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Disscussion on the Design Philosophy to Meet Water Consumption
Index of Circulation Cooling Combined-Cycle Peak-Regulation

Power Plant in South China
ZHANG Ying™, ZHANG Guogang, ZOU Jian
(China Energy Engineering Group Guangdong Electric Power Design Institute Co., Ltd., Guangzhou 510663, Guangdong, China)

Abstract: [Introduction] With the promotion of comprehensive utilization of natural gas and the encouragement of clean energy
power generation, the construction of large combined-cycle power plant is one of the important forms to achieve this goal. [Method]
In this paper, through case study, scheme formulation, analysis and summary, the design philosophy to meet water consumption index
of large combined-cycle peak-regulation power plant in south China was studied and discussed: The water source characteristics and
design difficulties of the project were analyzed, the water-saving design scheme was formulated, the water balance was calculated,
and other water-saving design ideas were discussed. [Result] In order to meet the increasingly stringent requirements of water
consumption index, large circulation cooling combined-cycle peak-regulation power plant in South China should consider the water
source characteristics, selection of concentration ratio of cooling tower and reuse of cooling tower discharge water based on the site
conditions of the project, and formulate appropriate design schemes to ensure the realization of water-saving goal. [Conclusion| The
research can provide design philosophy for the same type plants to meet water comsuption index.
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2095-8676 © 2022 Energy China GEDI. Publishing services by Energy Observer Magazine Co., Ltd. on behalf of Energy China
GEDI. This is an open access article under the CC BY-NC license (https://creativecommons.org/licenses/by-nc/4.0/).

KRS EE. 2021-12-27  {EEEHE. 2022-02-28
B PEGEEARBERHIIE R B HUAE R 515 S oK 1R ERZE B s iR — AR AR BEFE” (BEV05911W)



44 FE T REVR AR

89 %

0 3l

Bl AR REHERE S, TKIE R
R WA S 281 ey 3 R s T R T
K R AL SR L ) — T F R A

IR -ZR VRS B PR HLALAE 3 T fE VR & H Y
RF%, FEENAE T Z MR Y KARR -2
RIRATEIALAL R L Z A B 0% . TG
REUF S o, Ok 2 b g v, Horp EoR i
Seit . HBLES R B H BN e S5

Hir, EHNKBBEAIEALT EHLRT) 1
A RZO T AR T, Wi, LG, fEa.
VR . AR O X, Al SRR A A AR B R A
BMENH; X A FIeaT . K, IR
Mo, DMESOR . 2 H 25 AR AR R, HErE
PRI 1) A 1 R TR IG5 108 ML B B 18
R K ELRABER LSS, REBOR IR IaA%
H, LT AHERGOKBOK, X KRG

R 7 i X DA BT I SRy 2 RS 32
BEERLZW, ZFRMDOW, F V85008
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ASCLAT A HE 2 x 600 MW 2 H 2% 3 16 B 45 1
PREL I H o, e LR 4 R O KR R A IR L
HL) A AF 5 A E B oK, SEBl s bRy /K A T
BRI HT, 48 BT S A it

1 mMB#HRMAKEMENR

1.1 MBEEXER
1.1 I EH BB e A

T H B 2 x 600 MW 2% H IR - 25758 & 18
WML, siBEREiaqT, R AL R HIEE Y
TRTEARAE T, MUAMEREGRIE T oL J1 ok 2 x
687.25 MW, HLZAEF| /MRS 3 300 he

W T ARET MATRVPIX . BRYLAPERE,
JE TR, HLIRISZI A iy, BAT
TRBRNEE . HRFE R . EOREI . A TO RS

MR HEMHE R R R, 24k 24F
TR R 22.4 T EFF MR R 78% . e
A H R (DL P e IE 3R 58 4 1F)
28.4 C. ZiHE N 10% WiBERIRE Jy 252 C. A]
UL, PRSI RE R ¥ Ak T4 i KT

il

1 HAG IR FE A K IR BRI, ARSE T hEF
K SCE B R B OR 2 AR R A KR R
24.6 C, HAAHFEHKIE R 297 T, BEUIR
F10% BRI A 31.3 T AT UL, K PRI A T4
FKo AR, E T TR A R, KR
HHERNEE, B9 H 2R 4 AR IR SR
o RRFRREER N, SR B iR = TR 8 000 mg/L.
1.1.2 T HERAIKTR

I H K RT R B N AN 71

1) AR EK: BABRITIE, FHT RN
B AR . IR RIEHKRHE, 4T
FHKEE90% LA L, FEA B T30 H 1975 KK,

2) Tk, TG K. BUATHEH KRS,
FEHT AP A Kb 2SR e B HE
TGRS TV K, DURSHB AT K, (4
FHK 8 e A1
1.2 FAKEMENK

KRB AR A H AT E R AR (L
KEREH 15 K1 kHE) (GB/T 18916.1—
2021) 7 AHCEER, iR PR

F1 BuLZBEIUKESER

Tab.1 Water intake quota index per unit power generation

m*/MWh
HUAWHD  BApLAR PSR BPLA G AN
B <300 MW 300 MWZ 600 MW ZL 1 000 MW 4%
TEAVR A 3.20 2.70 2.35 2.00
HIAE 0.72 0. 49 0. 42 0.35
2SS 0. 80 0.57 0. 49 0.42

ZIH N 600 MW S50 10 —IRIGIAHLAL, $E8
TAEDR, BUKEHIH 2.35 m/MWh,

H T AR IR EDK R, TRAMESE T2 H
KTAE, 20194F 12 HKRIFFRER & T (C9ekas+ /I
T FHAESD K52y [2019] 373%5) ™ (20204
2 H 1 HRSE), HAx Tk o & IR R -ZRR
KA IR B A HL 1) FH K 2 BRI AN 2 BT/ o

MR 2, 230 H H7KE iR H e #EE 0.90 mY
MWh, A] WARXS T )5 [ R b i 2.35 m/MWh 9 45
PREDR, PR TR 34

FRLA, TR MR T oy bsif K3
(DB44/T 1461—2021) ', Hoa X Jy 4 = v (g 18k
S FRIREAAAEIA A L B PR B [F)96 2 N —2
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Tab.2 Water quota of thermal power generating units
m’/MWh

FAL HUAREIESL MUALAE SR STEbE EmE
<300MW  0.90  1.00  2.00

o TEMRE 300 MW 2R
R -ZRTA 0.75  0.90 1.50

PLE
LR ITEaN K

— 0.17 0.20  0.40

e AL A KERAT, F T 51400l 5 7K 28 A AR OR A
FE, AR B RO (B, PTE) K RIEISUE . B
IKVERIH LA AN S M Jell(EH TR (k. §rd)
A K BEWEIEE . BOKIF AT BRI KPS s A T EA 4
v B H B KA BT K%

gi b, %I E B K OE BN AT G BT B K R
RAT W BORIE LR BT R4 5o K E B EOK
RIS 53 0.90 m/MWh,
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BR, PR AR E = 15% a4y SR g
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BOREE TP

2 [ KEFEFRIUE M BA L BEK
=itE
2.1 WHEBFRKEKE
2B KR S AN 7T H o T E ok
K, EFZEHFT BN KAEE | 25 b 7E . B
WHEE R H S T K, LSRR K H
TONBREE AN K, A BRTLIE . Kb g T
A, WH Tl A AR NER 3 s, T
A K BUK I 43 m/h, 4EBUKE 17.97 T m’,

#£3 IlUAEFRKE(THRAENRKITER
Tab. 3 Calculation table of industrial and domestic water con-
sumption (municipal tap water)

m’ K/ (m’-h™)

e o WOKHE oKL SRRk R
1 B HETS K 7 7 0
2 B PR A K AL B R S 38 19 19
3 F AR 5 4 1
4 2PN K 16.5 0 16.5
5 A i K 0.5 0 0.5
6 JTIX g A TE RN 2.5 0 2.5
7 RBLAESAEMBIL 3.5 0 3.5
& it 73 30 43
AR H R K BUK 05 m? 17.97

T AEBOK SR P ARG K4 4E 8 760 hit A, oAl K AR 38
R AKRREITHAE) (DL/T 5513—2016) ', #4EHH 1T/
B84 125 h (HLALAEFI /N £L3 300 h x 1.254%) o

2.2 ARRFEXRHKIMRARKERBEMNKE
Bk E
FRPEHISC, 230 H 4 K5 KR B % 53 #h
FeK, HXE K bR 0 BT SE DR PR, T A
AR A RS R ENEE AN K B e BaE R T, A
T Se AT G A B AR A X B UK B R
T I KIEZ S, ROIR A AN
R, HRESRAR LR SE KGN, 2315, e
TR (55, U R AR R I 2.5 O TE B
N SR AR S A . SRR 2.5
£ DL AR B AR 5 R 5 A, BUIIR 46 5K 2.5
R T &) K EPAE, A =R R 2R
TR BOK I S g R BUK B, gk 4 g 6 s .
MRAE R 4 R 6o TFFE R, MR R
(ST, I H B A& L UK R IR A
4 0.90 m/MWh I E BB R o i AR Ve A i
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Tab.4 Calculation table of water intake per unit power generation (annual concentration ratio 5 times)
H 1 2 3 4 5 6 7 8 9 10 11 12
N 5 5 5 5 5 5 5 5 5 5 5 5
0, 825 842 882 920 942 954 962 960 952 933 904 849
(o8 93. 6 93. 6 93. 6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6
(o8 113 117 127 136 142 145 147 146 144 140 132 119
0, 1032 1053 1103 1150 1178 1192 1202 1200 1190 1166 1130 1061
0, 51.6 52.6 55.1 57.5 58.9 59.6 60. 1 60. 0 59.5 58.3 56.5 53.0
Qq 1083 1105 1158 1207 1237 1252 1262 1260 1249 1224 1187 1114
PRILKAEBUK &2/ m? 394. 46
AF A SR KBUK &/ m? 17.97
A BBUK T m? 412,43
N7 K BIBOK E/[m? s (MWh) ™ ] 0. 909

W L N—RETR, Q —Z8 koK Q —— i dokat; Q——HEEHik; Q ——R B FKE; Q—FbH RS A HAKE;
Q—HUKEE; H/REAA N m'/he 2% CRAHKEIHIR) (DL/T 5513—2016) , BRVIKEBOK T SI8EHN K, ARBUK SR HLA
AR /TR 3 300 b5

®5 BURBBUKETHTER(EFRFEEER25E)
Tab.5 Calculation table of water intake per unit power generation (annual concentration ratio 2.5 times)

1

A 2 3 4 5 6 7 8 9 10 11 12

N 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
0, 825 842 882 920 942 954 962 960 952 933 904 849
0, 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6
0, 457 468 495 520 535 542 548 547 541 528 509 472
0, 1376 1404 1470 1533 1570 1590 1603 1601 1587 1554 1507 1414
0, 68.8 70. 2 73.5 76.6 78.5 79.5 80. 1 80.0 79.3 77.7 75.3 70.7
0, 1444 1474 1544 1609 1649 1669 1683 1681 1666 1632 1582 1485

ERVLK A BUK /7 m? 525.95

AF SR AKBUK T m? 17.97

A HUK /T m? 543. 92

R HIBOK R/ [m’ - (MWh)™'] 1. 199

T R ARG LA R4,
*6 BUABIKEHER(CERBHREGERE PBHRBEE25F)
Tab.6 Calculation table of water intake per unit power generation (The concentration ratio is 5 times in non-salt tide period and
2.5 times in salt tide period)
H 1 2 3 4 5 6 7 8 9 10 11 12
N 2.5 2.5 2.5 2.5 5 5 5 5 2.5 2.5 2.5 2.5
0, 825 842 882 920 942 954 962 960 952 933 904 849
(o8 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93. 6
o, 457 468 495 520 142 145 147 146 541 528 509 472
o. 1376 1404 1470 1533 1178 1192 1202 1200 1587 1554 1507 1414
0, 68. 8 70.2 73.5 76.6 58.9 59.6 60. 1 60. 0 79.3 77.7 75.3 70.7
Qq 1444 1474 1544 1609 1237 1252 1262 1260 1666 1632 1582 1485
BRILKAEBUK 2/ m? 479.51
AR R K IBUK DT m? 17.97
AERBUKE/JT m? 497. 48
B R H UK A/ [m’ - (MWh) ™' ] 1. 097
e R &R IR R4,
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Pl ZefaEiafr, wit EAGEL
2.3 BRXBEKEHERERK

I H 27K IR A SR R R IR VR R,
AR e T A A AR B A FRLIBOK BEMERE AR, T
F5e T P 7K E BT HH AN I 7R >R TV 7K B D B — IR

I=SVA
o

W, HEBUH # K RS TE ABUK K &
E R L o o S R S O A B =, ik, 2B
FORIH A FE T2 B A SE BRI A BOK TR
B, 1) FH K bR o G i B AE 98 I S Tl
PR [P PRRIR : FERRE BN HRIETT IR, JEIRAH)
FHEIRARE A (B K EEWE, BUK IR KM
RAK, HATRRAKRNABUKR . 23023 3 H
(B AKEHH 0.9 m/MWh EFT3EH . BH L, %
T H fe 2 B 2 UK B BER A R el AR
e A 5 2R 5 A%, BORBIER 2.5 48, o,
Ja T 300 0 B A U K BOK e, R R T L EE 7
Fi7R o

R7 BURBBUKEHTERGERBRREERSE, RUBRREEE25E<MBRIEA>)

Tab.7 Calculation table of water intake per unit power generation (The concentration ratio is 5 times in non-salt tide period and

2.5 times in salt tide period <Deducting seawater>)

H 1 2 3 4 5 6 7 8 9 10 11 12

N 2.5 2.5 2.5 2.5 5 5 5 5 2.5 2.5 2.5 2.5
0, 825 842 882 920 942 954 962 960 952 933 904 849
0, 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6 93.6
0, 457 468 495 520 142 145 147 146 541 528 509 472
0, 1376 1404 1470 1533 1178 1192 1202 1200 1587 1554 1507 1414
0, 68.8 70. 2 73.5 76.6 58.9 59.6 60. 1 60. 0 79.3 77.7 75.3 70.7
0, 1444 1474 1544 1609 1237 1252 1262 1260 1666 1632 1582 1485
0, 302 308 323 336 1237 1252 1262 1260 348 341 331 310

PRITAKAEBOK 07 m’ (IR7K) 210. 42

AF A SRAKBUK /5 m? 17.97

AR EBUK /T m? 228. 39

Hfv & LUK A/ [m? - (MWh) ™' ] 0.504

T QBRI K WORBOK S . RIEIH ORFEBEISIERE ), JRITKE 24P 1 B 35§t 5 52 71K B R 8 ek 79.1%, R
I, OV A UK SRR 4 79.1% NBRIEAKOK . R A AR Y BAALEY g m¥h.

YRR 7SR, BalkgnfrE 2565, B
WS ST %, AEFBRIE KUK RS, BRA7
R BUK RN 0.504 m/MWh, K RAR T 7K & 4
0.9 m/MWhJER, B, GEUHSCEL T 3K Bk,
2.4 Mg

RIEATERF 5T, AT LT 4548

(DI E YRR A =D O S IR VN
REE, FEHARITWENT, NSRS
FRPLEIIK .

2) TR H K I 2 R0 5 ) TR
I ARG AN ] B BEOR BOR R 4 A5 %, il bR A ik ik
TR D BUK

3) TR LUK R AR, X KR RAE i

IS4
w

Fro30T, X TR TS B N K 5 BT LA
B, DLOAEI ARG HASEOKIETR R RO A B

3 HftHkigit B

bR T AL g R LIS, i85 — S HAth 5 7K %
TR AEIZI H P T T8
3.1 BDERKEE

5 P A IR K R BB, DT
R ENBEZE R BR . U R A 48 XHEL

L AR AR TE , T H AUE T LG R
K KA LA 43 668 m/h (B HMEZR 7945 . &
5 £ 7.80 kPa), 1% TH BILTialT. # 2t
— LU IEAOK B, WREVLAT R, — i
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3.2 XAHEHKEA

O IE B JN S HEK SR T IR, DT
DRI KR

X 4l b VR KA R v HIEE Hh 58 K K TR Y 4l g
JHUEBRHLAL), KR AN HEK AT P ] T2 ek
KB A RBORIEZ —, FOE UL W AR R i b
#NEIKALBE R B KR, T 5 H ORI AT s HOK
H250 mh, AT KRR

ZIH Az s, R EIEHEAKOK B Bl
K, RSO N T IR KOK S, L H 2
#EKAN IR R S, TR EE VO AR R, ST
TR R, ANEBCRA.
3.3 RAHTHK

R AR T K, DARIS RS IR SE A
() 7K E ALK

SRSl LT Al AR R FH 2 3l T 5 K AR B 4k
PREA% I A3k T ok, OIS NI Tl FHZK &
Y RE : OUHL R A K, PR HIHLA
FEFERECON 12,7 WHRUL, X TZWHE, %
RE SR I3 T HroK VR AV JIE A 72K KR, 8 #idE bn
e 182 0.90x1.2=1.08 (m’MWh), Hl4EMW %k i
2SR K 48R 0.18 m¥/h, 4F ST /K & fe i
2X687.25%0.18%0.33=81.645 (Jim’), AW &,

(BAEAEAS B Z AR, B T3t bl 7K s
BE, BEthe JET . ME. s X
HRIRK S, HARE, PSR AT K E N
RHEIE RN KT, TR H ol 3~4 4, BRI
IR S EOREIEAN K . LAz B A1),
FrRHHRVE RS HIBE AN TEAOKIR, Y4 f R0 3.0
Bf R ZMEAAE), AR BUKEZ8 1.10 mY
MWh, AN 2 UK 8 2R o T Tl 2 BOK & i
1.08 m/MWh 2K, WRARME 2T 20 mE] 3.2,
ZIE TR BOR Al B3R TR KOK IR, BeR
ATz =, A T B /KB LRt i i vk
WA ARSI 3 S ) T EH , W22
ARA R S R AR T HE R 2 —
3.4 fmEKEERE

TR AR N K S5 s T

B, i CEEERT R, wbut b
CRTUILAE MRS, I — T i i o A 5 Aoy S
K, BT RADKAHE, PUABIAK HAY.
BITIRTTZE TR k), (ERHL R A
BTIETRR, T AIROK T AR K M ISR TE P
L RARCRAK I (HRIMER X Tk 4] H
KTTHRAKRZ , T i S HKF . BS T
FIARSCAE, IRIAERABLE ) i)

4 & #®

X HRECHT ) CREREE+ /I TV K ERD) K™
KA B RKEFZLR, ST hE A ak
HARGZ, 2R A R0 ik,
SEIE K A8 AR 0.504 m/MWh, AMUE Y
FEE T FIKE S 0.90 m/MWh FUER , 1 HAR
T E SR 0.75 m/MWh, KRR B .
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