F23EE 1
20254F2 H

P 7K b 5 KRB B Cor e 30)
South-to-North Water Transfers and Water Science & Technology

Vol. 23 No. 1
Feb. 2025

FB BRI, MR, 45, BT KGRI R A Dol K S AR A (] rE kLA 5ok IR (3 30), 2025, 23(1): 59-68.
WANG M, ZHANG Y S, QIU X Q, et al. Calculation and analysis of industrial water recycling rate in Henan Province based on water use

statistics[J]. South-to-North Water Transfers and Water Science & Technology, 2025, 23(1): 59-68. (in Chinese)

ETFAKGEITETES TWVAXEEN AERNE

FEHREM ERFR AR, T, A

(1. YT 2 KRR B HR s, FRH 4500035 2. S0 B 4 BF A K A A BR A 51, KB 450003;
3. FBN K2R 5 A2 il 2 e, KR 450001)

FEE: W& T MR Tk /KT A R B, B2 H—Fh 3 F K ST 9 Tolk F /K 552 ) F SR I 35 07 vk, sl
TR 48 4 AR K S 5 R 78 il K 3 52 R R, DU AR R 48 Tolb F/K 35 52 R P38, O R8s 2R 47 40 # o
gL, R 2022 4F Tl /K EE FIH R K 94.15%, 45 T 7E 82.89% ~ 96.76%, 4T\ #E 23.89% ~ 98.04%:; i
B8 Tl FH /K 3542 1 P B (R KT 5508, T 2 122 5 0 3, 420, & R AR A Tl K S AIE, kATl X R 45 T
b 7K 3 A R 256 A5 e R R e s 4 v Tk K 3 & R TS B 35 7K ¥ 1R 7.97 42 m’, Tk 35 7K v 1k
AT SR FH AN B35 123 FH T DX 38 Tl FH 7K 25 R FH SR UL, 00530 B SR A 5 T e 4 SE B, T D YT R 48 N 5 Tl

HKAERE P Tk KR et 2%

KR : FAROFITAR AR GETE; M5k K-SR SURE M Ar; KT )

FESES: TV213.4 XHERPRERD: A

Tk 2 E R A5 W 30AE, /KB Tl & R
FEEFEY, Tk A /K & R A 308 S Talk K
RRP PR Tl FH ARG BRI DA B Tl 35 7K R
B — T B g A o X oMb 7K 5 ) R 3470
T, A BT AT TR Tl K T 2 R S O,
X4 i Tl 5 7KK L A0 Tl 5 7K i g | ek
Tolk e & B .

KT TV H/KEE R ARABSE, HAfFEER
FETFLUT J7 i X AIb A K 3 2R R 5 I B 5T
F2 By 3 3k KA I S T vk, A3 AT Al KRR
AR A O, W05 Ak A9 Tl FH K EE 2 R R
IR AR R AT K it . B SRS BRI ALY 2
Pt SR A o IR Kl AT G ZLEN YL AN
LRt TS e | A 4 i N 1L W < T 12
KR 3 FF B T K el O 58 . MRS Tk
K A2 A FH R Tl T K e ok . £4
2% S SR E 52 ) R AR v R B T AR & B 2030
AE T T KB RO Y 22 kst
2 58 Tl /K 3 82 R 23R S 5 A 43 S Al B T e e
FH X, M EA . PN T K. T

i BEA: 2024-06-19  f&E BHA: 2024-09-28

DOI: 10.13476/j.cnki.nsbdqk.2025.0006

b FH 7K 552 ) R AR AR T lk FH 7K B 5% i 23 A A
TR M o 5K BAE" DAk 7K B R AT R %
75 2 18 ) Tl K B3 K i R B R 22— X
SEU B R T R Tk K AR R e s AR
FRAE; SO AN Fy A 8 Tl K 35 R R 1
B3 BETT 1S K PEAN F bR AR R OFE4T TR . B
LA WEFE T AL, H AT Tl H K 2 A R0 A
Jr BRI Bl 2 X2 AT
T B X 8 bR B 0 0, K 22 4R 1 (ol 1%
GRS ) SN TF R AR I Ge B, (R g
TS R TR FH KB 4, AN RE 58 42 i e IX 38 58 B
KGN

Rk, 7E K e A i R X6 X s K
B 47 16 1Y LA AR — R X Tl K A
FH SBT3k 4 K Ge 0 A B3R B &
G J g TR P BRI TAER R, T 2020 4557
A, FEAR ST TR [ A K IR T A b 1 4 1 7
i, Tl /K 5 st 4T . 25 A K Gei i &
s AN BE, X 2022 AFE9 44 Tl K &
R R BT 8T, #h et T T HKESR

) % tH ki B 180 : 2024-10-11
[ 4% tH AR 3 3k - https://link.cnki.net/urlid/13.1430.TV.20241011.1328.002

HEEWH: FEE AU AR H (2021YFC3200201 ) ; 5 VL5 T A Gl B TRBMIFIR S 51 H (HNYJIH/IS/FWKY-2021002); 56 4 7K ]

BHEIOEHRIT H (GG202022) ; M R4 FEARHIRL 45 275 H

PEE B/ EB(1975—), 2, IR RN, =9 TR, 2RI K KA ST . E-mail: wangmin371@126.com

KEE®FZHANA 5


https://doi.org/10.13476/j.cnki.nsbdqk.2025.0006
mailto:wangmin371@126.com

F23% F 1 BAAESARBEFE) 202542 A

AR AE DX AN 507 1, BT RDKGEit 4
A2 A P 0 B PT AR - M B e X s T ok A
O, D25 RN BERTHE o AIFSE LR Ty il g
A s T KA B B T K SR e it
2%,

1 AREKERSHERIER

1.1 AR XA
R A AT IR E P AR R, 31°23'N ~ 36°22'N,

110°21'E ~ 116°39'E, 44 ¥ 18 11, S 16.7
Jikm’, Y g A K R IRER =, Z4F K U R
403.5 {2 m’, AFKGEIHERZ R 383 m’, U2 FE A
Pk SRR R 209%™, 2012—2022 4F 1] 1 44 T
K ARTE 209.29 12 ~ 240.57 /2 m’; Tl A 7K & 78
212612 ~ 60.51 12 m’, £ BAE TP (K 1) .
2022 4E 48 S K B 228.00 12 m®, Hirp Tolk
KA 21.26 12 m’, Tl 38 (e CH4E4) 19 593 12T,
T3 oG Tl 8 Il CHAE) FZK B 10.9 m* (B kA ) o

300 ~ 60
o B KR Tl K ToAlb K A L —e— T3t Tl 3 i ik &

250 r ___ - ___ - -"=-=-=-=- - = ___ - _;_ - '_‘ - - '_' - '_‘ """" _— =T 50 "g

& 200 ] ] ] 40 E\j

g e -1 |- i O i i i i P e I N S

2[R =+
= -

EngO -1 |- e[ - il P s B el B ol O 30%[4;

= T L] T Egl

100 - - - - - - - - - -- \\K\"\ - - 203“;

S 1

so b T_W_ 1 - 1 N B B |y s < S T

1 1 TI —‘ 1 —[I —‘ 1 —‘ 1 —| 1 —l —l 0

=l

0
2012 2013 2014 2015 2016 2017 2018 201

G

1
2020 2021 20

B 1 2012—2022 FEiMEE T AKThERE

22

Fig. 1 Change trend of industrial water use in Henan Province from 2012 to 2022
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Tab.1 Calculation result of recycling rate by industry %
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Tab.3 Calculation result of industrial water recycling rate in Henan Province
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Fig. 3 Change trend of planned industrial water use and recycling rate in Henan Province from 2012 to 2022
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Fig. 4 The recycling rate of industrial water and the level of industrial water use in Henan Province in 2022
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Tab. 4 Calculation result of sensitivity analysis
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Fig. 5 Variation of industrial water recycling rate and water consumption with recycling rate by industry in Henan Province
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Tab. 5 Calculation result of industrial water-saving potential
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Calculation and analysis of industrial water recycling rate in Henan Province
based on water use statistics

WANG Min', ZHANG Yushun', QIU Xingiang’, YANG Haochen’, WANG Yanping’, TAO Ji¢’

(1. Henan Provincial Water Conservancy Technology Application Center, Zhengzhou 450003, China;
2. Henan Keda Water Conservancy Survey and Design Co., Ltd., Zhengzhou 450003, China;
3. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China )

Abstract: The industrial water recycling rate is an important index to reflect industrial water use efficiency,
industrial water saving degree, and to evaluate industrial water recycling. To comprehensively comprehend the
recycling situation, the calculation and analysis of the recycling rate of industrial water is helpful. It is of great
significance to predict the potential of industrial water saving, improve the level of industrial water saving and
promote the sustainable development of industry. Currently, the research on industrial water recycling rate mainly

focuses on the calculation of enterprise water recycling rate and the utilization of industrial water recycling rate, but
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lacks the research on the calculation method of regional water recycling rate. The statistical survey currently
analyzes the water use in our country has basically achieved the comprehensive coverage of self-provided water
source industrial enterprises and improved the quality of industrial water data. Based on this, the calculation of
industrial water recycling rate will be more reasonable and reliable.

A calculation method of the recycling rate of regional industrial water was proposed based on the water use
statistics survey in Henan Province. The industrial water consumption of various industries in each city was obtained
by classifying and calculating the water consumption of different sources. The quantity of recycled water of
different industries in each city was calculated according to the recycling rate of various industries using typical
enterprises. Finally, the industrial water recycling rate of each city and Henan Province was calculated. The results
were then analyzed from the aspects of industry level, spatial distribution, sensitivity and water-saving potential. K-
means clustering method was used to analyze the spatial distribution characteristics of industrial water recycling rate
in Henan Province. The influence of each industry on the industrial water recycling rate in Henan Province was
studied by single factor sensitivity analysis. Industrial water-saving potential was predicted.

Based on the data of 2022, the industrial water recycling rate of Henan Province was calculated and analyzed.
The results showed that the recycling rate of industrial water was 94.15% in Henan Province, 82.89% to 96.76% in
various cities, and 23.89% to 98.04% in different industries. The overall level of industrial water recycling in Henan
Province was higher, while there were significant differences among the cities. The thermal power industry had the
highest impact on the recycling rate of industrial water in Henan Province, meanwhile the level of textile, food and
other industries were lower. And the water-saving potential of improving the recycling rate of industrial water was
797 million cubic meters, which was considerable.

The calculation method is suitable for the calculation of regional water recycling rate. The level of regional
water recycling rate is restricted by the local water structure and the level of industrial recycling rate. The higher the
proportion of water used by industries with high recycling rate, the higher the level of regional water recycling rate.
Among various industries, the textile and food industries are the focus of improving the industrial recycling rate, and
the thermal power industry is the focus of improving the water recycling rate of Henan Province and various cities.
The calculated results are consistent with the actual situation of Henan Province, and can provide reference for the

Henan Province to strengthen industrial water-saving management and improve industrial water use efficiency.

Key words: recycling rate; water use statistics; calculation method; K-means clustering; sensitivity analysis; water-

saving potential
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