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Collaborative Optimization of Hazardous Waste Mixed Storage and

Transportation under Uncertain Demands

PAN Xiaojie, JIANG Yening, HE Qi, ZHAO Jiahong
(School of Civil and Transportation Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: To reduce the total risk and cost related to the hazardous wastes mixed storage and transportation, a multi-
objective optimization under uncertain demands is proposed, which aims to simultaneously decide facility location,
inventory control and route design. Considering the risk derived from mixed storage, an environmental impact disutility
function of the treatment station is formulated by introducing toxicity coefficient and odor factor. The resident disutility
effect of transfer stations is considered to develop the corresponding risk assessment model. Considering the uncertain
demand of hazardous waste inventory and transportation, a computation method of total generation amount is formulated
according to the distribution function, and computing the standard line of facility inventory. Minimizing the total risk and
cost, a location and transportation model for the hazardous wastes mixed storage and transportation is developed. Based on
the improved NSGA-II algorithm, the solution procedure is designed according to the complexity and characteristics of the
proposed model. Finally, several tests are provided to demonstrate the workability of the proposed model and algorithm. In
which, the computational results show that, the new model and algorithm can provide multiple efficient plans. Comparing to
the traditional risk model, the integrated assessment can provide a more economical plan of with great performance in risk
equity, which achieving the cooperative guarantee of personnel safety and environmental protection. Comparing to general
multi-objective optimization methods, the improved algorithm can shorten the computational time by at least 38.79%, and
provide optimal plan within 1 700 seconds as well as keep stable performance in solving the problems of different scales
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Figure 1 Mixed storage and transportation network of hazardous wastes
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Table 1 Parameters and decision variables
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Table 2 Maximum storage of transfer station candidate

G S o S 51 52 53 54 55 56

57 58 59 60 61 62 63 64

WA ERAg 1369 1299 1420 1350 1250 1388

1400 2112 2200 2312 2300 2250 2111 2189

F3 REBEHHERALERE

Table 3 Capacity of treatment station candidate
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Table 4 Recommended location- inventory-routing optimization scheme

I hE— e K HEAT & b nfiti 224
(h¥guh, BRMEER/ke) (byh, R R/ke) A 7E ERL R (S
(1,5,18,22,23) -63; (7,12,15,16,31,35) -58;
(58, 2 112); (59,2 200); 63-69;58-71;
(69,5 299); (20,21,26,37,41,43,44) -64;
(62,2 250); (63,2 111); 64-69;59-71;
(71,5 300) (14,17,19,24,27,36,46,50) -59;
(64,2 189) 62-71
(6,8,11,13,25,28,29,30,42,45) -62
x5 NEESHRBLER
Table S Comparison of risk assessment models
. A B G R/ B R/ it B A R
N . _ — .
10* 7% (10* A-tkm ) (10* A-tkm™) Hh A P
4 AR A5 Y 9.51 16.79 21.25 4 1 2.52
e g s it 12.23 26.19 7.84 5 2 1.27
BAEE % +28.60 +55.99 —63.11 +25 +50 -49.60

532 KB ENA

ETHEANSHEE, »ilXHENZ B0
1774 (g A . Y EL S KL A1 TOPSIS J7
%) Akt NSGA- 1T 5y AT H R g . Hodr, %
2 B s 71 e AN B bR FIRCE R 5N
0.5. MRPER 5 MIXFLbgs Rl kn, AT E LR
g 2 /DY 38.79% (1SR AFINHA] .
533 tHAaRH

NI EE T R EN, SEEH S K
B, BEHLAE R 3 FpAS A IR, AR S 30
ANMEREA), BRI tEEEA RS, HASEEAAR,

TAREERUWNEL 7 P, B 8 R E 2 AR 41T 5
GURNPPIIME . AT, it R RA BOR TR AR
FEPE, HETE 1700 s PYSRAGA [T SO (el L 1 e e

®6 KMAEMILEAR

Table 6 Comparison of different solution procedures
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Table 7 Computational results of tests of different scales
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