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Date/Venue:

Sponsors:

Organizers:

Luxemon Xinjiang Yin Du Hotel
No. 179 West Xihong Road, Urumgqi, Xinjiang, P.R.China
September 18th, 2014

The U.S. Foreign Commercial Service

The U.S. Department of Energy

The U.S. Trade and Development Agency (USTDA)
U.S. Department of State

Clean Air Task Force
American National Standards Institute(ANSI)

Agenda

Thursday, September 18
Xinjiang, One-Day CCUS Workshop

10:00
10:00 - 10:30
10:30 - 10:50
10:50-11:30
11:30
12:15-13:45

Introduction of Trade Companies to VIPs by Ambassador
Welcoming Remarks by Ambassador/Xinjiang Gov. Officials
Tea Break

Opening of Workshop Remarks

Bradley Harker, Commercial Officer, FCS

Nicholas Carlson, Department of Energy Office, US Embassy
NDRC / Xinjiang DRC - TBC

Verinda Fike, Country Manager, East Asia, USTDA

Theme of Workshop

Creating a Strong CCUS Industry in Xinjiang -

John Thompson, Clean Air Task Force

Xinjiang Business Opportunity Presentations

® Early opportunities of CCUS Deployment in Xinjiang -
LI Jun, Wuhan Institute of Rock and Soil Mechanics

® Reducing COz Emissions - and Helping Finance CO:

2



2014 U.S.-China CCUS Workshop Xinjiang
2014 FrEEHREEENHEHET&

13:45 - 15:30
15:30 - 17:00
17:00 - 17:30
17:30 - 18:30
18:30 - 18:40
18:40 - 19:00
19:00

Capture Projects - Through Geological Sequestration of
Injected CO: for Enhanced Oil Recovery (EOR) -
Eric Redman, Summit Power

® US CO: EOR projects and assessing the potential for CCUS
development in Xinjiang - Sue Hovorka, Texas Bureau of
Economic Geology

Lunch

Business Opportunity Panel

Panelists react to the information in previous presentations,

describe what they see as the Xinjiang opportunity, and discuss

their projects and joint US-China CCUS work.

Moderator - Frank Chou, Clean Air Task Force

Panelists:

® “Preliminary Study of Xinjiang CCUS Technology Roadmap” -
Qingshan SHI, Xinjiang University

® “CCUS Practice and Understanding of Yanchang Petroleum ” — Xisen
ZHAO, Shaanxi Yanchang Petroleum (Group) Co., Ltd

® Hongjun GU -PetroChina Xinjiang Oilfield Research Institute of
Petroleum Exploration and Development

® “Maximizing EOR Opportunities and CO; Storage Potential in
Xinjiang” - Bruce Hill, Clean Air Task Force

Tea Break

Projects/Technology
Three presentations to discuss important technologies or projects
underway/planned in Xinjiang:

® “Oxy-combustion and Xinjiang Province CCUS” - Mark Schoenfield
and Catherine Chen, Jupiter Oxygen

® Presentation on Xinjiang CCUS Project: Great Point Energy

® “TRIG™: A Unique Gasification Technology for Low Rank Coal and
Carbon Management” - Qianlin ZHUANG, KBR

Summary of Follow-up Actions
Wrap-up Presentation by Important China / US Official
Networking Dinner

*All Chinese Government and company representatives as well as the
U.S. delegation are invited to attend the networking dinner.
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Luxemon Xinjiang Yin Du Hotel (Red “A” marked in map below)
Address: No. 179 West Xihong Road, Urumgqi, Xinjiang, P.R.China
Tel: (86 991) 4580158

Fax: (86 991) 4511767
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Eric (“Ric”) Redman

President & CEO, Summit Power Group

Eric Redman is President & CEO of Summit Power Group and its subsidiary,
Summit Carbon Capture, which is developing power plants with CO2 capture,
including for enhanced oil recovery (EOR). He helps lead Summit’s efforts on
coal gasification with carbon capture, including the Texas Clean Energy
Project (TCEP), and carbon capture from natural gas and other technologies.
He works with several national environmental groups on climate matters, and
leads Summit’s carbon capture projects abroad, including the proposed
Captain Clean Energy Project, a TCEP successor project in Scotland.

Mr. Redman formerly chaired the Clean Energy Technology group at a major
international law firm. He was a legislative aide to U.S. Senator Warren
Magnuson (D-WA) and wrote The Dance of Legislation, a best-selling account
of Congressional enactment of the National Health Service Corps. He was
educated at Harvard College, Oxford University (as a Rhodes Scholar), and
Harvard Law School. Now a “recovering lawyer,” he was chosen for Best
Lawyers in America for energy matters in 2007, 2008, and 2009. He is active
in conservation organizations, is a member of the Executive Committee of the
Gasification Technologies Council (GTC) Board of Directors, and is a lifelong
resident of Seattle, Washington.

XHive (“Bigy”) HifE2 Eric (“Ric”) Redman

T SR B BB HRKEFIITE

iy e - i 1 2 2 TS ) 2E ] (Summit Power Group) S~ 24 &) Thg B
#£ A7 (SummitCarbon Capture) HJRFEMEFEHATE . %A IEEEE
A A riPERe ) BT TR s AR (EOR) HIKHL) . FEARE P E)
SIS, TR S e M N E S REYR I H (Texas Clean Energy
Project, TCEP) Z545 Gk HE B R IR TAIUH , IR A R IR B A 42
KMHARFAR . M5 2D 2ERALEAE, B TR E R &, IEaF T
I B2 G g A AR U H , Hoh AR SO A KIS e JE I H  (Captain
Clean Energy Project) , ZREITCEPTE73#% 2 JG 42000 H .

Hit 4 & Sl A2 88 A AE — K B [ FRyE AR 55 B £ BT BV AR YR BOR AT BN . At
AEEESS W R D155 8% (Warren Magnuson, AR5 398 )
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Jun Li

Assistant professor at institute of Rock and Soil
mechanics, Chinese Academy of Sciences

Jun Li is assistant professor at institute of Rock and Soil
mechincs (IRSM), Chinese Academy of Sciences. Jun Li
joined the CO2 geologic storage team at IRSM in 2013. He A
mainly works on basin scale CO: storage capacity ' 4
evaluation in China based on geologic modeling, and ~Y
numerical simulation of reactive transport in porous media.

Jun Li recieved BS degree of applied mathematics from

Xidian university in Xi'an China, 2007. He holds Ph.D of geochimistry from
institute of Geology and Geophysics, Chinese Academy of Sciences. His Ph.D
work focuses on thermodynamic modeling of gas-water-salt-rock interactions
to high temperature and pressure, and the application in reservoir simulation.

R

o B BB RS L 71545 B BV BT 5T 5

R i R 2 B DU = 77540 ST B ERAE 7T 51 . 2R 520135 I A
o TCOM B A2 . At H AT T 22 AR AR i 7E B T TR A 1) 2 C O 3¢
FREY, ULZ AN BRAEISHE BUESM . R T 2007F 358500 < H
TR N Ee A, 20135E3R1G FRoRHSE 5T 5 MRV BT 55 i b
ERACATE 2 H A TAR SR e iR IS 25 F R OK-R-2h - i Ty s i
TR 30 A AR B N T 1 il 2 A 1 A% B A AL

John W. Thompson
Director Fossil Transition, Clean Air Task Force (CATF)
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John Thompson directs the Clean Air Task Force's & &
Fossil Transition Project. As Director, Mr. Thompson . S3E
fosters low-carbon fossil solutions by endorsing ™
environmentally sound commercial projects, @S
facilitating the transfer of innovative, low-carbon (S
coal and fossil technology between the U.S. and
China, and developing US federal policies that
promote enhanced oil recovery and limit
greenhouse gas emissions from power plants.

Mr. Thompson is a frequent presenter on fossil ‘
technology and sequestration at conferences both in the United States, China
and Europe. In the past, he has served on numerous advisory panels including
the Technologies Subcommittee of the Western Governors’ Association, US
EPA’s Advanced Coal Working Group, and the Coal Gasification Work Group of
the Powering the Plains Project. In 2012, he began serving on the National
Coal Council, a Department of Energy advisory body.

Mr. Thompson holds a B. S. in chemical engineering from the University of
[llinois, Champaign-Urbana, as well as an M.B.A. from Olin School of Business
at Washington University in Saint Louis.

28 W. G%H

FEFESHFM ARG

21 W. i e SR S A AU A R I H (S 5t N . VE NI H B
W, BEREAERGER AR EAG AT AL H,
PACARE HEAL AT REJRAR AR AL, MBS 53R ER 0. BT LA BEJR F AR AE AR
5 RN 3 [E] 5 M 2 18] (I B AR FE AL FNBUR 30 HF . JUHRTEEE & A R R FH )
R = A AR HE S TH

DA AE SR BT EHGE RS 5 IEA LR ER T2 2R
AR S B A A B PR =i i B S T2 E ML R, B
%Eﬁ%MK&ﬁé%%ﬂ%‘%lﬂ%%%ﬁﬁﬁiﬁ¢@,u&$ﬁﬁ
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H. Frank Chou

Director, Texas Operations, Clean Air Task
Force (CATF)

As the Director of Texas Operations for Clean Air
Task Force, Dr. Frank Chou facilitates business
partnerships between US and China for
development of carbon capture, utilization and
storage (CCUS) technology and shale fracking
technology.  He assists Chinese companies that
are looking to collaborate with US-based companies and experts on the
development of utilization strategies for the captured carbon dioxide,
particularly in enhanced oil recovery (EOR) operations, by conducting
training in China and site visits in the US. He has been working with the
energy industry, academics and NGO’s to form a low carbon energy hub in
Texas. He is also involved in introducing the best practices for
environmental protection in shale fracking to China.

With a background in mechanical engineering and over thirty years of work
experience in the engineering, procurement and construction business sectors
of the petro-chemical industry, Frank managed major capital projects for Shell
Oil, Dow Chemical, and led mechanical engineering for capital projects for
Fluor and M. W. Kellogg. He has worked on projects including chemical,
refinery, oil exploration and wind power, in the US, Canada, China and South
America. He has a track record of executing projects under budget and on
schedule.

Frank holds a BS in mechanical engineering from National Taiwan University,
and an MSME and a Ph. D. from West Virginia University.

i

BSIFAEF AR B Hr LS 8

TR 2 ST S R Te g M b 55 e, A e it 1 Se R A [
FERRAAE, FIHSEAF (CCUS) BORBLR A B AR 5 T I Rk A 1 5K &
o IR F E PRI S A S AT ) se s B 52, A B 1 rh e i [ A
BEATEAR, SR TEALERIAI s, FFal LR Rl 2R (EOR) JyHi,
VORXUT &5 3. Al A AERE MR BRI Tl F, AR TR E RIS
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Dr. Bruce Hill

Chief Geologist, Clean Air Task Force (CATF)

Dr. Hill is Chief Geologist for Clean Air Task Force (CATF).
Dr. Hill has worked for CATF since 2000 and is presently
focused on the development of domestic and international
policy for deep geologic carbon storage, and
unconventional oil and gas. His work focuses on carbon
dioxide storage during enhanced oil recovery in the U.S.
and China and includes a 2013 paper published on
geologic carbon storage in depleted oilfields. He is a
member of the International Standards Organization technical committee ISO
TC 265 on carbon capture and storage. In the area of unconventional oil and
gas, Dr. Hill focuses on disseminating best environmental practices in the U.S.
and China. He received his Ph.D. in geology from Stanford University and his
B.A. in geology from University of Vermont.

Clean Air Task Force is a non-profit organization dedicated to addressing
global air pollution and climate change through research, advocacy and
private sector collaboration.

MER AR
FRIFAESHR BT XK
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Susan D. Hovorka

Principle Investigator, Gulf Coast Carbon Center, Bureau
ofEconomic Geology, Jackson School of Geoscience, The
University of Texas at Austin

Susan Hovorka is a sedimentologist who works on fluid flow
in diverse applications, including water resource protection,
oil production, and waste storage. She has led a team
working geologic storage of CO2 since 1998, with a focus on
field studies, monitoring, and capacity estimation. Projects i
include saline injection at the Frio Test site and Cranfield Field and EOR
studies at SACROC oil field, Cranfield, Hastings and other industrial CO2
utilization projects. She has a long-term commitment to public and
educational outreach. She has a BA from Earlham College and a PhD in
Geology from The University of Texas at Austin.

i R

RIRBT R R, BIEFE R RE RANT L, NIRRT} 2B 5 R pr 88 78
BHERK

AR LR, LiETREIEEINSAMA, SRKEIRERT . At
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Gu Hongjun

Deputy Director, PetroChina Xinjiang Oilfield
Research Institute of Petroleum Exploration and
Development

Gu Hongjun worked on several positions in Xinjiang "
Oilfield Company Development Research Institute ‘
including Deputy Director of Dynamic Department,
Deputy Chief Geologist, and Director of EOR
department, and Deputy Director of recovery and development department,
he mainly focus on old oil field development and EOR studies.

Gu Hongjun is mainly engaged in the old oil-field development and EOR
technology, he has been responsible for the national tertiary recovery of ASP
flooding pilot test in major research projects, fire flooding Group Science and
technology research projects and CO2Z flooding and sequestration of the
junggar basin and other petroleum company research studies (flow
redirection), dual drive, polymer flooding and other major research and
development pilot project organization and coordination work.

Gu Hongjun has a reservoir engineering degree from the Southwest Petroleum
University and he is an on job PhD candidate.

PRISE

HH i HT R A R BT R B OB T R BRI AT

JAU 5 5 i AR B SR A R DR IT AT 7T Be sh A& AR B AT, IR RS
Ji,  SRUSCERMIE TR A S 0T A AR T, S5 22320 T RS = UCR AT 7T

S EENF IR . = UCRMEOR, Jem i otid H R =GR =7
AR IR B RBORITH 82 H ~ w] B BRI H KK #Em /R 1 Co2
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Xisen Zhao

Vice President of the research institute of Shaanxi
Yanchang Petroleum (Group) Co., Ltd.

Xisen Zhao, Ph.D., senior engineer; He is currently the Vice
President the research institute of Shaanxi Yanchang
Petroleum (Group) Co., Ltd. He was graduated from the
University of Chinese Academy of Sciences, and majored in
petrology, mineralogy, mineral deposit geology. He is in
charge of oil and gas field development and enhanced oil
recovery technology of the research institute of Shaanxi
Yanchang Petroleum (Group) Co., Ltd, responsible for implementation and
management of CCUS project of Yanchang Petroleum Company.

Prior to working at Yanchang Petroleum Company, he worked as director of
reserves institute and director of natural gas institute in 4th oil plant of
Zhongyuan oilfield of Sinopec, chief geologist of Yakela gas field and
supervisor of development department in Sinopec Northwest Oilfield Branch,
he owns rich experiences in oil and gas exploration, development, energy
efficient utilization and reduction.

& R

BREGERAH (RED FRFMEA TG FBREIBK

BIRR, WL, PR, BUEREIER A (RED HIRITEL AT
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Shi Qingsan
Director, Department of Geology & Mining Engineering
and Resources Exploration, Xinjiang University;
Technology Executive, Fuyun County Municipal
Government

From 2010, Mr. Shi teaches at the Department of Geology
and Mineral Resources in Xinjiang University. He is associate
professor and the director of Resource Exploration Department. From 1996 to
2003, Mr. Shi worked for Posts and Telecommunications Industrial
Corporation of Xinjiang; he served as the Director of personnel, Marketing
Manager and other position.
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2. BEm WlrEsmRefeiy A R 20114E7 H-20124E3 A 5337t
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1. Investigations on methods of land cover classification of TM image
mountain area Proceedings of SPIE(English) ISSN: 0277786X 20094:5H
Volume 7471 -13

2. Reserch on the cold-island effect with desertification process-baseon the
QITALI oasis Proceedings of SPIE (English) ISSN: 0277786X2007,11, Volume
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6790-01-1

3. Use of evaportranspiration model balance on energy balance in the Ebinur
Lake Wetland Nature Reserve. Proceedings of SPIE (English) ISSN: 0277786X
2009,05,7471:0S1-8

4. FERAS RGN S5 NPP AR S /0, T RIXHLEE, ISSN
1000-60602010, 33(3):427-433

5. WEMAE T HHEMEY R ZWITE, TRXIR
ISSN1001-46752010,27(6) :933-938

6 SRIMTA B RN )R JRATE 7 -- LT 6 S 9Bl 7 98 K 77 7 4l (3 SR BF 5 i
JISSN 1000-2839 2006(3):334-337

7. 1982-20065F#5 1L -G - i B R GRS d5 AN DRHE B AR B IR
“f%  ISSN 1000-3037 2011,26(4) :609-618

Daniel Goldman

President and Chief Financial Officer, GreatPoint Energy

Daniel Goldman is the President and Chief Financial Officer of GreatPoint
Energy with over 25 years of energy industry experience in strategy,
corporate and project finance, project development as well as private
equity/asset investment and early stage venture investing. In addition to his
role in GreatPoint Energy, he is a co-founder and Director of Environmental
Entrepreneurs, serves on the board of directors of several clean energy
technology companies and advisory board of a large private equity fund based
in Hong Kong, and is a member of the Board and Executive Committee of the
New England Clean Energy Council. Mr. Goldman is passionate about climate
change issues and has focused on advocacy work to bring together investors,
policy makers and technology developers to address issues of scale-up and
commercialization, among other challenges in the industry. Previously, Mr.
Goldman held senior level positions at the private equity fund, New Energy
Capital, which he co-founded, InterGen, a Bechtel-Shell joint venture global
power development company, and Arthur D. Little, a premier management
consulting firm. He received a B.S. from Cornell and an M.Sc. from the
London School of Economics. Mr. Goldman serves on the Cornell University
Council and on the External Advisory Board to Cornell’s Atkinson Center for a
Sustainable Future (www.sustainablefuture.cornell.edu/index.php). He lives
in Newton, MA and is a competitive road cyclist and tri-athlete in his spare
time.
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Daniel Goldman
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Mark Schoenfield

Senior Vice-President - Operations and General
Counsel, Jupiter Oxygen Corporation

Mark Schoenfield is the Senior Vice-President of
Operations and General Counsel of Jupiter Oxygen
Corporation, an energy technology company with a
patented heat transfer technology using oxycombustion
for carbon capture, air quality, and energy efficiency for
power plants and industrial furnaces.

His primary responsibility is to manage all aspects of the business under the
direction of the CEO. Since 2001, Mark has managed the technical and
business development of the company for application of its now patented
oxy-combustion technology for power plants, industrial furnaces and waste
transformation plants. This work has included the development of the Jupiter
Oxygen research facilities and oxy-combustion research. Mark testified
before Congress in 2007 concerning climate change, environmental and
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energy security issues, and in 2008 before state legislative committees on
energy policy. He continues to work closely with the United States
Department of Energy’s National Energy Technology Laboratory. In
September, 2008, he was a presenter on oxy-combustion technology at the
MIT Carbon Capture Forum [as well as a closed high flame temperature
oxy-combustion session for MIT combustion faculty and graduate students],
and at the 2009 IEA 1st Oxy-Fuel Conference. In September, 2011, Mark will
be a presenter at the Clean Coal China Congress. He was the recipient of a
Konrad Adenauer Foundation energy study trip to Germany in December,
2008. In 2009, he was a section leader in drafting the National Coal Council
policy study for the Secretary of Energy. He is a member of two United
States Cabinet level advisory committees: The Secretary of Energy’s National
Coal Council; 2012: Chair of the Secretary of Commerce’s Environmental
Technologies Trade Advisory Committee (ETTAC). Mark is the co-author of
technical papers concerning energy technology. He served as a member of
the Columbia University Earth Institute CCS Task Force. Mark has been an
NGO delegate and presenter at UNFCCC climate change conferences, as well as
being a presenter and participant at International Energy Agency and other
international and domestic meetings and conferences concerning
oxy-combustion, energy efficiency and climate change, such as at the National
Commission On Energy Policy. His professional activities have included the
Business Council For Sustainable Energy and the Alliance To Save Energy. He
also is a co-inventor for a pending patent on oxy-combustion technology. In
August, 2009, he was appointed by the Secretary of Commerce to the
Environmental Technologies Trade Advisory Group.

Mark's past experience includes providing strategic and tactical business
advice to businesses as an attorney; being a management consultant; teaching
programs on negotiation to major businesses and law firms as well as to other
business and legal professionals; being the author or co-author of negotiation
and alternative dispute resolution books [one book translated into Chinese
and Thai] and articles, managing the litigation/dispute resolution practices of
two law firms and being part of their management team for their overall
business; and being an associate professor at Northwestern University in the
School of Law and the Center for Urban Affairs.
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Mark Schoenfield
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Catherine Chen Jing

Director, Market Development of China, Jupiter Oxygen
Corporation

Her focus is representing Jupiter Oxygen in China and
developing the Chinese market for high flame temperature
oxy-combustion, carbon capture and energy saving. Ms. Chen
also assists the General Counsel in negotiating contracts. She
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participated in the July 2011 International CCS Conference jointly organized
by Asian Development Bank and NDRC in Beijing, and was a co-presenter at
the September 2011 Clean Coal China Conference. Before she joined Jupiter
Oxygen in 2010, Ms. Chen had fifteen years of experience in market analysis
and industry analysis at multi-national companies and financial institutions as
a marketing director and senior manager. She holds a master degree of
finance from Capital University of Economics and Business, and a bachelor
degree of Art from Xin Jiang University.
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Qianlin Zhuang

Chief Technology Licensing Advisor, KBR
Dr. Qianlin Zhuang, currently chief technology licensing @&
advisor to KBR’s coal gasification business, has 20+ years of f" 1
hands-on experience in gasification of hydrocarbons such as |
coal and biomass (kraft black liquor) and so on. Prior to
joining KBR June 2012, he was an independent professional,
senior manager for GE’s gasification business in China and
Asia, project specialist at ChevronTexaco, project developer
at Texaco, team leader at the Limerrick Pulp & Paper Center at Univ of New
Brunswick of Canada, Professor assistant at Tohoku Univ of Japan, and a lab
manager at Institute of Coal Chemistry, Chinese Academy of Sciences. He
received his PH.D. on topics about gasification from Tohoku Univ., Japan and
Master’s on comprehensive utilization of coals from the Institute of Coal
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Chemistry, Chinese Academy of Sciences of China

FERTAK
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Company Profile
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Summit Power Group, LLC

e Summitis a 25-year old power plant development company
e Summit’s founders: Former US Energy & Interior Secretary Don Hodel & former
US DOE Chief Operating Officer Earl Gjelde (both former heads of the U.S. Bonneville
Power Administration)
e Eric Redman is President & CEO of Summit Power Group & Summit Carbon Capture
e Summit develops climate-friendly power plants:
o Wind power (more than 1000 MW in operation)
o Solar power (including one of California’s largest projects)
o State-of-the-art, high-efficiency natural gas plants
o Also: Power plants with CO2 capture & sequestration
o 9,500 MW in operation, 1500 MW in development
e Inthe U.S, captured COZ2 is used for enhanced oil recovery (EOR)

¢ Summit owns part of a very large Texas oilfield suited to EOR using CO2

e Summit’s Texas Clean Energy Project (TCEP) is a joint U.S.-Chinese effort to
construct the largest power plant with more than 90% CO; capture from coal

e TCEP’s captured CO; will be used to produce nearly 200 million barrels of oil
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GE Power & Water

GE Power & Water is one of the world's leading suppliers of power generation and energy
delivery technologies. We provide integrated product and service solutions in all areas of
the energy industry including coal, oil, natural gas and nuclear energy; renewable
resources such as wind, solar and biogas; and other alternative fuels. In water industry, we
provide the world leading separation equipment; membrane & filtration technology;
diagnostic tools; mobile water capabilities.

GE-Shenhua Gasification Technology Co., Itd (JV) is a joint venture company by GE and
Shenhua. The JV use GE’s gasification and Clean coal technology, combine Shenhua’s
experience in the fields of construction and operation for coal gasification coal-fire power
generation station. JV will provide advanced gasification and clean coal technology to
promote green development and low carbon emission to protect environment, and will
focus on IGCC in China.

GE Mining is committed to solve the world’s toughest mining challenges. GE Mining
provides propulsion system, mining equipment, mining solutions including power, water
and productivity, and mining technology and services. Over 600 mining truck in China are
equipped with GE InvertexTM e-drive system. GE Industrea, with office in Beijing and
manufacturing site in Shijiazhuang, provides undermining equipment to Chinese mining
customers with a focus on safety, efficiency and reliability. GE Mining also helps miners in
China to address the productivity and efficiency challenges with mining solutions as
diverse as power and water.

Contact Information

Website: www.getransportation.com
Address: 6th floor, West Wing, Hanwei Plaza,
No.7 Guanghua Road, Chaoyang District,
Beijing100004, China

Tel: (86-21) 38773323

Fax: (86-21) 38777504
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Kellogg Brown & Root

Kellogg Brown & Root (KBR) is headquartered in Houston, Texas, also known as the energy
capital of the world. The Company employs approximately 27,000 people worldwide. KBR
delivers a wide range of services through its Downstream; Gas Monetization; Infrastructure
and Minerals; International Government, Defense and Support Services; North American
Government and Logistics; Oil and Gas; Power and Industrial; Services; Technology; and
Ventures business segments, and differentiates itself as a technology driven engineering,
procurement and construction(EPC) company.

KBR has built a proud history and a leading market position in the government and
infrastructure sectors by being a low-cost, high-efficiency and absolutely reliable service
provider. KBR is also an industry leader in transforming hydrocarbon resources into value
across all sectors of the energy and chemicals industries. By designing and constructing
energy and petrochemical projects that offer the latest and best process and design
technologies, we have established a solid position as a partner to oil and gas operators in
meeting the ever-increasing demand for energy. KBR’s Technology business offers a range
of process technologies such as ammonia synthesis, FCC, coal gasification, chemicals etc to
serve the growing demands of respective end-user market.

Contact Information

Website: www.kbr.cn

Address: Unit 802, 8/F, City Champ Tower,
No. 12 Taiyanggong Zhonglu,

Chaoyang District, Beijing,

100028, P.R. China

Tel: 86-10-56572700

Fax: 86-10-56572909
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Peabody Energy

Peabody Energy is the world’s largest privatesector coal company, lighting lives in
countless cities in 23 nations on six continents. Peabody has access to coal in major regions
around the world, including the United States, Australia, Mongolia and Venezuela. In 2009,
we shipped 244 million tons ofcoal through sales, trading and brokerage activities.

Peabody is proud to represent the rest of the world as the only non-Chinese equity partner
in GreenGen, a near-zero emissions power project and carbon research center that is under
construction in Tianjin. Peabody also is pursuing partnerships in China that include a large
surface mine in Western China and a downstream coal conversion facility with the
government of Inner Mongolia.

Peabody is a global leader in clean coal solutions. As a founding member of the U.S.-China
Energy Cooperation Program, Peabody seeks to develop clean energy projects in China and
shares a vision of advancing energy solutions that strengthen economies, improve lifestyles
and advance environmental goals. Through membership in the Executive Committee,
Peabody will guide projects that could range from coal-based power generation with
carbon capture and storage to smart power grid development to electric cars.

Contact Information

Website: www.peabodyenergy.com
Address: Suite 4201, Beijing Yintai Center,
Tower C, No.2 Jianguomen Wai Avenue
Chaoyang District, Beijing, 100022

Tel: (8610) 85679096

Fax: (8610) 85679100
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Pelican Energy Consultants

Pelican Energy Consultants, LLC is a full service engineering design firm specializing in the
Oil and Gas Sector with offices in the US, China and Africa. Our firm provides
multi-discipline engineering design, design-drafting, Project Management, Construction
Management and Procurement Services to the Upstream, Midstream and Downstream Oil
and Gas sectors. Pelican is a world leader in CO2 Enhanced Oil Recovery Projects and is
headquartered in Houston, Texas - USA.

Headquarter Contact Information

Pelican Energy Consultants, LLC

2150 Town Square Place, Suite 250, Sugar Land (Houston), TX 77479, USA.
Ph: 001-713-784-8000

Fax: 001-832-500-2317

Website: www.pelicanenergy.com
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Jupiter Oxygen

Jupiter Oxygen Corporation (JOC), a privately held US company, has developed technologies
for industrial energy efficiency and cost effective carbon capture from fossil fuel power
plants. Jupiter Oxygen’s expertise is based on its continued research, development and
everyday use of oxy-combustion.

Experiments on and the development of the patented oxy-combustion process began in the
mid-1990s as a way to cut fuel costs and lower emissions at an aluminum recycling and
manufacturing plant. Jupiter’s technology has been in use at the aluminum plant since
1997.

Based on cooperative research and development agreements [CRADA], as well as
supported by federal grants, Jupiter Oxygen worked a decade with experts from the
National Energy Technology Laboratory (NETL) to develop cost effective carbon capture
solutions, obtaining several patents on the joint technology development. The work’s focus
had been on retrofitting existing coal fired boilers, achieving technology readiness for a
demonstration project, allowing for the scale-up of the technology.

Contact Information

Website: www.jupiteroxygen.com

4825 North Scott Street, Suite 200 Schiller Park, Ill. 60176
Fax: 001-847-928-0795
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FAAL AT H

BRARTTR

Wik www.jupiteroxygen.com
4825 North Scott Street, Suite 200 Schiller Park, Ill. 60176
f£H: 001-847-928-0795
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Air Products and Chemaicals, Inc.

Air Products (NYSE:APD) provides atmospheric, process and specialty gases; performance
materials; equipment; and technology. For over 70 years, the company has enabled
customers to become more productive, energy efficient and sustainable. Recognized as one
of the world’s most innovative companies by both Thomson Reuters and Forbes magazine,
more than 21,000 employees in over 50 countries supply effective solutions to the energy,
environment and emerging markets. These include semiconductor materials, refinery
hydrogen, coal gasification, natural gas liquefaction, and advanced coatings and adhesives.
In fiscal 2013, Air Products had sales of $10.2 billion.

Air Products’ technology has been used in a series of OxyFuel and Carbon Capture,
Utilization and Storage projects. With Department of Energy’s support, the company has
successfully begun capturing carbon dioxide from industrial operations and is now using
that carbon for enhanced oil recovery (EOR) and securely storing it underground, at Air
Products hydrogen production facilities in Port Arthur, Texas. This first-of-a-kind,
breakthrough project advances carbon capture, utilization and storage technologies and
demonstrates the potential to safely secure carbon dioxide pollution underground while
providing an economic benefit and increasing our energy security. At full-scale operation,
more than 90 percent of the carbon dioxide from the product stream of two methane steam
reformers - or approximately one million metric tons of carbon dioxide per year - will be
delivered for sequestration and EOR, which will lead to an estimated annual increase in oil
production of 1.6 to 3.1 million barrels from the West Hastings oil field located about 20
miles south of Houston, Texas.

During the US-China Climate Change Working Group conference in July 2014, Air Products
signed cooperation agreements with Yanchang Petroleum Group and Shanxi International
Energy Group to work on CCS for EOR and Oxyfuel technology respectively.

Contact Information

Website:  www.airproducts.com
www.airproducts.com.cn

Address: Rm2810, Beijing Silver Tower,

No.2 North Rd, Dong Sanhuan,

Chaoyang District, Beijing,

100027, P.R. China

Tel: 86-10-64106156

Fax: 86-10-64106153
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FRUTFmARAH

A A A (Air Products, ALNUESFAE 5 FiiiS: APD) R4t 7y T Z2AIR M4,
DIREMEL, GRS LBR. 7029K, AR —HEHAE P HEm A= R el a, B
ST AT RFEEE R R . A SR A A (R I A  AR B G AR A W 2 BV N Bk BT ) Al
2 —, HIBAAFRS0Z N EFKMHIX K] 210002 44 51 T NRETR . PRI FE Y i3 a2k
IR T %, AFEYSARMEL, IEH. R R LA e 3kl ARG & 57
%o 20134, A AFE B ERUN102143E 7T,

A A\ BRI AR O — R A A0 1 & AR A AR 1 5 A R ya o H
RN o 7ESEE BEVRSE I SCRE N, /A 0 7078 5 15 S0 ] ] 385 345 P o) S0 20 8 1) — SR i
TR H O Th sz B bz 5 A5 T3 T 3R (EOR) » 3% — S JE R4 (1) 33 H e
THRAFR . A S EEEARARE, HIGIE T SR L2 i A TR DL b5 e
, [FIRAIELTE R G, AL L. WRATEER, kRATAmA R WER AR E
AL E90% LA 1) A CRREEIEE D #S 8 T EOR, v LAHE & B iy FH 1
KR L) FH160%310 F .

FE20144E7 H 24T I 2 U ARAL ARG R 2 JITA], 2207 2 =) it L T EOR [ sk 3l 92
5EAF DULCE FIRBEEOR, 0 ) 5 S KA T AR P A L ot [ B e YR SR 2207 1 S 1E R
WABERAR, 735l 5 SEA AT il A AT L G [ B REIR AR 18T 1 A AR il

BRARTTR

Wk: www.airproducts.com
www.airproducts.com.cn

ke B EAE R X AR =30k 2

FAEK)E2810,100027

Hi1%: 86-10-64106156

% 3: 86-10-64106153
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GreatPoint Energy

GreatPoint Energy (GPE) is based in Chicago, IL, United States. It has developed a catalytic
gasification process (Bluegas™) that effectively convert coal, petroleum coke, and biomass
into low cost natural gas. Bluegas™ operates at significantly higher efficiency than
competing technologies and benefits from lower capital intensity, much less water
consumption, a superior environmental footprint, and ultimately a much lower cost of
production. GreatPoint Energy plans to develop, own and operate large-scale Bluegas™
production facilities globally in conjunction with local partners. In addition, by-product
carbon dioxide ("CO2"), which is inherently captured as part of the bluegas™ process, can
be sequestered or used in enhanced oil recovery ("EOR") to dramatically improve
production from depressurized oil fields around the world.

Contact Information

Website: greatpointenergy.com

2215 W. Harrison St. Ste G Chicago, IL 60612
Tel: 312.564.4683

K< HEE R AR

GreatPoint Energy(= figEYR, BUGPE) A& R TR EZ e . GPEFF & 1 #EA™ELLH
KRR, R, AR, FAEY) A RO 4 OTE T HARRRAR I R AR A
5&E5HE AR, GPERTE AN ARMCEE &, MNEARANERIK, SEFRCDKFE, KRG
Yegom/N, AR BB NA T RIRS . GPEHHRITE RV N 5 A th & 1E 4k £ — T
R I8 T MR ) B SRR RN AT . A, GPERYESIRR R T2 /e /1ik -
FERAMEE BHICO2,  FRoKs AL 38 B = 4R I CO2 ] 7= i, W LR T3 HE ) 51
BRI, R E AR

BR&ETTR:

W 1ik: greatpointenergy.com
2215 W. Harrison St. Ste G, Zin=F, HFEH, EE. H4: 60612
Hi%:  +1312.564.4683
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" TASK FORCE

CCUS Workshop
—FEdHE . FIRSHERTS

Creating a Strong CCUS Industry in Xinjiang
EFEER— N EAMCCUS/=

John Thompson

Director, Fossil Transition Project
Clean Air Task Force

September 18, 2014

216 R

WA ESH F1T
Vb 2 RAT 5 U2
201449 H18H

About Clean Air Task Force TASK FORCE
XTRUTESESFSHER

Non-profit organization founded in 1996 dedicated to reducing atmospheric pollution
through research, advocacy and private sector collaboration

— CCUS: EOR to speed CCS development ( “U’ stands for utilization)

— Policy: Incentives for early CCS deployment and CO, limits on sources
— Partnerships: To speed projects (especially US and China)

— Communication: Shape public discourse to focus on what really counts
— Projects: Support coal and gas projects that advance lower emissions

RALTF1996FMAFEFILALR, MAOTUMAR, EAHSATAEENARNRLXRITHR
- CCUs: RERWELUNE-_SHHEESHEF (CCS) AR ( “U” REFIA)
- BUR: B R HICCSHIERE Fst — FILBRAIPREI
- AEREE: ATIRIBEE (LEREEFFED
- 5 UAHEEE I TEESENIA
- TH: XZEREEHREERFIRASTE
PRE :
http://www.catf.us
www.fossiltransition.org
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Three WorkShOp Themes TASK FORCE

e ph=/N3E
To create a CCUS industry:
1. Start with sources of CO, that avoid high capture costs.
2. Form China-US CCUS business partnerships.
3. Establish a regional network of pipelines and EOR storage sites.
ZEfjE—CcusiTik:
1. NEERBEAARN S UHRKIFEANF.

2. FRHPECCUSEAIEMMEEEER,
3. BEXEMHEEMEORIEFAM.

' TASK FORCE

First Theme E—/\~FE 8

® To create a CCUS industry, start with sources of CO, that
avoid high capture costs.

— Some industries (for example: methanol, fertilizer,
ethylene oxide) produce waste streams that are highly
concentrated in CO,.

— Xinjiang has many existing sources of high-purity CO,
that are ideal for EOR.

® BUR—ACCUSFIL, ARERIBIRAAH = RUHAR
~ FETL (I PR, W8, FEZE) FEBTRK

BORERES.
- BB HaNEsE SRR, RiESATEOR,
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CLEANAIR

TASK FORCE

US Examples & [E )

Dakota Gasification

Coffeyville Fertilizer Plant

(Ammonia and UAN fertilizer plant in Kansas)
(Substitute natural gas plant in North Dakota) HEEE AR GEEESF S AUANILAR
RS UEBHEM BB RRAST)

3 million tons/year of CO, sent 850,000 tons/year of CO, sent 70 miles by
205 miles by pipeline for EOR in pipeline for EOR in Oklahoma.
Canada. AT 85 77— A Ak Bl i i % 7 0 0
EEEEAH30077 Ml SR B VSR M #EATEOR.
1% 2055 FL B JI 5K HETEOR. 5
CLEANAIR
TASK FORCE

Second Theme & _—/~F&n

* To create a CCUS industry, form China-US
CCUS business partnerships.

* US-China partnerships that can establish new
pathways to speed CCUS projects that would
otherwise stall when difficulties emerge.

 fJECCUSH™l, RmhECCUSRELAIRIKA

sJsN0

o ERKEEX R
RE, SNERELRNGE

|~

N
/

Z R LUE S FTADIRE LANIRCCUS
n B 15555

2
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_ TASK FORCE

CCUS Cooperation Benefits Both Countrieg
M E R % TCCUSE1E

us 2E China
. . EOR experience and
Innovative, cost-effective
. technology.
technologies. R
EORZI 5K

BUHERY, RAREAMANE

nnovative, cost-effective
technology.

BUHERE, BEAREARAYE

EOR experience and
technology.

EORZI S5HA

ANATR)

TASK FORCE

O
e
m
>

" TASK FORCE

Third Theme E=4"Ff

® To create a CCUS industry, establish a regional
network of pipelines and storage sites.
— US Examples: Texas, Mississippi, Wyoming
— US networks often began with natural CO, sources, added

industrial sources, and now power plant sources are under
construction.

— Existing pipelines and EOR sites attract new CCUS projects.

® EfJECCUS/Hl, EiXIEEMEIEFEORIETEIAER

- EEMGIT: EaiEEr, Zmmtt, RMBREP

- ZEMBFFRTRAZSMHEASRE, BREMLETIE, 3|
EEEREB #IKIE.

— MBS EFMEORIAHINS|HHICCUSITH .
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TASK FORCE

Kempel‘ 'GCC Mississippi

CO, Pipelines

« Kemper

-

QOperational in 2015, 65% capture- 3.5 million
tons CO2/yr for EOR

20154FEE . 65%iHFk——AEORIE#3507 M
412 2222

2012 existing s
2015 operational

TASK FdRCE
Lack of Regional Infrastructure: Without existing pipeline and storage sites, proposed
CCUS projects face added construction risks.
A Z DRI : WRREMBNEEMMF S, B PaICCUST B AIGH
{ERZIZ X .

Status: Projects
cancelled.

All projects were to
be served by a
proposed 700-mile
CO, pipeline.

RAS: TH B
B T3 H 3538 3 #013
) — 2570095 B
AT E XL,

10
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What’ s shared by these themes"?

~ TASK FORCE

XEFMAMILEZAL?

® Each reduces project risk, cost and uncertainty. Each drives innovation that
leads to lower costs and better performance.

High-purity CO, from existing sources— Low cost CO, sources lower risks and
uncertainties of scaling up EOR in Xinjiang.

US-China Partnerships- Brings know-how, financing, and technology that lowers
risks and drives innovation.

Region-wide pipelines and EOR storage site infrastructure (and expertise)-
Reduces the costs of moving from single CCUS projects to many projects that
establish a CCUS industry.

fAE R B XS . AT A HEN. MR BIFNARISEIREA

FELFHIRR

MILBHIRIRES S 46 8 — S R—RR AR — S LR R #3EY KEORM

RRETRI XU RO T E 1 o

EPRIRFERERTREE, BE. Bk, MURHRREFHEREH.

R EEMEOREFAFT (FEHIR) —MNEBE—HICCUSTIE4E] T#
CCUSTTAMIIFZIE, B T A,

11

Benefits to a Regional Approach “ ronce
S HTB RN K d5 A 25 b

» CCUS prolongs the life of oil fields in Xinjiang.
» CCUS creates economic growth and prosperity.

* CCUS isolates CO, underground, reducing risks
from climate change.

o CCUSIEKTZEFTE MAMARED.
o CCUSHIIEZFIBKFNE SR,
. %CUSTE:%MH&BE%EWT, BOSIET AR

BL‘LO

12
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Xinjiang CO,-EOR Workshop

# 58CCUS-F 7= e Lid
Early opportunities of CCUS Deployment
in Xinjiang
Z/NE Xiaochun, Li
R R DUE 1 128 TR
Institute of Rock and Soil Mechanics, Chinese Academy of Sciences

9H18H, BE& AR, HE

> Introduction of CCUS technologies

o CCUSH A A4

» Status of CCUS in China

o # E CCUSH A #y Ik

» Cost of Early CCUS projects in Xinjiang
O 7 fb TCCST H #9 i A

» Conclusions and suggestion

o /NS5 EN
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Introduction of CCS technologies

The importance of CCUS
O The global emission reduction requirem 08
ents &5 Ty HE S os Global T?mperatures
— = Annual Average
O China emission reduction requirements § 02f — FiveYearAverage
FEFERME: RECOHRBELAMRE <
—, AR ik A£20~304F 2 [8] A 42 52 8 HF 5 1 :
, WHB A& T2 LE g
O Three types: ¥ #3¥%. KA fE. CCS 2 Y
e The role of CCS in the global: _J::}i?}ék{ﬁ]i ¥ 1ms0 1880 1800 1970 1940 1950 1980 2000
BARMALHHTHERA, BEERK  wmop,
e 5 R A e o 7 _ soomo | EFERE
« Therole of CCSin China: # &b 5 oooon | Bimses

VEH MM, CCSEH . K £ somo
RUEAED LEEAL B REWFL  §romo
BRZE, BB HFE R TR KA, 225

WRKE G IR EE THRHERA 10000 ]

2005 2020 2035 2050 2065 2080 208¢

Introduction of CCS technologies

Global Status of CCS-1Ea prediction based on CCS Roadmap

2050
s OECD PACIFIC 3,400 projects
USA OECD (35%)
Non-OECD (65%)
10,000 - OTHER OECD NAM
s OECD EUROPE 2040
s ODA 2,100 projects
— ME OECD (40%)
_ 8,000 Non-OECD (60%)
= == INDIA
3 = EEU + FSU
2 — CSA
= 6,000 2030
S m— CHINA 850 projects
g m AFR OECD (49%)
H] Non-OECD (51%)
5
£ 4,000 -
S
2015 2020
18 projects 100 projects
2000 | OECR(2%) OECD (50%)
4 Non-OECD (28%) Non-OECD (50%)
0 o
2010 2015 2020 2025 2030 2035 2040 2045 2050

Sleiprer -
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Introduction of CCS technologies

CCS system

e Flue gas stream

— & mCO, geological

——— reen energy siream

—— Giemem  utilization and storage:

Tt warer sirsam CO,-EOR; CO, aquifer
storage; CO,-ECBM,
CO,-EGR, and other

geological utilization

options; CO,

wi it FIH 5 H 77 CO,
EXE o, RAKEHE.
BHEBEES. HEXRA
A, o R 2

?{l;o

=

Schematic map of CCS technologies

From slide of TNO Engine Workshop 7

CCS # G A&

Y

CO 4 it

CO, Sources (Shenhua PC Project)

Pipeline (web) CO, storage (Yanchang P1ibject)

CO, capture+ dehydration and compression + transportation
(pipeline) + geological utilization and storage

CO i &+ BARE% +EHEH + COMMEHTF
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> Status of CCUS in China
o o ECCUSH A B IR

Status of CCUS in China

CO,Hr IR

All emission sources

Ethylene

Ammonia
%Hydrogen

Refineries 3%

> 1600+(>10°t/a), 3.9Gt in total (2007) e 0%
> Emissions from power, cement and iron ronasieel

& steel account for 94%
> 0.1Gt high purity CO, ready for storage? cement o

Emissions)
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Status of CCUS in Chinaif

BAREHERESHFRE

B K 8 T G AR (Li%, 2009;
PP, 20105 #4), 2013)
CO,-EOR and storage capacity

w.’
e A

Tarfip_1  Torin_2 J )
it ’“W « % 20-192/,7%CO,

"‘“""“‘“‘“ﬁ" o HPE: BN E
J' POV e Storage capacity: 2.0-19.2 Gt
CO,
¢ Additional oil: more than
w:xx | 0.89Gt

Status of CCUS in Chinai-

AEHAFHRESHFRE

AHEERHFEE (Li%, 2009; Rk E%, 2013)
CO,-EGR and storage capacity

o 234N 6NN A
o T AN % &
oo e le H KB 9.1-45.7127,CO,
am wo de
o RS 600-190012.m3
Tarin_1 W Bohal _shore)
anlllyn Qrdos. Bl Bohambay 2
WMWJM ¢ 23 onshore basin. 6 offshore
J | ewenmfesaq | Dasin
. ewomsesens | o Capacity Estimate is based o
n proven reserve
g e Capacity: 0.91-4.57GtCO,
e el e « Additional NG: 60-190Gm3
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Status of CCUS in China
B EAWERLHERE

Fang & Li, 2013
7
WA 9
TN - 1 u_____/’
! .
: =
-,
\‘k.., v~ ~
- & x J * CSLF method
IR L }‘}y"'
o [}f, e 28 basins
o BMEEAEH * Assuming 10% of CBM reserve
o ¥ B 1000 %2000 % suitable for ECBM
. 15’1??)%?%@% A EH10% ¢ Capacity: 9.9 Gt CO,
: ;Oéii;iii?ié s e CBM production: 13.47 trillion m?

Status of CCUS in China
BRABHENREEEHGEEE
BAEZEBHFAEE (L Weik, 20084 )

S -BEADERERTHE
3 N N -17]3"5‘_[:\ 104\:}&@@%
ﬁﬁik,%kﬂﬁﬁﬁﬁﬁ%ﬁ R AR

o dFEMRLE, AEEERLE BHREERHFLRE: 30660127
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Status of CCUS in China

CO, HEFAE

mCO2-EOR i H H # %

= CO2-EGR % ¢k &, Eﬂﬁﬁ»&%
mCO2-ECBMY B H &5 &
mCO2RKEHEAE

storage sites in China

CO, A FRAE (AMREELHFEE, Li, 2009)
Total Estimated Estimated Est|mated Estimated
estimated capacity in oilfields | capacity in gas fields Capacity in un- Capacity in deep
capacity (MtCO2) by proved by proved mineable coalbed saline formation
0O0IP(MtCO2) OGIP(MtCO2) (MtCO2) (MtCO2)
Onshore 2,380,000 4,600 4,280 12,000 2,280,000
Total 3,088,000 4,800 5,180 12,000 3,066,000

Pacific Northwesy
PIATICNRL 1 MDA

Status of CCUS in China

7 [ #7577 3 WA R

> EOREH ZHM2:
FE%,ﬁEEﬁNMM£
> A HIE B A E T

> R ER BT R F
>mﬂéﬁﬁmﬁlk&ﬁ
%ﬁﬁﬁﬁ%i%ﬁﬁ'
@EE%%,&K%%&
H,%E&&ﬁ@m&%
*%\ A R IKE
ﬁﬂ%;

©O: Sources
B Gos Bases

I o easins

I coal Regons

TS Deep Saline Formations
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Status of CCUS in Chinaif

AR HE

Economically

CCs CCS technolo Research Demo feasible Mature
component 9y phase? phase®  Under specific marketd
conditions ¢
Pre-combustion * v
Capture Post-combustion * N
Capture Oxyfuel combustion * R
Industrial separation (natural gas *
processing, ammonia production)
. Pipeline Transportation * v
Transportation -
Shipping * \/
Geological storage Enhanced Oil
* «l
Recovery
Sequestration Gas or oil fields * \/
Saline formations * \
Enhanced Coal Bed Methane recovery * R

FE (k) For R () L CCUSH ARM K £ 53 F 245k, o HAH
KT NER £ .

Status of CCUS in Chinai-

JIC G A i £
= By source-sink matching and
cost analysis, /7 i & Bt 44 45 R e
TN 5200 o0 Fisias :
s There are a number of sigo | —oCe ety 8

potential opportunities for low
and even negative cost storage
options;

 RARAECCSE HHLE;

= The vast majority of storage
potential is offered by the large 5100
and high capacity deep saline
formations at estimated total

costs of less than 70US $/tCO, R.T. Dahowski, Li et al, 2012
( without capture)

=  KEZHCCSHH By & RAMNRT
70US $/tCO, , 75 5 B £ & i
CO,-EORFu B A J& T ik o

$100

Cost (SNCOy)

dollars

[/} 500 1,000 1.500 2,000 2,500 3,000

Cumulative Supplied CCS Capacity, MtCOLly

8 industry sectors 1600+ sources
4 type of storage options
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Status of CCUS in China
# Bl CCUS A B %

= There are a number of potential opportunities for low and even
negative cost storage options; ¥ b T % & % JF HE R T H B K8 48 & AR,
BEETRAE FHGHFLRBRATE;

= The vast majority of storage potential is offered by the large and high
capacity deep saline formations at estimated total costs of less than 70US
$/ tCO, ( without capture). CO,-EOR and deep saline formations storage
are priority &k % #CCSH B # & & A K T70US$/tCO, , HEEEEZE H
EOR#DSF 77 i

= The deployment of whole process of demonstration projects 4 ¥ 2 7~
TEMEATFREHEH RTEH. HETERTEE RERFHR S WM
2, AERTHEIENRTNEeF RAAR T2 HHEEEF. (21
century agenda, MOST, 2011)

17

Status of CCUS in China

Site suitability of aquifer sites

g

> BABRHWETUET S HR e (g
WM k. GIS#HE E 5 GIS s?ggc-.n
FJlinnBas_in -

[ Not recommend Q%W Iimg'h_,e'u;ﬂ-n

[ Very low suitability <y 1 Dongting-Basin

[ ] Low suitability

; 3 5 [ ] Normal suitability ~ Lapin-Simag Basin

\....\\\ 7] High suitability {g. Baide Basin g Bosin ™
[ Very high suitability x ot

KB 3 0T
c REEHURFHELAAEHF M, TRETETETLAMRIH,
o K. A, PH. WEAAREEMERE, EELHF T,

18
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Status of CCUS in China

CO,-EOR model Major parameters for deterministic economic
: Project Parameter Deterministic Value
eValuathn First purchase Oil Price ($/STB) 90.0
Water pump CO, Purchase Price ($/t) 50.0
Water source CO, recycling Costs($/t) 23.66
Extra Discount Rate (%) 12
Water Water Ratio of New wells to original wells 0.15
Power, €O, pump Other O&M Costs ($/bbl) Calculated by model
2 _ \ o Amortized CAPEX($/bbl) Calculated by model
g - ] Compressor EOR project lfetime (year) 12
‘f: €O, flow HCPV injected 05
S . Ratio of CO, to water 11
< 1 I< Fluid Operating Monitoring & Verification (§/a) Calculated by model
Closure Cost (5) 0
Taxes & Royalties
Royalty Rate (%) 125
€O, pump v Gas/Water/Oil Severance Tax Rate (%) 5.0
€O, Injection Wells Separator Ad Valorium Tax Rate (%) 20
€O, Tax ($/tonne) 000
Real Escalation Rates
Power Recycled water Oil Price (%/year) 2
d CO, Tax (%/year) 0
€O, Cost (/year) 2
€O, Processing O&M Cost (/year) 2
Total Well Crude Oil Lifting O&M Cost (%/year) 2
€O, Flow EOR Module for sale M &V Cost (%/year) 2
Producing Wells Lease O&M Cost (%/year) 2
Capital Cost Escalation Factors
. o ege Drilling & Completion 2
Schematic map of CO, EOR activities, P N
modified from report by NETL(2011) Injcton Well Equipment 2
Production Lease Equipment 2
: C €O, Processing Equipment 2
National assessment always use statistic o
data or empirical data, here use China P rodses n
New Producers 0
data to escalate the API data. o Workovers .
:

Status of CCUS in China

F _ECO, 3t i £t 77 ¥ 3 . 1 2

TNE SPOOE WPTOE [CETd e 12090 1MPTE
L L L H L L L

PRLE

0N

wmnd

>EEEE CHk
) WHE, £E
P E R AT

Ela1

> CO B IR M 22
B9 3 B P LA

HEEMH,
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» Cost of Early CCUS projects in Xinjiang
O 7 M TCCSI B #9 A

Cost Evaluation of CO,-EOR

Levelized cost distribution of onshore CO,-EOR in Xinjiang

k\
— -
— R )
@ Large-scale Coal Chemical Moty | S | Wi
® Al Coal Chesmical Plasts |- Tﬁ““ Y
‘= » \\ 4 :H\— .\\_‘_"\
- ot gy T\
e =3 - N
.. e ¢
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K& E IR EZCOH IR,
A IR COLHE R
There are also lots of
high-purity CO, sources,
such as coal chemical
factories, and other high

purity emission sources.
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Cost Evaluation of CO,-EOR

Levelized cost distribution of onshore CO,-EOR in Xinjiang

LY B RAENEGEEREH
A 5 » The profitable CO,-EOR
Y inly located in th
Onshre il R ) are mainly located in the
A : %ﬁ; jJ i \f';,';g'i;x ~g Junggar Basin and
o Axmi f "“‘“5‘:;—f“~:~ﬁ . e X ‘n\\ Qaidam Basin.
N ‘\{ i ‘, ol -";’f\ e —a%* > There are about 300 Mt
;i i f' - _E'"j - crude oil can be
N < /—/f% et pocovered and 480 Mt
-.‘\ ? = B «—--kﬁ CO, can be stored
7 / =7 NS e Yo underground by CO,-
T j EOR.

| » kK ECO,EOR#. &% % F

Levelized cost distribution of onshore CO,-EOR in Xinjiang

Onshore oilficlds
s @ <BOUSSBHI

& B0USSHH|

A0S SbI

o =0USSHHI

o =20USSBHI
Aquaer Sites
[ ] %ot Recommand
I very Low Suitsbility
Low Suisability

[0 High Suitabitiny
I viry High Suitability
1 et

.....

[7] Normal Suitabitiiy

Cost Evaluation of CO,-EOR

> KRERAEBEHFNE, FH
EOR 5 fACE B & £ 77 8 4
i

There are lots of suitable
aquifer sites and oil field in
Xinjiang. When CO,-EOR
coupled with CO, aquifer
storage, an optimization
between dynamic need of
EOR and CO, storage
capacity can be obtained.
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> Cost of Early CCUS projects in Xinjiang
O R TCCSI H W R A

Cost of Early CCUS projects in Xinjiang

Main framework of technical-economic

‘ Emission sources ‘

Eaui . Revenue from
quipment + operation and )
maintaining process production

Net cash flow= revenue + carbon tax — capture &
compression cost — transport cost — storage cost —
tax

B RAE=W 3 +BR - R B AR
Bk

Levelized cost = total cost/ the amount of stored
CO, [$/t]

PR A= BA H 7 E [$/

CO, carbon tax
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Cost of Early CCUS projects in Xinjiang

Main framework of economic

€O, capture CO, Capture
2 —

C — CAPEX
ompression - o,
1 T
cost
Transport Diameter _ -
scale ] of pipeline CAEX Co, Economic
Transportatio y| evaluation
O&M (S of CCUS
projects
N CO,-EOR N Well
scale number
Qil price
CO, aquifer Well APEX -
> storage scale K number € . CO, aquifer
storage

O&M

Refer to all kind of economic model around world.

Cost of Early CCUS projects in Xinjiang

Cost Evaluation

Junggar Basin

Horizontal permeability (mD) 100

Ratio of production wells to injection wells

CO, sales price to EOR (USD/t CO,)

Potential CCS project: CO,-EOR5 Bi/K EZHAFEACCUSTILH, 1] L7 43 F| A
EOR#k 2 [A] i SEEL X EORIS A2 2% 1. EOR(40%) +Jii /K )2 3 47(60%)

59



LI Jun-Wuhan Institute of Rock and Soil Mechanics

ZER-rh R G DUA T 2 T

Cost of Early CCUS projects in Xinjiang

Cost Evaluation

150
g 0.0
H
g - _ I
: || [
§ Dichydrated and Tipulinue Aquifer storage Costof afull-duedn CO2 natigation cost ation cost
E 50 | wopresed (USS) aeportation(USs#) (US54) CCS projoct (USS/H) (US&/) i (UIS&/t)
= |
-0
Captureand [Pipeline Aquifer  [Total cost of Total CO, |CO, mitigation
compression |transportation( |storage CO2 aquifer mitigation |cost with CO,
(USD/t) 'USD/t) (USD/t) storage(USD/t) | cost (USD/t) [tax (USD/t)
Tarim Basin 12.83 1.78 1.73 16.35 7.28 -8.11

COH%. EHMH5CO,EOR EH A F| (T4 HELE) ;
A AECCST Bt 4 & A X 7.28USD/t, Bt & TE A YW
# (15USD/tCO, i, i 4 1F)

29

Barriers to Large-scale Deployment of CCUS

Xinjiang has the potential to deploy CO,-EOR technologies,

however there are many barriers to large-scale deployment of

CGS technologies under current condition.

* CO,JE: CO,source- not cheap or not available

* 4 @t: Financial problem- very high investment, high tax
rate and financial risk;

o AP Technical challenges- high viscosity, high
heterogeneity, miscible state, and other problems.

* HAFx4%4: Competition with other EOR technologies, CO,-
EOR is not preferred choice without CO, mitigation.

e X# M : Mineral right - oil and CO, space definition;

* A JE: Public perception- “not in my backyard”

o B A LG : R&D system in petroleum enterprises-
technical barriers.
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» Conclusions and suggestion

o /NgEEEN

> There are lots opportunities for CCUS in China .
v HBEAAAEWCCUSKIMEALE;

» There are some CCUS are with early opportunities for deployment.
v #A-CCUSHEA 2 M SLHiALE (KR AANE) ;

v There are many barriers to large-scale deployment of CCUS
technologies;

v SEHCCUSTI KAV 5 855 7 EMR;

v" Further work should be carried out to evaluate techno-economic
feature of CCUS project (site-specific data, more precise performance
model and cost coefficients).

V RREFRI—FHBREFN, ETEMFRNGHITHR HARF
BAS o
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Thank you'!

Email: Nwei@whrsm.ac.cn

Northwest
Vgt BRARE NRDC
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SUMMIT

Reducing CO, Emissions — and Helping
Finance CO, Capture Projects — Through
Geological Sequestration of Injected CO,

for Enhanced Oil Recovery (EOR)

Presentation by Eric Redman, President & CEO
Summit Power Group, LLC

CCUS Outreach Workshop
Urumgi, Xinjiang Province e September 18, 2014

Strictly Private & Confidential

Summit Power Group & Summit Carbon Capture

¢ Founded twenty-five (25) years ago by Don Hodel (Chairman emeritus),
Secretary of Energy & Interior for President Reagan, and Earl Gjelde
(Chairman), COO for Hodel at Energy & Under Secretary of Interior

¢ Types of power projects that Summit develops for itself and others:
¢ Renewables: wind projects, solar projects, etc.
¢ State-of-the-art natural gas-fired power plants
* Coal gasification projects with carbon capture —and CO, for EOR
¢ Post-combustion capture for fuel-burning power plants — & for EOR

¢ Summit has long-standing relationships with vendors, engineers,
contractors, etc. — including new relationships with Chinese engineering
and power companies, Chinese banks, and Chinese firms

* Summit projects completed to date: Totaling $9 B (current US dollars)
and over 9,500 MW

* Summit CO, for EOR projects in development: Will total an additional
$7-8 B (US dollars) when completed
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Use of CO, for Enhanced Oil Recovery (EOR)

'ENHANCED OIL RECOVERY |

L oiiasiaiaiaa

CO; injection ) Provided by the Global CCS Institute

CO, acts as a solvent — oil that is “stuck” to the rock is released:

Strictly Private & Confidential

EOR can help pay the costs of CO, capture

1 MWh hour of coal 1 ton of CO, injected
combustion power N

> 2-3 barrels of
1 ton of CO, emitted additional oil produced

or

1 ton of CO, captured

Revenue
for CO,
capture
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Strictly Private & Confidential

3,000+ Miles of CO, for EOR Pipelines
Already Exist in the Permian Basin Of West Texas

JAFO2B23E FPFT 5

Permian Basin power plants (green),
'CO, pipelines (blue), and CO,-EOR oilfields (pink)

Annual injections
of new & recycled
CO, = 80-100
million tons total
(mostly from
natural sources)
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Long Ago: Original Reservoir is Fully Charged with Oil

Surface

Cap Rock

Tectonic Activity Tilts & Structures Reservoir

Slides in this series adapted, with
thanks, from Steve Melzer of ARI
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Water Entering Through The Surface Floods the Reservoir Over
Geologic Time

NATURAL GRAVITY WATER-
FLOOD FLUSHES AWAY MOST OF

e \

NATURE’S WATER FLOOD LEAVES BEHIND:

1. HIGH OIL SATURATION IN STRUCTURAL HIGH AREAS (THESE
BECOME “MAIN PAY ZONES”)

2. SOME UNSWEPT OIL ACCUMULATIONS IN THE ROCK
3. RESIDUAL OIL MIXED WITH WATER (10-60% oil, average < 40%)
4. HIGH WATER SATURATION AT BASE OF RESERVOIR
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TYPICAL SEQUENCE OF OIL PRODUCTION IN MAIN PAY
ZONE:

1. PRIMARY PRODUCTION: NATURAL RESERVOIR PRESSURE
2. THEN: WATER FLOODING (SECONDARY RECOVERY)
3. THEN: CO, FLOODING (TERTIARTY RECOVERY or EOR)*

*The technique of alternating
water and CO, injections is called
“water alternating gas” (WAG),
also known as “wagging”

0Oil Saturation in the Residual Oil Zone (“ROZ”) Is Essentially Identical
to that in the Main Pay Zone AFTER Water Flooding

This Makes the ROZ Attractive for CO, Flooding, Too

Initial Oil Saturation 60%-85%
After Water Flooding 10-60%

MAIN PAY
ZONE

Initial Oil Saturation 10%-60%
(mostly less than 40%)

RESIDUAL OIL ZONE
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Today - Major West Texas Oil Fields Have Been Water Flooded and
More than 100 Fields are Under CO, Flooding in the Main Pay Zones

CO, Flooding is Now Being Performed in the Residual Oil Zone

Major Major Major
Oilfield Oilfield Oilfield

1 |

MAIN PAY ZONE

Conventuonal

RESIDUAL OIL ZONE

Base of Oil
Saturation

Steve Melzer’s Expert Analysis of CO, for EOR in an Actual Texas Oilfield:
Production in Red Circle = Total Barrels of Oil from CO,
Production of “T” = Barrels from Tertiary CO, Recovery in Main Pay Zone
“Q” = Barrels from “Quaternary” CO, Recovery in Residual Oil Zone

80,000 ——TOTAL OIL - bopd
& Proj Primary-bopd
Secondary B | Waterflood-bopd
o000 4 Production : x  Main Baseline
+ew... Quat 2.0 Oil -
"é Paak m / % Quat 3.0 Ol - bapd
8 60000
= ertiary CO2
‘= j Production Quaternary COz ROZ \
_% 50,000 Peak i Production Peak
= Primary I/ A
- x
2 40000 | Production A <
g Peak } l v’®k& S Q)%
o - X
30,000 o # L I <
3 @ ] Tertiary | S R
= Cum =200 | i Projected
3 20000 M Secoiuj Y "mm bbls | Ouaternary
g I La cum ;; X, 2Cum=300o0r| %,
< | e )3& 200mmbbls | %,
10,000 | Primary “™y k
fCum =125 W
mm bbls
0 ...J

40 100

Mebrer O Omaliing Year

14
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Natural CO, supplies can’t meet industry demand

Existing natural CO, sources in Texas Gulf, Permian, and Wyoming have capacity of = 3 Bcf/day. Industry
and US Government projections call for tripling of demand. Extra supply must come mostly from captured
CO, (i.e., CCS from industry and power plants). One (1) Bcf/day is = 20 million tons a year. So Kinder
Morgan’s chart shows annual demand going from 60 million tons per year to 200 million tons per year.

Domestic EOR Projected CO, Demand ()

Beflrd

12

0
1988 19290 1995 2000 2005 2010 2016 2020 202% 2030 2035

Source: Kinder Morgan 2012 Analyst Presentation 15

Summit’s Texas Clean Energy Project will turn Coal, Salty Water & Air
into Near-Zero Carbon Power, Fertilizer, and Sequestered CO, for EOR

Low Sulfur Coal via
Railroad

High Hydrogen Power
Turbine

195 MW low
carbon power
to San Antonio
—about 1/12th

the CO, of
conventional

coal plant

Coal Gasification,
Gas Cleanup, and Gas Syngas
Separation

Brackish Water
Purified via Reverse

Ammonia / Urea
Complex

756, 000
-_> tons/yr
delivered to

P CHS Tne. -
ey - about % the CO,
Nl m Oxygen | of typical
Ve Vain O Hiah . . fertilizer
Air Separation Unit Main Outputs: Higl LF).Z Dellv_ered_ to -Oll plant
Hydrogen Syngas Fields via Pipeline

("95% H, / 5% C0) &
Pure (0, CO,

i
1.9 mm tons
per year
delivered of
€0, to 0il
* Additional revenue from sales of sulfuric acid, argon gas, & minor Lom;{gg;es,

products
eventually
sequestered
16

16
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What Makes the Texas Clean Energy Project (TCEP) Important?

TCEP will be the first power project world wide to:

® Use state of the art technology to gasify coal AND

® Transform the output into two separate gas streams of hydrogen and CO, AND
® Sequester more than 90% of the coal’s CO, permanently AND

® Use the CO, commercially in enhanced oil recovery AND

® Demonstrate that this works for both the end use markets of power (lowest
carbon content of any hydrocarbon power plant) and chemicals AND

® Pair China & the U.S. in funding & building a full-scale CO, capture power plant

17 Siemens Gasifiers in Ningxia, China Linde Rectisol® (O, Separation

World’s largest gasification project: In Ningxia

) [ 1 . -

China leads the world in coal gasification for chemical products. China can lead
the world in CO, capture from coal gasification, too. Why not oil production from

captured CO, (EOR)? And low-carbon electric power from coal gasification? 18
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CO, Can Also Be Captured from Coal-Burning Plants, including via
Retrofitting those Plants. Capturing CO, from Flue Gas (Exhaust) of
a Combustion Plant is Called “Post-Combustion Capture” (PCC).

¥ o
Fual e
and air Boller ]

POST-COMBUSTION

Provided by the Global CCS Institute

Some active post-combustion capture projects

Equipment

Project Name Location Fuel Provider* Status Notes
Plant Barry us Coal Operating Since June 25 MW Slipstream.
(Alabama) 2011 No EOR - all sequestered
r AN
MITSUBISHI
Boundary Dam Canada Coal Under Construction 160 MW. 90% capture.
will be operating Fall CO2 used for EOR.
2014
WA Parish us (TX) Coal 0 Financial closing 250 MW. 90% Capture.
AW announced July 2014 CO2 used for EOR
MITSUBISHI
Peterhead UK Gas FEED stage One of two winners of UK
(Scotland) climate competition.
Expected to begin operations
in 2018

*Other suppliers of proven PCC systems include #
Huaneng/CERI, Linde/BASF, Fluor, etc. c@e
20
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Strictly Private & Confidential

Case Study: W.A. Parish Plant/ NRG Petra Nova

W.A. Parish is among the US’s largest power plants, with
almost 2,500 MW of coal fired generation and 1,300 MW of
gas generation.

NRG formed Petra Nova to pursue
integrated (oil and CO, capture) PCC projects

Hilcorp Energy Company

Construction begun on PCC project to
capture 90% on 250 MW flue gas slipstream

Represents = 1.4 million tons of CO, per year

Joined with Hilcorp, a large East Texas oil
company, to send CO, to West Ranch oil
field. Will vastly increase oil production.

Total capital cost supported by JX Nippon,
NRG, and US DOE. Also received $250M in
debt from Japan Bank for International
Cooperation (JBIC) and Mizuho Bank Ltd.

Strictly Private & Confidential

Questions & Answers about CO, for EOR

Do power plants need to Yes. Power sector is largest source of CO,. In the U.S., new

capture carbon? rules demand huge cut in CO, emissions. Reduced carbon
emissions = high priority in U.S. and China.

Can power plants capture Yes. Huaneng /CERI has captured CO, in China. Systems

carbon? being installed now in North America (Shell & Mitsubishi).

Can oil wells really use CO,? Yes. In the US, about 100 million barrels/year come from

CO, use. China could produce as much or more. China has
suitable geology in main pay zones and residual oil zones.

Will oil producers pay for CO,?  Yes. Current prices about $35-40 per ton in Texas. Lower in
some states, potentially higher in other states.

Can CO, be transported? Yes. Already = 5,000 miles of CO, pipelines in the U.S.

Does CO, for EOR produce Yes. About 50% of the CO, remains underground after each
permanent carbon injection. CO, that comes to the surface with oil is re-
sequestration? compressed and re-injected. Ultimately it all stays down.

Doesn’t the produced oil have  Yes. But much less than the CO, that’s injected. No other
carbon, too? oil production method traps CO, underground.
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Dr. S. Julio Friedmann,
US Department of Energy

1 " Investin techy

3) Design for sustain
Create new ins
AUltra-low imps
Local solution

“Last year, the world used more wind power, solar energy,
biomass, and hydro energy than ever before. We also used
more coal, oil, natural gas, and nuclear power than ever
before. We used more energy in total than ever before.”

23

Why CO, Sequestration Matters

“ comence Keeling Building

400 ppm
Named in honor of ' /

Professor Charles David Keeling,
Scripps Institution of Oceanography.

who initiated continuous CO, measurements at this site in 1958

i Plaque on
Mauna Loa
in Hawai’i

w
L]
o

Carbon Dioxide (ppm)

7

1960 1970 1880 1990 2000

Year
November 1997 .. 2014

24
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Conclusion: CCUS may not be sexy, but it is
important for the planet — and it can be profitable

“Frank’s into carbon sequestration.” 25

yef! Thank you!

Summit Power Group, LLC
83 South King Street
Seattle, Washington 98104

www.summitpower.com
www.texascleanenergyproject.com

26
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S AR IR

'ENHANCED OIL RECOVERY |

i CO, capture

=

i
Produced oil e .

CO; injection

Provided by the Global CCS Institute

AT 2T PR - P A TR P B TR R

Strictly Private & Confidential

AR G i RIS BhAE T — E AR SR A

PREEER T R 1K BLA ER, EA1E o,

> >

HEfamico, Hr=2-3 102 KA TH
:i%-2

HZE1I co,
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AT A Lt BBk T
#833,0005% B i) F T — S4Bk SR VRl ) B

AL RIR] (&),
CO, B (J ), LA CO, K i i H (¥7 f4)

FEEFEN K BN
€O, = 8T /-2
(BREDBRR
BR)
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RACAET: JR4AH 5B S & A T

R

FEY T BIR ) B 5 A e R

JEKBTARIA ] Steve Melzer
RN RFUILKINT Bt gk
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FER I B AR AL I AR oK B KB T R BE N 52

KEBRE/FERTREBA
Te A £ K 2 B0 T B IR oK

\

BARKEAE T

1. AHARE RS RERX I (XERR T EEME)
2. —HRFEHHNAMREET EBF

3. A KIHKIBEEY (10-60% F i, “F31E < 40%)

4. JH R F e A K X
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ot 30y opiile Vgl ul Rithow
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2. WE: KK (= RERH)
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VG A A : 60%-85%
VEKIR A ROA AT E . 10-60%

WILEA E I 10%-60%
(CKEBHET 40%)

Rl R X
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POST-COMBUSTION

Provided by the Global CCS Institute
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Strictly Private & Confidential
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& E Be YR S8
S. Julio Friedmann{&+

1 " Investin techy

3) Design for sustain
Create new ins
AUltra-low imps
Local solution

“LIE, LHTREFIINEE. KB EYFEEEU A
L LTI IR ASZE . IR ZANTESTHIRRK . G K
TR H LU AE T R B AT E . BN TSI HIBEIR

LITELE TR RS . 2

* comence Keeling Building

400 ppm
Named in honor of
Professor Charles David Keeling, v
Scripps Institution of Oceanography,
who initiated continuous CO, measurements at this site in 1958
E Plaque on
a Mauna Loa
,‘5 350 in Hawai’i
5
a
[ =
(=]
£
)
1960 1970 1980 1990 ~ 2000 N\
Year - 2014

November 1997

24
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Eric Redman-Summit Power

NG :%1%%ﬁ%ﬂﬁﬁ$ﬂﬁﬁﬁfﬁﬁa‘f$ﬁ§}\,

“Frank’s into carbon sequestration.” 25

!

[ B IE 7 R ]
83 South King Street

Seattle, Washington 98104

www.summitpower.com
www.texascleanenergyproject.com

26
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US CO, EOR Projects and
Assessing the Potential for CCUS

Development in Xinjiang
3% UL BRR B R 2 50 ) DA B BT CCUSTF 8 i 4

Susan Hovorka
Gulf Coast Carbon Center
Bureau of Economic Geology
Jackson School of Geosciences
The University of Texas at Austin
Many thanks for Changbing Yang for translation

-

Presented at Xinjiang CCUS Outreach Workshop,
Clean Air Task Force, Urumqi, September 18, 2014

THE UNIVE

JACKSON

SCHOOL OF GEOSCIENCES

Gulf
Coast

Carbon | . = BUREAU OF
| Center Economic

iss (GEOLOGY

Outline

R

* How do US EOR projects .
operate?

* How are US EOR projects
developed now?

* What changes may result -
from capture of CO, from
anthropogenic sources? .

* How might this
information be applied to
Xinjiang oil production in
the future?

Cross-well inversion showing
CO, flooding a reservoir,
Mississippi

iy

3¢ [ EOR il H A& fifiiz
AT ?

H B 3£ [E EOR I H 211
Al 2
AR e S E
W e AR A, ?

2 SR B A A e R
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How do US EOR projects operate?
5% [E EOR Tl H J& iz 47 ) 2

* Basics of the CO, EOR CO, EOR P24 AR

process + EOR J91 H £ 3£ [H 1)
* Distribution of EOR in il
the US « WAL )4 4
* Introduction to selected WS B R DA K% 2k
projects s
* Role of monitoring and — i%jyiim%_ o

public acceptance
— Induced seismicity

Micromodel showing oil (black), water (white) and gas
(gray) in simulated sand grains. Javadpour 2008

Basics of the CO, EOR process(1)
CO, EOR HyZEAFIIR (1)

Residual oil will not move to production
wells

WA= BB A

At reservoir pressure, CO, is
miscible with oil

o Viscosity decrease
o Volume increase

0il-CO, phase can migrate to
production wells

HEWMERET, BT LA
I VR
ki T PR A
PRFR G N
VA 1 ST AR Bl B A FE

30% Remaining oil is residual, immobile

0oil, Co,, and
H,O produced
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Basics of the CO, EOR process(2)
CO, EOR HIZEEAKIIR (2D

CO, is dehydrated,
compressed and reinjected

— S LT K
FE 4 FREN

QOil is purified and
sent to market
fm%ﬁ%ﬁEﬁAm
7

Water is separated by gravity

and reinjected in reservoir or
disposal zones

SuneTuae
i E '

As pressure is decreased
during production, CO, and
oil become immiscible

R iR, HE 0%
At U2 &S
FRAS I

oil, co,, and
H,O produced

CO, use for Enhanced Oil Recovery

J 75 CO, emissions Separation plant Ol (o Eie

—

Capture
unit recycle

Recycle is

effective in stripping CO,
from produced fluids CO,
All the CO, captured
remains isolated from the
atmosphere.
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Basics of the CO, EOR process(3)
CO, EOR HJEAZNIR (3D

CO, new supply + recycled is injected at a Amount of recycled CO, increases

rate to balance extraction so that as the flood matures.
reservoir pressure is maintained é'IEB/EE %ﬂ:ﬁkgﬂ lﬁ , [l LI& El/‘J:

LS 0 + FEFT R 1 — UL N i
TEE [ 2% P36 ] R 5T A, ok R A
FE 0 7 T DA 3

‘ T e g e s
Production o ) L] °

® wells g g g g ] g g g :

Injection e e e ie e i When the field is entirely developed , the need
& wells iig g g g L i for purchased CO, decreases

) ° o

= =N
%M{EJ%E/JE E'jJDAvailable recycled CO, from mature patterns
llow new patterns to be developed.

PRI R ) — S A AT B T3 T

° [ )
g g PomE A DS R, WEH AT AL
° ° ° o ¢ BRIFIENE T

”

“Make up? CO2 volumes are needed

co, - \ife of the project

Source FEH, B Ak —E
Million |

tons

Project End — no
major projects
have reached this
point

Start EOR Years

Power Plants
Pure CO, sources
M Oil and Gas (USGS)
B Coal (USGS)
= Brine Aquifer>1000m

EOR is geographically less widespread compared to
Compiled from USGS data brine storage
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\US/CO Networks

Saskpower
B d D
Du:Ca;':ptj: Natu ral' co,
| ‘\, Dakota coal 7@‘?’—\:1\ reservoir
S gasification vy
Lost Cabin Gas ' 3 ,—f{ CO, capture as
. . ' separation ‘ﬂ} Core Energy Ga part of natural
Riley Ridge Gas separation gas separation
separation S
La Barge (_535 CO, capture as
separation ? [l rartofenergy
i ,:'_/\( generation
McElmo Dome zl:)eep Mour}taln 2 L‘\
CO, reservoir , reservoir i
o 2 - Agrlum,A Bonanza ackson co, EOR
.Coffeywlle Yome CO, acts #
Arkalon ethanol oy oir projects
Mississippi Power
Bravo Dome CO.
reservoilz' Kemper coal 7\ Schematic
Summ ' gasification major pipeline

Energy TCEP

/

Val Verde Basin
Gas separation

re
%{K \\j— Petra Nova

Dashes indicate future
deployment

Size indicates CO2 mass
per year (log scale)

bcs N, plant
Leucadia Lake

Air products Charles Pet-coke
H, plant gasification

Caal PC plant

Sources:
0&G J 2014; ARI 2014; Melzer 2012,
Corporate web pages

CO,-EOR Production by Region

Historical Future Prediction by ARI
350,000 700
Gulf Coast/other W Other
Midcontinent Midcontinent
3000001 & Rocky Mountain / 6001 Rocky Mountain
M Permian basin M Gulf Coast
250,000 so0d— ™ Permian basin

B/d

0
1986 1988 1990 1892 1094 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

IntemationalInc. adjustment 0ilSurvey 2014

0
2012 2013 2014 2015 2016 2017 2018 2019 2020
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Three Billion Dollar Permian Basin CO,
Separatlon Plant and Plpellne Infrastructure

N S L.MALLED UNII (UXY) ‘.
i LEVELLAND (OXY) Y ¢
f— il R = SLAUGHTER (CHEYRON)
et 77~ SLAUGHTER (OXY) KATZ (M)
y S - P
\ : / Denver City Hub
¥ 5 SALT CREEK (OX
_IPerrmanEasln v ), F: o _WELLMRN PS) GARZA (G.RB.]- (0xY)
— % JWA AR (APACHE
ﬁ \ &% e 7f = COGDELL (OXY)
‘ ,. I MALJAMAR (CP) /'?; o
Y C.VAC (CHEVRON) _ 2 —— SEMINOLE (HE ROUND TOP
WY { N. HOBBS (OXY) B %\ o CLAYTONVILLE
: s.HoBRs ~ ( R N i
N. DOLL ARHIDE ([(';Mx% = N _|FUHRMAN| MASCHO ™ LHARON RIDGE (OKY)
ELMAR (OX s . T ] MABEE (CHEVRONJ’ P
TEX eniow 13 | ©MIDLA 4
=i ey :
i il & “N. COWDEN FT. CHADBOURNE (MAK.J)
GERALDINE FORI
(CONOCOPHILLIPS) o Q»-W‘“ —\ 8 SOuTH bwoen -
50 ® US| WADDELL {(CHEVRON o
fWOFREIJS( N 4 ~FINATOEL R (CHEVE SAN ANGELO
N RAJERACO)
/WARD EST} : - MCELROY
MHITING) & ¢ P
8 8 NJa_ NORTH CROSS UNIT (OXY)
< o " #f & =, S0l
—_— PUCKETT ) = R
& A ITCHELL : McCAMEY Hub |
] PIKES == YATES FIELD UNIT (KINDERMORGAN)
— EXISTING AK
PIPELINES gm;fﬂ
©  GAS PLANTS wr TERRELL PPy
) FELDS SCALE - MILES

Demonstration/Observational Commercial 1st Qil Price
Phase Deployment Phase  Crash ('86)

I

REneed 2nd Qil Price

o Deployment Crash (99) Source Limited
Gy

Expansion
vV

PERMIAN BASIN CO2 PROJECT STARTS

mm FProject Starts

—e—Curm Project Stans
(Rt Scale)

YEARLY PROJECT
STARTS
O = N W B O N ®

CUMPROJECT STARTS

o
[
2]

Melzer, 5007
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History of Denver Unit of the Wasson Field,

West Texas

1,000;‘: J — I -
+— in\t’:iriirn e CO, injection 7
S ee N et B o L T VY
e il ’ T
.ri : AN %E e P S
=] I {...:7L A
L
O 100 y . i 1
= e = —
= = N Qil production =~ ———
. =1 I,—r 1
(=] - < ?-*T
[m] — P ~
g - \ Water RNE
production S~
g 10 \ | /\' [~
n':ﬂ ;J Projected waterflood — = Cye—
} production without changes < =}
o)
-
I| ~
W ]
14 ¥
65 75 85 95 05
SPE Date

petrowiki.org/File%3AVo

I5_Page 1296 Image_0001.pn

g

Example CO, Floods

Sundown Slaughter

Means San Andres Unit

10,000 18000
(From Folger and Guillot, 1996) 18% HCPV
16000 | & . CO2 Injection
§ c 9°. 2
L2 14000 38
g 38 =
3 =g 12000 S R y, % OOIP
- c R o) ecovery,
a 5% Actual Oil g g P+S_ EOR
£ 1,000 | ]° Q 10000
g =~ D To Date| _37.2 3.2
_________ 8000 - Ultimate | 38.7] 11(7)*
Continued o b S~ _ _ *Original EOR Estimate
~~
Waterflood Continued Waterflood S
4000 - Tma
. . . ) ) ) ) ) 2000 1 1 L 1 L L 1 1 1 L 1
1987 1988 1989 1990 1991 1992 1993 1994 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Year Year
Seminole San Andres Unit Ford Geraldine Unit
80000 2000
§ c Recovery, % OOIP Recovery, % O0IP
70000 w2 P+S__ EOR T o P+S _ EOR
S|e ® g
60000 \E, = To Date | _45.2 6.7 1500 _g‘ B To Date| 21.8 /
~ 3 [}
5|8 Ultimate | 47.2| 17(17)* =g Ultimate| 21.8| 15(8)*
. e . c
& Y = *Original EOR Estimate o s 3 *Original EOR Estimate 46% HCPV
a o & CO,, Injection
O 40000 Y Q 1000 2
@ @
30000 25% HCPV
~o CO, Injection 20 MCF/D CO 2
~
20000 Ss— 500 Source Secured
~< )
S
10000 [ . o= End of ~
Continued Waterflood Water Injection _ ~ — — Continyed Waterflood
0 1 1 1 1 1 1 1 1 1 1 1 0 ! 1 I I = =
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1978 1980 1982 1984 1986 1988 1990 1992
Year Year

Hadlow, 1992 (SPE 24928
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Next EOR Frontier in Permian Basin (and elsewhere)

Residual oil zone Resource below and/or outside of main pay
Charge

Oil at_igd

Decades

Basin tilting of production

Residual'saturation
Uplift T

l Hydrodynamic drive

Main pay mature EOR

at less than residual saturation
= e = ik Sy
Residual'saturation ﬁ'é“g
B - }\\.
" N
EOR in Residual
oil zone below main pay

30% Remaining
oil is residual,
immobile

Adding Captured CO, to
- Nat_uraIOn the Gulf Coast

Jackson Dome
natural CO,
source

Mississippi Salt Basin and Gulf
L fir of Mexico Basin
Letecadia™~
Lake "acss
Charjes -

Image courtesy of Air Products and

Chemicals, Inc. Air Products

'1._'36 Hydrogen
' %{ plant

NRG Coal-%

fired Parrish
plant f

,/

% 4 Field

Denbury Hastings

Hillcorp
West Ranch . Image fromINRG webpage
field

0 200 mi t COZ source

& co, EOR injection

Source: R. Smyth and V. Nunez, GCCC QAe708

96



Susan Hovorka-Bureau of Economic Geology
Susan Hovorka-[1 0 0 0O 0O OO

How are US EOR projects developed now?

H I 5C [ EOR T H A2 an ) & e i ?

4 Large productive oilfield, RHHH,

N A declining production because of 77 Ji B [ 9 JEL it 7% S0k 1
decreasing oil mobility ik
Can be unitized Ref 9 F A

Economy of scale on pipeline R TE TN BS  l 2  pn A
S and separation plant EOR 2R {iH{i, 512 i
EOR value specific to depletion iz yei iy kit 343

"M Appropriate-size CO, source T FE S 1) CO25
Economy of.scale on pipeline A B 6 e A
~ and separation plant
. suitable financing & 1 AR IR

: Low risk but relatively slow pay-out i XU {E A2 3K F 12

CO,-EOR Potential Estimates for the US
Gulf Coast

Developed a multistage quick-look methodology to identifying optimal
CO, EOR storage sites.

— lIdentify miscible CO, EOR candidate reservoirs with potential for EOR
CO, sequestration.

— Estimate oil recovery and CO, sequestration volumes through
dimensionless modeling. W

97




Susan Hovorka-Bureau of Economic Geology
Susan Hovorka-[1 0 0 0O 0O OO

Screening of candidate reservoirs
Oil-reservoir database

Cumulative
production
1 MMSTB

Yes Rejected

Yes

Technical Feasibility

Minimum
Yes miscibility pressure

(depth, temp., pressure. No
oil properties)

Unknown Rejected
Yes Reservoir depth —I No
> 6000 ft
Yes > Has reservoir No C::g;?;t:rf; r
been waterflooded? K/ recovery
. . Yes D irh No
Candidate reservoirs Yes o0 ater. drive.
mechanism? .
BEG Nunez ROEEEE

Focus on the Gulf Coast

® Selected oil field
that could benefit from EOR

Existing CO,
pipeline

Sources (dot size =release)
Refineries and chemical
plants
e Electric power plants

Hew Miscible COZ EOR Potential

EOR candidates Holtz and NUneZ, 2004 *" dkibumn  Mssisipi  Loubian | Tem Gaf o
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Suitable financing is one element
limiting CO, EOR development
I 2 % Ak A R 20 CO, EOR K —
PSS

Multi-year delay on ROW

Capital Costs

Oil sales

e.g. CO2 source,
Pipeline, separatior,
well preparation

Start CO,
/\J injection l
| | | | | | | | | | | | | | |

Years

Idealized cost curves for EOR project

EORIT H ) H AH Bl AN 28

CO, availability is another factor

limiting CO, EOR development
TAAAMBORIE R H£C02 EOR KB B —ANA Z&

2.50 -
o
g 2.00
8 2 Excess S&l\pply
£
o 1.50
7] =
£
= 1.00
2 Demand
S 0.50
O
0.00
(o] P~ (0] (o)] o -~ (9] ™ = ip] w I~ [co] (8)]
(e)] (%)} ()] ()] > ) o o o (] o o o o o
(@3] (e7] D (o)) o ] o o o o o o o o o
— - -~— -— o~ o~ (& [9¥] o o (o] (9] (9] o
Year Melzer Consulting - 4/09
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What changes may result from capture

of CO, from anthropogenic sources?
“E MR EH R T BB LA ?

X * CO, available in o —EALBRAT LI
o newareas HrHIHL X FRAT

: * CO, available "y L
X"~ larger volumes s R RE AL
~ | * Possible A5 LLR 4T

intermittent CO . = 5 LA
supply (linked to  © CO, T Eft4 (£

power or other WH e T
demand) 3R)

* Need to document . g
permanence o i R 1Y) 75 2

Possible intermittent CO, supply
Co,xE Efit4y

‘ ——EOR Inj. C-F PP Emissions |

Power plant CO2
emissions can fluctuatd.
Note they can supply
multiple fields (data
from Big Brown)

te (Mschihr)

Typical EOR purchases
are more steady

Stuart Coleman UT MA thesis
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Role of Use (EOR) in Sequestration

=" Large storage volumes, later
Brine sequestration

Infrastructure
Regulatory certainty Vioderate Volumes, NOW!

Public acceptance
Cost offset

Characterization and monitoring
geologic system for retention

CO2 mass
itted/year x number

No, reject
Storage capacity

AIreadM .’

Provable seal No, reject

-

Already Injectivity below fracture
pressure

-

Well completion integrity

Actively L

marye Plume and pressure areas
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Management of CO, During EOR and
Limited Area of Pressure Increase:
Increased Confidence in Permanence Compared to Saline
Sequestration

Saline injection map EOR Pattern flood map
B W
o o ¢ o ¢
e o o
o & & O
° {

® Injection well
. Elevated pressure

® Production well

® Monitoring well : CO, plume

Need to document storage

permanence
3R AR BB 5 i 8K 1Y) 75

Pressure

A

Above-Zone pressure
monitoring

BRI

AMZI|

Time

AZMI ]
Casing

cemented
to isolate

Confining zone

Injection zone (12)

28
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Pressure [kPa]

Observed Pressure in AZMI

%" F3 Observation Well: Pressure

31350 - match to modeled geomechnical
a0 | response

31250 -

Numerical simulation

Hosseini and Kim, BEG, 2014

31200 - o

Field measurements

31150
31400
31100
-50 0 50 100 150 31350 . Field measurements
. Time [day] = : e
— .o 31300 N w
= M
0_:: 1250 - Numerical simulation I
@
. 2 31200
F2 Observation Well: Pressure o«
increase > geomechanical = 31150
hydrologic response 31100
-50 0 50 100 150 200 250
9 Time [day]

29

MMB/mo
o

Risk of Induced Seismicity During EOR

Historically low — one field (Cogdell, Permian basin), TX has had
induced magnitude 2-4 seismicity from water flood and EOR) Davis
and Pennington, 1989; Gan and Frohlich, 2013

— Injection still continues today

Recent measurements related to large volume EOR injection at
Cranfield by RITE, Japan = no detection, Takagishi and others, 2014

Fro.0il Pro.Wat Inj.Wat Net

1980 1990 2000 2010
T[T TP T e [T Tt [T T r T[T

1lle . ané
= I, ! e ,aogu
7 RN s
1@ F1.0
1 @

o?®

Gan and Frohlich, 2013 |

1980 1890 2000 2010
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How might this information be applied to
_Xinjiang oil production.in the future?

AR 0 TR .

_ Applicati‘bn-of EORto 4 ¢ EOR Xfﬁ i—ﬂ/EHEH

additional-resérvoir il

types o4 T - BRME

~ Risk of induced o [H A PR
selsmicity? Y . = IR

Chinese finance model RN i pvivk s '

— how will this change

investment choices?

Knowledge Sharing, Public and Technical Outreach

www.gulfcoastcarbon.org
www.storeco2now.com
susan.hovorka@beg.utexas.edu
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™ sowwor Gulf Coast Carbon Center "G
v NOMIC Coast

¥ GEOLOGY

ORNL

NETL

SNL

Mississippi State U
U of Mississippi

SECARB S .
Univ. Durham RN :

UT-PGE ACKSO

UT Chem-E RITE ] N

CFSES' BES COZ'CRC ‘*Eng ve -4 SCHOOL OF GEOSCIENCES

www.gulfcoastcarbon.org | ot
iy ) Chevron

:%ROL g

1
UT- CIEEP Schiumberger B
ol D°Gsh | Carfon Services Rasiow
UT- LBJ schoo
BEG- CEE ) EDF£
JSG - EER B STORE T

Univ. Edinburgh
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preliminary study of Xinjiang Carbon dioxide capture,
utilization and storage (CCUS) Technology Roadmap

Alex Shi
i K =

Geological and Mining Engineering Institute , Xinjiang University

I . Abstract

VI. Conclusion and
II. The purpose and Prospect
significance of CCUS

roadmap preliminary study in
Xinjiang IV. Brief introduction major

carbon sinks of Xinjiang

III. Brief introduction to the V. Suggestions of Xinjiang
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—- The purpose and significance of Xinjiang CCUS
roadmap preliminary study

1. The purpose of Xinjiang CCUS roadmap preliminary study

(DTo provide basic information of CO, emissions scale, distribution,
characteristics of emission in Xinjiang ;

(2 To provide basic information of sites of CO, storage scale, distribution,
and geological characteristics in Xinjiang ;

(3 To provide basic data for the later implement and technological
selection of Xinjiang CCUS project;

@ To provide credible policy recommendations for the CCUS projects in
Xinjiang.

2. Significance of Xinjiang CCUS study

CCUS research first needs to know the characteristics of CO,
emission by investigating the actual situation of CO, emissions to take
effective trapping measures..

The safety of CO, sequestration is CCUS final foothold. To some
extent, feasibility of storage determines the technical feasibility of
CCUS.

CCUS technology provides a practical way to reduce CO,
emissions in Xinjiang. The preliminary investigation of CCUS
technology has a significant and far-reaching significance to the
sustainable development of energy, economy and environment and to
the great-leap-forward development of Xinjiang.
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—. Introduction to the main carbon source in Xinjiang

1. Coal-dominated energy structure

a. the estimated reserve of Xinjiang coal resources is 2.19 X 10'*t
, accounting for 40.5% of the national total reserves and ranking fir
st in our
country. Coal and its related industries are the leading and dominant indu
stries in Xinjiang.

b. the coal resource consumption accounted for more than 65%
of total carbon emissions in Xinjiang, Showing the carbon emissions pro
duced by coal consumption-based carbon structure (see table 1).

2000 -2011 Xinjiang coal, oil and natural gas resources in the
proportion of the total resource consumption of carbon emissions

——The proportion of coal
resource consumption of

80 ’W carbon emissions
70

e 60 —a—The proportion of
= 50 Petroleum resource
§ 40 consumption of carbon
= 30 . ) . emissions
a 20 — The proportion of
18 [ —* * * - = & = 1 Natural gas resource

consumption of carbon
emissions

main years
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2. the thermal power plants based on coal resource
I ——

The energy production and consumption structure has a features of
coal-based consumption in Xinjiang. The medium-sized thermal power
plant generating capacity reached to 732.36 X 100 million kWh in 2011,
Accounting for 87.28% of total electricity supply of xinjiang.

HEEEE B HFEER  Xinjiang electric power balance in Main Years

Electricity Balance Sheet in Main Years

BALALT FL/NE (100 million kwh)
T H Item 1990 2000 2005 2010 2011
] fik g Total Energy Available for Consumption 69.79 182.98 | 310.14 | 661.96 | 839.1
e Output 69.79 182.98 | 310.14 | 665.06 | 875.19
K H Hydropower 14.25 30.54 46.49 97.07 114.57
K HEL Wind Power 0.08 1.73 2.32 30.02 28.26
K H Thermal Power 55.46 150.71 | 261.33 | 538.63 | 732.36

8

Electricity Balance Sheet in Main Years

1000
900 f
800
700 O Supply capacity
600 W Output
500 O Hydropower
400 OWind power

300 B Thermal power
200

100

Generating capacity
(100 million kwh)

1990 2000 2005 2010 2011
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3. Coal chemical industry is the focus of development

Coal chemical industry has become an important direction of
industrial development in Xinjiang. The coal and natural gas occupies a
leading position in Xinjiang coal chemical project.

The 12th Five Year Plan gives a clear descripton of the development
of the modern coal chemical industry. The plan declares Ili region and
Zhundong Coal Bases as the focus, By 2015, 2.6 million tons of coal-
made urea, 0.8 million tons of Coal-to-DME, 60 billion m?® Coal-to-gas
3.6 million tons of Coal-to-oil, 1 million tons of Coal-to-olefins and 1
million tons of coal-to-glycol will be produced.

10

Coal chemical production capacity in xinjiang in 2015
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4. Carbon dioxide emissions from other industries

(DCement plant
The cement industry is the greenhouse gas carbon
dioxide emitters, are the key areas to address climate change. There
are carbon dioxide gas source of cement production process, which
produces carbon dioxide gas into the entity unit or the atmosphere

in the process By the end of 2012, there had been 78 cement
companies in Xinjiang, with more than 75 million tons of cement
production capacity.

12

@ Steel Works

Xinjiang iron and steel industry is the main source of emissions,
CO, emissions,under the coal chemical industry, electric power
system and building materials (mainly cement production) industry,
ranking the fourth place. Iron and steel industry arduous task of
energy saving, reducing CO, emissions has become a problem in
Xinjiang during the survival and development of the steel industry
must be considered.Xinjiang existing 21 blast furnaces, blast furnace
design production capacity of 19.11million tons.

(3 Other sources
Besides the above industries, there are still other sources of
emissions ,such as fertilizer plants, coking plants.

13
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VU, A brief introduction of major carbon sinks of Xinjiang

1. The overview of the basin

Xinjiang has a unique topogarghy feature, with a landscape
pattern of "three mountains sandwiched two basins™ .Altai
Mountains is in northern. Southern Kunlun Mountains lies in the
middle of the Tianshan Mountains in Xinjiang. Xinjiang Tianshan
Mountain divides Xinjiang into the halves, Tarim Basin in the
southern,and the Junggar Basin in the northern.

16
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2. target evaluation summary table of Geological storage of carbon dioxide

1, Regional crustal (@ peak ground acceleration; ) goal target seismic safety; @) within 25km radius surrounding whether
stability active faults

(@ the main cover of the depth; @) cap rock; @) main caprock layer thickness; continuity @ Continuous
2. Cap seal cover layer distribution;® penetration;@on top of cap the main secondary retention capacity ; @

micro-cap index closed
(DThe development of the fracture and crack;@the target area whether has other depth greater than 800
m drilling and abandoned wells; @ fracture that in the existing technical condition was not found

Safe
4 3. The possible leakage of

CO, channel

4. hydrogeological
conditions

(DThe hydrodynamic effect; @head of state in deep saline aquifers

3. Suitable main basins for Xinjiang CO, geological sequestration

(1)The main oil and gas basin cases in Xinjiang
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(MTarim Basin (Tarim Oilfield )

Tarim Basin—China’s largest basin, located between the
Tianshan Mountains and the Kunlun Mountains, diamond-shaped
outline, is a wholly closed inland basin, an arid inland basin.

Basin area of 560,000 km?.

100 200m

4‘"'?/0\'”114 TH S A T PE T T SO i 53 A
Distribution of oil-g: ustrial oil-gas-bea ctures Tarim Basi
1997)
BT A FF: 1 R 2 RIS A3 R A I AR s a— TR S IR U 60— DEICH T T TR 8 SE R TE o N e
4 5F . Se28 Tk S TS S
FE) S B TC A B e L IERTY B I — v SeBEie . I — 79 o 2 B BERIEEE : V — A< PR TR

@Junggar Basin (Xinjiang Oilfield)

Junggar Basin—China's second largest basin, located between
the Tianshan Mountains and the Altai Mountains, roughly triangular in

shape.
Basin area of about 134,000 km?.
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®Turpan - Hami Basin (Turpan-Hami Oilfield)
I —

Turpan - Hami Basin — Located in the eastern part of
Xinjiang, is the mountain basin surrounded by the Tianshan Mountains.
Lectra north of Bogda and Hal Hill, south of Jueluotage Hill. Basin east
to west 600km, north-south width 50-130km.

Basin area of 55,000 km?2.

- o b $h 5E B S0 K mE P
Zoning of depressions and oilfields in Turpan-Hami Basin
CHE BT S0 95, 1995)

I —ALABEIEEH . 1 — S AL G 2 — R 3 — Ll S ¥R 4a— M P AR W I — PR . S
AR 5 O —FF &%) BEHF - 7—FE 3R 1 B, 8— Nk 6 T B RS, 9

A 1L BT AT s 6—HT
TR IS IV 30T WA Ve EEAE VT —

VI—PEFREEAE sabic e f.g h A BSURMRE
The main data features of the Basin in Xinjiang
. |
Xinjiang basin characteristics index data table
Basin feature
Evaluaii Land
. valuation . surface Geothermal Heat flow
Basin name Area Burial depth . :
10%m) structure km) Faulting tempera gradient values
ture (*C/100m) (mW/m?)
[G6D)
Junggar Basin 134 | Agregation 12 Development, | ¢ 2,02 426
mountain small
Turpan Hami Basin 55 Aggregation 10 Development, | 25 40.79
mountain big
Tarim Basin 56 Aggregation | 55 Concentrated, | g ¢ 1.764 462
mountain big

23

117




Qingshan SHI-Xinjiang University
Jifi PR = - K 7

Xiniiang basin reservoir characteristics index data table

Xinjiang basin reservoir characteristics index data table

Evaluation Reservoir characteristics
index
Basin Reservoir thickness The lithology of Reservoir Reservoir Cover
: (m) reservoir permeability porosity layer
name (10°m?) (%)
Junggar Basin 900 S:]?fésst[%?]: 8 15 Better
Turpan Hami Basin 500 Sandstone 225 18 Better
Tarim Basin 600 Sandstone 55 15 Better

24

(2)Introduction of major coal basins in Xinjiang
I ——

Xinjiang Coal Mesozoic period in each coal and coal-bearing
basins in the Upper Triassic and Lower Jurassic coal developmental;

Quasi-Southern coalfield, Tory - Heshentuoluogai, Zhundong
coalfield and Turpan-Hami Basin, etc, Coal is mainly produced in
the Jurassic Badaowan and Xishanyao coal within the formation, are
generally low ash, low sulfur long flame coal, non-caking coal and gas
coal.

Yili basin, coal and Yangqi Tabei area, etc, are generally low
ash, low sulfur gas coal and long-flame coal;

Waugia coalfield, southern Tarim Basin, Southwest, Coal is
mainly produced in the leaf group Consumerella group and Yang coal-
bearing strata, is not caking coal, gas coal, lean coal.

25
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(3)Estimation of CO2 geological storage potential in Xinjiang

(ODeep saline aquifers

The method we use to calculate the potential sequestration is Ecofys and
Tno-Ting report in 2002 raised, Assuming 1% of deep saline aquifers volume
of structural stratigraphic traps, and only 2% of the structural stratigraphic traps
can be used as carbon dioxide sequestration. Using the following formula to
calculate: M coots = Pcozs X AxH x0.01x0.02x Q /106
Mecoats--—-Carbon dioxide in deep saline aquifers buried in theory stock,
106t;
Prozs ---Under the density of carbon dioxide ground conditions, kg/m?3,
usually1.977kg/md;
A---Basin area of deep saline aquifers located, m?;
H---The average thickness of the deep saline aquifers, m; Take 0.1
times the thickness of the deposited layer;
®---Average porosity of the rock deep saline aquifers,%. Take the
experience of 0.2 based on relevant information. ==

@CO,-EOR reservoirs

Jerry Shaw pointed out that, in the use of carbon dioxide for enhanced oil
recovery in the stock reservoir buried in theory can be applied to calculate the
following two equations:

Before the carbon dioxide breakthrough: M cozto = pcozr x (EreT x N x Bo)

After carbon dioxide breakthrough: Meo.o = peozr x [(Erer +0.6( Erricev — Erat)]N x Bo

Meozt--Carbon dioxide in underground reservoirs theoretical stock, 105t;

peozr---Carbon dioxide density at reservoir conditions, kg/m3;

N---Crude oil reserves, 10°m?3;

B,---Crude oil volume factor, m3/m3;

Ergr-—--Recovery of crude oil before breakthrough the carbon dioxide, %:;

Erucpv-—Recovery of a hydrocarbon pore volume injection when (HCPV)
crude carbon dioxide, %.

29
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(®Non-mined coal seams

Carbon Sequestration Leadership Forum believe that in the case of coal seam
gas has been adsorbed, coal stocks are usually buried in the theoretical calculation of
this formula:

Mco:tc = pco.sx IGIP

Mecoac--Carhon dioxide can not be mined coal seams in theory buried stock, 108t;
jpcoxs---Carbon dioxide density under standard conditions, t/m3, usual 1.977t/m?;
IGIP---Raw coal gas (methane gas) reserves, 10m3.

Raw coal gas (methane gas) reserves (IGIP) is calculated by the following formula:

IGIP=AxH chXGcX(l— fa— fm)/103

30

I ——
A---Coal basin surface area,, km?;
H---Effective thickness of coal seams, m;
nc---Coal density, t/m3, usually taken 1.4t/m?3;
fa---Ash content of coal accounted for coal, %;
fm---Coal's share of coal in the wet mass fraction, %;
Gc---Coalbed gas content (adsorbed amount)m3 (gas) /t (coal) -

Coal bed gas content (adsorption capacity) Gc can be calculated from the
Langmuir isotherm equation such as access:

Ge=ViLx

p+pL
V, ---Langmuir volume, That is the maximum amount of gas adsorbed given
temperature seams, md/t;

P, ---Langmuir pressure, The maximum amount of gas adsorbed seam when the
pressureMPa;

P---The current pressure on the coal seam, MPa.

31
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Brief summary :

Three basins in Xinjiang has a huge storage potential, a huge
area, and relatively thick reservoir. The size of the basin area
directly determines the size of the storage capacity of the
basin ,reservoir thickness is also a great influence on the storage
capacity. Large oil and gas layer provides CO, sequestration
sites ,geological reserves of oil and gas from a reflection of the
good sedimentation basin and reservoir capacity and traps, Itisan
important indicator of the basin CO, sequestration potential.
meanwhile, saline aquifers basin is also a good place sequestration
of CO,.

32

Ti.. Suggestions of Xinjiang CCUS

1. CCUS Xinjiang is not only a scientific issue, but also the urgent
need to solve social and environmental problems.

2. Government guidance, third-party coordination, commercial
mode of operation is CCUS's Xinjiang region to achieve more
realistic model.

3. The need for CO, capture project to develop some targeted
subsidies or incentives to ensure their implementation have
economic viability.

4. CO,-EOR has obvious geographical advantages and convenience
in the implementation of Xinjiang.

33
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75~ Conclusions and Prospects

Xinjiang has a great potential in the aspect of the
implementation of CCUS Technology, source, CO, sinks and
transport conditions are suitable for the implementation of CCUS
technology in Xinjiang.

(DXinjiang is rich in coal resources.

(@Xinjiang has China's largest inland basin, and its carbon dioxide
geological storage potential is considerable. Especially in the
Tarim, Junggar and Turpan-Hami Basin, rich oil and gas resources,
easy to implement the CO,-EOR.

34

®)CO, emission sources and storage sites for a short
distance in Xinjiang . reduce transportation costs will be
more conducive to the implementation of CCS
technology in Xinjiang.

@Xinjiang CO, geological storage with high security.
Xinjiang is rich in oil and gas resources, a high level of
exploration, a sound geological data, a relatively
favorable geological structure, trap condition, not prone
to leakage, suitable CO, sequestration.

35
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Further work in the future suitability diagram can be drawn
based on the evaluation results, According to the case of sources and
sequestration of CO, emissions in Xinjiang, Investigation of
matches of sources and sinks for Xinjiang. Taking a step forward to
improve the results of previous research and gives feasible
suggestions summary . so CO, geological storage technology really
breaking new ground for the country's greenhouse gas emissions
cause.
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CCUS Practice and Understanding of Yanchang Petroleum
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fE KB 5H Energy Resources Background of Shanbei Area
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i The Rich energy resources in Shanbei!
tarea, such as oil, gas, coal and salt is full of
ithis area.

It will be the most important energy
ichemical industry base in China.

BRIb FZF = RIEMER
%A Tt & R 2 EHZ
9% (coal )| 3980 X 108 3667 X 10% NO.1

KIRS Gas) 152000 X 108Nm* | 12000 X 108Nm3 NO.1

A (Oil) | 129X 10% 19X 108 —
HhH 60000 X 108t 8855 X 10%

2 . Btk CEREERE

L=
a'_:? & The Main Problem for Energy and Chemical Industry of Shanbei Area

1 BT FLRESR: () EAMIL1800 FM/5E; ) Bl
Eéﬁﬁéﬁz4o4 FM/EE; (3) Zk£91060 AR/ ; (4) EREL90 A
5 (5) RELS2 M/ (6 AR5 AM/E; (1) BHRY
§29o AM/4E;  (8) PVC150 AME/EF . XEFBF 4 AEH Cozﬂté
B, BTERRESLE. |

. 2. The coal-chemical industry project under construction and§
Ehaving been built in Shanbei areas.
We need to capture and deal with the abundance C02§
Eeffectively which release from the above projects . |
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ﬁ;@ The Main Problem for Energy and Chemical Industry of Shanbei Area
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1 It needs water more than 7000 X 10*‘m? for EOR every year, thené
the large amount of sewage should be treated. It put greaté

pressure on environment of Shanbei which is semi-arid area.
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Bl Innovation of Yanchang Petroleum in Coal-chemical Industry

L SEHERR S HAMRE E e, J>CO,HEAL (Carbon-hydrogen

comprehensive utilization , reduced carbon emissions)

SHRBANKIER DS
me/mu=15 o
) o 20 e m— ]
&&3.5%&3‘? "',':‘;" oh. th. %, ﬁ;:ﬁ:‘;ln JE==]
PLRIgER L, XA . Te
KRR TEU R~ @
HES A, AR -gg¢9
T B LR E Rl - CORBHSEE N, FR
L BRI Tk KB

Yanchang Petroleum comprehensively utilizes multiple resources such as coal, |
petroleum and natural gas, that realized the carbon-hydrogen complementation and

i comprehensive utilization of resources, instead of only one kind of |
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2 = EEAMERL TS

e
-
BEK TN Innovation of Yanchang Petroleum in Coal-chemical Industry

TR AR ERAL T B RmeR

Energy conservation and emissions reduction data tables of Jingbian project by Yanchang Petroleum Group

AmE  EiRkd  ERRE  sEgmssies

domestic

This International advanced Compared with
Project advanced level el international level
=i (10kt/2)
1 (eitiosl] pressien 180 165.35 153.12 +8.86% B E—
AR _
2 Save coal 67.3 79.6 hﬁ
3 o TR (CJ/FRBD 37 48 50 -23.8%
nergy consumption
FARERRK (m*/t FED)
4 Water consumption for methanol 41 10 15 -59.00%
SRR (r/TIB )
5 Water consumption for olefin 198 27 27 -26.67%
6 ELET ) 285 720 720 -60.42%
0, emission
7 S04 (t/e) 634 1389 1389 -54.36%
0, emission
Bk (/M)
8 Wastewater discharge 834 252.9 252.9 -67.02%
9 L LA 12.82 39.82 39.82 -67.81% IR

Solid waste discharge

2 = KA T

a3 Innovation of Yanchang Petroleum in Coal-chemical Industry

=T MIALA B ARAGLA »
REGAARRAZRERS 2L

L P P T
A

Yanchang Petroleum oil-gas-coal-salt comprehensive transformation model
was highly appreciated by specialists and scholars from domestic and overseas
' at the China international forum of coal conversion high-tech, 11 Novemberé
52009. And, this model has be identified as “UN Clean Coal Technologyi
Demonstration and Popularization Project”, Yanchang Petroleum Group also
has be honored with “UN Clean Coal Technology Demonstration and
Popularization Enterprise”. :
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Xisen ZHAO-Shaanxi Yanchang Petroleum (Group) Co., Ltd
X =) AR- Bk 78 S KA v 4R 1A PR BT A A ) AT 9T B

2 = EEAMERL TS

Al Innovation of Yanchang Petroleum in Coal-chemical Industry

2. R AR A B HEAL T — S AL B4 SR B (Low-cost CO,

capture)

(D FRREFEARRERATRTERBERTISHSHEN
CO,=fm, MATFREI00ALSR;

(2) MRFABFOUFERYCE, BE_FURFATASMEMAER, PEEH

e

__________________________________________________________________________________

separate the high purity CO, from the medium-pressure rich fluid methanol |
without sulfur, the cost can reduce by CNY100/ton,

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

i energy consumption and the cost.

= 0. ZEK A HMCCUSHE B IS

ol Progress of Yanchang Petroleum CCUS

ffﬂﬂ%%’ VB T20124F 11 B2 AL T S M/EEENCO,
‘ %% E ., The 50000 ton/year CO, capture
« facility has be built at November 2012 by
i Shaanxi Yanchang Petroleum Yulin Coal
Chemical Company.

HUFRSERARFRLEAN T ZRARERRHE |
REATIES, E=8HM/FRMAKSCO,. The |
80000 ton/year CO, with food grade is :
produced by Shaanxi Xinhua-Xinke Gas
Company, the sub-company of Yanchang
Petroleum.

FRERRIR R L A B 20144 /3 Bh B2 18 36 77 Mt/ A R 36
2B IHXI20155E5 5 BRI 7.

The 360000 ton/year CO, capture facility
construction project has be started by
Shaanxi Yanchang China-coal Yulin
Energy Chemical Company.

130



Xisen ZHAO-Shaanxi Yanchang Petroleum (Group) Co., Ltd
X =) AR- Bk 78 S KA v 4R 1A PR BT A A ) AT 9T B

A 0. JEKAMCCUSHERIER
REK B Progress of Yanchang Petroleum CCUS

i

NG FETROU

2. CO,BEHSFikIE (CO,EOR)

The area of Jingbian test field. The
 first stage, we have started 5 wells CO, |
Linjection, the accumulation CO,
 injection is 18400 tons. |

fA

C0, R 37
CO, EOR Pilot Test in Jingbian Oil-field

2 I SHCOUSTI HIPEAR S AR
[iE K B3 Challenge And Understanding Faced with CCUS

1. #kK% (Challenge)

(1) ccusTH BRI AR ABK;
(2) FREEEGN S KRESREUERRTREH—SHR;
(3) COGFANMERHZREMITMH, TRGENFNSE.

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

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

after CO, injected into the reservoir.

12
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Xisen ZHAO-Shaanxi Yanchang Petroleum (Group) Co., Ltd
78X > k- Bt KA T AR BT BR T4 2wl T F e

= . SCiCCUSTAI Bk AR S AR

fEKBM Challenge And Understanding Faced with CCUS
2. 107 (Understanding )

(1) EKERANFESEESSYNRESRER AR XE;
(2) SR FFRCCUSTE, R IHEXBUIREmIHLEH;
(3) BERIHE. FIAMEEHEXFENTEREIE;

(4) MEEREIESCCUSKALE .

(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
CCuUs. 13

Ala Fi. SZHECCUSTE I I Bk AR 5N IR

[E & 3H Challenge And Understanding Faced with CCUS

3. i (Suggestions)

(1) $=EHECO,-EOR. EGRMECBMiRIET{E, HCO,IETF
RRBARBEEIEFRE;

(2) RESTLMIIMFRFNYE, BRI XACCS-EOR™
A% .

(3) B BEBIR A5 | SFEERBHENTRN .

(1) Start the test of CO,-EOR, EGR and CBM , technologies accumulate
for low-cost CO, storage;

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

(3) Guide and adjust the initiative of CCS by making experiments of

“carbon tax”. ”
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78X > k- Bt i KA T AR BT PR T E/\iﬁﬁnfﬁm

Thank you for your
attention!

l&- BRPRE s (3EER ) B PR THEA S

'

.r,m SHAANXI YANCHANG PETROLEUM(GROUP)CO.,LTD
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Bruce Hill-Clean Air Task Force

Bruce Hill-3& [E /b = S AL 55 2H A

Maximizing EOR Opportunities and CO, Storage Potential in Xinjiang
Hramt: P mRUCER A S AR B A HIHLIE 5 )

CCUS Workshop
Urumag;i, China
September 19, 2014

Dr. Bruce Hill
Chief Geologist
Clean Air Task Force, USA

CCusHiit £
i AR+, BHARMR K
EETARUAEF AR

E B EATE
20144:919H

Topics Relevant to CCUS Development in Xinjiang

HTEECCUS & J FFH O 3 R

1. EOR storage will help jump start CO, reduction strategies and produce more oil.
2. Next Generation Enhanced Oil Recovery will boost potential of existing fields.

3. Residual Oil Zones (ROZ): A frontier with large oil production and CO, storage potential beyond conventional
CO, EOR.

4. Supercritical CO, Pipelines will be needed--and have a safe record.
5. Standards are needed for EOR CO, storage and will contribute to improve production.

1 PR R RN E AR AT B TR0 5 3 — A BRI s A A= BE 2 i A

2. ] — AR RS RO AR e DA T B A7 1

3. FARMIX (ROZ) = KRR AL =l — S BRE A D IR 0, B T AR i) — LB IR I
4. FEMING AR S - P LR,

5. $R ORI BRI R TR AR UL, XK B TR e
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Bruce Hill-Clean Air Task Force

Bruce Hill-3& & /3 b = S AT 55 H A

1. Why EOR-Storage? CLEANAIR)

N A B R RRERN AR B AF?

Uses Proven CO, Storage Capacity.

Uses Existing Transport & Injection Infrastructure.
Provides Revenue for Expanding CO, Capture.

Will Increase Energy Production & Domestic Security.
K FH A ) — SRR AT

A LA 3z 5 S N Bt -

MY R BRI SRR L 5T &
H 4R RE VR A R [ N RE R 2 4

Using the Economic Value of CO2-EOR to Accelerate of CO2 Capture, Utlization [ccus)

Introduction to CO,-EOR Technology

CO,-EOR is used to improve
oil recovery from deep, light oil
fields.

CO, is injected at high
pressure often with alternating
injections of water.

The CO, that is produced
jointly with the il is recycled
- (injected back into the oil
reservoir).

At the end of the CO,-EOR
project, ~100% of the
purchased CQO, is stored in the
oil field, if the operator closes
the oil field at pressure.

Recycled
ca,

Immabile &1

hod 1, 2012 e e
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Bruce Hill-Clean Air Task Force
Bruce Hill-3& & /3 b = S AT 55 H A

A Texas CO,EOR Field & Recycle Plant.
15 T SRR RS R S A B [ i)

CLEANAIR)
TASK FORCE
While Producing Oil, EOR Stores CO,
An Example from SACROC, a US EOR Field.
B3 B4 R SR I H SACROC Al
FEF=HIFIRI 5 S R — A

Field Life Carbon Balance With
“Capital Emissions”

* Purchased 260.0 Mt
« Direct/Indirect Emissions - 18.5 Mt
* Capital Emissions - 2.0 Mt
« Total Sequestered 239.5 Mt

Sequestering 92% of purchased injection
Chuck Fox, CO2 Conference 2009

* Does not account for emissions of produced oil.

Tt ™ I B
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Bruce Hill-3& & /3 b = S AT 55 H A

2. Next Generation EOR Technology Can Vastly Increase Oil
Production and CO2 Utilization
T—ARIEE RGBT DR K #1325 A 7= 2 IR Z Sk

90

80
g
'5 — 70 I Synergy
g o
g % 60 M Reservoir conformance, #1
2 g 50
‘r% ©n M Mobility control, #3
o 2
s o 40
o m Increased volumes of CO2, #4
(=
g 30

M Advanced flood design, #2
20
M Current best practices
10
0
Economic  Technical
7.3 bbls/tonne i/ -

What is Next Generation EOR?
HaRe T —RERERIEREAR?
*Reservoir Conformance is designed to mitigate unproductive CO, channeling.

«Advanced Flood Design is designed to target the high volumes of mobile oil remaining in the unswept portion of
the reservoir.

*Mobility Control is designed to improve the injection fluid mobility ratio for this moderately viscous oil.

eIncreased Volumes of Efficiently Used CO,, in combination with Reservoir Conformance enable much more of
the reservoir to be efficiently contacted with CO,.

o B B AR AR IR AR B R

TEZK LT o0 T 4 5k B It AR T A (K A s -

NETL
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Bruce Hill-3& [E /b = S AL 55 2H A

3. Frontier: Residual Oil Zones (roz)

BId: FEMIX (ro

CLEANm

TASK FORCE

ROZs are naturally waterflooded zones with oil saturation below the main pay zone.
Oil from ROZs is recoverable with CO, EOR methods.

R A X A2 hZE T T H KR Z .
 NROZs 1 1 LA — S Ah T B vk 1) 5925 o

‘nrng £07 with Ereanced
04 ecovery. R kras A5
ot 004

01 Barit = 1

(Image; Joyce Frank, ARI)

Type Il ROZ

; Masimuim o8
Base of o <18 ey
Satuestion
Ui, development of
e g adient.

e CoeaL

Next Generation EOR & ROZ will produce billions of tonnes of oil and require billions
of tonnes of supercritical CO,
BRI SRR SROZE A AE SO A
75 EHCH LM I 5 SRR

7.3 bbls/tonne
A il

Oil Recovery and CO, Demand/Storage:
"Next Generation" CO,-EOR Technology*

rT—

0il Recovery™* CO, Demand/Storage"
Reservoir Setting (Billion Barrels) (Billion Metric Tons)
L-48 Onshore 104 80 3 7
L-48 Oftshore/Alaska (] L) L] 3
Near-Miscible CO;EOR 1 i :
ROZ (below fields)*™** 16 13 7 5
Sub-Total 136 80 4 (= !
Additional From
ROZ “Falrways" “ * * @
oy 12011,
B pes _ (heore ).
rckten  EOF ard 2. SC0y
PrICESEnG plares. e
A RPPT Aot 23,002 %
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4. Next Generation EOR will Require Supercritical CO, Pipelines

T—REBREBEATEBIRFT —SUHEE

Supercritical CO, pipelines are a mature technology and have been in existence since 1963, (first
long distance was 1972) with a safe record in the US.

6,400 km of supercritical CO, pipelines today in the US, transporting 60+ Mt / year over 500 Mt
total.

Risk lower than for Natural gas pipelines. By comparison, nearly 800,000 kilometers of natural gas
and hazardous liquid transmission pipelines cross the United States.

For safety CO, must be near pure, and free of toxic substances such as H,S; also monitoring for
leaks, and protection against overpressure, especially in populated areas.

BihR _SEREEE —UBAMEAR, FEI63FUR—BHFE(E—
MI972FFFR), AEER R 2L,
BRIEEHC400AEBIEFR - SLiRER

TREEMNEER
. BEM%E T 60MIE, Fia ik L8l

500Mit,
B RASEER. B2 T, ZHEENRASNESREHEEEKERIA0L L
EO

HTFREMEE, ZS BRI T100%41E, FETETEYRIMN,S:
BEMRE, FHEBEL LEREAOZSEMMBE,

I B 2 =

11

U.S. Supercritical CO, Pipelines and Sources

5% Pl s O — SR A T TE AR

CO;-EOR OPERATIONS, CO; SOURCES: 2014

2 — 0il production, 2014
Dakota Coal COz -EOR projects 136
gasification plant
. 9 Ol production, 1,000 bid 300
A
Q CO; supplies, 2014
Greencore
Riley Ridge = pipeline Number of sources 17
LaBarge gas plant
LA, * Natural 5
2 Conestoga Bonanza
« Industrial 12
Sheep Mountain . 1 Conestoga ethanol plant
M<Elmo Dome I Coffaailla fartilizer plant CO: supply, MMcfd 25
Doe Canyon Enid fertilizer plant
* Natural 28
Bravo Agrivm Jackzon Dome Mississippi * |ndustrial 0.7
nitrogen IGCC plant
plant 2 oSN
~PCS nitn l
19 1 __I.,.m 136 Number of CO,-EOR projects
2 N @ Matural CO, scurce
val it W ndustrial ©0; source
—  COy pipeling
----- €0 propased pipeline
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Oil Fields and CO, Pipelines
Texas and US Gulf Coast
Sk | 1% B4 M1 R 258 Y =R 9 A PR R T

L} 100 200 iwibes ®  COy-EOR candidate resenvoirs
S =
0 300 kilomietors — Exisling CO; pepilines

G Additional oll-production anea wilh
W CO;-EOR production and potential

(2 Major ob plays

5. EOR-Storage will Require Best Practices in Site Selection, Site Construction,
Operations and Monitoring
REAMERRR-HETEGHIEE. 2%, BEMUE NRETBERE
US Standards for CO, Storage
1 AR B AR
*U.S. Laws and regulations 3% [E 230t X 52

http://www.epa.gov/climatechange/ccs/federal.html

—Underground Injection Control (UIC) rules: protect designated groundwater
sources from contamination resulting from injection.

—Greenhouse Gas Reporting Rules: require monitoring reporting and verification
of CO2 injected and stored during EOR-storage.

—HREAEES] CUIC) B GRI T E M T AR G SEE AT A TS B

—l AR I . BORAE SR mR AR S A AR AT I BOII L 4R AN
R B P N7 B Ak

Enhanced reservoir monitoring is part of next generation EOR and can result in
increased oil production. M2 g NE T — LIEE R ERAHI— 55, aLlE
MErEE,
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International Standards
[ B 14

*Canada-US Standard Z-741 for Geologic Storage
o INE KRN A S BB A7 19 Z-741 b5 1
ehttp://shop.csa.ca/en/canada/design-for-the-environment/z741-12/invt/27034612012

*|PCC Chapter 5 Underground Geological Storage recommendations
*IPCCHlL T b5 455 47 HO Sl A 28 T 2

https://www.ipcc.ch/publications_and_data/_reports_carbon_dioxide.htm

*EU CCS Directive
ol B CCsTa e

http://ec.europa.eu/clima/policies/lowcarbon/ccs/directive/index_en.htm

*ISO TC 265 International standards committee, chaired by China and Canada. Working Group 6 is
developing a Standard for EOR CO2 storage.

*ISO TC 265 [ prAniE & s 4y, i P IEATME AT . AN TARHIEEIT R AR meRIcE 5

(ta e peatinanlia

http://www.iso.org/iso/iso_technical_committee?commid=648607

TC-265 Working Groups
TC-265 TAE/NA

TC-265
*
WG1 WG2 WG3 WG4 WG5 WG6
Capture Transportation Storage Q&V (MVA) Cross-Cutting CO2-EOR

Advanced Resources
International, Inc.
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Contact Information

A AR H LR 2 07 2

In USA:

Bruce Hill, Chief Geologist
e A R L, WX
bruce@catf.us

In China:

Ming Sung

Chief Representative, Asia Pacific
P, WORIX e EAE

mingsung.sung@gmail.com
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Mark Schoenfield-JUPITER OXYGEN CORPORATION
Mark Schoenfield-4 JEE 457 5 S /A &)

Oxy-Combustion and Xinjiang Province

CCUS

= S R R B4 KA CCUSTR

Xinjiang CCUS Outreach Workshop September 18, 2014
FEECCUSH KHiTe 201459/ 18H
JUPITER OXYGEN CORPORATION
JUPITER OXYGEN/Z\F]

upiter Oxygen Corporation

- JUPITER OXYGEN HAS DEVELOPED AND PATENTED A HIGH FLAME
TEMPERATURE OXY-COMBUSTION PROCESS FOR HEAT TRANSFER

- Jupiter Oxygen AR A HMAES B REESRRMAERETZHNER
- Technology Development

RAR%R

- Patents and Licensing

-ZFFNE FIFATE

- Consulting Services

- FIARSS
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Mark Schoenfield-JUPITER OXYGEN CORPORATION
Mark Schoenfield-4 JEE 457 5 S /A &)

Guanghui New Energy
r—/E%ﬁﬁbl

* Guanghui New Energy clean ene |
retrofits for CCUS with Jupiter Oxygen, an q
subsidiary of Xinjiang Guanghui Industry Investment Group., WhICh also has
business interests in coal, oil, real estate, construction ( railway), and vehicle
servicing.

o TLEhEEIR: J&E/AREIR, B I =5, ACCUSTHESJupiter OxygenAE]— ﬂ
WENE, RHURRS. ER LR BERAN—NFAR, THSLERAN

T}?ﬂﬁgﬁﬁ, fil, B, BERNRHEEL (B MREZEEZMIT

STRATEGIC ALLIANCE # g B B3

- May 9, 2011
-2011F€589H

« Xinjiang Guanghui New Energy and JOC

- ¥EESOLHFREIR AT SJIOCA A

« Strategic Alliance for JOC high flame temperature oxy-combustion
and carbon capture technologies in China

- BBEER BN JOC L RIEFEHEE S AN EEERERARMERB KK
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JOC-GUANGHUI SIGNING CEREMONY
B OC 25

R meR |

IPR Rt —FALBRESE P

Bl 4P B = aae
L
WL - . \ S 2
== 4 AR N K N
DL 22 FEEREHL - 3
- : i 0 T 10 2% AL
\ SR EE A K T B
TR S 5 KIS \ Giid.
R T B — UL B K R /]
—ﬁ.ﬂ‘.ﬁﬁiﬂ Fﬁﬁﬁ&ﬂﬁfﬁ
® m ® i AE ® =55 @ kEK ® —FkEE e i
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OXYGEN SOURCES & 5iE

- Oxygen pipelines

- Cryogenic air separation units

- ASUs - mature commercial technology

- Purchase new or used ASU

- Vendor owned and operated on-site ASU
. EREE

- REESSBEERE

C B9 - AR A RR

- TOSLFR S ERN = 78 &

- IR EEMBRIIAHRIEASU

OXY-COMBUSTION ELIMINATES NITROGEN FROM AIR
E SRR RN SRR

Oxy-combustion uses oxygen instead of air
ERERRERAESMIEES

Ultra-low NOx at combustion

- IR REBIRNEAELY

No need to separate nitrogen from CO2 for carbon capture
- TENERICO2HR T ERAS

Avoids use of large amounts of chemicals

SR K ERILEER

Nitrogen produced for ECBM

- BN RSTURTRSEESH~E

8
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Mark Schoenfield-JUPITER OXYGEN CORPORATION
Mark Schoenfield-4 JEE 457 5 S /A &)

* Jupiter has patented high flame temperature oxy-combustion
+ Jupiterfi B — X Z S AR E E R

* Higher flame temperature - 2760 C range

* BAIEREILE]-27601R KA

* Control heat transfer EHAERIE

* Process temperatures = air firing

* Material temperatures = air firing
« HIZIm = B = SR

« PPRLEE = Bl = SRR

* Greater radiant heat transfer
Sk 2: 0L

« JES

# Saves fuel TI& AR}

OXY-COMBUSTION & & R )

-Changed boiler gas compared to airiring

- CO2-Water Vapor instead of nitrogen
-Different Radiant Heat Transfer

TSRS SE SRR HEEE
ZEE - KFRRBERS
T EIRRH R
-COZ2 Purity
CO244 F
-Economics

BT

10
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LOWER CAPITAL AND OPERATING COSTS

* Fuel savings with Jupiter’s process
- ERAJupiterf TZ T & AR
-- Lower fuel costs
* Less fuel = less oxygen needed
-Less fuel = less carbon dioxide created
- AR AR
-ELHMR =B DI ESIEKX
- ELOHRR=FEE O SNk
* Purer carbon dioxide at the boiler exit
- NERIPHER B — S A E B s
- Lowers carbon capture costs

- BRBOMIBH IR

11

OXY-COMBUSTION
ESMAE

Burner

12
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Mark Schoenfield-JUPITER OXYGEN CORPORATION
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JOC.OXY-COMBUSTION
= =

High
Burner Temperature
PR Oxy-coal
Flame
EimE S
FRHI KA
Recirculated
Flue Gas

EERIES

RALED.POLLUTION REMOVAL

A22v)]

Pollutant
i i + water
Boiler Particle
Exit Removal Removal

‘BP0 (B C TN SR+ KK BR

Cc02 +

Water

Vapor
CO2+7KkZ%35

Compress CO2
E48 for CCUS
CO2/CCUS
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Mark Schoenfield-JUPITER OXYGEN CORPORATION
Mark Schoenfield-2 JEE4F /S A 7]

INTEGRATED POLLUTANT REMOVAL

GATSRNER

* DOE-NETL Carbon Capture System

- XEREIRER-E SRR AL E IR RS
: Compresses and changes [E45 131k
- Flue gas temperature —{HS;EE
- Pressure —[£ 7]
- Heat exchangers remove water and SOx
- B ERFRIKFASOx
* Filters remove Hg and particulate I 3228 7E R ST A HIAL
*95-100% CO2 capture 95%-100%HICO2%% HH1E
- Transport ready carbon capture WxIiE3R T EZ 7 L&
* Jupiter’s technology enables combined Jupiter-IPR systems to be:
- Jupiter-IPREEARHE S REERAE
- Economical -£&3%
- Efficient -3

ADDITIONAL SAVINGS

A

* Heat Recovery - Compressors
- B E-E4EHL

-Oxygen plant - HIE

‘IPR ISR A AR

* Water Recovery - [PR
7K [EU—IPR

‘Exceeds boiler feed water requirements

B RAP LRI EK
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OXY-COMBUSTION FOR CCUS NOW

AL N CCUS T & & BRI

-Retrofits HiE ” SRR
-Repowering BAB
-New Units MEE

-Flame Temperature AIEEE

-Flue Gas Recirculation {Hi&S &R
-Pressure EAh

-Chemical Looping ~ fLZ{&IF
-Circulating Fluidized Bed fEIF#R{LIR

17

THE PATH TO CCUS

-Oxy-combustion: = & A%k
-‘The best approach to carbon capture

TR RERR

-For both retrofits and new build power plants.

&R T BUEFFER R
-Also repowering

CCUS: CO2 and Nitrogen
-CCUS: ZH R AT LAMJOCHI R AR 1S |

18
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CCUS PROJECT IN NORTH WEST OF CHINA

® JOC-GUANGHUI CO2 CAPTURE PROJECT
Joc-I=CCco2igEm B
Retrofit 170 MWe power plant with high flame temperature Oxy-combustion with CO2 capture
system
HE—B170MWelNE, #FEAEREEEMGRRARTICO2HHIRAG AT
BRI
* Retrofit carbinol plant with CO2 capture system

EEREREAT, BCoimE R

- The project will capture more than 95% of the CO2 produced, resulting in approximately
3,000,000 tons of CO2 which will be 95% pure for CCUS.

- LT B SR I P £ B995%HRIC02, LEREIEKRLI2407 MAAEEFE95% LA ERICO2A T
CCUS

19

PROJECT LOCATION

=t

* Xinjiang Guanghui New Energy Co. Ltd. carbinol plant installation
- LHeERARAT Bl 1R

* Naomaohu Zhen, Yiwu County, Hami District, Xinjiang, Autonomous
Region, northwest China.

- RE LB X e X R E RIS E A

20
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Mark Schoenfield-JUPITER OXYGEN CORPORATION
Mark Schoenfield-4 JEE 457 5 S /A &)

L=

1 A T - P T 1o e R g T o A 1 e i v e .+
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OXY-COMBUSTION CCUS MARKET BARRIERS

= FUbeccusTiiIZ B i

» Commercial CCUS practical today

LAl L CCUSHY ST 14
+ CO2 pricing CO2HI 1%
- Nitrogen pricing @S MN1§
- 0il and Gas Market ;l1S /17

-First/Early Movers $—/"/RHIHEENE
- Risk Concerns X\ EIFE
- Expectations ~ HAEE{E
* History of government project support
US and China " ERE BT E ZHFHIFE
* Need government support for demonstration projects

FEHFN e E B

23

CCUS: EOR FOR CHINA OIL FIELD

il

- CO2 is effective for Enhanced Oil Recovery (EOR)

- CO2 =R B AIR A E R

* The big oil fields found mainly in the northeast, northwest and Unit 2
East China.

- FEBARHAFESERAERIL, AILAMERBX

* Xinjiang Province has the excellent geography status to implement
the economic benefits of EOR through CO2 utilization

FEERAMIBMENEMACO2IZATEOR, NMLIMEFM N
X

24
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CO2-EOR EARLY USAGE
A Gk ) 5S4

=Early usage: Improved project profits if significant reservoir continuity

BHIMER: MRBBBEZENFE (FFR) HRESTEMNYE
=And a more effective CO2-EOR flood

B — SRR AL

=Can allow by-pass of traditional re-pressuring flood stage

A LARE S5 SR 1R G B EFTN R4 AR B

=Growing use in US

AEXEEREREK

PetroChina Xinjiang Qilfields
oA i E BT 9B v

=JOC and PetroChina in CCUS CO2 EOR discussions

JOCS R A A = S BHTIRH (%) HCCUSTHE
=*Tu Ha oilfield

e

sInitial focus: Qiulin oilfield

RYINES: EEhE
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CCUS:

Coal bed methane (CBM) utilization is important to solve the lack of
sufficient methane recovery. China is the biggest coal production and
consumption country.

BEESHEAR—INEENRREFERZMEYEANZER. FEREX
B R P FIEERE .

- CBM is a new clean energy for China.

RSN PER—NIREIERER

- CO2 and Nitrogen used for ECBM

- CO2FES AT LA TECBM

27

27

Early Stage ECBM Tasks
B R & EE S B s

=ECBM can as much as double methane production.

ECBMA IR T4 5 MR S a0~ BBk

=The initial ECBM work is limited to providing information for cost and recovery
projections so that proper planning and budgeting can be done.

ég&ﬂE@ECBMIfﬁBE%'JE#EMQ‘#%*M%E%H"JFH:';, FrASERTRIFMAENIZE %
Ttk

=The initial work will take approximately 6 months, including preparation of
reports, from the time that the contracts for the work are signed.

EW TEAMTENAEE, S5 E&RE, HERARNEFITERZARERE.
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ECBM PROJECT INITIAL TASKS CONTINUED

T%Ffﬁﬁxﬁﬁ%ﬁf

* It is important that proper data is colle fro T i
recovery starting as early as possible, so that you can be the n :
advised concerning ECBM site technical and cost aspects, and have time to consider
this before making a decision about when to begin ECBM and whether to start
ECBM on a slow incremental basis or a faster schedule.

NE RS Ep AR TEFFIGET, Aﬁﬂﬂ&ﬁ&%ﬂﬁ*ﬁ@iﬁﬂ“ﬁﬁ? B AR AT L
rk*zf“ﬂb/ﬁﬁﬁﬂbﬁuﬂ%ﬁﬁﬁﬁ RASERE, ETERE 4 I IAECBME & £
EEERE MBI E— MR DRI EECBMAT SR A2 [RiX L.

= The early analysis of the initial wells also can assist with those wells for such
issues as addressing sand and water coming up with the methane, and in planning
and implementing further wells.

=2 HIRE AR ST FIRETT A BN AR L A b FRIK ERRE SAHB R R, AW
PUTRIATERLE a3 -

= At the same time, you will need to know the location and projected costs for
potential sources and volumes of CO2 and nitrogen so that you can consider this
economic information with the economic ECBM site information.

“EF, (RISSRE T RNEE—SUBMASEDREQRSEY B0
h@ﬁmemju%wm&wﬁﬁQMﬁuﬂmmMmﬁﬁjnﬁmuﬁmuu

INITIAL ECBM TASKS CONCLUSIONS

ﬁ%%?ﬁﬁ@ﬁ%%m

=Once you consider all of the information and dec r
remaining engineering, equipment, procurement, installation, and comm
will take 24-36 months for both the [a] power plant retrofit to provide CO2 and
nitrogen, and [b] the ECBM on-site equipment.

— B {REERFANERHBREH AR BT HFEHFT, ﬂ%E’JI&, &, XKW,
i‘iﬁﬂggﬁﬁﬁﬁu 36 AkifiTa BB U LUERE_SHERMES b ECBMIY
A

=If you do not have the necessary information for proper decision-making at the
right time, it will not be possible to ensure that the project is as economically and
technically successful as feasible.

MR FESEREE SERRFERULENER, B2 CEROIRMLE
BSFR) HEFMRAROTITESENTEERI.
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JOC-156 GEOLOGICAL EXPLORATION TEAM LOI

4/24/14 Urumgqi, China: Jupiter Oxygen Corporation and No. 156 Geologic Exploration
Team Subordinate to Xinjiang Coalfield Geology Bureau signed a a Letter

of Intent for Jupiter Oxygen to provide its high flame temperature

oxycombustion and CO2 capture technologies, as well as nitrogen, for an

enhanced coalbed methane (ECBM) clean energy project.

HEL%-2014F424H, SEARS, $TH: KHHFERIAFTET TREEERIFRIERS.
TR AR PR B AT SR b B R R B 1 563 BIERRRAREAT T — i R 13, B 7R B R AR A F]
R R KOGEE B E ERBE AN — SRR AR, BENEINHE, B f MR <AT
BESH (ECBM) XANEVEREIRNFFRIE .

CCUS NEEDS FAVORABLE GOVERNMENT SUPPORT
CCUSFHFEBUF N BBURKI S #F

=April 2014 US-China Climate Change Worki;

Discussion: CCUS needs favorable governmental supp

Regulations

2014F4REPRESEEUTEAEILROTITRTIE: CCUSHEEMRBMBATFFHBIR
*Practical and reasonable 3Ci4F1STEMY
*Providing Certainty REEMSIA (FED

sInfrastructure such as pipelines

g anEE

=Prevent project barriers by coordination of local, provincial and national approvals

BabE i, &BUFAESRE R =5%10E R

=Avoid undue delay and costs

B EREEFRAE GHFE)
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CO2 Fracking for Natural Gas
AR E BRESREUR RS

*China is reported to be exploring use of hydraulic» frac

natural gas from shale formations
REFRF EERFKEREERSTERM ARSI L

*Liquid or supercritical CO2 can be used

BRI R BIRAH ZEURATAMAR (RRXAS)

* Foam nitrogen in COZ2 liquid also can be used

SR UBFHEARASETRT GRS
Question: Will shale formations be suitable for CO2 sequestration?
Bf: ERESES ZSNmmEERE?

HARMONIOUS DEVELOPNENT

ME LR
Clean Economic
Coal Growth
e =R ERE

nvironmental
Advancement

FmaR A
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ormation, contact:

2N Ve T
ﬁ4§n Tﬁ@é/\:

Catherine Chen Jingf&&%

Tel:

-86-21 6062 7388

Email: catherinechen@jupiteroxygen.com

Director of Development, ChinatiifFF & 5214,

Jupiter Oxygen Corporation Shanghai Representative Office
XEREEFESARE EERETL

Address:8% Floor, IFC, No.8 Century Avenue, Shanghai ,China

k. FEEBERRE R T8

35
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TRIG™: A Unique Gasification Technology for Low Rank Coal and Carbon Management

TRIG™ : JREFAUEM L SULRIR

Urumaqi, Xinjiang; September 18, 2014

L&RF HgE > 9F18H, 20144
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KBR at a Glance

g 5

L gl ‘!.'-.!'. PN 7
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Revenue: Full Year 2013 - $7.28 Billion
Flhdr (20134%F) : 72.8(ZFETT
Backlog: December 31, 2013 - $14.41 Billion
T (20134F12H318) : 144.1{4FE5C
Headquarters in Houston, Texas
SEEEEE T, ARETETH
~27,000 employees; 70+ countries
~&Ek27,0004L 51 T#E K701 ER
KBR is a global engineering, construction,
and services company supporting the energy,
hydrocarbons, government services, minerals, civil

infrastructure, power, industrial, and commercial
markets.

KBREEFrIERyiit. IMARS A, TERER. Al
< BUFRRZS. ULl EEGERE. B0. TALAIEEL
WS Z5 o
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KBR Technology Portfolio 3 A &

Refining J# 0
+ ROSE®

- FCC

. VCCTM

* HydroProcessing

Olefins {712

* SCORE™
* K-COT™

Ammonia ang_

Syngas & BB &
=

* Ammonia

* Fertilizers

* Syngas

* Hydrogen

©2014 KBR, Inc. All Rights Reserved | 3

Qianlin Zhuang-KBR
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Coal Monetization
BES1E
+ TRIG™

* Power applications

* Industrial
applications

Chemicals 161

* Phenol

- BPA

- PVC

+ NEXOCTANE™ and
NEXETHERS™

Automation and

Process Technologies

* InSite™ Performance
Monitoring

« 0TS
* OMS

* Technical Services

7/

N

i
i3 Proprietary
: Equipment

LH

* Refining /%]

* Coal
Monetization
ESe

« Olefins §7/&

* Chemicals
T

* Ammonia and
Syngas

BREMER

KBR
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Coal Gasification Technologies in Marketplace

BB

Y (o))
GE/Texaco e”’enslng”ua My,
BR cop ECUST

HT.L

oo

SES
e Mgy Shey <©

Seajp, PWR

Ash Fusion Temp (AFT), /K% £ (AFT),

A

e

Operating Range 124{E3TFH
A

Entrained Bed

Slagginglai& <7tk

T
—4
O, Syngas Cooler
S’u"y v | T, Agglomerating Fluidized Bed
Quench SNgleFl T ERCER L IR
O L —2
N c,o’é\ MU/[', ; %\o((\e
«oe® " Slagging (X2 T,
A Fixed/Moving Bed
Transport
B E/FrlR
Non-slagging fiizi
ERE
KBR
TECHNOLOGY

©2014 KBR, Inc. All Rights Reserved | 4
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Non-Slagging TRIG Gasification Technology
el TRIGM AL AR

( )
4 Agg;é%%’?ange TRIG has these general characteristics:
TT 1T TRIG™ #£:
Slagging&i& 8 ol |2 = Good Syngas Quality (+)/& S &FIF(+)
T, o T I High Energy Efficiency (+)/8E34@ (+)
High Single-Train Capacity (+)/ B2 E=EE&(+)
=h Agglomerating Suitable for Low-Rank Low-Cost Coals (+)
T, AEZE D &S B RIS IE R (+)
—.[1
Non-slagging
35 TRIG™, developed for low rank coal, is
operated as a hon-slagging technology at a
° -g, z 3 well managed moderate temperature range
e £ 9 S that minimizes formation of hydrocarbons
ﬂ E such as tars and olls.

TRIG maintains the positive aspects of slagging gasification technologies while

avoiding negatives of other non-slagging technologies
TRIG™ fRE T MESIE BRIV AT » Xk T HEIREE S R AR KBR

TECHNOLOGY

©2014 KBR, Inc. All Rights Reserved | 5 KNOW-HOW DELIVERED

Strength of TRIG is Utilizing Low Rank Coal
TRIG™) 58 T 5k A2 ) FH A B it

High price/quality coal ™
[-1i5e /
9000 SN = 20
Low cost/quality and hard // /
to transport low rank coal, =)
80RO 4 ideal for TRIG™ > =
ERATTRIG™ B RFR * .
‘LS. EEER, ERE u Slagging
7000 - = {EH Gasification 70
* based IGCC’s
play field

6000

* wESIEERY | 60
R >// N iece

5000 />'// oHHV, keallkg ~ BFC,wi% | | o
4000 * 40

3000

Fixed Carbon (wt%), dry ash free

HHV (kcal/kg), ash free with inherent moisture

<, <, & & ) . , % 2 8
%, (5) &, () 2 ®
%, 5, %, S @y, S 8, 3 L £ P L %, v, %, ’6,& %,
< (%/ %, %/ % 5 o, £ S 0/& & 0, ‘?’%}
Do, Do, Do, & £y Yo %, %, ’b% ’;;o/
“% % % %, %, %, s, > ® 3
¢ ¢ v %, LN T, ”o%
% % %

©2014 KBR, Inc. All Rights Reserved | 6 KNOW-HOW DELIVERED
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Coal Still Critical for Many Economies
RRETRERZF R ATNERME

Reliance of High reliance of
Electricity on Coal ]
2011%* power generation
United States 237,295 226 54% 43.1%
Russia 157,010 144  69% 15.6% on coal
114500 126  46% 79.0% FTEKRFEHE
Australia 76,400 8.9 51% 76.5%
India 60,600 7 7% 67.9%
P 0599 S L —— Large low rank
Ukraime 33,873 3.9 55% 38.2% g
Kazakhstan 33,600 3.9 36% 81.1% coal reserve
outh Africa 30,156 3.5 0% 92.7% B A S
13,770 1.6 100% 74.6% REE rEtLfiEE
Colombia 6,746 0.8 6% 3.5%
Canada 6,528 0.8 48% 12.0% .
5,709 07  24% 86.5% Effective use of
ndonesia 5,529 0.6 73% 44.4%
Brazil 4,559 05  100% 2.3% low rank coal
(BEreet':e - 3,020 0.4 100% 52.3% remains as a
oshia an
Herzegovina 2,853 03 83% 70.7% challenge
Mongolia 2,520 0.3 54% 95.1% A
Bulgaria 2,366 03  100% 54.2% R A L AT
Turkey 2,343 0.3 7% 28.9% = ME S KBR
FARRY

‘Source: * World Energy Council 2011; ** [EA website 2011 TECHNOLOGY

©2014 KBR, Inc. All Rights Reserved | 7
ig ved | KNOW-HOW DELIVERED

Utilization of large low rank coal reserve
AR, FRARHFFR K B AE I

Unlock the value of large reserve of low rank coal from Inner Mongolia and provide
electricity, SNG and other chemicals to market place far away

TRIGSALERAR SR ~ 368 ~ A5EHFI A BEXEE0EMEN S EREEHAE - RASDUEAET
T2 o

TRIG™

Savifien

Feed
Fystems
L =

e maa]

g Power, SNG
Low Rank Coals . !
HEE. KRS
Economical 257 With carbon

Camtinunus Co

Upstream Feed Prep Processing
s
Downstream Processes/Island

Reliable T 5 “"‘“""““"."'““1 1 management by
Efficient =3 B using available
Environmentally w;;i'f.:‘. resources for CCUS
friendly 3FF{& (EOR, beverage use,
Use less water #E/KE{E BOP other products)

KBR

TECHNOLOGY

©2014 KBR, Inc. All Rights Reserved | 8
ig ved | KNOW-HOW DELIVERED
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TRIG 1,000MW IGCC Cost Study
TRIG 10075 F K IGCCH ¥ (5

Collaborative Effort

Objective: BB : & 8
+ Develop a Low Rank Coal TRIG a
IGCC solution for Chinese power KBF‘ SOUTHERN l\_

sector to effectively utilize the vast COMPANY

reserves of low rank coals

= 25N,
o HHEE AR B AR @ 4
BB VR TR R 1 . et

J
- [~
FITRIG IGCCHIfZR AR
Inner Mongolia Low Rank Coal
Results: %% : Item Unit As Rev'd As Fed
. 43.7% net efficiency LHV Keal/kg 3,424 4,157
o ABTRHVRRER Moisture wt.% 34.1 20.0
. Viable cost of electricity Ash wt.% 11.22 13.61
o EfTRIEERELA Volatile wt.% 23.77 28.86
- . Fixed C. wt.% 30.93 37.55
. Superior environmental performance
s RFHHERER KBR
TECHNOLOGY

©2014 KBR, Inc. All Rights Reserved | 9 KNOW-HOW DELIVERED

Low Rank Coal TRIG 800 MW IGCC

- Plot Plan, 500 x 700 m

N , M2 wfﬁq%*ﬂ‘
2%3{:@@ 500 x 700 KinsE . Gas Turbine
Water Treatment #’ ?Eﬁf‘ﬁ
IL? oy SWitch Yard
[ e —— % — . L T
W5 '
Coal Storage if Lo [y
| =
. -
FREEA
' Steam Turbine
| AL
BFig | Purification
Coal Drying | ‘ ? | ’ )
| I e s == :._::«:75, —
i II; AEE
|l | | !T‘—‘ | o L2 | Coolin
) © g Tower
TRIG™MS {k ! 1 ] 1 [
TRIG™ Gasification = _=as Al — =] ‘ ‘
| o g KBR
s e %
N§p|ant Sulfur Block TECHNOLOGY

©2014 KBR, Inc. All Rights Reserved | 10 KNOW-HOW DELIVERED
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Low Rank Coal TRIG 800 MW IGCC

- Performance Summary 88/

v LRC TRIG™ IGCC is efficient even though using low rank coal
v BMETRIG IGCC RES A B

- - - 5 -
oal Consumption Rate, as received with 34% Moisture 11.740

IRIEE, LIEK34% FEAHIE T

oal Consumption Rate, as fed with 20% Moisture - 9.670
?x'k%; UE 7}<20%Mﬁk;%1+

__
_

GT Output/unltl”‘ SEeH L

| |sT outputzESEH L _
ombined Cycle Output, GrossE: &5 EF Bk
Aux. Power ConsumptlonJ_FFJEﬁ
__
Net Efficiency Of IGCC}%%{«‘FA

ote: Gas turbine performance is estimated based on vendor spec.

KBR

TECHNOLOGY

©2014 KBR, Inc. All Rights R d |11
. Inc ights Reserved | KNOW-HOW DELIVERED

Low Rank Coal TRIG 800 MW IGCC

- Comparison with Advanced USC in ChinalE R 5 B EIG A B F/EEL
v China has made a big stride in building USC using good quality coal

hEEE TRIGEBIE RS MARS T EXHR
v USC Deployment using low rank coal is underway

ETEMRAvERIGR L FEET R
v LRC TRIG IGCC is advanced and competitive

TRIG {E[MEIGCCE R H =5 )7 R fert it e

Ultra Supercritical, | NGCC, 9FA
LRC TRIG™ IGCC 1,000 MW (2) Base (1) XA
Parameter$ 3§ 848 MW BATEBRBIGR | KBS EH

SEESSEEEN $ T

Heating Value as
received, LHV
W 1) Bt 51 FAVE kcal/ kg 3 424 3,886

Moisture, as received
G ZI B K 5 %wt 31 3
Coal as fedw;mn

Thermal Efficiency
EPIES

Note: 1 - in operation 7#:577; 2 - in early development phaseﬁ//ﬁﬁﬂ KNUW-HUW UELIVERED
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TRIG IGCC: Superior Environmental Performance
TRIG IGCC: (LY frTE IR

Significant lower than those of conventional power generation technology

TRIG IGCCHIBFIUE PR B i (K T ik L ROR
Use less water #EKEE

Pollutant Unit Current Limits

A%y BARY TRIG IGCC 9 Special Areas

i oM TR IR
_

CON 0 A

Particulate
Matter (PM) 0.025
Bk ¥1(PM)
KBR

TECHNOLOGY

©2014 KBR, Inc. All Rights Reserved | 13 T ——

Kemper County-TRIG IGCC Lignite Minet& 1%

. (45%moist/2,500 kcal/kg)
- 600 MW Iant WIth—CO Cap =<

r

]

1 Toshiba ST =
EIRER Rt
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Kemper County TRIG IGCC
- CO, Sold for EOR CO, F-F I

Additional Scope:fft il T {E35
v 112 km transmission 1124 B 8 E 25 5%

v' 96 km CO, pipeline (for EOR) 9672 £C0, &%

v 8 km natural gas pipeline 8A B XASE L
v’ 125 km?2 mine site. 125F 5 F K} X

v 48 km treated effluent line 487\ B )5 /KA TR

B4

Houston,
Texas

©2014 KBR, Inc. All Rights Reserved | 15
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KBR - Your partner for Low Carbon Solutions

KBR - (&R KX AE R 7T RIS EIKEF

©2014 KBR, Inc. All Rights Reserved | 16
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TRIG IGCC for efficient use of
low rank coal

TRIG IGCCE UE T 1] R

Extensive experience in Power
engineering and construction

B TR BT E 256

Global execution of CO, removal
and carbon storage projects

EBRCO,FHEFFI A H

KBR

TECHNOLOGY
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Conclusion & 2E

v" TRIG IGCC is an efficient, cost effective clean coal technology
uniquely designed for low rank-coals.
TRIGAGCC B/RIE — 12 i Bl PR B 7 V5 L e
EBR

v'  Its'superior environmentalperformance and low water usage address
an increasing need for many.regions or countries
BB R M RE DR B SR T2 KRR RE B 25 I R E 52 A M
1B R

V' lts design flexibility for CO, Capture will correspond well to future
policy for.CCUS implementation, technologically and economically
BN EL R ZERIH T N T — A (BRI EE AV FR K > TRIG IGCCHAETS M
RAREHERES ZHMm L8k

KBR

TECHNOLOGY
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Thank You
18 18
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