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The International GCS Knowledge Gentre

gﬂ%%m . EHEE%U éﬂé/l:l A Not for Profit Corporation with
Organization: e 3’&_\_“[‘%%%%%@ An Independent Board of Directors

N 2 ‘,\Z‘;FD ‘,[ZA‘ EFE;EK —II:EI {J%:\(Z:Fﬁ) BHP Billiton — Funding Sponsor (20
ﬁﬁk million for 5 years)

Sponsors: o B HL 8 R FITASCHE saskpower — Knowledge

Sponsor

R HLGIR I H KA BT A ST RN T
e CCUSHIARMN FI 125 Fl “H S5 &K 3R, ) CCUS
AR ﬂ%ﬁ@ﬁﬁ@%ﬁ%ﬁ@iﬁﬁ%mﬂo Projects undertaken at the

Vision: Knowledge Centre will help inform stakeholders regarding “real world”
considerations in the use of CCUS and advance the practical knowledge of CCUS as a
viable solution.
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Experiences of Full Chain commercial CCUS
Jﬁ peCTRIOTY
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PE . RMBIGIRBRRANENSEIN
Access : Learnings from Boundary Dam

— L RHRR R I Tk A
L 5EGF kX
Jiti: 2016 F£E£8500
e - o . ﬁﬂiﬁcoz, iz—i’/ﬂj7’
== DI r E 400/)NH(85%) o

== = World’s first

= fully integrated CCS
; facility: captured

: = 850,000t CO,

= = = operating 85% of

- time in 2016 alone.
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Experiences: ENHANCED OIL RECOVERY (EOR

«  HEREIE 4,50077, 355E#TRE, ZEALKIKIERE 5 2/3(FA T H)
Up to 28,000 bbl/day: a 35-year high, 18,000 bbl/d (2/3) are due to the CO, flood at
Weyburn.

o M EIREIEN, BTK AEH CO, recycled, injected and permanently contained.

Weyburn unit oil production

bbis/d {gross)

50,000

45,000 -

Vertical Infills

Primary & Waterflood

INTERNATIONAL _

CCi KlggyxELE?GE September 30, 2014



Weyburn CO, EOR
Key Statistics

typical pattern

Discovery:
ECA WI:
(0]0]] 55
Formation:
Depth:

Area:

Active Wells:

Sour crude:
Cum. Prod.:

YTD Avg.:

1954

62.1%

1,400 MMbbls
Miss. Midale
4760 ft
45,000 acres

650 prod.
(250 hz.)

289 inj.
25 - 34 AP

389 MMbbl
(28%)
29,686 bbl/d

EOR patterns in place: 44
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« WML ENIZITHICO, 2 mrR R I H

Two commercial CO2 EOR Projects

o FEEIRHT (55 7K) cenovus Weyburn

. igr&Z{Z;TFﬁ 200 million barrels of incremental
production s
« Mk i /72600 /5 MECO, Weyburn \
26 million tonnes CO, stored "“5““'*"'“'“"\ Canada
U/SA
i Igil‘ I.I]E%: (jlé{ﬁ}j—\’) ApaChe Mldale North Dalkota

. 1872670077 4 kN
67 million barrels of incremental production .

co Bismarck
- M E i 7850 /i IiCO, L2
8.5 million tonnes CO2 stored A\
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Experiences of Canada’s Commercial CCS: SECURING OFF-TAKERS.

iR & T HAEFAT AL

Sale of sulphuric acid, used
g primarily for industrial
B purposes, i.e. fertilizer.

MR BT K Pe 4k
Sale of fly ash for concrete
production.

CO, BT A H A F Wi

Sale of CO, to oil company for EOR.

N\

rEERATTON AL

CCS KNOWLEDGE

CENTRE

£ 2




SE: Fefrs § I P AR

Sask. Government CO,-EOR Incentives

R E R H BEEHBLE EOR Royalty Regime
. BAMAEE, HAERNOES 2 —RE

« Before Investment Payout, 0 or 1% of Gross Revenue

o TERE, SRAINI8%EX20 % (BN ---1B 5 A4

« After Investment Payout, 8% or 20% of (Gross Revenue — Operating Cost)

A B AN B XM Saskatchewan Petroleum Research Incentive
o FNUEA VTR R N Tl B B 30%, xR HOEL = E I e,

LER: AHARBEEMIESZ Sk, ¥ AZSMHIKEL KRS

Result: Oil Companies would like to take more CO, and expand EOR.

SR SO, A EERSAEEZEIEH T 28 KBOE AR EL

EH0. CO2 is defined as chemical and regulations on acid gas is applied to
CO2 injection and pipeline.



IMERRE /RS HRB S iRHE R
REGULATIONS in Canada

InER#HE ] — SR ( HEREE)
Canadian Emission Standard for thermal
power units (net)

420 TR BLAY, B TR )
(RRBEH B HE68%)

—420 KG / MWh-n

applied to new / existing coal (68% capture)
& natural gas plant.

2015 431 , Effective July 2015

—
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FEHARSKE: HWRBTEARCCUSERS

COMPARING COSTS: 30 YEAR LIFE CYCLE, 2010 POINT IN TIME ANALYSIS

308

E A A HA2010%

22207195 %

Baseload Natural Gas

Cost of Electricity

BD3 Carbon Capture
Cost of Electricity

ﬁj&‘&]\ Capital Investment
%ﬂ{é% Fuel Expense
BERAE oaM 2009-2010 F= %4

Figures from 2009 - 2010

13
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Performance

MW Lt

CO, (T/Day)

502 (T/Day)

NOX (T/Day)

PMao (T/Day)

PMz2s (T/Day)

ZKIEM& Water

ecovered (M3 / hour)

THEERT
Pre- CCS

139

3604 mi/H

7.12 wi/H

2.41 wi/H

190 Af/H

65 Af/H

WER
Post- CCS

110-115

360 mi/H

1.05 mi/H

15 AF/H

7 AFIB

34 Wi/ /N

A FFIASH T R K, — 1Ak, 7K [

BOUNDARY DAM INTEGRATED DESIGN: CCS, Emission Reduction/ Water Recove

-13.6%*

-90%

-100%

-56%

-92%

-89%

+100%



BRI E14. 672 M TTEMN 5 EI-52. 42 B FFRIRA%MED
CS1.467B BREAKDOWN (S240M Gov. FRONT END Grant)

v A

REFURBISHMENT NEW CCS FACILITY

Turbine Flue Gas Ducting Boiler Asbestos Compressor Absorbers Reclaimers Infrastructure
EPSAR AL, B, B, MERESRINER SO,/CO, W, FH4, E4EEE
$562M CND $905M CNDjnJG
A\
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NEXEES Z S BRIRE h S
CO, EOR Opportunity

Kilometres
T R T
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MEXEREALRE . BIBEF R SEHESARIFPO
Saskatchewan: EpiCentre of CCUS Expertise
= 3T v 73 SRR R A SR — AL TR

SaskPower Integrated Carbon Capture & Sequestration
Demonstration Project at Boundary Dam

B R B T SR B BRI B

SaskPower Carbon Capture Test Facility

CO R B R HEAF TIRTEIE (3200K)

Aquistore —Deep Geological CO, Storage Demonstration ( 3,200m)

FAR-KRRREFRRRIRECO, Il 5377 TRt

IEA Weyburn-Midale CO, Monitoring & Storage Project

HMBCO, Wil 5L IR CO, EOR /
Ly ] Sequestration piloting in Heavy Oil Reserves (SRC/Husky Energy)
on capture .
AcusiefConire R = AT MR SRR R ST R oA The Canada

standard for CO2 geological storage based on the CCS best practices

Carbon Capture ~ BD3 Project

Test Faclity CCSHIREFR L International CCS Knowledge Centre
MEXRAWMBEART T L
Petroleum Technology Research Centre (PTRC)
FEE B LR
Saskatchewan Research Council (SRC)
N\ IMERBESHREFRZER B (BHEHAKE)
INTERNATIONAL
CCS KNOWLEDGE University of Regina-Canada Research Chair-Energy & Environment
CENTRE

17 L. 2



SASKATCHEWAN, CANADA
EPICENTRE OF CCS EXPERTISE

5. Weyburn-Midale  \
_Project )

PRINCE ALBERT
«®

SASKATOON
L

4, Amine Chemical

Laboratory
YORKTON

®

MOOSE JAW REGINA

® ®

@
SWIFT CURRENT

ESTEVAN ®

A
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Test Facility (CCTF)

1. The Boundary Dam
CCS Project

et /s

2. Carbon Storage and
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AQUISTORE Project

TR _EMHETHT32288, GEAFERNFHF &)

Storing CO, 3.2 km underground at SaskPower’s Carbon

Storage Research Centre (an injection well and a testing well)

20155F4 A FFaRVEN,  RIHEAN10TTHE
100,000 tonnes has been injected since April 20-15

A BB T A R B TR B K K A RS THRE,  Hh
SR —E AR T ARG, FHEPRAG BRI e 2 1A B
PTRC will independently monitor the CO, movement and
measure the efficacy of various measurement technologies,
including permanent array for 3D seismic imaging

b4 H 20004 J3 B FE4E A K AR/R I FH £ 3R K HAR 52 1 U )
EORTIALIZE, R T LR, 155 RIHEA3000% F3 0
Saskatchewan has experiences with storage due to the
Weyburn-Midale project. Approximately over 30 million tonnes
of CO, stored and monitored since 2000.

H R BT R A KR E

Storage is regulated by the Ministry of Environment



MEXEFRETALCCUS: BimFEiARWIERESATIEI

SaskPower Carbon Capture Test Facility
303 T BLIH & K B Bh Y

Located at SaskPower’s 300-MW coal-fired
Shand Power Station

ABARBEN R R P e 5, L5 H A5
KIFFBCE &, FERLIEE KPS T R uEH
(URERLSZIRE E SN

Open, convenient, affordable, neutral and
open platform to verify and improve post-
combustion technologies in commercial setting

F ARSI AR R 1 8120ECO, /H Primary
test unit CO, capture capacity of 120 tonnes
per day

B SBHUE HL- =32 B I AR RIHHE SR

A Hitachi-Mitsbishi Power System’s proprietary
CCS KNOWLEDGE amine technology is the first being tested
L T A currently

20
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e ARFERS: SoiESe Tk Tl 4k ccusSIn

Broke Barriers to Large—scaled CCS Demonstratior

HTEARGENHIRNKEER, GRERRERE, BEFEEME (2007-08),
SR TAREHCEIN A BB E: 10 +REVT RBEIARIEFE

Selected post-combustion capture over oxyfuel for high capital and technical
risks (2007-2008) , targeting existing coal power infrastructure : 10+ years of CCS
development /technology screening

AR H IS EEZH 5BT4%, FREREh5Xk

Key lesson for future project, experiences of operation to reduce risks and costs

FTIRUF A/ ME—ERA, BUEFILIE EXERTAILOIFTIKE
Sale of CO, for EOR and SO,/ fly ash offset costs and strengthened the

business case to enable the project

EFRE G BB R OL T B AN BRI K AR T AR 7 V5.5 SCRFBUR
H5ee 1w

Set a reference model for clean low-carbon energy development globally and
encourage further large-scaled commercial demonstration project and facilitate
capacity building as starting point

A
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hE-MEX: EfR&ENE

CANADA-CHINA: OPPORTUNITY FOR INTERNATIONAL COOPERATION

SEITSERELIMER CCUSHNRSSEBRNAFAMMET
WRTETiH, FElR&HIEMEIF AL L. Collaborate

for applying CCUS expertise of Canada to large scale
demonstration project, creating advantage in manufacturing
capacity and innovative talents in China.

BATELIEFTANEFK13-5 GEIRAF AR RTEESBRH
REEJSCCUSH#R  Large-scaled post-combustion CCUS

integrated with storage listed in 2016-2020 national plan as
intensive R&D (G24) and Demonstration projects (S18).

SEREFHAL, HENREBRANCCUSEIHFTRINLIE.
LA200%6HIRERE, RWTRAEHBHIBHILA, FIRRE.

Supply side adjustment provides opportunity for doing CCUS o\
while there is cpal power capgcity surplus. With 20% parasitic cc SINI;EISE)A\;\];CED GE
load, CCUS is cheaper, 3 times cleaner than NG. pa CENTRE KN

22



HBESHE: MPEFREE

MOMENTUM & OPPOTUNITIES: CANADA-CHINA COLLABORATION

o 77 B8 TV Ao va 8 mT RE R OK FH BERBLAR SR —

ARSI ARY, HWECCUSKIEA. A
China is likely to change the game by demonstrating cce KNOWL EDGE
CCUS, with low-cost & low-energy break-trough, L T A

as in solar and SO, removal technologies.

o IN-FEERBI TR B CCUSF=LEE, YENBERA—
T — BRI REL 4, BT BRI SRR .
Canada and China join force to help foster CCUS industry
chain as spring board and component of the Belt & Road
Initiative to benefit the world in fighting climate change .

» ERSHEARE “QUFTMER” XF, MEERR
HRRIFTARTH .

Canada & China committed to Mission Innovation to
increase funding to technological solutions to reduce
emissions. SE}S‘@Q\_?,,N
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HISTORIC OPPORTUNITY FOR PARTNERSHIP

+ CCUS TLMAtTi B £5Bh i/inECCUSHiiL 5 TV R{a
CCUS experience in Commercial Projects help accelerate the development/ optimization and
application of CCUS to domestic mega demonstration project:

- SNBSS, BAKERE, TENK RERTZEXARED, BRCCUSTARMA XK
5TEEN .

advance flue gas analysis, waste water management, construction optimization, absorption
methods, and other technical areas related to CCUS, bring down the costs (In& Ki&Et 587 2%
22 AR E A B AT HE % not comparable with emerging economies) of CCUS technology and

deployment projects.

- HBICCUS MiE&E, KESHTITWERE

Facilitate CCUS application from power industry to energy-intensive steel/metallurgy, cement
industries.

o FRAFOLIEHIE BE, AEIRCCUSTH H RS

Z5FRIIE FORVEAS
EEIB AT 205 20

As project advisor, the Knowledge Centre has the capacity to work for any new global CCUS project, including:
- Business Case - Technology Evaluation

- Opnerations - | escsons | earned
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MOMENTUM & OPPOTUNITIES : INTERNATIONAL PARTNERSHIP

- BUESZ5rA{TH: Policy & Economics:

Consider regulations, international commitments, and social costs:

- ZEEBCETE, WRABIS BekiFETE, =H3ICCUSKRIEHIIE A )
AR comprehensive incentive policy measures such as enabling funding and tax breaks
are essential driver for early stage CCUS demonstration.

— AT ICO2M XU AE 5y, & CCUS Tl H Al 47 ML B EE R &=
CO2 sales for use across oil and Power industry sectors are win-win for CCUS
economic feasibility

- ZRSE 5FIIIAR, BURSRABRK (AZEID share knowledge, train
hands-on and help build capacity and develop policy
— personnel training at the cluster facilities
— testing and training at CCTF
— Simulation system

- BIIME&R Financing:

The funding institutions financing CCUS especially in developing countries. EX:
- AR Green Climate Fund
— WM AR AT Asian Development Bank
—  GY#F @@ Mission Innovation initiative




HEBESHE: EfREE

MOMENTUM & OPPOTUNITIES : INTERNATIONALPARTNERSHIP

CCUS R [HRERABERIRBAT IR, THER S RIRASHI40% , BESEFK
B4, AHAERNTRBHAEES.
CCUS is critical to low-carbon economy by reducing CO2 emissions from coal, for coal
accounting for 40% of power and 25% of GHG emissions, will not go away for decades.

FECCUSH B T BeIR AW BA IR X%, WHARFEEBTSHUARENRSEES
(MEEHALT AT HAERERNRGME SREBCKE. W: BalRELFRETEEEL) .
CCUS helps renewable energy production for renewables is integrated with base-load coal fired
power system ( CCUS deserves a system value and policy incentive no less than renewable in
power mix. EX. Electric car enjoy incentives and it leave emissions at power source).

igiﬁﬁwﬁﬁﬁ%m—ww%\%ﬁﬂ (fm: ATRAERIEK RGEMMES W ZBEIL AR
/ -‘_ m)
facilitate a regional integrated resource system planning (system value of renewables vs. CCS
base load ).

RGBS BECLBNHRERAZA T, B MECCUSABERMERZHERTA.

In the best conditions, where SO2/Nox removal already in place, installing CCUS on a power
plant only requires investment in the equipment for CO2 capture,. A
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HES5HE: EReE

MOMENTUM & OPPOTUNITIES : INTERNATIONALPARTNERSHIP

THEHEESSURESERS (W, BRREHE
China has the highest number CCUS piloting projects (EOR and PCC)

HE92% kK EBHLAR % T i Over 92% of coal-fired power units have

SO, removal systems (by 2015, most using limestone)

MIREHETLZERGR, TEPM2.5

Capture process requirement: SO, removal/ PM2.5 Removal

HeH&ESEZRE Other end-use opportunities

SRl dry cleaning,
MM T Z cook oil extraction process
AT i heat exchange agent
o\
CCSIN&ERNATIONAL
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~_LEARNING STARTS"HERE.
OUR NEXT PLANT WILL BE UP TO'30% CHEAPER.
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WHAT THE WORLD IS SAYING

120 FEONH 2 AT LSRR B AR 1201 448
10KBEIR R 2 —. —[FE KB E SC,
%35 “Boundary Dam is one of 10
energy breakthroughs in 2014 that
could change your life.” WENDY KOCH,
NATIONAL GEOGRAPHIC

PRIER LT Al B 5 B TR i e K BRI H
HIbley, AFIBEEIE R 1 iZsoR ERES
AN o BRARBA TR B R S B AR, &
T BATI TR LIRS SEARAC I H bR 1%
IH PN VRSO B B T E S 4 1 n]
SR RAL. AT FZE 5. AnETE 5

“CCS on coal-fired power plants provide us the
largest opportunity for application, and
Boundary Dam shows how it can be done. Unless
we do CCS, we're never going to meet long-
term climate change goals. This project provides
Us an opportunity to learn how we can directly
apply CCS in China.” ASHOK
BHARGAVA, ASIAN DEVELOPMENT BANK (ADB)

29

REA A REIE S RATWAERA TR 2 5 th 3
HESAT, UL SHE AR BRR =
SR O . —-E PR Re S EE. 5.
L “As long as fossil fuels and
carbon-intensive industries play dominant
roles in our economies, carbon capture
and storage (CCS) will remain a critical
greenhouse gas reduction solution.”
MARIA VAN DER HOEVEN, INTERNATIONAL
ENERGY AGENCY (IEA)

A A BETEE PR 5 AT — 2P AN 20504
BN, FRAT LA E AR 2R B R I CCSH
ar. b ARER] P kg SE. YL
L5 “The level of fossil fuel
consumption in the world is going to stay
with us all the way through 2050. If we
want to take the emissions out, we must
have CCS in our armory in order to
achieve that objective.”

DR. GRAEME SWEENEY, ZERO EMISSION
FOSSIL FUELS POWER PLANTS (ZEP)
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Policy Approach to GHG Reduction in Canada

INERBEBAT EA2018FE %A L E A —RMm#E, WG A
PM Trudeau recently announced a national ‘floor price’ on carbon that require all provinces
and territories to have some form of carbon pricing by 2018, with revenue staying local.

£ERMA—  Receiving different responses among provinces in Canada:
IV eV AN FE A MR AT S A 5 (BE4E/ %24);  Cap and trade favoured by clean
energy dominant economies (Quebec /Ontario);
ofif AN ()44 --- 45 & L L &)l W ST A (f1154); Carbon tax (CO2 intensive-Alberta) or
carbon tax neutral (BC);

EREESCRE WR,  F N HEOE R AR s (B T 4 -5 ). Levy on large emitters to invest

echnolagy-salutionsTthreugh green fund---Sask.) at emissions source.

\\ < \ i - \_\
. RSt TR A W L S, B
it TR o T EH———=Gaacerns including: '
\:@\wur& reate-winners and losers simply atura

B ey e 0

. ‘Q!.i;?li&ii AL
P e Y
andae QA

endowment, ifferentindustrialst

SOYEE B
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HESHE: EfREE

MOMENTUM & OPPOTUNITIES : INTERNATIONALPARTNERSHIP

20176 H6H, RSP inmEBUFAEREeIRE (EA) BME, EIrLUHES)
CCUS HPr&1ENE B K “TEH RIS a7 Keils.
June 6, 2017International CCS Knowledge Centre will host CEM/MI side event in
Beijing in collaboration with NDRC and IEA

201747 H CCS H1iHE PR L& “IEAGHGE +— | CCS= A [EH Rz

BJE” .
July 2017, IEAGHG 11" International Summer School on CCS will be hosted by the
CCS Knowledge Centre in Regina

20175F10R2-7H, EMEXRZEH “PARETHE S8 A ICCSIn B E brff it
L
z~
October 2-7, International Symposium on Post-combustion Carbon Capture and
Boundary Dam Integrated CCS Project to be held in Regina, Canada.
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