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Abstract

In this research, using the double-objective mixed integer linear programming method, an optimal
supply chain network for the collection and recycling of urban waste has been presented in terms of
separation from the source and uncertainty in the per capita waste production of citizens. Due to the
uncertainty in the parameters of the problem, the two-stage stochastic programming method has
been used to model the problem. The objective functions include an economic function to minimize
investment costs and a social objective function to maximize the amount of recycling. In order to
accurately solve the problem on a large scale, the Lagrange release method has been used. To
validate and confirm the effectiveness of the model presented in this research, the model was
implemented on a case study in the city of Karaj. According to the obtained results, to increase the
amount of recycling in the waste supply chain network, more infrastructural and operational
investments are needed. By increasing recycling, the harmful environmental and destructive effects
of burying and burning waste will be reduced. The Lagrange release solution method can be used as
a suitable solution method to reduce the time of solving problems. In this research, it was observed
that the Lagrange release method can solve large-scale problems with appropriate accuracy and in
less time compared to the commercial cplex solver.
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V- Introduction

In Iran, ¢+, «+ tons of waste are produced daily, of which only about ) + 7 are recycled. In the city of
Tehran, the amount of separation from the source of urban waste is about Y7 of daily production
waste. The operation of collecting and disposing of urban waste is very expensive due to the high
investment costs for the waste collection and transportation fleet and the need to spend significant
operational costs. Therefore, even small and partial reductions in the operating costs of waste
management lead to large savings in the cost of municipalities. On average, between %+ and A-
percent of urban solid waste management costs are related to waste collection and transportation
costs. While in the world, on average, V+7 of the produced waste is recycled, optimistically, this
figure reaches about Y7 in Iran, and this means that in the country, about )% million tons of waste
are buried in the ground without being recycled. One of the important reasons for the low recycling
of waste in Iran is the lack of separation from the source of all types of waste produced in the
country. The purpose of this research is to reduce the costs of urban waste management through
separation from the source of waste and creating special hubs for each type of separated waste.

Y- Literature review

Among all municipal solid waste management strategies, waste recycling has received more
attention than other options due to its impact on economic growth, in addition to protecting the
environment and human health. Considering the need to invest in collection and disposal facilities as
well as high operating costs, carrying out collection and recycling or disposal operations is very
expensive. Therefore, a slight improvement in this process causes a significant reduction in the costs
of municipalities (Irfan Babaei and others ¥+ V).

The meaning of solid waste management is a set of coherent and systematic programs and laws
related to the control of production, collection, transportation, separation, recycling and burial of
waste based on the principles of public health, economy and conservation of biological resources.
(Akbarpour Shirazi et al., Y:Y¢). According to the conducted research, urban solid waste
management can be considered as a supply chain network design problem (Mohammadi et al.,
Y+Y4). This network includes facilities such as waste collection stations, transfer stations and
recycling and disposal facilities. In the process of household waste collection, waste collected from
local collection stations is first sent to transfer facilities, where it is unloaded from municipal
collection trucks and loaded into larger trucks to be transported to landfills in bulk (Habibi et al.
colleagues, Y+ V). In order to design an efficient and suitable supply chain network for the urban
waste collection process, mathematical programming models are able to improve the performance of
this supply chain by optimizing the location of facilities and allocating facilities to each other, and
therefore they are useful from this point of view (Habibi et al., Y+ V). . Because the parameters and
information needed during the design of the waste supply chain network are not definitely available,
therefore, the design of a supply chain in a deterministic way reduces its efficiency in reality, so
considering the uncertainty in Designing the model is inevitable (Rahimi and Qadavati, Y+ V). What
was stated in the previous researches shows that in most of the researches, the problem of separation
from the origin of wastes and the establishment of hub centers for each of the separated wastes have
not been taken into consideration, and therefore in this research, both of the above cases have been
considered in the construction of the model. .

¥- Methodology

According to the aforementioned, this research presents the problem of designing a multi-level
supply chain network for the collection and recycling of urban waste in terms of segregation at the
source and uncertainty in the per capita production of waste by citizens. This supply chain includes
urban points (segregated waste collection tanks) as waste collection centers, transfer centers or hubs
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for separated waste, recycling centers, as well as burial centers and waste incinerators. The flow of
materials in this supply chain is considered in such a way that the waste is separated at the source by
the citizens and placed in the tanks specific to each type of waste. Then these wastes are transported
by collection trucks to the hub or waste transfer centers specific to each waste, and then transported
by larger trucks to recycling centers and disposal centers (including burying or burning waste).
become In order to design the above network, a mixed integer programming problem is designed,
which includes two economic and social goals. The first objective function of this problem seeks to
minimize initial investment costs as well as operating costs, and the second objective function, i.e.
the social objective function, seeks to maximize the amount of urban waste recycling. In order to
take into account the uncertainty in the per capita production of waste by citizens, a two-stage
random programming method has been used. In order to linearize the above two objective functions,
the epsilon constraint method is used. Also, using a case study in the city of Karaj, the efficiency of
the designed model will be investigated. The solution method used to solve the presented model in
large dimensions is the Lagrange release method, which is classified in the group of exact problem
solving methods.

¢- Results

Therefore, with the aim of covering the existing research gap, an integer linear programming
mathematical model was presented for the design of the waste collection and recycling network in
terms of separation from the source and also in terms of establishing a hub for each type of separated
waste. In this research, in addition to the concept of recycling, the concept of separation hub was
also considered in the design of the supply chain. In order to validate the model, a case study was
conducted in Karaj and its results were presented. Collecting suitable data to solve the problem was
one of the problems of solving the model due to the high amount of required data and the difficulty
of accessing some statistics. According to the obtained results, in order to increase the amount of
recycling in the waste supply chain network, more infrastructural and operational investments are
needed. By increasing recycling, the environmental and destructive effects of burying and burning
waste will be reduced. The Lagrange release method can be used as a suitable solution method to
reduce the time of solving problems with high values. In this research, it was observed that the
Lagrange release method can solve problems with high values with appropriate accuracy and in less
time compared to the cplex solver. Therefore, it can be said that the innovations of this research
include the development of the waste collection and recycling supply chain model under uncertainty,
considering the separation hubs, using the Lagrange release method to solve the model and the case
study of Karaj city.

¢- Discussion

The purpose of this study is to design a multi-objective mathematical model to manage municipal
and hospital waste. Therefore, in this research, after the investigations and the study of the subject
literature, the gap in the existing studies was determined. In the studies conducted in the relevant
articles, it was found that the specialized hub for each type of waste was not included in the
mentioned articles, and only in a few articles, the concept of recycling was also considered in the
design of the supply chain. Also, as far as the study was conducted, no article was found in which
exact solution methods were used to reduce the difficulty of solving the problem. Considering the
collection and recycling supply chain network presented in this research and also according to the
study of the research literature, issues such as routing the movement of waste collection and
transportation trucks in the said network, production and storage planning for recycling centers ,
using heuristic and meta-heuristic solution methods to solve the model which are combined with
other exact mathematical solution methods such as Lagrange release, considering environmental
objective functions such as pollution reduction in the waste transportation and recycling process and
Considering the uncertainty in the capacity of facilities can be considered as the subject of future
research.
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Table a- Results of solving by Lagrange method
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Table A- The number of waste separation container and the number of trucks required for
waste collection
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Table 1- Location and capacity of hubs
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Table 4-Sensitivity analysis of the fixed cost target for the establishment of the hub
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Figure ¢- Sensitivity analysis of removing the fixed cost of establishing the hub
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Table Y - Results of sensitivity analysis of epsilon limit
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Figure ¢- Results of sensitivity analysis of epsilon limit
S domt
bl Slhaslon 5 6ot Gadilony Co e sl & b (5L, e >k aalllas pf Ca
5SS Slhesles 5 6 ed ladtlons Cupds anu g 5 W5l c il 4B § Oysn 4 Slllas 4 ax g

oeass ol o ol ol Gy baee bl (..@e‘_gl.a)lﬁ\ 3 s e Sleds bl OIS



VLY — Lo VY (ol € o lowd VA 290 (539 O3kt S pho

h

Slalllae 53 3,5 e Sldllan > o S ¢ g g e Dbl anlllan s a8l plal (sla s S g
Yl s wleey g5 A~ Sle S8 g Ol &S W S asie b3 OVle s ol ol
S5 el ey b s s bt chQY&)‘&)\MJJMJM‘AJL Ll S
Sl s, 5 0T 3 aS i sdaline (gl Wlis (25 S o anddllas &S (U B piman L g ol 4p S
3 sn Sl St i Ga b ol by L Al el eslinad dies e e 2alS ol e G
Bl b dlemy S3L3L 5 osTaer a3 (b Slp oo sde o sl Sl e S
ol 02 A Sl et SSE gle Blewy S5 a iy Ol sl B 55 5 el 5l SIS
sk AS a5 s el e s (b s i (SSE Ole psehe (3L psehe edle sy
mosls (sl s S ) 58 0T s 5 38 lonil £ S g 53 (53,50 andllae S e s
SOl S s (5 3l ge Slaesls YU Ol 4 a5 L altese > (sl e sl
el i3 4SE 3 S3L3L Ol Sl Sl el 4 S @ a5 L g Jde o OIS )
o3 BT BLSL Il b s i Slhee 5 b sl al w4 5L ¢ Ly
Ll o ¢ 3V lsliT Jo Jrps il dal s alS badileny O3 g 5 033 (o 55 5 o
gl 03 3,8 LlE eslimad 555 VU slis b Bles J> Oley 2alS gl ol > 5 K Ol
o b Bles 15 o oSl oS Jo L aglin 3 518N (g5lasll (2, o Al edale ¢ Shasy
a5 Jold G ol Slasosl 5 S 015 o pnlpl S I a8 Gles 3 5 lie 2B LIV
(SSE sla Ola 38 B s (b e St Wley S3LSL 5 ol e el ey Je
GBS b e ol 2 S e (63550 wlllas 5 Je = sl 518Y glealyl 2y 5l eslizad
cgsose Dlosl anlllas 4 a9 L 5o 5 Gais opl 5o el A1 ZBLSL “5JJTC°’" eele ey a2
Sk 53 ey o 5 sl GlslS OS b e dile Slossge ol sla Jtash ol
Sl ol 5 o8l = sla s 5l eslinal ¢ S3L3L ST sl DL 5 W5 (el S
OB s al ead S5 SN sl Wil s oy G J glabss b aS due
53 Caabidpde Bl 5 dlewy SSLSL 5 Je Aol s (Sadl pals wile ewilass Cia =l
300 slgdy Ol oo 1y OMgd b b

:ét.e oo

AL il Sl &S OB

References

Adeleke, O. J. & Olukanni, D. O. Y+Y.. Facility location problems: models, techniques, and
applications in waste management. Recycling, ©, Y +. DOI: Y «.¥Y4 +/recycling® « Y« « Y «

Akbarpour Shirazi, M., Samieifard, R., Abduli, M. A. & Omidvar, B. Y+)%. J Environ Health Sci
Eng.; Yé: A DOL: Y VYA /g6 0 Y o doytoa Yoy



O)ReR 9 551 (y3u Cpxo w6 9) oo (53w Aty (ST ABad W (5L Jo
“
R RRRREEEEEENEE———————S

Asefi, H., Shahparvari, S. & Chhetri, P. Y+Y4, Integrated Municipal Solid Waste Management
under uncertainty: A tri-echelon city logistics and transportation context. Sustainable Cities and
Society, 0+, Y+ Y11 DOI 1Y eV V/fses. Yo Y4 eV R

Babaei , E., Iraj T., & Mirmehdi, S. Y+V. The location-routing problem of the multi-round fuzzy
arc considering the multiple journeys of the intermediate discharge platforms: urban waste
management. Yoth International Industrial Engineering Conference
https://civilica.com/doc/AY 4 ¥ ¢ (In persian)

Bakici, T.,Almirall,E.,Wareham,J.,Y+YY.A  smart city in itiative:ThecaseofBarcelona

JournaloftheKnowledgeEconomy£(Y), Yo £A, Candanedo, DOI: Y+ Y« +V/SIFIFY- o Y Yo AE
q

.S.,Nieves,E.H.,Gonzélez,S.R.,Martin,M.T.S.,Briones,A.G.,Y * YA.Machine  learning  predictive
model for industry ¢.+.In:Proceedings of the International Conference On Knowledge Management
in Organizations,pp.©+Y—2)+. Cham:Springer , DOL:Y .V « « V/AVA-YF.¥14. Q0¥ €A £Y

Coutinho-Rodrigues, J., Tralhdo, L. & Algada-Almeida, L. Y+)Y. A bi-objective modeling
approach applied to an urban semi-desirable facility location problem. European journal of
operational research, YYY, Y«Y-YAY, DOI: Y+ Y« V3 jgjor. Y VY 0. ¥Y

Erkut, E., Karagiannidis, A., Perkoulidis, G. & Tjandra, S. A. Y++A._ A multicriteria facility
location model for municipal solid waste management in North Greece. European journal of
operational research, YAY Y&+YAEYY DOLY » N YV jgjor. Y e+ 7, 4,0 Y

Ghannadpour, S. F. & Zandiyeh, F. Y:Y.. An adapted multi-objective genetic algorithm for
solving the cash in transit vehicle routing problem with vulnerability estimation for risk
guantification.  Engineering  applications of artificial intelligence, %1, .¥V41¢,
DOI:Y+.Y+V1/j.engappai. Y« Y« ) ¥

Habibi, F., Asadi, E., Sadjadi, S. J. & Barzinpour, F. Y+)Y. A multi-objective robust optimization
model for site-selection and capacity allocation of municipal solid waste facilities: A case study in
Tehran. Journal of cleaner production, Y17, AVT-AYE DOIL: Y« Y« Y/jjclepro. Y+ YV c A Y

Harijani, A. M., Mansour, S., Karimi, B. & Lee, C.-G. YV, Multi-period sustainable and
integrated recycling network for municipal solid waste—A case study in Tehran. Journal of Cleaner
Production, oY, 41V« A DOI: Y« Y« VV/jjclepro. Y+ YV, e ¥.o ¥

Harrison, C., Eckman, B., Hamilton, R., Hartswick, P., Kalagnanam, J., Paraszczak, J.,
Williams, P., Y:Y.. Foundations for smarter cities. IBM J. Res. Dev. °¢ (¢£), Ye'1l]
DOI:Y v A VEV/JRD.Y Vo Y v EAYOY

Hasanvand , MS. , Nabizadeh , R. , Heydari , M. (Y +A), Analysis of municipal solid waste in
Iran , Journal of health and environment ,Y(}), -YA , URL.: http://ijhe.tums.ac.ir/article-Y-YAY-
en.html ( In Persian)

Lemaréchal, C. (Y++)). Lagrangian Relaxation. In: Jiinger, M., Naddef, D. (eds) Computational
Combinatorial Optimization. Lecture Notes in Computer Science, vol YY£). Springer, Berlin,
Heidelberg. Y+ ), ) YY-YoT DOIL:Y e Vv V/F08 - £00AT-A ¢

Loépez-Sanchez, A., Hernandez-Diaz, A. G., Gortdzar, F. & Hinojosa, M. A. YA A
Multiobjective GRASP-VND algorithm to solve the waste collection problem. International
Transactions in Operational Research, Yo, e£e-07Y DOI:Y » MYV Y/itor. Y YéoY

Mathematical modeling in municipal solid waste management: case study of Tehran. Journal of
Environmental Health Science and Engineering, Y £, Y-)Y. DOL: Y « .Y YAT/SE 0 Yo Yo V-0 YO LY

Mavrotas, George. Effective implementation of the e-constraint method in multi-objective
mathematical programming problems. Applied mathematics and computation, Y++4, Y1Y Y: too.
€10, DOL:Y Y oV jiame. Yo v 8,0 ¥ Ty


http://dx.doi.org/10.1147/JRD.2010.2048257

VLY — Lo VY (ol € o lowd VA 290 (539 O3kt S pho

h
e R ————

Mohammadi, M., Jamséa-jounela, S.-L. & Harjunkoski, 1. Y+Y4. Optimal planning of municipal
solid waste management systems in an integrated supply chain network. Computers & Chemical
Engineering, YYY, Yee- V14 DOI:Y +.Y « VV/j.compchemeng. Y+ YAN Y, o Y Y

Mohammed, F., Selim, S. Z., Hassan, A. & Syed, M. N. Y+YV. Multi-period planning of closed-
loop supply chain with carbon policies under uncertainty. Transportation Research Part D:
Transport and Environment, ©Y, Y €1-3YYY DO « Y YV jtrd. Y« YR,V oo ¥Y

Pouriani, S., Asadi-GangraJ, E. & Paydar, M. M. Y+Y4, A robust bi-level optimization modelling
approach for municipal solid waste management; a real case study of Iran. Journal of Cleaner
Production, Y¢+, YA Yo DOI:Y .V« Y3 /jjclepro. Y« Ya N YANYe

Rahimi, M. & Ghezavati, V. Y+ YA, Sustainable multi-period reverse logistics network design and
planning under uncertainty utilizing conditional value at risk (CVaR) for recycling construction
and demolition waste. Journal of cleaner production, VY, Yeiv-yeA)Y DOI:
VeV VY g jclepro. Y« YV Y e Y e

Retrieved from Mashreghnews : www.mashreghnews.ir/4£Y4YVY " How much waste is produced in
Iran? ", Y+Y-. , In Persian

Retrieved from EghtesadOnLine: https://www.eghtesadonline.com/n/Yn\VVc " Garbage turnover in
Iran" , Y+Y4 In Persian

Santibafiez-Aguilar, J. E., Ponce-Ortega, J. M., Gonzalez-Campos, J. B., Serna-GonzaleZ, M. & EL-
Halwagi, M. M. Y+ Y, Optimal planning for the sustainable utilization of municipal solid waste.
Waste anagement, Y'Y, Y1+ Y-YIYY DOL:Y » .V « YV /jowasman. Y+ VY, e AV o


http://www.mashreghnews.ir/947927
https://www.eghtesadonline.com/n/1nVc

