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Presentation Outline

* Development of CO2 Capture
Technologies in the Far East Asia

* Japanese
* South Korea
* China
°* CO2 Capture Technologies
* Pre-Combustion
* Post-Combustion
* Oxyfuel Combustion

I * Industrial CCS




JAPAN'S DEVELOPMENT OF CO:2
CAPTURE TECHNOLOGIES /!
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Strategy of CCS Iin Japan é_}

°* CCS under the Japanese Strategic Energy Plan

* Plan enacted in 2003, revised in 2007 and 2010 by
Japanese Government

* Direction of the energy policy based on the 3E principles,
Energy security, Environment, and Economy

* CCS is an important part of this strategic plan

* Target is to commercialize CCS by 2020
* conduct large-scale CCS demonstration projects J
* conduct R&D on reducing the capture cost of CO2 ‘
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Cool Earth Innovative Energy Technology Program
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Technologies to be Prioritized-

Efficiency improvement

carbonization

2. High-Efficiency Coal Fired

Power Generation .
Power Generation
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Jtransmission Storage (CCS)

1. High-Efficiency
Matural Gas Fired
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Superconducting
Power Transmission
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11. Innovative materials,
Production/Processing
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1Z. Innovative Iron and Steel
making process

14.Next-Generation High

Commercial
LA Efficiency lighting

13. High-Efficient
house and building

Demand side

16. Ultra High-

M 17. High-Efficiency
Efficiency l Information Device ==
Heat pumps el and System o

Cross-cutting

15. Stationary
Fuel Cell '.J‘

18. HEMS/BEMS /Local-level EMS

19. High-Performance 20. Power Electronics
Power storage

21. Hydrogen Production,
Transport and Storage

* EMS: Energy Management System, HEMS: House Ensrgy Management System, BEMS: Building Energy

Management System



CCS Development Target ‘ ’

* Current Cost:
* 4,200 JPY (USD 52.5) 1-CO2 was estimated for new
pulverized coal fired power plant
* Target Cost:
* 2,000s JPY (USD 25) /t-CO2 by around 2015
* 1,000s JPY (USD 12.5) /t-CO2 by the 2020s

* Technologies:

* Pre Combustion: physical and chemical absorption
(JPOWER, JGC etc.), membrane (RITE)

* Post Combustion: chemical absorption (MHI, RITE, ‘
Toshiba etc.) o

» Oxy Fuel: Callide A in Australia (JPOWER, IHI etc)e€ .
‘ 4__4 ‘\6




Development history of air-blown IGCC in Japan A—-

Demonstration plant
Shareholders of CCP are | 4 ~CCP R&D Co.Lid

10 major Utilities in Japan 1700t/d 250MW (2007-2010)
Pilot plant ]}1 a E SO =
IGC Research Association s T = ‘L‘r

200t/d Equivalent to 25MW (1991-1996) *‘f‘hﬁ <. ;‘;: e 5

Y <

Process development unit

CRIEPI-MHI 2t/d(1983- 1555}’ |
i | Cﬂnfirmatiﬂn test plant |

ZRIEFL: Central Research Institute of Electric Power Industry




Consideration for CCS at
Nakoso IGCC Plant

* Japanese government g asitier
funded a feasibility X

study on possibility of *;55’
capturing COz from B2
Nakoso IGCC (owned |, |, =snis O, conne
by CCP R&D Co. Ltd.) T, s =
and transported to emme—
waki-Oki Depleted Gas - 1
~ield (owned by lfﬁ,”ﬁ\\ — '
NPEX) / -
* Study funded by NEDO \ \/
~ aaaaa g cee o




Post-Combustion Capture
Development in Japan

~3000 tpy pilot plant (Toshiba)

* Development led by Major
Engineering Companies and
Research Organisations...
» Mitsubishi, Hitachi, Toshiba, RITE, B

etc...

* Development for:
* Retrofit
* New Build

* Focus:
* Energy Efficiency
* Cost Improvement

T




Post-Combustion Capture
Development in Japan

(Scaling Up Projects — MHI Experience of CO2 Capture from Coal Fired Flue Gas)

Alabama, USA

Nagasaki, Japan
2006: 10 tpd (~3,000tp

Hiroshima, Japan -
2003: 1 tpd (~300tpy) =
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Oxyfuel Project at Callide A Power Station

(Showcase for Australian-Japanese Collaboration)

Callide A Project —would be the
world’s 15t oxyfuel retrofitted
power station.

 1st oxyfuel and world’s largest pilot plant JAT &
that will actually produce electricity. AN

* 2 ASU (330 tpd each)
* 1 CPU - Capturing ~22,000 t/ly CO:
* |nstallation of 2 new Wall Fired Burners

A unique position to provide information f] o S
related to the burner — burner interaction T

e = =
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Project Outline

(1) Technologies to reduce CO, emissions from blast furnace (2) Tec:hnolo ies for CO, capture
T e T T T e T e e l -.
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. Iron or i A =~ H=  -Physical adsorption ]
[ _F Coke productlontechnology Coke - BFG | co -
R -y Hz ampl|f|cat|on for BF hydrogen reduction : s Mg R R
v e WX . E = : [
A ‘ : = . I
N H: g— i CO,storage
: Shaftfurnacé it - technology
¢ ¢ § E...1 COG reformer = Regeneration i § ®
SEEE ii | Coking plant 3 Tower : i 1 ™®
F - E :El L | | - i ™
11 F 1me ii High strength & high reactiyity co - Reboiler : m
: ‘---v :--L---‘--------------I----------- .
E Ironore it Absorption -
» pre-reductioni co - Tower [
technologlt Coke_substitution React|on control technolog |
i Other prOject i reducing agent production technology { i for BF hydrogen reduct|o CO2 capture -
\Jsmmmmmm e sssseseensemsassmssmsssssssesssessessssssssssssssssssesesenseessessansnsennnst 1 technology : -
Sens_lbleheatiegoyeryfromslag(equpIe) Waste heat recovery"[:i'c')'i'l'é'rm""""""""mm" S R AR R RN i X L
: Hot air — E—Q Steam_

| Cold air VSN I
: F@ Kalina : | Electricity I
=L /. cycle :
Power generation : i | Hotmetal

__7&_Technology for utilization of unused waste heat .

BOF

COURSES0 ./ CO, Ultimate Reduction in Steelmaking Process by Innovative Technology for Cool Earth 50

P12



.
........

Test Equipment: j‘r:n_m
Process Evaluation Plant(30t/D) W AR
(4 | Off gas T B
il A Nippon Steel Kimitsu Works No. 4BF

1 CO2

Bench Plant (1t/D)

e — 11|
Absorber G Tl A
il - (£ Regenerator

Rebolier

Absorber

w0
tasl
L .

Y




n"“

Chemical Absorbents

Collaboration Scheme to Develop New

Development of new chemical absorbents (NSC + RITE + Univ. of Tokyo)

Quantum chemical
calculations

Design new amine
Compounds.

Experiment

& Synthesize new amines
€ Design absorbents

¥ Evaluate the performance \
——

| Industrial
application

Evaluation with test plants

Chemoinformatics

Suggest new amine
compounds

CAT30 (30t-CO,/d)

Absorber

Stripper

Cost-saving COz Captu

re System

|  coumses x
I Development of New Absorbents
I Projects Absorbents Development Status
“CcOCcs RITE-5C #2-componant absorbant
| ( 2004-2008 ) (NO. 1) #Underinvestigation for practical use
: RN-1 # Single-component absorbent
» % Results evaluation of plant tests at

| courseso | (NG 2} CAT1& CAT30

(2008—2012) #2-component absorbent
I RN-2 #Under plant test at CAT1
I RN-3 # Under exploration
.
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SOUTH KOREA'S DEVELOPMENT
OF CO2 CAPTURE TECHNOLOGIES !
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National CCS Master Plan

(Information obtained from KEPRI)

* Overview of the National CCS Master Plan
* Comprehensive action plan for CCS Demonstration in Korea, released on July 13, 2010
* Planned and issued by Presidential Committee on Green Growth and Relevant
Ministries
e 2.3 Trillion KRW(1.7B USD) in 2010-2019(52% by the Government)
* Background

* Recognizing the increasing importance of CCS as a practical solution to reduce GHG
emissions

* Should need to accelerate the development and competition of the CCS market
* Development in GHG Reduction Technologies as New Growth Engine
* Vision and Objective
* Vision: Growing into the leading countries to supply CCS technology
* Objective: To Secure Plant Commercialization and Technical Competitiveness by 2020 J
* Verification of Integrated Capture-Transport-Storage System of 1MtCO2/yr
* Cost target at $30/tCO2 ($20 for capture, $10 for storage) ‘
» Benefits/Expectation A
* COz2 reduction up to 32 MtCO2 by 2030, contributing 10% of the total domestic 92

reduction amount. 3 »
S business opens 100 Trillion KRW (cumulative) market by 2039 ‘ 16




National CCS Roadmap of

S. Korea

&

2010 2015 2020
[ I [ [ I I I I I [ I
Post Combustion Integration of Capture-
Pilot Plant Transport-Storage
(10--30MWVV) (100~300 MW, 100 Mton)
CCs A
Pre Combustion and Integration of Capture-
RD&D (Ony-PC Pilot Plant Transport-Storage
(10-30 MW) (100300 MW, 100 Miton) Deployment
Roadmap
[ [ [ [ I I [ [
In Korea
Basic Evaluation of Storage Capacity :
Data And Underground exporafion Mg;;:ﬁ::‘qﬁ‘ and
Survey (onshare and offshore) g
I I [ I I I I I I [
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Project Outline . Project Outline

T Project
Goal

Conceptual Design

Detailed Design &
Construction of Demo. Plant

Basic Design of Oxy-PC Plant

Conceptual™Design’ & © Construction of Demo. Plant
Test Bed Construction © Feasibility Study of Plant Retrofit © Detailed Design
- Development of Process Analysis Tool - Development of key technology of © Test Running
- Development of key technology of Process Control & Operation
Oxy-PC Combustor © Optimization of Process Analysis Tool
- Construction of Test Bed © Basic Design Oxy-PC Power system

C Phase 1 (2007~2010)> W ( Phase II (2012~2015)>

€3 IceEPCO RI 5 KIMM ) SommcomiE
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Burners: |
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Project Outline

Plant
output 125MWe
Boiler |Single-drum
type radiant heat type
Operation
start 1973
Boiler : BHK
Waker | 7/G - Hitachi
Flow rate : 420t’h
Main Temp. : 541deg-C
steam |Pressure:
12.85MPa
Burner |Circular type x 16
type Bent type x 12
Mil Tube type x6
type (Standby x 1)
Fuel Anthracite(FR'=14)
Efficiency | 36%

~ *Fuel Ratio= Fixed Carbon/Volatile

epapanIE
OXY-FUEL COMBUSTION
' R&D ORGANIZATION



ldeas/Projects for CO, Reduction

o BFG
Hot Millingcold Milling Power
4% 3% I. ______________________________ 1) Plant
Stee|_ Iron_maklng: q‘_IIII BT E T A N I N AR TR R T A EN ( )
making 18 melting/reduction .

Research Scope

i £ e Bt
=
T FrITrrs T rFrEITrETEEE

er Regenerator.  Concentrator,
L]  TEEFI NI TE TR NI T NI NN NETR

_ Hydrocarbons
3)
Iron Ore
Sinter Process (2)
) Research Activities of CO, Project in RIST

(1) CO, Capture from BFG stream using aqueous ammonia

(2) Waste heat recovery from molten slag and hot sinter

(3) CO, utilization

| A Center of Expertisc 20 WOrld TOp ClaSS |
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RIST


http://en.wikipedia.org/wiki/Image:Dimethyl-carbonate-3D-balls.png

1t stage pilot plant (1/2)

Process improvement

BFG QOut CO;
Washing ] |
water M W‘:{sal:ér:g ...... >
J |_ ...... » Drum
----- » Drum
. L ® . .
CO2-Lean 5 & 3
Solution ‘ é é:_; %
Cooler Side Coaler, ] | 1 1
b
...... » Drum
@ (Blowdown) J I_ J I—
— P
\ CO24Lean Drum
Side Conler |  Solgtion
| CO21Rich
s v, Sofon ‘I_@j/
BFG In Absorber | | Stripper |
Conc. NH;
©) t
Feed Gas
Blower CO2—F{icF‘f—Lean
Heafg':éfa”nge, — Steam in — Steam in
Steam out Steam out

g

—

) Side stream in the absorber
- Temperature decrement in the middle of the absorber
- Improvement of absorption efficiency
- Suppression of ammonia vaporization

) Removal of condenser at the top

of the concentrator
- Improvement of heat efficiency
in the stripper and concentrator
- Prevent clogging of the pipe line
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2hd Stage pilot plant

J Operation of 2"d stage pilot plant (May. 2011~)
¢ Development of CO, capture process for commercialization using aqueous ammonia in iron & steelmaking Ir
e Utilizing the waste heats at low and mid-temperature waste heat as regeneration energy

¢ Ultimate goal: CO, removal > 90%, CO, purity > 95%, energy requirement < 2.0 GJ/ton-CO,

A

4 absorber - i i
g Absorber < PTbiE?E;S
. | D 1.4m, H 27m
a. . Stripper
\.“_'; -D 0.9m, H 20.6m
1" - Concentrator
= -D0.5m, H11.7m
‘1; 33m
2‘ ) Capacities
i-ﬁ'i:. : 1000 Nm3-BFG/hr
|N as 0.5 MW

(CO, conc: 20~25%;

A Center of IExpertise World Top Class
RIST 2

HEs MESFT Y



CHINA'S CO2 CAPTURE AND
UTILISATION DEVELOPMENT

.




CCS Development in China é:f

* Does not feature in the economic goals of 12t FYP
but is included as a high technological priority
within the R&D programme

* MOST supports both fundamental research
(Programme 973) and technology development
(Programme 863) while the National Science
Foundation focuses on fundamental and generic
research.

* Significant activities initiated by SOE — where COz2 _J
Utilisation (i.e. for supply of Food Grade CO:2 or
EOR application) is the major driver.

‘ e




GREENGEN Project — Near ‘,_?f
Zero Emissions IGCC ol

* Research and Development Project led by Huaneng Group
* Project Initiated in 2006 (~US$ 1 Billion)
* Supported by the State Council, NDRC, MOST and MOF
* Consortium of 8 Energy Enterprises and 1 US Company

* Project Goal:

* To establish a high-efficiency, coal-based IGCC poly-generation plant with
efficient reduction of pollutants and near-zero emissions of COo..

* Project Components (Phase 1 & 2)

* R&DD on 2000t/d HCERI (formerly from TPRI) coal gasifier and 250MW
IGCC power plant (Syngas production integrated to the Siemens GT
Technology)

* R&DD on coal-based hydrogen production, hydrogen power generation and 4
CO:2 Capture ‘

* To verify key technologies, system integration, availability and reliability of/‘
key components consisting of the “GreenGen” technology o




S o
Three Stages of the GreenGen Programe i CHINA HUANENG

GreenGen demo-

1 R8D for Key technologies enginearing
Improve IGCC technolog

® Build a 400MW GreenGen
demo-Engineering, including
H2 production, FC power
@ Improve the IGCC polygeneration generation, H2 turbine
(Power-Heat-Syngas) technology - cycle generation and

;c Economic ml;idwcl‘;n; cﬁlzcun%a{;'c CCS
@ 2000 t/d Gasification ~ Det¥een 3900 Ud and 232000
. gasifers @ Operate the GreenGen plant

@ 250 MW IGCC & tion
polygeneration (Power- | & CCS . vac.lhc‘fihrf:l{::lﬁcn
Heat-Syngas) @ Fucl cell power generation technology FoonbIme vEDTY
@ Build the GreenGen @ Preliminary work of the GreenGen ® Prepare and extend for
Lal ory demonstration commercial system

Stage | Stage 11 Stage 111 s

26




' 4

GREENGEN IGCC Laboratory ‘
(Under Commission and Fully Operational by 2012) d

* Power: 265MW *Gasifier: HCERI

* Net eff. 41% *GT: SIEMENS

* SO, : <1.4mg/Nm3 * ASU: Kai Feng Air Separation
* NO,: 52mg/Nm3 * ST: Shanghai Electric

* PM: <1mg/Nm3 * HRSG: Hangzhou Boiler

¢ Start to operate in Dec. 2011 *Engineering: HCERI,SINOPEC,NWEPDI

— e,




GREENGEN Project: ‘\_?7

CO:2 Capture Component

* SynGas slip stream (6000 Nm3/h or ~15 MW:)
to demonstrate

* the delivery of high purity Hz2 from coal based IGCC
for Fuel Cell application; and

* COz2 capture of ~60,000 Mt/y for EOR trials

* Asia Development Bank (ADB) Financing

* Provided US$135 Million in Loan and ‘
US$ 5 Million in Grant A

. * Grant is aimed to develop CDM documentatiefi
4_-4

- 28




Post-Combustion Capture
Development in China

~3000 t/y CO2

™ e @e

* Cooperation between CSIRO and
China Huaneng Group — CHNG

* COz2 captured from flue gas slip
stream of 800MWe Gaobeidian
Coal Fired CHP (Beljing)

* Operation started July 2008

.

CO2

~120,000 t/y

Project led by Huaneng and TPRI

CO:z2 captured from the flue gas slip
stream of 660MWe USC Shidongkou
(No. 2) Power Plant (Shanghai)

Operation started in December 2010
Total Investment: US$ 14.6 Million

Total CO2 capture cost of < (
200RMB/t (US$ 30-35/t) inel:

processing to fgﬁg rade. ‘29
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Roadmap for Oxy-fuel R&D in China (SKLCC Draf
= S

3MWt large pilot study

7000T/a full chain validation 2020
ASU-CPU coupling 200-6000We full demo.
Millions ton CCS-EOR.

300EWt small pilot study
Bumer development

Data collection and Optimization
Thermal Design

2014

35MWt pilot plant
0.1 mullion ton capture
ASU-CPU-power generationntegration and|optimization

Development of Oxyfuel Combustion in
China is now geared toward full scale
demonstration of the technology...

Consequence of shelving of Janschwalde Project means that Europe could lose

' e grounds in the development of oxyfuel combustion 4
- T -d




Oxyfuel Combustion
R&D Development — HUST

* Features of the 35MW1t Oxyfuel Pilot
Plant

* Supported granted under MOST 863
Programme

* Project led by Huazhong University of
S&T and Others.

* Goal:

* To set up a full demonstration plant combining
carbon capture, storage and utilization

e Scale:

* 35 MWt oxy-fuel combustion boiler with
100,000 t/a CO2 storage

* Location: Yingcheng, Hubei Province
* Technology:

° Oxy-fuel combustion + Storage in salt mines 35 MWt Oxy-fuel Combustion Boiler Industrial Demonstration Project

mpected Start Up - 2014




Datang Oxyfuel Demo Project

Anticipated Project Interface ALSTOM

* Daging 350MWe Project

* Full size Oxyfuel Combustion
CO:2 Capture

* Cogeneration of Heat and

Power based on SC PC Boller _

using | R
g lignite R 688
* Location: Daging, Heilongjiang - Bielhingg
prOVince Daging Demo Project Timeline ALSTOM
* EOR and COz2 storage: e Sera ot 0 s 50
adjacent to PetroChina’s
Daqing oll field for EOR, near
Songliao basin for geological =~




SIEG Oxyfuel Demo Project

* Shanxi SIEG Project is
based on 350MWe Power
Plant (To capture ~2 MTPY
CO2)

* Project Based on Joint US-
China Fossil Energy Protocol

* Pre-feasibility Study
Completed

* Partnership with Shanxi

International Energy Group
(SIEG)

* Key Technology Partners:

o B&W - providing technology for
boiler and environmental island
o APCI - providing ASU and CPU

o WVU - providing support for CO2
storage

” ~

’ A
7 APCI
/

Steam Boiler and Turbines CO, Transport

," Oxygen

and Utilization (e.g., EOR
: 350 MW, Gl o
) (Supplyl. e
I
X -
\ i CO, Purification™,
' | and Compression |+
\ A—LI-_V / /
\ ! ]
\ ! [ 1
v OXYgene—t <h
*\_~7,000 tpd y wallli ol
R = \
~--" Coual \'/ Flue Gas
Recycle
- APCI
ESEEE

Fig. 6 SIEG boiler side and front views.



Potential for Coal to Chemical

with CO2 Capture Demonstratlon

(Data from IEA CCC)

* Significant growth in scale

and extent of application in |

the coal to chemicals sector

* Opportunity to capture, at
relatively low cost,
concentrated streams of
CO:a..

* Early opportunities of COz2
storage demonstration in
the likes of EOR application

.

Annual CD: emissions capacity

Shell

Siemens

Sasol Lurgi
GTI U-Gas
ECUST
TPRI
CACG
Tsinghua U
ICC-CAS

Total

27
14
1

3
1
8

3

400

Coal gasification projects

Operational Design/

construct

&

klr

—

-
' T W W A W N O

(3]
()

Total

37
19



Direct CTL with CCS @
Demonstration M wesansirsms |

* Shenhua CTL (Ordos,
Inner Mongolia) —
operational since 2008

e Sub-Bit. Coal from Inner
Mongolia ~ 3.5 MPTY

* ~1.08 MMTPY of Oil Products
o LPG
o Naptha
o Diesel
o Phenol
* CO2 Emission: ~3.5MPTY

T



DCL — Overview....

* 2 x Shell Gasifiers (@ ~315 TPD H2)

* Solvent Based DCL Facility
* Chinese owned developed catalyst
* Reactor build by Chinese Heavy Industry

* Slip stream CO:2 Capture

2 o,

1 [ 1
Gasification Synase C0) Shilt o Eﬁ:&mn
¥ !
Steam L eomosion Shenhua DCL
. Integrated Process

—= LFG
Slusrry
), Preparaiion 5
Slurry —— Eleages|
Ligjusafacion e Saparalion Upgrading (——s Moaphiho :
| Heawy Ol
Fecyis Solveni . )




Shenhua’s CTL Demonstration ‘j
(CO2 Storage Component) o

Shenhua CCS project 2007 - 2011 _ ﬂ
+ Technical research on CO2 purification ﬁ(\‘f '
+ Analysis on the Ordos Basin storage potential. o N

+ Select location s l "

¢+ CCS demonstration project of 100,000 ton level

CO:2 Storage Demonstration started in 2011!




Concluding Remarks é:ﬁ

* Far East Asian countries has established their CCS
programme to address their target for greenhouse gas
emissions reduction .

* CCS development in the Far East has been led by Japan
since the 1990’s. Now in position to provide commercial
offering and demonstration of their technology.

* Chinais a latecomer to the CCS. Nonetheless, they have
catch up and now in position to lead in the demonstration of
this technology — particularly in the area of COz2 utilisation
and EOR application. :

* CCS application to industry should play an important role to y
the global reduction of GHG emissions. Far East Asia is
currently one of the leaders in this area of developmenAt.(

‘ L o
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