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Design of the bypass flue evaporation system for

desulfurization wastewater in a thermal power plant
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Abstract: An engineering design and application of desulfurization wastewater bypass flue evaporation system in a
thermal power plant was introduced. By thermal simulation calculation and analysis,the desulfurization wastewater
couldn’t be totally consumed by bypass flue evaporation and need to be reduced. The design adopted softening and
concentration process to reduce the amount of desulfurization wastewater. The fresh water obtained was reused, and
the concentrated brine was went to the bypass flue evaporation system. The operating results showed it could meet the
long-term operation of the reverse osmosis device when the concentration of calcium ions in the reverse osmosis con-
centrated water was controlled within 4 mmol/L. The amount of hot flue gas extracted by the evaporation tower could
reach 5%—-6.5% ,and the operating pressure difference of the evaporation tower was less than that of the air preheater.
The abrasion resistance of the spray gun was better than that of the atomizing disk.
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Table 1 Thermal calculation and analysis of flue
gas evaporating water volume under different loads

100%THA 75%THA 50%THA

i H 2485

A B A B A B

IHRZE KK (m+h) 6 4 2.1
A AR C 129 120 116 107 112 106
I R AR/ C 129 122 116 109 112 108
— R TR 330 330 319 319 326 326
TR TR EC 342 338 326 322 331 328
TIOR8 9% 45 49 33

Y A—IE T aspen plus BOPFBEIIHL | R GURH A0 45 5 B—IE T
aspen plus PRI 3003 BB K IR AR IR 2 1
H 2 1 A FE 5% T IR R K R
K 4 m¥h; 100% 56 T MHSZE KK R KN 6 mih,
I 4% 100% 0 far 554607 T 5B Mk, i+
B AL K TE 8~10 m¥h, A FE L ATE
THAFERE TR BRI K | PH T B X B AR P K 2R 1 7
WAL PRI T AR LA 1, E TR
RISE R AR A28 KK (SR mh) B
TR KA FR A TR 7K 11 m¥h, Zad SRS KR
PALSE HEARDUE IR ROB B E | gy Rk
RITFN 90%, B B E N IR T 40%~
60% . AR I SEIHT % K K B RN 38 15 2%
B EISCE ) WARZERIER BT S8 4 m¥h, ek
H 1R 6 mifh  ARSEHLLL G ff AR E A TR e %5
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K, P ER I K SR R K b e e R
GE IR AT T A N AT IR A SO MR 7K i
BB ALK 2RI HE pH 2 7.0~8.0 J5 , PRt
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Fig. 1  Process flow of the bypass flue evaporation

process for desulfurization wastewater
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Fig. 2 Survey of water quality analysis
data of desulfurization wastewater
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Fig. 3 Analysis of water quality after
desulfurization wastewater is softened

M3 AT LIRS R K R S S T
W ALK 4 mg/L, Fe = 25 mg/L; BB ¥ ol s K
FERARH] 9 m/L, Ferih 17 me/L, BRALRCR B4
B BB TR EHIAE 1 mmol/L LATF
32 REERBIEITHW

BB BN RN 10 mYh, FBOEIT,
TR RSN, BRI 409%~60%, AT
PRIIE BT 14 19 e/ N A B | W /K BT i =K
B % B URERAOK T a5 R WA 4,

BITESIRRY], OB EIRERK P45 8 7 i
JELE 160 mg/L AN, BERS B W BE7E 70 mg/L LA
W, YEBRIGRI TV B2 N, i 3 N H s
11, B BEEELE 0.04 MPa 247, H G & T+
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Table 2 Evaporation tower operating data
KRRt/ AMZERKE BMZEAOKE A QRN A A DB AR B QIR B MMM s g 470 1 HoA o6
(m*-h™) (m’-h™) (m’-h™) #/(Nm*-h™) /% #/(Nm®-h™) i /% )
4.47 2.27 2.20 26 047 5.94 26 599 6.07 80
5.89 2.95 2.94 26 889 5.61 27 246 5.69 87
5.95 2.94 3.01 26 898 5.64 27016 5.66 87
5.88 2.90 2.98 26 870 5.65 26 895 5.65 87
5.74 2.81 293 26 850 5.64 26 877 5.65 87
5.83 2.87 2.96 26 878 5.65 26 987 5.67 86
5.89 2.88 3.01 26 890 5.65 27010 5.68 86
5.74 2.78 2.96 26 785 5.63 26 980 5.67 86
5.75 2.75 3.00 26 760 5.82 26 988 5.87 84
4.00 1.81 2.20 19 025 6.02 18 780 5.94 58

M2 ATLLE 1A B 78 R I < i 2
A PR SR Y 5%~6.5% , ISBIRTER ) A B 78
RIEWE AT BT | A 288 38 I LA TR 22 29
800 Pa, B 78 & I8 K HAKIE R 22 29°4 950 Pa, ¥/ T
ZEPARABATEZE 1200 Pa, fRIE T #URS A IEA
FNZE LT 2R LR IR A R ERERIE Y S
JEARIR G, AEARARIR A RS L AT T A
Rl VR A JE MRS 28 R T AEASAR LE AR
3 °C, HAEMMRIR A A RV 2 N, T
AR B Jo A | el 55 AL AR S PRas 4 T i A IR
HIBAT  Fi e e s T

BT 3 A KA R, 25 ZHE N T EE B4 |
ZERIE I TO IR E, . WNs TR R 2 Fhgs
175 RICIS 78 & B 7K JFKGA S e 4 i v 16
K, TG X Xt 55 A Ak R A fr P R A 7 PR
Ykt R, S5 A AR T AT SRS A R
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Fig.5 The atomization disc and spray gun are opened
and inspected after three months of operation
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Table 3 Calculation for the influence of different evaporating water volume on boiler efficiency

e BIHCR 1%
KK/ p p
(b 100%THA 75%THA 50%THA
JEAE HHHE B4 AE JEAE HHHE K (e JE i IHEME A
6 92.76 92.62 -0.14 92.89 92.76 -0.13 91.8 91.67 -0.13
4 92.76 92.65 -0.11 92.89 92.79 -0.10 91.8 91.70 -0.10

MF 3 FTLIE B8R T RE T 0.19%~0.14%,
AL
3.5 EEGERYITIEREI N

ZHLAL 2017 48 ZNEE SR 5 000 b, 72 A2 1)
SRR 16.5 T7 v, LA A AR R /K By
50 000 m*, A & K A SEAR 2428 5 000 mg/L, #%
JI B PR 7K 1 SRR 4 0 AR | 7 A 1 AR
k250 t, WA IR T AR R 0.15%, BT, %) B
SRR A KR A B RL R K i 2
R AN 40% , o LU IE K U T i 505 7/ T
0.06% , ik |Gl F LR £ K e An E) (GB 175—2007)
KGR S R KR R R
JRAE Ry il 7K e sl — e 23 it 10%

SN TR R BEA ML IHIK RS, S8
A K R GE A 728 XU K, DL BR A i K —
WG, BN TIERIELERIK, B TR F
JK, AnHAE IR | AT LA 55 B S 28 A R S R R
TR FE R A . VA 30 1 kW HLAL A BB | K JE
P AR R 12 m, 55 BEIR 78 R 7 A A R LA R
DA K 3%, ORI, $22 BB IR I %) e AR 13
950 kg/m® T | /NI ZE & 2457 A I K HE AR 3 BE A
N 4.6 mm, NETE R B HERZ IREG7, I
Hb, OBHE RAEIREK AT IR A Bt \T
DR IE 8% 25 5 9 K 5 LA 7= A B R BE A 72 4 1O TR
G o J9Ah AER R R L A K B He Cr %5
A EBARIG | 430 PR R TG K Ak
MR K AR E A FAFE R He Cr 5
HERUORUTF R A TR HE R 50, S HARRE
R s — P s H 2R AR, Ab3E AT K
HEERETEEMNA R A KA - AR
JB K K A I FE FR ) (DLIT 97—2006) RO bRE 28 %
JEARGTEE R E NS,
3.6 ZFSHh

WAL 7K 55 B MR T 7% e T AR 9T WL 4,

T4 BREXESHBAEZRLIELRER
Table 4 Investment cost of desulfurization
wastewater bypass flue evaporation project

i H 44 % HHTR RRWE TR %ﬁljjc/

ot /AT ®oG
AR 4 7 5t 210 617 136 963
HANE AR R G 14 489 244 747
T TR (AT 224 1106 380 1710

AR R TN 963 FioT, 55 #% A
SRR RGN TREE R 747 Tio6, 435 b B4
) 56% 1 46% , FRACH AR 250 TR Ems i

IR A K 5 6 R 2 K TR LS AT 9 L
#5,

x5 HEETEA

Table 5  Direct operating expense

RsR s Bt G st
50 10 R =y ot
TR K 55 87.27 24 19 55

Wit A TR

JIR R 7K 55 M 26k TR H A% AT 2
185.27 Jiot, ¥ REALA 4R /N 5 000 h 15
AT UAR BRI AR K K A 55 000 m?, W) B 3817 A%
ANy 33.7 Jo/m?, HA SRR 8 K R G B S AT AL
AN 10 To/m®, HIXT FARGE 28 R 245 0 T2 817K
AR,

4 Z5ig

(AR TREFAL IR T s iR, mT LA ]
B FBUK TS B FHRIEAE 4 mmol/L LAWY, fR9IE T
B BRE NG RREBAT,

(2) WP K 55 [ A T8 78 2 B4 138 1T R 22 /N F
S TgR RS PSR SE R R A ZR L EE

(3) WAt (A B PR AR T 25 Ak

(4) 3 I INTE 78 & R GERTHR PSSR AR R /DN

(5)FHENRTE 2% K R 58 HAE A TIAS K 10 Tom?,
X TG ZE L LS T2 BT B,

185.27
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330 MW BAKEH2H B 77 & 7K 55 B8 2% & F AN B bz A 749
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(] Fr) 330 MW HLLM SCR 54 BlgRZ 15| H — & m A RS HE A THRIE | RIS ISR R BRI T
BRI K AT HE AL B X 7K 55 B 28 K F AR R FHIEAT T30, 45 5R 3B W e TO0 R, 28K 5.1 m¥h )5
TR K TS BRI 64 896 m¥h, THREE MG H1 335 CREZE 205 °C, TH=W) & /KZE N 0.15% , AR IE K Bk
FNGEIE RN T B 5N 87.7%F1 12.3% , M JE K i G B -3 B2 43 B2 0.28% , SRR T IR 4 0.55%,
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Application evaluation of bypass evaporation technology

for desulfurization wastewater in 330 MW coal-fired unit
ZHANG Shanshan, WU Qiaoling, JI Haihong, WANG Renlei
(Huadian Electric Power Research Institute Co. , Lid. ,Hangzhou 310030, China)

Abstract: A certain amount of hot flue gas was drawn from the SCR and the air preheater into the drying tower of
330 MW unit in a power plant,and the zero-discharge treatment of desulfurization wastewater was realized by the by-
pass evaporation technology. The application of bypass evaporation technology for desulfurization wastewater was
evaluated,and the results showed that under full load conditions, the amount of hot gas required to evaporate 5.1 m*h
of desulfurization wastewater was about 64 896 m*h,the temperature of the drying tower was reduced from 335 °C to
205 °C, the moisture content of the dried products was 0.15%. The mass fractions of chlorine removal and chlorine
volatilization in desulfurization wastewater were 87.7% and 12.3% ,respectively. The average mass fraction of chlorine
in fly ash was about 0.28%, and the boiler efficiency decreased about 0.55%.

Key words: desulfurization wastewater ; drying tower; bypass evaporation ; zero emissions ; chlorine balance ; chlorine

volatilization
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