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ABSTRACT

Biogas, a renewable gas, is a potential alternative to natural gas. It is mostly composed of
CH, and CO; and is obtained during anaerobic fermentation of organic waste. CH, makes
it a combustible fuel while CO; restrains its compressibility and calorific value. To
augment its applicability, CO, and other impurities like H,S, moisture are separated from
biogas and upgraded to biomethane with above 90% CH,. Among the variety of biogas
cleaning and upgrading methods, water scrubbing is the most feasible method. During the
process, raw biogas is split in two major gas streams: the CH4 rich (above 90%)
biomethane stream and the CO, rich (80-90%) off stream with significant CH,4 loss being
an integral part of the process. Hence, there is an urgent need not only to optimize water
scrubbing process to upgrade biogas with above 90% CH, but also to develop approaches
and sophisticated equipments to maximize recovery of CH, loss and separate CO, from
the off gas stream. In the present study, water scrubbing based biogas upgradation system
at 11T Delhi has been investigated in detail. Other major objective of the research are to
minimize and recover CH, loss and to separate CO, with 99.9% purity from the off gas

stream of the water scrubbing process.

The performance assessment of water scrubbing based biogas upgradation system
revealed various limitations. The water scrubber was redesigned with the help of a
MATLAB GUI software and numerous modifications were done in the system to increase
its efficiency. Optimisation of the water scrubbing based biogas upgradation system with
150mm and 3000mm scrubbing column diameter and height was accomplished for 95%
CH, in upgraded biogas. The highest observed CO, absorption efficiency of the
upgradation system is 97 %. Raw biogas with flow rate of 10Nm*h at the pressure of
10bar and water flow of 2.0m%h could be upgraded to 94.8% CH, which corresponds to
2.5% CO, in upgraded biogas. This is lower than the requirement of 3% CO, in
biomethane for vehicle utilization in India. The 9.9% CH, loss obtained during the
process was quite high and needed sophisticated equipment to minimise and thus recover

it from the off gas stream of the process.

During the study, it was established that various factors affect and contribute to the CH,4

loss of the system. The flash tank installed in between the water scrubbing column and
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desorption tank to partly depressurise water, to minimise CH4 loss and increase CH,
recovery has also been studied. It was observed that desorption pressure in the flash tank
should be kept low to recover maximum CH, from pressurised water coming from the
water scrubbing column and retention time of water apt enough to facilitate even small
gas bubbles released from water to rise towards the top instead of being dragged into the
desorption column. During the study, it was ascertained that the optimum CH, recovery
of 8.7% was achieved from flash tank at 2 bar pressure and 60 seconds retention time
with CH, loss% of 0.8% from the desorption tank. The studied flash tank effectively

minimised CH, loss from 9.9% to 0.8%.

A water scrubber was designed, developed and optimized for CO, recovery and it was
established that it was capable of retrieving maximum CO; from off gas stream of water
scrubbing based biogas upgradation plant. At 5Nm°h gas flow rate, 5 bar pressure,
1.8m°h water flow rate and 2000mm height of the packed bed, the system was efficient
to produce 99.9% pure CO, at 88.2% CO, adsorption efficiency from off gas stream of
water scrubbing based biogas upgradation plant. The developed CO, recovery system
enhanced the efficacy of small-scale biogas upgradation plants by making the complete

system carbon negative and cost effective.

The energy required for 10 Nm®h capacity water scrubbing based biogas upgradation,
compression and bottling plant is 0.575 kWh / Nm® of raw biogas. The energy required for
5 Nm®h capacity water scrubbing based CO, purification system alone is 0.12 kWh /
Nm?® of raw biogas. If both the systems are run simultaneously then the total energy
requirement is 0.695 kWh / Nm?® of raw biogas. Cost Economics of 200 Nm®/day biogas
production, 10Nm*h biogas upgradation and bottling plant and 5Nm*h CO, recovery
setup presents that it is a feasible project with payback period of 4 yrs. and high internal
rate of interest of 28.58%. The return on investment on the project is high at 46.5% and

can be recommended for small scale biogas upgradation and CO; recovery setups.
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