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Abstract

Purpose: The production routing problem is created by combining the two problems of lot sizing and vehicle routing.
Previous research has examined the effectiveness of this combination in reducing costs. In this paper, the production
routing problem is considered with the aim of minimizing the risk of production and distribution of hazardous materials.
Attention to social and environmental criteria related to sustainability is being increased by researchers today. Hazardous
materials are harmful to human health and the environment. Accidents related to these materials often have far-reaching
adverse consequences. Risk is a danger measurement criterion for operations related to these materials.

Methodology: The problem is modeled as a mixed integer program. The risk function in the proposed model is
nonlinear and depends on the load of the machine, the population risk, and the type of hazardous material. Given that
solving the mathematical model with the nonlinear objective function is more difficult, this function is approximated by
a piecewise linear function.

Findings: In this research, 8 standard instances have been used to evaluate and solve the model and compare the two
nonlinear and linear models. The results show that by using the approximate model, a better answer can be achieved at
the same time. Through sensitivity analysis, the effect of changes to production capacity and warehouses on risk has also
been looked into.

Originality/Value: This research proposed the production routing problem for hazardous matetials according to
sustainability criteria using a nonlinear mathematical model and uses a piecewise linear approximation to solve the model.
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Table 1- Comparative analysis of the main indicators of past researches.
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Table 2- Sets and indices of the model.
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Table 3- Model parameters (input values).
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Table 4- Model variables.
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Table 5- The results of solving the model in two linear and non-linear modes.
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Figure 1- Diagram of the difference between the values of the non-linear objective
function in linear and non-linear solution mode.
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Table 6- The effect of changing model parameters on objective function.
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Figure 2- Diagram of the effect of changing production capacity on risk.

Jade slael Hlas jibglen wdas o Jules | SU L Slge s St 2 LI b Ol i 36 4 by e jlages ¥ SS
Sl b B (gl Yo Gl di50d plsieas Lol 8 Sy 5 5 S B 30 5 2l Wyl b b 30 Sl sl
SRl B o 5o olgn 48 558 00 Sl byl b b 2als1 Ll 03 S Sy 1y #Y rals Csly ol i 5 w18
Lalaze 45 33 8 oo Cilises slroyss 53 JEs o sldas 2als el b ol o5 S oslinal &oF Glp aeile Cb b iSTa
AL ISEE S Ol p 15 or sl B DS ) o ol S35 1Y 138 o S Sl 55 Sy SRS Ll
3 Ol g0 (6354 U o 5 Sl HIAS50 Sy p (o0 e b Ao lg Yo 55 51ty Ol iul3l a8 s oo LA Hls g0
8 & JolS S B L Laseile Lol S g (1 Ll b B o S48 ol () 31 36 s el 33,5 oo 36 oS
Gl g a5 U L3515 abo gy o Sy 5 ace oy 3l (595 (sl 36 5 0,6 2o 501 ool apeibe 805 il

Sl o 5 315 ooy b (5L ably 05 5t s sl b e Sl S s Slge 05551 A6 Sl s



dile Comdly )3 alge plr g U3l 1 2 455,85 D50 (sb b sl Lol cilias ialST]) SUlas slse ) o506 Ol s
23,8 3135 5 SISl o sdoes 5 i o
oY«

LA

FA

¥7o

ERTY cl};l.\iﬂ

Y.

FY.

YA«
0 Yo Yo Y. O

byl b b 5o aliBl Ol

Sy g2 Lol Cad b o Ol 3l o ges - STl
Figure 3- Diagram of the effect of changing warehouse capacity on risk.
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