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Abstract: In order to realize zero discharge of wastewater in a coal-fired power plant, on the basis
of deep optimization of wastewater, the circulating sewage and desulfurization water which can not be
reused is treated. The process of “circulating sewage pre-concentration, deep concentration and bypass
flue atomization evaporation” is adopted as the technological route of transformation. The circulating
sewage is treated with desulfurization wastewater after pretreatment and multi-stage concentration, DTRO
process is used as the advanced treatment process, and salt-water separation is finally realized through the
bypass flue evaporation system. The whole system operates stably, with high recovery rate and desalting
rate. The crystallization salt is comprehensively utilized along with fly ash without affecting its proportion
in portland cement, which solves the problem of large external discharge of circulating sewage in
coal-fired power plants. At present, the overall system operation cost is as high as 15.681 million yuan/a,

among which the chemical consumption cost of membrane treatment system accounts for nearly 75%.
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FRAECHh K I A AN 2, 3K [F 2021 4F
Tl K S IR 1049, 6x10°m?, o Jc A7l )
TR AE Tl FHZK S i 5 L 40% . 2021 4, [ 5K
ZARZ KA B AT I O THEE 15 K IR AR FH ) 48
SR K EHE R SE TR S HE K
TG KEIRAC I R4S . BRI T A & i
Hp R A R R R K AR R IR P B R HE VS 1 ] E
K, AT PR AKELR A0 1 AN ANHE R b St 1 7K
T HERCHOE T A A i

SR K FE HE A i A T AR PR )
ARG HEG K SR K AR B — S %
KEHROC AR N ARG, O T Z L
P TR TR A s TR 2 A T T
AL 2 K R HE TR P A 70 B 2 5, LA B R fE
LR AT BT 5 o SR TR AIG B HE TS K IR B S B
HE R 2, SR K Z ARk T AR S e
h/l\

A X I 2x320 MW fEHILAL, A= 7= K 32
BRI A 3R T 5 2K A B S Y K B R K CHE A
9: 1), MR Hb 7 IR ORISR 20K, FE 2T AT IR BT
TR AL L 58 iU K R HE RGOS TR . R
K 2B AR B A R R K i AT B Ak B
RTS8 o] FH sl A PR, andi b s i HEK R B
PR R 7K A5 28 Tl 7K Ak 3 22 498 b 38 56 B 1l
TR RS, SR KA G AIEI A . AT
FRE K AVE AR IR H R G K, 2 G PR 4]
ARG RN G HEE K B AT Kk . CoD & il

SRR Rk

180 mz/h

TR

JEE R 2 AL DRI O S s A1 B HE T K E AT 22 TRk
a6 , Wi e B K B AR R AR UM 24, e & — I
TR

1 IAEMHL
1.1 EKKERKRE

A TG B HETS 7K A 33K £ 180 m'/h B &
K15 m¥/h, KB L3R 1, BT R I 2 M IR ER
HET5 7K TR 48 -+ 1 v 4 + 5 IR B AL 78 4

Fx1 BEHHTKEEREKKR
Tab.1 Quality of circulating sewage and desulfurization
wastewater
Wi H AL P 7K PEFRHETG 7K
PR L/ (mg-1.7") 908 154
BEREE/(mg- L") 1 880 92
S0, /(mg-L™) 8 980 598
2/ (mg- L) 365 1512
Si0,/(mg-L™) 21.5 20.1
R IRPEE A/ (mg- L) 29 000 2141
ClI/(mg-L™) 8 680 560
pH 6.5~7.5 8.5
B/ (mg-17) 800 27
1.2 RFEITRRE

PLAR K RN KOK IR T8 PRV H) 2R G e i 1 R 24
2.5~3, HEG K R T E AT Wik 4 , 284k 1 %
DUVE M AL AL B R 240 BT ad DR 2% e g R
#iﬁﬁj\ﬁzfé;ﬁﬂ( [ TR A H RS, T4 120 m'/h

HEA R B 1% (BWRO ) %6 B UEAT W 45 , W 4 J TR oK
(30 m/h) HEATRIEW A RS . T AWMEEWAE 1,
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Fig.1 Flow chart of circulating sewage preconcentration system
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TEIAHEG K 2 AL 35 |, 4% 30 m¥h fE R HETS
IKHK MR K 15 m*/h FE TR BE W AR R 55, i1
AR AL B, BR oK A R B B A R TR
WEJ5 821 £ TR BE VR 4R B R & A= 2505 XE ZE I I 10
J B P K BRAR S N B R K B E R G
(SWRO) , it HIUCR 50% , #e K 7.5 m*/h, A& EAHE
15K WK oAb 5 #E AR AWK BB R R
(SWRO) , & it iR 72% , #e /K 8.5 m¥/h, B %
WeKA T 16 m’/h, 38 1 545 =0 2 % (DTRO) i —
AR EE AL B, B BISCR 509% , He /K 8 m/h, He &
A IK 8 mP/h, M AT 55 AR 18 78 K55 A R G5
U K FZHE TR o 8 KU B e 4 S 2% HE i 3R e Tk
WL 2,

Bt w K
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Fig.2 Flow chart of wastewater deep concentration and

zero discharge system

2 FZEERZIT R
2.1 SEENEM

o 5 B DT VE b PR A TR 5 v 2R R v AN R AR TTCVE
2 B, PROH AT (5 b RN DTTERICR R Bt
hi BE TR AR Nz . R A R DOTE L 1
JE 2 2 B AR, BT AR B O 200 mh, WA
HITR Al 4 4, 58 RSF R 1.1 mx0. 9 mx4 m, 51
H93.96 m*, {5 I R 3 min, BEA LEEM 18, R
SFoA 2.3 mx2. 3 mx6. 7 m, 2R EEBIEFLS. 29 m?, N
WHREHLLE(N=1.1 kW) , i ETGRIFEHRE2H
(Q=10 m*/h,N=5. 5 kW), 15 RHHE 2 15 (Q=10 m*/h,
N=5.5kW). BATIRMRIEM 1 )8, 1R 5. 3 mx
4.5 mx6. 9 m, By RV AN 23. 85 m?, BHE AN

FAIE 7K 1 B AR N 80 mm, {51 R 60°, I T
9. 4 m/h,
2.2 ZNREIRES

2 L i A E T g Oy =, e — MR
VAR P 1 A s DR R %) 6 i 3k O i o M PRIE
1o 2 R UL MR VR R R BRAOR B3 B
73 m Z A FIHLRGT U8 2% . B 5 UE AR N R A b
800 mm , JC R IE I8 KL 400 mm ., BEUEE KR
M 80 m¥/h, Bt 12. 1 m/h, BeE K & R KE
2 £ (0=285 m’/h . H=0.3 MPa) , L XAHL 2 & (XL
L E 6. 0 m*/min JE /1 58. 8 kPa) .,
2.3 BEEE

R B RS B A8 S BROK Th TR AR AR
PLEK S F A B, KK Bk 3 B <0. 2 NTU
SDIS3. #ayE%e B4t 345, A Lb P 5 60 m'/h,
ros SRR, BT <50 L/ (m?-h) , g Rk K
0.5 MPa, BLER & HIELH KL 3 H(Q=60 m’h,
H=300 kPa) , H{F Ut i & #% 3 & (Q=65 m'/h fL12
100 pm) , EBUEKAE 1HE (V=200 m* . 6. 5 m) , JLIESE
2 £ (Q=80 m*h ., H=300 kPa) , #§ ¥ /K % 1 &5 (Q=60
m’/h \H=300 kPa) .
2.4 RKiEiE(BWRO)

HBUE K — oy HAE U TR K R4, FaR
120 m*h ¥ A 2385 (BWRO) 47T Wi 45 . BWRO
BT 120 3%x45 m*/h (2 145 ) , >R H R Bk 4 =0
BT, HES O X — 2 B, BE T o 17. 47
L/(m*+h). FLERS: OBEL KA 3 5 (Q=60 m'/h,
H=300 kPa) , f£ %1 JE 4% 3 & (5 pm @350 mm) , /5
JE%E 3 4 (Q=60 m’/h  H=1.72 MPa) , B i) 1 JE % 3
£ (0=29 m*h H=300 kPa) , %% 1 15 (Q=60 m*/h
H=300 kPa) , ¥R /K4 1 (V=200 m* . 6. 5 m) , iR /K
%34 (0=100 m*h .H=400 kPa) ,
2.5 BRAERLESR

235335 WK R 43 e 1 A O NS, 2R 5 —
S PN NN AH 56 245 0347 pH ORI | T B R 55
MEEALBERTIEY) , RN S S B — A bk
T AL TIIE , bR Rk R B . F A S s A i 4k
LRI, X pH FEATRE IE , T AS W HLAR I, A
15 BN 5864 o KU 1 I 7K A VA 4 1 A X 2 ()
WEIR , 155 1 45 U 3 K AT pH [l = e

8 AR b 25 B A BERE ) 2 30 m/h, R5F 2
8.4 mx2. 6 mx3. 1 m, fARAAFIN 61. 2 m*, 15 F if 1]
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930 mine SN ARG R AN N o BB KR
W, B2 B X pH i B A A T S ALK
Pk B E R FEAL A 2 X e i, R BL ) R
J95.5 kW, AT S, % T & 350
L/(m*-h), JEICHE N 61 41, I 4L42 0. 05 pm, 3t
28 3¢, P4 AL A TH DE R S8 (2 BV VEA+1 BT
VEA) o

2.6 BEMAETIHRESR

T ARUEZK A 5 R A A R R BE S5 R
PR B 7 2 g , BT Ab B & 3x15 m/h(2 T 1
%), AR 12001 89S, R = 1 062 mm,
B2 1 200 mm, & 12. 5 BV/h, BERTIRES3
£ (Q=30 m*/h \H=300 kPa) , Ff A= % 2 15 (Q=3 m’/h
H=300 kPa) LA KA TEIR 575 o
2.7 fEIRHETKIRKRBE(SWRO)

TEAHETS K 2 Bk 45 72 o0 A2 e 4 8 U
I 2R G Ak DA R 55 1 BH B - 28 g iE— 2D B b )5
B B2 10 000 mg/L, 75 1 )2 1815 (SWRO) i
— AP E R KR . TR K HEK K R B
7% (SWRO) BEHTAb FEHE R 2x30 m¥/h (1 145) , [Tl
RN T5% , AT B o 13 T/ (m?-h) , 332 B4 1
37 m? BLERA I ELIESR 45, mER2
£ (Q=30 m*h H=6 MPa) , 3 J %% 4 {5 (=60 m’/h . H=
300 kPa) .

2.8 PiERE/KREE(SWRO)

JIR A 7K 2 A B ek | 3 s I 1 AL 1 7K
%1% (SWRO) it — 2 i S dh i bk 2. i
WK K S8 1% (SWRO) A FH 2y 2x8 m*/h (1
145, IR R 50% , 50T B8 4 16 L/(m?+h) , 5
YREA AN 42, 5 m?, BUE B R uE s
26, R ZERE 2 /5 (Q=8 m’/h \H=6 MPa) , }{% JE 4%
445 (Q=24 m*h .H=300 kPa) .

2.9 HEAXREZEEDTRO)

LA P 7K 35 335 WK 56 I HE TS K K B
BUOKIRA G, EATREWRAG RS . WA RS
FHIBEE R B % (DTRO) T.2;, i ab Hii i o 2x8
m/h (1 155, ISR Ry 50% , it B & o 13. 1
L/(m?+h) , B3 B AR TR AR 9. 405 m?, i KR
1011 MPa, BLERA AIESIER 26, mIERS
£ (Q=4.25 m*h H=11 MPa) , 355 2 5 (Q=55 m*/h
H=1.1MPa),

2.10 SERIRERL R

THE R G R H 5 BB 2K & R G0, o s
BT E o TR U S SR BER A
23 TR AT, BVFE2S T 4% 5 SCR LAY 2E & 1 iE 2
6], 2% % 5 A | R g A TS o
o AR A AT, SEB R AR 28 A AR E AT
o 4 R B A A ORI A BR AR B — ]
JB o

LB ML 1 2 5 55 R 2K A B A
FRATE, L5 S5 B 78 R B Ab BEK 3 R 2 m/h,
55 R T8 2% R AR B O R TR 2 &5 (Q=8 m/h, H=1
MPa) , & FH 2507 SURAS G5 4N A4 3 o A iy J7 7K il 2o
PETHIEHEN FIE Ve B AT | S U8 R R 5 A9 1 1)
2G5 A0 TR 1o 5 P R s R LA e, 5 R K kR
& JE M TR 2207, 3 iR EE N 100 H . EK 4L
77 2R R AR %Ak, e R 128 SOHAE R M 150
m’/h, LG Dy RiAE S 52 um. 25 AL WK MM SR
C276 B4 5T, P45 5 WA 22 fl 38 43R FH C22 44 T, 46
1A 15 19 7K 22 i 58 4 SR FH 2205 XURH AS 45 89 64 J (1) i
B TR LS T AL AN /NF 1000 Lh, ALE R
AT s R AL T HL 2 5 (32 mY/min, 160
kW),

3 BATHE
3.1 KRR

JBEaR K AEARHEG K B Z IR G 4 &R
G K DTRO WK, 38 3k 55 6 18 78 e A T [
o A EFRIK BWRO JBEAE SWRO & FHET5 K
WK SWRO K DTRO J7 /K URE o3 B , 45 R L3R 2.
F2 EBIEEFKKRERITER
Tab.2 Analysis results of water quality indexes of

critical equipment

IR WER | U
" EFHES AR | DTRO
WH BWRO| SWRO KSWROTK | 7k
FEIK | R
pH 7.6 8.3 44 52
HEFlmg- L] 15 156 112 173
BRIRAR B 1/
18 203 128 191
(mg-L™")
MUEE/NTU 0.12 0.31 0.45 0.29
A A
& * 66 690 443 572
(mg-L7")

oAb R 25 BB A K BT RE N R BT EOR
RES S BRI B . JEFR/K BWRO 7 /KK B4
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FE ] T p A KA BR AT . AR SWRO
PRHETG K Hek SWRO K DTRO 7= 7K K AR 24, 1E A
A1 A b, 32 2 [] 06 2108 20 K 33, A B T8
K R G ARG e 4 5 o
3.2 XEBREHFIEITRE

J3 7K ZEHE Tl ZR G0 O B 1 % Tl WAc 238 I i 46 R
UL 3.

=B SWRO gk v JBAR SWRO [l
-~ IR K SWRO ik % — DTRO [l i3

100 |-+ DTRO fii b5 ——{IEH /K SWRO [l % 175
1 72
99 69
S
& o8 63 §
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Fig.3 Recovery rate and desalination rate of key

membrane equipment in wastewater zero discharge system

JI6 5 SWRO 1 25 HE 75 7K i 7K SWRO K DTRO
PR G istihese , m i 1isft TOUT , iR SWRO
J R0 98. 00%~98. 70% , i F 5T £5 K 98% K
B, AR SWRO W% Sy 49. 86%~51. 23% , FEAR
Tk J2 PTSCR 509% 1Y 225K . 6 PR K 7K SWRO i #h
HH 97. 65%~98. 50% , 3 AR f2 M R R 98% 11 EE
KGR KK SWRO [BICR SRy 72, 06%~73. 04%,
5 A2 R 729% Y ESR . DTRO B ERR K 97. 73%~
98. 61%, 1 /- Mt £5 K 95% (1 EK , DTRO [l it %y
50. 02%~52. 53%, i /& ISR 50% I EEK . JEKE
HE il 28 495 G HE 5 A 3 152 45 36 25 0 [T )8 32 35) g
T R 1 A SR, R UE AR I A 7K K AN i T
{8, DA K= 7KK Bl A2 1 FH K
3.3 EAR|/ISITRE

HLAH 1 FF 76 153~301 MW Z [a] 3 50, #1A 28 &
PEA IR N 306~352 °C, #1BZE K ¥ A DR E K
299~352 °C,#2A ZE K A AR E 4 301~355 °C,#2B
ZER AN IR J 309~365 °C, 1AL IR 1
W FE 169 °C, 78 & 45 S0 <R 1 18 IF B R 15%~
55% , 7 = T fa B e AR BEOK 122k 2 m¥/h, AR 72 A B
B RAN KA 1. 0 m*/h, ALK A 1.5 mP/h,
Wit 5 AL B 1e7 (R AR Ak, 2 T A 100 AT B il 22 AR

b, 51 R 55 6 0 25 ki 7% R K i AR AR IR AL AT T
50T AT R A I AR T IR S AR AR, SRR K
THYN AR R .
3.4 MEXRZEEFA

SRR FEACSG , SR K o i, 45 R R 2k
HEA KK i TR B0 S A BR AR AR 4
ERFERE COK — R BR AR SR MR o 2SS K 3E 435
HUREARTS , Ry i G5 i P R 0. 42% . AR
GE P RERRER K V) (GB 175—2020) B AE , i ik iR
AR KU ORI K B i o BOASB AL 209% , e f5 K L A5
BECAK IR G , &S 8 0. 084% , i /i 8
FHRE R 5 K e Ak 2% B 43 vh G088 - ot it o B0 i
0. 1% [ER R 4] M IREE SR
4 BITHRA

AT RHEESTHRHERER&EITAEKAE
FE , [BIHEIB 17 3% FH b 525 6 R T 2% % 2 b s T8 i
o TR R S T 0P R T S0 A e L RE .
25T AR R B AL FR R R AN RO R R R R R
HERN AN B BE 45, 2G0TI IR K 25 A Ol 11. 76
TG/, BRI K 5 R 8A N 15. 43 Jo/m’s TR
BdE W23,

x3 WFEFESIT

Tab.3 Statistical of chemical agents consumption
5A HRE, | 2RSS | K AR
(g-m%) (ot-t) (JC*m™)

R 4 694 277 1.30

AL 6 560 680 4.46

G AR R A 21 1900 0.04
S R 7 20 25000 0.50
7K AR N 25 1200 0.03
Ak TR PR 2901 1450 421
i Bl 59 12 000 0.71
RAETIREL 735 700 0.51

At 11.76

it N7y 4 854 277 1.34
il AT 12136 680 8.25
% VA R S M 30 1900 0.06
K BEE 7 20 25000 0.51
ik IR n 3640 1450 5.28
il it 15.44

VT A FR K B AE FR 7K 180 m¥/h AR K 7K 15
m*/h F /NS 000 b, W 2550 AR R 1174, 177
JUla. BATHFEIA &AL L&, & BI%R
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1014, 3 kW, %88 LA 0. 38 50/(kW -h)TH5,
NHEf7HL %o 192. 7 J7 JC/a, @it R B HHHHE ARG
55 B MG 2% & 2% 38 17 X b s Al R 0. 61
o/ (KW -h) , FREEM 42 1 000 To/0 3, TR 35 15 7K 31
24 8 m’/h, BEHNIEFE 2 013 va, B 0 f6) 42 35 17 2% 7
201.3 700, WL, A TRA Tz N
1568. 1 J7JC/a.
5 #ib

K A P HE T 7K S0 48 -+ T8 B T 40 + 55 6 0 1
AR R R R B 2R BB A AR S IR B2 4
J TR EHEL, 4 HEK RSl . it 2%
Wedii , R GR35 3k 96. 28% , 48 K W] H
TR AR K AL B AT RN K IEIR R H R Gi4boK
KRS T HRABEWLA & K FE . K FHE R 5
rf v A b B R G LR R s TR E , IR IE
RSty K K B B KK R E , R GE K TDS IR F
600 mg/L, 5 i |~ 7KK BT AH Y , B A% S 90 B 4 A
FH o BRI AR S R K 8 mi/h, 3 3k 55 BRI 78
TSIV . R P ER 2 AR IR, 5 R K
—IFLR G R, S da Ry K Gl 1 T (E R
0. 42% , A2 HAEREFR EL K PR BB I LU 9], AN 257
A= G fb R U B A MER

BRBERL LG A 7K 3 GeHE T K R 13 7K % HE
A AR W4T B AT T, JC S0 RS, (AL B R 45
TEARBEK, BT A B = (1568.1 J17T/a),
R A P 2R 455 245 AN FE AR (L 75% , DRLEAG
A Bl R AT AR Ak B T 255 2 25 RN FE A 2 N — 2
TAE R E ASWFIE 7 17

B2 WK

(1] BEPUAR . Wi 5 7K 7 HE T A B 2k 32 i Jit D) £ A
(7). RALBEEEA ,2021,47(8) : 14-19,25.

JIA Xibu. Analysis on selection principles of technology
routes for desulphurization wastewater zero discharge
(1] Technology of Water Treatment, 2021, 47 (8):14-
19,25(in Chinese).

BN b B, RE AL, 45 . 300 MW R HL il Ak 27 A1 5
Sit A B 2B DI ] DU % K - HER I WE e [T ], b AL
TR, 2021,41(15) :5274-5282.

YANG Gangzhong, ZHAO Yongchun, XIONG Zhuo, et
al. Research on technology of chemical agglomeration

enhanced fine particles removal and zero discharge of

(3]

(4]

(5]

[6]

[7]

desulfurization wastewater from a 300 MW coal-fired
power plant[ J]. Proceedings of the CSEE,2021,41(15):
5274-5282(in Chinese).

ZEEIR R B XIS, 4 . BRI R K HE Ak
WA GLSATIERR /AT ()], Tolk kA2, 2022, 42(1)
175-178,186.

LI Yajuan, LIU Yong, LIU Guidong, et al. Analysis of
zero discharge system performance for desulfurization
wastewater in a power plant [J]. Industrial Water
Treatment,2022,42(1):175-178, 186(in Chinese ).
JURH A A, A Al K BRI LR A R
F B i Be B ia BAR e ARIT LT ], h e 7, 2018, 51
(10):134-138.

YOU Liangzhou, HAN Qiangian, JIN Yinjia, et al.
Discussion on the comprehensive utilization of water
resources and the technical route of pollution prevention
in thermal power plants [J]. Electric Power, 2018, 51
(10):134-138(in Chinese).

BUAR AL, TR w0/, A L R EEDORE It — D AT
2 U8 ] T AR BRG] BORZEK [T]. P g5 K HEOK
2021,37(18):93-96.

JIA Weijian, ZHANG Kefeng, CHENG Xiaoxiang, et al.
Application of high-density sedimentation tank with
D-type filter in the treatment of reservoir water derived
from Yellow River [J]. China Water & Wastewater,
2021,37(18):93-96(in Chinese).

filse e, b, oKWY, A5 SRR B AR A K Ak B
TRESEBILT ] E L KHEK,2022,38(4) 1 109-113.
NI Tingting, WANG Yunzhong, WU Yongming, et al.
Case of wet flue gas desulfurization wastewater treatment
project [J]. China Water & Wastewater, 2022, 38 (4) :
109-113(in Chinese).

AT sk g, Tl A5 AR ) IR K FHE AL B
ORI KARFEEAR ,2017,43(6) :24-28,33.

LI Bing, ZHANG Qilong, WANG Xuetong, et al.
Wastewater zero discharge technology of coal-fired power
plant[]]. Technology of Water Treatment, 2017, 43(6):
24-28,33(in Chinese).

+ 137 -

YEB BT BRI (1987— ), Lo, WL T AL i1,
G TFRIW , 2 Tl K b BT R
SR TAE.

E-mail :40007@ccepc.com

Wrfs B 81 :2022-07-24

f&[E B #7:2022-09-13

(Zi 4 AR50



