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Optimization of water saving in industrial water

system based on cascade use of water
ZHU Lishan',LIU Jun"?,HOU Baodeng',XTAO Weihua', MA Jing'
(1. China Institute of Water Resources and Hydropower Research , Beijing 100038 , China ;
2. School of Civil Engineering and Architecture , Guangxi University , Nanning 530004 , China )

Abstract: Water saving optimization of water system is a method to analyze the water saving potential of water system from the sys -
tem level, and the quantitative study of water saving can be realized with the help of mathematical model. An optimization model of
water system water saving based on the reuse of external drainage was presented , and the Vogel method was used to solve the
model. A case study was carried out with a thermal power enterprise as a typical water use case. The water use system of the case
enterprise was divided into six water sub-systems ( circulating cooling water system , ash slag water system , chemical desalination
water system , desulfurization water system , domestic fire water system, and other miscellaneous systems ),and a cost-optimized
walter-saving optimization model was constructed and solved based on the sewage discharge transformation. The case study found
that the economic benefits brought by optimization were the most obvious , followed by water saving and ecological benefits. After
the optimization of the case companies , the reduction rates of comprehensive power generation water consumption , total water cost,
and fresh water consumption were 10.3%, 13.6% , 11.2% , respectively , which is of positive significance for alleviating local water
environmental pollution and pressure on groundwater extraction.
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Table 1  Data of water consumption unit
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Table 2 Water consumption ways of each water system
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Table 3 Relationship between concentration multiple and
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water saving amount of a single 350 MW generator set
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Table 4 Water consumption of each unit m’/h
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Table 5 Water supply and demand of water system under zero discharge situation m’/h
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— WV 1K R ek X2 X2 X3 X4 X2s %26 X7 Xog X9 310
IR IR K R GHEK ¥33 X3 X33 X34 X35 X36 X317 X3y ¥39 79
— IR K i K Xag R Y43 Yag Yas Y46 Y47 Xag X9 20

M BRERK R G HEK Xss REH Xs3 Y54 Xss Xs6 Xs1 Xss Xs9 218
PR Y66 Y62 Y63 Y64 Y65 Y6 Xe7 Xeg X9 51
i B 3R i K X711 Y72 X173 X174 X715 X716 X7 X3 X9 36
A 1 HE S K Xgg Xg, Xgy Xgy Xgs Xgq Xgy Xgg Xgy 14

Tk b, 2486 105 52 44 220 110 433 67 102 3619
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Table 6  Disposal methods and reuse of waste water from thermal power system

HE¥S [ &R TEFR % HIK & 5t BRI ARG WiGHK RS BRI RS R IEBITK RS 2K R 5L
EEIRERAIV/ 1 RPN I+ B IE A4k B A4k B g+ B IE HIEH BN+ 18+ 7
AP oK HETS K e AT A4k B AN b B o A+ Bk ik W I 0+ B B+ B A4k B
P2 B R AR kG K HHE+ BB Y8 A4k B AHIE+BIE U+ BT T 2 0 N4k B

JBL B I3 K AT K Al oA Uil R St b P N ENOb AN

A 15 K HETS K KBRS E+IR AR B AR DIVE AR Al AW 1 B+ AW A i S AL
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Table 7 Price table of water distribution cost JG/m’
—WAPER CWIRENLOE B R IBRK fheEBRER e - AR HoA g A
K WHKR%  KRE  mAK  WAK KRk PR OBERK g Tk
B K 2.17 2.12 2 2 3 — 2 2.16 2
— IR HIK R G HEK 1.28 1.4 0 3 2.56 — 0 1.45 0.25
T PLIE PR K R GEHEK 0.73 0.15 0 0 1.53 — 0 0.45 0.15
— A B K i HE K 1.43 1.43 0.03 0.03 2.95 — 0.03 1.72 0.15
T2 B bk 2 ge ok 1.66 1.66 0 0 2.94 0 0 1.96 1.28
By HEK 0 0 0 0 2.74 — 0 1.5 0
BT F S HEK 1.43 1.43 0.03 0.03 2.95 — 0.03 1.72 0.15
AE I HETS K 1.08 0.42 0.1 0.01 1.87 — 0.1 1.5 0.42
34 RUERSH HEEAT A, U R K B I 3 8.
T O b R A A A A B MATLAB B 802211 & 341 AEESM
J# 9 5 Vogel d5e 4 F A2 20 B 7 v BT, AR I K B X 2% FH 7K 5850 FH KR U5 DL K HEZK 2 AR s

R A B 5 i i) b e oF 45 ST L HEKOK B S A
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Table 8 Optimized water balance data of water system m’/h

—MIIEI e TIEALIE BRI TWIBR K fReEBRER o JBEBR AR AIG By AR itk it
HURRGE KRG WEAG  WHWAZR KRG 24 KRG kzg TR

ek 2435 105 0 0 127 0 55 67 102 2891
— WAPE IR HKHEK 0 0 0 0 0 0 310 0 0 310
ISR LG F K HEOK 0 0 0 0 79 0 0 0 0 79
— I B s HE K 0 0 0 20 0 0 0 0 0 20
A2 B K HE K 0 0 52 24 0 110 32 0 0 218
B b HETE K 51 0 0 0 0 0 0 0 0 51
J B 2 GEHEK 0 0 0 0 0 0 36 0 0 36
A HETE K 0 0 0 0 14 0 0 0 0 14
T Kb 2486 105 52 44 220 110 433 67 102 3619

—183—



D )
Z 5 KR

Tl KA F 2022-01,42(1)

(1) 37 7K B &0 2 891 m/h, Hirh 84.29% H
TR K R G0, Hofh o it IR IR K R4 Ak
FERERK R G WK R G AT K RS
HAhZ2 KRG .

(2) — A8 PR V8 H1 K 3 G2 K 43 500 >k B fif ok
FR b HE 7K AR 2 AT 3k B 2K b e HE K 4 AL
i R Gl

(3) B LG PR K & g8 HIK 4 88k BT oK
HeK 4= F AL BRI K R, I HLAE 31 K R
S HEK S G K, S A 2 B D AT A TS N R
AL AL S BR K RG] .

(4)— IR K i 22 40 FH K 43 o F Ak 22 B £k K
R HEAK  HE KA I BRK i R Gl .

(5) I BR K 22 45 K 23 ok A Ak 2 Bk
RO — IR K R G0, I AR, JCAME

(6) k24 B R /K 2 58 /K R 1 T 5 /K R — 4
BUIE IR IR R GEHEK L AR TR RS K . A2z bR R K h
— 8 G B AR K HE ) B A, O — 40 vk 4 ¥ K CHE e B
TRt 72 40 DA B AR FH K o R A 356 3 B i /K 4 4y
FL AR Tl A 7 X K 3 A AR 1 ok R
15 HE TS K AL B S T T HoA 2% K R 40, 4k 2 B8R
K Z G0 T B 14 m*/h ) F B fef K BRI

(T Fa P K238k A Ak BrE K R 40, HEK 4L
— WK RGEAH .

(8) i it F 7K 2 G2 F 7K 13% Sk H 3K \72% Sk
H— W9 20 18 JEHETS K (7% % A BR K &R e HEK
1 8% ke 1 Ak 2 Bk 5 K HE K, I 4% 43 19 HE K (36
m¥/h)HE [ B o T BB HEK S 5 S SR A Y
AR TR e AT A HHEK 1 T A BE f UR AR,
WO BT HETE B B RIS . 45 A S B 0K X R 4y
KCHE 1] BB FH 7K Ak BT, A S HEFE BR K R G

(9) A= 3% F /K 438 ok B B K, HEK H 7462 B
IR R G0, AR 5 HE K HEAE FL A K R %

PEAe R I i 4 T R KP4 00 DL 1A 1
342 kAL B S5

(1) & TR 28 57 B o AR AR T S 280 25 X b DL 36
9. B KAk JE BT i K BOH B> T 364 m/h,
UK 2 FH B WA 11.2% 5 % 5 7K R o 18 s /0l 5 0k
BEOK 55RO B2 T B K AL B A 5 2 T R
T 22.4% ;T35 BB R K, TG AE T T A 4
W 0 HE V5 2 F 255 T3 00 5 B 9 K ROK & g4k Ak

—184—

< Kt
<- JKilkE

wrepk 28

1 R ErE XK EEE
Fig. 1  Water balance diagram of the whole plant after optimization
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Table 9 Comparison of benefits before and after optimization

L&Y fifbnr  fifbls AR /%
LEA R BEIKFER/(m?-sT-CW ) 0.39 0.35 -10.3
SHIKBLAR /(G -hT") 8 369 7231 -13.6
Bk 2 R/(Jiot-a™) 5703 5065 -11.2
BATAL BB /(T o627 1859 1449 -22.05
Hem 28 /(5 ot -a™) 255 0 -100
BARH/(JT ot a™") 7586 6334 -16.5

()4t 4 BRI . 15 70% W % B fr k5
RALSE LT W 254 & K FER N 0.35 m¥/(s-GW ),
L AR AL BT AR T 10.3% , % T 52 30 28 9% 4 43 1 W] 5
SLR AR E L.

P AR J5 R34 AT s HOK B DL CHEYS B 4% 318.86
T3t XA H T 7K 98 T LA B 8 it /K 9% TR A 14 O S
LA R R S, I R T 28 i 224 Hb 1 7K 3R 35 75 e (]
RO, X AR K A 25 PRI A L R BTk

4 it

AT A 5E K B, R EAT 1 Tl K R ek AT
IR FEAK K 3 43 A1, I 3R A7 719 K e 2 ek 2D Tl K
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FHAK P 28 A Ak )5 548 0T 7= A2 1 252 5 STy A, Herp
29% 1 F3HE BTk R B 2K M 25 A4k (71% 3k B 5 K
M
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