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Urea Production

In natural gas based ammonia and urea plants, CO, is recovered from the
primary reformer flue gas and added back to urea synthesis to increase
the production of; urea.
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Methanol Production

The carbon/steam ratio is adjusted by adding CO, from the primary
reformer flue gas, thus increasing the production of methanol.
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Soda Ash Production

CO, Is recovered from the boiler or cement kiln and used for soda ash

production.
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COz Disposal in Nerway:

Sleipner East
Production and Injection Wells
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m |EA, Oil & Gas Journal, World Oil
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Sakaiko Bench Scale Testing Facility

LW
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Nanko Pilot Plant

Themes of the Power Plant CO, Recovery.

(1) Drastic reduction of the thermal energy for
regeneration of solution.

(2) Drastic reduction of power for a boiler flue gas blower.

(3) Providing a large capacity for the facilities and
reducing their size.

(4) Reduction of amine loss.

* Minimizing an outflow of the amines to outside of
the system.

* Prevention of deterioration of the amines.
(5) Taking care of the impurities in the boiler flue gas.

(6) Optimizing the steam system integrating the power
generating system and the CO, recovery system.

14



Reaction between Alkanolamines and CO;

2R-NH, + CO, — R-NH;* + R-NH-COOr

(Main Reaction of Monoethanol Amine) (Carbamate)

(Main Reaction of Sterically Hindered Amine)

Laboratory Test Data
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Laboratory Test Data
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Absorption & Regeneration Bench
Scale Testing Facility

MHI"s Experience on Flue Gas CO, Recovery

PILOT PLANT
Location : Nanko Power Plant, Osaka, Japan

Capacity : Flue Gas 600 Nm3/H
CO, Recovery Rate 2 Ton/D

Start Up : April, 1991

Purpose of the Plant
» Development of Energy Minimizing Solvent
» Development of Equipment Size Minimizing
Technology

Result of the Development

* New Solvent KS-1 and KS-2 have been developed.
These two solvent can reduce steam consumption
about 20% than MEA.

* New high efficient and very low pressure loss Packing
(KP-1) has been developed.

» Energy efficient steam systems have been developed.
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Research and Development Activities

MHI has been working with the Kansai Electric Power Co. on a comprehensive series of long-term
research projects to develop countermeasures for global warming. Recovery of CO, from power
plant flue gas is the main subject of the new energy-saving technology being developed.
Current research projects are as follows:

» Laboratory tests

» Bench scale tests

» Pilot plant tests

» Feasibility studies for recovery of CO, from power plants

Laboratory test Bench scale test Pilot plant test

MHI"s Experience on Flue Gas CO, Recovery

PILOT PLANT
Location : Nanko Power Plant, Osaka, Japan

Capacity : Flue Gas 600 NmS/H
CO, Recovery Rate 2 Ton/D

Start Up : April, 1991

Purpose of the Plant
» Development of Energy Minimizing Solvent
» Development of Equipment Size Minimizing
Technology

Result of the Development

* New Solvent KS-1 and KS-2 have been developed.
These two solvent can reduce steam consumption
about 20% than MEA.

* New high efficient and very low pressure loss Packing
(KP-1) has been developed.

» Energy efficient steam systems have been developed.
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Gas flow rate : 555 m°N/h
CO; concentration : 10.3 %
L/G : optimum value

CO, absorption rate (%)

1
150
Steam supply (kg/h)

Relationship between Steam Consumption and CO, Recovery in Pilot Plant

Pilot Plant Test Data
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Heat-stable salt (g/1)

400
Running time (h)

Deteriorated Product of MEA, KS-1 and KS-2

Conventional Tower Packing
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KP-1 Packing
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Generator

Boiler Feed Water Pump

Power Plant Steam System

Power Generation
(46%)

Steam Energy

Condenser
(Energy Disposal)
(54%)

Steam Energy Utilization of Power Plant
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Enthalpy (kcal/kg)

Power Lass by

team Extraction
Steam Energy Steg 2o

@ Steam Energy
Utilization for Reboiler

Reboiler Energy Condenser Energy

Steam Energy Utilization of Power Plant
and CO2 Recovery

(kcal/kg)

200 |—
C (858 kcal/kg)

Steam for Reboiler
(7oakcal/kg)

E (557 kcal/kg

Reboiler Condensed Water -
(138 kcal/kg)

¥ F condensed Water
(33 kcal/kg)

Entropy (kcal/kg K)
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A Plant In Commercial Operation

MHI was awarded a flue gas CO2 recovery plant by using

MHI/KEPCO’s new solvent (KS-1). The plant is located in
Malaysia and form a part of the ammonia/urea plant which
is now in commercial operation.

MHI/KEPCO’s new technology for flue gas CO2 recovery
has been selected by Petronas Fertilizer Kedah for its
high energy efficiency and competitive price.

Project Outline
Client

sLocation

*Flue Gas Source

*Capacity

*Solvent

! +Use of CO2

~ «Start of Operation :

*Project Scope

: Petronas Fertilizer (Keda) Sdn. Bhd.
: Kedah Darul Aman, Malaysia
. Steam Reformer Flue Gas

: -Flue Gas 47,000 Nm3/H

-CO, Recovery 210 Tons/Day Max

: KS-1 Solvent

: Urea Production

October 1999

: Turnkey Lumpsum

3000T/D

3000T/D
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CO2

CO, from Natural
Gas Disposal CO, Disposal
(Planning) Test

Ongoin
Flue Gas CO, (Ongoing) 5

Recovery & EOR
(Planned)

Flue Gas CO,
Recovery & EOR
(Planned)

3

CO, from Natural
Gas Disposal
(Planning)

Projects in this area are not CO, mitigation projects.

Recovery & EOR
(Planned)
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Figurel: Location of Barrow Island and the Gorgon Gas Field

BARROW
ISLAND

Reservoir Flue Gas Total
CO2 Emissions Atmospheric
Re-injected Emissions

With CO2

Re-injection

Without CO2

R ci
Tablel:Summary of CO2 Em

Includes additional flue gas emissions of the CO2 re-injection compresso
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EOR

LNG GTL DME
Emission Free LNG, GTL, DME

GTL DME

32



