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Application of multi—objective optimization decision based on analytic hierarchy

process in total emission reduction of air pollutants for an industrial park
CHENG Zhuowei', NIU Chuanzhen', CHEN Dongzhi*, CHEN Jianmeng'** "
(1.College of Environment, Zhejiang University of Technology, Hangzhou 310014, China
2.School of Petrochemical Engineering & Environment, Zhejiang Ocean University ,
Zhoushan 316022, China)
Abstract ; Through literature review and field investigation of an industrial park, the emission reduction
potential of main air pollutants was calculated and the primary emission reduction scenario of air pollu-
tion control was formulated. The emission reduction scenarios were evaluated via the combined method
of analytic hierarchy process and entropy weight. The optimal implementation route of multi—objective
decision—making in the whole process of air pollution control was constructed, and the optimal emission
reduction scenario was obtained. The prediction results showed that the emission reduction of VOCs,
NO,, SO,, NH; and particulate matter were 2 610.2, 255.1, 96.6, 8.1 and 337.6 t, respectively. The
corresponding fixed cost and saved operating cost were 42.2 million yuan per year and 4.199 3 million
yuan per year respectively. The feasible measures for the comprehensive control of air pollutants in the
industrial park were provided. The multi—objective optimization decision—making method integrating an-
alytic hierarchy process proposed in this study could provide technical support for air pollution manage-
ment for small or medium-sized industrial parks.
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Table 1 Evaluation indicators of the air pollutants emission reduction scenario for the industrial park
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Table 3 VOCs emission reduction potential of the enterprises ( Top 20)
£oal| 4522 il J VOCs 7=/t JECHERCRE VOCs WHEE 1/t
NG| Ykl 2994.0 598.8 568.9
AT 2 Jupl il 5749.0 574.9 517.4
AH 3 1= 25 i i 4 449.7 445.0 400.5
A Hl 4 BE 2yl i 1 124.6 224.9 213.7
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AH 8 1z 25 i i 1125.3 112.5 101.3
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23+ 10 Hacnyiibe 341.4 68.3 64.9
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Table 4 Other air pollutants emission reduction potential of the enterprises
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AHlS Gkl 0.338 0.265 0 — — — 0.002 0.002
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%, Hiz 5 ZAlk NO, FIIsHE )1 Sit ol 255.14 «,
i X NO, Il HERE ) ELit 1Y 87% . NO, 1 SO, 7R
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PR A FEALHE NO_F SO, Ul b4 AR (£ %
3R 70% F1 95% ) MBS G IRAb 4 AR (] =4z
—ERR TS ) o I, XX 5 F AR FH PR IE
AL T AR AR IA B A, I 56 FR R (19
Bili LB B T2, B 3 FhsHERS it , 2051
XIS 3 TR 1,47 .10, 5% 2.5 .8 11 Fif
$3.6.9.12,

TH& 1.4.7.10. % 1F 51 NO, F1 SO, Il HF &
RR,5 FAIIR NO, F1 SO, DRl b A |

50 2.5.8, 11 i E 5t 1 NO, Fl SO, 28 5F
s AR, 5 RGBT HA

TH &M 3.6.9.12: %1% 54 NO,F1 SO, 1 I
Hi FUEHE 28 FH AR | B NO SHETE 11 K T 20 «
FRIT 22 Ak R T NO_ T SO, h[Rl b HoR | 4 =
FA R BRI E AR

(3) NH, JsHES 5

el X A 7 R Aol HE i NH |, 5% £k A 9 Ak 2
FeARXF NH, iU HER R 95%, Rk, NH, i1 s HE
5 50 BN IRl RIXT U HEVE ) fe R Al R
SR AP A FREE AR RIS 52 1,2.4.5.7.8.,10,
11 IR A R A AE P A B AR BV 5% 3
6.9.12,

(4) TR IR HENS 5

el X HERCBUR P B Al 25 5%, W HETS J1dcok
49 274.56 t,55/NA 0.01 v, Hor ORI HERE: 7
91t LBV IR 6 5, e J1 0 337.63 t,
7 UL ) IRHETE ) B Y 99.84% , IR, BRI
ICHETS S 2B = F 43 R 3~ 6 Bl
1.4.7.10,1%52.5.8.11 FIfE 5 3.6.9.12, kL
YIHER F DS A

TR 2.5.8 11 %0 5O UR s HE 2 H
A, ASORT L HE Vs 77 $5e I £ ol R ks 490 T 0k
HAR,

15 3.6.9 12 %45 58 BUR P HE f f ok
6 F AL I4 2R FH AR [l e R

50 1.4.7 .10 3205 5O B0R Y D8 HE 2 5 K
FCHE 2 AR, X D8 HEE R T 10 ¢ DLl
A ROk ) ISR A
2.4 BHESITM

R A TR 0B 7 4 S i ¥
Frie ] e 2T AR X VOCs Ab#E
AE 7 P ZE AR T el X R AT G Wl HE 4 o 175
HER(E L),

HE el XRS5 Y A i IR R S5 P —=> HizZ
S [ G VOCshbEEfiE 77 —> HEN 2
vocs | | No, "
meo|| “ pe | ooy |
W || ow | | . n -
& | = || . || || > | kR
7] E 7 o i e
il || Bl || e
NH; | |so.| | ® k|| & Pl el ] o
W "] \ 2 »
w || | | B ®

l l !

1 VOCs BHERIEN Z BRI TEER
Fig.1 Multi-level analysis method system of VOCs emission reduction scenario evaluation
i 3 A ) SCHR , 4545 5% Z00 e = Fi SRl MR L RAT A 2 LR EM
PRIZ IR AT LA G4, ST FI T ARSI, AT REIS D S Bl WL ), 75 L K
W, H5 M8 AHP 2 JROD BRI 2 4 T IR R0 B FT o0t 2 2 W RRT5 SeIlHR V7 fie ROR s HE A
JREAERWE T BENE W, BT AHP AS AR AT [ P Bl A L A BB HE 3 D HE AR
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TBHERS g S P B AR L O R AR I T 20 I S 2
pURSEES:iN
MR = Xﬂ“/ﬁﬁ‘ﬂ)g HENIZ X H AR

TEMEAE b TR LA RGE , SRR E i EN 2 518
PRIZAACE 5, A5 8 AR 2 X H bR 2 B AL E
CEAPCETE L R 6 TR,

WA R iz H AHP T8 245 A0 N AL EE
*o6 HENE FBREEBREZEHNNER
Table 6 Weighting of the criterion layer, the index layer, and the target layer
B N2 B
Hir2 LA
BE E BE WE
VOCs JiHEE: 0.437 3 0.236 0
NO, JEHEE: 0.254 1 0.137 1
S W, =0.539 6 SO, I HE = 0.100 1 0.054 0
NH I HE 0.053 9 0.029 1
FEFE X KA TS A A U 0.154 6 0.083 4
PR oz BT 0.333 3 0.099 0
. ,=0.297 0
L& [ 5 A 0.666 7 0.198 0
AR Ba I Al X 0.571 4 0.093 4
VOCs Ab P . "
» W;=0.163 4 Uik B R4l 0.142 9 0.023 3
He
VOCs IR FH 4l 25 0.285 7 0.046 7
TEIRAS T H5 40219 9 TF8 Ar 4R Kcdis J , R PR PR R A 5 S8 bR 2 AR 7T 1
FH AHP 3EXF 9 s bREAT oA, @ or 1% s E XS N RZHLEANE, R 7, GAEPERKIN

PR B W B, TE B SR XHR AR R AALE,

SN NI 5 4 AR 5t

x®71 BEEZENE
Table 7 Comprehensive weight of the scenario layer
N2 Bzt Ay~ TS R 2 WEHEC3 BEE4 RS e W7 M8 MR 9 R 10 E 1L HE 12
VOCs JlHF it 0.011 9 0.011 9 0.011 9 0.038 5 0.038 5 0.022 2 0.022 2 0.022 2 0.022 2 0.006 0 0.006 0 0.006 0
. NO, W HERE 0.019 6 0.004 9 0.009 8 0.019 6 0.004 9 0.009 8 0.019 6 0.004 9 0.009 8 0.019 6 0.004 9 0.009 8
fj SO, WHERE 0.007 7 0.001 9 0.003 9 0.007 7 0.001 9 0.003 9 0.007 7 0.001 9 0.003 9 0.007 7 0.001 9 0.003 9
NH, JHE 0.001 8 0.001 8 0.003 6 0.001 8 0.001 8 0.003 6 0.001 8 0.001 8 0.003 6 0.001 8 0.001 8 0.003 6
TR Byl HE 1 0.011 2 0.006 1 0.003 4 0.011 2 0.006 1 0.003 4 0.011 2 0.006 1 0.003 4 0.011 6 0.006 4 0.003 5
IR [ 7 B A 0.012 4 0.013 6 0.012 8 0.003 3 0.004 9 0.004 1 0.004 1 0.005 3 0.005 0 0.008 1 0.013 6 0.011 8
s & B1T AR 0.006 2 0.008 7 0.008 2 0.027 8 0.043 2 0.034 7 0.013 8 0.041 1 0.005 7 0.002 2 0.003 6 0.002 7
LR A EC 0,003 5 0.003 5 0.003 5 0.018 9 0.018 9 0.018 9 0.007 0 0.007 0 0.007 0 0.001 7 0.001 7 0.001 7
VOCs AL AR 0.001 3 0.001 3 0.001 3 0.001 3 0.001 3 0.001 9 0.002 5 0.002 5 0.002 5 0.002 5 0.002 5 0.002 5
i il ¥

VOCs [ i AL 0.0044 0.004 4 0.004 4 0.002 2 0.002 2 0.002 2 0.004 4 0.004 4 0.004 4 0.004 4 0.004 4 0.004 4
A AL E 0.0801 0.058 3 0.062 8 0.132 3 0.123 8 0.121 0 0.094 3 0.097 4 0.067 6 0.065 5 0.046 8 0.049 9

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

B 4 [ 2 AN 4 220 J7 78, 3817 AR FIER B BOR S i i, PG, 1 5 4 TCIBTE 4L
£ 420.0 J1Jt/a, VOCs Ik HE= 4 2 610.2 t,NO I, AR T)TE 4T,

Hi ok 255.1 t, 80, Uk HE =K 96.6 t, NH, JsHE &4
8.1t , Wk RN 337.6 t, B XA VAR
FEEAE 2~36 /22 1) 15 5 4 AR A AR
if 110 T3 oe/a, Wik ) R PREEA i ik 4F 7 A
[ 0.03% ~ 0.53% ; 45 & £ AR 3838053 B, 1 ¢ 4

inm

B 4 1 S A Mk HLAARC < SR I T A IR
B R 9 128, SR I T AR 7 T A ALy
2~7.11.12.16 .22 ~24 26 31 .32 .35; %40 Bk
I Ak R 39 .41 .51 ,68 5 K FAE AL BB i Al
$13~10.12~16.19~21 .23 26 ~31.33~36.38 ~
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43 ;K NO, il SO, B Al AL He AR 1y Akl 7,36
41 .51, 68 RHmAL WAL T Z M4l A 21,

3 & i

(1) 256 e DX Ak P8R SCRR AT, 1 e f
AT A el X 3 B A5 Yo Wil HE v 1 AT T
AT, VOCs W HETE 1 R 2 802.9 t,NO I
HEWE 7 A 2 920 t, SO, I HEE 71 BN 96.6 t,
NH, JSHETS 7 85 9.4 t, JORLY D8 HET: g s i
9 338.2 t,

(2) PSS G W s HF 1 A HE 1A 79 5 T
Rl 2 T TS S, 48 VOCs JHE R oK 3
Fofr el HE A B ARG 3 A il o R ek HE B AR AUA 6
i, 3t 12 FosHERS 5,

(3)XF LR R Y 12 FPdHETS 5 R H AHP
AT TN, Wor T HARJZ EWZE 546452,
BN TG S X R AR )2 BRI B2 R, IFEAT T AL
I S 5 4 N AEHEE 5, R e A
4220 T30, BATHUA YY) 419.93 J1 o0/ a, TE
ZHER 5T, VOCs JlHER h 2 610.163 t,NO,
HEE S 255.145 1,50, Ik HEE A 96.578 +, NH, i HE
HON 8. 144 t, BRI HE R 337.630 t,

S Uk
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