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ABSTRACT

Biogas which is obtained from anaerobic digestion and landfills contains mainly methane (CH4) and Carbon
dioxide (CO) as well as some other trace components mainly Hydrogen Sulphide (H-S). To use this biogas as a fuel,
firstly cleaning is done to remove the trace components from the gas. Then, an upgrading process is carried out to
improve the calorific value of the gas. A biogas plant was setup in the college campus, in which the starch and cow
dung is fed to produce raw biogas. The gas was collected in portable biogas whose volume was 2 cubic meter. The
gas is then compressed at different pressures varying from 3 to 7 bars. The compressed gas is then sent for
upgradation using water scrubbing process. The scrubbing tower (upgradation column) was designed only to be used
only for experimental basis. The scrubbing tower was set up whose length was 1000 mm and diameter 50 mm. The
scrubbed gas obtained at different pressures is collected and tested. The testing is done to determine the amount of
CO.. The CO; content was reduced as the gas pressure was increased. Biogas containing up to 60 % — 90 % methane
by weight was obtained by using water scrubbing process at different pressures.
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1. INTRODUCTION

With the current use of the fossil fuels like petroleum and natural gas, their safe stocks are about to get
depleted very soon. Hence, a lot of research is being carried out into finding the renewable fuels and their applications
in different fields of daily life. Biogas is one such renewable fuel.it is a combustible gas which is formed by the
anaerobic fermentation of biomass. Methane (CH4) combusts very cleanly without producing any soot or pollutants.
Thus, the biogas which contains high percentage of methane is termed as “High Grade Fuel”. However, CO>, the
non-combustible part of the biogas, lowers the calorific value of the biogas. The biogas which contains more CO: is
termed “Low Grade Fuel”.

Upgrading of biogas the removes CO,, H,S and other pollutants. Concentration of CH4 is increased which
in turn can be used as a fuel and in gas grid. H2S has to be removed because of its corrosiveness. 97% of Enriched
methane system was found through automated scrubbing methane at an operating column pressure of 1.0MPa with
2.5m%h biogas in-flow rate and 2.0m%h water in-flow rate into the scrubbing column unit. 11T Delhi has developed
an efficient and cheaper form of upgradation in which it can be utilized as fuel for vehicle 95 % methane, less than
25 ppm of H,S and H,O less than 0.02gm/cum. The cattle farms have implemented this efficient upgradation
technology at rural level. 35% of present technology is based upon dilute acid hydrolysis. The electricity produced
from the not fermentable lignin has an overall efficiency of 60%. Improvements in pre-treatment and advances in
process of combination biotechnology, can bring the ethanol efficiency to 48% and the overall process efficiency to
68%. Purified biogas provides reductions in GHG emissions as well as several other positive impacts on environment
when used as vehicle fuel. Emission is less in biogas nitrogen oxide, hydrocarbon and carbon monoxide than
gasoline; engines filled with upgraded biofuel are more efficient than the diesel filled engines.

This paper presents the removal of unwanted gases from biogas such as carbon dioxide, hydrogen sulphide
which causes problems when used as in refilling of vehicle also the presence of hydrogen sulphide when inhaled is
poisonous also water content makes it highly corrosive and damages equipment. The undesirable gases were removed
with the help of water scrubbing tower (upgradation column) which contained ceramic intalox (packing material)
packing is used as it provides the uniform gas flow in middle section of the tower. It has an open structure for low
resistance to gas flow. It promotes uniform liquid distribution on the packing surface and uniform vapor gas flow
across the column cross section. In order to improve the efficiency of reducing undesirable gases and reducing
upgradation cost ceramic intalox was used in water scrubbing process (upgradation column).

2. METHODOLOGY

The production of gas was done initially by collecting the cow dung nearly 5 to 6 kg as it contains 50% —
60% of methane, 30%— 40% of carbon dioxide with some hydrogen, nitrogen and other traces then starch was mixed
into to it which was made from the waste boiled rice and slurry was formed. Proper mixing was done by stirring for
three hours and then transferred into the biogas bag of 2 cubic meter volume. The bag was then kept at temperatures
between 30 to 50°C for the anaerobic breakdown process into methane gas for nearly 27 days. This was bag connected
to the compressor to transfer the produced biogas with different pressures to the upgradation column. Upgradation
was done by using water scrubbing purification method and ceramic as a packing material in the absorption of the
undesirable gases like CO, and H.S.
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Fig.2. Composition of Biogas

High Pressure Water Scrubbing: Water scrubbing technique is based on the theory of absorption of gases in liquids
at particular pressures. The solubility of gases into water is dependent on several factors such as pressure,
temperature, liquid/gas ratio etc. According to Henry’s law, there is a linear relationship between a partial pressure
of a gas and its concentration in dilute solution. Water is used to scrub CO- from biogas since these components are
more soluble in water than in methane. In this method, the pressurized gas enters the scrubbing tower consisting of
scrubbing material from below and at the same time water is passed from above. The CO; is absorbed by the water.
Hence, the methane content increases and the fuel grade is improved.

Design of Upgradation Column: Biogas upgradation column was modeled by using SolidWorks software.
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Fig.3. The 3-Dimensional model

The scrubber has the diameter of 50mm and the upgraded column has a height of 2000mm respectively. Top
section consist of water inlet pipe, water spraying system and a gas outlet pipe. Water spraying system was connected
with water inlet in order to supply pressurized water inside the absorption column. Middle section consisted, ceramic
intalox saddles have been filled as packing material. Two sieves are fitted using flanges at the top and bottom of the
section to hold the packing height of column. Tower packing is used as it provides the large interface area and has
uniform gas flow in the middle section of the tower. It has an open structure for low resistance to gas flow. It promotes
uniform liquid distribution on the packing surface and uniform vapor gas flow across the column cross section.
Bottom section has the provision for inlet gas feeding pipe. Outlet water will be collected in storage tank. Rotameter
is attached to measure the flow rate of gas.

Fig.4. Ceramic Intalox
Components of purification system:

Water Supply System: Water pump is used to pump water from water storage tank to the scrubbing tower. The
capacity of the pump is 1 HP. 12.5 mm diameter pipe fittings have been used for water supply. A pressure gauge is
mounted to measure the pressure of the water.

Gas supply system: The gas supply system consists of 2 meter cube tube filled with biogas, a single stage
compressor, pipe fittings and accessories.
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Fig.5. Biogas Bag
Single stage compressor: A single stage compressor having 1.5 HP power rating having a working pressure of 8
bar and tank capacity 23 L is used to compress the raw biogas before sending it to the scrubber.
Pipe fittings and accessories: 12.5 mm diameter Gl pipe line and flexible plastic pipeline are used to supply gas
from compressor and water from pump respectively, to the scrubbing tower. Between the compressor and scrubbing
tower, a flow meter is installed to measure the rate of discharge of the biogas.

2. EXPERIMEMTAL SETUP

The produced raw biogas from the biogas bag was sent into the upgradation column with the help of
compressor to transfer the gas at different pressures, from bottom section through Rotameter in controlled flow rate,
also a ball valve was provided in order to prevent the gas from returning the column consisted of packing material
in the middle section for the uniform gas flow. From the top pressurized water with the help of pump was made to
enter. The amount of CO; absorbed depends upon the pressure of the biogas and the time of contact of biogas with
water. The biogas then was made to come out of the top section of the upgradation column.

Fig.6. Upgradation Setup
Testing and Analysis: Different samples of biogas were collected from the scrubbing tower after being scrubbed at
different pressures and tested for the CO- content in them. For checking the CO,, content, the biogas was passed
through a vessel containing Potassium Hydroxide (KOH). The chemical reaction taking place between CO, and KOH
is given by: 2 KOH + CO; — K.CO; + H,O

Hence, KOH dissolves CO, from the gas. So, we first measure the weight of the KOH present in the vessel
initially. And then, after passing the biogas from the vessel, the vessel with the products formed is weighed again.
Since, new products are formed from the reaction; the weight of the vessel is increased. This difference in weight is
the amount of CO; present in the sample passed through the vessel. The volume of the vessel is 175 mL. So, the
amount of biogas is assumed to be 175 mL. Also, it is assumed that the gas is collected at Normal Pressure (i.e. 1
bar) in every case. The effective molecular weight of the biogas is 27.35 grams.
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Fig.11. Final weight

Fig.9. KOH Pellets
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3. RESULTS
Composition of raw biogas and upgraded methane weight percentage is found as shown in following figure.
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Fig.12. Test results
Carbon dioxide (CO,): The research showed that the CO; is more water soluble and the reduction of the CO,
increases as the pressure increases by the compressor.
Methane (CHy): It is the core gas in the biogas, but the percentage is relatively low before purification but the level
increases after the upgradation process.

There are five major upgradation techniques namely High pressure water scrubbing, chemical absorption,
Pressure swing adsorption, Cryogenic separation, Membrane separation but the purification of gas through
upgradation column is the most promising process. The ceramic used in the uniform flow of gases is cheap and
readily available.

4. CONCLUSION

The rigorous progress in technological field, have increased consumption of fuels and pollution, which in
turn has led to go for alternate resources. In order to reduce carbon content in atmosphere biogas has been introduced
as an alternate fuel. Biogas can easily be produced from food and food wastes as well as cow dung. By feeding the
waste in the digester bag and allowing it to ferment, biogas is produced which can be bottled or collected as per
needed. The raw biogas has to be converted into a high grade fuel for using it as a fuel. For this, the CO, content has
to be reduced. A study of different upgradation techniques was carried out and water scrubbing process was used for
biogas upgradation. The biogas scrubber was fabricated and biogas was upgraded. Biogas was first compressed at
different pressures ranging from 3 to 7 bars. The upgraded biogas was tested for the CO, content using KOH pellets.
After testing, it was found that with increasing pressure, the amount of CO- is reduced in the upgraded fuel. Initially,
the CO; content of the gas is 38.389 % by weight. The CO; content in the sample which was compressed till 3 bars
was 24.344 % by weight and was further reduced to 7.958% by weight for the biogas which was compressed upto 7
bar. Hence, it was finally concluded that at higher pressures, more CO2 can be scrubbed from the biogas using water
scrubbing technique.
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