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Abstract: The chemical industry plays a crucial role in strengthening the manufacturing sector of China, and chemical industrial parks
are key platforms for new industrialization. Chemical industrial parks encounter numerous challenges in mitigating pollution and
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carbon emissions, encompassing issues such as a low resource-utilization rate, deficient recycling practices, substantial costs associated
with end-of-pipe pollution control, and escalated safety and environmental risks. This study investigates collaborative pathways for
pollution reduction and carbon mitigation within chemical industrial parks. According to the characteristics and research progress of
carbon emissions and pollution generation, the implications of carbon reduction synergies are analyzed. A comprehensive analytical
framework is established for general industrial processes, covering material metabolic processes in enterprise production, symbiotic
metabolism in industrial parks, and material metabolism in park infrastructure. Moreover, specific technical pathways for pollution
reduction and carbon mitigation are proposed: (1) establishing a comprehensive inventory of carbon and pollutant emissions; (2) integrating
and optimizing the technological and industrial structures of chemical industrial parks through the development of green production
technologies, symbiotic upgrades in infrastructure, enhanced inter-enterprise cooperation, coordinated efforts in pollution reduction,
carbon mitigation, and safety production, and optimization of product-industry-space structures; and (3) conducting a cost-benefit
analysis of pollution reduction and carbon mitigation technology pathways through a life cycle assessment. Employing the Hangzhou
Bay Shangyu Economic and Technological Development Zone as a case study, an empirical analysis of pollution reduction and carbon
mitigation technology pathways is undertaken. Furthermore, recommendations are made from three perspectives: improving precision
measurement systems to strengthen material flow management in chemical industrial parks, reinforcing symbiotic links through
systems engineering to empower pollution reduction and carbon mitigation, and stimulating systemic efficiency reforms for the green
and high-quality development of chemical industrial parks.

Keywords: chemical industrial park; pollution reduction and carbon mitigation; life cycle analysis; material flow management;

emissions inventory; infrastructure; industrial symbiosis

BN E‘Tg

T Tk N ek B m o A6 2%, Rk 2 b pk 2
RIEAT LA SU AR S AT R & o th =48
BIFAS () B 3 . b TAT ML A B R B i SR
W HIE R E 5, HRRRE 54 SRR 12%.
4 [H TV REFER) 18%M, 2020 4F, A4k AfL TAT Ik
(B HE SR o 4 B CHE R 1 13%, A F Tk
SIS A, SEBUBR AR SR B . AL T AT %
RUEAWY (VOCs) MIHIE S, &4i kS E
FH 2K — BERF TR 4k AT Mk 75 2B v 1 25 5 RT3 A5
20184, 4Bk AT 5 VOCSs AH 3¢ I A 858 ¥ 3 Al
Ak 23631232 68 Ak TATML I CO, A5 4 ik
15) BRI LR R SR AR
A, A IR B M g B, FEO A Tl X Bk
5 RIS RS A4k 5 e B 2 HE R I0OR, W I ek P
T T s 7™ DR Bk 5

VAL T X 2 Bk TAT IR B . &
B AL T el X B A PN FEARE i — ARl [ 2
(R BT, o] DAORAE = Rk “ Rl R 7 Bl ST
“TIRNT” R E N SR g2 R s — & b
Wi, AT DR T X AR P R . R BB 4
b TA AL T X, 20224, TkAME B4k
AN RAT T “HI R S A TAT
s R R R SR L) R, ik T H
mbd XS, FFH G T RPNBCE LEAL T X Kk
f. HAET, A AT X A AL T o

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

SR Tk X 454 643 5%, 20224F, 4 EH A1k
I BTENV YN 16.56 Fi4200, FHorP A TR X (1) T
=89 8.45 Fifeot, A4 IE RN 51%1.,
LR, A T X AR A AT b s B Y 2 22
Btk JUHRREANA TR X, S i T YR R
i RUGIRTT AR Ry PRS2 4 AU 58 HA 46 ) 7L
BRI, BRI X ey B i b R R B R Bk A2, B
EEE NI E LN RIS -V

T, AT DX R AR Bk L A S e T I
el X P 5 i e 2 6 [ X N/ Re s Bl N
WA BYRMHR R Z . CO, AR R, W5
BT B L T 8 4 e RO, A U AR L 5% ik s
(1) R F& 7 SR AL T [ X 4 (I At R R IR B sl 7 R
A SC R SR s Ak A PR ARG TS A FE IR R b R
MUERBFFT, JEE G I X R G0 T 5 G Fn s HE
TR IR B B A A s IR Ak T X ki PR R 1
W, TR B TAT M ARFAE AN X AR . — M
R BB AR S PR A R R A B R B 2R MK
15 B AL T X & 3F | R m R R A, R
ESE (1 A% T 7] X 93035 B i S it % A2 e i, DAIE
% BT 32 T R 22

= WIEXRSERARIR
(=) HIEXES~ LN R

ATl X HERUTS He) 2ok B AL A R AN
bl X BB o A T el DX o REDR S PR S5 Rt 5 it 1

161

http://www.cnki.net



FE TR X SFER R ARB R

K RS BE CY=R” ) IRECBONEA, M
A RERE ) =R IR B AR AR BT Ao
R Tl X S o B ok s g (A A AL
AT X BRI A =K. O Haadh

ftgoTE . KE A T Bt A B — B B 55 e
AL RE , REENT dh B F8 73 BT BE O R4
BRAR R I, AT R A T DX HE T 2 v
CRIARERSY”, R SRR ARAL . @ HAEL
oo a, A REIR AT & 1Bk . IXEE 08 H 21k
FRIRAME RN MR, R ae sty
FARE, [RINBRTT R BEEAFAL Y CO,, AL I X Bk
HEBUE B i) “ANAEEE 27 RRHIRIR S HE Al v it
BNIZE Ja, Hidfe KRR 2, Pk, 5%
BRHEBCRIEA SIRRHE AR R R IEM G . © et
F BERAE . BT A A2 R IR 1 A7 .
T sk RS A R, BRI X BT SRR
REVR T A2 o b 1 el DX U5 iR 1Y) R ST S 4
V5 Qi SR G 5 o 5 s i 5
XA G, BRARBA T BN R 4, X F oK
9 Rk, HAAFONRXIA S TR =k,
o AR RO RRHE, ) =5 EE 3L Ea A
AR RBRH . vt A T DX B AT e A i
e T E Y RGL .

(D) W IERXESHEMAIAZRER

b T X BE A — A Tl el X 3 s, L
2 5 A P I R e B ORI AR5 HE R . O FER K
EHETTH, FRELTE X K Z R A dis KAk
Rk + e [X 4R o a5 K AL A 7 2% A BE AR 2T,
Hodr, RAK AR I AR BE H 25 7% H At J5 9 U5 = 20 R A
H, BTG KBRS OGRS, (R 43 il X i oA
B of M BB LTS e ST 0y SRR R M AR 2R,
@ ERAIGHE T, AT X AE A 1k 2 S R
%. VOCsH 8. LHLHI AL . Wi
HMeFE RS, It HZ VOCs S 8K Sk P B ) 47y 2
el X K95 G vkl R 23 /<R o5 1) 2 A A
AR, AR 2 R T2 VOCs HE ik
RRAE B HLYG G fh 28 Je 450 R . R AE TS B [
T EEA . VOCs A% HE B 4% Il 2 48 T R% yak Hl 500,
@ 1EFE a4k T X A 1 [ PR 5 Ye 20 A%
ZFE, AEMEEMERYEE K By EEE
S0, T YRl VA BT 7T 98 A T X K R i 3

162

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

15 TR e XS PP A (B 15, A T X R K
T Qs R B . EaE Bl 8 SR B A, AL
] DX 3 853 35 G 20 A DX 3T e ) KU 7T 1
SR, H AT, AT X A S R KIS B2 A b
[ ¥ B AR FUAL T 2D B B

AR, {5 HER IR, SRS
WU IR],  NZR G T REAN 4 2 i o IR A 3-SR0 0
RITIE. B, A i 2 30 P B R SRR AR
SRl | SRR IR SRR AR R T &R
L/ e RARBR 70 5, LAk T3 e 7 A A HE T
PAAR B /R B Ak Bl X OB, 57 1 — S fe il
2 CERAERRSH . FEE & REBRALR IR
)L KA. ROKAEEE . AEMRAL . PR #E]
R fil £ 5% 22 SRR 2 R P 3R AR R 4, AR T
AN TR 55T 10 8 Y B I [ 98 RS AT SR

KA T DX Bt D[R] B IR AT, ©AF
WEFCIRAEVE DT T AT R0, — R 59 S
BRHETBR R s R ) R By S % SR AT R Bt UAc 4R
A A SR = A B B i B ) e B B
BRI DR AR DU W AN [R] B 17 557 AR OT Fae te
&, FxHe T X ki ia B P Bt AT 0 9%, it
T ARG B o 3, A0 P R ek Bk . A
WEFEINTY, s AR T [ 486 250 1 T o Sk A
s HAREY “ 0 R3teadt” s “in RITHRM” s
I [RGB B R J B S BAE TE Il [X 22 5%
KIS BHIRREIR AL . M EHER I B e . B A
RE2E5E = A B A (BRI BE R, R A 50 i
YA, RHCER AR S S e bR . AT, O
A RGBT TR T I X2 5 AR 5 BRI R
Wi (R J5E B 0% 2, A il B SRR A TR 9 i A R el X
2P K S R A R & R R, 18
JH Tapio A A i 70 M el [X £035F A Jit 55 AR 24
KPP Z G R el X2 5 K SRR AT
AP S e H E A SR PN UL VIRl P2ty 9 s
B TBU A8 () B R AR A Ll [X 4805 K Je e
HEC) Bt AR IR LA LTS G i R 28w B AT S 2% (1 45 )
SERER, TG ¢S L,

PoJstin AER I AT 2 A0 T el DX R HEE 7
HE M SR E AR, 8 E T R AL T X
RFAE TG 3R AU B RF AL AT N 8125 B2 7 e BE VSR B
HARLRI S5 B AR A0, n] LAYl ek 5 P
RIS BRE PR T R B BT R, Bl ) S B AR B T

http://www.cnki.net



PETIENEF 2024 F F26% F2H

Ji%. A LHE X i A ae BT RS, BL2RY
M [l [X A 358 Jo R (R B IR 3R, A5 el X 2 5 A e o
PSR, (e THIX a2 . ahify 2 K.
M T2 A i AR HE O 45 RE PR O R BRHE AL
2, FEUE X AR TR MR s oy = k. D
U, IR AR S A FERFE . s AT
NS R R, E R T XA A
FEFP AL A AT RE R A EE M . URBldRE . B A 42
LI BERE M, 45 BEIR REIRTR 2 s e AR 1)
PSR AR R, FE SRR b B ) 1 42 4 2 il R E
AU, I XA B, TS 3 A
Wi KAL, PREZGERLEE, D0 R M
KA T X et . SEILAR G Bt 2 %
o (14 2 LA

ZR LTIk, A T DXURTS Rk B 1] 484 25 St
N @ RAE XA AV R AT REE AR T
Qe R AMETR 15 G e AR S A B 5
@ AL X A briEsh S dhi sl . BT AR
MBI Z R E R AR, R XAk i A&
B B S A © 4% [ X P 2 F 7 A
R, AR b XA, SRR
Qeplif, RREE XA i &

=, BENTERASEBEA R R

(=) T HEKRSHERFREEARD

REAL T A R E s St 2 TR X, X4
A4 T X i O R s HE B A RIS L. H
i AR SR TE TS G O H R A S A Bk
HERO A S SR R8s, RGURAHEREAL T X
RS AR, AR AR LR A, @O FE X A S
HEMIBFANG —, MZEFGiHAT Y | e
B AL S S, AR RS
PR BT AAR AR, S PR T[] I 75 s A A s 2
M 5. @ kT FERR S It A 52 B AR AN B, B
XA AR P P DRI 1R 2B 7 — YR TS Al R s
BRI A TT KA. O el DXk s ik 5
BEEBARRERE, REVERBAEET AL,

T XS i 9k i ek ik 5 57 el X ) e 3 2k
A, IR A S HER A, RS R BTt
P TS PR T R M S BR A . B FER AT “ ISR+ 56
BISCAE” MRtk (RED , JFRAETHEIXS

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

T W5 e R 12
= W
B HE
# %
= 7
e e
e £
A &
5 ata
P W
¥ W
W m
i W
#l it
#i | W W H AR R | 1

Fas

SR T B RITE AT |
B SR AR

QeW i A R il BT R 5 RIS B HRBORS R %
B T A SRR AT OB PR B R B ARV 2R o AT, L
B, BTG AR T AN AR IR, IR T
AL T AT Ml 55 el DX PR AT e, AR 52 SN — 73 15
THRE AN — TN FEGEBOE — 7 (8] 47 = 34K
RR, ST 285,

i 5 A el XU PR BOR B A, B SEE M
A Ab el X P B AT e RN T TR LI
XY REEBIRIILRE, A kiS AL S AR
JE BRI RN w17 ) R S B YY  BRURTS PR AR
Ji g, RGUME RS A T DXOREAR R T B Bk 1)
1P, ASHIE TS A AR L BERE G TS RS
T R S T egi% . lmafE. gt
SRS EENBOREE (ARD. K, ol
RS (RNl i IIVA: i e X (B O - T 825
AT R B R s A T el DX At it = el Xl
AR EAAI T 30, BRI RN IZ E S RS
HRRBGS S TR E , ABATIAF AR DR HE B R S5 )

(20 HIEXRSHEBRRARBEES

S A T el XUk e R e IR £ AR T, AR
Bk 78 3 57 1 AR T B X — RO 2R 7 AR A AE 2
(LE2). BfaiE: M dRmy S E
A BV 2 ED, v Bk, e
i (I K B 7 i 1S BRI ALAE [ XA T B 3
g (R RED, RV m & AL E
RERE R X AL B2 D . 2T K2, (T
DU BT (R EE A FoR B A2 BRI R

163

http://www.cnki.net



FE TR X SFER R ARB R

F1 AHIEXRSERRAR-REHERMKARSENS
BARAR P71 PTG PRI )
AR - BOR ICBR e YR 4% (b 2 G EAEMER AT A2 EN”, SR SRR K
JF 25k, AHMTENIRER LT
g T gpfh, RBEFE. IREZE, S, SRR AR AN R
St et A REUREE P At PR I5 GBI HEBGA E
197K IR AL B PIZRALEE: filk — A B+ X AR AL 2
—RACEE D FIAL B e X S A AR B
TAr AR N AR
el R E W TATHURRLSE Fe AL 2 Bl Ui
YA Y% MR 52Vl el L2Zetedd I e Rt B, RN e T
Al EER (8 FAb R FISE I3 EORHEAC ™ L B, RSB OGBS m L4 JR 7 it 1)
Pk DAEERE SRS B RS IRA N
2y akinid ECL) AT XGRSy AR XS ™
Pk SRy AT e X Rl 8 SR 7 M 0T % 7 b B i A e

) 45

J 5 N SR I AT R O 2 T2 3R ELAT R

D ExEmmE LR SERED EIXEEgY
i; | LR B HAMR R |
H - == — - — -5 e — == - - — == = —_—— e — — — — — |
A = | (. ‘ |
o s | L Ly el |
B 7 I =15 C TR |
B | o AT o
)| AR | ——fE— 0 Lmms [T e
" o Lo L L5 Ve Ik
Bl - = g sepie | i) |
Wl 0| s || e sl
A T o L @kﬂﬁf .
T | N B;lﬁw% o
| ur N | ' " oy, |
| | ] |
il Witk L ______1 | ExEpsem &
TR 1 1 . — i,
|
. e | Tk I
LR !

B2 #IRX—MME~IERYRRBMEABEXRKREE

1. AT el DR S TG

XHAE T X A A7 i ah K e BA QT et
B, RHUAL MM, A REIE TR B
FREVRAEAME N« 77k 3 A DL R Al it 55 22 A =
T sl AR KB, S TS HE
BIRH, fESLIER B, SRR E Y 1 R RACH AL
By BRARPA BTN R OB Y o AR SAL T e X Bk
SHIGE o n, REME—DIFRUT TiE. O & T
AT MP AT s, e AP T el DX e 5 IR A2 Jo R
Fo @ AL TFE X ks HEC bl [X 28 51 i S &

164

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

frdiat, FEAERAE TR X Al A= id fE . Rk
7 R e A R IR AR R R R
FEHEB ™ dh o BT AR A Tl XK AR e fit
I, MBS PR 5 BB L 7 b 22 2 )
IR N ELEIAT . ) PR T bl IX B (A ALY
ANTE ML B 78 Fe b i R A B 205 . AE SEER
AT XOEH S E LA A LR, X
TN IR Bk =2 2 88 1) R

PR WP R 2 eSS AL AR d 98

AT ] DXk 75 B T 5 A B it 45 1) £ A A

http://www.cnki.net



PETIENEF 2024 F F26% F2H

TS E N RmER LR, EEGHESDITm. O
TF R AR g AR 2 R . ds s b
“CL2JFEM” . gafh T “12 77 SR E
RBRAE IR S, A1 X7 b A2 I R AT T P
@ AR TEAL, KBTS PR P IR . Bl S
HETBbR HE (0 AN W 5 v, 7R R A olk B v s K Ak 2
J IR K AL B BEAT T g . A T XS
KA EE AR GU TS P, BT C R A A
R A B AR R AL, 36 R AOS R e < W
=M AT AL, T8 $29 15 /K BE IR B IR A
el AT AR 98 7 A T el XA R IR 7 RE U
FEAf b, kAR fE R R A B AL BB %
W IE), 3k T A S A U AV 5 P A i
[AEE “RE— K — R A A=, G
MRS a5 . LRI, WAL
HARREAA TRl R, AR SR AT PR 24 1 S5 T
T R W] REAFAE — S BT TR, A0 ek
D TRV 79 B SE R IR R 77 A e AR S k2>
B2 W, R AE A E D B B R v A LT R
M E; MaefEr-mERE, ERBIRMESA
1 S5 7 BT A e 3 R R I ON 3 24 3 R A B A
AW P S s e Ry A UV 7/ W 3L 3 A
R, B8 s Ab By BRI RERE . NI
i AR RIE 22 A 25 P IO RT3 T, R F0 4 B ok B A 3K
S BRI S . @ sRAb R S, JE B
AL TT 100 A P B e A b 3 A o Pl B — T
T AR FE A T el X PR P FE 5 AR AN AR RIUASE b i L 3
(O JEORE 17 A s T, R R SRS
BAL Ao, SR S, R MINE, LAt
W AEL I B 717 Bh Rk TS B B R B TF R B o 7 alk A,
AN RN B AR FE B R A T X
Py Aol Ta] A PRI D, SEIL— AN IR A B ) B
JRFEM G b BRI T A, By 5 — AR
JERHR LA RS, @ A= Fh . Pl A A ) 5
AP LECY LR P NE A DO NS EE SN RS Y
77 ity I Ox HL S v UGB LR Pk SS R i 2
DA T DX R SR 7l mR M alk, SRHCE R
KRS s a3 A 45 M A Ak 2 LR v A T el (X 1
Mo OV R TREE R v ) S e 5 280 B Sk
By BB o

3. A ] DX U5 B B A AR A P FSAR RN 20 B

TS 2 7™M Rk BB R, RS HESE R Ailiid

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

IS BB ) FROA R B AR A BT A T el X A S5 Rt A
LT FEISRT RIS . HAT, AL XA
Wee Ttk T A B A28 T W A 3 i B R AS v HL 320 B Rk 2t 8¢
P2, RS AR B g B A e AR SIS YR
Ak iaTs Bk 5 A e X S a5 it 55
FES - — [ Z M I A R Ak, 2 7 b IR A BB 3R
Pkl N, TR SIAL B S R RS ARAL
A AL TR, € B M S BORHE ft S AR Y
S AR T A i A 0 AR PR 7 70 B AR L
ai, T8 4R s e T el DX AR ST R AT S BILR 5 i
BRI 17 o

M9, FHERSERRARBEENNASEE —
BRI EX A5

AR IR BT INE FELFH AT KX (FEHK
FEEFEXD A, YRS RE IR T
SO TR RN FEREBE I E &
AT AR =B = gh M A S5 5 T R ATk
Tl DX i R e A B A5 ) SEE A AT o AH SR IR T
N 22 A0 T e X B A0S B IR ER AR S R, N
EEXYERCUE “— Bl — 37 B9 IR R R AR it
TSR K

o X A T 1998 4F, 2013 4F 11 A T+
ERZRAEFHAI RIX, S ThE X mi R
21 km?, A 210 £ 5K 2022 4F, R
DA Al AS N P28 )9 17801276, 20 4 X s 4l
(1)82%. b Bl X 2 # A ks 4n ik Tl X, 32 Bk
RO — RN FEERGER, mEGR. &1
JEGEI S R SR AL 2 JEURE, T4 10 2 287 MLk
EENT AU 30 2 M Bk, B TR
SrE T I JEAE ORI S e HBCE T A ) 5
BRI EE, R R A E R R R R
(1) 70%; ol X A RR T W i R S Ak R AR
BPUAE KRR 2 b, A v i 2 b B R 56
TRHERIZ, FERCT 10 2R E B EA . 10 K4
A RS AE 2%, R BFRILEIA ) 10014 7T, WV
B P A R = =20 5 4 [E 1) 50%

(=) ETHERR. EERNEXBRISHIBIFIER
S PR BRI IR A
A X I TR 5 B A i A A g A it

165

http://www.cnki.net



FE TR X SFER R ARB R

1750, AT U A T X R s 5. BROG R
BRIt 2 dh P BR IR I Bl SRk 5 HE T R AE . DA
2007 R HEAE, fE BRI X iR S E, b
FREVRFT Btk A6 T EORLBT B ik 7 0 B E S N
68%-. 32%; FE Bk A A, AT BT B R e
BN 22%, EFMH TSRS BB 74%, HAR
A% YU N ZE AP, 2013 4F, bR X A R
f % N B i EL 23 39 45% . 55%, it EL A5 23 5
40%- 55%, i K H ZE A 5%, o, BRR
B N BB G R FEAFEAL N CO,.

BE— 5 o A TR SR (L3, 7]
PLAIL: 2007 4, b5 el DX A0 T 50k ik oG 25 10 5
FILFH R A 69%, 4% 31% HIHK 7T 2 LAAS[A) 25 4 Al
TEAHEN “=JE7 ©, 20134E, BICEMIM AR
RIFET71.7%, HA28.3% BRI “=kK” &,
2007—20134F, bRl X P Aol fa) b R v S AH
(1) B ot 2R o ROk A B oG 3 b R 3.4% 4 AR
16.8%, AfMkiEHLA K Rigk—P ik, {HiE A VOCs
R G 3% o LA 1.4% F % A8 1.2%, {H & =38 0
T 1AfE. VOCsIEHE R B I bR e X g5
Jep AR PRI E N E PR e — .

b BE P [XRE R R A b R 2 R . 2 ThRE L
R, G rP T T ) A 2 SN AR R L 3R
e TR TR AR H
Iper= 4 LR BB T X e Y 25 44 77 2R AR A R Bk
b % ) ELER 5 . 2007—2019 4F, b B X [
RERAR T4 My A (b, 4 L, 20194FE 5
2007 FEAHEL, b5 el X (R R R A £ 7 B H 82.7%
NPEAE63.3%, RASMLHERF27.5%, 7HAE
REJRAE F 242 T 22 12.4%; 2019 4F, L RElm X Py 1E
FMAEDR . AR, 15T HVE AR L [
X BB FE AL T 15%, I FBRAE I R A7 S A
el [X e Y HFEM 10.4%. AR, B[ X BE IR 45 1)
PR AL RIS A 2 A 40 35 i3, 2011—2019 4,
B T 38 B i B HE R A 144 YT T R R R
111 /5 7G.

HET YR A RE R T, AT AR
X i [ HE R85 B Bk 1) 3 AN B J7 0. O Ak IR
LIS G, I R IRREIRIR B, TR T R A
AR, @ safbrs It A sz, RIEFEE. 5.
SEEEALSY, MR X ARG, B X R
FHIRREIER AR . O [ XN MK 2l 2 i

166

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

NG5G I EZ UL CO, AN KA, o LU
KEMAR S BERE, K, RrEbrelEsif e
e X975 ek e it ) 48 200k ot 1k ) ) L

(Z) sk ARG Pl SR R LR

1 Mg 5 a T “xa2 N7

s S ONE 5 I A B A T AR P 2 AL B
O, A R R P AN AT . S RRUSON 1Y
32 5 TR R R T i B R R R 5 s A
R E . W RERRE . T ad i
FEMLE, WRFRELES RS RER R T &
FoAb JERF AT 2, JC HOR W] DU ™ i 13 R4 T
VAL i R FE P AR T M. (LA 5 i
BRI BR GV R B A R s IR
BFEGEG . AEH AW. ORE. 45, TRSMMT
T RE . b BT b X gt R GURLAT R 2477 i 1R SO
SRR, BRI R E SR T E T
WA B R . A AR B RE S A L R )
MR, WLRMEETRES %, fTLsciladis
AL, FERERNL. 73 BEEERAE LR, b RS
PR

TSGRl PR A T R A R
i BEERFM T, LR XA Ei S50
PCTH “X012 J e, Ak S e R FEE L B
WHRFNT, T L ZEFAMBRSGE, AL
s A R R T IR, TRRCT AR SR S5,
(LIRS PO S YR 4 T S S A R TR
HEIF R ESEMA . BN @RE 05
G T AU A BEOR s XTI SE ST A R
2L b 2- BRI . A IEAT YA 2 A
e AR, IR T RSO E A, AL B
S SR A AR . R UL, AL R TR
S TR A 5 R T RO, RS
TG B R i A R R B AR, T A T X
Rl BB PR RS R o

2. FEAl vt A AR T A B S ik

BT b A IR AR ER S,
TR X e R A IR 3 E . E R X
ST RIS WU R LI | s ) R A 27 RE [l i
PORE L B TSl T AE R A . AR
KL SR RBE e A A ml i 4 22 U5 RE R (it 45 S fil
i, R T IEREA. 2R, b 5oL &

http://www.cnki.net



PETIENEF 2024 F F26% F2H

B3 EEEXAFRERITRORGET
VE: BROSUR DB R CWWPT Rt sis KAL) CWWPT Femtfe i A AL

AL B2 141, Dl DX U B fik 4 11 B S8
ol , by I B e R LR R 490 el DX AN X3 A i
g, RIS R R gl I (X 4 25 K AR H# T
BEATIS IR TR BERE ™ 4, AE [l RE IR R [R] i S
I R ik B A A B A

B e DX 0 el X e Y R A e, R TT T 34
Pk LA 5T G BRSO, O K S
KB v 27K . b Ll X A v 30i5 7K Ab 3]

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

IRAF G Lol A P K AR e, R R AR ARG ™ 3
MRV HIK . HHT, LR X O 2 5K REd il i
Jit A Ml R FH eh K AR D [ B BE e (7% KRR K, (R RR
G QG K A BT HE 2 135 e A A58 28 L P P 3 e
KB KB, Fit— B ARG @15
TR MG 5T I SRR . J5le i
SR R AL AL B 7 3 R RIS i 2 IR T B
FEN N B i e LA AR B T RNZETR, AT R [ R

167

http://www.cnki.net



FENL T E X SHEREARBRERR

4 2007 #2019 F L REXAIEEERIGIEL

168

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



PETIERE 2024 F $£26% F2H

B, JNE AR IR S AR R
B X G b A P AR T K AL EE PR A TS Ve B e
FFHGEBEE, SEL TSR SRR . G W5
BEAGUR: FAHIURAENRAL (RTO) W&islT
RACKEK F iy o 2020 4, bR b X i Aol S A7
RTO ¥ % 69 %, JE ik e AV B8 1 A g 2% A 2
e RNz S S, WA MEKE 104,
Tk /D 75 G HE O TR B 3R A3 T B 1 ek i B AR
S

3. “AMEERERE” MIE IR R R

kR m sk &, MEEER . (RN
fE, TR “TRBEALN”, REREJA AR IR, 454
BRAR . $EmE RGUAETEAR, X RE A B RS FE
WS o LGSR ME A, 1 el XA 79 5 T i
OMEEREEE”, MR R, S Ea LR R
R, WD TN R ER (6 & S8 Mg
FROGIRGE, HPRRRIRASE Y, OB IR 1) ¥
JEALFIA

—RMKFCIBE SR RS, @MU Tk
W, FERXEAWHE B IR RREE,
B A P A 2 S B b [l P o R 250K, T8
RS R BEUE R, R HE P AR IR I
AT TR A= . B R o A rh i i R 2%
EPHRE TR L2 Ui R, 4 MR R AR, B

BAIHRIEF 90% LA E . ¥ SO, # 4k SOs, T
) 4% Gl A P O R WA B AR IR, A I AR
BARAL S8 10 5 4 NaNO,+HCI 5 H,S0, . 1z i
Bl 1R 69% ¥4 5 B iR 1T 48 L 25 IR 4 25 WK 1 88% )i
T H SO-349 %2 98%, [0l A T8 AL s b2, T Rt R
TEIREE -

TR R R (LK) . DA E
BEIGER, Wbk, TR BEA
gy EEAS, SRR R X A
JEE R AA, FBHMEE. SEEE. SREE N 7 IR
PR, @R TEAEE (B IMgETEE,
TE 5035 U5 PRI O RIS T ekl 4l % 1) 5%
G ISR KT

4. 7= i 5 b S R A A B B X 981 B Bk 1 [

B o B gkl A R R AR R K, TR
K SEIEY (fER) P48 KA ) f, e
RHIE ) B 277 A2 KR FE 205 30% (1 #% it R
F15%~10% IR AR BRI - FRvAR IR AL B4 22 K FH Ha A
N IR, {H [ 2008 £FE IR E S R ERAS 51\
fEIE, MBLRA KIS B, @I, R R
G Xk AR VLR R A5 A 1) . B X el £l
HEEFRLEM. ZRGMEEAR, WA St
Mg P B Sk B FRBR R 7r W FE AR . AR R
FR R =R, T T KA B A BT L

‘ : ST X e ALY ,
NH. NE;
e > IS TN ol
‘ RSB O HoRR S b A0 L ycoon, -
. <o NH; (or OH) R N N;R“ ¥
. M w<}ﬂﬁﬁm%
ES © g OH — v R,
Le ] —IREEERI oot e ey
B o TN B o cnen
EES [ﬁ F—e»wﬁgiﬁm-e-(%%ﬁﬁ%ﬂ CCEBEN | e SR
OCH,3 ogmﬁﬁ“%) BrroClroH e Hor Cl or Br
TN} e SRS 5§
NO,
/@Cl l L NHCOCH;
on RERHEAR RIS
o
2 4-— A | 2,4-Z AR
& o, S 2,4-Z R HL6-H AN
AR
Yo, N, 2,4- L6 e
NO,

El5 _EREX 7 EERR el b
Vs FOROUH BRI

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

169

http://www.cnki.net



FENL T E X SHEREARBRERR

o 2 % 0 R T T A5 VA e PR U o M A, T AR T
B deAh, BRG0P EE SR KR
BEM FEEANEREE R T KB R E R R %
A TR R, H TR X A2 5 R S
W 402, FE B 2 S B I 2 L AE SR R RCT,
2025 4, b B [ X R AR AR 9 £ 18 127
2030 4F, B2 374270 . A T XTI Pk 3
A 0K F T 3 FRAIAL T S AR SR ) s, R
3 TS PR R A

(=) &4 & EERISRER AT IT

ST AZ SR el DX i b A el DX TR P A E
15K RGP SRR, R X 2016—
2020 SE IR A RAK S TR A R IR T AR
13.1 {2 e N2 22.57 4470, L5 JWHI 7.4%~
70%, A iA I PR E E A R . A i 1
MAAKE, Kunihis e IR E 8 IR0 77,
HIE N T A ERARIE S AR IR 5o ma, AN 5E AR i v 3
M DASI 7] [X ey A e b i) 123240

ARHF TR < Db ey BB 5D, LA
W Go) fUre” B B, W T R XA
U My — ;= —BR” SRR S b b T R R
TEBL BHFRIE 5P HEBUFAE . Pk 25 1
SOCHEEIER, VAN 7T R 2030 4F b L FE X Al 45 R
oAk IR BTy ek P B B [F) 3G 28008 70 (LI 6) o i

20204

fia Al

RIS NSO X 457, B, feli. HEs%
Hm . 2020 45, b XY A ACES Tl AT A
50N, 3G A0AE o5 B X ) 97%,  BAIX 4T
NEE P T R P G R R B T . B S R [
XY RN E— (EEHERD M —
OGS TR B HERO « 15 G ik $ 1h 2
TARE. AE. SR, BB 4TUKATS B bR Al
SO, NO,. VOCs 3T K75 4ednfahs.

AR, 15 “LihE™=” EsF, bFEEX
I PSR, 5 2020 FE AR EL, 2025 4E A T
VPB4 45%, 2030 4F (1) Tl P (B 38 K 4
200%. MERIZE R EOR, 20254F, b XA R K
Hee. BEACHER. [ PR Ab 3 &K 4 3 3 K 39%.
38%. 54%; 2030 4 2025 485 43 il 1 A0 1.13 1%
0.93f%. 0.76 fif, KA RILL UK 515 HK
FIARRT BB . JEF “ A= i, LB X
2025 4F F B HE R AR H 2020 4F K 15K 20%, 2030 4F
(R B HFTBCR 5 2025 FFF G K 58% . A, BicHIFicaR
FEIZAE N %, F M 2020 411 1.54 tCO, 4 &/ it N
F% 4% 2030 411 0.94 tCO, M &/ )i 6, REFA TG K
S HEBUI R B

BORSRE, FEEX SRS TR, R
J LU ASE BB R R AR T X, 7 A 7= i A o s e
P8 B Tk T 8 5% 5 B 58 2k 32 T Rz K 1 K g

Tl B
Bef

S i 7 AR

EEZIET

6 bR XE SRR I EE AT B

Vs AR B AR AN AT AL ARET ol (¥ 2835 A 535 HER -

170

(€)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



PETIENEF 2024 F F26% F2H

T FREM TR XS5 R SE i BR 12

(=) EERMETERR, MaERXYFRERE
I (2030 4 Hi i ik U St g 52D WA EEK
g b X YIRS B B R X A AR SR B, AL
T X e B e AT A . it 5 R i B
HE . 20K ZRERAM AR IS
PR I REAERAIE, 2 AR R A YIS R,
S HH PR R P R A i, HESDA LA Al ]
PRI AR HBR G, FFRFEEIEAIAAINL,
A T B XSRS YR BB R 2 S
HeB LA A =t EA R, NHHT
e BRE =0T EACR, /IR, RERREH
52 BAL SRS KT B T DR ATAR R S
FFECGE, IR Ber i, BREACRTTE, L
WA N TR REROR, 2SI, RERISE
ZUVRE BB ROk, s A SR il [X R
A o AL B MY RIS P DTS e e B R SR (R SRR
o, XEFHERUINE = EACR I T 238, wlHis i
A RGN 2 2R ARG BRI T A

(2 et EXAE#E, CRARFEIREMERS

375

AT el X i P e M AR G T RE A A /A -
SOBTIBARER AR AT X PR A M E L R
Gy, AUAEIEAE A . Ak — TR AN A A
Akt BT REE AL Rk
S, AT RO T el DUk B e e 7)1 2t A 70
SCHE . UL I X 45 A4 AT W RERT R IR
R, FFERsEsbhel. BRIty “ g
fIThee, sRACIER IO “ A ASSRE 7 AEH, RO
AT el X R A X A 5 o) i i R v, 3 B
AN BEVE AL SEI IR R o 5 28 B A i O XU A6 T
bl (X 7 BT e AR 2, AT R TR 5] A
SEAR T el DX B S T — KR A Al — [ S vt
Al 25 2 AR 2 AR SR T I A PENLAR, St Ll A
N B YEfE PR AL AR, 2 AL T X Al
JEIRAL AL B FSAS, o N ER A B SR B A o

(Z) MEARGHERLTE, #HHICIEREESR
EXR
AT X7 Ml R B 5 e o A e 7 B

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

AMEFEER, 2K, 2% 2N RS
M, SEHERCEIRT TR, AR L T X 4 2
ARG AR BERCR. AR, A&
BRER BREPR. WERERL. maRaEtt
ThE Dk A e, seBAL A d “ Ny Bl BE
e WL ONERN BT AR AN
SR TN TZWR . eI R, hotm
EHEWNTERELAKT. BL“ERE. FhEE. R
BE” O RA TR X 3T 7k, R AR A AR 2
SR AR E . — iRk e, D) om -l
ARG IIVEM 2 2K . LAS R 3R THE
The XA, HEBh AL AR A P
WA G, A IR -l B 3 - R Bt -
RG], 9 SR T AT e D R Sk HET
RN T X REIR R SARAL FIBR LA . FF R
e A T ] DX 9 b AR R AR 7 AR, HESh Ak T
X 25 e 5 BHIR REVRH FE LIS HEBUB 8, &
“—E — 5 SN IR BRI AR, R A AR Tl Xk
15 PR o

) 25 e 52 7 B

RSO AR B WAL 2 IR ASAEAEAT T ) 2 o 5 8 55 0 5%

Received date: January 25, 2024; Revised date: February 17, 2024
Corresponding author: Zhu Lizhong is a professor from the College
of Environmental and Resource Sciences of Zhejiang University, and a
member of Chinese Academy of Engineering. His major research fields
include soil pollution control and remediation. E-mail: zlz@zju.edu.cn
Funding project: National Key R&D Program of China (2021YFC1809
204); Chinese Academy of Engineering project “Countermeasures for
Site Pollution Risk Prevention and Control in Chemical Industrial Park”
(2023-XZ-37); National Natural Science Fund Project (72274103)

SE

[11  uCHRAE. 3R E A TAT B HE o8 5 0 PR 38 B Rk C 49073 TiE
BFFE [D]. K REE K2 (A0 30), 2018.
Wu Z H. Carbon emission efficiency, determinants and carbon
quotas allocation in China’s chemical industry [D]. Tianjin: Tianjin
University (Doctoral dissertation), 2018.

[21 sz, & W, A5 o E A AT R U
PRI [J]. ABER2EAT 9T, 2022, 35(2): 356-367.
Pang L Y, Weng H, Chang J, et al. Pathway of carbon emission
peak for China’s petrochemical and chemical industries [J]. Research
of Environmental Sciences, 2022, 35(2): 356-367.

[3] United Nations Environment Programme. Global chemicals outlook:
Towards sound management of chemicals [R]. Gigiri Nairobi:
United Nations Environment Programme, 2019.

[4] 5 AR, AR 7. M Ak el X v o AR R PR AN i AR AR R

171

http://www.cnki.net



FE TR X SFER R ARB R

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

172

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

WA [3]. AL T, 2023, 43(9): 11-15.

Ma C Y, Ren F. Research on establishing an evaluation index system
for high-quality development of chemical industry parks [J].
Modern Chemical Industry, 2023, 43(9): 11-15.

i RGN T DX 4 RS FERR B[R] R A2 WE 5 [D].
Jent B R (ML # A8 X0), 2023.

Lyu Y Z. Study on technology roadmap for whole-process syner-
getic reduction of pollution and carbon emissions targeting a fine
chemical industrial park [D]. Beijing: Tsinghua University (Doc-
toral dissertation), 2023.

Hu W Q, Tian J P, Zang N, et al. Study of the development and
performance of centralized wastewater treatment plants in Chinese
industrial parks [J]. Journal of Cleaner Production, 2019, 214:
939-951.

LyuY Z, Ye HY, Zhao Z N, et al. Exploring the cost of wastewater
treatment in a chemical industrial park: Model development and
application [J]. Resources, Conservation and Recycling, 2020,
155: 104663.

JE & E, DA, AR, S A T X K AR B I v i
B HUASCAFAE [3]. P E 457K HEK, 2022, 38(23): 80-87.
ZhouH X, Luo HR, Li HW, etal. Variation characteristics of dissolved
organic matter in wastewater treatment process of chemical indus-
trial park [J]. China Water & Wastewater, 2022, 38(23): 80-87.
R, G, RS RS I X T 2 2 VOCs 77 A &
T 3], SR, 2020, 41(3): 1116-1122.

Ye HY, Tian J P, Chen L J. Accounting methods of VOCs emis-
sion associated with production processes in a fine chemical in-
dustrial park [J]. Environmental Science, 2020, 41(3): 1116-1122.
Mo Z W, Shao M, Lu S H, et al. Process-specific emission charac-
teristics of volatile organic compounds (VOCs) from petrochemi-
cal facilities in the Yangtze River Delta, China [J]. Science of the
Total Environment, 2015, 533: 422-431.

Wang J L, Qian Y, Horan N, et al. Bioadsorption of pentachloro-
phenol (PCP) from aqueous solution by activated sludge biomass [J].
Bioresource Technology, 2000, 75(2): 157-161.

Li J, Lu Y L, Wang G, et al. Evaluation and spatial diffusion of
health risk of persistent organic pollutants (POPSs) in soils surround-
ing chemical industrial parks in China [J]. Human and Ecological
Risk Assessment, 2010, 16(5): 989-1006.

Fouladi J, AlNouss A, Al-Ansari T. Sustainable energy-water-food
nexus integration and carbon management in eco-industrial parks [J].
Journal of Cleaner Production, 2023, 418: 138071.

S T, S, B, S ol XS ik ] e I ) A R
R EE AT 50 [JOL]. B BT RS 50 1-18 [2024-02-02]. https://
doi.org/10.13198/j.issn.1001-6929.2023.11.10.

Gao H B, Feng Z S, Lyu Y Z, et al. Research on the technological
pathway of decoupling development towards synergy between
pollution and carbon reduction in industrial parks [J/OL]. Research
of Environmental Sciences: 1-18 [2024-02-02]. https://doi.org/10.
13198/j.issn.1001-6929.2023.11.10.

Xu F, Shu C, Tian J P, et al. A decade advance in eco-efficiency
and cost-benefits of emissions reduction targeting fine chemical
manufacturers [J]. Journal of Environmental Management, 2021,
298: 113476.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

FH, PREE, R, 55 ACERE UF AT L AR 290 (¥ 50 £ 23
RARWTF——LALIRE RALEFIT R X ] [J]. K LR A,
2012, 19(4): 218-222.

Wang L, Chen F, Chen H Y, et al. Study on decoupling analysis
system of low-carbon economy and intensive land use—A case
of Kunshan Economic Development Zone of Jiangsu Province [J].
Research of Soil and Water Conservation, 2012, 19(4): 218-222.
Qian Y S, Zhao J L, Lyu Y Z, et al. Uncovering the roadmap of
decoupling economic growth and CO, emissions targeting energy-
resource-emission-intensive industrial parks located nearby large
river: Practices and implications from China [J]. Journal of Cleaner
Production, 2023, 393: 136306.

Guo Y, Tian J P, Chen L J. Managing energy infrastructure to de-
carbonize industrial parks in China [J]. Nature Communications,
2020, 11(1): 981.

Wi B 2, <1, R, ATV RS 200 A T el X5k £ 400 9 3L 43 A
WHFL [J]. 855 5P, 2009, 31(12): 80-83.

Chen L J, Tian J P, Zhao Y. Study on carbon flow analysis in fine
chemicals industry park in Hangzhou Bay [J]. Environmental
Pollution & Control, 2009, 31(12): 80-83.

Tian J P, Guo Q P, Chen Y, et al. Study on industrial metabolism
of carbon in a Chinese fine chemical industrial park [J]. Environ-
mental Science & Technology, 2013, 47(2): 1048-1056.

FRA, WL, MRE VL. Je R A BT e AR S AR P K REA [9].
I FE TR 244, 2008, 8(2): 321-326.

Guo Y, Hu S'Y, Chen D J. Application of substance flow analysis
in eco-industrial park planning [J]. The Chinese Journal of Process
Engineering, 2008, 8(2): 321-326.

FE, B, R, A Dol bl X PR B AR Tk S
AW [I]. HBIRLEA T, 2023, 36(12): 2417-2424.

Gao Y, Wang S, Cheng L, et al. Material flow management in in-
dustrial parks: Connotation, methods and suggestions [J]. Research
of Environmental Sciences, 2023, 36(12): 2417-2424.

Lyu Y Z, Yan K, Tian J P, et al. High cost of waste treatment calls
for systematic rethinking: A case study for a chemical industrial
park in China [J]. Journal of Industrial Ecology, 2023, 27(1):
362-375.

H 41, 28, BRIL, 46, R 4040 T el IX 4% 6% e i 72 DAL M
B EZ BRI R X ) [ E AR EE, 2019, 11(6):
121-127.

Tian J P, Li X, Chen H, et al. The green development of fine
chemical industrial parks in China: A case study in Hangzhou
Bay [J]. Chinese Journal of Environmental Management, 2019,
11(6): 121-127.

MR, ATEK, B, A SR et 24 1 D0 X8 s 4
7 L5 10 R 6 5 R R B AR AT [J]. R LR B A FE, 2023, 15(4):
151-158.

Chen L J, He X B, Tian J P, et al. Unveiling the roadmap of
cleaner production and circular economy development in a typical
Chinese chemical industrial park featured by dyestuff pharmaceu-
tical manufacturing [J]. Chinese Journal of Environmental Man-
agement, 2023, 15(4): 151-158.

AT v SR T el X 205 e A AL 23 AT R SRR [D].
Jbnt: R (A8 30), 2017.

http://www.cnki.net



PETIENEF 2024 F F26% F2H

[27]

[28]

[29]

Hao Q. Assessment of material & energy metabolism and its
performance in a typical chinese chemical industrial park [D].
Beijing: Tsinghua University (Master’s thesis), 2017.

Hao Q, Tian J P, Li X, et al. Using a hybrid of green chemistry
and industrial ecology to make chemical production greener [J].
Resources, Conservation and Recycling, 2017, 122: 106-113.

Lyu Y Z, Tian J P, Chen L J. Enabling sustainable chemical manu-
facturing from product to industrial ecosystem [J]. Resources,
Conservation and Recycling, 2023, 192: 106915.

LyuY Z, Feng Z A, Ji T S, et al. Networking chemicals flows:

[30]

[31]

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

Efficiency-value-environment functionalized symbiosis algorithms
and application [J]. Environmental Science & Technology, 2023,
57(46): 18225-18235.

LyuY Z, Gao H B, Yan K, et al. Carbon peaking strategies for in-
dustrial parks: Model development and applications in China [J].
Applied Energy, 2022, 322: 119442.

Lyu Y Z, Chen L J, Tian J P, et al. Realizing synergy between
pollution reduction and carbon mitigation in industrial parks: From
model development to tool application [J]. Journal of Cleaner Pro-
duction, 2024, 446: 141197.

173

http://www.cnki.net



