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FEMNBEIRE | China’s Primary Energy Background
FEEX AR ZFANEERBEEZ—,

China has become one of the biggest energy consumers in the world.
— 202F —RBERE R B EIA D27 42 #R
Primary energy consumption was 2.74 btoe in 2012.
- RHRFRERE , ExEFE-REERPFEHESESNE.

Constraint by resource, coal has always been dominating China’s primary energy consumption.
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FEMNBEIRE | China’s Primary Energy Background
o BB AHBRERFAFET E RV EEBERR

Large scale and centralized consumption of coal caused huge CO, emissions.

- ERERZEEZEIVTUSGEEZNRE. REKIE

Coal is the most important fuel or raw material resource for many important industrial sectors.

— MARER SR PEA2.67MCO, , EES T AM. RAS

CO, emissions per tce consumption is 2.67tCO2 , much higher than oil and gas.
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Coal’s critical role in many important sectors CO, emissions of China rises fast in recent years (MtCO,)




FEBFEEEMSEZE{LFCccus

China attaches great importance to climate change mitigation and CCUS
- CCSEIPEBRFNEM , BEaPEBFRRBHCCUSEEE

China sees CCS as an important technology to reduce CO, emissions in China, and proposed the
concept “CCUS” considering China’s development stage.

— CCSSEATAMBESEDRRIEMRREE , Rt RESE D KRR =R A T
KENWFERLHER,
CCS is capable to effectively reduce CO, emissions from large and centralized CO, sources, so that is
especially suitable for China which owns many industrial facilities consuming large amount of coal intensely.

— CCSEIERAD , PELEEEFAEPTERNAREME , TNKRFECCSHI E
7 EINENISHEINEESNCOFETERFANIERE , Blccusii s,

CCS is expensive. Considering its current development stage, China not only pays attention to CO, storage,
but also attaches more importance to approaches to make good use of the captured CO, or “CCUS".

- ccusEiEnFEEER LEE , REFSIEEARMIFEEEREES |, K
NARFSEEI RMEHET cesti B MR
The concept “CCUS” was firstly proposed by China, and attracts great attention and is quickly accepted by

many other countries of the world. CCUS will become the transiting bridge to large scale implementation of
CCS projects in the future.
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China attaches great importance to climate change mitigation and CCUS
ax

» IEFERFEEHE —RINNUREL, XIFCCUSKBRIBUR

In recent years China promulgated a series of policies to mitigate climate change and also support

/)

CCUS development.
Feb. 2006: Outline of 2007: National Plan
1994: Agenda 21 th_e Nat. Program for for Coping with
Century promulgated Mid- and Long-Term Climate Change
by China's State S&T Dev. to develop quantifies energy 2011: Research on
Council to meet 1992 near Zerose i conservation and CCS Technology RNt ;
UN Agenda 21 fossil energy systems emissions reduction Roadmap sets 2020 2031:& Tszg?ﬁelmd
Century_ﬂ - f[.?m 2006 }0 2q20 objectiveS. ObjeCtiveS for R&D, Planning for Key S&T
hE21 2 e ExRH ﬁiﬁfﬂﬁkﬁﬂ P E RN SIEECER demonstrations, B cture
M= AR industrial dev., and Construction (2012—
§icies. 2030) promulgated b
PERAE R, *UFH 5 S)tgte Cougncil. ’
ﬁﬁmk%%éﬁm% Designed to improve
confidence in CCUS
) investment.
2003: China, U.S., E.U,, Dec. 2006: National B3R E AR B 1R 1
AUSLVI?“sa :”: anek\)da Assessment Report on BRI
establishediic Climate Change 2008: Whitepaper:
Storage LeseS Published. China's Policies and
Forurgr;[occé)iljasborate ERSRECHERS Actions on Climate
BHERE AR Chaljge (revised and
published annually) .
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Chinese government sponsors many CCUS related R&D programs

o URIEHAES , FBAFEBIRIL T RECCUSH &I B
Leading by MOST, the government departments sets a large number of CCUS R&D programs

— IRIE XZHAdl, SRMBHAERSIFETE

The R&D programs are mainly carried out by joint-body of enterprises, universities and institutes through
collaboration.

- WHEMECO, ML, HF, FAFAMACCUSHRIT B S PR AR EE

Covering a wide range of technology approaches for all sections of CCUS including CO, capture, storage and
utilization.

_ RBREASNSE  BREREEEERTEAEFEETE XK.

The sponsoring programs mostly last for 3~5 years, but there might be new programs that will continue to
provide support according to the progress made by each program.
B post-comb. CO2 capture from power plant {by MQOST)
B pre-comb. CO2 from power plant (by NEA) ':F' @ﬁﬁﬁﬂbﬁ’g EEECCUS ﬁﬂ:ﬁlﬁ =] ﬁﬁ'lﬁ)ﬂ:
m oxyfuel-comb. CO2 capture from power plant (by MOST)EEEBIE gl oI0iile]aN o)A o [=Ne) B[N EY (IS @ VAN A NeI (o ={F-[14
W CO2 capture from chemical plants {by MOST) sponsored by Chinese government
W CO2 capture from other sources (by MOST)
® CO2 EOR (by MOST)
CO2 ECBM (by MOST)
CO2 biofuel (by MOST)

MOST: The Ministry of Science & Technology of China.
NEA: The National Energy Administration of China.
MOLR: The Ministry of Land & Resources of China.

CCUS-combined technologies (by MQST)
other CCUS-related R&D (b




thEERRS SccusE X ER AT B

China also actively participates in CCUS related international cooperation programs

« EREBIREBCCUSERARENERARR , IEFRE L MHAET

International cooperation enables China to get the latest achievements in CCUS technology development globally,
and fasten technology advancement and industrialization.

«  [ERTib it R T 8 B E R R CCUSHIRIX SR E 0 , MNsRKILHE EEE

This also enables the world to understand China’s effort to mitigate climate change and promote CCUS
development, and also enhances mutual trust between China and other countries.

: y k Execution . g
Project name Sources of financial support e Major participants
The China Australia Ministry of Science and Technology China side: The Administrative Centre for China's Agenda 21, China Geological Survey, Tsinghua
Geological Storage of CO, (China) and Department of Resources,  2009-2011 University, etc.
(CAGS) Project Energy and Tourism (Australia) Australia side: GeoScience Australia;
Jomt.re.search on thellolil Ministry of Science and Technology of China side: Chinese Academy of Sciences;
emission techiig L China and U.S. Department of Ener 2 U.S. side: National Energy Technology Laboratory, Pacific Northwest National Laboratory;
IGCC between China and U.S el &y ot ; gy &Y 2 2
. . Cooperation Action WithiniCCo T China Side: The Administrative Centre for China's Agenda 21, Huaneng, Tsinghua University, Chinese
Sino-Italian CCS technology : A Academy of Sciences, etc.
: i EU,COACH, Italian Ministry for the 2010-2012 ; 4 g :
cooperation project . Italian Side: Ministry for the Environment, Land and Sea,
Environment, Land and Sea
Enel, etc.
Cooperation At IeIE Ministry of Science andTeeiE T China side: The Adm|n.|'strat|ve'Cen'Fre for'Chlna s Agenda 21, Huaneng, Tsinghua University,
CCS China-EU. COACH China and EU 2006-2009 Zhejiang University, Chinese Academy of Sciences, etc.
y EU side: Imperial College, Air Products, Alstom, Shell, British Geology Survery, SINTEF, etc.
UK-China Nea T Ministry of Science afid TCH TRl 2007-2009 China side: Admlnlstratlve.Centre for.' Chlr)a S Ag(?.nda 21,.X| ar? Thermal Power Research Institute,
Emissions Coal project China, Department of Environment, Food i) B B iheiianc: University, CAS, etc.
i N . ] 2010-2012 UK side: Alstom, British Geological Survey, BP, Shell, Schlumberger, Doosan Babcock,
(NZEC) and Rural Affairs of UK ¢ . -
(Phase II) Cambridge University, etc.
U.S-China Clean Energy  Ministry of Science and Technology of oo - - i side: Huszfong University of &, S&T and Industriaization Center of Minisry of Housing and
Research Center China and U.S. Department of Energy P g g Gy

U.S. Side: West Virginia University, Lawrence Berkeley National Laboratory, Michigan University, etc.
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CCUS industrial demonstrations are in operation in China
- HEBAIERENCCUS Tl RBEHENBENEKRES
China is now implementing the largest number of CCUS industrial demonstrations around the world.

- BRIEKLERET2HRAXBMES CCUSERB HBIA

China has marched to the forefront in the world to develop and promote CCUS technology.

« REXREBCCUSEYE R AR NN SIRE( R EE KEH

China’s effort in CCUS development will do great contribution to the world in climate change mitigation.

¢ pure capture dem.

% purestorage
Jutilization dem.

¥ Integrated CCUS
dem.

CCUS industrial demonstration projects in China
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CO, FEE/RSBI B Pure CO, capture demonstration projects in China

1B BELHPEIMAFTE

CCUS industrial demonstrations are in operation in China

Scale A
No. Project Name Type Site (tonnes EE i
CO,/yr)
i : Post-combustion capture
1 Huaneng Gigli)_eldlan CO% Capture Project o plant Choafyang, 3000 2008
HERE R J5 Al B H \ Beijing
flue gas H1J WA Hiix
) Huaneng Shidongkou CO, Capture Project PCC from power plant flue Baoshan, 100000 2010
HeREATl 15 4l i i H gas ) MK Shanghai '
China Power Investment Cc?. Shuanghuai B lntflue  Hechuan,
3 CO, Capture Project as FJES M R neain 10,000 2010
v U i 55 2 Sk
CO, Capture Project by Institute of Pre-combustion capture } N
4 Advanced Energy & Power, CAS from IGCC fuel gas JAKEHT Llazm?;unniin 0 2013
bR o6 RV B ) PO R 5 S RILs e °
. CO, capture from oxy-fuel .
HUST CO, Capture Project . : B L Yingcheng,
5 e combustion & REE : 100,000 2013
e R B A L

filibx
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CCUS industrial demonstrations are in operation in China

Co, ¥ /R A RBI B CO, storage /utilization demonstration projects in China

Scale .
No. Project Name Type Site (tonnes B
CO,/yr)
6 Jilin Qilfield Project, PetroChina Co. CO, EOR / storage Songyuan, 300,000—- 1997
ol s R R B s Y T H CO, I M1 +3H = 1 47 Jilin 1,000,000
. CUCBM Project, ChinaCoal Co. CO, ECBM / storage Jincheng, ~1900 2005
PR E A A R ESosieI H - CO,IRMRE = S+ = B 17 Shanxi
CO, utilized for microalgae
: cultivation and biodiesel Dalate,
8 BN o] production Inner 20,000 2010

B A M co, F H 7 e s H

PRSI

H&co R G742 Mongolia
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CCUS industrial demonstrations are in operation in China

CCUSER RSB B Integrated CCUS demonstration projects

Scale .
No. Project Name Type Site (tonnes B
CO,/yr)
Integrated CCUS Project by Shengli PCC from power plant flue B ine
9  Oilfield Power Plant A H H %  gas + CO,-EOR with storage L 30,000 2010
) R P ) A B 4
pre-combustion capture
Integrated CCUS Project by from coal-based fuel gas of Binhai 60 000—
10  GreenGen, Huaneng fERE %% (0 1 Hi IGCC plant + CO, EOR / _— 106 o 2012
\GCCHi B+ IR/ B (7RG storage BESLMRRLUEeR '
Fili A+ O
pre-combustion capture
Integrated CCUS Project by Shenhua from coal-based fuel gas of Ordos,
11  Coal-to-Liquid Co., Ltd. fHi A4y chemical plant + saline Inner 100,000 2011

Tl i+ B AF AL R B aquifer storage . I.) =& Mongolia
IR S i+ K E B AT
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Basic information for key demonstration projects

#ge A O i RSED B
Huaneng Shidongkou CO, capture demonstration
- XAESHEE3000M REABNEARRE , FHREL10~125MCO,.

Adopting the same technology and process as Gaobeidian Dem. at a much larger scale, capturing
100,000~120,000 tCO,/year.

- ESHERLEERNABER KNS B EHERME
The largest post-combustion CO, capturing project in power plant in the world till now.

- COMERLTI FFARF , EmZRBIR , ENMTARELE,

CO, is sold to chemical plants as raw material at a normal price constrained by a limited market.

12
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Basic information for key demonstration projects

o KPP AXFEIAMRRTE
The Oxyfuel combustion CO, capturing dem. by Huazhong Univ of S&T
— 2009FERINERERNEL, HREIBIVMW, RESREBER S EEE , FHB7000M,

Establishing China’s 1%, the world’s 3" 3MW,,, oxyfuel combustion CO, capturing dem. in Wuhan in 2009,
capturing 7000 tCO,/year.

- BAEMEEREFHEANISMWhE ES KRR EEE , FHk107M , itF
JEE Ko

Now a 35MW,, oxyfuel combustion CO, capturing dem. with capturing capability of 100,000 tCO,/year,
which is the world’s largest, is under construction in Yingcheng. This project is to be completed before 2014.

- ZUENSHECEEHAESERERRERKERAL.
This dem. marks China has marched to the forefront of development of oxyfuel combustion CO, capture
technology in the world.
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Basic information for key demonstration projects
- EMOBHEHEORRIE CO,EOR dem. in lilin Oilfield of PetroChina

& MOBHE B 1997 F 7T #3#17C0, EORT3E.

Jilin Oilfield has been working on CO, EOR since 1997.

B BICO,FiExEARKIS M |, Fhf~2i8iE1%x80% , B KEHCOHBERHF T HED,
Now 150,000 tCO, is injected annually, and crude oil production rises by 80%, with most of the injected CO,
effectively stored in the oilfield.

T RIAREAFCo,E A2 RS 230-1007 /5,
It is planned that annual CO, injection rate into the oilfield will be increased to 300,000-1,000,000 tCO,.
BYEER , NTHRPESEZFHEME FEORBRARZLFE, BATIREEIBEAEN

It is the first demonstration of this kind in China, although not the first in the world. This dem. has great
significance to understand the technical and economical performance of EOR, and also set up an
engineering capability to establish EOR under China’s complicated oilfield geology.
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Basic information for key demonstration projects

*EF £CCUSE K RSB The integrated CCUS dem. by Shenhua Coal-to-Liquid
AT 2009FEX THR EE—E100FBEEERILI] .

Shenhua established the world’s first 1Mt/year direct coal-to-liquid (DCTL) facility in 2009.

— F20NEFEHENEFECITEFSRBHNESIESERE THERD , FHEREI0L

In 2010, Shenhua established a CO, capturing dem. facility for the high CO, content waste gas, which can
capture 10,000 tCO, per year.

— HBHCco, HAEF1I7AEANM S |, BEEHIEAHTF T 3kmRKES,

The captured CO, is transported to a site 17km away, and then injected into and effectively stored in the
saline aquifer 3km deep.

- FEEF-ITHRKEHEFIE K BEE —PERENSEKRCCUSTEIE , HHERRKRAM
BRI RCO,BKEHFRHE TAREEH R RN TRSEES,

China’s first CO, saline aquifer storage dem. project, and also the first whole-process integrated CCUS dem.
project, providing lots of important geological data and engineering experience for China to establish more
CO, saline aquifer storage projects.

15
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Basic information for key demonstration projects

4@

ELX K IGCC+CCUSRIE The IGCC+CCUS integrated dem. by GreenGen
Q0RFFBEBEERFENKT FEE —FE26.5MW IGCCR BRBERE

GreenGen Co. established China’s first 26.5MW IGCC demonstration facility in 2009 in Tianjin.
HEETHRIN ZEE R TS RSN RERIHERTRSE , MASelexol TZ , ELFTIRMERAE
&I

GreenGen plans to carry out an pre-combustion CO, capture dem. project on part of the flue gas applying
the Selexol CO, capture technology. Some preparation work is now in process.

HBEIT R 2015 F XN ZEEHITED 2 RSBV PGB "8 , MASelexol TZ , E£&
WmERTIE, FHkEAA6~1077 M,
GreenGen plans to carry out an pre-combustion CO, capture dem. project on part of the flue gas applying

the Selexol CO, capture technology in 2015. Some preparation work is now in process. Annual capturing
capability is 60,000-100,000 tCO, /year.

MEB D FEAT , NSRS ERSUE,
If the partial capturing dem. is successful, a full-scale fuel gas CO, capturing retrofit will be performed.
HENCo, T XA TR M KEEF , ¥158%EE K78 H M X,

The captured CO, is planned to be used for EOR or stored in saline aquifer. The area around Dagang Oilfield
is preliminarily selected.

16
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Great potentials exist for international technical cooperation
- PEIERRHBER, HRZ, BRKR , BHRFFBZDEKR , NCCUSH R
MREBREEAZES
China has a large number CO, sources of great varieties, which are increasing fast,
providing a perfect platform for CCUS R&D and demonstration.

EMPAREKE, RENLAREBE] K EFEHRE—

Fossil energy power plants of different technical categories and capacities, with total capacity 2" in the world.
HEREABZFAELCI=L , KENARIESREHRBEBUR

The largest coal chemical industry in the world, with many large and high-concentration CO, sources.
AEEKFRENREERNSEREENRHEEE

Vehicles holdings and the corresponding gasoline/diesel consumption increases fast along with people’s living
standard.

BETCo R EFNLREES , BESH 2 , HFEEDLEKR

China owns many geological formations that are suitable for CO, storage, which are widely distributed in all
major regions, providing China with a huge potential for CO, storage.
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Great potentials exist for international technical cooperation

- FEBENERSEEN , NpRE IR & RSE A B E R T7 A H i
BT RIDXE

Chinese government attaches great importance to CO, reduction, providing material
support in many related policies and other aspects to R&D and demonstration of CO,
reduction technologies.

- REFHAEENER , NCCUSKARERER , BERZFEHT

Many Chinese officials have technical background, so they can better understand and provide resonance to
CCUS technologies.

- BEIEXRXZFCCUS BERERE , RETIMR S
Special policies to support development of CCUS technologies, with special funds provided.

— BUFRENHITRERE , RN REU B IR E <& /a iR
Efficient government for decision making and execution; CCUS R&D and demonstration projects can be
promoted quickly if getting support from the government.
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Great potentials exist for international technical cooperation

1 & b MR LA B FECCUSHE R B E BR & 15 75 T 22 1L B 7 /Y E At

19

Chinese companies and research institutes have set a sound foundation for CCUS R&D and

development.
- RZERLLAELXECCUSHESERR , T7a1HE
Many energy companies are very active in developing CCUS and moving forward fast.

- ERZEARFEFECELNEEREER—ElEx L K EE8r S EEHR&KHIN

In many technical aspects, China is now standing at that same line with the developed countries, or even has

marched to the forefront of the world in some single technologies.

- BREERERZCCUSEARENPERERLS , BEEFEFIEEL

Meanwhile, the developed countries still owns special advantage in many CCUS-related technologies, which

China can learn to fasten CCUS advancement.

— PEMENCCUSEREEFRELY , RS EEER

China’s cooperation with other countries in CCUS technologies have made a perfect start, and is now moving

forward with great expectations.
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Potential aspects for international cooperation on CCUS
EUTHEARGE AR EERMAPER T LAMBE/E , LB EHH

20

The developed countries might enhance cooperation with China in these aspects to make

fully use of their own advantages.
- FEEREFRAS/BESBEBEREAR
Novel low energy consumption flue gas / syngas CO, capture technologies

—- Co, BRMBERMALEN , MERABELER, ATASERSF

High efficiency CO, recycling utilization technologies, e.g. CO,-based renewable plastics, artificial

photosynthesis, etc.
- BEHCEEKREE. BWEFTENR
High oil-content microalgae cultivation and high-efficiency production technology

— CO,HFEE M AHES M B TR

High-efficiency judgement and evaluation technology for potential CO, geological storage formations

— EfFECo, i T BUER M H R
High precision monitoring technologies for CO, diffusion in geological formations
- BRBE. ERACO, MR M H AR

High-sensitivity and low cost integrated CO, leakage monitoring network related technologies

- HAMEXHEAR

Others.



2512 Conclusions

PEHNFSEENNNSIEZ(CMARCCUSTE , 2l 7TIRMMEE KK
W,

China attaches great importance to climate change mitigation and CCUS development, and has
made active and fruitful effort.

FEER AR ECCUSs BARRBHRR, SEUEZSHER , ELIEE TR
CCUSH ARl & B B B A o

China is the country where CCUS technology is developing the fastest and number of CCUS
demonstration is the largest, and has marched to the forefront of CCUS technology and industry
development.

fh El CCUSER M7=l B R K R 4 t SRR L 4 B B R,

The fast development of CCUS technology and industry will make great contributions to the world’s
climate change mitigation campaign.

Efrtt 2NN S RERCCUSERITNEE , FBBIMRCCUSH KBMAES | HiRME
FARMEE EHBELRRE,

The other countries should enhance cooperation with China on CCUS and help promote the

development and industrialization of CCUS in China. Providing some necessary technical and
financial support would also be of great help to fasten this process.

21



The End!




