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CO2 – reduction Potential of different Technologies
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Technology Status of CO2 Separation at Power 
Plant Stations

For post combustion capturing of CO 2 the following techniques are available:

����������������Chemical absorption

������������Biological absorption

����Adsorption

��������Membrane Technologies

��������Cryogenic separation

Plants for CO 2-
production

Pilot plantLab-scaleRD-ProjectsTechnology

Amine scrubbing systems have been used since the 19 30s to remove carbon dioxide 
(CO2) and hydrogen sulphide (H 2S) from sour gases at high pressures.

These experiences can be used for the development a nd design of an amine 
scrubbing system for coal fired power plant station s.

����
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Hitachi´s Experiences in CO2 removal from
Coal-fired Power Plants

Hitachi Pilot Plant
Yokosuka, Japan

Flue Gas Volume:  1000 Nm 3/h
CO2 removal:          4.5 ton/d
CO2 Recovery:    90 ％％％％

1990 1991 1992 1993 1994

Design, Manufacturing

FLUOR Solvent

UCC Solvent

Hitachi Solvent H3

2000h Continuous Operation
by Hitachi Solvent

Pilot
Test



HITACHI Power Europe GmbH 5

HPE´s mobile Pilot Plant

5000 Nm3/h fluegas

removal of 1 ton CO2/h

Two train design for 
highest testing flexibility

Operation on different sites due to 
installation in containers

CO2 removal > 90 %

CO2 purity > 95 %

Optimized process design for 
a reduced energy demand

Pre-Scrubber

Absorber Desorber

Reboiler

Pumps and Heat Exchanger

Tanks 
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2 train

Fluegas

CO2- reduced Fluegas

HPE Pilot Plant  Basic Technique

CO2

Steam

Pre-Scrubber

Absorber Desorber

Rich solventLean solvent

Filter

Reboiler

Reclaimer

PurgeOptimized Design
QDesorption - 2 %

Intercooling
QDesorption - 15 %

Increased pressure
QDesorption - 4 %

Washing stage Washing stage
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Transportable Design 
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h ~ 50 m

From Pilot to Full Size Plant

Pilot Plant

5 MWth

Diameter ~ 1 m
Demo Plant

~ 350 MWel

Diameter ~ 12 m

Full size Plant

~ 800 MWel

Diameter ~ 19 m

Absorber diameter of 12 m
is state-of-the art in 
chemical industry

h ~ 42 m

h ~ 23 m
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Full scale CO2 – removal for 800 MWel

Option: 2 Absorbers & 1 Desorber

25 % reduction of installation area

Basic Arrangement:

3 Absorbers & 3 Desorbers
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Integration of Full Size CCS-Plant
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Interfaces of the Post combustion Capturing 
Plant and the Power Plant

Scrubber

FGD

1 2
CO2

Clean 
Gas

120°C

HP

Feedwater
Tank

LP 
Preheater

HP 
Preheater

LP LP LP LP GIP IP

3
1

2

40°C

ca. 50°C

CO2 

Compressor

Absorber Desorber

Boiler

Condenser
A

Condenser
B

Stack

Process heat for
Desorber and 

Amine 
regeneration by
steam extraction

Process cooling
and heat recovery
(CO2-Compressor, 

Amine-cycle, 
fluegas cooling)

Optimized flue gas 
cleaning (dust, 

NOx, SOx)

Electrical power
for CO 2-Capture 
process (pumps, 
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measurement and 
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Process steamFlue gas

Energy supply of
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Full Size Plant with Steam Extraction

Scrubber

AQCS

CO2

Clean 
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120°C
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Feedwater
Tank

LP 
Preheater
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Preheater

LP LPLP LP LP LPLP LP GIP IPIP IP
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MEA 3600 kJ/kg CO 2 H3 2800 kJ/kg CO 2

- 13.1 % - 9.1 %

820 MW

541 MW

611 MW

Influences on plant efficiency:

• Steam extraction from steam turbine for CCS-process

• Electrical power for CO 2-compressor

• Electrical power for CCS-process (pumps, fans etc.)

Influences on Plant Efficiency
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Modifications of the Steam Turbine

1. The last stage blades of the HP- and IP-Turbines must b e designed for
the increased enthalpy drop, caused by the steam extractio n for the
CCS-Process

2. The casted outer casing of the IP-Turbine must be designe d according
to the mass flow of the steam extraction for the CCS-Proces s

3. The size of the last stage blades of the LP-Turbine sh ould be designed
smaller according the new exhaust steam flow

4. Optionally a cross over valve between the IP- and LP-Tu rbines can be
used to reach the required steam pressure for the CCS-Proce ss

G

Steam Extraction (Reheat Steam Line)

HP IP LPIP LPLPLP

Steam Extraction (Crossover Pipe)
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Split of Steam Extraction 800 MWel
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Optimisation of plant efficiency by:

• Integration of waste heat from CCS - process in LP- and H P- prewarming

• Modification of air and flue gas preheating

Optimisation of Efficiency
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NGS 2500 kJ/kg CO 2

- optimised -
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Capital Costs for CCS-Plant

Hitachi Demo 
Plant Projection Full size Plant

Source: Abu-Zahra et al., „CO2 capture from power plants“, International Journal of Greenhouse Gas Control, 2007

Power Plant including CCS-Plant
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Facing the Future…

Demo Plants

Mobile Pilot Plant

1994                             2007                2009       2015          2020

FEED Studies

Full scale Plants
∆ effic. < 7 %

Pilot Plant tests
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