MBI R R BRI AR 5 A AR S R E

DOI 10.15302/J-SSCAE-2021.03.009

BN RPARAR S AR AU AR R R ER

BIAER 2 % BIREL M OB

(LIEERERIE S TR R, d65100084; 2. #Bl22 550 /) TR G E A2l =, Jbat 100084)

O (075 YR v H A . 2060 ERTSEIURR PRI 5 8, IREESSIRIE AR (CFB) MAbedi R KI5 YeHE i
71, #— DR CFB M g sa g 11, M FERE AR AR YA EE R . ARCEHIR CFB b5 %
VIHEBCREE 3SR T, 0T 7 2290 CFB AR IR TS YeHb B AR S N A, 454 BB REVR R JE BE RIAR OSSR, #2H T CFB L%
FETG e HER I R AR T MR I IR, TR R PRI IRHER CFB e R, 1 RIESR P SR AT T,
AR EN . BB ZUR IR, CEB #T5 S HERR IR . 5 IR TR AR KT KR, SCHe STt/ iR, Bheiatr,
WA e FIASEAT, fhRESRARE S & H — OB HR CFB AR & NP BLT7 H /N 75 & CFB #R )P i il f 7t
Ps RYE CFB BB RLE MM RO, HE BRI R e, R bR AVE B R, RT3, & TR SEY IR R A =
WOBTETEN; T230 CFB R (TR BE TAE fE 1 E G FFRTT Yo BB R, $EmB AT RIS I B H e R AOTH 4R 6E 715 I CFB 1%
FEERARIE 255 R, 0 NLO HEBUR R . 3 75 M A5 1 P 5 301 2 1 e D HETSOhR HE ANAH DGR, 51 SB35 CFB JAKeE
P PR R A T M f B R

FEEIR): RIEERI A ERALER; T U hls B AL RRRE N B REIR T AN

hESES: TK229  XERFRIRME: A

Prospects for the Low Pollutant Emission Control of
Circulating Fluidized Bed Combustion Technology

Ke Xiwei "?, Jiang Ling ", Lyu Junfu "*, Yue Guangxi "

(1. Department of Energy and Power Engineering, Tsinghua University, Beijing 100084, China;
2. Key Laboratory for Thermal Science and Power Engineering of Ministry of
Education, Tsinghua University, Beijing 100084, China)

Abstract: With the pollutant emission standards becoming increasingly stringent and considering the pressure of carbon neutral by
2060, the low pollutant emission potential of circulating fluidized bed (CFB) combustion technology needs to be further exploited, thus
to promote the market competitiveness of CFB boilers; this is critical for the clean and efficient utilization of coal as well as for the
energy transformation in China. In this article, we summarize the pollutant emission characteristics of CFB combustion, and review the
development of major technologies for CFB boiler emission control. Based on the energy development strategies and corresponding
policies in China, development suggestions are proposed for reducing pollutant emission of the CFB combustion technology. The most
significant approach is to push the limits of original pollutant emission for CFB combustion by re-specifying the fluidization state
and through in-furnace combustion adjustment, while the boiler thermal efficiency should be ensured. For the long-term development
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of coal energy, the new-generation CFB combustion technology with ultra-low emission should be researched and developed while
combining with technologies such as supercritical/ultra-supercritical, intelligent operation, carbon capture, utilization, and storage, and
energy storage technologies. The existing CFB boilers with small or medium capacity should also be upgraded. Considering the fuel
flexibility of CFB combustion, biomass power generation should be promoted to realize low-cost and high-efficiency consumption of
low-heat value fuels, urban refuse, industrial wastes, etc. The peak load regulation capacity and low pollutant emission property of the
CFB boilers should be promoted to improve operation flexibility and renewable energy consumption. Moreover, the desulphurization
ash produced in CFB combustion should be comprehensively utilized, and the N,O emission problem is also significant. The pollutant
emission standards and related policies need to be formulated from an overall perspective to guide the healthy development of the
energy industry.

Keywords: clean coal utilization; circulating fluidized bed (CFB); pollution control; carbon neutral; fuel flexibility; renewable energy

consumption

S

2019 4, R — K BEUEH 2 40N 3.97%
10° tce, KR 215 LIk 68.6%, izt [A] 3] 4 BRI
W HELE (27%) [1,2]. RELE “”7 HbrE
D1 WA B S A AT REVR VT FE, (HH T REIR %
A AIESEMEEE, FHRAE—EMKITREN
H AL . BRI, R B IR B VT R
T EREVRAT ML 0 SR R e 35 5 K I AL AR 3]
TES RGO F, IEHRALIR (CFB) #ikeH:
REFAB B m AR BRI ARG R
PRI SERE R, 180D R RO IR R R R
K IE B 20 t22 80 FAC M EH 41 5] 1 /N i e CFB
BRI, S REEi%% )1, 78 CFB BikeHi R
TR K . 2009 4, AR E S 600 MW
G S+ CFB 75 B H DY )1 H g A A R A 7 B
L T iz s IR A IR LS CFB St LA
R BEMKA N 6 GW/a, KRG %0 1T
2= [H) [4,5].

CFB % () R AR AAE T DU AR A S 30 75 G
YIHEBEE S [6,7]. TERRGeERES, W EING &
L FEE B A IR A RSORESK 5] T s 82, A it 0 A<
28 KB 5 SO,. ST T NO, HEilt, CFB #4554
AR, DB IR S o H IR A 50, R
XA RERESFAEE. F8 KECREEDR, BfF
ik NO, HE R/ . KERIZITSLEE, TER
BvohE8, AERETAY. SmEF &t
CFB %4 1 0 P9 IOtk R 26 38 5 2N 85%~95%, NO,
JRUAHE AT 2 H £ 200 mg/m® LAY, REU5iHE K Z
B AN IX (075 G HE R

WETED, WEESCHERNGRELEH
R, Rl CO, W IR, g RAHE S A
REVR AR WA S5 BB A0 i R A 5 Tl R o TE3R
[E, IR Er=Re. IR BRI 25 & T R s 1
ARSI, BRI S5 BV HE O 50 A ™0
2013 4 2% i 1) 8 A% HE AR - (NO,<50 mg/Nm’,
SO,<35 mg/Nm’. H42 <10 mg/Nm®) & & Jy #r 1
KRETHAZAE DA KT G BHEITH TR,
DU AT REALG PR R0 AS Sk B AIG &% P v B ) HIE TSR
N IRE) CFB Ak AR AR K it F 223 77

ASC R CFB B by i5 G4 HE scds il 1R 3k
TR, E R HTETEH R CFB MR EIR 7R 3k &
FANE 95 e HE TSR] A, 3 CFB AR N 7 17 3
TRV, $R AR e il

— .\ CFB JAKRIR IS RHAMI AR B & RIVIK

(=) REBAGEALP R FRER

TS B 9 7 s KB ARHEICESR, AR IR BUA
ke B BRERBOR T PR . MAHT s TR AR (L FE A
P BB HE ADRAIE SO, IAARHEI: ¥ it 2 S BUR
IRAE v — ROXER I I K B e 4 e o AR I
NO, JRAGHEBAT fEm B R e BEAh, AREIRBE AT b
W BLTR 2 (B A AE — €7 &, Tl BLAE R AIRIA G h 4R
BIFRERAIE I PE TS 5 N 2R ] REAE R
WAEZEAF T HEAT . AESCFRIZAT R R I, 17 CFB 4%
PN R KA 2338 R NO, HETBO i, R 2 R
RS TR 8,91

SEAAREURGE, DAL NSRS A T2, MUK
Sk ERIP BRI tH H AL NO, SO, HEUKEZ, 13

121



MBI R R BRI AR 5 A AR S R E

F& T TR R ST ) 1 ek Uy S i,
F I S CFB 8 58 A S8 W 8 A K A LR 5
BT SO, IEARHEL, JoAT A BB B AR i it [10],
O A TR AR A s R . DA RS [11~13]
R, ELRASEM. RBeH LU & K H B A
KA, B BESLHLNO,. SO, JRIA XSGR HE . X
¥ B B4R 5 CFB B 75 A% BRUAS ¥ G428 il 75 T 1) 5%
77,

(Z) WS HBEIR

SIS EIER (FGR) &%), FIH R
AARIRARE R A, ATFE — 8 F2 8 b B AR i i
EORBR X BT . SRALIE R, T A R
il NO, I JRIAE K. BHE B, XMHESE T
CFB #Al fEAR g L T s AT vERE, $h9E TIRE
WU RE /7 [14,15]. FGR &4t L 7E —#t Tk CFB 4%
W A3 B IR

TEE RN AL, BB P RS ERNM, Wi
P RGESE R, &R BSE BT nE ;. BT RR
A XK FE I FEAIK, 1T RE S BUR 78 2 MR e vt
FIIN, AT FEAREA Y R s R EIE . — kR
B AT ok ) AR T O, R KU A R IR E
KT IR A PR RANLIZ AT 5 R B/ L FE R 2 5
WK 2. Nk, RiZREFEARAATIEAT R KA

o Xe
Ca0 QO D S . CaSO,
Uso,

/ SNCR

A KA

B=

W
0

AP EAT R GRS R, RO R <&
S(en= 2

(=) BRMRSISFIGERA

R HL] T 00T ERERSE HEHF 15 4
A ARHEBOK, K2 % CFB Sl iLal, Joliz
R W 57/ R s -0 b S TBC A 8 P R =M At
WA BR BB E . LK CFB B b i Bt I A 43 AR %
2l 1 FR.

ARATHE R AR SR 2 AT k3%
PEAREALIE ) (SNCR). B FEMEMEALIE R (SCR).
T A AL S b R (COAD . SNCR HoAR R
BRI AT ARG, RGEH SR, A NIRER
beJa HASBE U SC L NO, IZARHERG FrliE & T &
WP HBOREOE . AHEE, SCR BOR BRI T
Al R EICEIR 28 FAEMEA T 3R
SElE, (ERBERCR R BORESE, R R AL
%, LOLENMEELF, JCHAEMRGR T RSB
NO, HJH i bk . COA T2l HAE N R R4t
FEHC A TR B B SR AT AL & LA, e/
CFB #ijy A AR, (BT KRB L i e
IDECS ARG /U

WA A S, KA - B RER R T
PRIEBAR R BB ACRIR . BRACRESE . &

EFSSHERISE
B R R oy N N O S

=
Y

A K

V2

i KA

»
>

—><———

&

1 (CFB-FGD3:)
T COAJBiAEFI A B IR
<t

il
4]
»[[

E 1 BREERRURSRIAE R R AR PR o B AR B 2%

122



PETIEME 2021 FF F23% H3H

FEYNAE AT LA IR AR, LR RR IR R SRR T 3
A R (16]. MAMER AR (CFB-
FGD) Fithi T2 BEARAH BB IE AR RS, (H
AR /N FEKEAR,  TEMARE R AR R )t ]
[FI B BR SO5 HEEJEAE, A B P N LA A
NS4S ) CaO Bk, i&E4A T CFB &4 (R K HE
JRE ARG [17]. Hofl— LB EA, WikEK
P BIE TR, BTEHE. ®RIES, REHHS
Bk, Tk E R A, EARD CFB 4l v A
oMW EESECSEN

BeAh, FERARE . mRRE TS S, BUK -
ZIRHAAE. LMK SR B CFB Bk
FR, BARRIL R TR SR I RE L, (H IS
TR H I GTE [18,19]; O — L8286 = i 50
NSRS R B, X B MR B R GG kTS
JeHERL 9 77 -

=, OFB k% 1 75 34 HE U3 A 0 2 FA 5 16
it

(=) FBERSEHRUATER A

B S R AR HE OB SR I HEAT Iz RSk mT BETH I
BN RS Y HE bR A, KA A7 & CFB 4R,
RN /N Y i 5 AT ARG G HE TR AR Ui
JRE RIS O e 0 I T Ik 2 e R R AR 4
RZHEn bR g bR HEG HB SN T W) #55E
AN AT A . an 0% FH 48 1 1Y K 8L CFB H
B, NO, JR 46 HE B I 350~450 mg/Nm®, 75 B
W SCR RGN, 1217 2% FHZ1 1000 J3 76/ 4F o
X5 CFB a5 JeHE = dl AR A A 1%, ASF
TR RE. Wik, A0 ERRENM
K47 (1) CFB #ad TAZHERE A, AT fE DA A AR
RIATAE BB HE R SO s RIS 3K CFB &
BRERA (1) SR BB, T R HT DA R AR V5 e 42 il
HAR.

(=) BEEF A

KHALASR,  HRMAE FiL T AR S T B4 ) T
BB, (HFTORE MR, BN T ) ST
FIFIR HLpAS (RBAE A 9 SHEE SR 46 ) . TR
AR, SRESRYRSE, T ki

WA NFEFRERTG R, "R K — RIS
W) f o ARV A KA U853 T AR A B 78 43 BT US|
SRR . BEE AR TR R
RENHBCE RGN, BRI 2 (1 [EAR K 7 )
CLCA LT AT Ml 06 5% FE IR 36 4T i)

B & SO, TARHE B 245 1 FE A oKX,
KR 2 (1) CFB e i [a] 47 3 8N 2K A S5 40 ik
I8 78 7570 5K B B 358 43 SO, [AI I K= 4% 18 CFB T
P ARKA - A EREERSEASME RS
BB R Tk BB VA LR, B2 A KR
I T A ) 7 0 o I R £ A8 AN S A AR v
o, TR bR I R AR R I
BB AN, XS BUR 2 58 TR ok 2K 1)
FER % 2R T REAS PO T B AR A AL EE . 9 4,
ZIRFRERE. b, 4R, CFB 4k Bibn
KB BEEM T A KPS A B R TR
S35 B PRI [20].

(=) N0 HEA B R

CFB # ke B A% NO, HER iR %, AMmEHRZ
THUF I N,O HEBOR R =, AR A e =
v /ST oK, L T NO HERUKRE [21]. R N0
XF NAAEE ARG 10 f& 55 19 A & NO,~ SO, (KHL
JmRATG S HE bR E ) (GB 13223—2011). (4
LT REIRCHE T 2 s AT BRI (2014—2020 45))
AR Z FIN KT GLIR T LAY, (E/E R 32
(P 2 SR 2 —, A OCHE R AR A RS AR AR )
KEF T HEZRKE

CFB A5 4 T 19 N,O HERUER PEAE AR £ J7 1
MRILE NO, M /. B, 78 &% T N0 4>
i R 2 bR, 3B HE NLO HEE 25 5 T R
%, X2 m R b NLO HEBOK 2K T CFB 43
M EEFE . K N,O Y9N HEFE bR, SLBL5 NO,.
SO, S AL ks, BN CFB W75 B F J Tk
70 B L (19 )

(M) FeeiRARE = THY CFB IRE BIE(0)@

JE ] Rt B AR IR S5 Ak A RE VR AE — IR BEVRTH 9%
ST, PRECRBHEE. KEE. AV RS T EAE
ARV EL], S ot A IR AR E Frml F
AEREIRE AT €2020 AT EAERRIRSGT ) R [22],

123



MBI R R BRI AR 5 A AR S R E

2019 4t 54 XBE K BH BE )8 3 RE LA & 50 il N
622 GW. 579 GW, [ALLIE 0 10.5 % 20.3 %.

EFRE, K& “ 2B MERT BReIE IRk
TE T PR A BEIR S M TR R A, (N & RRoRT
REVR I SCFE I MR TR - 2019 3R E R AE KFH
REFCET AL |20 75 210 GW. 205 GW, {7
JETHESE S —; 2008—2018 4, & EAYR = HEFEH
WRFELN53 % [2]. FERIIKEFRERTERT,
DUBRE IR 9 BE Al (¥ CFB A J8 S FLAR v G HE e il 152
AR R THI e B vy 23K 5 R B SRGE e B N3 vit i A%
FIH I EIN, x5 ARG K S, fr¥F CFB
FR B R A H

R RE IR B B2 4 2 — R TE X B RE IR 1)
HENAAEAERE ST, NI — e B E A & H L
HRARIAIR BEIEAT S5, 1RTFREIR RA M Es 1T
Re St B M 22 4. CFB &g il TR K [
RREE, BIMER. PR E A5 R ERE
i, HAMRARTIBATRIRILH s (H PRI R K
BRBEIT G VR S A8, AR 47 g e B AN K
Bk B e (2310 NO, SO, SEHF U 5 4L th 2~ B
# CFB fmby 8 far B B i & AR A8 4k . LA NO, 9,
I A7 a7 AT e A I Ak 1A R O 29 SNCR S fE IR 2
F, FRARAE R s AR E R ekt 23 150 PR 5
2N, PRI IR, 15 NO, JFas A4 ik
EHN. {E CFB i )r 5 5 sl bladi Az 47 far iy A2 o
NO,. SO, HEHR =4 L B i zh, ™ HEE Al
B IR BR [24,25].

(R) Hibismae

Tk, HE AR AERER K. EA.
BARIE Y (“=JR™. BEELTFRE. Wi A0
PUEHE A, =R T R R s S H AR,
NZELE, B E A SIS R AR, ¥
giit, 2017 8 E R KHBUS B 7510 ¢, 3
WA B i i skt 2x10° ¢ F T3R5 Yuia H
T BN 9500 1276, Hor Ty JLiiih 22
BHEZ1H 680 147C

CFB ke H B BRELE N MRefae. K
NO, F& SO, F I HEBE M, 75 TAE R 3 FgE
BIE A =R ORI BRI EA AL, £
RET, KEBEERAFE RSN FEES,
T b 3B BN AT BIE AT R R AR AR

124

9. fiklgRnix NS R TRIFHT—HX CFB &
Bt AR

2R, AERARNR . MBS B AN, ek

FHETERIE, RBCEMA I BCR S i, —
AACBHERC 4 T 2030 SERTIABIIEAE, %54
2060 SEFT LI AT . B RS, EORERE R
Gt S T R B AR e, R R PR R 7 SR B R
KU, CFB ARSHIARTIAE T RE. BN, iR =T71
[ 5 77, B0 SCHRF B 5K B KR E AR IR SE IR

(=) FLBIEE / BIBIEFE CFB fAAFHA, Hit

Hr/NBUHLER RS BERUHERUOE

AT R B R R AR, IR TR
FEITMZ — W ARATT Gt 1) CFB ke 5
ERUR B I A KRB S S, TTRRERE. &
ZHHIG T /IS CFB #lr AR s XHhs o f
FRE 6 TLAE R R i SR g Cln sk sy = 40
1000 MW i Il SRR A LA, I A RN 7R
TR AT E s B B B AL

HT ARS8 &, P RSTTBOR, B3,
HPEIRSF AR, HIm A/ G A CFB 1)
VIR PR TS B HEsCR Y, 5ANVAE
CFB # Al tL A 4 B 2 X s i@ K25 & CFB
e 3 T A P o i 287 50 B R, T e 2 BROA R
SO,. NO, &5 JW JF IR HE R F ZE R 3

DU AR G I B CFB 4 4 (L 4H 39 47 4 T =5
BEJRHE AN 7 3 M 50 LA SE I AE AL, 0 B 5
AFRH, TR EZE . HEAEENE,
ANFE AP AE RAOEVE DT TH R Re AR T KB hr LA,
Z B NE K 2 HOR T R AR B A TR A A B AT R
A, DGR [ 25 D 2R v U s AT /NS E I
Jt CFB #a i I & D AR AR AL A RE IR 22 4 f P
&, R B A AL R DB

(D) AREYIR CFB AR AR, FESE KX
HiR
MEM LT, EVFEETN CO, FHEK,
J& T IAE AU R R AR R, KR A AR
JEEEBERRE 2 —. 5SZMNAEY T CFB
IR B A BOR AT R B T Sl . AR, < AR



PETIEME 2021 FF F23% H3H

SRR 5 AN 58 AU A 30 P AE BT e AN TS 5
T B SGEX BEOR GRS B BC, BRI
Ik 2 firos, R ARARARER AL B A, W] AR A
By LA, BN TR0 X HAl 25 R
WARE Clnm R IE IR, BRI RA N T3 2
ARREBER A PR Yo AR IE L =,
CFB JRBEBA R IR FH Lk 75 301X P AL 22
Jras BET AL REVR TR, SOHE 8 5o 25 R B
IR 3%, JERSCRFRIAEL, KB R RE S
BRHEI A

i AR R, XS UREL IR E . K
TSR s, SR SCEROR DO . 35 ANt
ITEE PR B, RN CFB 4R 4 14
BEJA K NO,~ SO, JRURHERBUAR 5 v+ % MUSER
IEA BB ICHRE R . M, BT TS 5
JFERELS CFB MABEBOAR 45 S ket -

(=) EnEE. ARSHERAEES

WA FIH S EAF (CCUS) HiA 2 Hi i st
I B AR FR R 7R A 20T e UK TS 44 CFB
ke 5 CCUS iR L &, B2 R E LAk A R
SR 1 R R 42 5 TR ik R U 1 2R B 284 B S
B, MM REREL N =51 O A=K
fKEEFEN CFB & SRR . (b B R S5
CCUS i+ A, SEHHSH Co, 55, AH TG
4 CO, MEHGFMBERH. QB NRESEN
FRpe e, iy s Je M E e RHR, DU S

(AT %)

BB LR AR A2 R L, I T NO,~ SO,
By, EEREG R, T E Co, AR
JR BRI @FT CFB AR RHE M) HIIL
FEMSZE T 3Tz 9 S5 ) CFB B L in 2 i
MESEAFRE, S CO, THMEH ML

R B2, T AR E T R ) A B oK
CO, R G, CFB BAK R SCRF S LR 1A IR
P b B AE AT L T e BN, FE A AR
Fn T R b A KR MRS |1, T A
CFB A R AL s AR R LI RE B s JT IR R
W RS CO, B A HEIT AT, A CO, I
TR FEERCR, SIS -

(M) RER[ BITREM, SHEERE NN

% &

e H e NEE. KEHAE. KAE. ZRE. RS
BLE . Bkl CFB fili 858 & R B &R 40 ST e il
LD SRAF AR, FE A RS A B2 HE A LT
Bifit, R PRUENLAE i ROR RIs AT, b i
POEAZZ . ARG ANKEHE . N TR R H S
WHORTFBL SEOVE L. X CEB AL =
TR B AR AR A . ARG 00T RGeS I
GEH KB IR, Dy Seit R R i i il i
PR AF R

34k, AR CFB AR S RERARME &
TR A R R RIS A U RE R
LLGR 4 CFB 444 £ A2 54 RE 70 U5 T IO A 2, $

RO

CFBf# 4

ARPAE SRR
1x10° t/a

IRAE R
4x10% t/a

2 CFB MRKEHARLLIE S Bkt

125



MBI R R BRI AR 5 A AR S R E

PFLAHBAT RiETE IRBEHIERE Sy, SCRPRDETREIR
TG, f2EE “HiIH” REVR IR AR .

i\ CFB ARBAR L RS N FZEIN

(=) ERiARIFHNRBIRHEBEEA

PAOY B 38 R N R RINIEIR R Gi1kRE, S
DERK PR EE S DA S R =
kA E . HEE SIS AT A S B e R A
M, NP S A RARE, BB S A KAB N E
SRR, YN NO, JFUGA R P R R R
ANFIFEEE IR . AR BT BB 1T S5 ARk, #B
A g RS B4 B AR ) NO, SO, HERUKF, H
SRATAE TS P S HEBUEBAR AR S & [26].

B4k S E SR RN JE G K HE B CFB %
BehiR, Wi RAEM. BB Uk RuE 4
CFB B4/ ) NO,~ SO, HE M PR, =3 CFB ¥k
H SIS R HE U IR BEF2 . IRRIREL R, R
B A GOREE. ISR 2 RO, 7RSS
X NO, HEFBU W AT 32 T PR A% N,O TR GG HEBOR E
B0 HE E CFB Bl (B A vl Sk . HAR ek
IR

HESRIA N, B SRR R R, R
B CAT 2 B A CFB B # s AR, 75 48
REVRTHFE, A JRSRE AR 1ETS W HE U R TC B
RMATRE. Rk, 78R BB RS YeHE s dil R 1)
I, A4 200 A5 B e AR 8 B ey
R R, RO SR RS 0 HER U5

CFB #d 5 S Hs bR 732 WA R IR
W24, ES5IES® KRR KBRS, 4
BRRIRE . RBRA WSS LN E R . XEH
R E5MIPPCR 2 AR IR A iR Ao
Ry E—UIENT, RAMERGE. I s+
AR, AT AR B R A6 B AR HE RS s e )
Ko FBL, EFXTAFEZE RN CFB 8l & &M%
RERIE, BN ERGEN R RZITSHAE,
TE AN WY S5 55 W 458 o R0 ) AT 4 R R AT B PR A TS e
YRR HEBOK Y (A — ¢ T BB EEHRD, H
b AR A R B AR s SR 5 AR 4% HL T IR AR o
B LD, 5 B S PR A T2 R R
o WE 20 T M DR U SR A 3 R TS e b ER LR, |
I 2 2 PR AR SR

126

(Z) SHFHBRR&RE, iR CFB MAREARTES

FuatE 7 R R A

#ES) CFB i Jr Bt i A AE B PE LI R . B
HERL ML BB ROKIA
SRR, ARPBBRT A AR
] IBATEB . B, RS R T AL OE =
B, WA AR B R R A P R A e L B R G
Be4h i, AT B AR i s R AR A 8 B AR
INAVE, E D R RS it 2S5 v B N EL A
A S ARORE BB AR S i AR TR R A T AL R K
{OREEZE

RAE CFB BAKE IR REE N AEIE S, HET N
FISHYNERE, AN RS WS, A
JRKEE, SEL “ =JR 7 3i BL IR AR A v Ak
WA SRR AT US4 Serb . SRR,
AN AL AL /IR R RG] B
IS, MIAE CFB AKE A I “I5 448”7 8 CFB &
RLgs “VSHR B R, MR %A, HRITLIR
RNBEE, JCHR AL A e B A A
BLSE /5 SRANT R M AT 5. 2T e CFB ke Ak
BRI, 5 SRUE &SRB B RS G
HEBCRR I, JRE I OB RS S, i TR,
WE . Eemi .

(=) AESIESRYH R E

REBAT CRHE) RIS R H s 4E) (GB
13223—2011) 2T F ™ k& R br ik, B
AN 05 Uk L JE HEAT IO BRI B AR HE OB R s I 4ok S
SRRt T CEBARHER T BHBC S, %
V5 GO (g — 20 R 4o A% TS e
bR AE RS 7 AT AT BRSO, (R
FHRHER AR, NAESHESEEER T RE T
Wk, w2016 4GB AT SO,. NO, M HEK
OIS 1.7<10°t. 1.55x10%t. 3.5x10° t [27].

B H A2, TR AR H KT 1) 4%
PR, AR ER A BE TS G HE R R AE IR B A L
BERREIM. NERKRE, BB EA R R
fifef NN T BRSSO AR, ] RRis ORE K ) Bt
VIR SRR Y, GIIRER . A A A S5 s Jid A 771)
WA= IB S A7 TR AR ). X R TR R
AREIERE X EMAT R, A B [27] R
B, 2015 FHEHEATILH SO,. NO, JHAHECE 4



PETIEME 2021 FF F23% H3H

A 4 EHERUR R 12%. 9.8% 3%, A
KA YMHER “ K7, M2, #07. ak.
KV S5 ERE REAT Ml LA B A= W HE 2 T R A HE R Sk
() =BT 1T, X L AT M R HE bR I LA A1

Rk, URIELGFEIEN], M=k R R
AR RSB R, AT R A, HlE M
FAT IHEOR e, S5 R e R 5335 G A B8 YR FE
), AR 5 S AL CFB R AR AE A I RE TR AT
A R o

SE 3
[ EXRGHR. hEG %2020 [M]. dbut: E G H AL,
2020.

National Bureau of Statistics of China. China statistical
yearbook—2020 [M]. Beijing: China Statistics Press, 2020.

[2] BP Group. BP statistical review of world energy 2020 [R].
London: BP Group, 2020.

[3]  MEZR, 5KiH, 25, FRENEFRROR2035 K el 315 s of
FEWEFT (], E TARREE, 2020, 22(3): 132-140.

Sun X D, Zhang B, Peng S P. Development trend and strategic
countermeasures of clean coal technology in China toward 2035
[J]. Strategic Study of CAE, 2020, 22(3): 132-140.

[4] LyulJF Yang H R, Ling W, et al. Development of a supercritical
and an ultra-supercritical circulating fluidized bed boiler [J].
Frontiers in Energy, 2017, 13(1): 114-119.

[5] Huang Z, Deng L, Che D F. Development and technical progress
in large-scale circulating fluidized bed boiler in China [J].
Frontiers in Energy, 2020, 14(4): 699-714.

[6] Leckner B. Fluidized bed combustion: Mixing and pollutant
limitation [J]. Progress in Energy and Combustion Science, 1998,
24(1): 31-61.

[7] Johnsson J E. Formation and reduction of nitrogen oxides in
fluidized-bed combustion [J]. Fuel, 1994, 73(9): 1398-1415.

[8] MG, B E, SR, A5 5 BB E PR AL RNO HF I
SRR T I (0], W EHREOR, 2019, 25(1): 1-11.

Ke X W, Cai R X, Lyu J F, et al. Research progress of the effects
of Ca-based sorbents on the NO, reaction in circulating fluidized
bed boilers [J]. Clean Coal Technology, 2019, 25(1): 1-11.

(91 JHWEAE, BRARZR, JA3E. SRR RN S AL 5 1 U A L
[J]. L2 2E3, 2000, 21(5): 647-651.

Zhou H S, Lu J D, Zhou H. Nitrogen conversion in fluidized
bed combustion of coal with limestone addition [J]. Journal of
Engineering Thermophysics, 2000, 21(5): 647-651.

[10] Ke X W, LiDF, Li YR, et al. 1-dimensional modelling of in-situ
desulphurization performance of a 550 MWe ultra-supercritical
CFB boiler [J]. Fuel, 2021, 290(1): 1-12.

[11] Ke X W, Cai R X, Zhang M, et al. Application of ultra-low NO,
emission control for CFB boilers based on theoretical analysis and
industrial practices [J]. Fuel Processing Technology, 2018, 181(1):
252-258.

[12] Cai R, Ke X W, Huang Y, et al. Applications of ultrafine limestone

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

sorbents for the desulfurization process in CFB boilers [J].
Environental Science and Technology, 2019, 53(22): 13514—
13523.

TK4g, SREAL, TR, . AN CEBIRRR AT G AR
S LR (7], kAR R, 2020 (3): 11-17.

Zhang M, Zhang S H, Guo X M, et al. The effect and application
of solid-gas two-phase flow pattern on the emission in the
circulating fluidized bed combustion [J]. Industrial Boilers, 2020
(3): 11-17.

FEmeds. IREIRBE L A BB BORAETS UhEIM AL IR W L
IIREA (7], ok gd, 2018 (5): 28-31.

Cheng X L. Application of low-NO, combustion technology and
desulphurization technology on 75 t/h circulating fluidized bed
boiler [J]. Industrial Boilers, 2018 (5): 28-31.

A, TR, KR A, . 330 MWL Iif: 7+ CEBAS 7 I <
PG PR R L TR I 2 AT PR RERIE IE [J]. R EEOR, 2021, 27(1):
291-298.

Zhang S H, Zhang S M, Zhang J J, et al. Performance research on
deep peak regulation with flue gas recirculation in a 330 MW CFB
boiler [J]. Clean Coal Technology, 2021, 27(1): 291-298.

RN, ARRVE, BRI, PRI A A B AR I 2 ik 6 82 X
[]. AR SR, 2016, 32(5): 13-15.

Li B, Zhao J Y, Lyu J F. Suggestions on the ultra-low emission
technical routes of coal-fired flue gas [J]. Electric Power
Technology and Environmental Protection, 2016, 32(5): 13—15.
R, AR, B3, 5. PNl EACHR SR Sl AR Bt 7
WL I (3], KB TRE, 2018, 36(3): 92-97.

DuYY, SunY B, Zhan Y, et al. Design method and map of ultra-
low emission control technology for coal-fired power plants [J].
Environmental Engineering, 2018, 36(3): 92-97.

Shimizu T, Satoh M, Fujikawa T, et al. Simultaneous reduction of
SO,, NO, and N,O emissions from a two-stage bubbling fluidized
bed combustor [J]. Energy Fuels, 2000, 14(4): 862-868.

Zhang Y, Zhu J G, Lyu Q G, et al. The ultra-low NO, emission
characteristics of pulverized coal combustion after high
temperature preheating [J]. Fuel, 2020, 277(1): 1-12.

rh A N R AN [ ¢ 5 B A e R Ry, v T b A
B FEZE Dl 2. F /K UR AR e L b 1 oR B K (GB/T 1596—
2017) [S]. Ab5t: op [ ARl th R AL AT BR A 7], 2018,
General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standardization
Administration. Fly ash used for cement and concrete (GB/T
1596—2017) [S]. Beijing: China Quality and Standards Publishing
& Media Co., Ltd., 2018.

Kramlich J C, Linak W P. Nitrous oxide behavior in the
atmosphere, and in combustion and industrial systems [J]. Progress
in Energy and Combustion Science, 1994, 20(2): 149-202.

The International Renewable Energy Agency. Renewable energy
statistics 2020 [R]. Abu Dhabi: The International Renewable
Energy Agency, 2020.

TGV, m, Tk, A AP AL PR LALIR B W L e 4 B
PR (). #477 H, 2020, 49(5): 65-72.

Yu HY, Gao M M, Zhang M, et al. Performance analysis and
evaluation of deep peak-regulating for circulating fluidized bed
units [J]. Thermal Power Generation, 2020, 49(5): 65-72.

127



MBI R R BRI AR 5 A AR S R E

[24]

(23]

128

B, B, T T, 45 I S350 MWIEH R AL R a8 7 4
R (D). 4 H5H, 2020, 49(9): 98-103.

Cai J, Shan L, Wang Z N, et al. Variable load characteristics of a
supercritical 350 MW circulating fluidized bed boiler [J]. Thermal
Power Generation, 2020, 49(9): 98—-103.

FEAEZE, SRIE, SHHTEE. PRI TR RN RS O SRR 70 A
5xb5 (7). IR, 2020, 26(6): 237-242.

Du J J, Zhang P, Han X J. Cause analysis and countermeasure
research on environmental protection parameter abnormity of CFB
unit [J]. Clean Coal Technology, 2020, 26(6): 237-242.

[26]

(27]

[ B, 5K 2, MiteR, 5. IRV RS NO A BONHE TR
BEFCERE (9], A E FL TR AR, 2021, 41(8): 2757-2771.

Ke X W, Zhang M, Yang H R, et al. Research progress on the
characteristics of NO, emission in circulating fluidized bed boiler
[J]. Proceedings of the CSEE, 2021, 41(8): 2757-2771.

i, TR, PhE, 55 A b E RS R HE e
MRS 5T [J]. IR ), 2019, 52(1): 110-117.

Li B, Wang W L, Yao X, et al. Study on the effects of emission
reduction in coal-fired power industry on china’s air pollutant
emission control [J]. Electric Power, 2019, 52(1): 110-117.



