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()= 2 éke ~ ¢4 E 5 BATIF ¢
A. CO2 Capture Project, Phase 4 (USA)
B. CO2CRCX Otway Project - Stage 2 (Australia)
C. Oxy-Combustion of Heavy Liquid Fuels Project (Saudi Arabia)
D. Carbon Capture and Utilization Project/CO2 Network Project
(Saudi Arabia)
E. Dry Solid Sorbent CO2 Captur Project of 10MWe Scale (Korea)

[l 3 CSLF 2 PIRT ¢

2~ @ I € & (Technical Group Meeting)
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A. Geo-steering and pressure management techniques and

applications :
ed A B I HEES 2 - F PR A LRS FRER
ood B FA Y BB A E - F R 2R 4

FREBI 2 A 3R F R B REFE
B. Bioenergy with carbon capture and storage (CCS) :

Vet W kg T R H B s T8 CCS B &

£ 3 f #$E2z(negative carbon emission)x g o
C. Offshore EOR :

Pav 23y =0 Lula- &) a5 RRrETFATET T
PHEZ - FIPREFREAZR VAN XL EFFCFALLT
W B R AT

D. Improved pore space utilization :

R E R Ry HWHHR- § LI > B RF2e R P s
BERERY D)2 BRIV 1-4% o F] o Aok fge
BRI e KA R o AR A E R 2 PRR A o
CSLF Bl A Z R'R LA B AR F &2 5387 6 2 T3 o

Bl 4 CSLF 2 $iW I} € &
Q)3 iF ] ez H iz > iE5 40T
A ~ Advanced manufacturing techniques for CCSA technologies

B ~ Dilute stream/Direct air capture of CO2
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C ~ Global residual oil zone(ROZ) analysis and potential for combined
CO2 storage and EOR
D ~ Study/Report on environmental analysis projects throughout the world
E ~ Update on non-EOR utilization options
F ~ Ship transport
G -~ Definitions, TRL, scales and other (* H ¥t % = X 2 & = N 2_ F g
BodG)e® A BE e AT )

H ~ Industrial CCS
I ~ Global scaling of CCS
J ~ Compact CCS
K ~ Capturing CO2 from mobile application

(4)2 € & 7 7 % 2013 CSLF Technology Roadmap(TRM):& 7 #& 4R 2013
# 2% 2 TRMAR2 B> ° #2020 375 % - % CCS Hjlr= = 7 &
T2 PERBE 2030 E ]G % S CCS ez = m B 2 P EL o 3
#15 kg o CSLF HrBIFEa 2 R2 3 =i 2 34§ Mardk L34 748
Flo 3 dad CCS ~ Flo7 o3 R 2 R ¥ MutiF » F 840752 2013 TRM
REP Rz Es o BTt el KB NZES @AY S
MR MR Z R BT RIREEE2 2F > LR
b dad CCS A E i 2_[R7g o

)P € R B EFRIF LR 2R LR g > Py ET -
EH 2 FATBFAR 3 R R R R e £ X B g 2LRE
oo Bfs o ip- EHZHFEGFE FRTRR RN T 5 LR A
T £33 | (Sub-Seabed CO2 Storage)Z. & %54F 2 o

(O)F tEEFL - k2 BEL L THRASRET F LA THELHE
it a e g 8 € | (Technical Barriers and R&D Opportunities for Off-
shore, Sub-seabed Geologic Storage of Carbon Dioxide) » #* & {5#7 7 *t 4
MEEE2 E ¢ gk THIRLE pE YR L RFL L CSLF #
B iE- B3R LA o P m RS Sleipner £ Snohvit 2 = ¥ it



BUOLEE  WLHA SR T F PRk FHG o BB RGP NG Bds
ZBFo B A ERE FRE P A GR RN E R AR S) -

'Operational RS ¢
'Advanced Planning !

' Planning Q

® Tomokamai Project v )7

-

(M FHRAHFET = F s Tifn L BRGr) #EFETE
ABABREFFTEHELBLHTES o
EARE EF SR EEIERE-F5 55k ) R
Cr3ps ®ArAo by 7 € BEBIN KRR o
D #F Aaql* %G 20 AR EERE -
E~if RRKEE - F PR T 3 W 4o s ipe r o
Benefits

& pu!

p!

* Geologic understanding of the offshore enhanced by O&G E&P info

* Capacity of the near-offshore is globally significant

* Single offshore owner and manager of both mineral and surface rights
* Offshore typically has few or no economic fresh-water aquifers

* Absence of population

* Existing pipeline rights-of-way for O&G production could facilitate
infrastructure

* Potential to recommission offshore infrastructure
* For federally-owned storage resources, potential revenues

* Monitoring techniques are available — can be improved

B 6 3ABRT - F LRF FHTLER
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B~ RERF fIRIES -
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3~ 1% Mtk X § 3k (Stakeholders Meeting)

(Dt 1T ERADBLEXEGFHCcR 7)) 3 BEZAYT £
ERBERRERME XL BMBERLFRF ) 222 dp RS
AER ARG AR FEH o F 0 kp LA 2
Léi’g-ﬁiii%\»i_%ffié#é:
A ~ United States Energy Association
B ~ North American CCS Association
C ~ The Americas, Global CCS Institute
D ~ Europe, Middle East and Africa, Global CCS Institute
E - Alstom
F ~ Jupiter Oxygen
G -~ FERTIL
H - Shell
| ~ CO2 Capture Project
J ~ The University of Texas at Austin
K ~ UC Berkeley Energy and Climate Institute

L ~ Saudi Aramco
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o RRIFRS A LR -

C~CCS/CCUS #_Mpts gk 2 £ & - k> @i p %Qf{f“j—«\ Ny

G e R PR WLy R
2B 7 R

PRI 2 B TR K
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(Carbon valuation) ~ = = 5 /% 2 & # 4] (Clean Development
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BRELIED2ZEFTELHE BT EHTHEETREFI T A

£ ;22" CCS-EOR |2 b4t 54k 172 5% 5 thirdpi g A ¥ 2 4
ARSI RET AT R RN EET E BT -
®R2 0

Gt R B A AT R e TECRIF AT
(Final Investment Decisions) > » 3%+ £ 5f 2.8 (7454 » Ky et
T AL D .

H- Ak aBg? FpaEF 5 22 73 F L9 e &2 > CSLF 3%
T REH B BFEIFRESNNE S FF Jﬂfr‘wﬁ‘li‘i%\ s h s SR
doim A BB TR M2 3% o CSLF B#EF g5 4 » = Hjivm &
RN RS A

[+ CCS/CCUS 2.3k § 7 ¥ 2 % BEL (v Foesf o

J ~ CSLF 7= & 4w i ;1 Off-shore CCS 12 2 Off-shore EOR with CO2 z_
WE BRI EArm s Z F PR R X RS 2
4 o

K~ CSLF 7 gt 4 CCS J& * {22 d3%°% (Lignite) 2. R B4 & 7 (74
AR GRS RLT ERRL R R RMREEL 24k
%

L~CSLF v 2B R 1 0% [ 2 F2 oz it pachx
YEZ PR € B o TR PR o

4 ~ ¥ X M € 3 (Policy Group Meeting)

Ommaﬁﬂ~%ﬁﬁpmiﬂwﬁﬁéi’—PWMJ@% L i M.
Christopher Smith IR B %3 £ Fd B A VW g B PO OT N & 5%
A FRIAFAER Mr. Khalid Abuleif 5 grvms » & & £.¢ B B~ 4
A5G B 8)o#& ™ K E A2 L CSLF £ 7 €3R2 € iRicsr L 2 2
F21ER P HHATL E R FR(RIATEERERL) B KB

BB ERFEL - BLER2ZETBFERLET IR LA L %
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J & fj4F > 12 @3 % § IEA  GCCSI ~ # CSLF Stakeholders 2 & 47
47 3k -

Bl 8 CSLF z sz { B} € &
Q)7 B Tt BB ¥ - k2 %f:if%f‘éiﬁ“)’é#iﬁﬂ 2 BR L egpdd o B

LERZE2 EA 22 Rd > AR FFE CCS 2 HAFE2 S A
AT AERY 2R FRESFE S - A2 B2 R gy ERE
MEM CCS 2o A = 5 - Tﬁ?fiié%ﬁofﬁﬁéﬁ:f*:}izﬁlﬁf:}ﬁ i
TRL(Technology Readiness Level) /i 3+ 4(5)-6 » P @ it & CCS 3+ F i {7
2403 BB SR PITET T TS 2 P S % = ARy TRL 4
3 1-3(4) 0 bldet F i BT B L R PR R E o 6 B B Z 2
P R ERTZ FEE AR AR E ML P27 e £ S
2] ] B%\ﬁﬂ* 35 BAIE M A /BT RS 2 iE ik ACRE] 9
T S
(3),T£CC84ijfif%§f¢%L £ R2015# 6" At £ EINL B2 &P P
B g &? > {7 A @& & CSLF 5587 § AA# 33| %2 (Academic
CommunltyTaskForce)’ MELBMR 2P ERE L PR ER
ez BB > ¥ 3 28 M CCS 3 & o PR EERP 23 > Lzt
ﬁﬁpﬁﬁﬁ’iﬁa%%lmﬁﬂiﬁé*iiﬁﬂ%’ﬂﬁip
FEAR D TEWELRFRLE XA L2 FEFL
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Barriers High priority mechanisms
identified in interviews
i

Government funding programs

Tax incentives for research and development
Operational support programs

Test centers / facilities

Cooperation and knowledge-sharing networks
Government funding programs

Operational support programs

Test centers / facilities

Cooperation and knowledge-sharing networks
Test facilities, ie. Industrial pilots/demos

Technical and operational challenges

Insufficient test sites in key geographies/sectors
Storage availability and lack of clear regulations e  Cooperation and knowledge-sharing networks

(HFRfgbdad: CCS < Al m - R 2 FlEEF - ' - LR L P i@z R
¥ - BRI E r R B4R M2 RAL T AL CCS 3 H 2 MAr
# % (Financing for CCS Projects)# &_ - iz i# CCS Finance Task Force 2
i3 d % W2 Mr. Bernard Frois # 2 = s 2 df £ 4541 » 23¢ & CCS 4%
r»2Z ERRELSTRRZGE  EFL ARG ‘1@ d1 ¥+ CCS #ivz &
HFFRELF2 L ARRE R AT » BE CCSEH s Mpt
BECE 2 R L 22 8 v p REF LI 2
CCS 7 do iy » Pz R (4rBl 10 2B 1) &% %] 2 542 23k7
38

CCS INVESTMENT BEHIND - POLICY REQUIRED TO CATCH UP

CCsSwill req uire Clean energy investment between 2004-2013
. USD billion
m L ong term signal of 2000 e
support/need for CCS 1e00
m Policy parity; a level playing
1200
field with other low carbon
technologies oo
m Short term support to build and — 277777
operate CCS demonstration o
SRk All clean energy
plants
Data source: Bloomberg New Energy Finance as shown in IEA presentation " Carnbon Capture and Storage:
Perspectives from the International Energy Agency”, presented at National CCS week in Australia, September 2014, 5

B 10 428> CCS <~ Alm 3t dH 2 SR L

-13-



>y

A-ERBEWLZE FEEZ £ 173 6+ 7 PRI EERIH

BrAamlReE 2w el A F2 57 K43 A7 &3
% .
Critfab g il » AboRd* £ 2 iRz 4 P CCS AL &
BEZFEREER s 4 aE 2030 #2 R ap g2 p o
SHORT AND LONG TERM FUNDING MECHANISMS NEEDED

FIRST OF AKIND | Nth OF A KIND
DEVELOPMENT | DEMONSTRATION DEPLOYMENT
CAPITAI GRANTS

OPEX SUPPORT (ENSURE PLANT OPERATES) I

I

I

I

I

I I

|
I (ENABLING REGULATIONS, LIABILITY AGREEMENTS, ETC)
I

I

I

I

|

| ROBUST CO- PRICE

I
I
(SUPPORT BUILD) | | |
I
I
1

Examples
] L
= | S _—
CCS Competition Grant Alberta CCS Competition DOF Gvt Grants Innovation Funds grants
Contract for Differences & Federal Support Price on QO, stored ETS 0O, Price
Alberta CO, Frice (and use in EOR)

From Tim Bertels,
Bl 11 3B CCSHM/THR/AFFERY 2 LY 257 LHEBH

(5)® % it /& % (International Energy Agency, IEA) 7 s 1 W 3 & jfae » H
AN A R FT R B HopT dauE: Mr. Kamel Ben Naceur % 7+ > i ,T*u’?ﬁ—'
g OB R K P 2050 & TR AK § B 4% £ B &
d oo TP BR AR A LRI AE 2°C 0 CCS #H - BBz B L5
o 1995 IEA 2 A7 3 08 TR 1 FR et < vk o CCS i
PHREL2Z &9 A k203 AZF 232 - 5 i d & X p non-OECD
B 7ol 12) -

(6)I[EA 2 3zt FAllgw » ¢ 2 FHY 2P > NE B CHFTARE LR
B2 F f“ﬁi‘éiﬁuﬁﬁ*@’i %#?*% CHFEREPFEFE 6500 F
MR CO2; M &% R 2TC2 8 3+ 2025 # B 4p5 & 3 & 3433 50,000
FHR(S A2 CO2o defrjp > i 2 L§E > ) FX 7X 4 o
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CCS in the 2DS

CO; captured and stored

6.0
LB oererrmesmsasssssssssmsess s sssseses s s s s sesnsass st rasateves vl o m CCS is important in both
electricity and industry
("50-507).
ST J
© .
m  Over 25 of CO, captured is
1.5 . . e in non-OECD countries.
2010 2020 2030 2040 2050
Non-OECD M Electricity sector Industrial applications
OECD Electricity sector Industrial applications

Bl 12CCS#» 8 T MBIl L RmEArL 2 £ K
(NMBEE i hEr @ 2#HI~ § 2 F kR 7 42 450ppm 2 5 - B
A 2282428 2C2 R %&&fﬂ2%0ﬁ£ﬁ4ﬁ&ﬁﬁﬁ
# 50 R~60 ARz = F B FORAE A AR AR § & AT
FRRZ e R A R R ke CCS HR Y 29
B o Mr.Naceur 2. fj4F+~ #& | IEA 24 CCS A £ 2 L WRER » ¢ 45
FATH R A AT 0 MR R AR PR (e R]L_13)
Foob o g T 7 B R (Ar Bl 14) ¢
A~Er Mg BT T AH > CCSTFEFHME LY T
+’«——_\,L%
BrigfFoe i M- § Mt L SR R S 0 2 SR

3% o
CizzApBi2 2 R 24905 > F A1 5 A2 i &
FRTE T E AP LR B TR S F M 2 5 17 CCS

Z_we * (" 5 CCS-Ready) °

D ZPRFELE FRAATEETHFPFZ L L2 BT -

E-~filteip 2k € < B2 JT B 24 280 > B P CCS By
2 BifE > 11 E Jade CCS 2 & & P o

F#fdad CCS 2 Hperm s » 238 Fondk » 10 0% (epl 3 fE 2
FE AR
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GRLB /A 412 F (BB RRL B LY 50 ot r ] aks
BRI 3%

¥

i

L

(MNBts > X BFERELP R U BREILTZREFRLT A K2 » ¢

Creating policy & incentives: critical

Research and
development

Targeted Prices or Efficient

3 Demonstration funding deployment limits on resource
policy and Tncenth LA

programmes.

Lead governments must rethink the policy frameworks in place —
CCS to be driven to markets much like other low-carbon energy.

Bl 131EA $t2 4 CCS A ¥ 2 £ IR H

IEA seven key actions to advance CCS

Government Introduce financial support mechanisms for demonstration and early deployment of
CCS to drive private financing of projects.

Government Implement policies that encourage storage exploration, characterisation, and
development for CCS projects.

Government 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.

Industry Prove capture systems at pilot scale in industrial pilot applications where CO, capture
has not yet been demonstrated.

Government Significantly increase efforts to improve understanding among the public and
stakeholders of CCS technology and the importance of its deployment.

Industry/R&D Reduce the cost of electricity from power plants equipped with capture through
continued technology development and use of highest possible efficiency power
generation cycles.

Government Encourage efficient development of CO, transport infrastructure by anticipating
locations of future demand centres and future volumes of CO,.

B 14 1EA =% 4dad CCS 2 73 (78 > %
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5~ #8& B € % (Ministerial Meeting)

(IR A B €3x2 3%k 0 355 % Wiy ARIMIME Mr. Emest Moniz » 75 § #
fed e o 8234 $838E Mr. Ali bin Ibrahim Al-Naimi » [# 319
B & & o WAt RITERE Mr. Suhail Mohamed Faraj Al Mazrouei > #% = %
o B0 RIRIRE Mr. Tord Lien > ™ % j7 ff 5338308 & Mr. Henk Kamp
% 5 (e Bl _15) 5 ¥ b AR A R B A REOY SRR 2 4
UREESREN B ol LE N ) GE AN G OR AR AN DA ok so 7R cE MR E T A= S
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Carbon management
Uthmaniyah CO2-EOR demonstration project

The 15t in the Kingdom : 47

« Largest of its kind in the
Middle East

+ Capture ~800,000 tonnes of
CO2 per year

+ CSLF recognized project

» Awarded “EOR Project of the
Year” by Oil & Gas Middle East
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Uthmaniyah Field

(COy Infection Site)
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SABIC Carbon Capture and Utilization

» Designed to compress and purify around 1,500 tonnes per day (500,000 tonnes/year)

« CO2 is pipelined through the Royal Commission of Jubail to three SABIC-affiliated
companies

« Used for enhanced methanol and urea production.
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Industrial Applications (Conversion)

Saudi Arabia investing in CleanTech startups to convert CO2
in value added products (up to 50% CO2 in end products)

Waste CO, & CO Valuable Chemicals & Materials
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CO2 Capture from Mobile Sources

On-Board CO2 Capture System could capture up to 60% of CO2
from the exhaust gases and store it temporarily on-board

Mid-size truck Passenger Vehicle

(2011) (2013)

SCCS8 N8

- Lt e -~

Solid Materials Liquid Materials
10% CO2 Capture 25% CO2 Avoidance
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[ i = ] Carbon Capture and Storage: A necessary clean energy option.
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Carbon Sequestration leadership Forum |

www.cslforum.org

6th Meeting of the
Carbon Sequestration Leadership Forum (CSLF) Ministers

Moving Beyond the First Wave of CCS Demonstrations

Communiqué
4 November 2015 at 1700

We, the Ministers and Heads of Delegation of the CSLF Members, are greatly encouraged by
the progress made in the research, development, demonstration and global deployment of
Carbon Capture and Storage (CCS) since we last convened in 2013. R&D portfolios have
grown, international collaboration has expanded, and the world’s first large-scale CCS
project in the power sector commenced operation. There are now 22 large projects in
operation or under construction, with several others in final design awaiting financial
decision.

The advances in CCS are noteworthy, but more needs to be done to bring CCS to the
marketplace where it can achieve significant reductions in COz2 emissions and help combat
climate change. As noted by the International Energy Agency (IEA), in a scenario in which
global COzemissions are constrained to levels consistent with a less than 2°C rise in global
temperatures at the lowest cost, CCS could contribute about one-sixth of needed CO2
emission reductions in 2050, and 13 percent of the cumulative emissions reductions between
2015 and 2050 compared to a business-as-usual approach. The Intergovernmental Panel on
Climate Change (IPCC) Fifth Assessment Synthesis Report (AR5) concluded that without
CCS the costs of climate change mitigation would increase by 138 percent, and without CCS,
2°C may not be possible.

Considerable progress in the deployment of CCS has been made in the last two years, and we
have the opportunity to accelerate CCS deployment now and in the near future with strong
global commitments and supportive government policies. Such government policies would
be built on existing national circumstances, priorities, and obligations. We met today to
discuss and address the key remaining challenges facing CCS and especially to identify
collective activities necessary to support and accelerate further deployment. Our common
goal is to ensure that the conditions are right for all CCS projects currently under construction
or in advanced stages of planning to be completed. We must increase the number of new
large CCS demonstrations by 2020, and support the development of the next generation
technology for full-scale demonstration in the 2020s.

The CSLF is the world’s only Minister-level multinational CCS forum and this year
celebrates its 12t year of operation. While it is clear that significant progress has been made
on CCS, challenges remain that we must — and can — overcome.



Key Actions Needed for CCS Deployment:

1. We assert and advocate for clean energy policies that support CCS alongside
other clean energy technologies, such as renewable energy and efficiency measures.
We are pleased that the role of CCS is recognized under the United Nations Framework
Convention on Climate Change (UNFCCC) processes and mechanisms. Global
momentum is building toward an agreement on ambitious climate change mitigation
goals, and CCS can and should be an important part of the solution. Governments should
work together to ensure the UNFCCC processes and mechanisms support all clean
energy technology development including CCS.

2. We will continue to foster international collaboration aimed at advancing
development and deployment of large-scale projects that demonstrate CCS
technologies and build government, investor, and public confidence in CCS. This
will include encouraging the development of open networks to share lessons learned and
help stakeholders, especially in non-OECD countries, to deal with difficult and time-
consuming challenges such as financing. These will build on existing CSLF initiatives
including the International Test Centre Network, the Large-Scale Saline Storage Project
Network, the Capacity Building Program, and the CCS in the Academic Community
Task Force. We will also publicly communicate benefits of CCS.

3. We commit to coordinated global efforts to deploy CCS projects and build
technical and regulatory capacity around the world. Many emerging 2ndand 3
generation technologies with potential to significantly reduce the cost of CCS are in the
process of being developed, tested, and scaled up, with timeframes for
commercialization and deployment generally beyond 2020. We will actively seek and
support such opportunities through bilateral and multilateral collaboration with other key
bodies and organizations including the IEA, the IEAGHG, and the Global CCS Institute.
We believe that the increasing number of such collaborations reflects the growing global
recognition of the criticality of CCS and view such collaborations as complementary to
the CSLF.

4. We will create opportunities and remove barriers for private sector investment in
order to advance CCS and spark innovation. Around the world, CCS is being
implemented in selected “sweet spots” where regulatory, commercial, and technical
factors converge with timely government support to realize a business case that attracts
private investments. We will learn from these opportunities and take policy actions to
create and sustain conditions that support investment and broaden CCS deployment.

5. We will give CCS fair consideration in clean energy policies and resource
commitments, while also supporting development of comprehensive CCS policy
frameworks. CCS can provide different opportunities and solutions for different
countries, and the appropriate design of a CCS policy framework, including development
of financing policy and incentives, will vary among countries and across industries.
Comprehensive policy frameworks should be created to help improve technology
performance, reduce cost and create favorable conditions for CCS deployment by
providing greater parity for CCS as a clean technology option. This may build upon
existing frameworks and structures, such as those under the UNFCCC, including its
technology mechanism, the Green Climate Fund, and the Clean Development
Mechanism.

6. We support industrial CCS applications as a pathway to implement substantial,
scalable CCS pilot plants. CCS is the only option for decarbonizing high emission



process industries such as refineries, and the chemical, cement and steel sectors. By
2050, half of the captured COz2 could come from industrial sources outside the power
sector. Furthermore, industrial processes will offer opportunities for early projects, as
many processes produce relatively pure streams of COz, and thus will have significantly
lower capture costs.

7. We encourage early stage exploration and development of common user storage and
transport infrastructure which can significantly de-risk many potential CCS
projects. Governments can facilitate early-stage projects by supporting the development
of transport hubs and clusters and by anticipating the characterization of potential
storage sites.

8. We will continue to explore the potential of CO2 utilization technology to accelerate
the deployment and technology maturation of carbon capture and mitigation. The
CSLF will encourage creative, economically beneficial, environmentally friendly uses of
CO2 by disseminating relevant information supplied by its members, and recognizing
new projects that deploy Carbon Capture, Utilization and Storage (CCUS) approaches
with significant market and COz abatement potential.

Importance of Stakeholder Involvement

We will seek input from stakeholders on how to further the goals of the CSLF and implement
the actions identified above. Supportive and engaged stakeholders in industry, society, and
the academic community are critically important to the development and commercial
deployment of CCS. While the CSLF is a means of international collaboration by
governments, collaboration at the international level between governments and industry is
also vitally important. We applaud the efforts of stakeholders to advance CCS and to be
involved in CSLF activities. We strongly encourage their continued involvement in the
CSLF.

Building on the Success of the CSLF

We recognize the success of the CSLF in providing governments with an international forum
to collaborate and create shared commitments to CCS research, development, demonstration,
and deployment. This includes CSLF initiatives to:

® |ead global collaborations on pilot scale capture testing and large scale injections in
deep saline geological formations;

Share information internationally on important CCS projects, policy initiatives, and
legal and regulatory developments in member countries;

Build the capacity for CCS in the developing country CSLF Members;
Explore methods for financing CCS projects, including in developing countries; and

Develop global roadmaps for research, development, demonstration, and deployment
of CCS technologies.

We are pleased to announce our recognition of 5 additional CCS projects, making a total of
49 active and completed CSLF-recognized projects sharing their results globally. We also
commend the CSLF’s capacity building initiative for successfully supporting 14 projects in 5
developing nations.



We are very pleased to welcome Romania and Serbia as new members of the CSLF and look
forward to their active participation.

Moving Forward: Next steps for CSLF and its Members

We advocate the need for CCS to compete on a comparable basis with other clean energy options as
they prepare their Nations for implementation of the outcome of the UNFCCC Conference of the
Parties next month in Paris.

This includes advocating for large-scale integrated projects as well as for the infrastructure needed
for capture, transport and storage of COz2. Co-benefits of CCS projects that are integrated with
production of hydrocarbons or water resources or heat should also be leveraged.

We also convey support to the International Maritime Organization (IMO) for its leadership on The
1996 Protocol to the Convention on the Prevention of Marine Pollution by Dumping of Wastes and
Other Matter, 1972(see http://www.imo.org/en/OurWork/Environment/LCLP/Pages/default.aspx). The steps
taken to enable safe sub-seabed CO2 storage and address transport issues under this agreement seek
to create future CCS opportunities for countries with unsuitable or insufficient geological storage.
The ratification of the export amendment to the London Protocol, or a similar agreement, is
required to enable cross-border transfer of CO2 for permanent sequestration.

To support the key actions above, we task the CSLF to work to accelerate CCS deployment through
specific actions, including:

® Establishing a global CCS project network to facilitate the sharing of lessons learned from
early CCS projects now being deployed;

® Exploring opportunities to collaborate on research, development, and demonstration
projects advancing CCS combined with fresh water co-production;

® Promoting appropriate recognition of and crediting for bioenergy plus CCS (BECCS) and
enhanced oil recovery plus CCS (CO2-EOR) in regional, national and multinational CO2
accounting mechanisms;

® Expanding outreach to the academic community to engage the next generation of CCS
scientists, engineers, and policy makers.

The CSLF will continue to lead strategic multi-national initiatives, leverage investments, and share

knowledge. Specific CSLF initiatives include ongoing capacity building efforts, reinvigorated CCS

in the Academic Community Task Force efforts, multi-lateral R&D collaborations, the International
Test Centre Network, and the Large-Scale Saline Storage Project Network.

These joint efforts will help streamline global collaboration on CCS and help position CCS as a
competitive and deployable low-carbon technology, attracting investments, and enhancing the
growth in CCS. This will help to resolve barriers for successful implementation of CCS projects
worldwide in a time frame consistent with global climate change mitigation aspirations.
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4 November 2015 — Riyadh, Saudi Arabia

Carbon capture and
storage is necessary,

IS moving forward,

but needs more steam!
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Carbon capture and
storage is necessary,

IS moving forward,

but needs more steam!
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Ambitious energy transformation -
fossil fuels retain a strong role

600
o
400
200
0
Fossil  Non-fossil 2050 20 Fossil  Non-fossil 2012 Fossil  Non-fossil 2050
6DS 4DS 2DS
M Fossil Fuels ® Nuclear Renewables

Role of fossil fuels diminishes, but still has a 44%0
share in 2050 in IEA 2DS
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CCS is essential for meeting a 2°C target

® Energy system models (including several used by
IPCC) indicate that CCS is essential, and needed to
keep mitigation costs to acceptable levels.

m CCS is the only way to sufficiently reduce emissions
intensity from certain industrial sectors and enable
“negative emissions”.

m CO, emissions from natural gas up by 30% in the
last ten years, while coal has been the fastest-
growing source of primary energy for the past five
years. We cannot rely on strategies that assume
fossil fuels are rapidly eliminated.

International
Energy Agency
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From 6DS to 2DS requires a portfolio of
technologies and policies

Technologles

Renewables 30%

ECC513%

B Power generation efficlency
and fuel switching 1%

30
M End-use ‘uel switching 10%
20
HEnd-use “‘uel and electrictty
10 efficlency 38%
0 Muclear 8%
2012 2020 2030 2040 2050

Percentage numbers represent cumulative
contributions to emissions reduction relative to
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CCS in the 2DS

CO, captured and stored

6.0
4.5 l B CCS is important in both
l electricity and industry
~ (*50-507).
8 3.0 |
(G
| ® Over % of CO, captured is
T T L in non-OECD countries.

0.0
2010 2020 2030 2040 2050
Non-OECD M Electricity sector Industrial applications
OECD m Electricity sector Industrial applications
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but needs more steam!
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Technology has come a long way

[
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The energy requirement to separate a tonne of CO,
has been reduced by 50% over the past 25 years.
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Projects keep advancing — but slowly

n projected capadty i Refining

M Power generation

50

™ Natural gas processin,

MILLION © §as processing
TONNES OF a Miron and steel
CO, STORED 20 - - Chemicals
WITH

10
MONITORING mBlofuels

Q
TO DATE 2008

The maximum capture capacity from all projects in
the pipeline is 65 MtCO, a year — The 2DS calls for
500 MtCO, a year to be stored by 2025.
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Early opportunities: where is CCS
succeeding, and why?

CELR TS TE S

n; y
e
Decatuf”
% (Source: US DOE)

- &ﬁf&dﬁpgrader
<" (Sourge: Shell)

Gorgon (Source: Chevron)

What has worked - Criteria for
positive FID for existing projects

Common success factors:

1. Certainty of fossil fuel value:
Clear opportunity for continued use or export of
local fossil fuel resources.

2. Understood local geology:
Suitable geology for CO, storage and available
expertise.

3. Market opportunity beyond

technology demonstration:
Low expectation of near-term competition (e.g.

4. Low-risk political and social

environment:
Including a predictable regulatory framework

regulated tariffs etc.)

for CO, storage.

Plus one or more of the following criteria:

m  Dependable revenue stream for CO, sales, for example for EOR

Strong government financial support for the development of CCS

Explicit national emissions reduction policy that includes reductions via CCS
Manageable impact on profit margins (e.g. low-cost producer, or can pass on costs)
Strategic benefits (e.g. a boost to reputation or an advantage from being first)
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Carbon capture and
storage is necessary,

IS moving forward,

but needs more steam!
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IEA seven key actions to advance CCS

Government

Government

Government

Industry

Government

Industry/R&D

Government

Introduce financial support mechanisms for demonstration and early deployment of
CCS to drive private financing of projects.

Implement policies that encourage storage exploration, characterisation, and
development for CCS projects.

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.

Prove capture systems at pilot scale in industrial pilot applications where CO, capture
has not yet been demonstrated.

Significantly increase efforts to improve understanding among the public and
stakeholders of CCS technology and the importance of its deployment.

Reduce the cost of electricity from power plants equipped with capture through
continued technology development and use of highest possible efficiency power
generation cycles.

Encourage efficient development of CO, transport infrastructure by anticipating
locations of future demand centres and future volumes of CO,.

© OECD/IEA 2015
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Creating policy & incentives: critical

Research and Regulation

—— Targeted Prices or Efficient for saf
P Demonstration funding deployment limits on resource or sate,

olicy and ! [ lits ;
" incentives emissions management effective
programmes storage

Lead governments must rethink the policy frameworks in place —
CCS to be driven to markets much like other low-carbon energy.
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CCS can be competitive with cost
reductions

As the installed capacity of CCS-

equipped power plants grows, Case Japan: Post-2030 USCPC with CCS is

the efficiency penalty and capital lower cost than CCGT and even CCGT with
cost premium fall CCs.
oo e i davind Equal LCOE at $32/tCO, and
\ advantage of $16/MWh at $97/tCO,
N -
o0 40 Y /i NUC (GEN Il
. \ =
[ 0% T
° w0 400 600 ] 200 400 500
W (-]
—Coal —Hotursl gaa

LCOE {2012 USD/MWh}

0&M W Fuel W Trans. & store. W Carbon # Cap. Penalty
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Develop CO, transport networks and
storage as strategic assets

Significant storage requirements globally Abundant suitable geologic formations

® 2030

© 2050 pax ~ - e =

in GICO, stored Circle areas proportienal (0 GICO, stored ST . & laant [4]
S R R — st e AT L geagreen & iaaghy ]

...but it can take up to 10 years to qualify a greenfield storage site!

Identify potential storage on national/regional level
Incentivise up-front storage site exploration for projects
Invest in CO, transport networks

Ensure safeguards: enact laws and regulations to ensure long-term containment

Ensure that EOR activity is monitored
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“EOR+": creating a win-win for
business and climate

Significant additional oil production potential... ... and CO, storage potential

2w
150
1 7 = e
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Q

Conventional EOR+ Advanced EOR+ Matirum Starage 225 cumulative storage
(201520200

8

8

g

Billlon barrels
E -

B o8

Billion tonnes of CO,
5

- % 8 8 B

Conventional EORs- Advanced EOR+ s aps
(20152050

EOR+ requires additional activities compared with today’s EOR.

® Additional activities in operation and monitoring increase cost,
but can make economic sense if EOR+ operator is paid to store
CO,.

B On LCA basis, EOR+ operations can also be beneficial to the
climate.
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Energy & climate change — COP21

® A major milestone in efforts to combat climate change is fast
approaching — COP21 in Paris in December 2015

® Momentum is building:
® Historic US-China joint announcement; EU 2030 targets agreed etc.
® 128 INDCs submitted, covering 150+ countries and 90% of
energy-related green-house gases
® Energy-sector CO, emissions slow down significantly if INDCs

Im p I eme nted Energy-related CO, emissions under IEA INDC and 450 scenarios
40

INDC Scenarlo
32
24

g 16
ol
8

1980 2000 2010 2020 2030

International
= Energy Agency
1 lea S“usrﬁstaina_rble

ogether
© OECD/IEA 2015

CCS in UNFCCC — COP21

® Individual technologies are unlikely to feature in the text of the
agreement reached in Paris — but the UNFCCC processes can
still make a big difference for CCS

® Individual INDCs may identify CCS as a part of their mitigation pathway

® Funding for CCS can be available under the Green Climate Fund (is a
dedicated window possible?)

® Other mechanisms may help build capacity, e.g. the TEM can support CCS
by creating enabling conditions
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Thank you.

kamel.bennaceur@iea.org
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Exploratory status of world basins -
2011

777 Alntensely explored

Moderately explored

Partially explored
Essentially unexplored P . e ——
I J o >
- P e 0 2000 4000 6000 8000 10000 Km
h-,.-il__"*‘___; o~ o T [—— é

IEAGHG, “Global Storage Resource Gap Analysis for Policy Makers”, 2011/10, September, 2011
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CCS In the 450 Scenario: An

ambitious deployment pathway

Figure 4.4 = CO, captured in the 450 Scenario by sector and region

5 6 Industry
Other non-OECD
5 India
China
4 [l Other OECD

M United States

3 Power generation
Other non-OECD
5 India
M China
Il Other OECD
1 Hl United States
2015 2020 2025 2030 2035 2040

5Gt captured by 2040
Over 6Gt by 2050 (ETP 2DS)
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Slide 23

TS1 This is a useful figure, however the following slides go into depth on the 2DS which could create confusion - especially given its a short

presentation which doesn't allow for explaining the differences.
STANLEY Tristan, IEA/SPT/EED/CCS, 10/9/2015




How do we move forward?

1.

In both 450 Scenario and the 2DS, 5 -6
GtCO2/yr are captured and stored by 2050 in
all sectors

. CCS deployment has begun in “sweet spots”

“Learning-by-doing” is now also under way for
CCS in power generation

International
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How do we move forward?

4. The cost gap needs to be closed by determined,

parallel action in technology development and
market creation

Improving and using post-combustion
technologies is of particular importance

Innovation and robust regulation will help CO,
storage remain a minor cost component of CCS
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2DS - Fossil fuel electricity
generation declines
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B Natural gas m Natural gas with CCS m Qil = Coal m Coal with CCS © Nuclear m Blomass and waste = Hydro = Solar © Wind = Cther

By 2050 in the 2DS, fossil fuels in electricity generation declines
to 20%, with CCS being applied to 63%0 of fossil fuel
generation
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Monitoring is critical for confirming
the storage of CO,

®m Developed new and refined
MMV teChmqueS Surface displacement

® Through experience — better In Salah
understand which tools work
where

m Better understand what can
and needs to be monitored

Charles Jenkins, Andy Chadwick, Susan D.
Hovorka, international Journal of Greenhouse Gas
Control, Volume 40, 2015, 312-349,
http://dx.doi.org/10.1016/j.ijg_gc.2015.05.009
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Financing for CCSA Projects
by Mr. Bernard Frois



Financing for CCS Projects

Bernard Frois

Chair of the Finance Task Force

3/11/2015 Bernard Frois, Chair, Finance Task Force 1
_, ¥
HUNTON: A
WILLIAMS carbon
sequestration leadership forum
Finance Roundtable
September 15, 2014,

Hunton & Williams LLP, 2200 Pennsylvania N.W. Washington D.C.
Fred Eames, Partner, Hunton & Williams LLP
Bernard Frois, Chair, CSLF Finance Task Force

47 participants, North America, Europe, Asia

30/10/2014 Bernard Frois, Chair, Finance Task Force 2




Increased interest for CCS

The fact that now several operating plants exist employing a range
of technologies has started to create the "precedent" base the
financial world needs to get comfortable with the industry.

Also contributing in Europe is the UK CCS Competition. The
availability of both grant and the CfD mechanism has provided a
potentially financeable framework (subject to risk allocation)

In Eastern Europe, building major energy infrastructure is a
challenge. Poland, Serbia and Romania, in particular, have great
potential for CCUS.

3/11/2015 Bernard Frois, Chair, Finance Task Force

A bird’s eye view on CCS
from the Finance World

CCS is recognized as a clean energy mechanism

IEA has identified CCS as one of the most important
technologies to mitigate temperature increase

A large number of projects around the world demonstrate
that the technology works

Growing recognition of CCUS projects economic impact (EOR,
Water, Chemical products)

Success stories encourage investments (SaskPower et al.)
Broad suite of financing mechanisms exists

3/11/2015 Bernard Frois, Chair, Finance Task Force




SHORT AND LONG TERM FUNDING MECHANISMS NEEDED

FIRST OF AKIND

DEVELOPMENT I DEMONSTRATION
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| ROBUST CO, PRICE

CCS Competition Grant Alberta CCS Competition DOHE Gvt Grants Innovation Funds grants

Contract for Differences

& Federal Support
Alberta CO, Price

Price on CO, stored ETS CO, Price
(and use in EOR)

From Tim Bertels,

CCS INVESTMENT BEHIND - POLICY REQUIRED TO CATCH UP

CCSwill require

m L ong term signal of
support/need for CCS

m Policy parity; a level playing
field with other low carbon
technologies

m Short term support to build and
operate CCSdemonstration
plants

Clean energy investment between 2004-2013
USD billion
2000 1925

1600

1200

400 2222727

o -
!E!! All clean energy

Data source: Bloomberg New Energy Finance as shown in |IEA presentation " Carbon Capture and Storage:
Perspectives from the international Energy Agency”, presented at Mational CCS week in Australia, September 2014. 5




CSLF CAN DRIVE SUSTAINED DELIVERY OF CCS

Regional/global collaboration to demonstrate CCS at scale and learn
effectively, progressing from the first round of CCS demo projects to the next
batch; hub/infrastructure planning

Policy incentives and funding mechanisms to support CCS demonstration at
scale, until the time that e.g. CO, pricing mechanisms supports commercial
deployment. Enable commercial (3rd party/service provider) storage.

Engaging society and regulators to explain that besides progressing
Renewables CCS must be implemented to de- carbonise Fossil Fuels and
deliver on country’s GHG reduction needs 2030+

From Tim Bertels,
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Technical Barriers and R&DS Opportunities for Offshore,
Sub-Seabed Geologic Storage of Carbon Dioxide presented
at Regina, Canada, June 16, 2015
by Mr. Mark Ackiewicz
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Task Force on Technical Barriers and R&D
Opportunities for Offshore, Sub-Seabed Geologic
Storage of Carbon Dioxide

Mark Ackiewicz
Technical Group Meeting
Regina, Canada
June 16, 2015

www.cslforum.org
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Purpose of Task Force

Identify technical
barriers and R&D
needs/opportunities
for offshore, sub-
seabed storage of
carbon dioxide.
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Background

* November 2013: Washington, DC Ministerial
Meeting:
* University of Texas-Bureau of Economic Geology

presented to Technical and Policy Groups on
Advancing Global Offshore CCS.

* Ministerial Communique included reference to
offshore storage since diverse suite of options
will be necessary for CCS deployment.

Carbon Sequestration leodergﬂeﬂfoﬁ‘um !’ y

Timeline of the Task Force

e February 2014: Task Force Proposal developed and included on CSLF
Seoul Meeting Website.

* March 25, 2014: Seoul, Korea Technical Group Meeting.

* April 30, 2014: Membership Established/Finalized.

* June 30, 2014: Outline of Report Drafted.

* October 28, 2014: Progress/Status report at CSLF Technical Group
Meeting.

e June 2, 2015: First draft of report completed. Circulated to Task Force
Members for comments and edits.

* July 17, 2015: Task Force Comments due.
* August 31, 2015: Report finalized.
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Report Outline and Structure

High-Level Report Outline

1. Introduction

2. Status and barriers of existing and
proposed offshore CO2 storage and EOR
Projects

3. Offshore CO2 Storage and EOR Resource
Assessments

CO2 Transport for Offshore Storage
Risk Analysis for Offshore CO2 Storage

Wellbore Management

e D=

Monitoring, Verification, and Assessment
Tools for Offshore Storage

8. Summary of Regulatory Requirements for
Offshore Storage

9. Summary and Recommendations

forum ’

www.cslforum.org

)

General Structure of Chapters

Status/Overview

Barriers/Technical Challenges

R&D Opportunities

¢ Recommendations

Carbon Sequestration lendergﬂeﬂmﬂm!’ w
1} ‘2“

Offshore Large-Scale Integrated CCS Projects

'V operational
¥ Advanced Planning

Y planning

@ Tomokamai Project |

Source: Global CCS Institute
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www.cslforum.org
Challenges and Barriers — Preliminary/High-Level

Challenges
e Protection of competing economic and environmental interests

e Accessibility

* Impact of CO, on marine ecosystems

e Operational challenges/Lack of infrastructure
e Financing

Saline Storage barriers
e Slow progress with large-scale onshore CO, capture projects

e Long-term storage of CO, storage in the offshore setting
* Long-term capacity for large-scale CO, storage in the offshore setting

EOR barriers

* A number of studies using different oil and CO, price assumptions

e Availability of CO, is a potential limiting factor

e Cost of converting existing installations

e Regulations: not a show-stopper, but varying levels of stringency in different countries

Carbon Sequerstration leode'ﬁﬂiﬂ.&ﬂ.ﬁ%.;,?

Benefits

* Geologic understanding of the offshore enhanced by O&G E&P info

e Capacity of the near-offshore is globally significant

* Single offshore owner and manager of both mineral and surface rights
e Offshore typically has few or no economic fresh-water aquifers

e Absence of population

e Existing pipeline rights-of-way for O&G production could facilitate
infrastructure

e Potential to recommission offshore infrastructure
e For federally-owned storage resources, potential revenues

* Monitoring techniques are available — can be improved
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‘ Status/Description

‘ Recommendation

Knowledge- Narrow set of past R&D activities, but growing Increase knowledge sharing to define potential areas for
Sharing interest — need to leverage opportunities early | international collaboration on offshore storage.
and often
Storage Capacity | currently inadequate. Pre-qualify storage locations, basin evaluation; knowledge
Assessments sharing and int’l collaboration.
Transport Limited and potentially expensive, but less Optimization of current practices and infrastructure; take
Infrastructure exposure to issues around routing. advantage of pilots and demos.
Offshore CO2- Only one project - Lula in Brazil. Possible to Recent advances in subsea separation and processing could
EOR catalyze storage opportunities and extend the current level of utilization of sea bottom equipment to

infrastructure.

also include the handling of CO2 streams. Explore opportunities
to leverage existing infrastructure and field tests.

Understanding
of CO2 Impacts
on the Subsea
Environment

Significant body of research exists, but
complexity of impacts and the challenges to
efficient monitoring, particularly natural
variability to correctly identify and quantify
non-natural change.

Leverage existing work. Understand buffering potential of
sediments, and the impact of longer term exposures. Modeling:
CO2 dispersion and influencing factors, marine systems.

Monitoring
Technology
Development

Technology exists but room for improvements.
Cover large areas and lengthy periods.

Data processing and interpretation for CO2 storage. The
quantification of CO2 within a reservoir still remains a challenge.
Real-time data retrieval and navigation. Further developmentin
integrated in situ sensors.

Carbon Sequestration lcadership
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Team Members

e Total team members: 28

e 6 countries, 4 continents

e Government agencies, universities, research
laboratories, industry, non-governmental
organizations

10
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2015 CSLF Stakeholders’ Messages to Ministers
by Mr. Barry Worthington
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that 1s affordable, reliable, secure, and sustainable.




indicate that de-carbonization costs are
substantially higher without CCS.

short-term support for demonstration projects, policy
parity and long-term market signals that support the
need for CCS.




ifferences . .
o Feed-in-tariffs ° Public-private
o Grants partnership

o Green bonds




gas leases to vacate properties when leases expire so these
companies being liable and responsible for verification and
monitoring years in the future is inconsistent with legal
structures and business models.




improve technical performance and gain public
support will be helpful.

CIS.







aris Accord should treat Carbon Capture
Utilization and Storage and for enhanced oil
recovery. While we stakeholders may not agree
with every word, there is certainly vast consensus.
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