value. The properties of biogas 

are as summarized below: i. It has a calorific value of about 20-

24 MJ/m
3
 (5.96 kWh/m

3
). ii. It is almost 20% lighter than air 

and has a density of 0.94 kg/m
3
. iii. The air requirement for its 

combustion is 5.7 m
3
/m

3
 with a combustible speed of 40 cm/s. 

iv. Its ignition temperature is around 700°C. (Petrol and Propane 

about 50°C, Diesel 350°C). v. For biogas, the flame temperature 

observed is 870°C. vi. Biogas cannot be liquefied easily under 

pressure and at ambient temperature making it difficult to store. 

Its major constituent is methane. 46 bar pressure and -82°C 

temperature is critical point of methane .This means methane 

will not get liquefied at temperature above -82°C.For any value 

of pressure implied at any ambient temperature, methane will be 

in the form of gas
5
. 

 

Need of biogas up gradation 

For up gradation of biogas to be used as transportation fuel, 

impurities/contaminants in it like hydrogen sulphide, carbon 

dioxide and moisture must be reduced as maximum as possible. 

 
Need of Removing H2S from Biogas: In the fermented slurry 

Hydrogen Sulfide (H2S) is present in dissolved form and due to 

its presence composition of biogas may change during biogas 

production process. One possible remedy to minimize H2S is, 

use of the material having less amount of sulfur, dilute the 

mixture with water and stir the slurry vigorously. H2S can 

corrode the metallic components. The effect of H2S on certain 

components made of non ferrous metal for example- pressure 

reducing valve, flow meter etc. is detrimental when it is present 

in biogas. Combustion of biogas containing H2S produces sulfur 

dioxide (SO2). When SO2 combines with water vapor, it 

produces sulfuric acid (H2SO4).This H2SO4 can damage exhaust 

pipes of engines, valves etc. by corroding them. If engine is run 

using biogas containing H2S, its operating time period to the 

first routine overhaul may decrease by 10 to 15%. The gaseous 

SO2 also dissolves in engine oil causing the oil to become acidic 

and lose its ability to lubricate, damaging the engine and 

shortening time between oil changes
6
. SO2 is considered more 

dangerous than H2S because it is hazardous for health and 

environment, as it produces smog and acid rain
. 
In cattle dung 

based biogas, H2S quantity observed is mostly less than 1% on 

volume basis which is not much detrimental
7
.
  

If concentration 

of H2S is found to be more than 1%, may result into corrosion of 

exhaust pipes and engine. Presence of water vapor in biogas 

also results into corrosion and reduced heating value of the fuel. 

Requirements for H2S removal for biogas vary depending on the 

biogas utilization technology. H2S levels below 1000 ppm are 

necessary for use in boilers to produce heat. Levels less than 

250 ppm are necessary to avoid much more corrosion and 

deterioration of lubricants
8 

which may turn to be costlier.
.
The 

H2S limit for electricity production by internal combustion 

engines is 100 ppm
9
. Compressed bio-methane (CBM), 

equivalent to compressed natural gas (CNG), for its use as a fuel 

for automobile engine should have quantity of H2S below 16 

ppm
10

. If biogas is to be used as natural gas and injected into the 

grid, the hydrogen sulfide content in it must be reduced to a 

level of less than 0.006 gm/m
3, 11

. 

 
Need of Removing CO2 from Biogas

12
: Carbon dioxide is 

present in raw biogas with very high concentration. Its presence 

may result into reduced energy content per unit mass /volume 

making it suitable only for those applications in which low 

quality energy is needed. Presence of carbon dioxide in biogas 

lowers the power output from the engine. CO2 occupies 

additional space in storage cylinders requiring frequent refilling 

of fuel tank of vehicle as well as results into more energy 

consumption in compression of biogas. Presence of carbon 
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dioxide in biogas can result into problem of freezing at metering 

points and valves due to ice formation. Since carbon dioxide 

does not liquefy and tends to form dry ice upon compression, 

storage of biogas in medium pressure tanks would produce 

lumps in the compressor. So removal of carbon dioxide from 

biogas is essential to increase use of biogas for wider range of 

applications
. 

 

Removal of CO2 from biogas can result into improved heating 

value of the gas by about 80% on a volume basis and 

approximately 225% on a weight basis. Burning of Methane is 

faster compared to biogas resulting into improved power and 

thermal efficiency of the engine. If CO2 is absent in biogas, 

extra volume of air can be inducted in engine cylinder. 

Volumetric efficiency of the engine may get improved due to 

this supply of extra air. 

 

Need of Removing Moisture from Biogas: Presence of 

moisture in biogas to be used as fuel may corrode metallic parts 

of engine and fuel supply system. Also this moisture may react 

with SO2.This reaction produces sulfuric acid which may 

corrode engine pipe lines carrying exhaust gases and 

combustion system. The carbon dioxide reacts with the moisture 

present into biogas to form a weak acid which will readily 

attack metals. 

 

Basic of Techniques used For Removal of 

Impurities from Biogas 

In purification of biogas, methane content is to be raised. 

Primary options are pressurized water scrubber, chemical 

scrubbing .Other processes like pressure swing adsorption, 

cryogenic separation and membrane separation involve higher 

installation cost. In this work for removal of carbon dioxide, use 

of chemicals (mainly alkanine) only is considered. 

 

Removal of H2s: The Oxidation Process: Removal of sulfur 

from biogas involves oxidizing hydrogen sulfide with 

atmospheric oxygen. A small amount of air (3-6% volume of 

produced biogas) can be introduced directly into a bio-reactor 

filled with digested matter. This can be done by pumps that 

supply suitable amounts of air. Chemical reaction for this 

oxidation process can be stated as shown below: 2H2S+ O2 � 

2S + 2H2O. 

 

The Lime Process
4
: Desulphurization of biogas using solid 

quick lime or liquid slaked lime is very old and familiar process 

and yet has not been used on a large scale. To handle dissolved 

or suspended slaked lime in large quantity, specially designed 

equipment is required. If biogas contains more CO2, removal of 

H2S up to satisfactory level becomes more difficult. The CO2 

quickly reacts with quick and slaked lime. During the process 

Ca(HCO3)2 is formed which may react with Ca(SH)2 .This may 

produce H2S again. If quick lime is available, this process can 

be used for desulphurization. 

By Ferrous Materials
4
: Ferrous materials available in the form 

of natural soils or certain ores are often used to remove H2S. 

They are placed in a closed air tight chamber. The gas to be 

filtered for purification enters from the bottom side of the 

chamber, passes through the ferrous absorbing agent and comes 

out from top of the vessel which will have no H2S. 

 

This ferrous absorbing material must have iron in the form of 

oxides or hydroxides. 

2Fe(OH)3 + 3H2S � Fe2S3 + 6H2O 

Fe(OH)2 + H2S � FeS + 2H2O 

 

The process gets finisher very quickly and the greater part of 

iron remains as a sulphide. Hydrogen sulfide can be removed 

using catalyst iron oxide in the form of oxidized steel wool or 

chips of iron cut from lathe operation of any workshop. When 

raw biogas comes into contact with steel wool / chips, iron 

oxide gets converted to elemental sulfur. The chemical equation 

for this process is as shown below: 

Fe2O3 + 3H2S � Fe2S3 + 3 H2O 

2Fe2S3 + 3O2 � 2Fe2O3 + 6S 

 

Wet Technique: In wet technique used for sulfur removal from 

biogas, solution of NaOH can be used. 

2 NaOH + H2S � NaHS + 2H2S 

Hydrogen sulfide reacts with sodium carbonate present in 

solution, forming sodium hydrosulfide as described by reaction: 

H2S + Na2CO3 � NaHS + NaHCO3 

The hydrated iron oxide introduced in to solution reacts as 

follows: 

Fe2O3 + 3NaHS+ 3NaHCO3� Fe2S3 + 3H2O + 3Na2CO3 + 3 

H2O 

 

Regeneration
4
: By reacting the sulphidised absorbent with 

oxygen present in air, the iron can be brought into the active 

oxide form for the up gradation of the gas. 

2Fe2S3 + 3O2 + 6 H2O � 4 Fe(OH)3 + 3S2 

2FeS+ O2 + 2 H2O � 2Fe (OH)2 + S2 

 

This way absorbent used during the process can be regenerated. 

After a certain time, the absorbent becomes coated with 

elementary sulfur and its pores become clogged, so regeneration 

can be done only for few times. Likewise aqueous solution of 

copper sulphate (100 gm of CuSO4 in 1 litre of water) can be 

used to remove hydrogen sulphide. 

 

Removal of CO2: One can use water / caustic scrubbing, solid / 

liquid absorption and pressure swing adsorption process to 

remove carbon dioxide from raw biogas. Cleaning the raw 

biogas using water under pressure is easiest and cheapest 

process of removing carbon dioxide. To absorb CO2 from 

biogas, much more water is required for the process. The 

corrosive acidic spent water needs special attention. Removal of 

CO2 by different chemicals is as shown below: 
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Caustic scrubbing
5 

is carried out by devising CO2 in the biogas 

to react with caustic solutions forming an irreversible carbonate 

and subsequently reversible bicarbonate. For this, solution of 

NaOH and water in 40: 60 ratios (by weight) can be prepared in 

a container. When NaOH and water are mixed together 

enormous amount of heat will be generated due to exothermic 

reaction. When heat gets disappeared, raw biogas may be 

allowed to pass through the solution. This will reduce carbon 

dioxide present in biogas. 

2NaOH + CO2 � Na2CO3+ H2O 

 

In alternate arrangement, solution of limestone and water in 40: 

60 ratios (by weight) can be prepared in a container. When 

limestone and water are mixed together enormous amount of 

heat will get generated due to exothermic reaction. When heat 

gets disappeared, raw biogas can be allowed to pass through the 

solution. This will reduce carbon dioxide present in biogas. 

Ca(OH)2 + CO2 � CaCO3 + H2O. 

 

In similar way, solution of potassium hydroxide with water 

(40:60) can be used to remove CO2 from Biogas. The chemical 

reaction of the process is as shown below: 

2KOH + CO2 � K2CO3 + H2O 

 

Based on the easy availability of chemicals, the potassium 

carbonate technique for separation of CO2 can be used. This 

process is based on reversibility of the following reaction. 

K2CO3 + H2O + CO2 � 2KHCO3 

 

At low temperature this process goes ahead towards right and 

takes place in an absorber where biogas is passed through 

potassium carbonate solution. The saturated solution can be 

regenerated by boiling wherein the reverse reaction prevails 

yielding back the potassium carbonate as well as CO2 which can 

be collected. This method is economically not that attractive. 

 

When CO2 gets dissolved in water it produces Carbonic Acid. 

To absorb and hence to reduce CO2 present in biogas, certain 

bases are to be used for acid –base neutralization reaction. With 

the use of chemicals like Calcium Oxide, Calcium Hydroxide, 

Ammonium Hydroxide following chemical reaction may occur: 

 

CaO + H2CO3� CaCO3 + H2O 

Ca(OH)2 + H2CO3� CaCO3+ H2O 

NH4OH + H2CO3� NH4CO3+ H2O 

2NH4OH + H2CO3� (NH4)2CO3 + 2H2O  

 

When one has to use such chemicals for commercial production, 

it becomes essential to regenerate those chemicals which were 

spent during the process. When CaO /Ca(OH)2 is used for 

chemical reaction with H2CO3 , CaCO3 is produced .When this 

CaCO3 is heated to 825°C , Calcium Oxide and Carbon Dioxide 

gets produced on dissociation. This way Calcium Oxide is 

prepared from lime stone (Calcium Carbonate). As this process 

require much more time and also requires very high temperature 

it is not viable commercially.  

By heating ammonium carbonates /bicarbonates up to 60 to 

80°C for 5 to 10 minutes, it is possible to obtain ammonium 

hydroxide. Without carrying out regeneration, one can use it as 

chemical fertilizer. 

 
Removal of Moisture from Raw Biogas: To remove moisture 

from raw biogas, silica gel can be used as it has very good 

moisture absorbing capacity. In market silica gel is available as 

white / blue silica gel. White silica gel is cheaper compared to 

blue silica gel due to its inferior properties compared to that of 

blue silica gel. Silica gel will absorb moisture from biogas. 

These silica gel crystals must be replaced based on purity of 

biogas obtained in terms of moisture content in it. For lab scale 

unit, saw dust also can be used to remove moisture from biogas. 

 

Experimental Work carried out on Biogas 

Purification using Chemical Scrubbing 

Biogas Purification using Dry Lime and Potassium 
Hydroxide: This system is developed by researchers working at 

Biogas Research Centre, Gujarat Vidyapeeth, Sadra. In this 

arrangement biogas first enters from chamber containing lime 

stone kept in solid form. Biogas reacts with that and certain 

amount of CO2 and moisture will get removed. In second 

chamber, solution of potassium hydroxide (KOH) with water is 

prepared with concentration of 40%. Due to exothermic reaction 

very high amount of heat is produced. That heat will dissipate 

gradually. Now biogas enters from top of the chamber 

containing solution of KOH and is allowed to bubble in that 

solution. So remaining CO2 will get removed. Now gas enters 

third chamber from bottom of the chamber containing steel 

wool or iron feelings (chips available from lathe operations) and 

will come out from top. This will remove H2S from it. Also 

moisture gets removed. Laboratory test results are shown in 

Table-2 

 

 
Figure-1 

Photograph of setup for chemical scrubbing of biogas using 

dry lime and solution of Potassium Hydroxide with water 
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Figure-2 

Schematic Arrangement of setup for chemical scrubbing of 

biogas using dry lime and solution of Potassium Hydroxide 

with water 

 
Biogas Purification using Aqueous Solution of i) Caustic and 

ii) Lime
14

: Raw biogas first enters from bottom of the first 

chamber containing iron feelings (chips available from lathe 

operations) and comes out from top. This will remove H2S and 

moisture. In second chamber solution of NaOH with water is 

prepared with concentration of 40 %, due to exothermic reaction 

very high amount of heat is produced. That heat will dissipate 

gradually. Now biogas enters from top of the chamber 

containing solution of Sodium Hydroxide, (NaOH).Gas is 

allowed to bubble in that solution and certain amount of CO2 

will get removed. 

 

2NaOH + CO2 � Na2CO3+ H2O 

2NaOH + H2S � Na2S + 2H2O 

H2S+ Na2CO3 � NaHS + NaHCO3 

CO2 + 2H2S +3NaOH � 2NaHS +NaHCO3 + 2H2O 

 

In third chamber solution of Ca (OH)2 with water is prepared 

with concentration of 40 % ,due to exothermic reaction very 

high amount of heat is produced. That heat will dissipate 

gradually. Now biogas enters from top of the chamber 

containing solution of Sodium Hydroxide, Ca(OH)2. Gas is 

allowed to bubble in that solution and certain amount of CO2 

will get removed. 

Ca(OH)2 + CO2 � CaCO3 + H2O 

 

In forth chamber silica gel is kept .Biogas will enter from 

bottom and will come out from top of the chamber. This will 

remove moisture from biogas. Laboratory test results are shown 

in Table-2 

 

Summary of laboratory test results 

From Table-2 it can be concluded that by both the methods used 

to purify raw biogas, we get almost all the parameters within 

limit as suggested by bureau of Indian standards (for 

biomethane as fuel for automobile application)including 

methane %, carbon dioxide % etc. Hydrogen sulphide level was 

slight higher which still needs attention. 

 

 
Figure-3 

Photograph of setup for chemical scrubbing of biogas using 

solution of Sodium Hydroxide, Calcium Hydroxide with 

water 

 

 
Figure-4 

Schematic Arrangement of setup for chemical scrubbing of 

biogas using solution of Sodium Hydroxide, Calcium 

Hydroxide with water 

 

Compression of biogas 

Such purified biogas was compressed using compressor used in 

refrigerator with specification as shown below and stored in tyre 

tube first. 
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Table-2 

Showing composition of i) raw biogas ii) purified biogas and BIS standards for biogas to be use as Automobile fuel 

Content Raw Biogas 

Biomethane (as fuel for 

Automobile Application As Per 

Bureau Of Indian Standard )
15

 

Biogas Scrubbed 

Using Dry Lime 

and KOH 

Biogas Scrubbed 

Using NaOHand 

Ca(OH)2 

Methane % 61.22 90 (Minimum) 95.11 94.69 

Carbon Dioxide% 32.01 4 (Max w/v) 2.91 3.05 

Hydrogen Sulphide ppm 986 30.3(mg/m
3
 Max.) 102 87 

Oxygen %  2.76 0.5 Max (v/v)  0.73 1.07 

Moisture % 3.91 16 (mg/m
3
 Max.) 1.13 1.07 

 

 
Compressor :  

Make   = LG 

Application = Refrigerator 

Pressure  = 150 PSI  
Figure-5 

Photo of compressor used to compress biogas 

Figure-6 

Photo of tyre tube used to store purified biogas 

 

Use of Purified Biogas as Fuel for Vehicle Engine 

Such purified biogas with methane content of 95% was filled in 

CNG tank of CNG kit fitted to Maruti 800CC vehicle and on 

road trial was taken. Procedure used is as shown below:  

 

First of all CNG cylinder was fully emptied. Biogas with 

methane content around 95% was compressed and was filled in 

cylinder used for CNG kit of four wheeler. 

 

Empty weight of cylinder was = 70.6 kg. 

 

After filling the cylinder with biogas weight of cylinder 

increased upto 74.250 kg. 

 

That means gas stored in the cylinder was having its weight = 

3.650 kg. 

 

Engine was started on purified biogas after setting air-fuel ratio 

for which minor adjustments were done. After covering distance 

of 50 kilometers on roads of Gandhinagar (Gujarat, India) with 

almost no traffic (with four people having weight @ 300 kg 

together). Weight of the cylinder was checked again. It was 

found to be 71 kg.  

 

Means still gas left inside the cylinder was = 400 gram. 

So gas used to cover distance of 40 kilometers = 3.250 kg. The 

average /mileage observed is = 15.38 km / kg of fuel. 

 

Conclusion 

Biogas can be purified very easily using chemical scrubbing and 

such purified biogas can be used as fuel for Automobile 

engines. If we can use locally available biomass for biogas 

generation and purify the produced gas, we can make our rural 

areas self dependent for their energy requirements. 
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