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ABSTRACT
Increased energy consumption has resulted into serious problems such as global warming and
erratic climate changes currently being experienced around the world. The issue therefore is how to
ensure energy security without sacrificing the interest of nature and man. Given the projected growth
in world population and energy demand, particularly in rapidly developing economies such as India
and China, one of the most challenging issues facing the international community in the 21st century
is how to simultaneously attain energy security, economic growth, poverty mitigation and
environmental protection for all its citizens. Currently, fossil fuels (Coal, Oil and Natural Gas) supply
over 85 % of the world’s commercial energy, account for 65 percent of the world’s electricity and
97 % of the energy for transportation. For countries like India and China where coal is the main stay
of their power generation, the production and use of fossil fuels contribute to 64 percent of
anthropogenic Green House Gas (GHG) emissions. World wide and fossil fuel power generation
currently accounts for over one third of global annual carbon dioxide (CO2) emissions. Now, it is
therefore imperative to develop technology for low carbon based power generation together with the
techniques to capture CO2 being released into atmosphere continuously and then compress it for
storage. For this purpose CO2 need to be compressed, prior to storage and transportation.  After
separating and compressing CO2 from combustion stack gases, liquid CO2 can be transported and
discharged into the bottom of the ocean and stored either in geological formations, or in the form of
dry ice, or fixed by in situ lakes of algae or converted to benign solid materials/fuels, through
biological or chemical materials/fuels, through biological or chemical processes.  Sequestration of
CO2 could be modified or suitably altered to encompass production of multipurpose fuels like hydrogen,
methane and biodiesel. This Project is under NPCS scheme of  DST, government of  India.  A pilot
plant is being developed at RGTU for capture of CO2 and converting the same into useful fuel like
hydrogen for fuel cell application, methane for methane based turbine for power generation and bio-
diesel through  algae route. The total capacity of plant is 500 kg/day of CO2. The  systems  being
incorporated include CO2 sequestration system, Catalytic Flash Reduction of CO2 using charcoal
from gasifier, production of methane using catalytic converter and simultaneous capture of CO2
using solar flux and CO2 as input to the algae culture. Algae yield can then be used for bio-diesel
production and augmenting biomass gasifier facility. This pilot plant is being developed for capture
of CO2 and converting the same into useful fuel like hydrogen for fuel cell application, methane for
methane based turbine for power generation and bio-diesel through  algae route. In order to incorporate
these frontier technology processes for commercialization on a coal fired conventional mega power
plant, this proposed pilot plant, is considered as a major mile stone. The present paper focuses on
CO2 capture technologies available and proposes a novel concept for CO2 capture and production of
multi purpose fuels.
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INTRODUCTION
Energy security and Energy independence is the
prime concern of our time for transforming India
into a knowledge superpower of the world. The
Indian Power Sector, which has taken rapid
strides and now reached to a installed capacity
level of over 1,43,000 MW, has plans to add
another one lakh MW within next five years.
Global concern for reduction in emission of Green
House Gases (GHG) especially CO2 emissions,
is likely to put pressure on Indian power system
for adoption of improved generation technologies
and low Carbon/no Carbon power generation
technologies . The power sector already started
witnessing a transition from conventional power
generation technologies to the green power
technologies. A major thrust on CO2 reduction on
long term and sustainable basis would come
through adoption of advanced technologies of
power  generation like supercr itical/ultra-
supercritical power cycles,  Integrated Gasification
Combined Cycles (IGCC), fluidized  bed
combustion/gasification technologies, renewable
energy technologies, bio-fuels, other such green
energy technologies.1-4 In the short term the focus
is on energy conservation measures and use of
selected hybrid of renewables like solar-wind-
biomass. The quest for energy independence of
the campus through clean energy technologies has
prompted RGTU to setup a Green Energy
Technology Center- GETC having diverse focus
areas including clean coal technologies and CDM,
renewable energy technologies, bio-fuels and bio-
diesel, energy conservation and management and
CO2 capture and sequestration technologies. The
Rajiv Gandhi Technological University (RGTU)
is committed for developing green power
technologies for generation of 1 MW power
within the campus for providing formidable
support to the national missions on green power
and sequestration of CO2. The green energy
centre of RGTU is having a 100% producer gas
based biomass gasifier and bio-diesel reactors.

The CO2 capture technology is on the anvil of
this university. To this end a pilot plant is being
developed for capture of CO2 and converting the
same into useful fuel like hydrogen for fuel cell
application, methane for methane based turbine

for power generation and bio-diesel through algae
route. An impact project has been awarded by
DST, government of India to RGTU for CO2
sequestration and production of multipurpose fuels
like methane, hydrogen and bio-diesel through
algae route through a single pilot plant. In order
to incorporate these frontier technology processes
for commercialization after they are fully
developed the proposed pilot plant is considered
as a major mile stone.5,6 The systems being
incorporated include CO2 sequestration system,
catalytic flash reduction of CO2 using charcoal
from gasifier, production of hydrogen from CO
and production of methane using catalytic
converter process process and capture of CO2
using solar flux and CO2 as input to the Algae
culture. Algae yield can then be used for bio-diesel
production.

AIMS   AND   OBJECTIVES
 To establish scientific basis for dry gas CO2

separation,   adsorption,  storage and
conversion into fuel.

 To develop zero emission technology projects
and recycle carbon di-oxide to add value to
clean energy projects by adopting three
pathways :

i. Sequester CO2 and convert the same into fuel
molecule.

ii. Use CO2 to grow micro algae to produce bio-
diesel and methane gas.

iii. Use CO2 sequestration to grow energy
plantation.

 To develop mathematical and chemical
models for CO2 sequestration, hydro gasifier
and algae pond systems.

 To establish a pilot plant for CO2 sequestration
and conversion in to multipurpose fuel.

MATERIAL    AND   METHODS
Present techniques of CO2 capture
There are three main techniques for capture of
CO2 in power generation :

 Post-combustion capture
 Pre-combustion capture
 Oxy-fuel combustion
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Post combustion capture
A variety of techniques can be used to separate
CO2 from flue gases. The best proven technique
at present is to scrub the flue gas with an amine
solution. The amine from the scrubber is heated
by steam to release high purity CO2 and the CO2
free amine is then reused in the scrubber. Post-
combustion capture can also be applied to coal
and oil fired power stations but some additional
measures are needed to minimize contamination
of the CO2 capture solvent by impurities in the
flue gas, such as sulphur and nitrogen oxides. In
many respects, post-combustion capture of CO2
is analogous to wet flue gas de sulphurization
(FGD) techniques, which is widely used on coal
and oil fired power stations to reduce emissions
of SO2.7

Pre-combustion capture
The low concentration of CO2 in power station
flue gas implies that a large volume of gas has to
be handled, which results in large equipment sizes
and high capital costs. A further disadvantage of
the low CO2 concentration is that powerful
chemical solvents have to be used to capture CO2
and regeneration of the solvents to release the
CO2 requires a large amount of energy. If the
CO2 concentration and pressure could be
increased, the CO2 capture equipment would be
much smaller and different physical solvents could
be used, with lower energy penalties for
regeneration. This can be achieved by pre-
combustion capture. The fuel is reacted with
oxygen or air, and in some cases with steam, to
give mainly carbon monoxide and hydrogen. The
carbon monoxide is reacted with steam in a
catalytic reactor, called a shift converter, to give
CO2 and more hydrogen. The CO2 is separated
and the hydrogen is used as fuel in a gas turbine
combined cycle plant. The process is in principle,
the same for coal, oil or natural gas, but when
coal or oil are used there are more stages of gas
purification, to remove particles of ash, sulphur
compounds and other minor impurities.
The hydrogen produced in pre-combustion capture
processes could alternatively be used to generate
electricity in a fuel cell. Fuels cells are currently
not economically competitive with gas turbines,
but they may become more competitive in future,

particularly for small-scale distributed power
generation. The technology of capture and storage
is therefore expected to be suitable for future as
well as current power generation technologies.
Oxy-fuel combustion
The concentration of CO2 in flue gas can be
increased greatly by using concentrated oxygen
instead of air for combustion, either in a boiler or
gas turbine. The oxygen would be produce by
cryogenic air separation, which is already used
on a large scale, for example in the steel industry.
If fuel is burnt in pure oxygen, the flame
temperature is excessively high, so some CO2 rich
flue gas would be recycled to the combustor to
make the flame temperature similar to that in a
normal air-blown combustor. The advantage of
oxygen-blown combustion is that the flue gas has
a CO2 concentration of around or above 80%,
compared to 4-14% for air blown combustion, so
only simple CO2 purification is required. It may
be possible to omit some of the flue gas cleaning
equipment which currently has to be included in
power stations, such as flue gas de-sulphurization,
which would reduce the net cost of CO2 capture.
Some sulphur compounds and some other
impurities would remain in CO2 fed to storage,
which may be acceptable in some circumstances.
The oxygen and CO2 recycle combustion process
has also a further benefit in suppressing NOx
formation with attendant benefits in the post
combustion removal of NOx. The disadvantage
of oxy-fuelcombustion is that a large quantity of
oxygen is required, which is expensive, both in
terms of capital cost and energy consumption.
Advances in oxygen production processes, such
as new and improved membranes that can operate
at high temperatures could improve overall plant
efficiency and economics. Oxy-fuel combustion
aimed at power generation applications has so far
only been demonstrated in small scale test rigs.8

RESULTS  AND  DISCUSSION
The pilot plant
The systems being incorporated include CO2
sequestration system, catalytic flash reduction of
CO2 using charcoal from gasifier, production of
hydrogen from CO and production of methane
using catalytic converters. A portion of captured
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CO2 along with solar flux shall be input to the
algae culture in the specially designed  algae pond.
Algae yield can then be used for bio-diesel
production. The project team is presently working
on the CO2 capture technology from the flue gas.
The team is also working on a new approach for
the efficient conversion of CO2 to multipurpose
fuels.

A Novel concept of CO2 capture, storage,
sequestration and conversion into multipurpose
fuels is thus being achieved as under by RGTU :
 CO2 to CH4 - Methane through catalytic

process.
 CO2 to H2 - Hydrogen through carbon shift.
 CO2 to algae and algae to bio-diesel through

CO2 and solar flux.

System configuration
The system configuration is shown at Fig. 1
below. The broad specifications of the systems
are as under:

 Rated Capacity of the Capture of CO2 : 500
kg/ day

 Source of CO2 : Boiler of capacity 100kg/hr.
steam and Biomass Gasifier of 10kW

 Solvent used for capture of CO2 : Mono
Ethanol Amine (MEA)

 SOx and NOx Removal : Na H CO3

 Catalytic Converters / Reduction Unit

   - For Methane.... Input CO and H2, Specially
Developed Catalyst “Rajiv” 01 *

-For Hydrogen.... Input CO and Steam,
Specially Developed Catalyst “Rajiv” 02 *
- For CO ... Input CO2 and Lignite

CONCLUSION
Some of the glimpses of the pilot plant under
erection and construction on displayed in are shown
in Fig. 2 and Fig. 3. Efforts are under way to
optimize solvent quantity and quality and energy
consumption in the whole process. The full load
trial runs will be conducted in the early Jan-2009.
The pilot unit of this impact project is considered
an important milestone in CO2 capture technology
for fossil fired power plants. The size of the plant
is selected well above lab scale unit so as to
produce appreciable moles of CH4 and H2. A full
scale plant on a 500 MW pulverized coal fired
unit would require a plant of 510 tonnes /hr
capacity. This interdisciplinary project is expected
to resolve certain frontline issues in CO2
sequestration such as Energy intensive process
optimization in terms of cost of generation and
development of effective catalyst for methane,

Fig. 1 : Scheme diagram of CO2 capture pilot plant
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hydrogen and biodiesel recovery through algae
route.
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Fig. 2 : CO2 Sequestration Plant

Fig. 3 : CO2 Source-the baby boiler
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