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Total amount of CO, Emission :
83.0 Mtons (2008)
Target 1: 83.0 Mtons (2016-2020)
(A : 6.2-24.7 MtCO,, ) =
Target 2: 76.5 Mtons (2000) by 2025
(A : 46.8 MtCO, )

Taiwan Power Company, Greenhouse Gas b7 =3
Reduction White Paper, 2009
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0, f Hydrocarbon
Compounds/
Coa CO Polymers
Post combustion Gas === Power & Heat [m==p| Sepamﬂﬁm
Biomass
J»'{;J‘» 2% 2
({’ %19 3}?‘&}@ Air /’ COQ
Coal : Utilization
Air/O
Gas "2 co,

. J Steam
Biomass /

Pre combustion | Gasification f‘gg’”g”ip —— N,0,
(ZET 3 #0 Gas, Oil B / i €0,
’ : Compression
Alr & Dehydration
Coal

CO
Oxyfuel Gas mmlp| Povier & Heat -

. Biomass
(% § 24%) Ao,

N, Storage

Air === |Air Separation

CO, capture systems
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Post Combustion CO, Capture

Main Constituents in Flue Gas of Fossil Fuel Power Plant (Mol%o)

Fuels
co, H,O 0, N,
Coal 154 6.2 1.8 76.6
Oil 12.9 10.3 1.8 74.9
Gas 8.7 17.4 1.7 72.1 Utilization
Absorption
Membrane High purity
. COZ —
Cryogenic '*" CO,

Adsorption

Storage

Selective
Catalytic
Reactor (SCR)

I

y,
—
Boiler
Brecinator Destiphunration  Sarbon Dioxide
r = Stack
(ESP) (FGD) Recovery
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Capturing CO2 from Coal-fired Power Plants:
Challenges for a Comprehensive Strategy

(CRS Report for Congress, Order Code RL34621, August 15, 2008.)

CCS Element $/Metric Ton of CO,
Capture 540-580
Storage §3-$8
Monitoring and Verification $0.2-$1.0
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Status of Carbon Capture Technology
Development ALSTOM

Concept Lab testing Demonstration Refinements needed Commercial
Potential future - 3
breakthrough Component Several projects are

are coming mature; integrated Weyburmn (Canada)).
@ online now platform to be EU has limited EOR
3 proven potential
.
& / enzyme,algaegolid absorb . — -
et : I'MIlemr;}r-an-.as‘I ] P —
! . ; ; | Advanced Amine e
: Antisublimation . i — —
Chemical looping . if Chilled Ammonia
—-——— R - 5

@ . R CO.- Transport !

=2 Off-shore

o p Lo = - Salineo Depleted oil EOR

E e C.h z aquifers and gas fields

o e 1 . e L ———— —

o8 - .

=

E_ ) . US has existing

] Sleipner (Norway) Have been used CO; pipeline

— @ Capture field has been for seasonal gas network of more

[ S Aapted from erinsey | & 1TANSPOTE operational for storage for than 5000
— T T T O Storage around 10 years decades | | FHometers

Coal-Gen Conference — CCS Project: CAP at AEP Mountaineer Aug 11, 2010-P 3 Fred KozakAlstomBrian SherrickAEPAug 11, 2010Pittsburgh PA
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CAP Development Program
Summary Development Plan

2000 | 2007 | 2008
CALENDAR YEARS & DATES

Small-bench - )
SRI completed] First rechnical hyporthesis

Large-bench Optimize absorber
(SRI completed) design for pilot

Field pilots - 15 000 TPY range
- Validare key perfornmance paramerers
WE Energies - 5MWth - coal WE 1est completed

E.On Karlshamn - 5 MWth - oil

4’0 Validation pilot — 100 000 TPY range
System reliability

AEP Mountaineer — 54 MWth - coal
Coal and gas validation

Statoil Hydro Mongstad Validation (40 MWith)

..ﬂ FEED Large Scale Demonstration - 1to 1.5 M TPY
-

Commercial Deployment in 2015

Coal-Gen Conference — CCS Project: CAP at AEF Mountaineer Aug 17, 2010 - P4 pred KozakAlstomBrian Sherrick AEPAug 11, 2010Pittsburgh PA
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718 FilCO, Capture Roadmap <]l
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CaCO,/Ca0 loopingFFHCO,FH

Low CO, and

Flue gas
SO; flue gas

—>

CARBONATOR

T = 650-850°C

1040x774
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CO;
carbonatio n
CaO (s) + C02 calci<n:>atio i CaCoO 3(s) AH <0

eEFthrwd

,'J?E'.COZ
Capture e

 WRPL{™(carbonation)~ &
- WER I BN ER
FRHH650C ] -
» “f¥g{(calcination)™ &
—%ﬁa%’”%lﬁ
850°Cr Fﬁiﬁ 3075 >
SR Em 950 Cﬁlz_ﬁ‘y
‘25 (sintering) ) (™ 0 [
SR IRRA E=2FE

PRI 5 &




"

— SRR R A BAYFY9942 2w 3 F 5 2 $5302012F (FY101) 4 w)2E =
COLf 21 17 7 o 35 i °
CO, k&
— X -ﬂl] J»;J‘;J# ;ﬁ h }—t;l A\ J;J.J#/ f{i—&‘-ﬁl “"31 ﬁ.ﬂi"f*
— ot £5,000~10 OOOnm3/hr( ~2~3MW) » 3 & & 51.0~2.0 = =g/hr (CO,
12%, 90%»x & 2+ &)
k=2
— a1 Pl B 2 CaCO4/Cal Looping & i 7§
- BEERNBLAEMIER T AP RS BRI IR ES
T RS Ik
S TP AMEE TR F- BA
LAY RR(RAA LY )
- AP BERTR
° «fr_:l' 'g: 3 N ;4 %‘e E
- RRATE LR

TR

R A 06,0008 ~ TR EREY 0 P NP FEEFLE

o
@ H

R S A TPRI 5 & 7= 5 o+



Alkanolamine

=1°Amine (MEA; ): Gas/spec FT-1, Amine Guard :Dow
Chemical; Econamine-FG : Flour Daniel

=2° Amine (DEA; Diethanolamine): SNPA-DEA: SNEA; ADIP-DIPA: Shell

=3° Amine (TEA; Triethanolamine): KP-1: Kansai electric power; Amine
Guard FS: Dow Chemical; Flexsorb-SE: Exxon; Activated MDEA: BASF;
ADIP-MDEA: Shell; SANE-MDEA: SNEA

Alkanolamine process

2RNH, + CO,+ H,0 2 (RNH,),CO,
3)2C03 0
2RNH, + CO, 2 RNHCOONH,R

Alkaline salt solution process
K,CO, + CO,+ H,O 22KHCO,

Alkaline salt solution

=K,COg solution: Benfield: UOP; Catacarb: Eickmeyer; GV: Giammarco-
Vetrocoke; Alkazid-M: BASF.

Condenser g CoO,
Product
Gas

Exhaust

§

PRI L

Water T . « .
Wash ean .
Amine
Cooler Knock-out
Drum
CO,B e : 5% il (o—
Feed ) _
Gas Filter Stripper
Cooler
s . Absorber | . L COBHAEN © 59120 C
Solvent Solutign
Flue Maﬂh Exchanger ) Reboiler
Gas Fan — _
Reclaimer
Gas 1 i . ,
— Solvent Solvent
waste
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Advanced CO, Capture Technologies

Phase 1 (2009-2010) Novel CO, absorbent
development

H,NCH,CH,OH
2-aminoethanol

CO g B -
CO s "t R

C

3.5

CET

: 4120 Aryl amine

after CO, 30 min

3.0-
2.5
2.0-

1.5

Concentration

1.0

0.5+

0.0

/ hEBO°C30min
" 10 20 30 40 50

0
Time (min)
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Dissolution Dispersion Isolation

1 Dense Plume 3 Towed Pipe & C02 Lake
2 Droplet Flume 4 Dry lce




7 I A Ay 3 A3 Fchdt s B

e ER, BT #H3ER B3 (FRT)  HeBL R (RR)
(Reservoir type) (GtCO,) (GtCO,)
FiafeX 15 0
(Oil and gas fields) 6752 0002
ARERR
(Unminable coal 3-15 200
seams)
AR TR
(Deep saline 1,000 ~ 104

formations)
EATBEINT W e R R F 0 T A M E o PEEE T B e 25% e R o

[F#L % k] IPCC Special Report Carbon Dioxide Capture and Storage (2005): Summary for
Policymakers and Technical Summary
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Organization: Statoil; Norway

Operation period: 1996~

CO, Injection Period: 20 years (Planning)
CO, Injection Rate: 1 Mtonne CO,/year
CO, Source: Natural Gas

Depth: 2,500m




New International Rules to Allow Storage of CO, under the Seabed

.
o~ N~

HP B A o) _ :
IcU Uy ol COUIlitries

Y

1996 Protocol ratified by 30 countries
(replaces the London Convention 1972)

v

Storage of CO, under the seabed
(Amendments were adopted on 2 November 2006 at the First

Meeting of the Contracting Parties to the London Protocol)

\

Storage of CO, under the seabed was allowed from 10 February 2007
(Under amendments to an international agreement governing the
dumping of wastes at sea)

\

Guidelines on how to store CO, in sub-seabed geological formations
(Adoption by the Parties to the London Protocol when they meet for the
second session in November 2007)
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10E
China (aggregated)
CO, Emissions Mt/yr
s <5
® 5-10
e 10-25
@ 25-55
]:| Higher prospectivity
[ |Intermediate/unresolved prospectivity =
[:Lower prospectivity

L
© songliao
JBasin

‘I

Sedimentary basins in Asian APEC
economies that would potentially be
primary targets for CO, geological storage
pbased on their proximity to major CO,
sources.
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ts of Off-shore Geological

Researching Achieveme
1 2 NN
) Uy

0,
0
J

)
N 5

Potential site for CO, storage with ~ Specific parameters input and Monte Carlo

about 4 billion tons capacity Simulation results at Taihsi basin

I g ; parameters Min. Most likely Max.
Vt (x10°m?) 3,333 4,166 4,999
r 0.693 0.789 0.792
() 0.059 0.119 0.235
p (kg m) 100.0 365.0 500.0
& (%) 333 50.0 06.7
s (%) 30.0 60.0 90.0

Observed Max. capacity 15.49 Billion. tons

Observed Min. capacity 0.564 Billion. tons

Observed Avg. capacity Qég Billion@
10t percentile 2.168 Billion. tons
90t percentile 7.359 Billion. tons

Q= (Vixrxf)xpx(exs)
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Behaviors of CO, injected in Tai-Hsi Basin simulated
by TOUGH2 and TOUGHREACT Codes

(20Kmx20Kmx500m)
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CO, Migration CO,i% * si:10kgls

CO= * [H[E]:100F
CO, B4 122 1110007

% Top View Animation % Side View Animation

Fame001 | 01 Dec2009 |||

Frame 001 |02 Dec2009 | ||
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Timetable proposed by TPC for Pilot Scale CCS Field Tests

Geological CO, storage (TPC)

CO. injection

) Characteriz well drilling, Monitoring well Monitoring well
Potential ation and Core drilling (1), drilling (2), Pilot scale
SCJ?EE storage  qrification sampling, verification of verification of i?'l?écﬁun
. of potential geological geological geological
selection. site modeling, etc.  formation, etc, formation, etc,  ne'dtest
2009 2010 2011 2012 2013 2014
Tai-Chung Design and Installation Test run of Operation of
Coal-fired construction of CaQ/ Cﬂof CaCDS CaDI CaC03
Power Plant  of pilot plant CaCo, looping looping
looping process process

process o _~"| Zhang-Bin Industrial Region_

Ca0O/CaCO, Looping Process
(1.0~2.0 tCO,/hr ) (BOE/TPC)

- ’ - )'u
Preferred Site =5 &%,

Zhang-Bin Power Plant Reserved Area
(2.2 km x 0.75km)
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o adddiTCCSe T7 5 FlE

- ~ &g B R By 7 (Technology Development
and Demonstration)

= ~ F £ ¥ 3 (Financing Projects)

= ~ 4 =3 H(Legal and Regulatory
Frameworks)

r ~ 2 %24k T (Public Engagement and
Education)
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