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ERE (EHREF M2 KRS — N IENER
(2006—2010)) 1, BUMHIE 120105 A7 E P AE 7= A
{8 BEFEAH LL 2005 EEBAAK20% . — B ALBR FHE S 9 10% 1)
Hbr. N7 7EFRIE )y Tl Fral Ao R e 0 RIS ELIX
—Hbr, TET 20074040 7 PRI/ K AL 38
Hl, ARSI RN AARE &G /LA . FIRF, 3R
] %6 R L2 R R L 600 MW IR IIfs 3 AN A EE s AL ZH T
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KEALH s . XSS RE AR AR AR B B g 73R E K
JIRHBIIRLE ., (7“1 =7 MAQ2011—2015)H A],
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TIX10°kW, O AT BB #yLAr £ SpLd. BN
WEE LTI KR BBE 2 — 1 EiEs &
Mo = R STt T — &R BT e UGB AL 1 it
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2.2, A KHI B
(D) E R AN = 2 BUE BRIGE R B AR & R a3
PRI, 20204 2 747 [E K F1 K BB BN 20K 2T

483
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3. R ER

PR AL B AT R BRI e 2 AP IBE R AL 22 5 Ak
[19]c AFTA 0 TR BRER B H AR AL AL
PR RO B A2 A AR A

3.1, BUR
3.1.1. S

FREAA A DA AR o Oy JFORHEE e 2% A TR a4k 2
S AR B A T H R AT RS o e A R R B I AR [20]
AR A AR T i L BT RR . —, AR
A DAHE— DR AR R R RS i A S, |
AMINESACE AR CAEE A2 8 A, s A e 2 7K
IS FE R TRk =4k [21]. 3T JUAEE N Y
BRI ERGH, S AER I R IR WL 1

FESFIRMHEAR DB R oRIEKF, EEP
FiARALFE

(1) HBARE T RZIT K T 2 Wi 8 KR <
AR A F7 1K B (2001—20054F )& A T

R PEBEREACBR A IR

AN KBRS 5 SN T750 tdT AR50 t-d T R T 3 (23],
“—H7 iR AN (2006—20104F ) % T A T AL
B ON2000 t-d RO OB 25 B . 20144F, A EEE N
3000 t-d A2 B AR I S FNIEAT .

(2) AEIEEIFE D SR GE RS E N 20024F
B — AR TR Z 20154 1) 25 = AR, 20064F i D) 12 1T M
AR FEECAS00 d T A4, EEHR, OF 3024
THRPFENIZAT

(3) 20044F, P 2 # T I 98 bt A B A 7 34T 736~
40 t-d™' (10 MW BECTRHIE S Ak ik [24], 2012
RGN AR N TR RFBEIGCCH H, <[y &
H2000 t-d s

(4) FHARRRIR I ESAEAR, 2 ok <4k,
FAEE TR S A AR B0 Sk, A i S T A P
JN1000~3000 t-d ' I MR 25 B .

—H A S AR S O . B A F iR
By A B 2y =) S R R R SR Y L, 20094 T 46 7
R, BHPREREATIAIX10m', &Rtk Eiad
4.7X10°kW-h, H i sedliEsfae 25, Rk

Coal conversion technologies Status by 2015

Descriptions

Coal gasifica-Entrained-flow gasification
tion

Commercial/mature

Fluidized gasification Demonstration

Fixed-bed gasification Mature

Underground coal gasification Demonstration

Catalytic gasification Pilot
Hydro-gasification Pilot
Supercritical gasification Pilot
Coal liquefac-Direct Commercial
tion
Indirect Commercial
Coal-to-SNG Pilot

Coal-to-olefin

Coal-to-methanol-to-propylene (coal-to-pijot
MTP)

Syngas selective conversion to light olefin Laboratory

Coal-to-methanol-to-aromatics Demonstration

Coal-to-methanol-to-ethylene glycol Demonstration

Low-rank coal pyrolysis

Coal-to-methanol-to-olefin (coal-to-MTO) Demonstration/commercial

Pilot & demonstration

More than 100 gasifiers have been built or are planned to be built

Pilot test has been completed; commercial demonstration is now in prog-
ress

Applied widely in China with most of the technologies being introduced
from abroad

A demonstration project has been operated successfully
Pilot tests are in progress
Pilot tests are in progress

The largest pilot plant test platform (6 t - d ') in China was established
in2011

The world” s first and largest commercial plant has been operated suc-
cessfully

Several large-scale demonstration plants have been built

Domestic researches are still at the stage of pilot research, with some
going through the industrial sidetrack test successfully

Commercial demonstration plants have been built based on various path-
ways, such as dimethylether/methanol-to-olefin (DMTO), DMTO-II,
and Sinopec methanol-to-olefin (S-MTO)

A pilot test has been completed; demonstration plants are under con-
struction

A new catalyst has reportedly been developed

A pilot test has been completed; demonstration plants are under con-
struction

Demonstration plants have been constructed

Pilot and demonstration projects have been built based on various pyro-
lyzers, such as revolver, moving bed, fluidized bed, and downer

The status-rating method is in line with that of the Electric Power Research Institute (EPRI) [22]. “Mature” indicates significant commercial experience (several
operating commercial units); “commercial” indicates nascent commercial experience; “ demonstration” indicates a concept verified by an integrated demonstration
unit; “pilot” indicates a concept verified by small pilot facility; “laboratory ” indicates a concept verified by laboratory studies and initial hardware development.
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3.1.2. AL

TR B A ek, o A A R 54 A W] (T R
M [1)20044E B R A B 11X 102 H R E,
2008 4F INFENIZAT, P2 A S A AR A <. 1%
5 BRI A B AT SR AT T AR PR IR 20154F,
PR AR [N o [ i R 4 A1 A =) S [RIAFF ] 00) v S BB AR
BHE K R BIHLEENLHGRERAR R [26]. thAh, BG4
K (B ) A PR B2 AT 2 ] (T PR 2 K A e 4 T ) A 2 it ™
AE4.5X10° t-a B R TE)

FE [ FE WA S s, T R 2 B 1L A R AL 2 B 5 i
(FaIFR TR BB A BT )RR 22 48 B IEAE AT IR R S IR &
TR A IR AN R AR B AR B0 98 [27,28]. A “+ 1”7
B, REREEDHNL6X10’ta'. 1.6X10°t-a Al1.8X
10°t-a™ (I =AML R TG B 28], P EN1X 10 ta ' 1)
IR IS ARG E AR &R B, PR N4X10°ra !
IR R TR S PR Tk 2 B IE AR e .

3.1.3. TR RAR R

RIS KRS O NAE A Bk T 2 1%
L, RZHCRAESNCA A Rt sk i,
K T A e B I H (X 10°m*-a ). KR H @ X
10° m*-a )RR LA B2 50 HIE M E (5.5X10° m*-a™)
BRI R S e BeoAR . [EI,  C3RALIH 1 H etk
T 1z R A L 8 PR N2 o

JEE AR S E AR BB AT BATE [ N g B . K
3 1 o A, T A AR 5 B A PR ) 422 i 93000 m h!
(SNGWHI ke &, If HAR @ s AT it 5000 h, 7=
L BE T 20 5 BN 96.41%[ 291, BIF R ) HR e A A A6 751
D@ Tk 250 . 7 Fe Ak TR 9 8T B A PR A )
HhoRE A SR R A BR BT A m) L R R F AL T,
AR B N2000 mh R BEAL T A E R
b =Py BRI 55 BT (T8 FR R A4 B ) R 7 A4 T 90 B A
FERE T eI 5t

K5 G R R AR AT I P P IR B ik . A HET
IR %, &0 R ARG, BAEE
PE[30], T EERATRAPRACEE, Rt H A 32 2l 5 /K b 3
AT MV T ) R /K A 3 A P AN 38 . [ 3R B B AR
TR BRI FR RS AR KA 5 I HE A" T H
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AHF R TR ¥ 1A R R B A A W b B R B T R e A
SO R JE I H (2910 Ho At sk 2 A E]F R K ) & A%
TEARWIHE R . BN, BB R4 X 10" m*a ' [ H1 <
T R R P A S8 = AR AR R 2R S IRE B 1 5 =
F A I R A ) I K AE ZKOBE S A A v 3R AT A 3 A
B3],

3.1.4. SR A2

HHIGEEEARERE CETFR T RGM . Kk
PRI T I R A S (DMTO) 1.2, 2011474
W RN RIEEEE, FPREN6X10°ta . 20144EDMTO
TR VO 58 B R, 45 1.8X10°t-a ') H % 25 B 17 X
10°ta A e E . P EA ML TR AR AR L
B AL TR R B & S-MTO T2, M T E Ak d
JRA M THRFAT AT 6X 10 t-a '3 H, 20114ERIY
BAT I B R G R CIFEFR IR . BHERFITR
P2 RN T2 (FMTP), Coe= & A3X10'ta’
) TR 5. B NI 7R A SR FE A ik i 1h
SRR I 93 5 THY B A — e FE R B . KO AL BT B T
R T — PO T Re AL 7, AT A e B 1 — 2
HEAIRIR[32].

KT BRI T IR AR, FEE 7 M AR Sk 2 it
FAKH. HERKFEHR TEMTATLZ, BN 82N
3X10% t-a™ [ F 5% A4 4 S0 560 26 T O RO LB AT
T ANIX10% a1 B S R AE Tl 5 2% B L4 58 Bk
K. ARG BT R B T AR PR A 7 3R [F T A [
PRAEESF ML T Z, PEaN1X10° ca oRie i H B4
HHIEAT . bR T RS A i AL T AE 7 e gk
1T T W EE T A AT K

KT B 2 /T2, R B A @) it 45 44
WFFCHTAE R T — Fh A AL 770 9F B F20094E7E2 X 10 t-a™
IR YEEE PR IhIEAT, HAr o s T o o %
B AR TRZEWHIT T ZLEMBEA, 20114 5%
1000 t-a ' 5206 % B S w IS AT VRl S, J T
HETRUEEERTIXI0ta"). HE2015FEFK,
B 2 B AR RE D CIAF]2.11 X 10°a ' [33].

3.1.5. AP B

AR R (g JERE AT 2 ) A BSEIREA'E v %8 J5 A e /)
IR s ARAT T 38 LU K o R R 4% [ e R & &
Eb 5 0 R B A T MR 2 (347, HE A, FRIE55%0L F
PRI B R AR RN ORI [35], X7 R R A A &
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B RMEE R A A — S R X, Qs i A i A7
(e B K, 7 R B iR sl At e R R, G i v
oy SACHISR, KR A S = A B R [36] .
RECS RN 7 —SERE RS ARSI E . K%
HE T K S AIE R 0 T R B fv i T2, & TT A
[F) e A o R R 2 B R AR AT R R T
PR T2, B TEE M RALIR R SR, AT 3R
15 = BRI A =Y [37]. X I ZIE2014 4
510 t-d IR, 2X107ta B TR vE
EBHH .

E45 Rk, ARMIERSEE AR AFE LT £
I O s A1) L R 2R K Ak T R KB 5 ) (38 AR SRATY
TERMRE T2 RSO T, AEAEE
FIFH DA B i P2 T 7= 55 7 THI T R itk — B 7

3.2, AR

S 8 A B AR T R P R = R R TR 2 AR P
ARAM A RRIR AL 0, B B R . Hag T EE
AN R, B TAT S AIE S R A, A= fug %,
RN H 2 1 2 R A IR R [39]. ARk A T 1
IR F 1 1k ] A B R 1) R R i K. BPA ]
W A BRI T 3 ETE RS, IF H 4% 8 B 47 [40]
2 [H B Y5 A5 B E (ELA) T 21 2040 4 A i A1 At A4 14
Bk 2 — EAE M R R RR R [41]. Rtk, K2 U
IR A ARATY IR B S s Ay 26 H AR AT T R o AE
Wi m RS ), TEARRRRE. MR/KFEARTS Rk
TR EER TR A HOR o X T B SRR . T AT
FHERTE R R GARAE T TH T T [42].

LA D 1 — PP AT g W i O E . X T
ZHURIRFACEA, @ KRB B R AR R 32
BAE. 4000 t-d KSR S ALY LA 3000 td I BER
sS4y E AR, 2X10%t-a " (K B2 Ak 25 B AN
500~1000 t-a 't ds B AL AE R . b, @ik
BBERFEAL S R i, B Y L. BRR
RN FARAE DG REVR B AR AT AL AR G, DL SEBILRE IR R 22

R2 ISR B BOAR R BRI E

FAARRFEARR, SRS I EIR 1R

5 — b AT BE [0 7 ¥ 2 30 T A A R B S B
ARHIRRAE AR o 3K A0 7 28T B R A SR L i A 2k
fills ALSASRONEIRAR S [ s 42 ) S5 7 T T R R A P
Fto I IR A T it 5T A F 7 L A 20 i
B, ££3.1.475 3R B B SE BTt & XU RE AL
7R, TR R E RN A 0 5 ) 25 P R R A (R BE I
K, JE e Al G K A R R Y R RERE[32]

BEAh, BEIR B A I A BRI AT o 23 iy S EL AR
FKANFRIE ORI ) R, G B g x v A WL s £ R 7K Y
AbER,  SEELR KRR AN HER [43].

4. PRIR R BB 55|

H ] 1 7 BB R 31 2 L3 ™ B A PR B ), 3L
o, 20134 AR LT DTHER T 17% 38% 113 7% i
B, AR AR 44]. B, S5
R, BT B0TS G HE S AR R
RER Al 5 B A

4.1. B
4.1.1. BUERANER

KT G4 v ORISR (1 A AR 5 S it ek 2> 1 ok
JIRWET BT Qe HER. 1 20044F LAk, HE PR 18 B Sk
AR (422), AR IE T BRI FL T X6 K05 e s il 1%
5 A AR SR H R B G AR . Bt 20124F €k
L) RS e HEROhR E ) (GB 13223—2011)4E %5, K
B R ARE FR A 22 A i F I 2 A RO S 2 Y [
TF s R 2 255 3k 9% A {38 iR 0 i 2% B (SCR). L &
20144F, CAS0%MI A |24 T Lk H B [45]. 1
S it 7 b HE JROhR HE B R R, SR M O ) — &R B SR
AAT S, WI20124F,  H e [ E A5 X 3 K ST G B A
CA T HT RIS E AT R 1091470,
FLF PRI b S £ A S0 o T R AT X A e U S
TR AR HE T BRI L R B, B A A, i

Regulation/policy

Emission limits (mg - (Nm))

SO, NO, PM Hg
Emission standard of air pollutants for thermal power plants (GB 13223-2003) 400 450 50
Emission standard of air pollutants for thermal power plants (GB 13223-2011) Normal area 100 100 30
Key emission limit area 50 100 20 0.03

Upgrade and transformation plan for energy saving and emission reduction in coal-fired power plants (2014-2020) 35 50 10
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w
Pollution emission per eletric prduction (g-(kW-h)")

14:
3 1of N
e | \
g I N
T 8r 7 N5
: N.J_ N2 N
= ef 7N
§ N
S 4f ? N
g 7 N
E 4 N
5 - 7 N
H % EI% E i
) A

° 2006 2007 2008 2009

=59 SO, total emission

== SO, unit emission

PM total emission

PM unit emission

NO, total emission

== NO_ unit emission

B3, AR LA . REA I ANBTRA) S HE R S R Sk [46] -

it R UKL ) 2 B R E T 4 B AN 1590 (MW -h)
107G-(MW-h) ' #1275 -(MW-h) ',

EH T 0 R e T St 1 S A B HE R A, 2006—
20 144E R H R | R L 2.4 X 107 kW -h LT+ &
42X 10" kW-h, {H[RHI =S40 SR A2 TR
AR A HE T R B AR (J413) [46] 0 7 I AE 201 1 £E AAT
T HER R S, AR BUE AR AR ) 1
HERL G500y I 2011 4 192.3 g-(kW-h) ' 2.8 g-(kW-h) "
F10.4 g (kW-h) " T B 220144 (1.5 g (kW h) ',
1.5 g-(kW-h) ' £10.2 g-(kW-h) ',

4.1.2. it A

AR A S S Je ot 75 2% PR B 1 [, #RME
I RSB RG] N BRI AR P IR
L =2 [47]. AE W2, IERAS BB AR DL
BRI =& I E R 5 TR B 0 2 RIS
FH AN 2 AR TR AR 1 2, A tHE 03 L P e i
fF IR [48].

AU BRI AT, K r o A S HE T
P AT 2005 4F 1) 62.7% P 22 2014 4F (1) 38.4%[49]. T JL4E
AR A HE SRR DA T R ek (1 3) B 3 S RN

(1) CKH RS S HbRHE) (GB13223—2011)F1
CIRE BT REIRCHETH 5 B0 AT 3K (2014—20204F)) (K
(F2), R TSR KIESE & . 3 mi@ikHls
PR AR B AR T o0y =2 25— 2RI 0 — A B s i 1)
5 B IFA], WK XU PR SRS A s 25 20 SRR

A RSB E N D 23R B A A s S =28
B TESR SO = PR 5 AR MR R, P ) v 0 B A L
W #EK DIRMEME 045 A A0 P BR80T IR
FEREFE O R AR AN 370 o T 0 [F] e 2 #ak TN
P JI RN [50] 6

(2) 2007 FEAARG IR L) A5 /N T2 X 10° kW2 B AL
YIASTRIBER . I 4 2 I L2 DA B e A W g
RENLZHOE, (AR i it A JREFE AT DU R4 e 191
a1, 20054E/NF3X 10° kWZE S IHLAL 5 BRI LT 1) R 2%
i 50%, X — HAF] 7 20124F 4F i BR K £25%, H
6X 10°kW A_EIHLZL AT o5 HeAp 42 75 4£40.15% [517.

JRLBR A B SRR AN R T 2 MR, HeE
CUREIE . 2010477 BRAf T £0°88.5X 10", oo, #f
BAHMAEI30%. WSBmAEAREHE, W
FARAE FAVE KV 26 BRI IIER IRl VR RE 17 f
FEMFKIR KRR RFE AT, o] SRR
FHR B SR 3B 7o kL, R FH A B AR 32 1 SRR R [52]
THA B A B 1 59— A 3 R AR Dy #h ek - 1 g R
o 1996—2001 45 7E P BH 1 Y EAT T 3 B b - 328 o R i
B[53]. 2009437 TR ) FH MR <ML AR A 8 £ %5 7000 hm?
Py B B k3R AT LR R, FETTRIB2016 454 TH AR Y K 2
13 400 hm’.

4.1.3. AR B
WARE L) AL D I 2R i S R P AR T
X ARFAAGFRE DI Bk, BRIEH E A
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HEFcrs ) bb H A5 G B HE RO f S S A . A )
ARV E L ks &7 NS WK 15 < <Nk e 3 G | Y R B 2y
(SNCR). #FMEMEALIE JFE (SCRYMHA i il AR b = FhFL
P NGOEER= st

TR 201295 AT CRET T RATS R H R
) (GB13223—2011) A 23K, IR 20 e AT =M i 78
PRI A3 AR, AR A O 2011
FEIE(E I 1.1 X 10" SRR R 220144 196.2 X 10°t, # %
20144F, 80%IIRAME HL ) 222 T IR 3 1 A 30 i it i 2%
B [45], o de B R A A ) 2 BT 95% [54] .

BE A R T R Rk HE T 2 5 50 47 B 1 RI(2014—
20204F)) HIkAn, BEAYBIHEECE T T A 1 R
HIET50 mg-Nm™). Kk, FEEAIBRER. £
o JIR e RO 1) — Tl A 2 o e R e A 30 B S 7 4 v 11
TEALFMNPE Z SN2 =2, MR L BR 2R M 75%~85%
R R90%. FELLEERE b, TR T8 A Bl A R o,
PLORUE SC RGN 2% B s AT 75 fe HE IR FEVE L, i v-W-
TifEE A5 i 75 1) 320 C i AIGIR B o MR ik i
TH SR R X P 75, Gn s P B v U R P A 55 B BN
REC ML Fh 7R P2 K 0 SCRR M. &% N S
W

JUEAUE AR B B 12 R TG 14 B A 7™ % 1) HE
bR A, DA R e 43 AR AT S IR S R e it e
NO K BEAKE] /N T-200 mg-Nm . ZH R B i 1
NO, M JF FEAK ) /N T 450 mg-Nm°[55]. Kk, S92
50 mg Nm > [ HEBORAE, BRKEFR T R 43 K FH AR ZUR
o630 5 T A A 30 D IR S A 52 R SR 45 TN O I HE TR
XA AR AT LU RS I8 4T BUAR

200 8 I A AR AL, BLOV)TE AR
A A B = AR N A AR [56]. SO,BE 5 5K
ST IR . TR B R A e, T s S A3

Formation mechanism

Gaseous inorganical

matters coolin o
g > Multi-field coupled
Phosphate,|su|fate, nitrate methods in ESP/bags
Intermediate | Collision Ultrafine Inorganically- Flame zone
mode Coagulation | mode bc;ut;ldsed =

Vaporization,|condensation aggregation

Shedding/coagulation

Combustion stages

Inherent
minerals

HE 1K) 28 DU KR I 4% I IR vt [ It 2 8 i iR < vh
PM, s FTHEJR A HE T [57]

4.1.4. FoRiiEdlH AR

JE TR R IR B 1 00, BRI IR T AR
UKL )45 T3l 2 PM, 5T % I TR RGFR 28 1l R 90 TS 4R K
S Yao SR FURI SRR T BEA 56 25 B B At UKL P T B L
il [58-60]. KEI4[SO1MEFE T T RebL i) S He = vk &t
XTI BRG] A B A RORL A, 1A K il i 2 Fp it 712
W 7 VA FUAE AT 2 0l B E R beds T, s SN
TCHH A AT A B AR OR T L, DAIRASAE R et
T v 5/ 8 AT FIORL ) T i B A AR [61-62]. IR F I F
FIZ W 7 A AR B AR Ak BEOG S 3 ok
(PS-LIBS). W2 Rt RGNk T RFER S, @
B A R i, R IR B/ 38 BLAR R 2 AR (1
AMRFER [R](7 msy 10 msF121 ms), I H 0K AH B4 1
FSAZRFAE I 18] 5 48 % 23 At R 25 DIAE 9 [63 ]

TEFEIRIRGEM B, Wi o 28 KR IE. WAET W)
TR s il I 7 N A 2 0 2 TG (ARG 3 SR 45 ) 1 o i) S 41
RIS, DRI, o e ST S = R M 4 R 40 1) A=
FR[59]0 52 B 78 K — R A% ik &5 A [ —=< [ sk 72 4
MRS AR 25 kW H iR iR be N AT — b, S5
JEIR eI 7= A2 P M, (25 A3 11 B4R /N T0.1 1 miF) 5
) A2 3 R B I B 1/8~1/5(1815)[64]. Li%E[65] 7E % H
P B CR A RN R R ) b %) 2 £ B3R 4T 1 75 B HE 780
R, RICGEEREMPM,. JTTEB. HHBRA—% 1L
Tk R HE R 7 5 F AR 200 S REA B, 23 50 B IR £ 92%
98%- 91%F134% [65]. HEH R RKF M XuEW 7 T 5
DAY Hi% SR e T P o 51 A % £ A URE A PR 2B i, T IR R R
AR ES A . AR A ALt [66]. BT &8
FHEAROK G RTRLA) (FIAH ELAE A, 0 b (R R FR A AE

Control methods

Flue gas » Transformationin SCR,
= | oolint FGD

Combustion modification:

» Fuel co-combustion,
with char, biomass, etc.

» Addition of high-

Char temperature sorbent

=) | combustion

B 4. SNk be st FE ALY 1 TE AL ) 5 4 1) 3R [59] o
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Ratio of lignite char and lignite (%)
5. MR IRt AR IR A R e X 4TI T 1 52 i [64] o

I PM, 5 7 T 473 15 5 A £,
TR SURL A% AX g FEB AROK RIOR

E%%E%%ﬁ%i&?ﬁ¢ R BERR AR
AT R 0 A S5 5 10 A 4 ORE A A s o o) FH 3 T
KGR E R S A &, BRI T V5 KI5 P A
KriRge, TEMHAYA ZIEFE 4 E o R B IR 10 B I ek
T AR R R IR SE[67]

B 7 TE MR ARk R e ) g8 O A A, o — B
H“%%h%%ﬁﬂﬁé%mw%m&ﬁoaﬁm%
XK, AT RRAMEAFRDERE, HEALES
0.1~1 um bR & 1, IK?"‘/JIK/J\%%% [68]. [,
9T R HE R HE AR BCE SR, PM, s 2 I 5K
ARGz N TR A sUE T (Ele), Z3PIEE
FIEARAFE: SRR DAFEARARAFRALE, #Hh
Broh . IEEE EL R A AT PM, A BB 5, TR
PR 69-71] HEI. 2EBIRAKEA B A
(58] JABERL] T 32 Rk EF BB A BoA . RAR IR &
R AR HE AR # /R X E S RAE AR, Ui RAsE
N AR EE M 130°C 2 90°Cl, -1 AR 1 B H FH
AR IS U8 R, m%%mﬂzm%%@wﬁ@m%o

MR A 7510465 SUHE 4 X I
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FZIRDPM, UL K ZSE AR IR 5 . K (Hg) M H Aih 5 4

J& e [72].

4.1.5. BoREA

s ZMREESEICE, BHRMH). H#(Pb).
fifi(As). #(Cd). Ei(Co)s BN, EHRF RS
HoN0.15~0.22 mg-kg ', HAr, #IE99%1) K LASAS K
TR B P R TR R [ 73] B, AR A
RS ORI R ) R R . B
FhOTETT LA bR . — P72 m R G N R AL
AP H A G, WK R AR A, SR E BRI
BRI S, R N40%~90%. T R 2 B T e R
Ik S R S, WA %mmﬁHg%ﬁ%%%ﬁ
F89% [74]e 13—l 5 22 IH IV ENA RO B 7k A 5
Hg’[75].

BH T 398 36 1 e 30 Do 5t A 2 A FE A 1) A e Y
ZJEVRE RS AR B R L R AR AR I SRR T, R
HL IR KA e ) e o4 e A R0 B 22 BUK (>80%)
W PR TR S BR AR JBIRIES %mﬂ&&
FrEbRA. —RAIIMGMAAERE: FEkd, 8050
S BEFNIR R AR I H ™ T 22 30R 2 N 29% - 67%
F180% [73]-

4.2, AKHT 5

TRIGE HL |5 G R R AR SR Ik Je T R 4R Hh 7 LA
R

(V)R B ARG Bt R R, s Jedi
I 42 ) R 5 T R b I 9 040 3 28 22 g [ SR A s 742 |
B AR TN

(2)FE Z X H5 RN WAL A P B AR b A A DL &
BEJRAIR . W Y BIEEFORI IR .

QYRATT Jaz b & B =) IR FH I R, G0 2
5 L 5 7 A B I P ) R0 2 0k I B 7 4 e R DA

R R B RN AR R LT, B BRI P
_/ 3&: Interception [
/
Flus Acoust|c If_oKr‘:;d brldge% B Fule gas with PM
gziiﬁ'g; f°r°e Drag force  Chemical bond alcgr:]rgtﬁ:] gf
b

E!ectrostatlc The rmophoretic
force force

E6. WAL 22 IR A BRI il B
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5. fxfmse. FAMIEF

Hh A SR AR R RO S A BR25%, B A AR
) FH A0 A7 AR K T A R SR A B (0 ek HE T T A T
HESMO. B, EERITRE T REHME. FHM
BAFIWE ORI RIEIUE , B S AR AT A7 R
37 ERERE

5.1. UK
5.1.1. AR AR R
MR TR = BRI AR . AR

JE A E FRBEEOR, WK THR[73]. Xt T IRBEET
EROR, hEERERAFMEDL T “SeiEm i,

B 7E T R EE AT N 48.4% 1400 MW HE 44 I < A% Tié
BRI i HE2 X 10 a1 AR . %R A St
B R B, = BERGE, AR A
B TR R SRR . 250 MW RS AL BE G 16
HoRIE G GE— M B 212011 4E 52 AR IE 1T [76] .
XFF R e )G A A2, = AN BUBE 4 i 3000 tra s
1X10°t-a ' A1 X 10 t-a™" (ALK RTE I H IE4 IS

Post-combustion
Flue _ Fluegas

17, WER3FTR. XERVEIH R AR E LB AR 2
BA M AT MR A AR

B8N HY T v 677 ik AR VR R A B 9T Lo A HE T R
PRBE A SR BRI A BRI [77]. 3 MWIR AU EUR B
R T 2011V R AR R AAE A, AR5 7000 t—F 4L
Bk, BB 80% I AR B B . 35 MWHIHT & &
AR O T 20144EFE RS Lo XA RGO E SRR
PHITA WA, WS B E . Wl N A AR R 4
WAL E . I, BERBITR N E R IR AL 2 (1%
T BAESAR AR . BRitz 4h, @& T K E R,
20204 2 J5 K4 i 31— A 200~600 MW ) & A HR
BIH

5.1.2. MRS HIHEAR

Trid AR FI AN AR AR B AT 2 is iy,
rh A T I8 e AR A B s B e A R T 2. R
] ¢ 3 22 HE U R T00 20 R Bz A e AR AR 1
S RASN 1298 (100 km) ' 85256 (100 km) ™' [78]. &
i &I E20154E. 20204F. 20304F 4> %) 5 80 km.
200 km. A/bF 1000 km iR 5 CO, B & H [79].

N,, O,, H,O

CO, separation

Pre-combustion

Fuel

0,

N, O,, H,0 J co, | co,

CO, compression,
transport, and storage

Air—  Air separation —> N,
Oxy-fuel combustion
Fuel —
Recycling (CO,, H,0) COH0)
2
Air ——  Air separation
B7. —EALRM SRR [73].
R3PS R R AR R AR I A
No.  Project name Project description Site Scale (tCO,) - a) Operating time
1 Huaneng Gaobeidian CO, Capture Utilization: reuse in the beverage industry Chaoyang, Beijing 3000 2008
Project Specifications: rate > 85%; CO, purity >
99.9%
2 Huaneng Shidongkou CO, Cap-  Utilization: reuse in the beverage and other Baoshan, Shanghai 100 000 2010

industries
Specifications: CO, purity > 99.5%

ture Project

3 China Power Investment Co.
Shuang-
huai CO, Capture Project

Utilization: industrial usage

99.5%

Hechuan, Chongqing 10 000 2010

Specifications: rate > 95%; CO, purity >
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3 MW, large pilot study
7000 t-a™' full chain validation
300 kW, small pilot study ASU-CPU coupling
Burner development FGC and drying

Data collection and optimization 2_600 MW, full demo
Thermal design Mﬁlions tons CCS
2014 4>x10°t-a CCS-EOR

35 MW, pilot plant

1 % 10° t capture
ASU-CPU-power generation
Integration and optimization

E18. [ & E B AR K[ 77]. CPU: —SULBRALIERE S FGC: L.

R4 COEMAEAF IR )

Potential for CO, storage

Item Product
2020 2030
Storage Saline aquifers — 119.194 Gt
Utilization Geological Oil, coal-bed methane, water, carbonates, etc. 9.6-102 Mt - a”' 132.15-136.40 Mt - a™
Chemical Biodegradable polymer materials, alcohol, hydrocarbons 40.34-40.46 Mt - a' 111.05Mt - a'
Biological Micro algae biofuel/bio-fertilizer 1292kt - a’' 1.87Mt- a’'

5.1.3. “EAIREAE IR FHEA

BRAAE R A A7 ) B R 2 — 2 EH A7
B, TCR R, SRR T A BRE B ) R AR
WAl RAREAA S R4aonH 7 HRE S ibm
HAF R FH 7% 71[80], HA IR E R AKETEHAF119X
10" AR MR R E 7520204 B 475.1 X107 t-a '
20304FE172.49 X 10 t-a Wit R, DU BHA7E S AL
JE— /NS BRI L A AR TR oK o

fAEGE I H AT IEAE SRR 1 X 107 t-a™ (AR
Irid AR . FIHAEA ARG H AT N T EBXSRZ
Wi X2 IR E H Al E AN R EOK S K Z B
AR R H , 2 3R S 58 4 2k TR R B 4R
FIHAEAFRIEIUE o 58 A Bk B A AR 2 BRI AL,
J AR, %S AL T EAEHL A LAPE 11 kmAk.

R A R AR S AR A BRI A AL T AR A F]
CAHSRTE S AR PR R SRR, KRS HMBEIFRET
TR IR R R ORI H IR T RE R B
2 Ak, FEK A AR BT RIFF S 1 — T A A
OXIH T H (2010—20204F),  1HRIFE2017 4 58 60 E S
FE I ¥0200~300 kmE i, F20204F i, 58 A
PRI A« I8 5 R BRI ) A AR A 13t o

5.2, ARRATHL

HE RS RIS AR AR R R ELL T
J7 T :

(1) £ T CO, Pk HF 1) A )58 S CO, 53 B i B2 RSB HOR,
FEAFEF WG TERIE T 0,-CO, U FBRBEN
KIGHEREREME, PR E SR ReEH . BRI S Rgi5
AR AR S BEA AR S SR 5
SRR AE A PR A R R RGE IR EAR . CO %R
() v PR RE AR S MLl & HAR s CO, R 43 B 15 4% 5 Al
BARAKEEFE Y 5 120 MHIE S CO, 4R TR H AR
FAARGE A

(2) COzfRiH A, FEBHECO,BIGFEIEE
WIS R T B U RE P W R A R R e A
4 ) R

(3) COLF FH M it 3 47 G BERE R, F ZEAHEIK
S BERSCEE RS A MR s fRlE ] A ok b
T25 P CONERM &AW 125 5%
COM WHAR; COM B AF R HAFRE ). HUE AL
PR 2 4 S FE A .

@) ERETERETE, FEARERE TR
JE SR T SRR . T 2R REGER. B1T
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MMEEETT BT TT; BB ERTHRERL. R Ak AR AH
RBUR IR PP A% 55 5 T SRATAH B (1 T2 Kt A1
SR

Fo e T E g i v F B IERIE, S rERSR LT
CEARSAE VIR E B BRI . TR B RS SE R AR BT,
DABE g b ) P R o B0 7 v B R R TE I 5 i 10~154F
] LA 3 KR

(1) TERRIE R B AR S, R E R 25 104F Sk 3|
TRt R ORI R I S B LA TR E R R
A=, AH SR S R I S A L AE R A 4
Z. 600 MWZS 445 B A R BUAS 7 8RR . &R T
250 MWHEARBLSA RS IE A /RTEH ] Iz, 600 MW
T R I 406 BI04 PR B A B AR AR A, RN
1817

(2) KA IR AF AR MR A 7% 38 2 3 R JE R
WRIE. NEEN. KU BER IR,
TEF AR EE . AL IR, (L2 ONIRAR . 5E ) N
2141 77 THI AR A 5K A5 BT

(3) HH TR TS Gz B AR I 3k 20 I B8 9 ™ A 1
HETObR #E RS B BR Bl , 7 HL 79 7% SR 3G K 1
T, FREM AL BRI A I S HE R
BT HE IR B H RS N B o 15 e R AR I T
NG K7 S i Y R

(4) I8 A AR SE AR AT T AR . BRJe Je il 4
s EMRBE R AR AR AF R R H (BK 5 7K E
fE AR BE B SRR . T S 3R 55 ) K R Y .
SERER A AL . R A AR I AR R VO R R SR LA B
SERL, XA AE R R LR

L

1E 3 320 3T B K E AL Al B A kR T R
(2013CB228500)- [E 5 H 2R Bl 55 42 (71203119)F 1 331
T AEUR I A I 7T o i T B R B B (2016 YFE0102500)

BB -
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