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Optimization of a multi-objective and multi-period
sustainable recycling network for medical waste
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Abstract: With the consideration of the uncertainty of medical waste recovery, and in view of the fact
that multi-periodicity and improper treatment of some toxic and hazardous wastes not only pollute the
environment, but also endanger the health of operators, a multi-objective multi-period sustainable
recycling network model for medical waste under uncertain conditions was established aiming at
minimizing economic cost, and environmental impact and maximizing social benefit. In order to reduce
the influence of uncertain parameters, the fuzzy opportunity constraint method was adopted to convert
the fuzzy constraints in the model into clear corresponding expressions. Taking a medical waste
recycling enterprise in Shanghai as an example, a genetic algorithm (GA) was used to solve the model.
The example results show that the multi-objective optimization is better than the single-objective
optimization in general, and the multi-period recovery network planning is more flexible than the single-

period planning.

%5 HH: 2019-11-15

HEUH: BR ARBIFRE W E (71071093, 71471110) 5 FFHAIZAIFWHE (16DZ21201402, 16040501500 ) ;
Beri g it SRR W B H (2015D060 )

FE—EH: EEE (1996-), %, B, D57 : YW T, E-mail: huogingusst@126.com

BEEE: HME21972-), B, MEE. Rrm: BRRS . EPrES . By S Hn s .

E-mail: jasonguousst@126.com


http://dx.doi.org/10.13255/j.cnki.jusst.20191115001
mailto:huoqingusst@126.com
mailto:jasonguousst@126.com

480 o B TR 2 2 R

2020 4F £ 42 4%

Keywords: medical waste; uncertainty; multi-objective; multi-period; sustainable recycling network;

fuzzy; genetic algorithm

PTG 0 88 K  E  B R TR 0 R R, R T
12 35 ) i i R 2R IR AR A 25 30 4R rh & st
s K 1 B2 97 R SR Q0 SRR g R i i, o
AR BRI R (e e S Y Bk, A
AT T RS R R 4%, B A ] b
PHEEST R 7). Hong 4™ 52 FI AR 4 J8 30 AT A
T ST HE SR A X BRI 5 2 BB . SCHR [5]
38 PR 7 1 A HT T A e M I 97 8 B % A 2K
FIFR M . SCHk [6] LA 22 o fai], BF ¢ ] 4k
BT IR ZE A8 B R S A R R 2 L Y e
ST I 2540 T 45 M DR B S i A A L R e
(RO RIR | Lo % 1 i 190 26 v f ek 28025
SRTTIR Y BT IR FE W A R e . w il et, &b
B St B b AT R TR T, dhs
B a5 HBFFER R AR R S 2 T K™, A
e, ASCLABE TR FEY AR 4, % 1 ik )
b 25 T A 5 IR S I (IR I, 48 At s
I | T 5 5 [ A ) 26 A

Wy R 46 BB R — A e R, 2
132 1 68 0 I T 4% 28 ¢ b 5% 0 3% 1k 5 T 3% K 4R
Bk ELA T John MY LA B4k K
Hin, 8 TR IHVKE £ 53058 M YR 2% . Kumar
26012 S el A FIRIIE R 2 T 2 3005 16 R
WL R B AR, IF L sk . M ima
2t S e T 3 [T s PR i 22 TR I, A R
[T AS 44 B, BFSE T i A BT VE T R A
AF AT E LR 0 S0 L BRI R 2R R A AL Y b
Fi JXL Bz 2 s o s b i g 2 4 KUY, 2 TR R
PR IR, AR . SR, 4R SClk % R
58 QA0 22 FE) 00 R0 35 ) T B2 97 R 2 400 T e
PEI 24 1, L, A SO BT R 34 £
HAR AT 35 5 B g [T, % FE 2 JR 34

AR 5 5 502 0 37 T 4% 90 K e T £ 5 0 R
F VR ok 2 P TR R B EE, W
T AR R SR AR A 2T Dl ik
S O 4% £ 3 B AR AR HE I i /M S F AR, 2
SET LA L HARBEHLLRI B gy gt 41
% e it TSR IR S R B S R, R T
2B T A ) PR I P00 6 AR B R
oAb BEA RN SRR S 8 s AL R B, (Ea T

HEEEGAKT, RS REO s B
X Dy R G R YRR B R, B2 50K
LA e 2 ORI ) T S e D 2 ML
SR A TR, AR A PR 5 3 25 PR 24 SR 0 A
KV, BA—ER RN, A5l B i 52 bR
L BT, A SCOR FHASOM HL S0 0 i [ i ik
AN RE VAR T IR 5900 A I 245 v B B2

i b, ARCUR/DNETEA . S/ NIRSER |
RA SR N AR, BT RS DR
AHENE, W 7RIS T TR A Z AR
2 Jo] 1 AT 45 2 1 T s P AR 2 B AR A 45 [
WAt o 245 H % 1 s B T R BB | am o AR S 3
Jit AR F AR 5 PR SEE S W A 45 45 A TR) 4 s b
FEE BB HE R A A L D B AR Ak B A
BT A RESZ B e LAY SN o SRR i%
BERL, M PRI AL 2 29 RO 7 0 S50 Fe e T
M, I S H AR SRR JE X i T A
FIbR EAT BN AL , 5 e iR D0 A R e 4 Oy 2 T i
R R E B B H AR A IR b 9 T B P PR
FEP IS Aol ], e A SR (GA) 23 3l %) B
JE 35 Z2 R0 B A AR S 22 A AR, i ad Xt b
IINTHRAER, ek TR A R

1 BT RIS Oy o 4k iR B

1.1 EfFEFWRIFREE R M %551

PRIy R ST I M 5 S kg e 1 s, R
HIBRIP LA . AL P o 2R e Ab
b2t I I @) [ R 153 22 052

7 5

¢//
%

W\\
E T

1 EFFEFYEY W% EE

Fig.1 Structure of the medical waste recycling network
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Tab.1 Related parameters of medical institutions

[ S iR £
SR SBTEM SR

cr (1.5,14.0) (0.1/0.4/0.2) (1.1/0.4/1.2) (1.5/1.5/12) 26  >31

disc;s; disc;s,

i kbR

2 (35,6.0) (0.50.3/0.7) (1.0/1.50.2) (1.2/1.4/0.3) 14 43
ez (3.7,20.0) (0.1/0.5/0.2) (0.2/1.4/0.3) (1.3/0.3/1.2) 47 20
cs  (45,0.6) (0.2/0.4/0.3) (0.3/1.3/1.2) (1.4/1.4/12) 61 80
cs (4.5,16.0) (0.1/0.3/0.2) (1.4/0.4/1.2) (1.3/0.4/12) 26 10
c6  (4.7,87) (0.4/0.4/0.2) (0.3/0.4/1.2) (1.4/0.6/1.3) 11 30
c7 (4.8,16.8) (0.3/0.4/0.2) (0.4/0.6/1.3) (1.3/1.4/1.1) 37 9
cg (6.5,85) (0.4/0.6/03) (1.3/0.4/1.1) (1.1/1.41.3) 32 63
c9 (6.0,153) (0.3/0.4/0.1) (1.1/0.4/1.3) (1.4/0.4/1.2) 29 15
c1o (6.6,17.0) (0.1/0.4/0.3) (0.4/1.4/1.2) (0.6/1.4/1.5) 40 8
c11 (6.8,19.0) (0.4/0.4/0.2) (0.6/1.4/0.5) (1.5/1.4/0.6) 45 12
c12 (6.3,16.1) (0.6/0.4/0.5) (1.5/0.4/0.6) (1.3/1.4/0.6) 31 13
c13 (72,17.0) (0.5/0.4/0.6) (1.3/0.4/0.6) (1.5/1.3/0.7) 46 13

cia (6.2,16.1) (0.3/0.4/0.6) (0.5/1.3/0.7) (1.1/1.4/1.2) 41 28
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Tab.2 Other relevant parameters

24 R {E 28 IRAH
Fy, 35 0007G Oy, 31 000G
17, 29 0007 0y, 34 0007C
Fq, 57 000G Oy, 29 0007C
Fa, 63 0007T Oy, 33 0007T
F, 22 0007T 0, 20 000G
i 69 000JT O, 28 0007C

may, 26 0007G disg, g, 23 km

mas, 20 0007C diss, a, 40 km
mag, 27 0007 diss,a, 36 km
mag, 23 0007 disgyad, 38 km
map 30 000G disq,p 47 km
may 40 000G disg,p 45 km
qco, 150 g/km disq, r 65 km
cag, 14t disg,r 67 km

cay, 16t hy 180 h

cay, 15t ha 200 h
cay 20t hp 160 h

caq, 18t hy 120 h
cap 20t
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Tab.3 Calculation results of the optimal GA for each target in each period

JEI GV AR ISR e/ )N S ER R Z Hbsth
S—Fm (420000, 53064,2.6) (510080,42139,2.2) (600802,47031,3.1) (500100, 45 130,2.9)
olLih (454370,57648,2.3) (530205,44531,2.0) (610023,49310,2.7) (570301, 47000, 2.4)
=T (440500, 54 680,2.5) (521083,43030,2.1) (581832,48201,2.9) (510302,47070,2.6)

Z A (1314870,165392,7.4) (1581368,129700, 6.3) (1792657,144542,8.7) (1580703, 139200, 7.9)
SR (1403281, 153026,6.1) (1610020, 108900, 6.2) (1843980, 132000, 7.6) (1660803, 134071,7.2)

&

B3 BEPZESEML

Fig. 3 Multi-objective optimization in a single period

4 E—RFHz BN
Fig. 4 Multi-objective optimization in the first period

5 EZEMsBERERR

Fig. 5 Multi-objective optimization in the second period
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