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In 2009, China’s State Council
proposed its 2020 goal for greenhouse
gas emissions, and then in 2010 made
Guangdong a low carbon pilot province.
Guangdong has made remarkable
achievements in greenhouse gas
emission control to which the UK-
China low carbon cooperation has
contributed significantly. In September
2013 the UK Department of Energy
and Climate Change (DECC) signed
a joint statement in London with the
Guangdong Development and Reform
Commission, witnessed by governor
Zhu Xiaodan of Guangdong Province,
to strengthen low carbon cooperation.
The joint statement highlights the
importance of collaborating in Carbon
Capture and Storage (CCS).
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Supported by the Guangdong and
UK governments, the UK-China
(Guangdong) Carbon Capture,
Utilisation and Storage Industry
Promotion and Academic Collaboration
Centre (the “Centre”) was officially
founded on December 18th, 2013.
The Centre is committed to promoting
the demonstration of large-scale
CCUS projects to tackle greenhouse
gas emissions. At the same time, the
Centre will also provide an international
collaboration platform for solutions to
other local pollution problems (such
as haze, water pollution) caused by
coal utilization, and to accelerate the
industrialization for clean fossil energy
technologies and to train qualified
professionals.
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ERERBEETNER, SRERE 30% 8 CEERRA RIS EIZEM, FTRBREFNZ
k. 3 SHAENREEATHEREEMFREZE, ERARL 7000 F5K (K
FEAR87.5kK, BEEAB0XK) ; 4 SHAERMRERXAT 3 SHARNXEERFF
ﬂ S[E], ERZA 7000 FHK. Z22 x 1 ERHNANENMNRBENRTEAOAE

ﬂﬁ&hT%ﬁW%¥m&I B RERIER T 9 19 K x19 KEVR £ LT
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FHEER T E
SRHEN_EHHKE 0, [/ K) maiER G-1) HFix.

M =F*E*C (3-1)

Hrh, FRAARIERESE (B: i/ X)
ERT_EWIHHARY (B ik / XD

C RIHENER
i,

M= F * E * C = 375%1.99%90%*24= 16,119 M / X
MIRBUEERHELGIEN (3-2) 1 FE

D= A*sqrt[te/d/%C02] , Hrh, D (Bfi: K) RRWMIUBER,
A=0. 62 for 13% €02, Te/d= M/ B XEULHI—F Lk

%02 = FTRAAANFESHFH -_SHIKSE

ES]l: ¥

D = 0.62%sqrt [16119/13]= 21.83 Kk  (3-2)

3.3.4 SRR

1) #HSRS: ERRTETIERESE
BUE N TR SR AP R IAGE R G MR 2L
T, METHAERX—RGETEAHFAE
DA DR IHE TR EK . tESh, 33
BN E S A XA T A%
IR RS RE R HEITED

2) WMSBRWARLZ: ATERSPIHT
8] 22 3 #T B KU E SR AP MR S R G AN AR
TR E, BEBRSINNHSEEL
BB ERE CRIZL. BMREET
25\ PR o XTIFEMEANT

LR B RETEMNS EIAE=
fhiER, BENSEEHRHITE—MERL
2%, (BEIRZERMMEE, EMEAE
RIS X AL &R o] gE S 1S BIfER
SFRERABSFEMIBERNEBE K
W, BAEASENGRERSRER
RE, FFNHEENETEMREEMNE
XA &R A 5| XA E R iA i .
EFR EER 324 SNEES
FYME SRR BRI AN AE L R IR R AR SR it
ITHAA M S AL S ML SRIE B L E B B
MEBRENYRE, FIEREFES R
FRBEVENHEEMBEEK.

3.3.5 EGXAR
( iR ZR 5= R9F0N )

AR AR ORI EZES RT3 AT
. B EITHMREHER RS,
ARBE / RERAFBE R EEH
B %1k 50% HZ S H TRGAFIBE, W
B 3 iR (FREPETRRERELE
feREARE)  X—EEBNARER
hit, DABERRECHEE PR BRI E
Bk, s, AT RERBAREN
L, BSOS R B BRI E
X, mREMEFHNENDFRRL. AT
Bk / RERZRXEERREEREN
Bmd, AEsiRE, iRtttk
B B N BARE R B W] RV ZCR 4G LUK
RS RZEX, DULHETE A

THZRFEK.

FIE / RERBFBERXXNEEBRZESR
SHEERN: 0.608 JkMH (a) , 36818
RE 1. —NEATRMBIKRNZE
RAENRS (R A BHs2EK) B
FREZFAEADMEERADBIHFE S
PRIHENEK.

B ES 4 SHBARDBEIARAE 8
REMRMERSG, "B IESEMMAE.
1 BREE. 48 KEMMRSFIMN1 B
Hmsg.

kB HRERBRENFRSE_A LK
R E P TR IRE T AIRFIK,
iRk B RIR A ERULEDRKE S EIF
Ry, XHEEZSURBENRRKR

B&wm o

ATEFHEWRERE, MBE_SNK
BHEREFTEZRUTHEARIT:
1) ARKEERARETFEMBEMHR
ERHYSS B ;

2) SREEHTERART (fla: F
0 B SUE BRI AR AV B K ED

HESh, SHLE RS R BN, R
EAREE RS ENHERR, 20
REELTSE:

1) ERRH. B, TEENREN
digd, B EAREERSE BN
BERMZHER;

2) MRS ERARGEL
SNEBH B MU BN

3.3.6 BAMN ( Nigdi 3 ETHREERTN)
LS RT3 S 4 SHUARER MBS RS REANEY AR

BARG. FEZNEREZEUATESE:

1) 7910 TAF0 380 {REHBN L E RGN FH BE At

1) BRI ERE N IIRERSIE X E R E SR Ra S RE 2 BMmEX.,

2) MRFIRAVIESAGF R BRI IE R IT R AR RE TS L F AL LR B BRTE
mEMNIIRE, PRAFTENRSRZGEITEENRERESUE.

3) MRFRIEAIESHF R BRI FZED RIFEHERREITIMSLF NN, BamFE
BE—NMRSRREERNIERGRIAZINERNRTERANIIRE. SIKHATENERES
Bt = B IR R G RN E DA T B, XS R REFRE—ME MBS RS 5| KALHEITEX
ﬁoH§%%M§%HNMﬁ&ﬁﬂNM%%%?E%&%E%%H%%N%IE%E%&
TEEREE R E
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2) AFMBIB NGB, REMBEYIEH FOTER 10 FTAF 380 AAFF KL KL
N8 it
3) AFRVHENTEERS. R REMBNAMAMENEZ. BEMBSEFREMIt
B inith.
4) EBEM—PERBRS, AFETESNA X ZREEFFRIFBESD. 5
IMNEFE A ZE N IRIEE BT RS — DN B R EIRE RS .
5) AFMHEBTERMA X ZFRMEITH ., RIPABEFXIZE.
RIELABSHE, ELEHEFR BN/ UREEZEETER: MEN ASE
TlEss, | AIRETESS, SF. KEFXE, BZ%EE, B, UPS, ERAS
FHRNBFMTRNEERED, FEAMMEESEEMEBELERET HRTX
BRI ARG,
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3.3.7 BEIKEG (EEM
M ErESEIKE )

BERE] 354 SHERREE—1E
ERIEKAEN RS, BEKEBER A
BEE, ST IREFHHEEREZ
B FRILEHSEE . RIFSZETHEED
WS BIKER 8IBEREC 8. #HI1THhk
WmEXER, FE - KESRENZI L
RERXEIE 50% BI85 < # IR EL S
k. B, BEE & E| CCP LA
R, SERBFHRERBESEEK.
o &S BERSHK R IRIF AN T4 KRR
£, Lht—LekiEEEFEE| COP, 2%k
R AAGR EHIFELE TR LY. BEX
CCP P AEMMERZL TSEMN, W
RO AFERRREHE B XS, AIae

NEEEMLEKRE.

1558 SEERT 3 S 4 SHBER
A 8 NERMBEMIEARS, THEE
3ANSEMMEE, 4 MR EMMKE, 1
NEEEEE 1 DNEE RS,

HRIBE RGP RIRZMTERE, FE/
RERZXEEHHZEFEL B

7K, XL RFINOR 4R B B E R AEEL
ATRE ERIIEN T, MEMER
EFENREAEHREBEER TR

A3

1) KESEHFAFNERE R, A
B35 BE IS BIKIRIREZ T K

2) ERGERERITRIEESHEN
BoEisit (5 anfiR E A% a8 XS IR\ BE
I ERRUKNEBTLIE)

R, FRRIBNREBEEREMG
o, LRV ARBURERIREEREERR
AR AR C BE R R, ER
RIRE TN EEATRA:

1) ZARIEPHNEERE, EEE
SR SAZ LR R IR T L H SIEE AR
ZAEELRE.

2) WRZFREIEPIEEREMNE
REEHK RGN EE TR
ZNIMHEIK B) R

3.3.8 EAKAEIMEKAKUEKE (FERMAREHNLET
R, R Z2EKETHHENK)
T A0 FKNERERBESERHETLES, BlERRLRELENHE

EMEERXK,

PRR FRTAIREE T B BTIE R B MBS RANB[IMBESBERELERE (IR
B1E) BFETIINIEK. XREREEANIERERZR] XIMIHEFE
MFRERN, SOFFENHAITLESEE. Fitt, EKOEREXNELG
Hh BRI R IS YT A TP R M IR — AL R BB RIZR O MBCE IR

3.3.9 ;B &ES
% CCS ARG IR K0T IR thig 3| HE— RS R k.

3.3.10 RAEEE

R FENREUIEER—SF
hE, EhrsBmE % HW_SHE.
—SHEFSERLLERN, Z8k
RANEFHER . ERRERITHESH
ITIH—L BTN S URIKRE
WhHMZER/FRF (6 v 85 F
=) .

1L 11EFER 3 5S4 SHIAKE
BB SER A T R IR T I B 8
EKRAFARELPERERE CRRARS
SRR, MRRRRGE) RE
WEIE 90% BB E R EFE M E TR
e RFEETEUCIHIBE LR HE
KA EB] WS B S RZYHE AR
(GB13223-2011) , BN 100 &5 / #RiL
B (6 v §5) .
3.3.11 R

—MEG RV IR R EMRE I
E AL HERBR 7k £ (30 E 7 / #5
M, 6 v B8 FHER) , RIEHE
rRmRIBEESEREBEMRAES (ESP) T
RN ERR . ERMMERLEAR J1i8E
B 3 5F14 S LA 7 FAEREE PR A 88
QB=E-5H17) BRE, EMEAER
WIMEREEAN 99. 75%.

RIE L REIR [2014]2093 S 3 ERY
I"HREFER HLREHIREXK,
BRER 23 ERXBRLSHBKBLE
f&, 2KRE/NF 10mg/m3, EtATIZ

3.3.12 WS R

AT RHILBRMERE, BEXKIBESF S
R BREBRSIFE 10 8] 30 % / ¥R3L
B (6 v &5 FHSR) . BExEREm
BYIX —ZE Kt B e T2 r] 4R R P =]
IMRER P ERHBKFE (BREX
NEEB 5 R H AR E BT #LE B9 50
=5 /RN, 6 V% 855 FHES) &
KE%.

KIMBEBXBAWEREAXRAEEES R
M. EUHXEME, RIBEBLZKEIR
[2014]2093 EXHMERN T EEHEHR
I BIAKEHEESK, FiERER &

RIE L K EEE [2014]12093 2T E /Y
ImHREAMER FLREHEXK, #
BRER AUBREEER, [ELKY
RE INF 50mg/m3, WS RARFSON
“RURIRETIHIE A 35 ER / FRAL
B, X—HEEEEASERAHSRO
SER CEERERRaiEER RS —
fHFR) . IFARMBFRIE, BEREIE
FEM BT RIE &I AR S IR RS
RENYHIKRERZEREKFE. , Fik
ATIZESREMEL, TEFFRIZITRIA
i ERIHETMEM AN ORSADKRER
EEX.

FEitt, BHEEMEREEMER.

FESEMEMER, TTREHIZIT AR E =
FIHREEN AN OLREREZEXK.

EHEREREIED, EHERITIER
BESHOWREEX G-10E% / ¥x
M, 6 vh 58 FTHER) , BINEE
B MOE R AL SR AT M LA R B S5 8917
., —MIFERT, AR TERKEBR
BRIFRE AL SRS E N — BRI L 28
BEHE ERBRAEXR, FFIUENEE
%E@%%ENM%%NMMFE%%
Mg o

UEMRmEER, —SURAKRE/N
T 35mg/m3, KERARIEXRESHEHS
A-SHRHKEEEREFRKREIN=Z
7= /¥R (6 v &8 FHE) LT,
Etk A TIZESSTEMER, TEBMBY
BV BRI S BT .

ATIEX—HB] ENRmERIEFEH
HiEHESHEREEETHHESIL
TEWMIE R ZEERRAEREE, (L
R LEBEERN) , FRINEBEERES
TR BEEPRMASEHNER, LU
— SR —FE L. IBERFRREES
FoSURAREURMENSE.
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3.3.13 UEFI=5HE
BT E USRS IS BB A K L 2B R B AT, ERExLEH)
B AG MR EREMBNER. MERMEELHEREMRIEN—L, %
SRE 0 AT R 2 HERT O Qb EE K B TS, B 9 2R 4y M4 B n 34 T 4%
BRI RE F SRR RER. BXEUGHERE— ENEER.
3.3.14 ITHIR %

RRRE. AIRMNIETT, BEKAGRERETSE] EH R GHTABES
ARG EE I ER,

TR B SRR EA R AT LR EK:

1) ZERGE—LEIMATHRENZE T EESIZETRES. XH, EEE
Hll#RAE.

2) BIEARASREZRGNEITRYE, HFBTEEERFREEFIH R,
WIRAE AN IESRZEEK.

3) SLILBHIFIEFEE RGNMIGET, RRREARMNIES. AIESHNE
TEET, BSEPEE ARG LHENN RS RIEERARIEIET, U2
35 17 3, 3 ) B 5k o

FIEE) FR EEKE, R R = A —E, F 1 SHE
WSS, T3, 4 SHUSRHBN - SUMIBELE. RESTRINHE, &
EHETRHRERE, BE52E5EE2481. AL EE - SHREREER
B2 4e5| S TR & B 47D

3.3.15 FHMIEIE LTI

EAERGIEBERTERATAENRERNR, RERFERZRIK - &R - R
RIEIA R, B LEREBRRESK - Z05 - RERRETFN— LB ERBERZR
REIMNEE. FIMNIEBLIEARENE:

MR A AR AT R0 F A B4 B K
:E%ﬁ@%@ﬁ%ﬁ%ﬂﬁEMﬂ%Bﬁm*—%ﬁ—%ﬁﬁ%%o
| AKRE R A S R
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BMENEE] NESENE (FREFRRNE) BhmgiheEsrmit,
ABH LR EETIE.

3.3.16 HEMHBE] Eih&iE
ST HEHEMIEERE, BEEETHEAER.
1) FEAERXE B M T R EE S R A7 (LTRSS i 2 4 i B 5]

)
2) FEDAREFAFNSM (R BUEEEMAIFERS) |
3) TR AR E CERTAM.

3.3.17 EHE=ES (FEHXLEE=)

ME - SRS LB TREERNERSSRE (RFRERSMNE
AS) . HERSRER=SAEEMNEES, B ERESRGEEMMTFX
EER:

DAZENEESF=SAZGTIEME (ST ERSE . ESE WRESEMALE;
2) MEHFZESHRSIEHITOR, UWHERRKRFEZEMNESRTSHEFXK,

B & B B R/ ;
3) AEFHESAGHEEREHITHESEES.

3.3.18 ITHINFTRRS

ASHIMARIERIRFEERE IR 15 F 12, K] U7 15 FELMBUE,
BRTEAFZRIMIN . (BERTEIRBSCERE/NT 15 &, NERAHER £’
WIT— MR TR E OSRIEFE, TNEESIZEAELEHIN7 e AT
WE— MR HIEHIE .

3.3.19 BZEERRIzMS &R

BERCERFBSLURGBINESHEEEING. SREERERNEMERT, 2
CEZRRHNR B S WAERRE 30%, FATEARIHAHEIIZANFN R LB THE,
EABEERANZE, ARELIENRL. TEHNRCERIEEERA 86 Tr
/ INBT

3.3.20 FEFBZESRRRIALIE
R 8 7 B B T — R R MR AF].
3.3.21 AT%IE

AR IKRE REFOINEMER R THITERE, B2, RiMtATEE
[EFE—REFU QX FRESEBE R, BFFHZARNRTHITERIE. TipdEE
BAXRAMHEERN, MENRESRTERFEREFHE NRNESHERT
RI{E,

3.3.22 S HixtaER NEEEE

WMRBOERFER] EAL 10 FZRHT, BUERNAMXE_SHKRIBEEESE
ZUEMEAN AR EIEWHER] . NRBUEET 2025 F 2 fFiH#T, FitE ATl
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4. BERYIRER

BUIEEE -
HIF Bz AR A e etk HEEE

FEDEBNERNAETCHIT AR ZSKBEBRRNHIRETN.

4.1 BlBlaA R RAREER

— M E&RREREMBENEEIEF IR AR RE ER &R SR SRR
BillmFmPEL, REEENTRE. HIPAE (RIS, FPiE. SHREHRE)
M SMAFEEARBEE. B8 F MR IRNE IR RF AR ERERARR
S BRIREMEAR RS F IR T ICHE:

PRIRIR &, ZEME. SSMARF. WPRRIEE (BEN. PRIRR) « AW
ZEBHEMBESSTARBAFTEZAEE—MREEN S HRBRSUEIED
FHUE, Eit, MARAERNBEMEEK.

4.2 WS FAIE

HRTHIR 2 MRS RARERBURKFRREMNY . RENMIFFAL. XIFEK
BAMNARGHITHAR, BARRAEMZZURDCBSPHRRARESE. WTIHR
MEMERIT, RAVSELEEE] RREITHR SUEFHIEMEEIR&E. A, B
HIFAR, f51an5<hE Cansolv ARIMIHAR, HAWMESHNBEREREZH, THFEH
ShEtE. Bk, BRIMERAEEZTIMIRE.

4.3 [RIKFRALIE
BTG & RIS R B A E S, S E TR RS Bk TR
ROEBE.

4.4 KUK/ BKENERE
BT BB RN AT WKNBERETLRE, BRARETLALBHORME

MEBER.
IR HLRYIE S

—AURBERRFTEABRNIR, XA REEBTEEXREmM. A
RN L RN LHIERE, EZR[RANBRRFBETE / REXXEE
AN, RERRIANOLNZETRIBTHEURFSIERE. XEREE kB
SRGHEITEXR, E2SHREXBRERER. BEEHRREME S5 Fix:
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P ﬁﬁﬁ%ﬁz;ﬁﬂﬂ
¥ 5 —S{hixipsE

BB RPRRIIAIN A 2364. 299 JKEL, 1ZET FiiHF=4 1000 JKF (THA) &
7170 964. 8 JLEL, (THA) A1, | FHEEZEN 3. 52%.

4. 4.1 STHEETEM LR 4 aEaY =20

(ﬁ%%ﬁ@FNs%ﬁ#ﬁ%Mﬁﬁﬁr — M HLR)

KA mIEERN — KA mEERN

w wlr fegommar DACl (B giﬁﬁiﬁﬁ'gﬁ$rgx
pris IR 40% FYZER) BT
PARHI Fm/# 111. 26 111. 26 111. 26 111. 26
ﬁﬁ*ﬁéﬁ)(m& &/ T3 21.25 21.25 21.25 21.25
RRHRED JEH 0. 0057 0. 0057 0. 0057 0. 0057
REHFERER FHE/ TR 7416 9512. 57 9003. 50 8546. 14

PRV ES Bt

B Eﬁtb "2 4547 35.22 37. 21 39.20
i IhE 1000 779.6 823. 68 867. 76



4.4.2 WEREESR: REE] WELBEMEMEE
THIEERR TIREHER.

4.5 FRBLE

T AT SRS UERMERET KK, £ 500 RESMARATBEPE
/MREXRXEERHE. BRBIASRRIERGE FFERREE—, R
FRSERIGIES, (BENERRHME SHRESERE KSR D M.
Y, BRIMERGIGIHFE 18.25 AT RA AR, Eitk” MERFEm, #iT
RO MR R B DN R D . i, ENERALEHEBENEFER]
3 504 SHANHEXEELFINIAUARRIERE -
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5. 3K CO2 AY
EHES AR ISR

5.1 BEFEFEHI
2 S NEEHIIITEE AT, ARSI E BN 21-1 SHS M, L4

SR

5.1.1 ] %% C02 Hi R
HEH ]
KARIT FE EE/FEm A SR
Z b co2 M RFEFEHBNHIT TG, &
THELREY, GETENHES
2. "BYHERE HARTHEBRE=E
T RM—RF| R TIEZEZNAER
HEZRBME (FFREIKE) 3 Ce (XF
HEH) . RTRETEAMMEN
HEREZIN, ENERBHEZKER
(<300m) MEZHSHI BT EER=.

BHNEELELNT:

(1) T"HEMEEco2 #HEBHRN,
BRFAOREE, TEIEEHE CO2 £HiF
TiE,

(2) I REEKFEBINNFEEILEE
WEEEARWCR EFHERH (X
8) » IRTFMIT (MESHHPIS &
fNE) , ERKXHNENHESEY
205Gt €02, EaEmMETH 0. 1426t
C02 FISHEAFEY 16t C02, TEAENTF
300m B9 %K X g, fRSFAITEIRKE
EYFEFESE N 1636t €02, 2 54
2010 FXRB SRHEE (252Mt  C02)
B 600 1%, EtETEILERZKX C02 £
BENEBHE FHC02HEMNE
Ko IMEAEIH CO2 HEBUBERHE
HEE. ()

RIERDFRMIEEM, BHRIIOZMER—M
BEabA X ZRiEER AL BB A B FI Y C02 i
BEHEX (E6) . izXigmiiLy 400
km2, ZKREGE (KERS <200m) , -
THHFGHEEEXR, BEaBEMRES

HE. FRTFHITIZXKBENEHERE L
77 Gt C02, 2 F&E 2010 FRB SR
HERE R 300 215, XEBLETH/IO
B RZHMEH, E—BoELMH
v oy B #4E

(4) CO2 M RFEBNBKIDIER
KBS, 2IFRMIEL CO2HENEE
Fa7K. BRI OZMAREREAREE T )
RSHE, BTXERARMKIREE DT
B, —RRWERTERS (040%) , E
IteFF R CO2 IR hiE & K EREF A KR =
Bik. B2, TEHEHAXRMERE, HHE
&Iz BF AT C02 EAN, ¥
SRKERELEHERAE, ELtLELH
CO2 HENREHINS. TENTERX
EHANHERERIK, BEtkwiiEE
HRKEFEENEBEEFIA. RTEL
A B L TIZRESF AT C02 EAN
HENTITHEEELRERSHERZ
BIsERk, BELtTESESLAEE.

(5) BZANEF B CO2 FHERXE AL
mERMMHMEmERELME, EERAA
3000 km2, 4 RFRiEERE A 9000m L
L, EERFHHBEEHEE, 248
MNMNBGHE, Hb 5 MNHBEEEFX
F, 1 MNEBLEF. BEAREMPERKE
B CO2 BYHES=ERN2"8 Gt €02,
155Gt €02, iZXAKRBEGE (<K30m)
L AEE L. Eitk, ZXEERE
RETERAKT TS €02 T HERMUERERY
BENHEX. ZXiE#T 02 HEMN

(5) ANFE F 9 tEXT 4 J9 58 2L A9 #h 44

Eizn), SFEALGED). RF, B6
R LR EE LT A MR R
#B. HINEAHANTELE B WA
FREMN—NEERR, FHITIEA
A9

FEABAMMNBSICERAMAEBE XY
Co2 BYHEFRE, BEMESMLEX
B SRAMNRIT. XEANZ A EE
FEREXRESHYIBEESBRSLLY
BICO2 & 2. WMIERFFREAMAIE 13-1
KEH, RASHRIEER 97. 85%109
m3, C02 B £ "8%; SHERMNES
1-1 KR5H, XRASRMRIEE R 87%109
m3, C02 & 2 55% 71%. HEFi, MIiX Lk
SHEXEHH C02 (T LEHATFHAE =
o, REBDEZEHIHEIRSS. X5
& C02 IS HEF R REE FEFF & C02
HESHE.

% 8 FEALEEUKE " (6t C02) FWHSMA “ 002 HXE A

HAE CO, i FER (GCO,)

(REY it HENAES E=001 -~ 004, ¥l E=0026 K& [EAGHG009))

HaHGTER (3t B % M 2k iR EWLe | RILO&H Total
i 20.2-809 12 8-633 62.0~2479 110-443 205~835
B 4
ik
B 526 411 161.1 289 544
kR i 202809 35-174 62.0~2479 77~310 163~656
(<300m) ¥ 526 113 161.1 201 373
HYECO,HEHTER (GiCO,)
|, “BE" R Ce012~04, “HE" W Ce~025:
Mt FoE, “BE" HHH Ce047~09, “H{E" B Ce=06; HAWNBERLANEG23IH
BEWB QDNB YGHB PEMB Total
¥, p
i) 0.011~0.035 0.070~0.024 00610205 | 0142-026
ME 4
Bl 0.022 0.015 0.128 0.163
3.013~5.77
13 0.620-1190 | 1300-2490 | 10932003 | 30135
- 3
i}
Bl 0.790 1.660 1.395 3.845
i 3.149-
£l
| 6.016
S| 3097
YA13.1 13 0.055~0.104
U i 0070
DF1.1 ~ | &l 0.087~0.166
0 i 0.111

1] BRHESENERL (BX) HE
RERUGHHERBESR Ce, R
g—%ﬂﬁ’ﬂﬂﬁ)ﬁﬂlﬁﬁﬁﬁ’ﬂBE%IJ
2] BERFRIHSH.

3] AR “SEE” $REEE K P157P8S
B8 “HE” $EHEE7 P50 Y
SIE.

24



5.1.2 j& - JCITECFR
BH &

I"REMAKZHAE €02 T HEM SR
MO HAERIEE, TEEFTHR=F
WX (Ee6) . XEXBIRSHEM
L O R HE A i 2 AL R FF A9 0T
Box %o

ITHENELEREARERS, KXH
RigHiBEP RS CHRELTEN G R,
R B E 2 EEE A 120km | 200km 2.
A (B 6) . BEF&IEM A& IE
WERRGREPHX, 5C SRR F) B 55
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EEN. FEMNMRELFITXEMENR
X, ASEIHR SRS ERR, FEHiR
5CHR,. UACHIRSEHFiaih 2 (8
RIS FNLZSTRY CO2 ik

AMRREL TENIBIEAT REER
2 COUS RSEI HM Rt <. B M IR

1 108 04

HEENTNSFENGK 54
& C02 FF R R A A Fd 3k, LA K F A Bk
dOMBHSHE A LREET R
BAMEEE, BE-CEELESY
J9 170km, %0 [& 6 & #5 & SE % B 7R
TRISFENGET AT EMNHIEE,
EREBERBNEHSIEEHMR2 6 Mt
= 4L C02, IEHIEME N—EEW
&, EATHHGERTE, 1BR
2820m~3000m. #1#5 HI;E N B3R 3=
A, RBRIZHEEMCR HESEIE
N, BRI A EABESSIE R KB #HT
#HE, ALUERELL IME C02/ HFERIER
FEAN20FENEE, YN KEESE
F& FF 20 15 B B9 35 AR A0 2 5% w47 14
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1.Introduction
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1.1 Background for the Study

Guangdong is one of five pilot low-
carbon provinces and the largest
emission trading market in China. Carbon
capture, utilisation and storage (CCUS) is
the only viable large-scale technology to
decarbonise fossil fuel power plants. The
technology is particularly important for
China where more than 80% of electricity
is generated through coal-fired power
plants.

New power plants in China are not being
built with CCS. But design features that,
for moderate additional investment,
could facilitate the subsequent
installation of capture equipment can
help to minimise the risk of a carbon
emission lock-in from these plants. One
example of an approach to achieve this
is the guidance notes released by the
UK Department for Energy and Climate
Change (DECC)' in support of a 2009 UK
policy that all new combustion plants
with a capacity of 300MWe and above
need to be built with a CO2 Capture
Ready (CCR design). See also the
International Energy Agency Greenhouse
Gas Programme (IEA GHG) definition in
Appendix 1. Despite the UK regulations
on CCSR, Australia, Canada, EU and Japan
have its own regulation on CCSR’. China
is also undergoing a study funded by the
ADB on its CCSR regulation.

be proposed, but the level of confidence

with which actual T&S details, at some
distance in the future, can be specified is
less than for the construction scope for
the capture plant and other equipment
lying within the power plant’s direct
control.

In many cases, however, the existence of
multiple potential pipeline routes and
storage sites reduces the risk of none
being available for a particular site. And
at a national level, a CCR power plant
fleet (and other large capture ready
industry emitters) would provide options
for optimising the introduction of a T&S
infrastructure that, at an aggregate level,
would be valuable even when only a
sub-set of sites sources were connected
for CCS.

This study follows on from a major
MoU’signed between institutions in
UK and Guangdong to collaborate on
CCS technologies, in December 2013.
The China Resources Power (Haifeng)
company subsequently appointed the
University of Edinburgh and Guangdong
Electric Power Design Institute to
develop a first-of-a-kind CCR design for
its proposed Haifeng Units 3 and 4 and

Chapter 1

" Carbon Capture Readiness (CCR): a guidance note for Section 36 Electricity Act 1989
consent applications. available at: https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/43609/Carbon_capture_readiness_-_guidance.pdf

°CCS Ready policy and regulations - the state of play. GCCSI.

’ The MoU was signed on 27 Sep 2013 witnessed by the governor of Guangdong province
Mr Zhu Xiaodan and the Minister of State of Climate Change in the UK Mr Gregory Barker.
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the South China Sea Institute of
Oceanology, with assistance from
CNOOC, propose a likely future pipeline
connection to (offshore) storage
and also to indicate the scope for
alternative T&S arrangements should
the former prove to be infeasible. The
project received co-funding support
from the British Consulate General to
Guangzhou, Howden, Shell, through
the Strategic Programme Fund.

The study therefore takes a pragmatic
approach. Decisions to facilitate capture
retrofit are planned to be made at the
only opportunity, when the plant is
being designed and built. The best
available knowledge is being used for the
complementary T&S assessment, but it is
recognised that further work, including
a detailed pipeline route survey and a
full storage site assessment, would be
required to define the full details of a
CCUS retrofit project.

This report covers the following key areas:

e A review of current state-of-the-art and future
potentially disruptive technologies for capturing
CO2 from large combustion plants, and a
description of a potential current-technology CCR
approach at the China Resources Power (Haifeng)

project.

® Assessment of the technical feasibility of
retrofitting the indicative capture method to the
proposed project.
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The identification of possible pipeline
routes to storage locations in the South
China Sea with sufficient capacity to
store CO2 is also underway, led by SCSIO,
and will be in a future report.

1.2 China Resources Power
(Haifeng Project)

China Resources Power is planning
to develop an 8 x T000MW ultra-
supercritical coal-fired power project
(USCPCQ) on the China Resources Power
Haifeng project site near Xiaomo Town,
Haifeng, Shanwei in Guangdong, China.
Units 1 and 2 are in construction and
are expected to be put into operation
in Dec 2014 and Jan 2015 respectively.
China Resources Power is seeking to
expand the existing project and develop
two new coal-fired power units at the
site. The proposed new units ( 3 and
4) are expected to be deliver around
1000 MW electricity output each and
will be known as the China Resources
Power Haifeng Expansion Project.

The project lies on the northwest side
of Red Bay Coastal Zone, in the coastal
monadnock land and tidal shallow zone.
The onshore monadnock is characterised
by undulating terrain, scattered with
low hills and interdune depressions
with an elevation of is 211.0m.

Shanwei City, where Haifeng project
is based, is located just south of the
Tropic of Cancer, and has a subtropical
mild monsoon climate with abundant
rainfall and adequate light and heat.
Table 1.1 below shows meteorological
statistics from the site weather stations.

Chapter 1
Table 1.1 Yearly and monthly characteristics value of various meteoroloqical elements of
the statistics for the Shanwei meteorological station (1953-2003)
Month o
1 2 3 4 5 6 7 8 9 0 N 12 ole
year
[tem
Average

o 14.7 15.2 18.0 21.7 25.1 27.1 28.2 28.0 27.2 244 20.6 16.6 22.2
temperature ('C )

Average
barometric
pressure (hPa)

1019.5 10183 1015.7 1012.6 1008.8 1005.8 1004.9 1004.5 1008.1 1013.4 1017.0 1019.5 1012.3

The average
relative humidity 72 77 81 83 85 86 84 84 79 73 70 69 79
(%)

Min. relative
humidity (%)

Thea"‘f::ie)ra'“fa" 271 534 759 1536 2757 3681 3143 3227 2129 663 357 253 19309
The average wind

) 3.0 3.1 3.0 2.9 3.0 3.3 3.2 3.0 3.1 3.3 3.0 2.9 3.1
velocity (m/s)
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2. Potential CO2 Capture Technologies

2.1 Introduction to CO2 Capture Technology Pathways

There are three major processes to capture CO2 from fossil fuel power plants, as
shown in Figure 2.1:

1.Post-combustion: CO2 is separated from the flue gas using selective solvents.

2. Pre-combustion: the fuel (i.e. coal or gas) is converted into a mix of CO2 and
hydrogen through gasification and a shift reaction and then hydrogen is burned to
generate electricity.

3. Oxyfuel (also called ‘02/CO2 cycle’): the fuel (i.e. coal or gas) is burnt with a mix of
oxygen and CO2 instead of air, which produces a higher CO2 concentration (without
nitrogen) in the flue gas stream, thus making CO2 separation easier. Thereafter, CO2
is removed from the flue gas stream while some separated CO2 is recycled and mixed
with oxygen.

Post-combustion capture is considered as the best retrofit option for pulverised coal-
fired power plants®. Both pre-combustion and oxyfuel technologies would require
substantial modifications of the power plant process and demand significant pre-
investment for a CCR design..

Post-combustion capture Ng. Qg Hy0
Fl
He ga= COy separation \
Fuel Rir » Power & Heat
Pre-combustion capture
F ( Ny, 05, H,0  |co; co,
Gasification er Ha I -
FLg] —fn partial exidation Fowsr & Heat

ahift + GOy separation | Air—» G0 dehydration,
comprassion,

g transport and

J:GQ {Ha Ol

02/C0z recycle (oxyfuel) Fuel p Power & Heat
combustion capture J

t Recycle (CO2 HaO) j

0y

Air separaticn

Figure 2.1 Three main options for CO2 capture from power plant®

'Li, J. & Liang, X.CO2 Capture Modelling for Pulversied Coal-fired Power Plants: a case study of an existing 1GW
ultra-supercritical power plant in Shandong, China., Separation and Purification Technology (2012). 94, p. 138-
145

’VGB Power Tech, 2004. CO2 Capture and Storage: VGB Report on the State of the Art. http://www.vgb.org/
vgbmultimedia/Fachgremien/Umweltschutz/VGB+Capture+and+Storage.pdf
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2.2 Current Commercial Post-
combustion CO2 Capture
Technologies

Current commercial post-combustion
CO2 capture systems almost exclusively
use aqueous amine solvents in a
thermal swing process. Some are
monoethanolamine (MEA)-based,
but new formulations of amines
and alternative types of solvents are
also being developed for improved
performance. Figure 2.2 illustrates a
typical solvent thermal swing process.
The CO2 lean solvent absorbs CO2
in the absorber and is then sent to a
stripper column (desorber). There CO2
rich solvent is heated with low-pressure
steam (typically at 120°C for MEA)
to release the CO2, which is cooled,
compressed and dried. The CO2 lean
solution is then also cooled and recycled
to the absorber.

The current state-of-the-art post-

combustion amine technologies require
oxides of sulphur and nitrogen and dust
in the flue gases to be reduced to very
low levels (typically order 10-30 mg/m3,
but optimum values depend on the cost
of the solvent and specific properties) to
avoid contaminating and degrading the
solvent. A CCR design therefore requires
space to be reserved for installing
additional flue gas desulphurisation
(FGD), selected catalytic reduction (SCR)
and dust removal units.

Following recommended practice a
conceptual retrofit study has been
undertaken as part of the CCR design
assessment. This was assumed to involve
90% CO2 capture from Units 3 and 4
using 30% w/w MEA solvent. It is highly
unlikely that this solvent will be used
in the future, since it is already being
superseded, but property data for MEA is
readily available and it is likely to give a
‘safe’ design margin if improved solvents
are used in the future.

Swam Fpil ——

1—
Condenaria Fatem

Chapter 2

Figure 2.2 Schematic diagram of a basic thermal swing absorption process for solvent CO2 capture®

5Herzog, H., Meldon, J., Hatton, A., 2009. Advanced Post-combustion CO2
Capture. https://mitei.mit.edu/system/files/herzog-meldon-hatton.pdf
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2.3 Novel Post-combustion CO2 Capture Technologies
Merkel et al. [7] propose a hybrid solution including a refrigeration

stage integrated into the compression of the CO2 up to 150 bars.
The material suggested for the membrane modules is PolarisTM
and simulations are run integrating countercurrent and cross-flow

Solids or membrane capture are alternative post-combustion capture technologies
that might prove advantageous for capture in the longer term and therefore be
retrofitted to a CCR plant in a longer term. One option being developed for solids
capture is 'wetting layer absorption' (WLA) - see Boxes below.

35

From Martin Sweatman, Reader, University of Edinburgh, UK

In 'wetting layer absorption' (WLA) a porous material is used to
support liquid-like regions of absorbing solvent, which in turn
absorb the gas of interest, in this case carbon dioxide. So this
process is based on a kind of 'impregnated sorbent’. However, one
of the key and novel aspects of this work is that the absorbing
solvent can have any partial pressure below its saturation pressure.
Here the focus is on a process involving chemical solvents,
namely kinds of amine. The main objective, at the moment, is to
demonstrate the technical feasibility of the WLA process based on
chemical solvents in the context of carbon capture.

From Bocciardo, D.; Ferrari, M. C.; and Brandani, S. Modelling and
Multi-Stage Design of Membrane Processes Applied to Carbon Capture
in Coal-Fired Power Plants. Energy Procedia. Vol. 37, pp 932 - 940. 2013.
DOI: 10.1016/j.egypro.2013.05.188

Membrane gas separations are already applied for processes like
natural gas sweetening and production of oxygen-enriched air
and they have the potential of playing a competitive role in second
generation carbon capture technologies. Thanks to strengths
such as absence of regeneration apparatus, modularity and small
footprint, they may represent an alternative to other carbon
capture solutions for coal-fired power plants. Zhao et al. [5] propose
a study of the possible dual-stage configurations including a
detailed economic and energetic analysis based on countercurrent
stages, starting from the flue gas of a coal-fired power plant. An
optimal membrane CO2/N2 selectivity (in the range 50 + 100) is
identified and a capture cost of 31 €/tCO2 is estimated.

A similar approach can be found in the work of Hussain and Hagg
[6]: a dual-stage countercurrent investigation based on facilitated
transport membranes is presented, including an economic
evaluation of the capture costs. Considering a value for the Gas
Processing Cost (GPC) of 1.5 $/MSCF typical for amines, a cost of 0.85
$/MSCF is estimated for membranes.

stages. A new configuration involving the recycle of part of the
CO2 to the boiler is investigated: the identified capture costs are
23 $/tCO2. The possibility of recycling the CO2 to the boiler is also
investigated by RTI [8, 9] focusing on the Generon polycarbonate
high flux membrane: a capture cost of 30 $/tCO2 is reported.

5. Zhao, L., et al., Multi-stage gas separation membrane processes used in post-
combustion capture: Energetic and economic analyses. Journal of Membrane
Science, 2010. 359(1-2): p. 160-172.

6. Hussain, A. and M.-B. Hdgg, A feasibility study of CO2 capture from flue gas by a
facilitated transport membrane. Journal of Membrane Science, 2010. 359(1-2): p.
140-148.

7. Merkel, T.C., et al., Power plant post-combustion carbon dioxide capture: An
opportunity for membranes. Journal of Membrane Science, 2010. 359(1-2): p. 126-
139.

8.. Ramasubramanian, K. and W.S.W. Ho, Recent developments on membranes for
post-combustion carbon capture. Current Opinion in Chemical Engineering, 2011.
1(1): p. 47-54.
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3. Carbon Capture Ready
Conceptual Retrofit Study
for CRP (Haifeng) Units 3 and 4

3.1 Introduction

This section describes how an MEA-based the CO2 capture plant (CCP) could be
retrofitted to the proposed China Resources Power (Haifeng) project Units 3 and 4
after the FGD plant. The current power plant parameters are shown in Table 2-4.

Units 3 and 4 boilers are ultra-supercritical, variable pressure operating once through,
single reheat, tangential or opposed wall firing, flue gas damper control reheat steam,
balanced draft, dry bottom, completely steel structure, and hanging construction, I
type, outdoor arrangement. A plasma ignition system is used.

Units 3 and 4 adopt a direct firing, medium speed mill, positive pressure cold primary
air, pulverized coal system. There are 6 sets of mills, and 2 sets of adjustable moving
blade axial flow primary air (PA) fans, 2 sets of adjustable moving blade axial flow
forced draught (FD) fans and 2 sets of adjustable fixed blade axial flow induced draft
(ID) fans (steam turbine driven) are mounted for each boiler. The FGD resistance is
overcome by an ID fan, with no extra booster fan.

Other parameters relevant to the retrofit analysis for CRP Haifeng Units 3 and 4 are as
follows.

Design Fuel: Ordos bituminous coal, LHV=21250 kJ/kg
Fuel heat input of each unit: 2364.3MW

Particulate removal unit: 2 sets ESP (three chambers five electric fields) are provided
for each unit, collection efficiency n>99.75K

SCR system: Selective Catalytic Reduction, efficiency is about 80%
FGD system: Limestone-Gypsum Wet FGD, efficiency is about 94%

The features of a USC PF boiler and auxiliaries for post-combustion CCR are not
noticeably different from a conventional air-fired USC PF boiler. The essential system
and equipment requirements for the construction of USC PF boilers as CCR plants to
utilize post-combustion capture technology are outlined below:

1)None of the combustion equipment, pressure parts, air heater, boiler combustion
equipment (mills, burners), all pressure parts and the regenerative air pre-heater
requires any modifications for CO2 capture retrofit with an amine scrubber and hence
no essential capture-ready requirements are foreseen.

Chapter 3

Table 3-1 The boiler major parameters (BMCR)

Item Unit Value

The outlet pressure of
superheater

The reheat steam flow t/h 2566

The inlet temperature of
reheater

The outlet temperature of ‘C 603
reheater

The minimum stable load 30% BMCR
without auxiliary fuel support

The condensing type turbine design for CRP Haifeng Units 3 and 4 is characterized by
four cylinders and four exhausts, single shaft, and single reheat.

Rated power: 1000MW

Rotating speed: 3000 r/min

Regenerative system: three HP heaters, four LP heaters and one deaerator
Guaranteed heat rate: 7416 kJ/kW.h(tentative)

The tentative major turbine parameters are shown in Table 3-2:
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Table 3-2 The turbine major parameters (TMCR)

Table 3-3 Coal properties for the CRP Haifeng plant

The properties of the coal for the CRP Haifeng plant are shown in Table 3-3.

3.2 Plant configuration option

For optimum performance the USCPC plant would be able to be fully integrated with
the CCP, supplying its auxiliary heat and power requirements, and this approach has
been investigated in this study.

The design principles for the conceptual retrofit of the CRP Haifeng Power Station
Units 3 and 4 with CCR designs are as follows:

1)CO2 capture plants (CCP)

Each unit will be associated with a train of capture units; therefore, two trains of post-
combustion capture units are planned at this stage. Each capture unit is described in
this report.

For a single boiler/turbine unit with the capacity of T000MW, the BMCR flue gas
volume is 3252839Nm3 / h (dry). CO2 concentration is 13.3% with 826.6t/h of CO2
entering the capture system. The designed capture rate is designed at 90%, and the
total amount of CO2captured will be 743.9t/h for the design coal.
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Unit: t/h Design Coal Verification coal
CO2 from combustion 8233 758.6
CO2 from FGD 33 2.86
Total CO2 entering capture 826.6 761.5
system
0,
Captured CO2 (90% capture 743.9 635.3

"Average

operating hour
is around 6000
hours per year.

rate)

2)Solvent selection

As noted, MEA has been assumed as the solvent. But the concept for a post-
combustion capture ready design allows the possibility to either, a) upgrade to a better
performing solvent at a later stage, or b) switch to a solid adsorbent or membrane
unit if the technology were to become available. Selecting MEA for the base case
scenario probably reserves the maximum possible space and heat requirement for
the future capture plant.

3)The flue gas bypass system will be designed for power plant flexibility operating in
future electricity markets.

4) The CCS system is designed to be utilised 6500h’ annually, which is the same as the
designed utilization hours for Units 3 and Unit 4.

3.3 Plant Modification and Site Requirements

The following discussion (within section 3.3) is based on the retrofitting option
outlined above. Following a conservative approach, the retrofit estimates will be
based on a CCP applying current state-of-the-art MEA technology. The CCR design
considers capturing CO2 from Units 3 and 4. The extra site and space requirements
will be reserved and kept available until more cost effective CO2 capture technologies
with less space requirements are commercialised or the regulator (e.g. Guangdong
Development and Reform Commission, GDDRC) advises that less space is required for
CO2 capture retrofit.

3.3.1 The proposed capture process in the retrofitted CO2 capture
ready plant

1) CO2 capture system

After the FGD units the clean gas of Units 3 and 4 will enter the CO2 capture plant.
The clean gas pressure is then boosted by a booster fan, in order to overcome the
pressure losses within the plant. This fan is shown at the inlet to the CCP but following
detailed design it could be located at other points in the plant.
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After entering the pre-scrubber for cooling and cleaning pre-treatment, the flue
gas is further scrubbed and cooled by the cooler, then flows up the absorber with a
counter-current flow of MEA solvent down. The absorber is equipped with structured
packing to enhance mass transfer to the MEA solvent with minimum pressure drop.
At the top of the absorber there is wash and demister section to minimise solvent
carryover before the clean flue gas is emitted from the stack. The amine solution, rich
in CO2, is transferred to the stripper column, in which the solution is heated with low
pressure steam to release the CO2 from the solution. The stripped amine solution is
then recycled back to the absorber®.

At the top of the stripper, the vapour stream, comprising a mixture of steam and CO2,
is cooled to condense the water vapour and to leave the CO2 available for compression
and for subsequent sequestration by the pipeline transportation.

The solvent in the desorber is collected in the sump. A portion of the solvent is
pumped into the reboiler to generate steam for the removal of CO2. The solvent and
steam mixture is then returned to the desorber.

In order to regenerate the solvent, the CCS system has a recovery system. By adding
NaOH and heating the solvents, stable salts will be removed and the solvent will be
regenerated for reuse.

From the sump of the desorber, most of the lean solution is pumped back to the
absorber. Before entering the absorber, the solvent is cooled in the cross flow heat
exchanger and the MEA cooler. In order to clean the solvent, mechanical filters and
activated carbon filters are provided after the MEA cooler’.

This system will capture approximately 90% of CO2 for Units 3 and 4. For a detailed
CO2 capture system flow chart, see Figure 3-1.
_Coal Input Boiler E o

L
oscoue,
TRkl i SEEE .

------

111111

‘‘‘‘‘‘

Compression
Plant

Capture Plant

®Xu Shisen , Gao shiwang. capture , utilization and storage technology of CO2 in Coal-fired power plant [J]. Shanghai Energy
Conservation, 2009, (9) : 9-13.

°IEA.CO2 capture and storage -a key carbon abatement option [R]. Paris, France: IEA / OECD, 2008.
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"°Same as
footnote 6.
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2)CO2 compression systems

The captured CO2 will to be liquefied by compression and cooling for subsequent
storage.

The first step is to raise the pressure of the CO2 to 20 bar with one compressor, and
then to cool to 40 °C . The second step is to dry the CO2 and increase the pressure
to 110 bar by another compression stage. Finally, the pressure of the CO2 is raised to
110 bar for transport to the storage site by pipeline'® or ship at the early stage.

CO2 transport and storage will be covered in other reports.

3.3.2 Space Requirements

The prime requirement for building a CCR PF power plant utilising post combustion
capture technology is the allocation of sufficient additional space at appropriate
locations on the site to accommodate the additional CO2 capture equipment and
make critical connections. A further requirement is to allow for extensions to balance
of plant equipment to cater for any additional requirements (cooling water, auxiliary
power distribution etc.) for the capture equipment. Space will be required for the
following:

1) CO2 capture equipment.

2) Boiler island additions and modifications (e.g. space for routing a flue gas duct
between the ID fan and the amine scrubber).

3) Steam turbine island additions and modifications (e.g. space in the steam
turbine building for routing a large low pressure steam pipe to the amine stripper
unit).

4) Extension and addition of balance of plant systems to cater for the additional
requirements of the capture equipment.

5) Additional vehicle movements (amine transport etc.).

6) Space allocation based on hazard and operability (HAZOP) management
studies, considering storage and handling of amines and handling of CO2.

The space requirements are also discussed under individual system and equipment
requirements.

The area reserved for the CCS system for Units 3 and 4 is divided into two parts: the
absorption area and the pressurization area. Two sets of capture/compression CO2
capture equipment will be needed for this project. The total area of one single set of
CO2 capture equipment is 13000 m2.
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Figure 3-2 Layout of CO2 ready-plant for Unit 3 and 4 (Possible retrofitted site is highlighted in yellow)

3.3.3 CO2 Absorption

The cooled flue gas, with CO2 content of 13%, is ducted to CO2 absorbers and the
CO2 is removed from the flue gas by passing the gases up the absorber against a
counter flow of 30% MEA solution. The absorption area for Unit 3 is located in the
open space on the south side of the chimney, with an area of approximately 7000
m2 (the length is 87.5m, the width is 80m); The absorption area for Unit 4 is located
in the open space on the south side of the absorption area for Unit 3, with an area of
approximately 7000 m2.The dimensions of the absorber for each of the 2 x 1GW units
will be approximately 22 meters in diameter. There is also the possibility to build a
cuboid absorber out of concrete with a size of 19m*19m in order to lower the cost for
the absorber.
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Calculation for Absorber size
The quantity of CO2 capture per day (M, tonne/day) is given by equation
(3-1) as below.
M=F*E*C (3-1)
Where F = the total fuel consumption (tonne / day)
E = CO2 emission factor (tonne CO2 / tonne fuel)
C = Capture efficiency
Therefore,
M=F * E * C=375%1.99¥90%%*24= 16,119 tonne / day
The estimation of absorber diameter is based on equation (3-2).
D= A*sqrt[te/d/%CO2], where the absorber diameter (D, meter),
A=0.62 for 13% CO2, Te/d=tonnes/day of CO2 recovered
%CO2 = volume of CO2 in flue gas before cooling
Therefore,
D =0.62*sqrt [16119/13]= 21.83 metres (3-2)

The total area of the absorber is 305m2 and the calculated height is 45meter, with SS
steel.

The pressurization areas for the two units are located on the south side of the
absorption areas, with an area of 12000 m2 (the length is 120m, the width is 100m).
The possible area for future retrofit is highlighted in yellow in Figure 4. From the
analysis of the current master plan, the area is available to meet the space needs
of the CCS systems. As carbon capture technology develops, in the detailed design
phase it might be possible to reduce the required area.

3.3.4 Gas path system

1) Inlet Air system: CO2 capture retrofit with amine scrubbing does not call for any
changes to the combustion air system of the boiler and no essential capture-ready
requirements are foreseen in this system. In addition, the forced draught (FD) fans
and the primary air (PA) fans do not need any modifications for CO2 capture retrofit
with amine scrubbing.

2) FGD system: As a minimum space for installing new duct work to enable
interconnection of the boiler flue gas system with the amine scrubbing plant and
provisions in the ID fan discharge duct work (for tie-ins, addition of bypass dampers,
isolation dampers) will be required. These are discussed below:

a) For PF power plants with modern advanced FGD, normally no additional
requirement is foreseen to meet the amine scrubber SOX level limits.

b) If the original FGD plant design and construction allows mechanical or
chemical enhancement in the future to meet the amine scrubber SOX level
limits, no essential capture-ready requirement is foreseen in the flue gas
system.

¢) If the original FGD plant design and construction do not allow mechanical
or chemical enhancement, then an FGD polisher to meet the amine scrubber
SOX level limits will be required. The ID fan may not be able to accommodate
the additional pressure drop introduced by the FGD polisher and a booster
fan or reform of ID fan may be required. Hence space to install the booster fan
or reform the ID fan and associated duct work and provisions for tie-ins shall
have to be considered.

The CRP plant is likely to fit the c) scenario above, where another stage of chemical
scrubbing is required, but any potential ID fan problem can be resolved at the
equipment purchase stage.

For power plants without any FGD measures: space at an appropriate location for
installing a FGD plant along with connecting duct work and space to install the
booster fan or reform the ID fan would be essential.

The original FGD plant design and construction for CRP Haifeng Units 3 and 4 allows
mechanical or chemical enhancement in the future to meet the amine scrubber SOX
level limits, so no essential capture-ready requirement is foreseen in the flue gas
system.

3.3.5 Steam Extraction

CRP plants retrofitted with post combustion based capture systems will extract up
to 50% of the steam from the IP/LP cross-over pipe for amine solvent regeneration
as shown in Figure 3-1 (heat flow indicated by a red arrow for illustration purpose).
The pipe should have provisions to accommodate the required valves and tie-ins in
the turbine building. Furthermore, due to the major flow reduction in the LP section,
it should be reformed to meet the requirement to extract steam, and the power
produced by the turbine will reduce. As the steam supply flow from the IP/LP cross-
over pipe will be reduced when the load is low, during the turbine selection stage
the available steam supply and the requirements of carbon capture system should be
considered in detail to meet the steam requirement at varying loads.

The steam parameters from the IP/LP cross-over pipe for amine solvent regeneration
is tentatively: 0.608MPa (a), 368 °“C ''. A pressure control valve and spray
desuperheater (using reboiler condensate) will be used to regulate steam pressure
and temperature to meet CO2 capture requirements.

""The pressure can be reduced to
0.9MPa.
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3.3.6 Electricity Supplies

The carbon capture system will require a significant expansion of the auxiliary power
system of the CRP Haifeng Power Station Units 3 and 4. The expansion project needs
to consider the following factors:

1) Adding and making space for 10kV and 380V auxiliary transformers

2) Adding and making space for 10kV and 380V switchgear for the new power loads,
feeders and MCC;

3) Adding and making space for bus bar, cable and cable tray for the new auxiliary
transformers, switchgears and power loads.

4) Adding a DC power system to provide control and protection power for the new
auxiliary transformers and switchgear. Also adding an AC UPS system for a CO2

Furthermore, provision and space should
be kept in the steam turbine island
to enable routing of the new large LP
steam pipe between the steam turbine
and amine scrubber plant reboiler.
This should consider the following as a
minimum:

1) Provisions in the steam turbine

building, building pipe racks and
building support structures to enable
routing and supporting the large steam
pipe work.

2) Provisions in the steam turbine and
plant steam piping drain systems to
handle additional drains from this new
pipe work.

3.3.8 Waste Water Treatment and Desalination plant

No essential capture-ready requirements are foreseen, as the demineralised water
requirement is not expected to increase after the CO2 capture retrofit.

Capture-Ready control system.

5) Adding control and protection and power switch equipment for the new auxiliary

transformers and switchgear.

3.3.7 Cooling Water System

Units 3 and 4 of Haifeng power plant
will be equipped with a once through
sea water cooling system. The cooling
water is taken from the harbour
basin to the west of the plant, and
discharged after heat exchange to the
sea area to the northeast of the plant.
Temperature change is between 50C to
8 oC depending on season. After CO2
capture retrofit, up to 50% of steam
will be extracted from the low pressure
sections of the IP-LP turbine crossover.
Consequently, there will be a decrease
in the heat rejection in the condenser.
The condenser cooling water flow may
therefore be reduced, with the balance
being diverted to CCP cooling duties, or
alternatively the condenser flow may be
maintained in order to reduce condenser
pressures and some of the water then
be diverted to the CCP. Since much of
heat rejection in the CCP is at elevated
temperatures it may not be necessary to
increase cooling water flows if it can be
returned to the sea slightly hotter.

An eight stage regenerative extraction
system will be adopted for CRP Haifeng
Units 3 and 4. Three HP heaters, four LP
heaters, one deaerator and one sealing
heater will be provided.

After heat exchange in the carbon
capture system, steam from the IP/LP
cross-over pipe will change to saturated
water, which will be returned to the main
steam cycle.

To facilitate the above, a capture-ready
plant should consider the following for
low grade heat recovery:

1) Provisions in the water steam cycle
enabling bypass of the required number
of condensate feed water heaters.

2) Provisions for process integration with
the amine scrubber plant (e.g. provision
in the condensate pipe work in the LP
heater area for admission of condensate
from the amine scrubber).

The amine scrubbing plant along with flue gas coolers and an FGD polishing unit (if
appropriate) necessary for post combustion CO2 capture will result in the generation
of additional effluents. This means provision should be made for the amine waste, e.g.
storage and transport offsite, or treatment and recycling may also be required. Hence,
the waste water treatment plant area should have space for expansion and provisions
for integration with the additional treatment stream(s) to be installed during the CO2
capture retrofit.

3.3.9 Fire System
A fire fighting and fire protection system will be introduced to the CCS system.

3.3.10 SCR

NOx produced from coal firing is mainly NO and with up to 5% NO2. NO does not
react with amines, but NO2 does. NO2 concentration of around 40 mg/ Nm3 (@ 6%
02 v/v dry) is considered acceptable for further processing of the flue gas in an amine
scrubbing plant.

The design phase of the feasibility study for Units 3 and 4 of CRP Haifeng Power
Station envisaged incorporating in-furnace NOx control measures (low NOx burners,
two stage combustion air systems) and post combustion SCR measures with the
denitrification efficiency of 90%, to limit NOx to the Chinese emission standard for
pollutants from thermal power plants (GB13223-2011) FGD of 100 mg Nm3 @ 6%
02 v/v. The NO2 concentration is expected to be about 35mg/Nm3 at the FGD inlet
and lower still at the wet FGD outlet (NO2 can be part-captured in a wet FGD). For
this project, the post combustion SCR equipment and wet flue gas desulphurisation
(WFGD) should reduce the NOx concentration to required levels.

Hence no essential capture-ready requirements are foreseen.
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3.3.11 Dust Removal

A conventional PF power plant is normally fitted with an electrostatic precipitator
(ESP) or bag filter depending upon the coal quality to meet the particulate emission
level limits imposed by environmental regulations (30 mg/Nm3 @ 6% O2 v/v dry).
2 sets of ESP (three chambers - five electric fields) are provided for each unit in CRP
Haifeng Units 3 and 4; the efficiency is tentative believed to be 99.75%.

During capture retrofit, to meet the amine scrubber flue gas inlet quality
requirements (5~10 mg/Nm3 @ 6% O2 v/v dry), the feasibility of and space for a
reforming dust remover should be considered. Normally, replacing the original ESP
with a bag filter or adding a wet ESP can meet the above dust requirement, hence the
impact of reconfiguring on the flue gas duct and ID fan should also be considered.

3.3.12 Flue Gas Desulphurisation

SO2 concentration in the flue gas limited to the order of 10 to 30 mg/Nm3 (6% 02
v/v dry) will be required to avoid amine degradation. This requirement imposed by
the amine scrubber, is very much lower than the emission levels imposed by current
Chinese environmental regulations i.e. the emission standard for pollutants from
thermal power plants (50 mg/Nm3 t @ 6% O2 v/v dry ).

This project uses limestone-gypsum WFGD. Unit 3 and Unit 4 have already been
covered. The desulfurization system can be designed with sufficient space set aside so
that as the desulfurization efficiency improves in the future, the outlet concentration
can reduce to 10-30 mg / m3 standard (at 6% O2 v/v dry).

In order to adapt the plant for extreme operating conditions, as well as to provide
cleaner flue gas for CCS to save the absorber MEA consumption, (and therefore
reduce the operating investment), we are consider adding NaOH solution to the gas
pre-treatment device for further absorption of SO2. This will also have the effect of
reducing the concentration of NO2 and dust in the flue gas.

3.3.13 Chemical Dosing and Storage

As there are no differences in the requirements before and after CO2 capture retrofit
in the condensate and feed water chemistry, no capture-ready requirements are
foreseen in the chemical dosing systems. With process integration after the addition
of capture equipment, monitoring of condensate water quality at the outlet of heat
exchangers is foreseen, as part of the heating of the condensate will be undertaken
by the amine scrubber plant overhead condenser. However, this is not foreseen as an
essential requirement.

3.3.14 Control system

To ensure safe and reliable operation, the CO2 capture system will be equipped with a
control system and field instruments, which can communicate with the plant control
system.

The level of automation expected to be reached is as follows:

1) With checks and assistance from a few local staff, the system could be started, shut
down, monitored and controlled in the control room.

2) Operators can supervise the operating conditions of the system and control most
actuators via LCD/keyboard. If necessary, remote manual control functions will ensure
safe and economic operation.

3) Optimal design of the modulation and sequence control systems reduces the work
for operating staff. Under abnormal operating conditions, interlocking protection
control systems can put corresponding systems or equipment into or out of service
so that the system can operate or shut down safely.

In order to reach such an automation level, space for a control room and an electronic
equipment room must be reserved next to the CO2 capture system.

3.3.15 Additional pipe work

Installation of additional pipework after retrofit will be required due to the use
of a large quantity of LP steam in the amine scrubbing plant reboiler, return of
condensate into the water-steam-condensate cycle, and process integration of
capture equipment with the water-steam-condensate cycle. Additional pipework
broadly includes:

® A large LP steam pipe between the steam turbine and reboiler.

® Reboiler condensate return piping between the reboiler and the LP
heater area.

® Water-steam-condensate piping between the amine scrubbing plant
reflux condensers and the LP heater area.

® Drain piping from the large LP steam pipe to the reboiler.

® Cooling water piping to the flue gas cooler and CO2 compressor inter
cooler(s).

To accommodate the above pipe work, the capture-ready plant should have space
at appropriate locations (in particular the steam turbine building) to route the new

piping.
3.3.16 Other plant infrastructure

The following basic requirements need to considered in relation to other
infrastructure:

1) Space at appropriate zones to widen roads and add new roads (to handle
increased movement of transport vehicles),
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2) Space to extend office buildings (to accommodate additional plant personnel
after capture retrofit)

3) Space to extend stores building are foreseen as essential requirements.

Consideration should also be given to how, during a retrofit, vehicles or cranes will
access the areas where new equipment will need to be erected.

3.3.17 Compressed Air

Two extra compressed air required will be provided by the existing compressors on
sites.

3.3.18 Control and Instrumentation

Most modern control systems will be replaced every 15 years. If it is likely the power
plant will be retrofitted after 15[ The retrofit time is subject to change with operation
condtions.] years, no current input is required. If the anticipated time to the retrofit
time is less than 15 years, a separate controlling window or software package
designed specifically for the capture plant should be considered. Extra space should
also be allocated in the control room or a separate control office provided onsite.

3.3.19 MEA deliveries and Storage

It is assumed that MEA will be stored onsite in a concentrated state. When fresh
solvent is required, the MEA will be diluted to around 30% for carbon capture. We
have not estimated how much MEA is required for the capture process, as when
technology improves, the quantity will tend to reduce. The MEA consumption rate is
calculated to be 86kg/h.

3.3.20 Handling of Waste MEA

Waste MEA will be taken away to a waste chemical treatment company.

3.3.21 Staff Management

The capture plant staff should be managed by CRP under the power plant safety
rules. However, there is a possibility that a specialist company will run the capture
facilities, and provide their own staff. No matter which operating method CRP aims
for, all staff on the ground should follow the site rules from CRP.

3.3.22 CO2 Capture Plant Contract

The CO2 capture plant is proposed to be managed by specialist company that has
experience on CO2 within the region if the retrofit will happen within 10 years of the
construction of the power plant. If the retrofit happen after 2025, it is expected some
level of confidence against operating CCS plant will be gained by the power industry,
then managing the power plant internally will be recommended.

4. Possible Pre-Investment Options:
Post Combustion Amine Scrubbing

Technology based CO2 Capture

This section discusses the power plant and the investment impact of the carbon
dioxide capture unit from a qualitative point of view.

4.1 USC PF Boiler and Auxiliaries

The features of a USC PF boiler and auxiliaries with post-combustion capture-ready
are not noticeably different from a pulverised coal air-fired USC PF boiler. The boiler
proper (combustion equipment, furnace, convection heat transfer surfaces) and air
heater are essentially the same. The essential system and equipment requirements for
the construction of USC PF boilers as capture-ready plants to utilize post-combustion
capture technology are outlined below:

None of the combustion equipment, pressure parts, air heater, boiler combustion
equipment (mills, burners), all pressure parts and the regenerative air pre-heater
requires any modifications for CO2 capture retrofit with an amine scrubber and hence
no essential capture-ready requirements are foreseen.

4.2 Flue Gas Pre-treatment

Most of the current carbon capture technology requires low SOx, NOx and particle
level. This will require either an upgrade to the new system, or additional equipment
to reduce the impurities level in the flue gas. For this capture ready design, we will
aim at adding additional equipment when CRP is going to retrofit the plant in the
future. And some technology, for example, Shell Cansolv technology, does not need
additional scrubbing before the capture plant to reduce SO2 contents. Therefore, no
additional investment is required at this stage.

4.3 Raw water pre-treatment plant

Space and investment shall be considered in the raw water pre-treatment plant area
to add additional raw water pre-treatment streams, if required.

4.4 Demineralisation / Desalination Plant

No essential capture-ready requirements are foreseen, as the demineralised water
requirement is not expected to increase after CO2 capture retrofit.
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4.4 Selection of steam turbine

The CO2 capture system needs a large amount of extracted steam, and has a great
impact on the efficiency of the turbine. From preliminary data provided by the
turbine factory, the steam can to be extracted from IP/LP cross-over pipe for amine
solvent regeneration, and a throttling regulating valve in the LP turbine inlet should
be installed to make the pressure stable. Hence the operating requirements of CO2
capture system can be achieved, but the efficiency of LP section will reduce. The CO2
capture steam extraction system is shown in Figure 5:

pusys
# ]| AR

.@ h 4

reboiler -

added for capture

Figure 5 CO2 capture steam extract system

With 2364.299MW fuel heat input for each unit, the power plant is estimated to
generate 1000 MW (THA) gross power and 964.8 MW (THA) net power. Auxiliary
power rate is 3.52%.

4.4.1 Impact on capture-ready PF power plant performance

Table 5 Impact on plant performance
(Conventional vs capture-adopt PF power plants, one unit)

4.4.2 Equipment Configuration difference: conventional vs capture-
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Table 6 Equipment List (conventional vs capture-ready PF power plants)
The list below shows the modification for the equipment.

ltem Conventional PF power plants Capture-ready PF power plants

Original ESP should be reformed to bag

. . : 0
Particulate Removal Unit ESPefficiency>99.75% flter or add wet dust collector

The additional water-steam-condensate
Basic standard and civil system will increase the
investment.

Water - Steam - Condensate
Cycle

4.5 Summary of Results

For PF power plants retrofitted with post combustion based capture systems, up
to 50% steam will be extracted from the IP/LP cross-over pipe for amine solvent
regeneration. While the boiler burns the same amount of fuel, the turbine heat rate
will increase but the power output of turbine and the gross plant efficiency will
reduce due to the reduction of flow in the LP section. At the same time the CO2
capture system will consume 180MW auxiliary power, so the auxiliary power rate
will increase and the power supply will reduce for Capture retrofit PF power plants.
Furthermore, additional space, and device reforming should also be considered for
Capture retrofit in CRP Haifeng Units 3 and 4.
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5. CCS capital

and future operating cost estimate

5.1 Capital Cost

It is estimated that there would be a 27% increase in the capital cost in HR Power
Haifeng Units 3 and 4 if CCS is retrofitted, including the cost of the CCS plant and
modifications to the existing system.

Table 7 Estimated Impact of CCS retrofitting on capital cost of HR Power Haifeng Units 3 and 4

Capture- adopt PF
power plants (extract
almost 50% steam)

Conventional PF power

ITEM UNIT
plants

Unit Cost Yuan/kW 3689 4658

5.2 Operating Cost

According to the engineer’s input and relevant research, the operating costs of
carbon capture for CRP Haifeng Unit 3 and 4 is approximately 275 Yuan/tCO2,
which includes manpower, management and maintenance costs, house power and
chemicals consumption, and water processing fees, etc.

5.3 Opportunity Cost

The opportunity cost of CCS plant refers to the lost sales revenue of the electricity,
which could otherwise be produced using the steam consumed by the CCS plant.
Assuming 50% steam consumption from the LP, the output of Haifeng Units 3 and
4 would slide from 2000MW to 1559.2MW. Though partially offset by the increased
working hours, lost electricity sales would still amount to 894.87 million Yuan
annually. Thus, the opportunity cost of CO2 capture is estimated at 95.67 Yuan/tCO2.
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5.4 Conclusion

1XSince the first commercial scale CCS post combustion coal-fired power plant will
start operation in Oct 2014, and there is no experience of CCS applied to a T000MW
unit anywhere in the world, this research is theoretical. The research aims to provide a
simple solution for large scale coal fired power plants to be built capture ready.

2XFrom our research, post combustion CCS technology using amine solution as
the absorbent has the greatest potential for CRP Haifeng power plant Units 3 and 4
in the next 3-5 years. However, this technology has problems, such as high energy
consumption and a large investment requirement. More research needs to be
made on new absorbents with low energy consumption in future to develop more
advanced absorption amine processes, as well as alternative technologies. All of the
assumptions in this report is on post-combustion amine capture.

3X¥Making plant CCR can reduce the carbon lock-in effect of newly built power plants
at low cost and make a stable transition to CCS realizable. It is a no risk policy choice
with less than 1% increase in capital investment in the next 10 years. Guangdong
should actively carry out research on CCR technology, develop CCR demonstration
projects, and draft relevant policy for CCR for large new-build power plants.

4KAs the major producer of CO2 emissions, the power industry is the key area to
implement CCS in the future. Therefore, Guangdong should attach importance to R&D
of CCS and set up and design a post combustion CCS demonstration project as soon
as possible, to accumulate experience of CCS application in Guangdong’s thermal
power plants and promote technical progress of reduction of China’s greenhouse gas
emissions. For China Resource Power, the need to spread out awareness of the CCS
technologies to its power, natural gas and cement sector is also discussed with the
management level within the company.
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Appendix1 Definition of CCSReadiness

At the request of the Gleneagles G8 summit'®, the International Energy Agency
Greenhouse Gas Programme (IEA GHG) “published a study which identified the
following key elements for CCR power plants:

>A CO2 capture ready power plant is a plant which can include CO2 capture when
the necessary regulatory or economic drivers are in place. The aim of building plants
that are capture-ready is to reduce the risk of stranded assets and carbon lock-in.

>Developers of capture ready plants should take responsibility for ensuring that all
known factors in their control that would prevent installation and operation of CO2
capture have been identified and eliminated. This might include:

>A study of options for CO2 capture retrofit and potential pre-investments
>Inclusion of sufficient space and access for the additional facilities
>ldentification of reasonable routes to storage of CO2

>Competent authorities involved in permitting power plants should be provided
with sufficient information to be able to judge whether the developer has met these
criteria.

Since the IEA GHG definition was adopted, a number of studies have been conducted
to investigate the engineering requirements of CCR", its economic and political
feasibility'®. In 2010, building on the IEA GHG CCR definition, a joint IEA/CSLF/GCCSI
meeting and subsequent working party prepared an internationally-agreed definition
of CCSR, with an initial summary as follows:

“A CCSR facility is a large-scale industrial or power source of CO2 which could and
is intended to be retrofitted with CCS technology when the necessary regulatory
and economic drivers are in place. The aim of building new, or modifying existing,
facilities to be CCSR is to reduce the risk of carbon emission lock in or of being unable
to fully utilise them in the future without CCS (stranded assets). CCSR is not a CO2
mitigation option, but a way to facilitate CO2 mitigation in the future. CCSR ceases to
be applicable in jurisdictions where the necessary drivers are already in place or once
they come in place.”

Gs, Gleneagles Plan of Action, Gleneagles, 2005. http://www.fco.gov.uk/Files/kfile/PostG8_Gleneagles_
CCChangePlanofAction.pdf

" CO2 capture ready plants, technical study 2007/4, International Energy Agency Greenhouse Gas R&D Programme (May,
2007) English version available at: http://www.iea.org/papers/2007/CO2_capture_ready._plants.pdf

" IChemE, Capture ready study, Institute of Chemical Engineering (2008) http://www.icheme.org/captureready.pdf

- Mott-McDonald, CO2 capture ready UMPPs India (2008) http://www.decc.gov.uk/assets/decc/what%20we%20do/
global%20climate%20change%20and%20energy/tackling%20climate%20change/intl_strategy/dev_countries/india/
co2-capture-ready.pdf

- M. Lucquiaud, J. Gibbins, Retrofitting CO2 capture-ready fossil plants with post-combustion capture. Part 1: requirements
for supercritical pulverized coal plants using solvent-based flue gas scrubbing. Proceedings of IMechE Part A: Journal of
Power and Energy, 223 (2009)

16X Liang, D.M. Reiner, J. Gibbins, J. Li., Assessing the value of CO2 capture ready in new-build pulversied coal-fired power
plants in China. International Journal of Greenhouse Gas Control, 3 (2009), pp. 787-792
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