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JREE SR R 5t AR Y 90% L L - 1B BB R Y R HHETAE
S SR EEEarie - NItk SR EA CCS £y - —&4b
RPN SRR TR S B & - R BB REEEE L - CCS 7]
R 5% FEE R R SR N RE T R RIS e BRI L SR BR R R - TR AR
ARG 17 528 2 A T Y B B M B R Rk e T ST B A &K KT 7
FEPEEE A - IR R EIAE 2Bk CCS Sy aEpRim o Bl 2010 4
MHEE > FEEFATA 12 & CCS AYaBgat S IR/ ET » F8E LEX
JAZEER - 2012 423K CCS R#istE R RIF P A1E 3-9

25

20

15

10

Number of projects
[ %]

0 Identify Evaluate Define Execute Operate Total

| BN United States 0 5 6 2 7 20
B Furope 1 7 5 0 2 15
I China 6 3 3 0 0 12
Bl Canada 0 1 1 4 1 7
Australia 0 3 0 1 0 4

B Middle East 0 1 1 1 0 3
Other Asia 1 1 0 0 0 2
South America 0 0] 0 0 1 1

Africa 0 0] 0 0 1 1

Total 8 21 16 8 12 65

(=)

& 3-9 ~ 2012 £ CCS REETERREY

A SERIBURHEN CCS 5%
1E (B EEARZLERLL) - FRERE RGER - i
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L TRER AR A R 2 28 5 T RHE 2 B E > Al A HIE AR
fAf CCS S8/ » hieto o ik EE M D e s > (HUEAE T SR 25 B HE
BNEAIER] > SEZ0HR CCS B bAVRED - SR E DL N R -

1~ 58577 ~ Ik ERIIHRE PR RIS CCS £tz -
2~ HEOEER NI DASCRF CCS /REz LIE (pilot) e

3~ TR ERIEAG o IR -

(I9) CCS HEBhE s B oR I PERYAM dy < SRR (E A% AT
R E HTE ] > R -

S HIVEAT AR 6 S 53 Command & Control » BRIESHVBIEIE E darl

IEHERIRIERERC S - IEE I S TRt (EREEIER - SRR

EUE RIVBUEE R E AR - IR SRR - BT S

BRI BIR,D » TSERATRTE I LT -

1~ BREIEE © BUHRHEES 73 & S i B S S i ifr - ARGl Ay B
B FER RS SMBRCE BE S - IR RS /7 -

2~ PEIRFERIEREIR R K » AR R B Ay AR - B 5T
FBERRERIER > FH 3 D2 1 A T 2 TRLRRER AR S B -

3~ ERERE BN PR R EIEE 4 BUETTIRIIFSORE T - HAZZIEHIE
It E VR ASER » SRIF(EK EOR A ZBheitifr i A s S LAY BRI e A%
il

() 2020 iR CCS T ARRREITE)

fR#% International Energy Agency (IEA) REJREFRIEHIIEE

Philippe Benoit HYZRHH - HATIEEEN2EK CCS HEREHYEE ZRASEFEES -

[EA FsItH2tH THBARITE S - DISREA 23k CCS 4 REL I Blis SR

FEATE) - AR9E TEA BT » B TIEAIHERE CCS Bl R A BB MG » R

REFHATIARIETED (7 key actions for next 7 years) FiZZ#hl
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1 ~ BEFTHIREETEE A B - DIEEERAERR
BT E (introduce financial support
mechanisms for demonstration and early
deployment of CCS to drive private financing
of projects):

5k B RIS REPSERARER » CCS HURIATEEIE 1K A58 2R - e
HYPZE Tt IR By BRI ETE B DU FEEH - RIS ARS « 28 - Rl
TR ~ HRHAARER » By 7058 CCS Bt—RIlrHI RS - WA AE
FIZREE T e Sy S B B 15 S JTRE(R R CCS FLAla IR &
1k

EEAHRARYV B TH - B T HE/DAEE MIEE (1) X
IV E A S8 ~ (2) W EE FVEEECF  AHRBIRE A
AU~ JBRTEEFE T ~ (3) HHAEBF IS FE SR CCS 48 e Ko i FHYAH RR AL
PR E M -

iea Seven key actions for nex

gt
=t

seven years

L. Intreduce financial suppeort mechanisms for demonstration and early
deployment ooy me fo ga’l

1. Develop laws and regulations that effectively reguire new-build power
capacity to be CCS-ready [retrafit = get ready’)

3. Significanthy increase efforts to Improve understanding amang the public
and stakeholders of CCS technology {‘knowing is understanding '}

4. Implement policiesthat encourage storage exploration, characterization
and development for CC5 projects ('need o ploce to stay’).

5. Reduce the cost of electricity from power plants equipped with capture
through continued technology development (“meoke it cheaper’).

&, Prove capture systems at pilot scale inindustrial applications (“expond into
new aregs’).

¥

Enccurage efficient development of CO, transport infrastructure {get me
thers’).

BERIFCHE © TEA (2013)
3-10 ~ RRCAENEFHES) CCS -CIERSETTED
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2~

BB SRRV ERENEFE (Implement
policies that encourage storage exploration,
characterisation and development for CCS
projects) :

FHFIGHEALE R T FedtEEh CCS Y B R 2 — © k& TEA
HIRIAS SR » By TSRS TEAS A OID B - 7% 2020
FRIRERREACEIT 10 (BESKTIE AF - SREF 2B ER
FAEBF TEE AE BT AR IR IE . N AL —TAF - NI - sk A s
FIRZ R —TF » WA TRENAZCER » JELIZEBE A EE -
ot E B IIAR A R 2R BREREFNHEE
KA 2z » R & STR A GHE Z A -

SRR o SR SR AR R AR B R (R A 7 S Fr - DA
{SEHTa N AR BB REST s CCS KT THE B &
7=ft] (Develop national laws and regulations
as well as provisions for multilateral
finance that effectively require new-build,
base-load, fossil-fuel power generation
capacity to be CCS-ready) :

wt H AT A5 R 2KER » AT e Sy Tah R R e a1
Blas e BB Ry CCS THEAMEEENR - 780 FREIRHVEE H
B2 o DA B 3 00 R 2R 2 il A i s A AR Y sHAE SR (lock-1n
effect ) ERRAEIAEMERM YT - BEH S LERE
BRI - THRE RS EL CCS S ffnyZE-] -
17> B A e R 2 R e e Bt SR R in < R HE e T8
EREITERZER]TTHE (Prove capture systems at pilot

scale 1n industrial applications where CO2 capture has not

15



yet been demonstrated) :

fHEER T B RS A EEBE R PARERTTNEE RIS » DIRE
SPRBEERN - bR T ERA T A RH T E PR BRI 6N BT
IR R Rl - JR R HOE I 52 ( LUREIE F B T R () -
BranE KRR ESE (gas scrubbing at cement kilns) ~ S

=& (gas scrubbing at steel blast furnaces) & o

s B A AR R A B AR R S CCS £l s BB 22
MR T ERCE M (Significantly increase
efforts to improve understanding among the
public and stakeholders of CCS technology and
the importance of its deployment):

FRyb e CCS FAMTHINEFHERE - A RKHVEEE e Rk — -
Ry TR G CCS—HehlE s T bz —aY 1% - AEsRER BT
FEEEIEIIEINT - TRVERL IRl Ay BB ~ S5 REE ~ ST bR SR
e BRI EAMHRE R ARIET R BN -

s AR R E RIS BB R RATHYEA (Reduce
the cost of electricity from power plants
equipped with capture through continued
technology development and use of highest
possible efficiency power generation
cycles):

IR EEEEMRAHIN S > By 7 HEER CCS 1l » HEEEReRER g
{6 AETIR IS EERCA o (RIIE - By T80 CCS VS 377 » JRFF
G RS R T _E AT IT 3 » DA R sk CCS REfiTHysieT
BENE
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7~ hisEEE — /b ERAVEREER: (Encourage

efficient development of CO2 transport
infrastructure by anticipating locations of
future demand centres and future volumes of
C02) :

B 1 AEA SRR EAYFF S BE R R DGRy —
A iER AT R N B S ARV EERTH H - TEA 2% - 7R
GEE T AN EFROR (B SR S R EL ) » SRS
HY RS - DUETER A MEAYRCR © BEAL - BURIRERH
Hopr g R R FAVENL - B/ DRI RIRE B - FERAER T
EEEN SR A

(75) n#EE CCS rHEEAYZERE (CCS is ready for scale up)
[EA 7B RPE ERHY CCS Feflofg Bt » DURRS A= e B EH AL - 73 AllEi B
THEE - i FIEFREAAYSEE 0 ST - fEEEEH 0 1]
Fréd DA T B R
1 ~ FHERMEN - HERMTEA# e B8 - B
e (well understood but expensive):
H AR ry AR - Ry BIOfE - oRlE (1) Bk
% (post-process capture )~ (2) &AL (syngas/hydrogen
capture) ~ (3) BEEWRE (oxy-fuel combustion) > B (4) BEFH
SrEERET (inherent separation) ZEVUFE o IEA {RILHITHEAVE >
ek HOW oy By TR A E R Y 5B — B BR E R E T &R R flo
(first-phase industrial applications) LA iiZERA Ml T4
ey FF ¢ B 3% R A 5 P B E S FE A S R flr ( second-phase
industrial applications) e

I H AT SRS AR SRR 25— P B SR e SRR o 2 e
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FIRYEESTEIRT s AHEE L - EA BT P2 i i 58 P B SE fR AL E
[ 155 B 2 A S RE B SRl A -
Carbon caplure and stomge ﬁfi— i I"r:"l'-'“l‘;-f‘?":f""

CCS is ready for scale-up

Carbon capture and storage (C05)

H 1
i
‘ |
' |
| |
| ! |
Pt -prrsressis eiid i oy . =00km existing pipelines v Nieaddos ol pesoarch
Swingashydrogen capture " Existing terhnical standards ! Matural €0, accumulations
Cy-fuel combuistion - Taaenzspsrsr | by sy Calbeit in . Pilzt projects
Inbserent separation srmall quantities) < Existing large-scale projects
! |
Capture technologies Transport ls the CO; storage has been
are well understood most technically demonstrated but
but expensive. mature step in CCS. further experience is

needed at scale.

BERIAE ¢ TEA (2013)
3-11 ~ CCS Hifirsd fEER i A% By
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Table Z: Routes to CO, capture in power generation (by fuel)
and industrial applications (by sector)

Syngos-hydrogan Post-process Oxy-Ffuel
_ L3 ke Ak i ssiaiciic sdinbniisad

Iron and steesl

applications

Refining

First-phase Industrial

Chemicals

Biofuels

Iron amd stesl

Refining

Chemizcals

Biofusls
Cement

:
:
§
£
3
;
H
-3
£
:
&

Pulp and paper

Legend: technical maturity of operational CO. capture plants to date.

Bl e pemanstration [ riet [ [rem—
IR © TBA (2013)
3-12 ~ FHEERITEE IR AR RS
2 ~ EERAERN ¢ R E AT CCS BRI AR ik
SH—{E 4> (transporting C02 is the most
technically mature step in CCS):

R Ry CCS BERGHIr s - H AR —(E 5y - 22
B > EEBECAEREREE 6,000 AHEVA CO2 EREL 5 M
FERIRR » RIAHR B B 4Rd T CO2 My B 5 4Chs - ok » Hak
BEHR T B e SR BRI R TR H AR E 5t (180 13623 ~ ASME
B31.4) -

BN EEEATEY T2 > AR REREFEQE TG L FE
(BIANEsEISRaVE R FHE - FEREE ) B TIEREARE R
SCRF o HMERRAE T RS RS R A TR - TR A Rt A R b
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A DS OCS Z 8B A T -

3~ HEFERMGERR - BA NGRS  HEEEE—S
HIFEF#h{T4%E% (has been demonstrated but
further experience is needed at scale):

st H ATAYET 3 DI I S > PRI B R E R A 28 - (1)
N EKRE ~ (2) BORAYH I IEARRE ~ (3) AR EOR > BUR (4) 7%
AEFEFHYR ARG H -

DLHAIRTERT S - B EiiERdr e m EE8r T
HISEE TR 1 BB LRGBS R RO 5T S E BRI RES R - (eI —
PEEL - FREAYEHE —PAVEI RN - AEEEETT » FifralT
M~ BT > DR RREEE - B R E S AR A
K EEE 2 e ©

1 > Saline formations/aquifers
(27> Injection into deep unminable coal seams or ECBM
- " ’
( ;> Use of CO, in enhanced oil recovery

4 » Depleted oil and gas reservoirs

ERE © TEA (2013)
3-13 ~ FEEFITRERR

- B O MEEIRN (progress with integrated
projects) :
H Fit S 1A 28 20 @ DL EAY CCS B & e TE5 IF Ar 3 17
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A > 8T o e AT DATR B ST S R N ) - (EiE L

BovEtET Al =0 2 THIZEPIERM EOR (A& EOR HY

BRI TR ) ~ DURZ BB — EREERTER SR - 5 2

A RSP BRI & RS s Eea T e 1S DB 1 2 -
Figure 3: Large-scale CO, capture projects in operation, under construction

or at an advanced stage of planning as of end-2012, by sector,
storage type, capture potential and actual or estimated start date

HECA, HPAD,
) United United
TCEP, United States States States
Power (pre-combustion) Kemper, United Statesi)
: Taylorville,
Power |postcombustion) i Boundary Dam, Canada @ (C )United Sﬁf‘s
i _ Parish,
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Enid, United ke Charl
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(O =1 MtCO, Ayr (areas of circles are proportional to capacity)

O = Project operational or in construction. Captured CO, used for storage without EOR

B = Project operational or in construction. Captured CO, used for enhanced oil recovery (EOR)
O = Project at advanced stage of planning. Captured CO, to be used for storage without EOR

O = Project at advanced stage of planning. Captured CO, to be used for EOR
O = Project not undertaking monitoring of stored CO,

ERIAE © TEA (2013)
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(J\) CCS B JIsHEEVRIE Fp ik - ADB &858
Ryt ftamEe iR Bz (E A CCS MUk etk T H 2 i > soMBrSs iR
T (ADB) FEAE RG50S AR U T B 558 - (EAHRASEISAIRA
3788 > 12 2009 £ > ADB A3 CCS ez (CCS fund ) » BUFRfEHERE CCS
W52 FH o CCS Fi4rH GOCST #2215 B E BN A #aaR 4 12 2012
o EEINEEIE S 35 H E LT

Table3 Carbon Capture and Storage Opportunities in the Focus Countries

Supercritical Natural Gas
Hem Natural Gas Processing Pulverized Coal Combined-Cycle
Capture Opportunities
Indonesia Potential existing Potential existing
source identified source identified
Philippines Potential existing Potential existing
source identified source identified
Thailand Potential existing Potential existing Potential existing
source identified source identified source identified
Viet Nam Potential future sources from Potential future Potential future
new high CO. gas fields source identified source identified
Storage Sites with Enhanced Oil Recovery Potential
Indonesia Potential existing site identified
Philippines Non immediately available/potential nonconventional storage sites
recommended for more detailed analysis
Thailand Potential existing site identified
Viet Nam Potential existing site identified

BRI ¢ ADB (2013)
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PR M SR THI R i e TP P > Rt CCS BB TR AT
Mo R tohBli S B T Y FR s BE AL (R T Ieshie > s MBHSR IR TR — &
FeffraHERERr - FHPAEERL EACHAY © ADB FTEEIL 2 Rl (G 2518 » 55—
PEEz EZ S NI 4 THNE ¢

1. EIre]{THYEREE (establish the enabling environment)

2. IHEE R ETEAVRIT#TE (examine the technical aspects related
to capture and/ or storage)

3. B IoRE G E WY A 17 A & ¥ &5 (identify and prepare

prefeasibility reports for pilot projects)
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4. SERRGSRIHE B FEEB S (carry out initial geological

investigations for the storage aspects of the pilot

projects) o

2 B AL 1R - ADB R SRR S B B SR A

B RHEME -

FESEH B ACSE — P By T B s 5 1% > ADB BB IE e
B Ay i T A A B T OB B E T EIEA AT > [t

TEMEEARI TR - it o iR S P S XA H R

1. BUGZ#HF ~ BOR H A ~ A RR B %5 4E &1 52 2 (covernment

commitment, incl. policy targets, regulatory, fiscal,

financial support measures) e

2. S MWAYRE ¥ A (right business models for early stage

demonstration projects) e

3. RA[F(EMEE](mechanisms to offset higher costs, and energy

penality) o

4, NFFEEE (awareness and support from civil society) e

-Way Forward

Demenstration projectsin = rehlad (O
identification stage

¥

Government Commitment, ingl,
policy targets, regulatory, fiscal,
and financial support measuras

Right business models for early
stage demonstration projects

Mechanisms to offset higher costs, and
energy penalty
Awareness and support fram civil
society
Realized demonstration projects
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EREE © ADB (2013)
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1 ~ FELRAETR LI (ensuring secure supply) @ WMERECRAETRE FHFE K
RE#1SLURIE

2~ £ E[fT (maintaining affordability) : BkEEAVEEJRR T EE
EOBAIITIE - B E SR ERF B SR - DU EARYER
AN FEARTRES B T S A -

3~ JESSRPEEE (tackling climate change) © PREEMERSRZEEER]

AW REIRRTaH & -
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+  25% of power stations
closing by 2020

* Meed to attract over £100bn
investment by 2020

+ 830% reduction by 2050

ERSIC © DECC (2013)
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T h o > SR Ea R T AP B - IRIREREIEAR - A 2028
FEERSEERRE R -
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3 wavesof CCE projects...

-_\_“_": 100 |- £ N e e S 2 e - e e -..'.:..:.-..-.._._.._._.._.: ........
ey
bl
(=]
o
o
2013 c2020 c2023
Phase 1

Commercialisation Programme
2 full chaln, commercial projects

= Sumpart for FEED

* Swapart oy constraction

= Suuparl Tor gperation ﬁllm,gﬁms_fﬁ#;
cfos

Phase 2
Further projectz... which may need support

Phase 3
Pure commiercial projects

ERIAGE @ DECC (2013)
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E | 40%  Optimised cost
% of meeting e > i
5 e e the Clinate
£ 120N Act emissions i
& tafgets in 2050 Change Act
ﬁ emissions
/oo obligations in
= 2050 will be
L considerably mote
Ly 1B expensive in the
o absence of CC5—
% ok up to 1% of GDP
T
% 040%
g

0.20%

0.00%

Cost of meeting  Cost without Cost without Cost without
carbon tafgets  onshofe wind niuclear CES

B = cor

ERPAJE © DECC (2013)
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=~ BB S HIEAEE)

B HE A 5 B 2 AR EEHE (Allocation and Trading of
Greenhouse Gas Emission Allowances Act ) ( the ETS Act ) 1%
2012.11.13 248 » FHE 2015.01.01 B o LIS 2 RS RBITH A
[EITTBCERAL B R b - {5 T SR AR R iR BER 2 (Mini s try of
Environment » MoE) » FHE & FREBSHI LA H KBS ET &M m el - R
17 2012 A3 TR = RASHROERLIC S 5 2 A AT ) 3 B B IERA
i B AHRA B i BRI 2013 47 12 B ATRHERCR S~
WERSETER 0 2014 4F 6 A BRI HIIZBCE T -

Figure 3: Forecast timeline for design and implementation of the ETS

May 2013 Summer 2013 June 2014
MoE meeting with ETS trading National Allocation
industry to discuss ETS simulation Plan due to be finalised
by the MoE
January 2015
@ L @ @ L
ETS commences
Before July 2013 December 2013
Announcement of ETS Master Plan due to be
designated ETS exchange finalised by the MOSF

Source: Bloomberg New Energy Finance

BERIAE © Ernst & Young (2013)
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ffff— ~ GCCSI Global Status of CCS: 2013 Er:&:#f2

AGENDA

GLOBAL
0]
INSTITUTE

TIME ITEM DETAIL

All day Site Tours

%
a
o
ui
=
a
d
=

9 OCTOBER

1800 - 2000  Welcome Reception

0830 -0930  Delegate registration and tea/coffee

0930 -0940  Meeting open Claude Mandil, Chair - Global CCS Institute International Advisory Panel

0940 - 1010 Welcome and opening addresses . Man Ki Jeong, Deputy Minister - Ministry of Trade, Industry and
Energy (MOTIE), Government of Korea
. Won Wook Lee, Congressman - National Assembly of Korea
. Paul Dougas - Chair, Global CCS Institute
. Hwan Eik Cho - Chair, Korea CCS Association (KCCSA) and CEO -
Korea Electric Power Corporation (KEPCO)

1015 - 1045  Break, including official exhibition booth tour

1045 -1110  |nternational launch of the Global Status of ~ Brad Page, CEO

CCS: 2013
1110 -1210 PANEL 1 e Professor Myles Allen, University of Oxford
Tackling climate change and ensuring energy «  Tim Bertels, Shell
= = security — the role of CCS . Philippe Benoit, International Energy Agency
= = . Dr Subho Banerjee, Department of Industry (Australia)
=5
2 = 1210-1310 PANEL 2 . Chen Zhihua, National Development and Reform Commission of the
=N=} ; . .
- CCS in the Asian Century — insights and next People’s Republic of China
steps . Ashok Bhargava, Asian Development Bank

. Professor Chonghun Han, Seoul National University & KCCSA

1310 - 1410  Lunch

1410 - 1510 PANEL 3 . David Hawkins, Natural Resources Defense Council
Delivering collaboration to ensure the safe . Peta Ashworth, CSIRO
and effective deployment of CCS . Sean McClowry, Global CCS Institute

1510 - 1540  Break

1540 - 1640 PANEL 4 . Takaya Watanabe, MH|
CCS technology — recent developments and . Dr Elizabeth Burton, Lawrence Berkeley National Laboratory and
opportunities California Energy Commission

. Dr Kunwoo Han, Research Institute of Industrial Science and
Technology (RIST)

1900 — 2200  Conference Dinner

0830 - 0930  Delegate registration

09301030  |nstitute AGM (Member representatives only)

1030 - 1040  Morning break

1040 - 1140 PANELS . Dr Chong Kul Ryu, Korea Electric Power Research Institute (KEPRI)
CCS projects in action . Dr Gao Ruimin, Yanchang Petroleun
. Professor Jon Gibbins, University of Edinburgh

FRIDAY
11 OCTOBER

1140 - 1240 PANEL 6 . Jeff Chapman, Carbon Capture and Storage Association
The case for equal policy treatment of CCS Dick Wells, National CCS Council (Australia)
with other clean energy technology options . Matthew Billson, Department of Energy and Climate Change (United
Kingdom)

1240 - 1250  Closing remarks Brad Page, CEO

1250 - 1340  Delegate Lunch
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Brad Page
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Global CCS Institute(GCCSI), #{TEH

HESER ' BEERE - RS
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Mr. Page BE{THEMAE)R LM E (Energy Supply
Association of Australia, esaa)EiETFEIIETEE
HEE A EHIIRARZ g RSB R 2B E
SRR T ENS o WA 0 SBIRZRFE AT > Mr. Page tiEfRs
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Barry Jones

ARFSEEAL
Global CCS Institute(GCCSI)
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Cumulative carbon and its implications: the
case for mandatory sequestration

Myles Allen
School of Geography and the Environment/ECI &
Department of Physics
University of Oxford
Oxford Martin Programme on Resource Stewardship

Key conclusion of the 2013 IPCC report:
cumulative CO, emissions control warming

UMt D andhopopesi 0, Smissioes Tom 1D 13000
TS EAM AW 4un snU DR fAM EEU

5
i
£
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Tastpareny

o E) 100 1530 2000 =0
Lurplatrve o pftwvogee LU sTossm aum VY (LA

Cumulative emissions & fossil carbon reserves

U D0 SEII0agRNE £, CTHL0AS frem 15T BET)
0D W WM A0 s00 Gndo TRoR o

Fael gairabias, doastsnshinemesationg!
: s s ;
Eevokarna ket mscpergene ¢

trillionthtonr

Cumulative emissions & fossil carbon reserves
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A new way of framing climate policy
B
10 T T T T 200
&) SAFE carbon path >
08 8
B = Jis0E
i a
= 06 4
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B o4 i’ 5
E- 0z / oo 2
5 4 2
T " . (]
0.5 0.6 [ 0.8 18] 1o
Emissions to date (THC)
rillionthtonne.
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Policy outcome is independent of consumption

| B High censumption ¢} Lower consumption
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Mandatory sequestration works

Gorgon gas project, Western Australia

trillionthtonne.oro OXFORDMARTIN
o e s = e st e 5CHOOL

Thank you

myles.allen@ouce.ox.ac.uk
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CCS: Where do we go from here?

S Mt Mmatieg, Seur, 10 Osteiter 028
Philjze e
Shpat of Cistiien, 4

\jea

Why CCS: the story remains the same

sl

armbalorn smmchad mosnl ruve i fusl i 2090- 2080 feial
Iigh X80 @ n 2023

“liruet g bte

Emimng reduttons (5500,

\lea

CCS is part of a portfolio

]

Pawtr geesraton sFlicency and fusl switdhing % (1K)
Remewabies 3% (23]

) e ! g 17 [17%)
= co s 17)

Eack-une Pusl and winciricity sfliclercy 475 (595
)

\iea

F-“'-'n? =

CCS is part of a cost-effective response

Additional USD 36 trillion in investments through 2050
to reach 205 scenario goals = CCS is 10% of this_..

V

£
st i

... and if CCS not available, investment
required in the power sector will increase by

0%

ir3

CCS is ready for scale-up

Ttk AR
wAm g e
i ot

SHENEE
ey o s B

Cunge s s
JEd § |- aF ; — still

- v v
Fratproces: aptue B30 existing pipei
Existing tecrrical starcards

Symgas/mycrogen capture Metural OO, scoumusations
Corp-tuel cambustion. Transport by ship [elbeitin Filat projects
Imherent sepantion smab guantitas) Existing large-scie projects
v v
Capturs technologies Tranzport is the €0, storage has been
are well understond mast technically demonstrated but
but =xpensive. misture step in CCS: further experience is

needed at scale.

ira

A roadmap forward

ology Raadmap

.

54




A pathway for wide deployment of CCS

Large-scale deptoyment

20 and pevond
. 05 is mainstream
sicksup speed

IEA vision: 120 Gt of CO, stored by 2050

Seven key actions for next seven years

. introduce financial support mechanisms for demonstration and early
deployment (‘poy me to go’l

Develop laws and regulations that effectively require new-build power
capacity to he CC5-ready (retrofit — get reody’)

Significantly increasa efforts to improve understanding among the public
and stakeholders of CCs technology (‘knowing is understanding’]

a l policies that storage exp ion, charac
and development far CCS projects ('need o place to stay’]

m

Reduce the cost of electricity from power plants equipped with capture
through continued technology development [‘make it cheaper’).

m

. Prove capture systems at pilot scale in industrial apphcations {‘expand into
new aregs’).

-

Encourage efficient development of CO, transport infrastructure (‘ger me
there’).

OUTREACH TO THE PUBLIC

CO, USE

i iea

Moving upstream to
FOSSIL FUEL production
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Energy Efficiency and
Renewable Energy
NOT ENOUGH

Increase AMBITION

DOWNLOAD THE ROADMAP AT:

THANK YOU!

philippe.benocit@iea.org
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In any scenario, CCS is a part of a portfolio of solutions

[T
[

TACKLING CLIMATE CHANGE AND
ENSURING ENERGY SECURITY —
THE ROLE OF CCS

Dr Subho Banerjee / Deputy Secretary

Global Status of CCS Conference

10 Oclober 2013

I r—

»
par

Moving forward, we need to focus on two questions:

1. ch £an we continue to demonstrate
tangible progress on the ground?

» 2. How can we continue to improve international
collaboration?
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6" Electricity Supply Plan:

New Fossil Fuel Power Plan|

New Power Plants

Current Status and Outlook of
CCS in Korea

14 Coal-fired

4 Natural Gas

Pr.htm_H.an

KCCSA &

Korean National Plan
Reduction of COZ Emissione.
- South Korea : 8t Most GHG Emitting Country (2009)

- Emission Reduction Target :
BAU 30% Reduction of CO2 Emission by 2020 (Nov. 2009)

Major Carbon Gas Emission Scurces in

| Empeeaiman |

2009.11 Cahbinet

Cement n

L, Posco Kwangyang d Meeting:
40 million toms/yr 3.2 ruillion tonsivr -, (BAU 30%
: Reduction)

Fower Plants Petrochemical . m
Kepco 158 million tons’ - ;
i T 40 million tons/yr Kcosa

KOCSa

Korean National Roadmap for CCS €02 Capture Projects in Korea

(2008) -

100w
ES 3 M—, Boryeong
Wit Storage) {2011 ~2014)

‘Storags Plant Canstruction and
Injection pwin m Ty

See10MW
150MW { with 150Mw
5 ST . dual aiip ser 16CC)
Policy Direction wpnng Tasan
(2010~2012) (20112015)

Capture Ready based on continuous monitering of global GHG
regulations

KOCA

HOCSA
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Potential CO, Storage Sites

Underground
Storage
(18 billicn tom sstemmted)

tioriy Razk 1

- Pohang Basin
% Priority Rank 1

KOC3A

e K, S Tt L

CCS Plan in Korea

Ulleung
Basin

ndustrial Applications of CCS in Korea

= As alternatives for storage...

O capture iu Steel

€02 conversion using
|~:ﬂ$f;ﬂg9§aiﬂh ' microalzae {Knma District || o 002 a0
; : 1 SM?;;; (‘,;1;1 2017 PRl
- Capnare CO? from blast famace B A and produce plastic
using smmonia kguid {10 eeiday. || ~CO2 Sxation through microalgae || - Aims for
OLSMW equiv] phomsyarbesis commercialization in 2014
- Parificaton lignefaction process || - Comversion of COZ into high
inregrated with caprure faciliny wvalue-addad products (asementhin)
- Production of Lquid CO2 using || - Developinz photo-culture
e capure fciliny (3 tondsy) process (1 ton )
HOCSA.

Green Polymer (SK)

National CCS Master Plan
(2010.7)

‘ Goal and Roles (KCCSA) |

Committes on
Green Growth

lh'l.llu

Members of KCCSA.

eooco | WFORELIM

* Newsletter recipients (himonthly): 62.0

e
Fassorod 1) Cosparaiion)

Major Players in Korea

Active Participation in
ernational CCS Networks

CALT. Cirtem Soquairion Lowdortip Toras. OO Cuvn Coptrre Sor age ivechabn.
o Conperisi Bewarch Coptr P TL: Mkl Ky Tochinieg | s ary
Toinge Py Puckam e, D Fbr sy AT 53 MIT Cation Seqmtrisioe bitiaine
KOC3A
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@ CCS will play an important role in CO2 emission KCCS
reduction. * Email : kecsa@keesa.onkr
@ Large scale integration projects (LSIP) may be ’ *Tel :+52-1-885-1022
- . p ; 4 o e o B A +KCCSA Homepage
postponed until international regulation on CO2 KCCS T

emission is to be effective. ) L T
HANEL TH R YN

® Capture-Ready may be required for new power
plants in the future.

® Korea will keep investing in CCUS R&D.

® Korea needs infernational collaboration in CCS in
general, and Storage in particular.

ROCIA
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CCS Activities in Developing Asia—
Insights and Next Steps

Ashok Bhargava
Director, Energy Division
East Asia Department

5 I, 10 October 2013
- -

... in the People’s Republic of China

C — Overview of ADB Activities
Develop CCS Roadmap
+ Includes following major outputs

Time bound action plan for demonstration
{up to 2020) and deployment (up to 2025)

« Aims to develop a
key planning tool for 1
the Government o
demonstrate and -

deploy CCS 2 Apolicy and regulatory framework with an

accompanying set of incentives

Shortlist and ranking of early-stage CCS
demonstration projects

Suitable business models for implementing
early-stage projects

Establish enabling environment for CCS demonsiration and possible
deployment.

ADB
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m

ADB CCS Fund
* In June 2009, ADB established a CCS Fund with an initial
contribution of AUD 21.5 million from the Global CCS

Institute, Australia. In 2012, Government of the United
Kingdom also pledged £35 million in the fund.

* Specific Eligibility Criteria
= Accelerate demonstration of CCS technologies

= |dentify, lower and / or eliminate general or count cific
barfiefr{, for GCS demonstration 4 s

« Identify, eliminate or mitigate risks in capture, transport and
storage technology demenstration

ADE

C — Overview of ADB Activities
Capacity Development and Policy Advisory Assistance

« Key Partner Department of Climate Change, NDRC

» Target three major

China Huaneng : pre-combustion capture —
capture technologies

IGCC

China Datang : post-combustion capture -
natural gas plant

Dongfang Boiler — Oxy-fuel combustion

capture - coal-based power plant

Support upstream analytical work, analyze issues, identify costs and risks
on real projects

Next Steps in the PRC ...
Pilot Project



Next Steps .. -

Pilot CCS Project at Tianjin IGGC Power Plant

= Capture up to 100,000 tons CO, / year to
partially used for EOR and pariially for
storage

Due diligence is underway. power and oil
company collaboraticn proving difficult

ADB may provide up to $10 million grant
for CapEx and a compensatory
mechanism o offsef energy penalty

.

Pilat project likely to be in operation by
2015

ADB

What have we leamned so far in the PRC

.

Technical readiness = In-country technical capacity exists; large
number of point sources in  close
proximity to potential storage sites

CCS is not a strategic choice; no national
target, incentives or support mechanism

‘Weak paolicy support =

in place.
« Fragmentzd
inrzitg:monal setup « Megligible cooperation between powsr
acroes CCS chain and oil companies not conducive for
CCs
+ Need for pullic = Early projects will need risk sharing or
financing preferably  risk  bearing by the
Govamment

L ential for CCS in Southeast Asia

- Aregional study with focus on Thailand,
“iefnam, Indonesia, Philippines compleied
recenily

« Study aimed to:

Establish inventory of CO, emission
sources

i Estimate storage potential

i Determine source-sink matches for CCS

v. ldentify potential pilot projects

v. Propose Road Map for CCS development

vi. Develop "CCS Working Groups” which
could provide leadership on CCS

ADB
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ext Steps ...
FEED Studies for a large-scale CCS project

« Discussions underway to select one of
the early-stage  projects  identified
through the ongoing CCS road map work

+ Need to scale-up
CCS efforis urgently

Moving on to Southeast Asia

Potential for CCS in Southeast Asia - Main Results
Annual inventery of 200 milion tons of CO,

Sirmuenta?eaptn_e emissions from sources  (coal and gas power
plants, natural gas processing fadlities, future
power plants, and smaller sources such as
fertilizer plants)

. Natural gas Natural gas processing fadilities are prefened
processing and new because of lower incremental cost of capture,
power plants are best  Storage site proximity, and existing ransport

sources for capture infrastructure

ADB




Potential for CCS in Southeast Asia - Main Results. . _cond

Estimated storage capacity of 56 giga tons of
which about 90% is in saline aquifiers. But due
to uncertainties of aquifiers, study concentrated
on oil and gas fislds

« Large storage
capacity

143 oil and gas fields offer more than 3 giga
tons of capacity. Since the geology is well

Large number of oil

and gas fields

pm\ngdg adequate understond of these fields, they were ranked for
storage for early early stage projects.

stage projects

ADB

e ——

ext step in Southeast Asia Region—

Pilot Project in Indonesia
Collaboration with JICA, Pertamina, and Institut
« Coliaborative ek a3 &
approach Teknologl di Bandung
Follows on a JICA scoping study ($5 million, 5-
year) at Gundih gas field in Central Java
X ADB to provide due diligence support to
* Due diligence PERTAMINA to raview oreliminary desicn of
suppart surface faciliies for test injection, identify legal
and regulatory issues and develop regulations
and apply for permits as approprate.
- Pilot project
ﬂéang:;g[e e ADB may follow with 2 $10 million grant for
suppart capture and test injection from its CCS Fund
ADB

Key Issues and Barriers

ADB (2011): "
“.... key barriers to et
CCS are amplified in approach
developing countries . Ergeerr‘g;;e
e Limited public mitigation
BWATENESS. approach
Absence of Lack of in-
targeted country
incentives / expenence in
concessional planning,
financing conetruction
mechanism Lack of delivery  2nd operation
mechanism /
buginess model

63

Potential for CCS in Southeast Asia - Main Results. . contd
Carbon Captune and Stomge Opportunities in the Focus Countries
Supercriics Naturni Gas.
Hwm hatual Oas Procesaing Putverizes Conl
STy ;
Ingcresa F ]
o dartibed e darted
Thoiers Futentinl -*.'l‘
Wit ey Potertial t2uw
Indoresa Pomerial aranng s kerviled
Pritgyres. 3
resarrandsd b o detaled wnadiis
Tramre Potemint nxstng ams osrmte
Vit s Pooriad axating s8¢ it

hat did we learn so far in developing Asia
for CCS

Way Forward

Demonstration projects in
identification stage

Eratiod [Cpan)

Government Commitment, incl.
policy targets, regulatory, fiscal.
and financial support measures

Right business models for early
stage demonstration projecis
Mechanisms to offset higher costs, and
energy penalty
Awareness and support from civil
society

Realized demonsiration projects




THE CARBON BUDGET

To prevent global temperatures from
rising above any given level
there is one cumulative budget
for all future GHG emissions.

This is not an annual budget;
it is a single budget for the future

that we can spend only once.

.

IEA 2° Energy CO2 Budget

50% chance of exceeding 2°

Lock-in from Coal Power

+ Large budget lock-in from:
— existing coal plants
— and new planned coal plants

HNRDC Source: |EA, WED 2012 RDC
New Coal Build 2012-2035: CPS (1709 GW) Coal Power v. Carbon Budget
Ru:zsia G Rest &goﬂu
i ~ - 119% of |
?s i 1200 ~ — | Budget
4%_ 1000 - :
new coal: 654 Gt
800 5
|etcoz]
600
USS? 00 existing coal: 396 Gt
3% i
200 ] _’/-'
o
NRDC iRDC

Source: [EA. WED 2012

Based on 1E4, WED 2012
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Cutting CO2 Lock-in from New Coal

le Coal CO2 New Cof Fla@blifetimdaiOCoal Plant Cfitites002 450 Ca|

Source: [EA, WED 2012

Prime CCS Retrofit Candidates

Hgure S ® [rSTales oL COM-Ared POWET DIBNT ARSI N 311 COUNTIEs ane Dreakoown by J§e Bnd Capacety

1627 GW in tatal
7 P, " =

300 MW: 1113 GW

>300 MW and <20 yrs: 665 GW
..of which4E] GWare in China

NRDC

Sourse” [ZA CCS Relroflt Paper, 2012

Prime CCS Retrofits by Country

Figure 10+ Breakdown of young (<20 yeors| and large (=100 W) coal fiied power plants

UsA, 20
India, 24

Garmary,
Pda, &
_- Japan, 25

South Affs, 7

R
e foami?

S

™~ Korea, 21

NEDC

Sourca: IEACCS Retrafit Paper, 2012

Carbon/Energy Impacts of CCS

e Cut CO2 from new fossil sources

s Cut CO2 from existing sources pre-
retirement

» Create space in the budget for easier
transition away from oil.

e Reduce bio-energy pressure on
forested lands

%DC

Proposed COZ2 Stds -
New Power Plants

New NGCC: 1000 |lbs/MWh

New Coal: 1000-1100 lbs/MWh

Coal limit based on use of partial CCS
CAA does not require EPA to show a
technology is in commercial use at current
power plants.

EPA estimates LCOE of coal with partial
CCS:20% more than SCPC w/out EOR;
+/-5% with EOR sales

(SCPC: $92; SCPC+CCS (no EOR):$110;
SCPC+CCS+EOR:$88-96; Nuclear:$107)

NRDC

CO, Standards for Existing Plants

* 2.4 billion tons CO, from existing
plants each year

e Clean Air Act requires CO, standards
for existing plants (Section 111(d))

¢ EPA sets performance standards;
states implement through SIPs

e Proposal 6/14; Final 6/15; SIPs due

6/16
A

NRDC
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l
STRONG STANDARDS, MAXIMUM FLEXIBILITY

- 560 million tons less carbon pollution in 2020; 1: State-specific fossil-fleet average CO, emission rate
twice the rpductlons from the clean car standards standards
— Different standard for each state, s 0 =5 in
up tu 3 600 ilves savs-d and thou:and~ Df baseline mﬂifgas QEHB'atIM mix

asthma attacks and other health incidents prevented in 2020 Al foss tors within a state subject to same Ibs/MWh
alone standard in 2

$°0 t""FOl‘l in energy F'fﬁCkEf‘lCV = FLE Full range of emission reduction measures count
and renewables investments between now and 2020 Reducing at individual power plants
s Shifting ¢ from high-emissions to low-emissions units
Credit for incremental ¢

$ 5 60 billion value of avmded dlmate States may

change and health effects in 2020 States may adopt
equivalent emission reductions

cornpllance costs in

FIVE-REGION AVERAGE [20106,/Mwh)

3

%

%

[ LEmE

t

E

Wikslssale P ov e Pries, A Eiosra (BIWE)
4

RelersnonCamn  — Pelicy Casm

Nofe: Generation-weighted average of PUM, Southeast fexcluding
Florida), MISO, NYISO, ISO-NE, accounting for 0% of national
generation
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NATIONAL AVERAGE [2010%/MNABtu) < =
Lom = 1Tl
7 900 Million
E s
5 B o
{ iz
g g T 500 Million -
3 g s ]
i 3
F] - od
30
! [l P
* -
§ 100 LDV Standend.
o
fod . = . 2000 - ER & Vehicle % EPA Vehide 0 - NADE 2025 - HROC
PfermiaCam - Py Camm Standurds Standsrds nended 111{d}  Recommended 111d)
sting Pawer Plant  Exsting Sawar Plant
Note: For the purposes of ihis assessment, nafural gas prices are 8 Standars
projection of IPM based on assumed natural gas supply fundamentals e i i o i
and the power sector gas demand resuffing from NRDC specified ] Pa— i
assumptions. Natural gas supply curves for the forecast years were NRDC
developed based on the amount of resource availabie and the E&P p——

Car and Power Plant Standards Get Us Fowr-Fifths of the Way to President’s 2020 Target
117% below 2005 levels by 2020 Reductian)

2050 08 ootz i
et phce, cteting
[ ———

.!!%!EE!E!iEEi%iﬁ%ﬁii%ﬁé%iﬁéﬁEEEEEEEE

Histoeicad D3 Emissions Beferemen Case Eriasins BRDC Case Emmissicas
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Delivering collaboration for CCS deployment

Peta Ashwoith| Group Leader, Stience into Society
10" Dctober 2013

EALNTIH SCIENCE AND RESOLIRCE ENGINEERING

What is collaboration?

* Collaboration is working with each other to do a task
and to achieve shared goals. It is a recursive process
where two or more people or organizations work
together to realize shared goals (this is more than the
intersection of common goals seen in co-operative
ventures, but a deep, collective, determination to reach
an identical objective) — for example, an endeavor that
is creative in nature—by sharing knowledge, learning
and building consensus.

* Related words: co-operation, coordination

Source: hitp

vikipedia.ar/wiki/Collaborstion

Building a house

Some questions you might ask

Do | like the neighbourhood?
What is the reputation of the builder/company?
Did someone recommend them to me?
Do they have the capability?

Do | like what they do?

Can | trust them?

Is it value for money?

Can | contact them easily?

What will my friends and family think?

A framework of interactions for CCS projects

= | |

[ s

68

Transparency

We did not start with a long term policy of
transparency in our process and this is possibly
one of the most important things .......ccoevveeeenns
you need it to engage the public for their support

and without it, it won't progress
Key Energy Leader, fuly 2013

e — |
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Scicnes i Socicty/CESAE
Peta Ashworth
Group Leader

CSIRG EARTH SCIENCE AN RESOURCE ENGINEERING/ ENERAT TRARSFORMED FLAGSHIP
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Building Trust

* Share information
* Share respaonsibility

* Seek mutual
understanding

« Concentrate on
relationships

* Acknowledge different
sources of power

* Be transparent about
decision-making

* Use a neutral facilitator




Delivering collaboration to ensure the safe and
effective deployment of CCS: Knowledge Networks

Sean McClowry
General Manager - Information Management, Global CCS Institute
October 2013

] Introduction

= Status of knowledge sharing
= [nternational knowledge sharing

= Improving knowledge sharing

[‘,] Many CCS knowledge networks exist, examples include

iniematiral CC3 Regulatory Networy

3 Costs Networm

Ansmberaf capachy develagment raistiees.

] Networks are hard work, global networks are harder

If knowledge networks are not designed or managed
properly, little tends to be achieved.
Many knowledge networks have a country or regional
focus.
We need to improve international knowledge
sharing, but:
= International knowledge sharing can be more difficult
= Barriers to sharing are more significant and the
incentives fewer.
We need to follow the lessons leamt from our most
successful networks.

How we can improve international knowledge sharing

Clear outcomes.

« Focus the nefwork on soiving problems in a collaborative way.
« Clearly identify knowiedge gaps and arsas of expertise.

S Freciical spproaches o information sharing

- Remave the facus on sharing canfidential infermation (Ci.
- Leverage the large amaunts of public infarmation already avalable

Digital technology for better connectivity

‘a

- Use digital technalogies fori knowledge sharing.
- Mak= use of the digital systems of the Global CCS instituis,

Engagement outside the CCS community

- Some content fram the netwark should Se writien far an exemal audience.
- Pramoting key cantent to nen-CCS praciifaners shoukd be  key oriority.

Engagement outside the CCS community: web context

There is very little interest in CCS information compared with renewables.

Scurce: Google Trends
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] Engagement outside the CCS community: $ context I: : Closing recommendations
= International knowledge sharing can work, if we:
160 = Build on our existing networks,
140 = Leverage existing frameworks and digital platforms.
120 = Todrive CCS forward it is important to engage beyond
20 our immediate community:
% w200 = The web offers many opportunities to do this
40 iz';; effectively.
20 = = The Insfitute has new initiatives underway that we think
. w2011 2
o LI : can help solve this problem.
& ‘g & Sl < >
£ Q}Uﬁ:" Q‘)@‘ﬁ ;}‘\‘@ -1‘“@}
o
Sourceiti:fe-uneg-cenire oraigubl; ngs-renewable-energv-investment-

GLOBAL
Q|
INSTITUTE GLOBALCCSINSTITUTELCTM

71



Today's Topic A norevmee
GCCSI, The Global Status of CC5 2013, Seoul. October 5-11 Main Focus in this presentation:
EOR/CCS & Clean Coal Project in Asia - Market Asian Coal Rich Countries

* Technology - Coal Gasification & EOR/CCS
* Live Stock:  Low Rank Coal

ECAICCE Project, as Low Carbon Infrastrscturs. is 3 key for * CaseStudy: Indonesia SNG Project

Ciean Coal Project n Asia

Conclusion of this presentation -

EOR/CCS Demonstration Project, as Low Carbon Infrastructure,
is 2 key for introducing Commereial Clean Coal Project to Asia

SN 1CT Bowst Piase, Rakone Linsen)

MITSUDISHI HCAVY INDUSTRICS, LYD.

[T ——)

Clean Coal Technology

al Gasification Technology EN

MHI provides one stop solution for Coal Gasification Project
~ CoalGasezation Flant Typiaal ERC Piokage Goapsl  —
t o I
-

MHI provides one stop selution for Clean
T Y r/Cnre Tquipmens Swml{er EPC Cont T

{ ) cozsuinn =
ll] (a3 biproduct)

[}
e

g et g 2 P a

ker is a Key for Coal Gasification Pr

ect A sreenan

# Many Studies for Coal Gasification Project have been conducted but only a few have
Lusoscstul Recal proceeded to FEED/EPC Phase.

v

For the case of MHI, 12 studies have been conducted in last 3 years, and only one
(1) preject in U.S. (HECA IGCC/Fertilizer Project) has gone to FEED Stage

(S

¥

Many say “ High Cost of Coal Gasification Technology is the issue™. MHI disagree.

lome ™ |3 = In several studies, the ion was “Coal Gasifi Project is iy
L r— feasible” but the project development was on-hold due to:
. N ilability of FEED sponacr {2 huge enginesring cost prior to projsct investment
{3+ 10ue 0 Bl requbenerts, Cepecty wes btzg b
SO s ek, Far  Commec G2, U detssduniiaiiig clone)
PN aEmign s SOMY G 5. 478 emCERCE. « Ungertainty of Garbon Managsment Plan {Gapturs ia OK but goss to whera)

A singia EPC Contract

v

B . HECA project was “Go” because FEED is sponsored by US DOE. and EOR Project
fumd: 0% Ufiity Companiee)

s B X of 0il Producer will off-take CO2 captured | DOE fund is available because of CO2
P Loy B ok T EOR is available)

plar i ) L ial perwer plant
MHI Coal Gasification Technology is ready for “Commercial” application

v

MHI believes that “No CO2 Off Taker, Mo Coal Gasification Commercial Project”

A gl Hamarvmt by W1 4 gl o iy WM s
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Case Study: Indonesia SNG Proj

= With Government support (both Indonesia (ESDM) and Japan (METENEDO), MHI
conducted the detailed study in 2010-2013 {see Attachment for results):
10 Warket Survey {Seeening bo idanbfy InconasiaiLow Rank CoaliShG)
O Projset Scoping Shudylite Selection
00 Low Rank Cual Gasdiczfion Test (by 50 foréday Silot Piant, MHI Nagasaki, Japan]
O Peent Basic DssigniCost Estimats
0 Businsss ModsiiCash Flow Anatyaia

Conclusion -

BNG Project in South Sumatera [Indonesia) Is commercially feasible subject
to COZ Off-Take Scheme

Until *Carbon Credit | Markel" s commemla[ly established EOR is the only
l:%nlum:ltn le for g CO2 from Goal
Tojec

Recommendation -

EOR Demaonstration Project should be developed in parallel with SNG
Commercial Project in Indonesia

ommercial Business in USA

A e

EOR 16 aiready “CommMarsix SUSIMBGE - I North Amerisa

iz =
Fomt

of Thumb Tor COZ EOR Froj
2 3 BEL Racoversd Oil par 1 CO2-ton injaction

& mrnace Prestin ua

Wil ha pompreted FEED fFront Ens Enginsering
Design) of IS Frneetis US4 wirt DOE Seoport
fomamy

Tyoaal 02 Walurme from 3 Coal Gasinaton Fizal : SU 002 Ton/vear

* Folential Cruce Gl Rtsoven: T.EM BELITEIr
*The Projest has 3 602 OF-Taker, SHPraduatr of rear-
Foleatial Insome fram COZ EOR Frojest: ug{TEOM Fear b il field wit s#-2asz COZ Tor its Private EOR Frajen
AgE101EEL [Tate or Say C4-Tabe Agreement]
Tyoiaal EOR Prajest CAPEX - uggsom

AL G e by V11 e

25 i Hesmrne iy WL r

OR/CCS is Low Carbon Infrastructure

ERC

* In addition to commercial buslness in North America, many EOR Studies and Small
Scale Tests have been conducted'planned and now is the time to implement 3 large
sﬁla’he D[emnnstra.wn P{u;ec‘t to prn"e that COZ Injection actuzlly increases oil
protduction

MHI can form & Japanese Consortium to execute EPC/O&M of CO2 EOR Project, but no
0l Producer shows interest. Oil Producers in Asia are not yet ready to implement COZ
EOR Demaonstration Project due to -

O No previous sxperience of GO2 EGR in tha region

O Hugs CAPEX {say 100MS) and OPEX {say 10M8ear) raquirad

O 02 EOR is a future cpportunity {after Water Injection/Steam Injaction]

MHI can also propose a private business (BOO Scheme) for CO2 EOR Project if the Ol
Producer is willing to share revenue from the recovered oil { for instance export to
Japan), but the OIf Producers are not interested due to:

8 No Governmant PolicyiReguiation for CO2 EOR

O Under Ground Oif and ita data is atrietly my property

= No private business approach is possible for COZ EOR Proiject EOR | CCS
Demonstration Project should be implemented as Low Carbon Infrastructure
and developed as “non-commercial” project

EOR/CCS Demonstration Project e

Goal Gasification Projsct needs CO2 Of-Taker. EOR Demonatration Project needs a largs scale GO acurcs.
=+  “BNG Commarcial Project” and “EDRICCS Demonatration Projact” should be developsd in paralish

Commerin [ | B “Gommena ooeratioe
Prjeat =

EORICCE = -

Demo —— S

Proiest 3 1 Soordemo | Dems

- For EORICCS Demanstration Project, 0l Producsr to provids Gil Field Data and land use for GO2
Infection and MHI wil form a Japansas Cansartium for sxecuting EPCI0&M of Demo Projsct Scops (G02
DrylGompraes, Pisling, naction Wall, Waliead Faciity ot

- EPGIDemo Plant mqmm funding support from Japanssa Govammant and ather public funding sush a3
ADB subject to raqus

+ Whan pleted [0l i actually  COZ injection), Oil Producer will buy the
Damo facility and continus to opsrats ths sams to enjoy the bansit of recovared oil production

- If demonstration i not suscassful, tha facility should be utilized for further EDORICCS Tasting

L a

[T —— ]

2 miTsuBisHI

W HEAVY INDUSTRIES, LTD.

Our Technologies, Your Tomarrow
.
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Attachment A nrmoure

Case Study:
Indonesia Sumatera SNG Project

A kg et iy WL "




# [Indonesia nesds more power
*  Power Generation Capacity: 41GW(in 2012) =55GW (in 2020)

»

Indonesian depends on Coal:

Coal is “major Power Source” (43% in 2012 )

Coal iz “2*" major Export Product “(13% in 2012) « + inoonss= = 2 Largesl Cof Srovicer o Japen
Low Rank Coal (LRC): Huge Reservoir Capacity (7,500 billion tons) confirmed

# Shortage in Domestic Naturzl Gas Supply Capability:

* NGis " 2" major Power Source” | 23% in 2012} but shortage in Domestic Natural Gas
Supply

*  0il & LNG is “1* major Export Product” + +

8 4in Langest LNG Prov

9 Japan

= Coal Gasification Project with Low Rank Coal should be best fit to Indonesia’s need

Case Study: Indonesia SNG Project
minary Study

+  MHI conducted Goal Gasification Test Feasibility Study of Indonesian Low Rank Goal in 2012

Infonssian EWaAZFL 3
AoverzmentMETINEDD)

200Tan of Indonesian Low Rank Goal was shipped o Japan (MHI RS Piict Plant | and feated fa
confirm the itable for 1l Caal
- Result of Preliminary Economic Study by MHI

Plantlice. | Plant Dutpst/

By caPEX

Progos l‘l
mm

Auperzmye

iy PIE Warke Taifts o fon:
0BCCy UEELE Bifion &O Mot leasibie wiz
Ingeslive (sueh 35 FIT)

wa e oMbty @G @i aorox approx.  Feasibie 5 “Alemie io
[ M 4 WE  DamesioimsorlLVG"
E4LE Bilion LM Frioe|

Ferflizer | 6700 ity L LT — aprer. Feasibis it sumend High
B2 Eilion 8 WA miemaon) Maes Fros

o s a1 e 4 e x W

+ Conclusion:
* Indonesia LRC is suitable for MHI Coal Gasification Technology

* SNG Project is from al reazons | Off-tal ket Price
Level & Revenue in US$)
[ ——— © e — i
R s e Case Study: Indonesia SNG Preject
3. Why South Sumatera? nt Capacity/SPEC, Business Mode A s

South Sumatera has besn sslectsd by
~ Lo Rani Coal Mins (no cod transpartation)
Watural Gas Pipaling (SHG off tais)
il Figld ifor EORICCE]

2010

ESDMMHI Joint Presentation made in 11* Energy Round Table:
ESDM wil consider thia project 3s “Strategic Nabional Flagahip Project” becauss:

-Agditiona sourcs for INAoNssian Nabural Gas natetrk — Security

~commercial plent wilizing Inconssian Low Rank Ceal (LRC)

~compliancs with Indonesian Policy of C02 ReducSon

-infamatioazt Callaberation betwesn Inconssia and Japan”

2011202 Feasibility Study/Coal Gasification Test (funding Support from METINEDD)
Conzusion SN Froject is fazaibie with additiona: revenus fram co2

Nobody interesled m CO2 EOR 38 businass = SNG Projgct “On-Hold”

2012 Coal Ming Owner (wi4s% woisiurs LRC ) conducted Pre-FEED Study for LRC

Utilization and selected SNG Project wilMHI Technology

B is faamila wio COZ Revenus o to less CAPEXOPEX by siminting
Ceal Pre-Drying Sysém with 45% Moishas LRC

Current Status
Ready to go for FEE{J Stage subject to Carbon Managemen( Plan acceptable 1o
ialJapan) and | Financier

# SNG Plant Capacity/Specifications (Technical Study Completed):

- SNG Produstion: Approx. 150 IMSGFIDay (with SNG Specificationa raquired by NG Fipatine can
ba commencially guarantsed after FEED)
LRC Conaumgtion: Approx. 10 Million Ton! Year {Consumption basad on Dasign Coal ean be
commercially guaranteed zfter FEED)
Vigluma of GOZ Gapured: Approx. 3 Milfion Tan Year {with GOZ Specificationa raquired for EOR
naed further study}
- Power used in SNG will bs g

y Gasifier (Powsr Flant}

# Business Model: BOO (Built, Own & Clpem[e‘ hu JV of Slra[egic Investors
- Dueto “Firat-cf-a-Kind” concarn for Goal . Strategic Equity
Participation by Coal Mine Owner, SNG Off-Taker, EPC Cunkicbariﬁaslfrcatmﬂ Technelogy
Provider] is appresiatad by “Financier”
« Spirit of *One for All, All for One” is 2 key to success
# Funding Plan: Project Finance
- Non-Recourae Project Finance based on Long-Term Fus| Supply/SHG OF-Take/Fixed & Lump-
‘Bum EPC Agresment
Ml s Japanass {JBIG) for tha project finance.
SNG, which can be off-taken by “paymant in US$”, can avoid Long-Term Currancy Exchangs
Riak bstween Project Revenus and Expanditurs {EPC Payment)

i et By WL i

Coal Gasification Opportunity in India : Gujarat

25 A Mot By WAL T
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GCCS Annual Meeting

Seoul, 5. Korea
October 8-10,2013

Recent

Developments and Elizabeth Burton
Opportunities for = ammtfbmm
cCcs WESTCARB

A Look at California {mmgm

Srgersravnos,
FATERSEP
y wescar,

Why Look at California?

o 7" [argest global economy
o 17-18th largest carbon emitter glabatly
o In top & globally for carbon efficiency:
o lowest carbon emissions per capita
@ highest economic cutput per ton of
EMISSIoNS

o Climate and CO, emissions reductions
policies in place

o Studies of energy future show clear [rr—
need for CCS to mest goals vl

Substantial CCUS/ CO,-

EOR opportunity
Type of Gil #Potential Estimated Capacity
Reservoir Fields (MMT CO,)

3188

CC, must come from captured
anthropogenic sources
Price point estimated $40/tonne

BUT—CCS Projects Are Not :
Happening--- ;

WHY NOT?

California’s Climate Policies

o 2005 Governar's Executive Order, 5-3-05,
established target GHG reduction levels
© 2020: roll back to 1990 levels (~436 miilion

metric tans) (became law as Assembly Bilf
32—Global Warming Solutions Act)
© 2050: B0% helow 1990 levels—not “law™

o Many policies enacted to meet 2020 goals
include CCS only nominally:
© Emissions Performance Standards (EPS)
© Rengwable portfolio standards (33%) (RP3)
© Low carbon fuel standard (LCFS}
© Cap-and-trade
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Should CCS “wait” until after 20207
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CCS Must Adapt to Changes in Point
Sources

Today:

@ In-state: natural gas baseload

power, refineries and cement
plants

0 imposied power from coal 1

Jomaorraw:

@ Divesture of all coalfirad
power contracts by 2030

o Retirement of all natural gas
plants with once-through
cooling by 2020

ey © More rapid responsa fossil
power, not bassload

o Geographic shifts in
demand inland

@ Sea level rise impacts on
coastal infrastructure?

h‘rum"|'|'|||I|J!':|umfm;1m

RPS means large fractions of intermittent energy
sources: fossil fuels must provide load balancing

COUIEEY Of ¥ Srowm, TIEE

Meeting 2050 goals requires CCS on electricity
fo create net negative emissions

Getting to 80%: Example of Multiple Stratagies

. e | Hleriay
= = & " Wra
s S8 R E S Py
LR 4
" : i 1 e
W B

Seeniriss fram Cailomnia's Energy Future: The View i 2080

GHG Emissions (MRG0 ey
e 82 B 8 B
[
==
e
e
==
11
13
._.'—-!
i

So what has happened?

@ Projecis—

0 two cancelied. one remains
© Policy—

@ Interest in reports

& Atempts at legislation

@ R&D funding declining

@ Inclusion of CTS very limited

in 2020 planning documents

Hydrogen Energy California
{HECA)

What must happen?

© Write CCS methodologies for -, et
compliance

0 Eliminate short-term (2020) focus

@ Fully integrate CCS in future External
energy policy and infrastructure Advocacy
planning

@ Define regulatory agency roles ™ anq
and jurisdictions. Technical

@ Include CCS in carbon reduction |
technologies that qualify for lnp ut E

incentives, loading orders,
subsidies, etc. to “force” a
husiness case

Conclusions

California is a good test case for studying challenges
10 CCS deployment

California needs expertise and advocacy NOW to
assure CCS for 2060

i
Thank you |
A

Contact information:
eburton@ibl.gov
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CCUS Practice and Understanding of Yanchang Petrolenm

GAO RUIMIN
hE BPERAE (SRR BIREELAE
Shaanxi Yanchang Petroleum (Group) Co., Ltd, China
Seoul , Korea (2013,10)

€

(Outline)

— BRAGBER B SRS

Energy Resources Background of Shanbe: Area

T BBERE & TR R

The Main Problem for Shanbei Energy and Chemical Industry
=, HERFHERL TSR

Immovation of Yanchang Petroleum in Coal-chemical Indastry
« R EccUsHIE L R

Significances and Advantazes for Yanchang Petroleum CCUS
T, HEKEMCCUSERENES

Progress of Yanchang Petroleum CCUS

7ov SElccus i ET kA S5 il iR

Challenge and Understending Faced with CCUS

— ~ BRIGAE R W IRBAN

Energy Resources Background of Shanbei Area

Talent-oriemtede.

PENE I (R ) AR AT A

SHAANXT YANCHANG PETROLEUMIGROUPICO.LTD

¥a

— ~ BRIGRE R T RBR

Energy Resources Background of Shanbe: Area

PSR E A EE
RPESEENEALTE
iﬂn i

The Rich energy resources in
Shanbei area. such as oil, gas, coa
and salt is full of this area.

It will be the most important
energy chemical industry base in

— ~ BRdb B IR W IR

Energy Resources Background of Shanbei Area

Pti:: s |

L HB R 22 B35 (Conl Resources)

— ~ BRI AR IR T IR

Energy Resources Background of Shanbei Area

GRARRABR R 08 ||
FLRE, REEERE Aae67 08 | ‘
fzn, L ERRRERRR
EHz—pUl, BLESZ )
HZHE. 5

. Total coal resources of his basin|
is 3.98X102ons, almost one third|

‘of the coal total resources in Ch‘[ﬂﬁ.;

2553 A % U5 (00 and Gas Resources )

GRS HREEEERNE = !
(RSEIRE: ( total resources )
Loed| e (oD !

12 Bx10f tons

KA S: (Gas)

10. 95x10'2 m?

RAMEFEEE: (proved

reserves)

B OiD

5. 5%10% tons

vEAS: (Gas)
TR0 m
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— ~ [Rdb 5B IR W IR B

Energy Resources Background of Shanbei Area

3. B 43 AW (Resources Distribution)
{ESHL ATmLEAS.
Eh. s, BES. A, #.
ERENEFH=EEMNES
HXBEEEMGSERE. FR.
Fﬁt!{ 7+ﬁ'ﬁﬂ%§'# ,,,,,,,,,

t].'le i

resources, such as gas. salt. coal.|

From bottom tu tup.

coal-bed methane, oil, uranium |

and water, present orderly |

superposition combination.

 FRIbRERIE T @ ls 69 X £ 5] AR
The Main Problem for Energy and Chemical Industry of
Shanber Area

PREE I () HIREEHT A S

SHAANXI YANCHANG PETROLEUMIGROUPICO.LTD.

= = ~ Brdb g IRAE T & 1S &9 F B 8] R

-’K'-‘ The Mam Problem for Energy and Chemical Industry of Shanbei Area

h,mmﬁaﬁﬁﬁﬁaxmiﬁmmgﬁﬁ,
ERICE T RRFEER RS, FRARE
IS EELLE, AIREERRANES.

1 It needs water more than 7000 X 10*m? for EOR every
i veayr, then the large amount of sewage should be
treated. It put great pressure on environment of

Shanbei which is semi-arid area.

s PR RIE T &l 69 X £ o]

The Main Problem for Energy and Chemical Industry of Shanbei Area

2. BRAGREE T i A R |
#; () BEARLEN2404 AW/, (3 ZREERLY1000 HM/ |
@ EMEREN0 AR/ 6) RERELYR .EWE/$:(SJ§§

() EmIzEE? 1800 AR/

Hlimi2s M, (1) BEEEY200 AH/E:  (8) Py 150
AW . KETEREEARY o, BETHYNRES |
sh3, 5

2. The coal-chemical industry project under construction :md;
having been built in Shanbei areas.
We need to capture and deal with the abundance ('015

effectively which release from the above projects .

SR KGR F SRR

Innovation of Yanchang Petroleum in Coal-chemical Industry

BASAERE

6- AP (M AR B4 )

‘ SHAANDT YANCHANG PETROLEUM(GROUP)COLLTD

= ~ERAWARILT TR

Innovation of Yanchang Petroleum in Coal-chemical Industry

L MBI BEIR AR, PO, HF (Cabon-hydrogen
:ompr:e ensive utilization , reduced carbon emlss.:ou;\

mfen=15
k-

—
o
Whasxkh ﬁ—

Wik,

Yanchang Petrolewm comprehensively udlizes multiple resources such as coal,

! petrolenm and natural gas, that realized the carb o i andi

‘comprehensive utilization of resources, instead of only one kind of !

i resources that will waste abundant energy resource.
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Innovation of Yanchang Petroleum in Coal-chemical Industry
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Innovation of Yanchang Petraleum in Coal-chemical Industry

L LT CRR LT S

BERFEAAREASR £

¢ Yanchang Petroleum oil-gas-coal-salt comprehensive transformation model
i was highly appreciated by specialists and scholars from domestic and overseas |
i at the China international forum of coal conversion high-tech, 11 November |
12009, And, this model has be identified as “UN Clean Coal Technology |
i Demonstration and Popularization Project”, Yanchang Petrolenm Group alse !
{has be honored with “UN Clean Coal Technology Demonstration and !
Popularization Enterprise”. |

Z kA AERET P @l

Innovation of Yanchang Petroleum in Coal-chemical Industry

2. {6 A A S50 T S ALl B2 H AR (Low-cost CO,
=l
| (L) PR R B K A T e I P T R IR L A Y
[Co G, HATESI0TAY:
(2) WISEHME ML FBYGE, PR ARMEER, FIERE
(R

(1) Using the low temperature methanol washing techmology. it l".!lli
| separate the high purity €O, from the medium-pressure rich fluid methanol |
without sulfur, the cost can reduce by CNY100/ton,

(2) Study the other new chemical absorption method te further reduce

energy consumption and the cost.

™ ~ 3 Kk G iECCUS B & LA L

Significances and Advantages for Yanchang Petroleum CCUS

"Talent-orented

Techniology innavation

Al ot it (E) FIREHEAS)

% 7@ SHAANXI YANCHANG PETROLEUM(GROUP)CO,LTD .

m 3K G HCCUSHY & LA L #

Significances and Advantages for Yanchang Petroleum CCUS

M (siemificnce) p—— S
) BERET ORAESRELATRAY) FE AT
[02) ARFAERTERSEGE EEFREEEANEEETR

(3) BAEETK, SYUAROFE

(4) RECRAMAEHIE Too G AN, EHLT, ThFLEEREFRSF |

‘(1) it is the positive practice for the China to fulfill the promisa in “United Nations
Framework Convention on Climate Change”, {

| [2) It is the important means of effectively developing and improving the recovery factor
for ultra-low-permeability oil reserves,
{31 It is necessary for water saving and high-efficiency of the oil field development,

| [4] It is the beneficial sxploration for resolving the €0, storsge problem and develaping |
circular economy between coal-chemical industry and petroleum industry.

m it % B R CCUSH & LR i3

L) ﬁ‘
Significances and Advantages for Yanchang Petroleum CCUS

2% (advantages)
L ATRMERR. SR W RER,
@M. ERSHARTR e, H—PHE T ccus A
) A B RS S N R,
OBRS LA BENERE. XRANRR, ES-NBNKRRENE,
|G HREFLENREN, SRSHRESE, SERELTEN SRR

{{2) Thie e mhenty, of oo cost il igh grority earbon mesoarcts i
(2) Capture storage and uilization in the same resion, it can farrher reduce the cost |

of CCUS i
| O Thised e T st o meai vl watabli fur €O, Boaig
(4) Ordos basin i suitable for CO, long-term and ztable storage

| (5) After the reservoirs abandonsd, there are encugh space for CO, storage w |
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K mSigniﬁcanoes and Advantages for Yanchang Petrolsum CCUS

3. COUS — AL, (ntegrated CCUS mode)

Bt X 4k li?‘ﬂkiﬂl?ﬂl"i?*!kﬁ‘ilé

RERR, DEWHEHESA AR i P —
fco M. BT S FHMECCUS— LI L e
| BMEROET &M '

' It can effectively integrate CO,:
EEIpl‘I‘u"E. storage and EOR for CCUS |

ii.megl‘ation project in Ordos basin, -

Ebecause of the coal-chemical industry ||

and oil-gas industry in the same region. i

& -~ i K 4k CCUSHE & 1 AL

Progress of Yanchang Petroleum CCUS

s

o B K (ME ) BRI AT

1o SHAANXI YANCHANG PETROLEUM(GROUP)CO.LTD

A - 3k A COUSHE & # i

Progres_s of Yanchang Petroleum C_CUS

| () B (EEAEAREICO, MR R ME SRR
(2 BAERREER T E- (A Too % BESRERLELAT
E S0
(slzor2sE EEhEFesait M E “BEME WScous X REAR " —RM= {co i/l i
| BEEEEAY .

! {1y “Supporting techuical research of Yanchang Petrolenm CO; EOR”
! {2) 2012, National Key Technology R&D Program “Techuology Demonstration of €0, Capture

Storage and EOR of Shanbei Conl-chemical Tndustry™ ]
{(3) 2012, State 963 projects “Key techuical research of exhamst gas CCUS of coal-
fired pawer plant”—sub-project * Key techuical research of €0, zeological storage™ i

|4 2013, S i project

Project of Sino- |
c ion on CCUS i u

E ~ 3K Bk CCUSHE B WA

Progl_'_egs of Yanchang Pefroleum CQUS

LR
| O ERTENAHNTEARREAT, MRS TSR TSRS

D BRI, eSS e

§ () IE K AR A A T F 201 RAG TS R R, 2014
i maEe,

=

The 50000 ton/vear CO, capture facility has be built at November 2012 by Shaanzi
© Yanchang Petroleum Yulin Conl Chemical Company.
{(2) The 50000 ton'year CO; with food grade is produced by Shaauxi Xinbua-Xinke Gas

‘a

! Company, the sub-company of Yanchang Petroleum.
©(3) The 360000 fon'year CO; capture facility constraction project bas be started by Shaanxi
¥anchang China-coal Yulin Enerzy Chemical Company.

7 -~ 3k A mCCUSHE B 4F L

Progress of Yanchang Petroleum CCUS

s T AR
The 50000 fon/vear CO, caprure facility by Skaamd Yanchang Pamrolewm Yilin Coal Chemical Company

E %k BHCCUSH B HA

Progress of Yanchang Pefroleum CCUS

, BRECERRSENE )
The CO, capture facility cansmaction project by Shaams Fanehang Choa-coal Yolin Enerey Chamscal Compaty
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F’m_gress of Yanchang Petroleum CCUS

3015 LTS BBknt, W— |
M20124F 9 ASE FIAINH KGO EN. |
BEHEE (EECo,) 20t WEE
ANEAEMPa, HEEAFEHEE
8MPa, B AASCO, 61130,

The area of Jingbian rest field
9.88 km?. The first stage, we have| Sl 1 -
started 3 wells €O, injection, the! ﬁﬂﬁgﬁmjﬁaﬁ?ﬁgﬁﬂg#ﬁm

. R H + The well pattemn of SOy pigt testin Sngbian Cil-ied
accumulation €O, injection is 6113 !

toms.

F -~ 2k A CCUSH B F R

PrD__gress of Yanchang Petroleum CCUS

S

3. coBEabEREE (CO,EOR)

DRWE WIALE IV NIAN  NOSE NI N0

£
2
3
[roTr T g— —
1 2 w___»
Ws
i:
o)
q3
-]
'
o
3B OO0 T8 T O TS R0

A~ KA wCCUSH B4R

Progress of Yanchang Petroleum CCUS
e iK% ( CO,EOR)

‘ -
7y

o0, 1R
€0, EOR Pilot Test in Jingbian Oil-field

F ~ 3k B CCUSH B F R

Progress of Yanchang Petroleum CCUS

3. coMEESEE ( CO,EOR)

 BoHEREUEFRCOEH
BEERETRY, RERER
{14.8lan?, 013 FHEFEARCD |

'33ECO, BFHEFE0M, 2014
EBEREISOEMCOEN. FiE
| COL R0

The second stage, we will start the CO, miscible displacement test at Wugi |
oil-field, the area is 14.8km?® The second half of 2013, we will start 6 wells for:
€O, injection, the daily CO, injection is 30 tons, By 2014, theve will be 35 wells |
for CO, injecrion, the injection rate will be 200000tons/year. I

E o~ 3k A RCCUSH B AL

Progress of Yanchang Petroleum CCUS

(1) co, HTFRREIT
1

(2) c0, TRARFTERL:
(3) SEALER DR
5

(4) 7 M5,

(5) #HHYSHRED:

(6) =il

(1) The safety evaluation of vilfield CO, |
storage;

(2) Research of CO, displacing fromt;

{3) The 4D seismic monitoring of 5 km?; |
(4) Monitor the pressure;

{5) The well hole and the surface
monitoring:

{6} Well production flow monitoring.
it

B~ 3k B CCUSH B A% L

Progress of Yanchang Petroleum CCUS

5. COL[E T P H AT 55 N (00, Fracnine Techmaue Rsssarch and Appiicanar)

®  HaENESEedom'/d. TAKED21500d (B RRRAERS
HARERLE) . RAVES-cOBFENE. FaBsay/d. THKE
Jy9929am’/d, 30N,
® o FAIT IR R Hazdont/d, FRIVES CORHEMNE, TEAE
Ja5224m'/d, #1760, 8%;

‘We have used the CO, clean fracturing fluid, which researched

E:md produced by Yanchang, for fracturing test. the:

rease production is significant.
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Frogress of Yanchang Petroleum CCUS

5. CO, R T EUATT 915 1 ] o, Fraenuing Tacmiqe Rassrct: snd Applicaton)

A~ RAECCUSHE I5 g3k 5k 5 IAIR

Challenge and Understanding Faced with CCUS

lalent-onented
Technioiogy innovation

M BT K (W) FIREEL S

e o SHAANXE YANCHANG PETROLEUM(GROUPICO,LTD

7~ RHECCUSH I &)k X 5 AR

Challenge And Understanding Faced with CCUS

X

1. Bk (Challenge)

{ (1) COUSTRE AU B AR ALK
() FREMEHNEUBRERGE TR RER— SR
3 COEAMBEMNR SIS, TRKHFNAE.

i (1) The investment of the CCUS project is very large;
(2} The CO, EOR rechnology need further study for different reservoir
i conditions ;

+ (3 No systematic and scientific method for the security evaluation

i after CO; injected into the reservoir.

i

| (4) hERERRATESCCUSHARLE .

A~ KHECCUSH I sk bk 5 A58

Challenge And Understanding Faced with CCUS

2.3Ai% (Understanding )

(1) {ERAR R SIS S SRR MRl 5ARR X.
(2) HEERNTEAPFFRCOUSTIE, ErsridstBURMmENG:
(3) BEBRHE. HAMSFERFENEANE,

(1} The key point is the low-cost capture technology and the efficient
EOR technology :

{2} Explore to establish relevant policy incentive mechanism, and
encourage enterprises to participate in CCUS ;

(3} Promote the standards for CCUS;

{4} Enhance the international cooperation and technology sharing of
1 CCUS.

Wle - aCUSE I 93k B 5 AR
K Challenge And Understanding Faced with CCUS
g #3Y (Suggestions)

(1) %5iECO,-EOR. EGRAECBMiKIET{E, ACO, 2%
RE AR T A,

(2) BRETUEIMSFATMYE, Hilkr X HCCS-EOR™
IE:
(3) ENERBLA A 5| SRR AR AR

{13 Start the test of CO,-EOR, EGR and CBM , technologies accumulate
for low-cost CO, storage:

(1) Build a broad CCS - EOR industry chain by exerting the advantage
and the characteristics from different industry;

{3} Guide and adjust the initiadve of CCS by making experiments of

“carbon tax".

Thank you for your
attention!
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GCCSI International Meeting
The Global Status of CCS
Seoul, October 2013

CCS Projects in Action

Jon Gibbins
Professor of Power Plant Engineering and Carbon Capture
University of Edinburgh
jon.gibbins@ed.ac.uk

Acknowledgements to Hannah Chalmers,
Mathieu Lucquiaud, Jia Li, Xi Liang

About the UKCCSRC UKCCS

The UK Carbon Capture and Storage Research Centre
(UKCCSRC) leads and coordinates a programme of
underpinning research on all aspects of carbon
capture and storage (CCS) in support of basic science
and UK government efforts on energy and climate
change.

The Centre brings together nearly 200 of the UK's
world-class CCS academics and provides a national
focal point for CCS research and development.

The Centre operates the CCS Community Network,
open to anyone with an interest in CCS (please join!).
http://www.ukeesre.ac.uk

(but et I persanal comments by autnar)

Bringing CCS into action to get big cuts in emissions
Gibbins, J. and Chalmers, H. Preparing for global rollout: A ‘developed country first’
demonstration programme for rapid CCS deployment. Energy Policy, 2008, 36(2), 501-507.

RETROFIT CAPTURE
BUILD ALL PLANTS CAPTURE READY e

»
Dverall effort also important to
maintain continuity
20GE 005 sEcone, -
TRAMCHE
Cos -

GLOBAL CC5
ROLLOUT

DEMONSTRATION projects

il &

PROGRAMME  Py2010 roLLout Jf Big prize s getting two

FIRST learning cycles
LEADING TO TRANCHE from two tranches of
ROLLOUT

CES projects before
slobal rollout

emonstration

2015 2020 2025

But rollout of CCS requires global commitment

2008 timing was based on agreement in the Copenhagen
process and healthy global economy

Effective actions NOW to help get big cuts in emissions

+ Projects that contribute to getting global commitment
to tackle climate change - global commitment is the
watershed for CCS

Projects that make it more feasible to get rapid
deployment of the right technologies after global
commitment

Technology development

+ People and skills

Learning by doing at scale

+ Reference plants that you would want to build again
+ Regulations that enable the right things

* Incentive mechanisms that reward the right things

+ Capture ready plants for easier retrofit

Big cuts in emissions require the right CCS projects

Class 1 = carbon positive CCS
Class 2 = (near) carbon neutral CCS
Class 3 = carbon negative CCS

Class 1: Usually producing hydrocarbons, CCS gets the
carbon footprint down to conventional hydrocarbon levels
e.g. LNG, coal-to-liquids, oil sands

Class 2: Producing carbon free energy vectors: electricity,
hydrogen or heat with most of the CO, permanently stored

Class 3B: Biomass plus CCS (takes CO; from the air)
Class 3A: Technology to process air directly to capture CO;

CO; utilisation instead of permanent storage may also see
the captured CO, eventually released to the atmosphere.

J. @bkins and H. Cramers,
Energy Procedia \olsme 4, 201

by their polential cimate bes
12,566 | How o Ghe or Link Usi

Definition of carbon capture and storage ready
(CCSR)

A CCSR facility is a large-scale industrial or power
source of CO, which could and is intended to be
retrofitted with CCS technology when the necessary
regulatory and economic drivers are in place.

The aim of building new facilities or modifying existing
facilities to be CCSR is to reduce the risk of carbon
emission lock-in or of being unable to fully utilise the
facilities in the future without CCS (stranded assets).

CCSR is not a CO, mitigation option, but a way to
facilitate CO, mitigation in the future.

CCSR ceases to be applicable in jurisdictions where the

necessary drivers are already in place, or once they

come in place.
W /publicationsifreepublicationsipublication/ces gf pdf
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Essential Requirements of a CCSR facility

The essential requirements represent the minimunz criteria that should be met before a facity

can be cansidersd CCER. The project developer shauld:

- Carry out a site-specific study in sufiicient enginesring detail to ensura the facilty is
technicalty capabia of heing fully ratrofitted for GO, capture, using one or more choicss of
technology which are proven or whose performance can be reliably estimated as being
suitable.

«  Demonsirate that retrofitted capture equipment can be connected to the existing
equipment effectively and without an excessive outage period and that thers will be
sufficient space available to consiruct and safely operate addifional capture and
compression facilities.

- Identify realistic pipeline or other route(s} to storage of COa.
|dentify one or more potential storage areas which have been aporopriately assessad and
found likely 4o be suitable for safe gealegical storage of projected full fifetime voiumes and
rates of captured CO,

= |dentify other known factors, including any additional water requirements that could
prevent installation and operaton of GO, capturs. ransport and starage. and identify.
credibis ways in which they couid be overcome.

- Estimate the likely costs of retrofitiing capture, transport and storage.

-+ Engagein public and of heaith. safsty and
snvironmental issuss.

Review COSR status and repart on it periadically.
Dttpcifwwe ies. orgipublications/freepublications/publicationdces g8 pdi

Definition application

These essential requirements represent the minimum criteria that should be mat
before a facility can be considered CCSR. However, a degree of flexibility in the
way jurisdicticns apply the definition will be required to respond to region- and
site-zpecific izsuss and 1o take account of the rapidly chanaing technology, palicy
and regulatery background to CC5 and CCSR, both globally and locally. Mors
specific or stringent requirements could be approgriate, for instance, in
jurisdictions where the CCSR requiator iz working on the assumption that CCS
will need to be retrofitted to a particular facility within a defined fime frame.

Spurce: CCS-ready information from the Ad-hoc CC5-Ready working group set
up at the 2010 IEA/CSLF/GCCSI CCS Ready workshop in Ottawa Canada

Effective actions NOW to help get big cuts in emissions

Projects that contribute to getting global commitment
to tackle climate change - global commitment is the
watershed for CCS

Projects that make it more feasible to get rapid
deployment of the right technologies after global
commitment

Potential

contribution

to global Priarity before
reductions f—

Priority after
commitment

Project costs

Effective actions NOW to help get big cuts in emissions

+ Technology development
* People and skills .
e Getting

+ Learning by doing at scale weaker

* Reference plants that you
would want to build again

Effective actions NOW to help get big cuts in emissions

+ Regulations that enable the right things

* Incentive mechanisms that reward the right things
* Examples are there
+ Need to resist taking the path of least resistance
+ But be objective about LSIPs — consider benefits

for achieving action on big cuts in future systems
through capture, transport and storage separately

+ Capture ready plants for easier retrofit
* Recognise that today's CCSR plants are
tomorrow’s major Class 2 projects
Include CCSR plants in GCCSI statistics
= Work hard to get effective CCSR approaches that
will allow for technical progress — and use a lot
more engineers than lawyers
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Jeff Chapman

The Carbon Capture
& Storage Association

Equal treatment of CCS
Observations on UK industry experient

GCCSI
Global Status of CCS 2013 Seoul

What is equal treatment - power?

2

= Same payment per MWh?

« Enhanced payment for flexibility ?
= Availability payment?

» Availability of budget (LCF in UK)?
+* Contribution to infrastructure?

= Do we mean equality of terms or equality of opportunity?

[ —— sfopcameatn g

i CCS Cost Reduction Trajectory

I Transport and Storage Scala and Liination
I irrprcwadt firanceatiity for CCS chain

140 M irpeovod emginserng dosions. nad periormnce
an - | M Other cost chasges*
M fi et it i SR

e o g5
100 s
a0 . —

+2

£/MWh (Real 201 2money)
5 =
&

Electricity Market Reform

Err.

« CfD FiT central to incentive for low carbon generation
« Should CfD be same for all technologies
* RE and nuclear not fuel cost dependent

« Capacity mechanism could reflect flexibility of CCS

FID FD ]
2013 2020 208 Jp——— pr——

@ Policy anomalies Planning Signals
f=——-H f ==

+* In EU renewable targets + Wide range of scenario planning for CCS

* In UK nuclear sites selected for development + Lack of vision on geographical location of capture

+ No clear indication of market potential for CCS * Indeed consenting CCGTs in locations to preclude

i CCS retro-fit
= ThirdParlyfccess + Lack of CCS infrastructure plans
« Long term liabilities

B
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The perils of competitions

2

« Definition of technology
+ Selection criteria

« High levels of risk

= Higher cost to consumer

« Wasting developer input leading to lost confidence

e re———— [ ee——

Rhetoric -
Quotes on CCS at LibDem Conference

2

« “and this would be particularly the case if CCS was found
not to have worked.” — Ed Davey

« ", A mixed, diverse strategy was needed in case CCS or
certain renewable technologies failed.” — Ed Davey

» "Noting that Carbon Capture and Storage (CCS) would not
be viable before 2030” — Rebecca Taylor MEP LibDem

vy [rrse————
@ What is equal treatment — industrial CCS @
. e
« Does not compete with other technologies Contact
= Emissions trading aims to levelise incentive Jeff Chapman
. . . Emeritus Director
« But international competition inhibits investment The Carbon Capture & Starage Association
* Needs n.equallty of treatment across international T 44 (0) 20 3031 8750
boundaries Fax:  +44 u;)n 7828 0310
Mob: +44 (0) 7747 761 065
Email:  jeff.chapmaniiccsassodiation.org
Website: www.ccsassociation.org
= prs— T a—— prve——
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The case for equal policy treatment of CCS
with other clean energy technology

Dick Wells
Chair. Mational CCS Council (Austraiia)
Fresenting to:

The Global Status of CCS 2013, South Horea
Friday 11 October, 2013

Kationd CCS Counci .

The Case for CCS

[ net—
N ™

Pubfic investment in CCS5
projects 2007-2012

e o
it ‘5 (glabal): $2.58*

2 ]‘
Do cum o sed by “opmeee [ Giobal renewable subscies |

IEA Energy Technology Perspectives 2012

7 EACCE Tostnoigy Roadnep 2013
= EA WA Energy Cutoak 2017

Matona

An Australian Case Study:
Future Electricity Generation Mix in 20507

o SARIES S
Sl 15 ek il 8 e P
- uleae

g
Ul g 133

€5 ek codl L6
Vil el Shack soals 75

.
An Australian Case Study:
CCsS v Renewable Support

$1.06

005 Technolazy Programs
= Renewsale Technoiogy Programs
i Clean Enzrgy France Corperation

W Renewale Energy Target

Natonl CCS Counci .

Is equal policy treatment the
solution?

+  Support must be commensurate with the anticipated role of CCS -
in Australia and globally

Austrafian CCS Roadmap: targeted, transitional support needed to
facilitate:

— Exploration and appraisal of CO, storage resources
— Early-mover, integrated CCS projects

— Planning and development of CO, storage hubs

— Continued investment in R&D — particularly storage

— MNational CCS Communication Strategy
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of Energy &
Climate Change

The case for equal policy freatment of CCS
with other clean energy technology options

Matthew Billson
Ol o Carkyon Coptare and Siorage

ieguardian

Growing risk of power Blackouts within
s, savs Olgem

Myanmar power shortages hurt

growth prospec

Cuirure usitess Moner Lin & o0

O

Heat or eat? Or take out a loan, do both,
and hope for the best?

German energy Lransition caught in
subsidies’ trap

ity
gz wum e i e ol ey s peeTy

25% of power stations
closing by 2020

MNeed to attract over £100bn
investmant by 2020

20% reduction by 2050

ETI / Ecofin 2012 study

3 Optimsed cost
= masing
i Cinate Change Compring with
2 smissica m‘f‘? ior
= in 2050
E it MO
i ablgation in
= 2050wl be
= coriderably o
i exgensye n the
s stzene of CO5
e up o % o GOP
£
3 oa
3

Comofmestny Comwihod  Comwitnedt  Comwithoot

Crtentrgets  omhorewind  muskar o

B« con

“Equal policy freatment of CCS with other clean energy technology opfions™

YES::.. AND NO

EU 2020 Renewable Energy target

EU 2030 Rene“ Energy target

EU 2030 Decarbonisation target
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UK Electicity Market Reform - Subsidy

2 3
£7.6bn é
i 2020 2028
£2.35bn -I'
e | Commercalization
. 1 2+full chain, commerdiel projects
N | e
T Support fur construction
. Support o cpuntion thegh sescli
013 204 2020 2030
FIT Renswahles
Renewables CfD Phaze 2
—)  Low Carbon CfD 2 :
Nuclear CFD o karhon Further projects_.. which may need support ]
CCS CfD
Phase3
I Pure commercial projects
Innovation
UK CCS R&D Programme m
E125m, 2011 - 2015
Department
M f Pa
Dot of Energy &
Cemoron Climate Change
+ Portfolio of energy generation
{pigtn
£ b (nuclear, renewables, CCS, gas)
@iiccs —)

+ Secure, affordable, low carbon mix

* Creating long term, market mechanisms
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