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Abstract: Industrial structure optimization requires a comprehensive consideration of economic, resource,
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and environmental factors. Based on the water-energy nexus, a multi-objective planning model of economic
growth-resource conservation-environmental protection was constructed. The best industrial structuread-
justment model with comprehensively considered multiple goals of economic growth, resource conservation
and environmental protection was explored by setting different scenarios. The results show that significant
resource saving is achieved at the expense of certain economic growth. Moderately reducing investments in
the sectors of mining and processing of metal ores, textile, special and general purpose equipment manu-
facturing, and appropriately increasing investment in the sectors of transport equipment, communication
equipment, electronic equipment manufacturing, information technology services, real estate, and educa-
tion can effectively promote economic growth, resource conservation and pollution reduction. When the
change of total investments used to encourage or restrain these industriesis at 5%, the optimal develop-
ment in economic growth, resources conservation, and environmental protection can be achieved. Moreo-
ver, the GDP will increase by 420 billion yuan in 2022, while the water and energy consumption will de-
crease by 3. 364 billion m® and 1. 453X 10° TJ, respectively, and SO, s NO, , COD, and NH emission will
be reduced by 59 500 tons, 12 100 tons, 69 800 tons, and 8700 tons, respectively. The direction of indus-
trial structure adjustment in this study is also consistent with the expected development direction in “Made
in China 2025”.

Key words: industrial structure optimization; multi-objective planning; resource constraints; industrial

linkage; China
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TRAE K T K AL BE IR A T30 A bR 7E 3 MG b do ol LASZ B0, (HAXAE RS 5% 1 op [A) S BT 7 355 0 A 20 91
&7 0.47 42 m® #13.32 J7 TJ.

ARG Y HE R R S T UM H AR, ZEARE, W 1 IHESOR i, BT AU AR oK S B CHE L
Gh, HiAy 3 K75 YLy p v HE R AL T B 2 A SR 3. XM ATk K s e AT ) S B e . W H
FRAAENE S5 2 RS 50 3 v A8 DASE B, HLAW A7 ol ) S 58 i L L 08 H AR 2> T 0. 04 HAZIT A 0.13 742
JC. S L b, TN E AR R BE S, (F 7l 25 R 1 S A0 ATl i S ik 6. 69(6. 66+0. 03) T{LTT
T PHHE AT 7. 01 74250, WG SR ATk (19 S 3% i > 10. 44 (10. 58 — 0. 14) JT 426, & F 4 B Hi 19
10. 07 JiAZoC, M AE — @ R b S8 T AH SCAT ML A il RS . AR B, B Mk 4548 T T B 1Y)
Haohn, EEIE R L BEUR Y P T R DL TS Y el ) 2SR R i i

FEAE R X AL R 37 4 s OS5 SEAT L 1 RE VR AE K FIK FERE JR B, BB AN AR F1H I (8 34 K H
PR AR IH AT LS8, B R A0 29 H bRl DLSE I, K B R RN AR R 43 1 LG BT H AR 982> 3342 42 m® N
11.34 J7 TJ, AR TGS 1 o B8R i, JE R S % R AR IR FE K FOKAERE JR B, 7K W% U5 98 B F11 e VR
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SR e AT M el T TR A AR Y K A RE U SR BE AN RE DR AE K SR BT, P4 T 7 X E AL, UK FIBE
5 A T 29 500 BN G L A4 RIS e HERCE S T UM AR, S5 S LA BT A A A, HA 3
5 Gy e U B bR B9 SRR B ST R DR R GO TR R 1, RN R X O SR 4 I R
MG AT LI, i — 20 25 SR K IR IR iy A ELIH FE =2 0 . U FR S hE R O W HE i i Y A N I R
B, AEXF 384 T 8 532w A R

R3I W0R2FEFUEMRAUERNRETE

T 1590 15 2039 15 329%) T 4590
d, d d, dy d; dy d; dy
BN/ Tt 0 0 0 0 0 0 0 0
S IE /T AT 0. 25 0 0 0 0 0 0. 25 0
KB /A m® 0 34. 90 0 16. 21 0 18. 54 0 33.42
g/ o7 T 0 12. 49 0 2.11 0 5.78 0 11. 34
AEVRFEK /42 m® 0 0. 47 0 0 0 0 — —
IKFEREVR /T TJ 0 3.32 0 0.59 0 0.46 — —
SO, HElcR /Tt 0 7.21 0 2.33 0 6.55 0 7.20
NO, Hejlcs /7t 0 0 0 1.01 0 6. 66 0 0
COD #HEji/ 7 t 0 9. 48 0 1.51 0 2. 36 0 9. 38
NH gt/ J1 t 0 0.41 0 0.01 0 0 0 0. 40
AT s /I3 42 o8 0.03 0 0 0. 04 0 0.13 0.03 0
AT e SR A /5 {258 0 0.14 0 0 0 0 0 0. 14

A BIRT P S ARA TG 24T 1 S AR A B, AR i (TR 48 A D80S B fED 4 1E AR ZRIZ AT Ml i T
BN ST PR, A AR BEI AL F PR, AR 1 B 5 3 1, 24k 1IE AT b EcE 5 5
17,16,17 4>, 248 R A7 B 40 910 17,18, 17 A, &4 5t 2 18 19 22 S48/ Ui WA 4D 45 3R FL 4% —
FE MR MEPE. DhZE A B Es R g 5 1 8B, fEAR AR IER 17 Tk, 7 S12,818,820, 821,
S22,523,528,932 3 8 M EFH R T, S5,59,S29,S34, 836,538,539, 540 3 8 AT BRI & R B 47
v s DA K 1 AT B R R AT L S13, X i — RS T 7l 25K PR A 7 Il i A H . B ATk, SRl IS
58 il 3 M A A SR A T A B e e K, R DL AN AT L S e O R K A B T
WS ATV Y & J, AR oF 22 O R AR R R, HLIR) @ 55 sl R AT, DRI S A A A R

x4 202 FEFLEMRUTESTLERANILR Tt
o bR fi T A 75 Akt RT3 A 9805 B (D
Hel  Eme2  fEss3 Hel  fEsz 3
ST A MR R k) 8. 942 8. 942 8. 942 8. 942 0 0 0
S2 CHE 7 R e k) 2.251 2.251 2.251 2.251 0 0 0
S3CA I SR IR A FF KD 1. 226 1. 226 1. 226 1. 226 0 0 0
S4(E RV Rk 1. 248 1.129 1. 136 1. 136 —0.119 —0.112 —0.113
S5CIE4x @ B M FHAh R ML) 0. 634 0. 637 0. 631 0. 622 0.002 —0.003 —0.012
S6 CE il SR ED LD 8. 796 8. 261 8. 487 8. 245 —0.535 —0.309 —0.551
SUEZEN D) 3. 658 3.419 3. 624 3.732 —0.240 —0.034 0.074
S8 (L 2R Hk M K e B P A ol 2. 970 2.732 2. 730 2.912 —0.238 —0.240 —0.058
S9CRFE Ko 5 Bl i ol 1. 875 1. 974 1.787 1.773 0.099 —0.088 —0.102
S10 Gk 4% B Rl B SC vk & ol 2.935 2. 831 3.018 3.028 —0. 104 0. 083 0.093

S11CA 3 B B Rk Tolk) 4.001 3. 990 3.991 3. 985 —0.012 —0.010 —0.017
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gk A
- e T A 7 Akt R 5 A 980 52 B (D
HRl  Fme2  fEES3 HFwl Rz ERS3
S12 (k2 7= ol 12.102 12.243 12.310 12.318 0. 140 0. 207 0.216
S13CIE & 8 ™ il i k> 4. 660 4.714 4. 649 4. 555 0.054 —0.012 —0.105
S14 (4 J@ 16 S ZE i Tl 11.011  10.891  10.927  10.927 —0.120 —0.085 —0.085
S15 (4 @ il i k) 3.223 3.153 3. 144 3.135  —0.070 —0.079 —0.087
S16 G FH & £ il i D 4.222 4.012 4. 021 4.039  —0.209 —0.200 —0.183
S17 (& FH i #& il i k) 3.119 2.891 2. 892 2.992  —0.228 —0.227 —0.127
S18 (38 i 32 iy 1 £ il 8 k) 6. 466 6. 950 6. 950 6. 955 0. 484 0. 485 0. 489
S19 CH AL S 2 4 i 32 kD 5. 000 4. 815 5. 057 5.243  —0.185 0. 056 0. 242
S20 GER . 15 AL K Ho At 35 4 3D 6. 480 6.818 6. 842 6.871 0. 338 0. 362 0.391
S21 (AL ARAL R il 1 D> 0. 547 0.558 0. 559 0. 560 0.011 0.012 0.013
S22 A i 735 kD 0.251 0.261 0. 262 0. 262 0.010 0.010 0.011
S23 (5 i B2 k286 R 0. 422 0. 437 0. 443 0. 443 0.015 0. 021 0. 021
S24 (4 J@ il & . AU SR 25 4R 1B R 55 ) 0. 094 0. 094 0. 094 0. 094 0 0 0
S25CHL 7 # Ty Az = el ) 4. 869 4. 869 4. 869 4. 869 0 0 0
S26 (RS A = k) 0.312 0.312 0.312 0.312 0 0 0
S27 K B A 7= gk ik 0.170 0. 170 0.170 0.170 0 0 0
S28 (5D 13. 861 14.214  13.903  13.492 0.353 0.041 —0.369
S29 (At B F ) 7.216 7.320 6.908 6.916 0.104 —0.308 —0.299
S30 (32 38 32 it B A fith i Bl ) 6.197 6.197 6.197 6.197 0 0 0
S31CH: 4 g kol 2.333 2.213 2.213 2.219  —0.120 —0.121 —0.114
S32(f5 B A% i . BAF M fs BAL AR 551D 2.509 2. 667 2.663 2. 664 0. 159 0. 154 0.155
S33 (4Rl 5. 901 5. 835 5.819 6.028 —0.067 —0.082 0.126
S34.( 5 7=l 4.191 4.508 4. 481 4. 415 0.317 0. 290 0. 224
S35 (FHL 5% DL 45 M 55k 3. 441 3.416 3. 457 3.476  —0.024 0.017 0. 035
S36 (2= 0 58 BB AR R 550D 2.493 2. 607 2.597 2. 584 0.113 0.103 0. 091
S37 KR P45 B 24 Fe 5 it 4 kD 0.616 0.568 0.569 0.569 —0.048 —0.047 —0.047
S38CJE MR 55 . 15 30 R HoAth Al 550l 1.572 1. 650 1. 647 1. 647 0.078 0. 075 0. 075
S39CHE D 2.203 2. 410 2.410 2. 410 0.207 0.207 0.207
S0 CTAE Feat 45 TAE D 2.077 2. 280 2. 280 2. 248 0. 203 0.203 0.171
ST R E BAR R 0. 700 0. 657 0.657 0.659 —0.043 —0.044 —0.041
SA2 (A FLE I | SR P KAt s 0D 3. 364 3.039 3. 040 3.040  —0.324 —0.324 —0.324

77 b 2 A R R e A AR R AR AN AR (G O TR, — STl B B A BB, b S BB — AT
Mr BB F AR, FEFR 4 LIRSy ROR. IR S 1 B, FEAE R E S 17 ATk,
S4,56,S7,S8,S11,831,837 4 7 A7 L4 A& e w47k, DA K& S10,S14,S15,S16,S17,S819,S533,S35,S41,
S42 3t 10 AT R H A R BAT. AT, DLE S SO R i S50 45 A D80 i B R, ATk Y R T ) B AR
FUREN BE R BT 1y BEWZAT ML 5 HA AT Ml 1 28 T OCHK BE AR XT A58 . 23. 53 06 B3 (B 58l | 251K T4
AT AL 217K (36. 63 %0) o O Ho 4% A X 8 % K R 19 SRR AR B /DN . FLZ AT R T 1 1 T A A
ATl o PR] st T 45 ATk 2Dt fe K
2.2.2 2022 FREPLE RS

2022 AFE AL S5 A PR RE O S5 R ANk 5 s, FTLLE Y, SERACRAE LRI I E R K 0 B AR AE 3 A 5
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R AT LS B, Horp s DURE S 1 s B A S i Ik SR 207 1, R B IR RE DR A B (ELAE 3 A R
AT LS, HACR 225 B3, Hob (R R R 2 B B R 1 R TR e s BT K B ORI AE IR B T 2
TR 33. 64 42 m® A 14. 53 7 TJ, HARPIAMEFALL B T B —BEIRA 1 29, DU 45 R U B a0
B LI — E W 2 G KA. 4 RIS Qe R R S B T U E AR (E A 26T Qe R R A
[ 5 R 22 5 3, b, AP B A RS A R TR A 7 ol 9 e A R R YT B B T, Al T AR
R0, I o D) it 7 ol 95 K 9 2 RE A R AR R X T A AR ATl B S AT b B SR B T . B E
PRACAESS 57 2 Ao 3 WP AR DA BE, 1 5t 1 hoRBESE 8L, b, 47 M A9 S 38 (B 11 44 (11, 39+
0. 05) ALTT . T IHEAFTAY 11. 99 JAL50 . B AT I A9 B INE A 17. 85(18. 08 —0. 23) JTALTG, w5 T
B 17. 22 4270, R WTE—E R B S B TARSCAT L o il A g, B4k 1R R 5 1 BAROR R A
LA AR AL, HERAELR A B B TT A . BEUUT 2975 Qe sl HE =75 1w i A9 B fIe & SR s =X
RS 2022 FFMEMRURBENREETE

B 1GW B 203%) R 32%)
d, d; d; d; d, d;
BN/ Tt 0 0 0 0 0 0
S IIME / J7 420t 0.42 0 0.59 0 0.51 0
KRG /A m’ 0 33. 64 0 0 0 3.48
AER/ T T) 0 14.53 0 37. 86 0 0
REJRFEK /{2 m’ 0 0. 54 0 1. 28 0 0.78
JKFEREVR/JT T 0 3.21 0 0 0 0
SO, /T t 0 5.95 0 7.56 0 9.02
NO, HefcE /77 t 0 1.21 0 0. 60 0 3. 66
COD #HEik /)7 t 0 6.98 0 1. 69 0 0.74
NH HEfei/ 7t 0 0. 87 0 0.08 0 0.05
AT e S e/ 7 A2 5T 0.05 0 0 0 0 0
SR AT L BB I E / JT A2 0T 0 0.23 0 0 0 0

Fo il VR CER DT &I g Ty m. R, B8 AZ A (2012 48) 7L 4544
TR IF 256 R ALK T A5 1, O A 2 22 5 AR FLA R0 75 45 . e B3 o A0 45 A9 4% 7l 445
T, 2022 AE AT ASEBL . AE SR AR 273, 77 TTACTCHY 345 92. 18(91. 76 +0. 42) Ty AZ TC 3G IE . 7K 5% 5 A
4 6 921. 22(6 954. 86—33. 64)fZ m®, BEPR AN 16 744. 93(16 759. 46 —14.53)J7 TJ, A LB . AR
W . Al 2 S i 0 EUHE R 2 R e 1 359. 8(1 365.75—5.95) 7 t, 865.09(866.30—1.21) 7 t,
1.043.16(1050. 14—6.98)J7 t,55. 46(56.33—0.87) Ji t. 7EHWIM HARAFEml [, HF— L LB T LFWK
IKBE A RE R 05 29 DL S5 e s HE. A5 ATl b, B R A R Y 6 ATl R 28 38 i 1A A il L R
THEML L A A 7B A il L A5 B AL . 0 S5 BEAR RS Dbyl . 20E Mk Fn DA Beat 2 TAE
/A 5 e B R R e R s e 5 ) S O R A A N D = VI = B N O = i I R Y
IR R R R U K R T I E i B X 42, RN, AT 3 R 4 T R Rl . 25 SURE R B2 B P I ol
L FH 5 2% il i Ml e 3 A i 1l SR A7l Y K

TEHE T IR AR LA 77 25 A P AR 58 v, S5 SR SR W, W1 LS B ) 42 s R 3k . 472U 2541
R NG B 7 # P 3 Il L £ B R L i A B R B SR B I A R AR K S RE RE AT L B R R, JF
£33/ B R LA = 1 @8 = 1= N < B | A ol 1 1P 1l a1 B A S V) 0 I i A i & 2 G
FEO . ARTS Y AN BHANE A28 = = ATk Y & B i T A IS R 2 LUK R IR . RE R b AY B — 5 T R A
YT, BN AT M i TR R T 1] 5 A I SR AR A 25 S, (HURE AR Y R R R B SR T, N 3 R A A K RE (B
FEOAT ML A & B o PR EE RUFE, BEROK (BB RE . RTG53 . S ER L skl A9 A = ATk i R
ST M A 38 B L T LA A K AT A ), VR R 2 BT Y U HE 0 R R A Al g
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6 2022 FEFEMRUTEETLRBANLILE T et
1k BEA TR A W& 7 8] 7lk BHEA T A PR T5 )
S1 15. 29 15. 29 — S22 0.43 0.45 G il
S2 3.85 3.85 — S23 0.72 0.75 G Jil
S3 2.10 2.1 — S24 0.16 0.16 eIk
S4 2.13 1. 94 1441 S25 8. 32 8. 32 —
S5 1.08 1.09 Ed| S26 0.53 0.53 —
S6 15. 04 14.13 441 S27 0.29 0. 29 —
S7 6.25 5. 84 101l S28 23. 69 24. 32 B3|
S8 5.08 4. 67 R S29 12. 33 12.53 & Jih
S9 3. 20 3. 37 E1d7) S30 10. 59 10. 59 —
S10 5. 02 4. 84 1441 S31 3.99 3.78 il
S11 6. 84 6. 82 101 S32 4. 29 4. 56 % Jil
S12 20. 69 20. 95 &% il S33 10. 09 9.97 1 1
S13 7.97 8.06 Exd| S34 7.16 7.71 & Jih
S14 18. 82 18. 62 1441 S35 5. 88 5. 84 E(INH|
S15 5.51 5. 39 kil S36 4. 26 4. 46 B il
S16 7.22 6. 87 1441 S37 1.05 0. 96 41
S17 5.33 4. 94 101 S38 2. 69 2.82 B Jil
S18 11. 05 11. 88 53] S39 3.77 4.12 Y Jil
S19 8.55 8.23 10 kil S40 3.55 3.9 Bl il
S20 11.08 11. 65 47| S41 1. 20 1.13 I
S21 0. 94 0. 96 il S42 5.75 5.21 il
3 &

AR ST TR BE R BORE R ) A, BRI AT AE S T R G0 P i CHRARRAE , BT 545 R 5 IR AR
FRAEZEG 25 08, BRI & AT 1 4 8 07 o) AT 00 20 0 k. 7R MRl b, MR T R R — IR A — 8
P10 2 B AR BRI AY 500 7 M 55 4 PR 4 7 1) A Ak, e SRR SR, BROR LA B IR AT
U855 2 BAs T A I 5/ i pi =, A5 T .

1) i 26 45 1) 04 7 Ml 45 4 9 8 1) Ry« 3 B PR 4 B SRk L B RO L 25 2l B R R A8
v A R AR BRI Tl . JEA B L KR IRBE BN MR it A L S AT A L R, 3 Y Sl
B LB E % 1B AN e R o Bl | AN DS N e 1 B G E DS DS s N AN 1Y B AN = st
b At L R R R EE A R S S AT L Pl 2 A 1 1R A Ty T 5 b [ L v 2025 )
X AT ) TUHA & J O 1) 4l — B

2) 2012 AERYPAL A R R B, &0k . IR AN IR B 09 U0 Ak B bR HE A b AT DUAE 7l 45 4 94 B R B2 Sl 506,
SYRN 2 YOI SR, Bl 7l 45 AL R K D BE AN . 2R L WS IR 29 RS Y s HE A SO R G L Pl
SER VR T 1) B A BRI X E 2 A DR Ak 5 S IIE T A TR A e A — 25 2 RO R RE U A L 1] 1 FE T LA i
YE IR 2 S e e (R 28 B K Y R AR TR K

3) 2022 AR UM S5 R R, WU HAREEA AT DIZE A SRR IR B R S8, (AR 2 5 B3, R
(B2 IR 29 B LI A — A BRI R AR AR, R RRAR A B R e . G540k . T MGl R A T AT
WA [, 35242 ag il is i . B A il . 15 B AL . K A B AR IR S5, s b=k K L
BT A 0T DU SR i 2 B M L WSR2 RS e HE . 2 Bl B AT ol S A A AR i 34y
S5V0RF, RSB VE R R . K BT IR — AR IR T 24 R Y s HE = T T A e O R TR A A SR I L B E AR
I 4 200 4250, KGRI AE IS Bk 2 33. 64 /2 m® F14. 53 71 T, A ALRL . BEAY . b8 E M
A HE R /b 5. 95,1, 21,6. 98 1 0. 87 J7 t.
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