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fEE e TIHRERRE , R ZEZEBRNESEEM.

As the rapid development of global industry, climate change is getting rising concerns.

CO. M. FIRSHERA ( CCUS) afaExERANE | ErEREFURNT £ IRSREE
¥, SCIBRHENERIR R —,

As an important tool to reduce climate impact, CO, Capture Utilizing and Storage (CCUS) is
a effective way that fossil energy business players take.

MR E B SRR EERIR , ARCCUSTIB BT E RIS SR
F.

Coal based industry is one major source of CO,, CCUS project is founded to utilize coal in a
cleaner way.

ERKAHERRIFEESNE | FTE F£XRETMERATICOME. 2 HECOKHSHF
A—RE) CCUSIRE |, TERABIFIATERER 7T —2&21 , BSEKERITWERD =,

With its core competencies, Yanchang Petroleum Group has built the very first integrated
CCUS project, which combined coal chemical CO, capture and low permeability reservoirs
CO, EOR and storage together, and our experiences in technology innovation will be shared
here.
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SE AR ESRSE RN
F1905% ;

Yanchang Petroleum was founded in 1905, and it is located in
Ordos basin, which is known as the first onshore oil field of China.
2015F[FH~E1241 51 , EE0F T AMLAL ;

In 2015, total oil production is approximate 100MMbbl, and this
capacity has been maintained for 9 years.

FRFHSERITA. B R, HSE

, BPEM_ EAMERAGHE | Bz
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Its business includes oil and gas E&D, coal mining, chemical
industry, and R&D etc.

PN “50058" HHETHEE 3250

Rank 325 in Global Fortune Top 500 (latest).

Overview of Yanchang Petroleum Group
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TR Overview of Yanchang Petroleum Group

KBS Z MRS . B IEWFTESH | IeEFEERE—MECCUSInE

Yanchang petroleum owns several coal mines ,coal-chemical plants and oil-gas fields, and

can independently carry out the whole process of CCUS projects.

4k T2\l coal-Chemical Plants EHIEHHE oil Fields with Low Permeability
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ERGH Core competencies of Yanchang Petroleum to have CCUS

1, EAREMNKFEFIREAHER. WiEKS

Abundant carbon supply and low cost in CO, capture and transportation.

KilEFEE : TEXTEFRIEM TERM 77 ERIKIR |

Abundant carbon supply from relatively concentrated coal chemical plants.

SHEEREAME - IEH T =4EMCOKES | HEMAZI20%E5T/IM ;

Low cost of high concentration CO, from coal chemical plants (approx. 20 USD per ton)
YHERAME - EoHESEA T EANTFE—XE, , #XiEE/VF15008

Low pipeline cost, less than 150 km between coal chemical plants and oil fields.
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ERGH Core competencies of Yanchang Petroleum to have CCUS

2, BXEREEEMEESTTRECOIKH

Large amount of oil reservoirs suits CO, flooding.

- BT iHEKHIR~ Lt:,HﬂEHF TR ERE , FERRRR , EEFIIEERESTRE
COIKiH , AT KIBERERBER ;

* Yanchang oilfields are low permeability reservoirs, reservoir characteristics, formation temperature,
and pressure are ideal to launch CO, flooding, which greatly improve the recovery factor.

o BRFBLKER : PBAtBXKKFRES , ACOIKHE K AT HLKER.

« Shanbei region suffers water shortage, so CO, flooding saves more water than water flooding.
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EKDH Core competencies of Yanchang Petroleum to have CCUS

3. EFRHEHBEFITFCO,IKEIETEF

Geological condition benefits long-term CO, storage

- HESMHYTF : BAtRIREIERER |, ERE  BEARE  COFFREAE

* Shanbei Slope has simple structure, stable formation, and fault development, so CO,
sequestration is secured and reliable.

- HEZFEKX : GRAEFERSREEERTHRAEKE , EETCO, 7.

» There is plenty of low permeability reservoirs and saltwater layers to store CO,.
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ERGH Current Status of Yanchang CCUS Project

BEY8EE |, $REiIL50005E7T.
Lasts 8 years & invested almost 50 million USD.

- e TiRiEE. FIRSHERARY.
» Developed a series of CCUS technologies.

« EMI3AM/FCOMERE.
« Established CO, capture plant with 130K ton per

year capacity.
- BN CO,-EORESHEFLESIHIKX,
 Built two pilot test zones for CO,-EOR and storage.
« ARTIEEMIHESHCOERA 7,
« Developed CO, fracturing technologies and
conducted tests in unconventional oil & gas wells.

EIIFECCUSTIE |, 5 "R —IRSiHERE—RETE—IRRHEE" 70— (F | EIEca HseIEiR. wlis
BRIV SRIERE,
CCUS project integrates CO, capture, enhanced oil recovery rate, CO, storage and reduced CO, emission
together, and it will help Yanchang Petroleum.to realize low carbon and sustainable development
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EKGS Developed low-cost CO, capture technology from coal
o chemical plant.

1. SCERECO,(BREAHEEE.
CO, Capture with High Concentration and Low-cost.

o 20125 e AR A EIEE RS DI/ FFRCOMERE | RAKIRMAERRRA | 5k
X 2037T/ M,
* In 2012, Yanchang Yulin Coal-Chemical Company completed the capture plant with 50K

tons p.a capacity by Rectisol process. The capture cost is only $20 per ton.
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KT Developed low-cost coal chemical plant CO, capture
ANEL ol

2, FIXHERECO, , RARIRUEAE , EeRIZ8FLMPiNEEES.
Industrialized process package and pilot plants have been developed for CO, capture with
low concentration.

ZIhgerhiz{Z&E B multifunctional pilot plants

COMEILZEAEREN Cco,capture and

analog simulation
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CO, fgRREDIE RIS R 5075 I/
CO, capture capacity will reach 500K tons per year recently.
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Ma () EESESHECO EHSEE A

EK G Developed CO,-EOR and storage technology in ultra-low

YANCHANG PETROLEUM

reservoir
1, B3 7 =EACO IR MERSCIEITFM G IE

Completed the experimental evaluation method of CO,-EOR.

o BUFIZEVAETIES | TR T COMGHEAISLIRTFT |, 3T CO JRHHNIE R IR EFHIE i/ 5T

» Integrated micro and macro analysis methods are applied, the experimental evaluation for

mechanism and characteristics of CO,-EOR has been done
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YANCHANG PETROLEUM

reservoir

RINARAB COLHENSTURIKHRER | K [3EEN

Determine the CO, injection mode by indoor simulation, WAG is the optimum way.

( Z) FERSEEimiE CO IR S IBFR AR

Developed CO,-EOR and storage technology in ultra-low

(WAG)

EESFENELERHEEN33.73% |, IREXHTEES.41% ;
For continuous gas injection, ultimate recovery rate is 33.73%, increased by 8.41%.
IKSRZEEN (WAG ) ZERIETEEH44.7% , IREREHEE20.95% , REESIKASRLER

he= 1 12.54%.

For WAG, ultimate recovery rate is 44.7%, increased by 20.95%, exceed continuous gas

injection by 12.54%.
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EK G Developed CO,-EOR and storage technology in ultra-low
AR =

2, HifT CO MMM LIRIZit

Optimized reservoir engineering design for CO,-EOR

o EIDHEVSAIESS U T iERARM, EFSBER. ESEDTHEIARER S CES L
« Optimized parameters, such as injection-production pattern, gas injection method, gas

injection pressure and initial development parameters by detailed geological studies.

RS ISR ER CO, I RHM

3D model of reservoir permeability CO, injection-production pattern
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,?g;;-;m Developed CO,-EOR and storage technology in ultra-low
AR =

3. T ERIZSHRERARNRBEREA

Formed the related techniques of CO, injection and oil production, and the anti-corrosion

technologies.

Ak TIEREEE , (T “Em
+ BRI PERETS , WHR NS
B,

Injection & production string design has

Wit g
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been optimized by a number of tests,

and “ordinary steel+ inhibiter” has been
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selected as the best anti-corrosion

of il e

~IER
N

approach. It performs excellent in field

application.
AT

ENTZESR FKHLZSRHR

Injection system Production system
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EK 53 Developed CO,-EOR and storage technology in ultra-low
reservoir

4, WMERRKCO,ZLIEMEA
Developed CO, monitoring technology prototype.

M, thEREE, RSEN="1/EE |, 26k 7 COMBRIEFERZ 2 MEITNFIFRER E.

« Has set up CO, storage risk assessment and warning technology in three aspects: reservoir
monitoring, surface monitoring and atmospheric monitoring.
BERBINZ T A ARLBCRHER N CO, mizinan i AR CO HEER il /7 iE.

Has initiated utilizing *3C isotop in CO, flow front and surface leakage detection.
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EK G Developed CO,-EOR and storage technology in ultra-low
AR =

5. 7R T CO,BiESHEAFIRRART

Carried out research on CO, recapture and recycling technologies .

RESHEEE , THE 7 (KB CO BEIRIE
M BEEEREREIE= NN AT R,
Iy BEEEAEIAFI A,

The low energy consumption amine
absorption and gas-oil separation and
recycling method can be used respectively
for high and low gas-oil ratio reservoirs,

which can realize the recapture and recycling.

(REEFECO, BRIRULE

The equipment of amineabsorption
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ikam  Developed CO,-EOR and storage technology in ultra-low
ANEL e

7R R
Field application performance:

- ERFMNAEX , BRIIOESH |, RIHEANTAERESCO, , BHEiEE50% , it aligER
HRIER8% , SEMANEEFCO, 7HME,

« Two pilot test zones with 10 gas-injecting wells have been built. About 70K tons of CO,

have been injected and sealed, the current performance of EOR meet the expectation.
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KB Developed unconventional hydrocarbon reservoirs CO,
e fracturing technology

HXAFEMASEREE | 7R 7 COEREERIIAN. VES-COERERIA. AiRSCO,EHRA
CO, energized, VES-CO, foam and pure liquid CO, fracturing technologies have been developed for
each type of unconventional oil & gas reservoirs.

1) RETREH7E., MHESHCOERI2ZHR , HYREHERE30%LLL ;| LHEEHHACO,
ER12HR |, FFEIRE2.8(F , IRHERIEET70%,.

Tight gas average well output has been increased by over 30%. Tight oil average well has been 2.8
timed, and flowback rate has been increased by 70% after 12 times CO, fracturing.

2) 128 TIRHEERNEE., ARESHLBCO,EHA7HIR |, IRHFERIZE35% , AEAEHI4ERE1/3.
Shale gas flowback rate has been increased by 35%, the fluid flowback period has been shortened by
1/3 after 47 times CO, fracturing in shale gas wells.

SOl O RESENER
y jz B EESCOUBEARAER
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E2i% RESHCO ERIRHEEEIILL

Blactunngsus Comparison of the fluid flowback rate.
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EK T Developed unconventional hydrocarbon reservoirs CO,

fracturing technology

20155510519 |, BRI E TS WUIRESRBEAERTIAH L TIE00E | 3 TF bR Kb X
SSUNESHRSIMNERIPEBERERT 5.

On 19t October, 2015, the first Chinese pure CO, fracturing was carried out in YY4 well, which was
designed and operated by Yanchang Petroleum independently. It means significantly to

environmental protection and shale gas development in Shanbei water shortage regions.
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REKGH S&T Achievements

YANCHANG PETROLEUM

TEERIMTIARFAICALE (EMNETI8HR ) | SAEREFILI2IN , BRI RFIREK
JE8I,
Until so far, Yanchang has got many S&T achievements in the field of CCUS, including 41

academic papers, 12 patents, and 8 S&T awards.

m o T o o
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- 1 INTERNATIONAL JOURNAL OF .:‘P ”
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Academic papers Patents S&T Awards
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KA International Recognition

YANCHANG PETROLEUM

rh-EiEER. FIRSHEF (CCUS ) —(MLERRSIERBIRA : IAERATHEEST
Sino-Australia International Cooperation on CCUS: Acquired technologies and funds support;
R-ESURZBRTIFASERE : S=EAsEllls. WERIIAFFEEFES(FRR.

US-China Climate Change Working Group Cooperation Project: signed the memorandum

with West Virginia University and University of Wyoming, aiming at the study of Yanchang
CCUS project.

USSChin '
Accor® sl
|"_ (3] ] -

S5BEAFELIKRHES SHFRREREE SN 5H#ESRIEXE. MEPAZZESESER
Cooperation with GCCSI Cooperation with WVU and UW
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KA International Recognition

YANCHANG PETROLEUM

IEAC A HCCUS— &L I B

HERSRE

The Progress and Outlook of CCUS Intp4
Yanchang Petrolgfim

ation Project 0

Shaanxi Yanchang Petroleum (Group) Co., Ltd}
2015.12

B O EERZERKCCUSTIE BB A
AR |, BusiisaUiks. BIBRENTS
Bir , XS TFEITEKINE R IER—
REYCCUS IRR.
————— HER R FEERESE T
EIESES YRR NEESSES

Delighted to see such strong progress,
thank you for presentation. We agree to
your ambitious goals, which will help
establish this as the premier CCUS

project in the world.
----- Dr. S. Julio. Friedmann
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KA International Recognition

-+ 2015%6H , IHmACCSIBREEkIRTIFIMSAILIR ( CSLF ) NI , B ARRRER
F—1MEEIEMAERICCSInA.,

* In June 2015, Jingbian CCS Project was recognized as the first internationally certified

CCS project from a developing country by Carbon Sequestration Leadership Forum.

www.cslforum.org

Carbon Sequerstration leadership l’owm?; ?
"

CERTIFICATE OF RECOGNITION

The Carbon Sequestration Leadership Forum
is pleased to welcome the Jingbian CCS Project
into its portfolio of recognized projects.

‘Richard Lynch

CSLF Secretariat

INELIR (IMEXEEH ) iFIACCSERRINES
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HEKDH International Recognition

-«  2015%9R , IJEFEFEREE |, £ (PETEaSIERZRNEREFRE) 1, 22 “XF20144F
FRESIRZEASFRIPRARARIEE. FIAMEEIE , BECREHREERGHARIE!T
A FREPRAEER - ittt XaIREBILE,

* In September 2015, “U.S.-China Joint Presidential Statement on Climate Change” mentioned
that “On the CCUS project agreed to in the 2014 Joint Announcement, the two countries have
identified the project site in Yan’an-Yulin, Shan’xi Province, China, operated by Shaan’xi

Yanchang Petroleum”

(miffl) | BRIEFINGROOM | ISSUES  THEADMINISTRATION | PARTICIPA
Ly

U.S.-China Joint Presidential

suements sreenes | Gtatement on Climate Change

13. Building on the robust bilateral cooperation initiatives that support
the achievement of ambitious domestic actions, the two sides
commit to further deepen and enhance these efforts through the
U.S.-China Climate Change Working Group (CCWG), the premier
mechanism for facilitating constructive U.S.-China dialogue and
cooperation on climate change. The two sides have made

concrete progress in each of the initiatives, including heavy-duty

and other vehicles, smart grids, carbon capture, utilization, and

storage (CCUS), energy efficiency in build and industry,
collecting and managing greenhouse gas e sions data, climate

change and forests, industrial boilers effici y and fuel switching,

and will continue to work

and climate-smart/low-carbo
together on green ports and vessel
well as the enhanced policy dialogue and coopera on HFCs.
Furthermore, a new Domestic Policy Dialogue was established this
year to share information on respective domestic actions. The two
i pusto devote siznificant effort and resgur toth
iatives. On the CCUS project agreed to in the 2014 Joint

ssels and zero emission vehicles, as

Announcement, the two countries have identified the project site
in Yan'an-Yulin, Shan'xi Province, Chin perated by Shan'xi
Yanchang Petroleum. The two sides will continue to collaborate to
demonstrate the utilization of CO2 for enhanced water recovery.
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905 jftatéo
WK G . o o i
wewermesn— Challenge 1: This project is the very first integrated CCUS project

operated by just one company alone, so there is no reference to learn from.

B‘E#’ [
Technolog ? - |:> -
Economlc’?
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ERAHM Challenge 2: Terrain brings more difficulties to CO, pipeline construction

YANCHANG PETROLEUM

COHEEMEREES. TEL. BEEEIRFHESIEECCUSITHERRA | FRRERM T
SRAYSZMD.

Yanchang CO, pipeline have to conquer geographic difficulties that result in temperature and pressure
control, measurement and construction difficulties compared with North America CCUS projects.

— -

SEAHCCUSINE Xz Jt5ECCUSTIR B Xith

N

/
7

TSRS FRAE

Terrain of Yanchang project region Terrain of America CCUS Region
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kM Challenge 3: Formation pressure of oilfield lower than minimum
miscibility pressure makes CO, flooding miscibility harder

WEENSERCE [Fiatt EENS&/INBEEIXLEER
Formation pressure and depth graph Comparision of IFP and MMP
25 80
/2SI R E (formation / WHKX | EEMEES | BMNEBAES
20 | pressure gradient) : 0.81 Fe
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< ) . i WEAE X 12.1 22.15
Cu || ginbian
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YANCHANG PETROLEUM

FERAIBKIR : T H X S EET L
12,

Abundant carbon resources: annual CO,
production is more than 100 million tons in
the project area.

HSHEEFEED - EiaBE 1252 A
HEREEESCOIKHESHT , IHF
CO.,6.5{2Mg

Storage capability of oil and gas fields:
Yanchang has 1.25 billion tons of OOIP for
CO, flooding and storage. It can store
650million CO.,.

HIKBEHEFEE - EEREREKEREFCO,
o, EEithEHFEnAE R
Storage capability of saline water layers:
Ordovician saline water layers can store
billions tons of CO,. Other formations can
store tens billions tons of CO,.

B EARFINA RS

Project future is prospected to be bright

Ethi
HXIR

18RRI
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BRAGHX. FEI. RIER SHE

The map of Oil field, Coal chemical and Power plant
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KRG Development strategy has been done

\EHAE#R : 2017552 A% 365 MH/FCCUSTBE ;
Short-term goal: By the end of 2017, finish construction of integrated CCUS
demonstration zone with 360K ton/year capacity

FREIBRHR : 202058 R 1005 1H/FCCUSTB LR ;
Medium-term target: By the end of 2020, finish construction of CCUS demonstration
project with 1 million tons/year capacity;

ImHABHR : 203055244005 1/ FaE 1 CCUSTSSEE D,
Long-term goals: By 2030, finish construction of CCUS demonstration base with 4 million
tons/year capacity.

mZB#F : Ultimate goal:

FEREERRIFC T COMmE. Kl HEFERAGRRSINE , RECCUSEHIEIFRT , AF
EIRHFFICO,FRF R E5 [ EA.

Complete formatting CCUS technology system and standard, explore CCUS commercial
operating mode, and provide relevant experiences for other domestic regions.



= &R

EK Finally

“Eiims. FIASETE (CCUS) 2aeIREWFMRMN TSR, , SCINBORHEF{E
NEERNBNER. BECISHBEEESS  BIKBASKIFHEES | JLEEMRZE | (R
[ECCUSIIBRFa AR, EKABHBRSERRITH —LIBERRSEIE  FRESERES
NEMCARERINER. Ba. (KB MmiRaIsIml.

For energy enterprises, CCUS is an positive response towards climate change, and
an effective way to achieve low CO, emission and recycle. Combined coal chemical industry
and carbon capture together, displacement and storage together, cost will be remarkably
down, and CCUS projects will be sustainably developed. Yanchang Group is open to
knowledge exchanges and work collaborations with worldwide researchers on advocating
low carbon style, making contribution to utilizing fossil energy in a more efficient, cleaner

way with lower CO, emission.
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Thanks for Your Attention



