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ABSTRACT

In our current world, due to the growing human population, all resources should be used
effectively, otherwise resources are not enough for sustainability of the life. That’s why,
recovery of used products is vital to find alternative resources and to minimize their
negative effects to the environment. One of the recoverable wastes is end-of-life tires
(ELTs). One of the recovery options for ELTS is incineration of them in cement plants
which is one of the most proper options for recovery of ELTs. There are 49 integrated
cement factories which have Environmental Permit and License Certificate in Turkey as
the final processing plant. Besides benefits of recovering ELTs to environment, cost
aspect of process is crucial. Because of the low economical value of ELTSs, operations in
such a supply chain which is constructed for ELT recovery are becoming more of an
issue. In situations for returned or disposed products such as ELTSs, reverse logistics is
being practiced which has objective of proper disposal or capturing value of waste or
returned product. In this study, logistic network design of waste tires sent from
collection points to these factories to minimize the costs involved is planned. There are
three echelons of supply chain as waste tires collection point, contractor firms and
cement factories. Model for this network considers transshipment plan of waste tires
between the echelons of supply chain and routes used to gather them. Model that deal
with this system are expressed as mixed integer linear programming (MILP) problem.

As a case study, model verified with data’s for Ankara.

Keywords : Reverse logistics, Waste tire incineration, Cement factories, MILP



RESUME

Dans notre monde actuel, en raison de la croissance de la population humaine, toutes les
ressources devraient étre utilisées efficacement, autrement les ressources ne sont pas
suffisantes pour la durabilité de la vie. C'est pourquoi, la récupération des produits
usagés est vitale pour trouver des ressources alternatives et minimiser leurs effets
négatifs sur I'environnement. L'un des déchets récupérables est celui des pneus hors
d'usage (ELT). L'une des options de récupération pour les ELT est leur incinération
dans les cimenteries qui est I’une des options les plus appropriées pour la récupération
des ELT. Il existe 49 usines de ciment intégrées qui ont un certificat de permis et de
licence d’environnement en Turquie en tant qu’usine de traitement final. Outre les
avantages de la récupération des ELT dans I'environnement, I'aspect colt du processus
est crucial. En raison de la faible valeur économique des ELT, les opérations dans une
telle chaine d'approvisionnement congue pour la récupération des ELT deviennent de
plus en plus problématiques. Dans le cas de produits retournés ou éliminés tels que les
ELT, on pratique la logistique inverse qui a pour objectif une élimination appropriée ou
la saisie de la valeur des déchets ou du produit retourné. Dans cette étude, la conception
du réseau logistique des pneumatiques de rebut envoyés des points de collecte a ces
usines pour minimiser les colts impliqués est prevue. Il existe trois €chelons de la
chaine d'approvisionnement qui sont les points d'accumulation des pneus usés, les
entreprises de sous-traitance et les cimenteries. Le modele de ce réseau considére le plan
de transbordement des pneus usés entre les échelons de la chaine d'approvisionnement
et les itinéraires utilisés pour les rassembler. Les modeles qui traitent de ce systeme sont
exprimeés sous forme de probléme de programmation linéaire a nombres entiers mixtes

(MILP). En tant qu’étude de cas, le modele a été vérifié¢ avec des données pour Ankara.

Mots-clés: Logistique inverse, Incinération de pneus usés, Cimenteries, MILP



OZET

Gliniimiiz diinyasinda, artan insan niifusu nedeniyle, tiim kaynaklar etkili bir sekilde
kullanilmalidir, aksi takdirde kaynaklar yagamin siirdiiriilebilirligi i¢in yeterli degildir.
Bu nedenle, kullanilmis {riinlerin geri kazanimi alternative kaynaklar bulmak ve
¢evreye olan olumsuz etkilerini en aza indirmek i¢in hayati 6nem tagimaktadir. Geri
kazanilabilir atiklardan biri 6mriinii tamamlams lastiklerdir (OTL). OTL’ler igin en
uygun geri kazanim seceneklerinden biri ¢imento fabrikalarinda yakilmasidir.
Tiirkiye’de son isleme tesisi olarak, ¢evre izni ve lisansina sahip olan 49 entegre
cimento fabrikas1 bulunmaktadir. OTL’lerin geri kazanilmasinin gevreye faydalarinin
yan1 sira, siirecin maliyet boyutu ¢ok &nemlidir. OTL’lerin diisiik ekonomik degeri
nedeniyle, OTL’lerin geri kazanimi igin olusturulmus bir tedarik zincirindeki
operasyonlar daha fazla onem arz ediyor. OTL’ler gibi iade edilmis veya atilmus
tiriinlerde, atiklarin veya iade edilmis irlinlerin degerinin kazanilmasi ya da uygun
sekilde berteraf edilmesi amacina yonelik tersine lojistik uygulanmaktadir. Bu
calismada, toplama noktalarindan bu fabrikalara gonderilen atik lastiklerin lojistik ag
tasarimi maliyetleri en aza indirecek sekilde planlanmistir. Atik lastiklerin toplama
noktasi, yiiklenici firmalar ve ¢imento fabrikalar1 olarak tedarik zincirinin {i¢ asamasi
bulunmaktadir. Bu ag i¢in model, atik lastiklerin tedarik zinciri asamalar1 ve bunlari
toplamak icin kullanilan yollar arasindaki nakliye planmi degerlendirmektedir.  Bu
sistemle ilgilenen model, karma tamsayili dogrusal programlama (MILP) problemi
olarak ifade edilir. Bir 6rnek olay incelemesi olarak, model Ankara igin verilerle

dogrulandi.

Anahtar sozciikler : Tersine Lojistik, Atik lastik yakma, Cimento fabrikalari, MILP



1. INTRODUCTION

Consumption of natural resources increases proportional to the human population in the
world and to the improvements in technology. After industrial revolution, depletion in
natural resources became important as we started consuming more day by day. As an
illustration for this situation, energy consumption can be given. If one checks for the
report prepared by Keay (2007), from the table given below, it can be found that energy
consumption per capita in tonnes of oil equivalent (toe) increased more than eight times
from 1820 to 2003.

Table 1.1. Energy usage in tonnes of oil equivalent with relative population over years
(Keay, 2007)

Year Modern | Biomass Total |Population|Toe/Capita
1820 13 208 221 1041 0.21
1870 134 254 388 1270 0.31
1913 735 358 1903 1791 0.61
1950 1625 505 2130 2524 0.84
1973 5369 674 6043 3913 1.54
2003 9759 1114 10723 6279 1.71

This trend in consumption is not likely to change. One of the most important result of it
Is increase in waste. This waste is referring to the any kind of waste not only the wastes

generated from energy supply. Hoornweg and Bhada-Tata (2012) tried to arouse interest



about the amount of solid waste generated by people over years and gave the figure

below to show estimated amount of solid waste that will be produced in 2025.
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Figure 1.1. Waste generated per capita and per year according to income groups
(Hoornweg and Bhada-Tata, 2012)

To create awareness about harm of wastes, lots of organizations and agencies are
founded. Greenpeace, World Wildlife Fund and Natural Resources Defense Council can
be given as examples for these kinds of foundations. From here one can say that, wastes
of consumed products are important as products itself. Like these environment friendly
foundations, states and producers are trying to reduce waste and effects of them. For
example, in Turkey regulations about waste management is stated in “Atik Yonetimi
Yonetmeligi” (2015). All the aspects of waste management are tried to be covered in

that law in order to reduce effects of wastes.

There are many types of wastes ranging from organic wastes to industrial wastes and
from non-hazardous to hazardous wastes. According to report published by European
Commission (2006) which is about best available techniques for waste treatments, it is

stated that there are 940 techniques to deal with these wastes and it is also given that



some other techniques may be excluded. However, in general, in solid waste
management, these techniques can be grouped under three sub-topics which are
reducing, reusing and recycling (Rahman, 2014). Reduce is referring to reducing the
amount of waste from beginning which is production by optimizing amount of used raw
material. Reuse is meaning reutilizing the waste of used product for example using
empty glass bottle again for storing any kind of liquid. Recycle is resolving materials

from the waste and making it to usable for production.

Waste tires are one of the industrial wastes. In today’s world, having an automobile is
becoming a normal thing day by day. Also, improvements in industries are increasing
the number of transportation vehicles. In its simplest form, it is not wrong to expect rise
in number of tires that are being used and consequently increase in the amount of scrap
tires. When one looks for the amount of scrap tires in world which is 19.3 million tons
that is stated by Ostojic et al. (2017) importance of recycling them is emerging. There
are number of usage areas of waste tires from civil engineering purposes, which are
listed by Ostojic et al. (2017) and can be elaborated with examples like foundation for
roads and railways and erosion barriers, to heat generation by burning them. In these
areas, using them in cement factories is one of the most important ones. That is
originating from the being alternative fuel property of waste tires. As cement factories
mainly running with fossil fuels it is feasible to apply waste tires to them. Additionally,

relatively lower cost of waste tires is making them attractive for cement producers.

As cost of waste tires is very low, a need for a network planning is arising. Additionally,
source of these wastes are more separated, geographically, than other resources because
not like other resources waste tires is not being mined from a mine and they are most
likely to end up in city garbage or in tyre shops or traders. These two aspects make
transportation of waste tires between the echelons of supply chain vital. Organ et al.
(2013) demonstrated an example of supply chain for waste tires where supply chain is
consisting of three levels which are namely municipal gathering points for waste tires,

temporary depots between first and last levels and recycle facilities. Generally, supply



chain for waste tires is consisting of three echelons levels. First level can be said as tyre
changers or traders for waste tires where they are gathered at first. Second one is plant
that is dedicated for processing waste tires into desired form or inventorying them until

a demand occur. Third level is cement factories where waste tires are used.

One can see that supply chain for recycling waste tires have a backward flow. Namely,
it is from users to plants. Like that happens in where an out of date product occurs or a
defective product returns from a consumer. In short, this property arises the term reverse
logistic. Network planning of supply chains that have reversed flow of money, product

and information is dealt with reverse logistic.

At the first part of thesis reverse logistic will be investigated. Concept of reverse logistic
and key points of it will be narrated with the approach of different authors. In the
second part, tires will be studied. In the third part, current situation of waste tires in
Turkey will be investigated. Later, literature review is located. In this part, past studies
and articles will be explained in briefly. Moreover, related models which are giving
insights for required network planning will be examined. In the fifth part of thesis,
methodology that is going to be used for solving problems of network will be given
within the details. Finally, in the last part, methodology will be tested with application

on a case and outputs of it will be interpreted.



2. LOGISTICS AND REVERSE LOGISTICS

2.1. Logistics Concept

Logistics is related to all the issues including organizing moving and storage of
materials and people. As issued in publication of Department of the Navy of United
States in 1997, at the beginning, logistics was emerged for military purposes like other
many issues to identify the activities related to positioning of house of military unities,
ammunition depots, organization of all the needs and resource of troop and providing
movement of any unity or military materiel in easy way in order to sustain fighting in
war. This situation become more complex with the modern armies which are emerged
in 17" and 18" century, and basis of logistics is founded. However, logistics were used

in more business and service than military area year after year.

Concept of logistics in business environment is based on providing correct customers
with true product, right timing and appropriate location. Logistics can be considered as
developed network that connects to all the industries each other. As Rushton et al.
(2010) are stated in his book, consideration of logistics by companies as an area that
needs management is a perspective that is gaining popularity in recent years. Logistics
can be considered as part of the overall supply chain management. Although terms of
supply chain management and logistics are often used interchangeably, actually,
logistics is the part of supply chain management. However, as logistic have different

sub-functions, it should be seen as a distinct management operation.



Logistics concept should be well understood by industries in order to determine
standards of it. According to Lambert and Armitage (1979), setting standards for
logistics activities has been considered more difficult than for manufacturing because —
depending on the production process — more activities may exist than in production, and

output measures vary more than in production.

Another problem related to the concept of logistics is related to a broader perception of
logistics as coordinating the internal operative processes. Although costs of these
activities previously considered as joint costs of several departments or indirect cost of
another area, it can now be recorded as direct costs of logistics department or
responsibility area (Weber, 2002).

2.1.1. Definition of Logistics

While logistics services are perceived as a whole by some people, the concept of
logistics gains a new definition in contemporary meaning. Various institutions and
organizations are working on obtaining of contemporary definition of logistics. While
companies were considering logistics as only transporting operations, but nowadays
logistics services also include value-added service activities. The definition of logistics
should be well understood by businesses; the goals of the companies can be achieved by
being supported by the appropriate account, staff and information flow.

According to Council of Supply Chain Management Professionals (CSCMP), logistics
is defined as: “The process of planning, implementing, and controlling procedures for
the efficient and effective transportation and storage of goods including services, and
related information from the point of origin to the point of consumption for the purpose
of conforming to customer requirements. This definition includes inbound, outbound,
internal, and external movements.” (CSCMP, 2013).

Gleissner and Femerling (2013) gave another definition for logistics, which is adopted
from The European Committee for Standardization (2005), and stated logistic as “... the

planning, execution and control of the movement and placement of people and/or goods



and of the supporting activities related to such movement and placement, within an

system organized to achieve specific objectives.”.

In most generally, logistics includes information related to planning and control of
material flows in private and public sector. As mentioned before, its primary objective
is to get correct material, true time and adequate place considering all the constraints
and cost effectiveness. Logistics tries to find out where, how and when the raw material,
work in process and finished goods should be obtained, transported and stored by

minimizing related cost issues.

2.1.2. The Importance of Logistics

Peter Drucker likens logistics as dark continent and narrated importance of logistics like
that: “Logistics is the most neglected and most promising business area.” (Drucker,
1962). Inarguable fact is that there are big differences between the world 100 years ago
and the present world. Over the years, technology and economy have been developing
together; the boundaries have been getting up. With the lifting of the borders, the world
is globalizing and anyone who wants to purchase something that he or she can find it all
over the place. That’s why every sector, every business area creates an incredible
competition in order to obtain market share. When customer wants to buy a product in
such an environment, customer is faced with very different options. Although customer
can find almost the same product almost everywhere customer wants to buy, the product
should be lowest price in high quality, at proper time, at required amount. That’s why,

logistics is extremely important.

Logistics can be considered as one of the important issue for almost all the industries
and businesses. According to Ghiani et al. (2004), it has been estimated that the total
logistics cost incurred by USA organizations in 1997 was 862 billion Dollars,
corresponding to approximately 11% of the USA Gross Domestic Product (GDP).



This cost is higher than the combined annual USA government expenditure in social

security, health services and defense.

In addition to this, a research related to logistics costs in European countries is provided
in report for analysis of the European Union logistics sector by European Commission
in 2015. Related report is stating the Euro amounts of logistics cost and percentage of it
to total GDP for the period between the years 2008 and 2012 and report is shown on
Table 2.1.

Table 2.1. Logistics costs (as a percentage of GDP) in European Union (EU) countries
(European Commission, 2015)

2008 2009 2010 2011 2012
Logistics Costs in Billions 889.0 857.0 937.0 917.0 876.0
Share of GDP 7.1% 7.3% 7.6% 7.2% 6.8%

2.1.3. Logistics Management

With technological advances and globalization, today's businesses need a perfect
distribution network to gain adequate share in local and international markets in a more
competitive business environment. The excessive development of information
technologies accelerated business processes as well as changed customer’s behavior.
Nowadays, the market is more demanding and including more impatient customers.
Logistics and Logistics Management concepts are becoming more important in order to
survive in such a difficult environment. Logistics is prevalent in all management and
referral activities within the supply chain, from the supply of raw materials to the

production environment to the final product to distribution channels and customers.



Logistics management is a part of management of all the supply chain. As Waters
(2003) stated logistics management activities generally include the management of
incoming and outgoing transportation management, warehouse management,
management of order processing, constructing logistics network routing, inventory

management, production control and planning and third-party logistics network.

As given in glossary published by Supply Chain Visions which is compiled by Vitasek
(2006), CSCMP’s definition for logistics management is given below:

“Logistics management is that part of supply chain management that plans, implements,
and controls the efficient, effective forward and reverse flow and storage of goods,
services, and related information between the point of origin and the point of
consumption in order to meet customers’ requirements. Logistics management activities
typically include inbound and outbound transportation management, fleet management,
warehousing, materials handling, order fulfillment, logistics network design, inventory
management, supply/demand planning, and management of third party logistics services
providers. To varying degrees, the logistics function also includes sourcing and
procurement, production planning and scheduling, packaging and assembly, and
customer service. It is involved in all levels of planning and execution—strategic,
operational, and tactical. Logistics management is an integrating function which
coordinates and optimizes all logistics activities, as well as integrates logistics activities
with other functions, including marketing, sales, manufacturing, finance, and

information technology.”

Distribution and delivery processes in the international supply chain are becoming more
complex. Customer-focused organizations are under extensive pressure to satisfy
customer demands while minimizing cost and organizing operations. At the same time,
they must be in accordance with the regulations of all the regions in which they run a

business.
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2.2. Reverse Logistics Concept

Most of the products that are distributed by logistic operations need to be gathered at
some point. Situation of a faulty product or condition of waste that are generated after
usage of product can be given as examples to occasions where material flow is reversed
when comparing with logistic concept. Because of the differences like in given
examples, there is a concept which is kind a derivative of logistic called as reverse
logistics concept.

During the nineties, contemporary definition of Reverse Logistics is occurred by
Council of Logistics Management like that (Stock, 1992):

"... the term often used to refer to the role of logistics in recycling, waste disposal, and
management of hazardous materials; a broader perspective includes all relating to
logistics activities carried out in source reduction, recycling, substitution, reuse of

materials and disposal.”

Another definition that is described by European Working Group on Reverse Logistics,
REVLOG (1998) as follows:

"The process of planning, implementing and controlling backward flows of raw
materials, in process inventory, packaging and finished goods, from a manufacturing,

distribution or use point, to a point of recovery or point of proper disposal."

In the summary, reverse logistics is defined different from each other many times over
years. Basically, the logic of reverse logistics is against to forward or traditional
logistics; in other words; processes are progressed from customers to manufacturers.

Another approach to reverse logistics can be in means of revenue and cost. Rosier and
Janzen (2008) have mentioned about it and said that as consumption levels have an
increasing trend, product life cycles are becoming shorter and competition between
companies are becoming more though, it is harder to experience revenue growth. So,

new areas like reverse logistics have potential in revenue.

Reverse logistics is one of the key processes in the supply chain today. Due to economic

and ecological reasons, institutional and social responsibilities, laws, sustainable
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development, protection of natural resources, less material and resource consumption,
reverse logistics activities are becoming important day by day. As an example, to
emphasize its importance, Moore (2005) stated that one percent of total United States
gross domestic product is belong to reverse logistics costs and that percentage is
expected to rise.

Systematic management of reverse logistics is becoming an ecological, economic and
legal necessity. Retrieval of returned items, products that have expired or are removed
from the market due to consumer purchases of new products is significant cost items

and very strategic concept for the manufacturers.

The important issues should be considered how to make initial collection of products
from customers, sorting and classification of collected product, how to transform
collected waste to semi-finished products or raw materials or energy for another
processes, determining location of transformation location and constructing network
among components that customers, transformation centers and manufacturers etc. cost

efficiently.

2.2.1. Difference Between Forward and Reverse Logistics

As mentioned before, the most important difference between them is the flow direction.
While forward Logistics is progressed from manufacturers to customers, reverse
logistics is progressed from customers to manufacturers. These flow directions are

shown on Figure 2.1.
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Figure 2.1. Match-up between forward logistics and reverse logistics

Reverse logistics should not be understood as the exact symmetric of the forward
logistics. Flow direction is not the only difference between. Challenges are
differentiation and faced difficulties are changing. For example, while in forward
logistics agility of supply chain is crucially important, in reverse logistics being that
much agile or having shorter reaction times in supply chain have lower levels of
priority. Tibben-Lembke and Rogers (2002) illuminated the differences between them

and, in short, following table taken from their article gives hints about discrepancies.
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Table 2.2. Differences between forward logistics and reverse logistics (Tibben-Lembke
& Rogers, 2002)

Forward Backward
Forecasting relatively straightforward Forecasting more difficult
One to many transportation Many to one transportation
Product quality uniform Product quality not uniform
Destination/routing clear Destination/routing unclear
Standardized channel Exception driven
Disposition options clear Dispostion not clear
Pricing relatively uniform Pricing dependent on many factors
Importance of speed recognized Speed often not considered a priority
Forward distribution costs closely monitored Reverse costs less directly visible
Inventory management consistent Inventory management not consistent
Product lifecycle manageable Product lifecycle issues more complex
Negotiation between parties straightforward Negotiation complicated by additional considerations
Marketing methods well-known Marketing complicated by several factors
Real-time information readily available to track product Visibility of process less transparent

As it can be seen, they are separated from each other in many aspects. First difference
between them is that demand forecasting is more challenging in reverse logistics than
forward logistics. Products are distributed from one point to many customers, where
destinations are known, in forward logistics while products in reverse logistics are
gathered from many points, which their locations are mostly uncertain, to one facility.
Additionally, as Rogers and Tibben-Lembke (2002) stated that speed significance is
also different between them as transported good in forward logistics have greater value
than in reverse logistics. Also, characteristic of demand is another aspect which is
affecting the speed significance because in forward logistics timing is important to keep
customers satisfied but in reverse logistics customers is able to wait. When we examine
the product quality for two logistics type, there is quality standardization in forward
logistics and packaging of them is done carefully, but instability and low product
quality are occurred in reverse logistics and as they are scrap packaging loses
importance. Also, while distribution channels are used during the supply chain in

forward logistics, return channels should be used, which are having exceptions, in
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reverse logistics. In addition, one of the most vital issues in forward logistics is
inventory management that is that controlling ordering inventory, inventory storage and
supervising the quantity of each product for sale. However, as Rogers and Tibben-
Lembke (2002) stated that, traditional inventory models cannot be applied to reverse
logistics because of the lack of information about demand and lack of predictability of
arrival of product. Another difference is that cost is calculated in advance and during the
process respectively in forward logistics and reverse logistics. Rogers and Tibben-
Lembke (2002) remarked that even in forward logistics price of a product which have a
standard quality can differ between vendors or retailers, so, in reverse logistics where
quality of product is changing, price difference between products is higher than in
forward logistics. Although marketing practices does not change much between sectors,
it is complicated in reverse logistics. Last but not the least, while generally the
customers are not known and certain during forward logistics processes, returners are

known and certain during the forward logistics processes.

2.2.2. Reverse Logistics Process

According to Rosier and Janzen (2008) reverse logistics includes 5 main processes that
are product acquisition, collecting, selection & sorting, dissembling, crushing or

transformation and transporting items to manufacturers which are given below.

Product Acquisition: This step is meaning the retrieval of product from market. While

doing this, management of product, which is including timing, quantity and quality of

product, is needed to be done.

Collecting: This process is basically transportation process. This process includes
operations that collecting scrap items or other kinds of items that need be recovered
from customers, retailers etc. These points can be considered as a supply point of

forward logistics.

Selection & Sorting: This process includes identifying each scrap items and separate

from each other depending on product type and following process type.
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Dissembling, Crushing or Transformation: This process is changed over the product

types and transformation processes case by case. Basically, this process is identified like

that the scrapped items are transformed into required resource, product or energy.

Transporting Items from Transformation Centers to Market: After an item is processed

to a new output which can be a repaired, retreated or recycled product it is needed to be
transported between demand points and transformation centers. At this point forward

logistic operations are used.

2.3. Reverse Logistics Options

As stated before, there are different options where reverse logistics applied. They are
explained by Thierry et al. in their book (1995). They divided product recovery options
into five categories which are repair, refurbishing, remanufacturing, cannibalization and
recycling. For more clarification, figure 2.2 shows flow of the product for different

options in a supply chain.
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Figure 2.2. Flow of the product in a supply chain (Thierry et al., 1995)

In figure it can be seen that returned or collected products goes for different process
which is according to their condition. As Thierry et al. (1995) stated that options in the
figure are in an order according to necessary degree of disassembly. Also, from the
figure it can be concluded that as options are closer to users, condition of returned or
collected product gets better. For example, returned goods with little defects is proper
for direct reuse but end of life products are most likely to end up in recycling process or
in waste management section. In addition to product recovery options, as it can be seen
there are waste management processes which are incineration and landfilling. However,
these options are not primary options for returned products and they are only applied to

products that can be named as waste.
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2.3.1. Repair

Repair is applied on the products that are returned from customer to recover its state to a
usable manner. As Thierry et al. (1995) stated that in repair option required product
reassembly and disassembly is little and parts of product, except for broken parts, is not
affected from the process. As repair does not require a major process it can be done at
user’s location or at repair centers. According to Fernandez and Juunquera (2013),
repair option is more appropriate for products which have greater value in fixed cost
than cost imposed by failure. If product does not have a severe fault or defect it can be
compensated. That is because, these returned products are already in a good condition
and directly putting them in garbage regarded as being extravagates. If we consider a
point of view of a company on that returned products, we put our time and money to
produce that item, so it desires reconsideration. As challenges and competition between
manufacturers are becoming more difficult, they started to recognize the value of this
kind of actions. Finally, to manage the flow of returned goods, reverse logistics
approach should be taken.

2.3.2. Refurbishing

As Thierry et al. (1995) stated that objective of refurbishing is to regenerate lost quality
of a used product however standards for refurbished products are not strict like new
products. However, that does not mean refurbished products are not usable and they are
perfectly functional like new ones. As Vorasayan and Ryan (2006) expressed, these
products are verified by producer to be as functional as new products. In the perspective
of consumer, refurbished products are opportunity to get products which are perfectly
functioning like new ones because of the lower prices than new ones. Like for
consumers, refurbishment is an economic way for the producers when is becoming
more and more critical with the increasing value that product possesses. As an example,

Vaughn (2013) talked about opportunity of refurbishment in electronic devices industry.
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As he stated, research indicates that between 11 and 20 percent of total sold products
are returned by consumer and 68 percent of this amount is returned for failing to meet
customer expectations. That means, the given amount of returned products is not broken
or dysfunctional. He adds that, as its possible to regain lost value for returned products
with refurbishing and repairing processes, it is possible to put them up for sale in the
market again where producers generate revenue. Finally, refurbishing is consisting a
reversed flow of product up to assembly lines in a supply chain, it is crucial to manage
this system with a reverse logistics approach. Otherwise, this process can be infeasible

for producers which end up in lost value of product.

2.3.3. Remanufacturing

Remanufacturing means that getting useful parts of the collected or returned product
that can be used as an end product in market. Being a used product does not mean any
part of it will not be useful in any process. As Thierry et al. (1995) clarified process of
remanufacturing; in this process used products are disassembled into parts and modules
which are inspected strictly. Usable parts or modules are fixed and tested for quality
assurance and they are directed to production. Dysfunctional parts or modules are
discarded and replaced with new ones. Additionally, he or she gave an example for it
that is applied BMW and remanufactured parts are resold as exchange parts with same
quality at a discounted price. Products have consisting of many parts are possible
subjects of remanufacturing. For illustration, a crashed or dysfunctional electronic
device, such as laptops, can have many parts that is well functioning. These parts like
transistors, hard disk, rams and etcetera can be need of someone. Gilanlh et al. (2012)
gave an exemplification for this situation where reverse logistics is robust. It is stated
that market for reproduced car part is about 36 million Turkish liras and nearly all of the
alternators and starters are reproduced. In short, any part of a waste may have value
again in market or may be an opportunity for someone. When reverse logistics is

applied successfully, results can be spectacularly beneficial.



19

2.3.4. Cannibalization

As Kumru (2009) stated its definition in his article, cannibalization is done for using
parts that are removed from returned item in production of new products.
Cannibalization is applied mostly on returned goods. As its literal meaning giving clue,
it is taking the component of good that is labeled as disposed to use in the same kind of
good. Also Thierry et al. (1995) elaborated this process in her or his book, in this
process different from other recovery options, lesser parts of used product are in
consideration because of the condition of product. These considered parts are used in
production of new ones. As they gave an example for this process, Aurora, which is a
company that cannibalizes used computers for circuits in it, has sales more than 40
million dollars in 1993. Although it seems a free of way getting the material for
production, cost aspects in cannibalization should be considered. Without consideration,
cannibalization operations which are mostly disassembling, can lead to inefficiencies in
production. That is because we are putting an effort to disassemble which can be used in
production and time spent on this action has an opportunity value. To sum up,
cannibalization can be seen as a band-aid when necessary parts for production are
scarce. While performing, the trade-off between time and value of that part should be

conceived.

2.3.5. Recycle

Recycling is performed for obtaining the materials from the waste as raw materials for
using in any suitable production of a good. Recycling is tried to be promoted in any
industry because of its social and economic benefits. That is because; giving longer life
to raw materials is meaning more sustainable structure of production. Valle et al. (2009)
carried out a study about customer service determinants in recycling of household
wastes which states that all of the levels, which are front-end and back-end of processes,

explain consumer involvement while basic customer services is being the most critical
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predictor. Additionally, they expressed that, it is impossible to maintain a recycling
system for household wastes without collaboration of consumer. Additionally, Factsheet
published by Environment Protection Agency (2012) stated the importance of recycling
with a striking fact. That is, in United States 87 million tons municipal solid waste is
recycled which accounts for 168 million tons of carbon dioxide. Besides the beneficial
effects of recycling, this market value has capability of attracting the investors in this
sector. Moreover, as recycling process begins with consumer and generally having a
continuous flow, reverse logistics systems is becoming a major part in recycling. That is
because an incorrectly constructed network for recycling can eliminate the benefits of
recycling. To conclude, not letting raw materials to lie in a garbage is surely contribute
our society and doing the process within a well-structured reverse logistic network can

be lucrative.

2.3.6. Landfilling and Incineration

Rather than other options where reverse logistics is applied, in these options products or
parts of products are lost their value. As they are neither functional like new products
nor shows same qualifications as new products, they are handled under waste

management processes.

For beginning, landfilling is a method for waste management. Landfills are where trash
or garbage of something goes for temporary storage. Objective of this process is taking
away from these wastes from settlements and gathering them at one place. As it is stated
in manual published for landfilling by Environmental Protection Agency (2000), that
landfilling of wastes is posing risks to environment and human health. Reducing
possible negative effects of wastes is expected from well-designed landfill sites. To
summarize, because of the negative effects of wastes, landfilling method should be used

carefully.
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Secondly, in waste management section of reverse logistics options, incineration is
present. According to glossary published by Coalition for Responsible Waste
Incineration (CRWI) (2012), which is an organization that aims raising public
consciousness in combustion of wastes, facilitating combustion research, collaborating
with law makers to legislate in environmentally sound way in waste management and
assist member companies of it to enhance their combustion process via sharing

scientific knowledge, literal meaning of to incinerate is given below:

“... to cause to burn to ashes; to consume by fire; to become completely burned; to

destroy a waste by combustion. cf. burning.

Basic meaning of incineration is burning wastes. According to document published by
European Commission in 2006, waste incineration is a method that used for a wide
range of wastes. Waste incineration is generally a component of a complex system for
waste management. Objective of this process is reducing the hazard and volume of
waste while eliminating detrimental substances. However, emissions to air and water
while applying this process is a critical issue that should be cared. Additionally, heat

generated within burning process is proper to generate energy.

To conclude, in waste management section of reverse logistics options, mentioned
processes are sub-parts of greater systems which are devoted to waste management.
Additionally, as mentioned before, although these processes are helpful in waste

management, they have possible drawbacks which should be in consideration.



3. TIRES

Tires are basically a part of land-based vehicles and used in cars, bicycles, buses and
commercial or duty vehicles. Although they are used in different environments, their
compositions constitute nearly same components. That components are mainly rubber,
which are synthetic and natural, steel cord, bead and wire, carbon black and some
chemicals (Rowhani & Rainey, 2016). At the end of their life wastes of them is creating
an environmental issue that should be taken care of. In this chapter properties and types
of tires are given, end-of-life tires are mentioned with their usage areas and one of the
options for reutilization of waste tires, which is using them in cement factories, is

elaborated.

3.1. Properties and Types of Tires

Tires are generally known as a part of vehicles like cars, trucks and buses that rotates in
order to move that vehicle. As Ishikawa (2011) states, if one deeply investigates history
of tires, he or she finds that past of tires goes to invention of wheel. However,
pneumatic tires are not old that much, they are invented in 19" century. Main objectives
of tires in a vehicle is providing necessary grip for traction, supporting vehicle handling,
carrying load of vehicle and absorbing shocks from road. Tires can be found in a very
wide area such as cars, motorcycles, bicycles, trucks, buses and tractors. All of them
have distinct shape and they are differentiated according to their usage purpose. In order
to ensure these benefits for the driver, tires are designed according to their usage
intention. Whitford et al. (2011) gave examples changing objectives of tires according
to their usage areas which end up in different designs. For more clarification some of

the examples they have given can be stated. First example is that passenger tires are
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designed for smooth ride, fuel economy and long product life but they are not designed
for heavy loads. Second example can be tires that are used in agricultural drive. They
are designed to enable grip while in dirt or loose soil. Nearly all of these tires are
pneumatic which is meaning that tires are inflated by air and held under pressure. Air is
sealed by pressure between the tire and the rim. While providing a comfortable driving
and carrying the weight of the vehicle with the help of pressure air, tires are attentively

engineered. A cross-section of a car tire is given in figure 3.1 for illustration.

Tread Pattern

Tread Cap

Nylon Cap

Steel Belt

Inner Liner

Carcass

Bead Wire
Sidewall Rubber

[lemapis

Valve Cap

Figure 3.1. Cross-section of a tire (Evans & Evans, 2006)
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In this figure, one can see the layers of tire. Tread cap, tread pattern, shoulder, sidewall,
sidewall rubber and carcass parts are sub components of tread which is the outer part of
the tires. These parts are mainly based on rubber. Valve and valve cap are other parts
that are in the outer parts. They are used for controlling the air inside of the tire. Bead,
bead filler and bead wire’s function are to bond tire to rim. Nylon cap, steal belt, body
ply and inner liner are the inner parts of the tire. These are used for reinforcement of the
tire and gives tire structure strength. This representation is general representation for car
tires and although the shape of tire is changing with vehicle, the other types of tires
consisting these parts too. As the purpose of tires is ranging with usage area they can be
divided into three categories which are, car tires, lorry tires and off-the-road tires. These
are also divided into sub categories according to their diameter, targeted season and the
type of vehicle. Within these categories, weight of a tire is another aspect that is
changing. According to data on weighs of tires by Aliapur (2017), which is French
company working in waste tire industry; weight of a tire is changing considerably
between the tire types. Table that is constructed with given data by Aliapur is given

below.

Table 3.1. Weights of tires by categories (Aliapur, 2017)

Type of Tire Range of Weight of tire Average Weight of a tire
Car tire 5to 20 kg 7.89 kg

Lorry tire 20 to 80 kg 53.99 kg

Off-to-road tire 80 to 130 kg 92.12 kg

These values for tires do not correspond to a normal distribution because there is no
statistical data about it and it is expected because of the commercial property of tires
which is causing variety. Hence, using these values to estimate a tire’s weigh may not

be true. However, weight difference between the tire types is obvious.
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As types of tires have a wide variety, design of these are changing by their main
category. Changing the main objective of tires is resulting in different compositions.
While for off-the-road tires strength of the tire is important, for a car tire handling may
be more important than strength. Evans & Evans (2006) are stated differences in
compositions of tires according their type. Ingredients of tires with percentages in

weight by their vehicle type are given in table 3.2 below.

Table 3.2. Percentage composition of tires according to their type (Evans & Evans,
2006)

Ingredient Car Tires Lorry Tires Off-the-road Tires
Rubber/Elastomers 47% 45% 47%

Carbon Black 21.5% 22% 22%

Metal 16.5% 25% 12%

Textile 5.5% 0% 10%

Zinc Oxide 1% 2% 2%

Sulphur 1% 1% 1%

Additives 7.5% 5% 6%

Carbon-based materials, total | 74% 67% 76%

This table is showing the percentages after production not in used tires. Although this
table is simplistic and general, these values do not change considerably in categories
because tires are an industrialized and standardized product. This table gives an insight
about carbon-based materials. If one checks for the carbon-based materials in total,
large portion of tire is made up from carbon. Furthermore, rubber is main ingredient of
the tires and along with the natural rubber, synthetic rubber is used also. Natural rubber

gathered from the rubber tree and synthetic rubber produced from crude oil. The second
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highest percentage belongs to the carbon black, except for lorry tires. Carbon black is a
powder that is created by burning the crude oil with limited oxygen. Metal can be
regarded as one of the materials with high percentage in tires. Metal is referring to steel
in tires which can be found as steel wires. Finally, more than 40 chemicals are used in
the production of tires such as oils and silicas.

To conclude, tires are specialized mainly on the vehicle type that they are used in. As
usage purposes of these vehicles are different from each other, design and composition

of them are distinct from each other.

3.2. Waste Tires and Usage Areas

Although tires are tried to be built last longer, that does not mean expected life of them
is infinite. Like every other industrial product, tires become dysfunctional or useless
when they fill their expected life. At the end of life, waste generated by tires is itself.
Main reasons behind waste tires can be named as a puncture due to a pointy object, road
accidents that make tires dysfunctional and erosion due to usage. However, end-of-life
tires are not directly sent to recycling because there are different options other than
recycling. These options are demonstrated by Pennigton et al. (1996). Usage areas of
waste tires are grouped by their particle size. These sizes are namely whole tire, crushed
tire, shredded tire or ground rubber. As an example for them, whole tires can be used in
erosion control, crushed tires can be used in shoe soles, shredded tire can be used as
road construction material and ground rubber is utilizable in asphalt pavements as

additive.

Firstly, as tires are pneumatic objects, they cannot function without air in them. A
puncture on the tire can deflate that tire. Depending on the severity of that puncture, tire
can be repaired to use it again for a limited time or cannot be repaired and becomes a

waste tire. Secondly, road accidents are resulting in many undesired consequences.
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Although, tires are not an important loss in an accident, this aspect is one of the causes
of waste tires. Tires can be torn away or ruptured in an accident. Finally, the main
resource of waste tires is erosion (Altin et al., 2013). Erosion is meaning that, the
friction between the tire and asphalt, road, dirt or any surface is gradually denuding the
tire. This erosion is occurring in so little particles that human eye cannot detect.
However, this phenomenon can be observed by naked eye in the situations like
emergency braking or sudden accelerations. In this situations tires, leave a black mark
on the surface that they were on. Like in these situations, daily and normal usage of tires
Is causing the erosion on them. Altin et al. (2013) investigated this situation
comprehensively in their article. They stated that a typical cars’ tire is eroding between
30 and 90 mg per kilometer which is correlated with speed of the car. Additionally, they
showed the correlation between the number of vehicles and waste tires. As expected,
increasing number of vehicles means increasing number of tires being used. Also, as
expected and using tires resulting in waste tires, it is a natural and inevitable correlation.
In literature, life of a tire is calculated over kilometer in many articles. However,
kilometer value for tire’s life is changing in researches. It is mostly said to be between
50000 km and 60000 km for an average tire. According to annual report prepared by
department of ecology state of Washington in 2012, waste tire generated from personal
cars is one tire per year and average of waste tire for other vehicles like motorcycles,
trucks or off-the-road vehicles is ranging from 0.25 to 0.4 tires per year. As motor
vehicles are becoming a daily want for personal transportation and improvements in
industries increasing the importance of transportation and usage of motor vehicles for
transshipment. According to Ostojic et al. (2017) there are 19.3 million tonnes of waste
tires in world and it is expected to rise. Also, European Tyre and Rubber
Manufacturers’ Association (ETRMA) (2015) is stating the amount of the used tires
over 3.6 million tons in Europe in 2013. Moreover, in Turkey, the amount of waste tires
is unignorably high. Altin et al. (2013) showed in their researches according to data

from September 2009 that amount of waste tires from cars in Turkey is 41586.31 tons.

From these numbers, one can say that there is a great potential in recycling of waste

tires.
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There are different usage areas of waste tires. They are gathered under three main
topics. These topics are usage of waste tires in civil engineering purposes, ground
rubber applications and using end-of-life tires as fuel. According the article published in
2009 by Rubber Manufacturers Association (RMA), which is a group for trade and
advocacy of rubber and tire manufacturers in United States, volume of market for scrap
tires is 4105.8 thousand tons of tires while generated amount was 4595.7 thousand tons.
Areas where waste tires are grouped under three main sections which are tire-derived
fuel, ground rubber applications and civil engineering purposes. Share of these areas as
percentages of total generated amount were 54, 17 and 12, respectively. The amount of

used waste tires is remarkable which shows significance of market for waste tires.

Firstly, in civil engineering purposes waste tires mostly used as whole. That is because
waste tires are substituted for other materials such as wood or stone. As Humphrey
(2003) stated civil engineering applications of tire shreds in her publication, there is
wide range of applications for waste tires in civil engineering. In short, these
applications can be named as embanking for increasing stability in inclined surfaces,
backfill for retaining wall, vibration damping, thermal insulation at under of roads and
drainage at highways. In land filling, waste tires used to obtain a desired shape in an
inclined surface such as in mountains. Main reason behind it is preventing from erosion
in inclined grounds. Secondly, not all of the places in rural areas are suitable for asphalt
roads in the aspect of economical infeasibility or physical infeasibility. In such cases,
waste tires are buried under the ground to harden that ground and to make it suitable for
vehicle transportation. Finally, waste tires are appropriate for barrier building at

roadsides. Because of being durable, shock absorber and cheap, they are suitable for it.

Secondly, ground rubber can be obtained from waste tires by chipping them into smaller
pieces. By chipping them it is possible to make use of them as groundcover and it is
also possible to obtain rubber tiles by compressing or processing them. As Stutz et al.
(2003) stated that there are different areas where ground rubber can be used. In chipped

form, they are used in playgrounds, running tracks, astroturf and athletic fields. In these
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areas waste tires are used for softening the surface of the ground. In tile form, they are
used in playground tiles and mats. In such cases, benefited property of waste tires is

originating from rubber.

Finally, as mentioned before, carbon based materials in tires have a high percentage as
weigh and carbon is the main element that is source of the heat in industries. As energy
becoming a scarce resource and waste management gaining importance, wastes that can
be used in energy production are being critical. Pipilikaki et al. (2005) stated that in
general 88 percent of tires in mass is composition of carbon and oxygen which makes
their burning process rapid and makes their calorific value high. Because of these
properties of waste tires they are substitutes for fossil fuels, as an example one ton of
tire derived fuel can substitute 1.25 tons of coal. There are three ways in using them as
alternative fuel which are turning them into pyrolytic oil, burning as whole and burning

them as chipped form.

As Wojtowicz and Serio (1996) explained pyrolysis process of waste tires in their
article, it can be summarized as melting tires without burning them in high temperatures
between 550 and 700 centigrade degrees and processing it with chemicals in order to
obtain liquid and gas fuel. It is demonstrated that pyro-gas constitutes between 10-30
percent of input amount, pyro-oil is obtained as between 38-55 percent of input amount
and char is attained as between 33-38 percent of input amount. After this process, steel
and other noninflammable materials are extracted from the tires and the end product
shows the properties of fuel. This end product is referred as tire derived fuel or
pyrolysis oil. Williams (2013) stated common reactors used to burn this fuel which is
rotary Kiln, screw Kiln, vacuum and fluidized-bed. So that means it is possible to use
this fuel as alternative fuel in production sites that own these technologies. According to
exchange rates, price of tire derived fuel per ton is $14.13 (Recycler’s World, 2017). So

one can see that tire derived fuel is cheaper than fossil fuels.

Other ways do not consist of a chemical process, so tires are being burned directly.

Even in chipped form, tires are only shredded which is meaning that composition of
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tires are not changed. As in that composition, carbon based materials have a high
percentage it is possible directly burn them and use it in reactors that are suitable for it.
According to Malekiha and Hajiahmadi (2015), when comparing thermal value of waste
tires with natural gas and fuel oil, its thermal value is between them lower than fuel oil
and higher than natural gas. This thermal value is calculated theoretically by making it
equivalent to 0.86 liter of oil. Although theoretical calculation of thermal value of tires
may deviate because of the different types of tires that will not remove its alternative
fuel property. Also, Deolalkar (2016) has mentioned about calorific values of alternative
fuels in his book. Table 3.3 given below shows the calorific values of different fuels and

alternative fuels.

Table 3.3. Calorific values of fuels and some alternative fuels (Deolalkar, 2016)

Sr.No. Fuel Low Heat Value(kcal/kg) | High Heat Value(kcal/kg)

1 Coal 6600 6900
2 Petroleum Coke 7100 7800
3 Waste-derived fuel |5400 6200
4 Waste tires 7500 7900
5 Wood 4700 4900
6 Sawdust 4700 5100
7 Municipal solid waste |3200 3600
8 Oil 9600 10000
9 Waste oil 5000 5200
10 Plastics 9000

11 Paper 2900 5300
12 Solvents 6000

We can see that calorific value of waste tires are higher than coal which means that it is
possible to use waste tires instead of coal. However, by only looking for calorific value
for usability may be wrong because burning waste tires continuously may cause higher

air pollution because of additional ingredients in tires rather than carbon.
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To conclude, although waste tires are dysfunctional for cars, they can be used in other
ways. It is possible to re-utilize them in civil engineering purposes and make use of
them as alternative fuel in energy production. Additionally, it is possible to make use of
by turning them into ground rubber. As they are scrap, their prices are relatively lower

than substituted material.



4. END OF LIFE TIRES CONCEPT

Products made from natural and synthetic rubbers consisting of high molecular weight
polymers which are difficult to destroy in the nature, after completion of their useful
life, waste tires are formed. Having completed useful life, original or coated, which
cannot be used again as a tire on the vehicle, is described as end of life tire. According
to framework published by World Business Council for Sustainable Development
(WBCSD) (2010), one billion waste tires which is nearly 17 million tons is generated
across the world. Because of the negative effects of them which are risk of fire, hazard
posed to human health because of dissolution in water or air and being proper for insect
habitant, end of life tires should be handled in a way that is free of risk as much as
possible (Sug6zii,2009). Although the governments, the tire industry and manufacturers
are making great effort to manage waste tires, need for more endeavor is existing.

Practices that are applied across the world and Turkey is studied.

4.1. End of Life Tires Concept in World

As end-of-life tires are wastes which are mostly forgotten by people who discarded
them after putting in a garbage or getting rid of, waste tires can be said as a concern of
government or municipalities or the firms that are making profit out of them. As the
publication of United Nations Environment Programme (2011), publication of North
Dakota Department of Health (2011), guideline that is published by Environment
Protection Authority of South Australia (2010) and publishing of the ministry of

national education of Turkey (2011) suggests that waste tires pose hazard to
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environment and human health. Governments are concerned about waste tires because
of environmental effects of it and possible health effects to people when stored
improperly. Also, besides of these negative things of them, possible utilization areas of
waste tires are attracting the governments. Additionally, as waste tires are valuable
assets because of the materials in it, it is possible to gain profit from them when the
recycling business done correctly and many recycling firms which are in this sector can
be given as examples. In this position, where profit is possible for recycling firms and
responsibility of governments or municipalities is existing, it is possible construct

different modes for managing end-of-life tires.

European Tyre & Rubber Manufacturer’'s Association (ETRMA), which is an
association that defends benefit of tyre and rubber manufacturing industries across
Europe and other international levels and supports development and growth of this
industry in favor of environment, health and safety protection, stated three different
models that are being applied in Europe. First model is named as extended producer
responsibility and it is including the producer of tire in the process of recycling fully or
partially. This responsibility is consisting both of operational and financial
responsibility of the product and volume of the recycled amount is forced to be
equivalent amount of sold by companies by government. In this system producer should
ensure the fact that end-of-life tires is discarded or disposed in a way that environmental
effect of them is minimized. This process is handled in different methods by
manufacturers (ETRMA, 2015). Managing of end-of-life tires can be handled in
different ways in this system. This management can be done by a single company or
multiple companies that are dealing with end-of-life tires, or individual producers. As
reported this system is applied in 21 countries in Europe. Second model is referred as
liberal system. In this system, free market conditions are valid for companies or firms
that are dealing with end-of-life tires. However, they are supposed to report to
authorities and act in compliance with the legislation. This system is applied by 4
countries in Europe. Last model for managing waste tires is tax system. In this system,
management of end-of-life tires (ELT) is done by governments. Its financial

responsibility is left to producer by a tax and a portion of this tax passed on to the
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consumer. In Denmark and Croatia tax system is applied. In short, it can be said that

nearly all of the European countries have a system for management of waste tires.

Additionally to applied systems for waste management of tires, it is important to
examine end-of-life tires utilization areas in these systems. That is because there are
many options for waste tires as mentioned before. Products of these options are not
same with each other. For example, while direct burning process of waste tires is mainly
done for energy generation, crushing or grinding processes are done for landfilling
purposes. Although objective of recycling process of them is same, percentages of
wastes devoted to recycling methods can differ between countries. That situation can be
dedicated to differences in needs and differences in sectors between countries. To
illustrate this distinction between countries reports for some countries or regions is
given. Firstly, ETRMA'’s report (2015) for European countries, where data of 31
countries is consisted, is stating that recovery of end-of-life tires is began in 1994 when
there is no history for management plan for waste tires and today recovery of end-of-life
tires is nearly 95 percentage of all produced amount on the average among reported
countries. High portion of waste tires was devoted energy recovery back in 1994 with
68 percentage of total recovered amount, but in today devoted amounts for material
recovery and energy recovery is roughly equal to each other. Secondly, U.S. Tire
Manufacturers Association (USTMA) (2017), which is an association for traders and
manufacturers of tires in the United States, have published a report for market of waste
tires in United States for the year of 2015. In report of them, percentage of total
managed amount of waste tires to generated amount of waste tires is nearly 100 percent
on the average of since 2007. In some of the years this percentage is higher than 100
percent which is meaning that total utilized amount of waste tires is higher than
generated amount. Also, statistics for usage areas in United States are included in
report. It is summarized that percent of Tire-Derived Fuel to total tons generated is the
highest percent in 2015 with 48.6 percent and the second highest one is ground rubber
with 25.8 percent. Additionally, shares of sectors in tire-derived-fuel market are given
with a pie-chart and related pie-chart is given below in figure 4.1. Volume of TDF
market is stated as 1922000 tons of waste tires.
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Figure 4.1. Shares of sectors in tire-derived-fuel market in U.S. in 2015 (USTMA,
2017)

In the tire-derived fuel market cement kilns have the highest share with 39 percent of
total market for tire derived fuels in 2015. Hirvonen (2017) shared the statistics about
waste tires utilization in Finland in his master thesis. Table for the statistics of waste

tires in related years is given below in table 4.1.

Table 4.1. Waste tire amounts and utilization in Finland 2011-2016 (Hirvonen, 2017)

2011 2012 2013| 2014| 2015 2016
Recieved 49137| 48343| 50111| 49805| 55453| 53534
Coating[%] 0.7 1.5 1.4 1.9 1.5 0.9
Material Recovery[%)] 93.0| 714 75.4| 682 623| 51.6
Energy Recovery[%] 3.6 114 154| 184 18.2| 15.9
Other Recovery[%] 7.6 10.6 8.2 8.1 116 111
Export[%] 1.1 1.8 0.8 0.5 0.5 0.2
Total Recovery[%] 105.9] 96.8| 101.1] 91.0/ 94.2| &4.5
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At the table received row is representing the received amount of waste tires. From the
table, it can be seen that material recovery is with the highest percentages in all of the
years given but its percentage is decreased dramatically over the years. Except for the
year 2011 energy recovery have the second highest percentages over years. Also, it is
stated that greater part of waste tires is used in the purposes of road operations and
constructions. Report that is about status of tire industry and waste tires in Japan for the
year of 2015 is published in 2017 by Japan Automobile Tyre Manufacturers
Association, which is an association for tire and rubber manufacturers in Japan. In their
report, statistics about waste tires and their usage areas is given. It is asserted that rate of
total recycled amount of waste tires to generated amount is 91 percent and this rate is
said to be decreased by one point. Also, it is stated in the report that in the period
between the years 2012 and 2015 thermal recycling has the highest percentage with an
average of 66 percent for the given period among the recycling types. When one checks
for the share of thermal recycling techniques in the given percentage, it can be said that
paper manufacturing has the highest share in the period with a substantial difference.
Additionally, Uruburu et al. (2013) mentioned about end-of-life tire management
system in Spain and shared statistics for the years between 2006 and 2010. According to
them, granulated rubber and led steel recycling have the highest percentage between the
kinds of recycling of waste tires with 54 percent on the average for given period. The
second highest percentage is belonging to the energy recovery option with 32 percent. It
is stated that, among the energy recovery options for waste tires cement manufacturing
area have the highest percent, which is more than 95 percent, with a remarkable

difference with other areas.

In these systems, as mentioned before, waste tires can be reutilized in different ways.
There are different options for reusing them which are ranging from retreading to
incineration. However, their effects on environment are unlike from each other.
Rodriguez et al. (2017), researched the environmental effect of waste tires in three
distinct usage alternatives for waste tires. They have used life cycle assessment
methodology, which is a systematic analysis of environmental impact of a product

throughout life cycle of it. These three usage alternatives are retreading, incineration
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and grinding for different purposes. In result of their analysis, it can be stated that, some
of the grinding processes for different manufacturing options like tile and wire
production and incineration is beneficial in environmental aspects. However, it cannot
be said for retreading waste tires and grinding for production of asphalt. In conclusion,
not all of the options for recycling of end-of-life tires are environmentally beneficial and
in greater extents of recycling where different alternatives for usage of waste tires are

present environmental aspects of it should be considered.

To sum up, with the different usage areas of waste tires which have different effects on
environment and which are varying in operational costs, usage percentages for distinct
purposes can vary between countries. Also, that is dependent on countries’ needs and
governments are using different methods when dealing with them and have specific

legislations about them.

4.2. End of Life Tires Concept in Turkey

Like the examples of applications for waste tire managements across world, Turkey
have legislation about end of life tires. In order to regulate the administrative and
technical principles for the "End of Life Tires Control Regulation "was published in the
Official Gazette dated 25 November 2006 and numbered 26357, was become valid on
January 1, 2007. Also, this regulation determines tires of carcass type and also prohibits
the import of end of life tires. End of Life Tires Control Regulation is given in

Appendix A.

On 11.04.2007, tire manufacturers came together to establish Tire Industrialists'
Association (LASDER) and took on the obligation to collect waste tires. In this context,
a total of 19 facilities become entitled to receive recovery licenses from 2007 to 2012.
At present, there are around 35-40 million tire production capacities in Turkey and all of
the raw materials used in tire production are imported. The recovery / recycling of tires

are very important in terms of economy and environment. ELTs operate in two basic
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areas: energy recovery and material recovery. As mentioned before, "Pyrolysis” is a
chemical process which is an important method in the recovery of ELTs as material. By
this method, "pyrolytic gases”, "pyrolytic oils"”, "steel wire™ and "industrial waste™ are
separated and high economic value is obtained. The oils are processed as fuel in the
production of "electricity” without any change. The other output of the pyrolysis
process is used as an alternative energy source to meet the energy demand of the plant
or to be used as a gas because of its being flammable. The other product is “carbon
black™ can be used as raw material for many products based on rubber. In the case of a
material recovery method applied to ELTSs, the size of ELTs is reduced and parts,
granules or powder are produced. These products; street furniture, street signs, traffic
signs, carpets, barn flooring, security flooring for schools and playgrounds, sports and
recreation area coatings can be used in these areas (LASDER, 2017). According to
publishing by Ministry of Science, Industry and Technology of Turkey (2014), every
year in Turkey about 200,000 tons of tire life has been ended. Many products can be
obtained by recycling a tire. As a result of recovering 200,000 tons of end of life tire;
about 146,000 tons of rubber granules and 38,000 tons of steel is being recovered. As a
result of the pyrolysis process of 200.000 tons ELTs; approximately 80,000,000 liters of

pyrolytic oil, 60,000 tons of carbon black and 30,000 tons of pyrolytic gas are recycled.

ELT is considered as an alternative fuel to obtain energy, especially in the cement plant
used, in lower sulfur content and to obtain the same energy value. In Turkey, there are
several recycling plants which can process ELTs by the Environmental Permit and
Undergraduate Certificate from the Ministry of Environment and Urban Planning. They

are shown on map given below in figure 4.2.
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Figure 4.2. Licensed recycling plants and temporary storage areas (Ministry of Science,
Industry and Technology, 2014)

In Turkey, the number of road motor vehicles in September according to the report
(Turkish Statistical Institute, 2017) equals to 22,038,944. Road motor vehicles include
automobile, minibus, bus, small truck, truck, motorcycle and special purpose vehicle,
and tractor. The percentages of these road motor vehicle types are used are shown on

figure 4.3.
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Figure 4.3. Percentages of vehicle type in Turkey (Turkish Statistical Institute, 2017)
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Determining the type of vehicle is an important factor related to wheel size and mass.
As mentioned before, obtaining energy using alternative fuel as ELTSs is strictly related
to this tire types in other words it’s mass and size. In addition, the number of road motor
vehicles by province is as important as vehicle type because obtaining ability of
determining locations of supply points of our reverse logistics system. According to
same data obtained from Turkish Statistical Institute in September 2017, 10 cities

having most vehicles that are 55 percent of total vehicles shown on the Table 4.2.

Table 4.2. Number of motor vehicles by cities in Turkey (Turkish Statistical Institute,
2017)

City The Number of Motor Vehicles
Istanbul 4013551
Ankara 1859 604
Izmir 1330 258
Antalya 1008 977
Bursa 830 078
Konya 700 551
Adana 630 046
Mersin 584 510
Manisa 567 795
Gaziantep 483 065
Total 12 008 435

When determining locations of new potential recycling plants and temporary storage
areas, the number of vehicles by province should have an important impact on that by

minimizing transportation cost in recycling end of life tires logistics operations.

Another important issue tire recycling management is the cement factory that is
considered as customer or demand point. According to Turkish Cement Manufacturers’
Association (TCMB) (2018) report, the total number of entegreted cement factories in
Turkey is 49. With a production of approximately 100 million tons, Turkey is the 5™
biggest producer of cement in the world. It is behind at China, India, USA and Japan. It
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is at first place in Europe in cement production. The more cement production, the more
fuel energy needed in cement factories. Locations of cement factories in Turkey are
shown on the Figure 4.4. All of the members of the association cement factory in

Turkey is given in Appendix B.
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Figure 4.4. Location of cement factories in Turkey (Turkish Cement Manufacturers’
Association, 2018)

When have examined the two Turkey maps including cement factories and recycling
plants, it is obvious that number of cement factories and recycling plants by city are
correlated to each other. The most important factor of this correlation is seems like
population of city which can be said to be proportional with waste amount for recycling

plants and demand for cement for cement factories.
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Another statistics made by the Ministry of Environment and Urban Planning in 2013
related to ELT amounts used as additional fuel in recycling facilities and cement

factories between 2007 and 2012 is shown on below figure 4.5 with graph.

M R.F. M CF
3
90000 S
80000 ™~
= 70000 - ~ =
> 3 =]
< 60000 - 9 o ~
H 8 s -
_ —
H 50000 g ﬁ S
Z 40000 - - A
- [=]
§ 30000 - S = 3
& = & 5
20000 4 2 9 3R
0 O o
10000 | < 9 -
o . NN ,

2007 2008 2009 2010 2011 2012

YEARS

Figure 4.5. Graph of ELT quantities for recovery facilities and cement factories versus
years (Ministry of Environment and Urban Planning, 2013)

If one examines the graph, he or she can see that ELT amounts used as additional fuel
both in recycling facilities and cement factories have increased year by year. When
considering environmental and economic benefits of ELTs used as a fuel, it is obvious
that it is increased by years. One of the most crucial points in here is that usage in

cement factories constitutes a great portion of total recovered amount of ELTS.



5. NETWORK DESIGN FOR ELT USAGE PROBLEM

To gain insights about related areas for designing a reverse logistic for waste tires
necessary literature research is done. For beginning, because of the existence of flow of
material between the nodes in supply chain, general models for transportation and
models for supply chains is examined. Other crucial aspect of establishing a new facility
is its location. To see how a decision about a facility’s location is given, related works is
researched. These works are including general models and solution methods for facility
location problems. Additionally to these models and solution methods, there are new
approaches to voluminous problems and vehicle routing problems. These approaches
can be named as clustering algorithms. To consider solution methods with clustering
algorithms in network problems, related works, which are about general clustering
algorithms and their application areas, is searched. To clarify usage of end of life tires in
cement factories, necessary research is done. Finally, past works about waste tire
networks and waste tire supply chains is examined for getting info about considered

aspects in waste tire recovery. Mentioned topics are given below.

5.1. Literature Review on Transportation and Supply Chain Problems

Firstly, to have insight about general transportation models and supply chain models,
necessary researches conducted. Zanardelli et al. (2015), stated the differences between
designs in network planning. A variety of network design problems in transportation,

distribution, communication, and several other problem domains require trade-offs
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between variable operating costs and fixed design costs. Network design problems are
considered by transportation types as called road, rail, air and marine. Researchers
conclude such problem depends on specific country or region. For example, Yamada et
al. (2009) apply his model on transportation in Phillippines and Tsao (2013) on supply
chain in Taiwan. Their analysis and models are different from each other because they
use different transportation mode depends on their country and different constraints of
different regions. From here, it can be stated that network design models affected by
different objectives and different planning horizons. There are three decision levels
which can be called as strategic, tactical and operational planning. As planning horizon
becomes wider, time representations in models become extended and frequency analysis
become rare. Williams (2013), explained related models with the supply chain in his
book. Related models are profit maximizing model with multiple plant, transportation
models with single product and a derivative of travelling salesman problem model. First
one is dealing with the capacity allocation when operating more than one facility,
second model is dealing with the assignments of transportation vehicles and the last
model is for routing of transportations vehicles for multiple periods. Goetschalckx
(2011), illustrated related models with a supply chain network. They are single vehicle
round trip routing models, vehicle routing models with time windows, some of the
vehicle routing heuristics and multi echelon supply chain models. First two models are
used for dealing with routing problems in a supply chain and last one is a generic model
which finds optimal flow paths from sources to destinations with two different versions
which are can be named as arc based and path based models. While these models
applied to a wide variety in transportation and network models, voluminous problems
may need other solution approaches because of computation time. One example of this
kind of problems is multiple vehicle routing problem. In multiple vehicle routing
problem there are a number of repositories, vehicles, and delivery locations and the
problem is to optimize the routes of the vehicles. This is represented by an undirected
graph with vertices representing locations and edges representing paths between
locations. One important facet of this model is that each vertex is connected by an edge.
Critical points of such problem can be summarized as edges in network are weighted
which represents the distance between vertices, one vehicle must be assigned to each

delivery and each vehicle has maximum carrying capacity and road capacity to travel.
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The Clarke and Wright savings algorithm is one of the most known heuristic for VRP. It
was developed by Clarke and Wright (1964) and it applies to problems for which the
number of vehicles is not fixed (it is a decision variable), and it works equally well for
both directed and undirected problems. When two routes can feasibly be merged into a
single route, a distance saving is generated. The other heuristic for VRP is called Sweep
Algorithm. The method heuristic by Wren and Holliday (1972). This algorithm is
primarily used to find the shortest route. With knowledge of location of nodes, distance
between each demand nodes and depot node, algorithm starts with a randomly selected
node and calculates nearest nodes’ distances to this point. Then, algorithm adds up
points by their closeness until routes are formed or until capacity of vehicle is reached.
To conclude, there are different ways to deal with a transportation problem in a supply
chain. A solution can be obtained by a mathematical model or a heuristic. Choose of

solution way is dependent on volume and complexity of problem.

5.2. Literature Review on Facility Location Problems

While planning a network, facility location problems is an important issue. It is crucial
to give an optimal decision about facility’s location because this decision is persistent.
A Facility Location Problem (FLP) consists in defining the position of a set of points
(facilities) within a given location space on the basis of the distribution of demand
points (users) to be allocated to the facilities. Eiselt and Laporte (1995) illustrated main
elements of Facility Location Problems as space where the facilities are to be located;
service demand that are expressed by customers; interaction between customers and
facilities; metrics to measure distances between customers and facilities; constraints to
be satisfied. Many researchers showed interest in retail collection network design from
different points of view but there is lack of a complete understanding and obtaining
framework of the matter. The p-median problem on a network was investigated by
Goldman (1971). Goldman provided simple algorithms for locating a single facility for
both an acyclic network (a tree) and a network containing exactly one cycle. Another

well-known, albeit trivial, algorithm for the 1-median on an acyclic network is known
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as the Chinese Algorithm. Dearing, Francis, and Lowe 1976 provide the interested
reader with a thorough treatment of convexity on a network. Zhu et al. (2016) consider a
new capacitated plant location problem with customer and supplier matching and they
considered failure probability of a facility. Liu et al. (2010) introduce a location model
that assigns online demands to the capacitated regional warehouses currently serving in
store demands in a multi -channel supply chain. Problems with covering constraints
were defined in the 70's. The objective in this case is to locate facilities such that
demand areas (clients) are covered. A demand area is said to be covered by a facility
(server) if it is within a critical, pre-defined distance (time) from this facility. The
simplest of these models seeks to find the minimum number of facilities (and their
locations) such that all demand areas are covered by at least one facility. Church &
ReVelle (1974) defined a model in which the number of facilities to be located is fixed,
but in this case coverage of all demand areas is not guaranteed. Galvao & Raggi (1989)
have developed another algorithm for uncapacitated facility location problems. He has
been working on uncapacitated facility location problem with non- Euclidean data set.
The non-Euclidean data sets were randomly generated in the algorithm. They
correspond to combinatorial optimization problems that are much harder to solve than
the Euclidean problems. In this case the algorithm shows a clear advantage over the use
of optimal procedures (e.g., the algorithm of Galvao & Raggi), when computing times
are taken into consideration. It produced, on average, solutions of very good quality in
very reduced computing times. In short, facility location problems are major issue in
network planning. Different analytical approaches can be used to determine a facility’s

location.

5.3. Literature Review on Clustering Algorithm Applications in Network Problem

To have information about one of the current trends in industrial engineering which is
using clustering algorithms, required study have been done. In the book written by Jain
and Dubes (1988), types of clustering algorithms are explained and classification of

them is given. There are 3 main topics where algorithms differ from each other. Being
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exclusive or non-exclusive, which is meaning that points of data is distinctively grouped
into clusters or some of these points are not in any of the clusters, is top separation point
of algorithms. Following separation is at being supervised or not. Clusters can be
formed by the help of priory information provided or finding the differences between
clusters can be done by algorithm. Final separation is being hierarchical or partitional.
While in partitional algorithms only one classification is done to find clusters, in
hierarchical algorithms clusters are obtained as a result of special sequence of
partitional classifications. These separation of clustering algorithms can be rooted from
the different objectives of clustering algorithms in varied areas. These algorithms are
used in very wide areas ranging from big data analysis, pattern recognition to social
sciences. It can be said that these algorithms can be applied to any area which involves a
data about many different points and requires a classification between them.
Geographical data sets are suitable for clustering algorithms. Thus, as models for
vehicle routing can be hard to constitute and apply to problem, it may be useful to use
clustering algorithms to get routes. Naalusamy et al. (2010), talked about using
clustering algorithms in difficult and computationally voluminous environments. One of
the areas that clustering used is NP-hard models. Vehicle routing problems is one of
such models. They applied clustering algorithms to multiple vehicle routing problem
and multiple travelling salesman problem and showed that the efficiency of it. It is
based grouping closest points of nodes together except for source and destination. Jain
(2010), mentioned about k-means clustering algorithm in his article. He gives general
information about clustering algorithms and the purpose of them while stating the
advantages of k-means algorithm. He continues with the explanation of k-means
algorithm and extensions of it. Jain and Dubes (2010) explained in their books about
clustering algorithms. They gave details about implementation ways of these clustering
algorithms and basic information about how to prepare a proper data set for clustering

algorithm such as normalizing the data.
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5.4. Literature Review on Waste Tire Networks

Moreover, to see ways of dealing with waste tires, some of past works about waste tires
or alike articles are examined. Most of them are focused on entire supply chain of waste
tires and they have different methods. However, general problem is a cost minimization
problem and some of them have profit maximization as a second objective. First of all,
Han et al. (2009), in their studies, they developed a linear model that is minimizing the
cost of building recycling facilities, cost of transportation and cost of processing the
waste tires. They have aimed to obtain optimized flow assessments between the levels
of reverse logistic supply chain. Dehghanian and Mansour (2009), in their article,
proposed a multiple objective model for multiple optimization of recycling network of
waste tires. Objectives of their model are maximizing the revenue generated from
recycled waste tires and activities, minimizing the total cost incurred by activities while
recycling the waste tires and maximizing the social benefit from it. Kannan et al.
(2009), in their studies, they have developed multi echelon supply chain model and a
closed loop multi echelon supply chain model for tire manufacturing industry and
plastic products industry. Objective of closed loop multi echelon supply chain model is
minimizing costs that are incurred by gathering the product that are being circulated,
transportation cost between gathering centers and recycling facilities and necessary
process for recycling. Sasikumar et al. (2010), constructed a mixed integer non-linear
programming model that is maximizing the profit of multi echelon reverse logistic
network which is for re-producing and resurfacing of waste tires. Subulan et al. (2015),
formulized a mixed integer linear programming model and designed a closed loop
supply chain network for gathering, stocking, recycling and disposing of waste tires in
an efficient with the objective that is maximizing the profit and natural indicators. Amin
et al. (2017), designed a closed loop supply chain network and constructed a mixed
integer linear programming model for that network. Model is consisting of multiple
products, multiple suppliers, multiple facilities, multiple retailers, multiple demand
markets and multiple disposing depots and model has an objective that is maximizing
the profit generated by this network. Finally, Pedram et al. (2016), developed mixed

integer programming model with multiple products and with multiple objectives which
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are minimizing the pollution and waste caused by waste tires and maximizing the profit
from the designated closed loop supply chain. By this model, information about number

of facilities, location of them and material flow between facilities are obtained.

5.5. Using ELT as an Alternative Fuel for Cement Factories

One of the areas of utilization for energy generation from waste tires is using them in
cement factories. Cement factories have a burning process in the production of cement
where most of the time coal is used. Advantages of using waste tires in cement factories
have been examined by many researchers and engineers. Kop et al. (2012) conducted a
research for a selection between the ELT management methods in current conditions.
They stated that incineration of waste tires in cement factories can be named as the most
suitable method. Additionally, Deolalkar (2016) outlined advantages of using
alternative fuels such as waste tires in cement plants. The most significant aspects can
be said as running on lower cost for required burning process and making contribution

to removal of waste tires from environment.

Nakajima and Matsuyuki (1981) have showed the burning process of waste tires in
cement factories and they are directly burned in kiln by taking thermal load into
consideration. It is known that quality of cement that is produced by using waste tires is
not different from cement produced with conventional process. As stated before,
calorific value range of waste tires is similar with the fossil fuels. So, waste tires are
appropriate for cement factories. Blumenthal (2005) stated estimate of amount of waste
tires that is used in cement industry in United States, for year 1996 which is between
75-100 million tires. Estimate for total generated scrap tires for same year is stated as
253 million. From here one can say that waste tires are one of the most used fuels by

cement factories.
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To sum up, because of the low-cost waste tires it is logical to use them in cement
factories. One of the most important advantages of usage of waste tires in cement
factories is that additional pollution from it to environment is insignificant. Nakajima
and Matsuyki (1981) is stated that content of the tires presented no problem for the dust
collector but as they burned completely may cause black smoke.

5.6. Network Design Examples for Waste Tire Utilization in Cement Factories

Because of the opportunity created by low cost of waste tires and by properness of
waste tire utilization for cement factories, it is logical to put them to use in cement
factories. However, because of the complexity of issue which is within the bounds of
reverse logistic it requires a systematic approach. Otherwise, it is possible to end up
with unforeseen consequences in the aspect of cost. There are past works which are
about network design for environments where reverse logistics is applied and examples

from them are given below.

Sasikumar et al. (2010) designed a reverse logistics network which has multi-echelons.

Representation of network is given below in figure 5.1.

Initial collection .| Centralized return
points (ICP) centers (CRC)

Customers

Third-party
recyclers

L

Remanufacturing
Plants

Secondary
markets

Figure 5.1. Representation of product recovery network (Sasikumar et al., 2010)
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Their network is constructed for returned products which are recycled or
remanufactured. The network is consisting many elements which are customers, initial
collection points where returned goods from customers is gathering, centralized return
centers which is the second step for returned goods after collection points,
remanufacturing plants where goods are sent after centralized return centers and third-
party sellers and secondary markets which are end points for the returned product in the
network. If it is needed to be summarize considered points in their model they can be

listed as given below.

o Rental or establishment costs for collection points and return centers

o Minimum number of establishments

o Costs related to inventorying and collection operations

o Physical distances between echelons of network

o Maximum capacities of collection points and return centers

o Fixed and variable costs that incurred from logistic operations in the network
o Variable cost of remanufacturing

o Revenue generated from final products

o Amount of remanufactured product

Formulated model for issued network have a variety of decision variables which are

listed below.

o Allocation of customers to initial collection points

o Opening or establishment of collection points and centralized return centers
o VVolume of the product that flows between echelons

With all of the given considered aspects and decision variables, they aimed to maximize
profit generated in the network. Experimental result of mentioned model is showed

usefulness of model and achieved validation of model.

Organ et al. (2013) have designed a reverse logistics network for end of life tires. Their

network is consisting of three echelons which are shown in figure 5.2.
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A : Temporary Depots

[ J : Recycle Facilities

Figure 5.2. Network representation for end-of-life tire recovery (Organ et al, 2013)

In their network, they aimed to minimize cost associated with operations. Where they

have defined costs according to given variables below:

o Transportation costs of material between points

. Inventorying costs at temporary depots

o Fixed costs of temporary depots

o Revenue generated from outputs of recycle facilities

In model this revenue aspect is given as negative to objective function because costs are
given positive. To minimize total cost, they tried to decide location of municipality
collection points among candidates, location of temporary depots among candidates and
they tried to give decision about which of the recycle facilities will be used. They have
tested their model for a province in Turkey which is Denizli. Also, they have applied
this model for different scenarios where collection amount of end-of-life tires is

changing. Conclusion they draw from study is that it is natural to incur cost instead of
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gaining profit. That is arising from that sale price outputs of such system is low and cost

aspects are considerable.

To sum up, in a reverse logistics network, it is possible encounter with many different
aspects which are related parties to mentioned network. That is because of the fact that
systematic approach is taken, which is a holistic approach rather than a reductive
approach. Moreover, result of the taken approach may be useful for some of the parties
or entire parties in said network. That is dependent on considered points while

constructing model for network.



6. CASE STUDY

Excessive amounts of waste tires are harmful to environment in some ways. Although
they are waste, they are valuable assets because of potential uses of them. One of the
usage areas of them is using them as energy source in cement factories. This process
requires a system where reverse logistics is involved. In a reverse logistic supply chain,
generally cost of transported good is relatively low comparing with other sectors. That
makes network flow of that good between echelons of supply chain more important than
the other cost aspects such as price of related good. However, there are some aspects in

such a situation that should be taken care of.

In Turkey, LASDER, an organization that founded by tire producers which have
operations in Turkey, is the biggest foundation that deals with the waste tires.
Information that is gathered by talks with authorities of LASDER, it is stated that
LASDER is gathering nearly 200000 tons of waste tires at Turkey. In order to manage
this amount of waste tires a systematic approach should be taken. However, in current
application for gathering of waste tires, LASDER is operating on daily decisions. For
instance, whenever a demand for gathering waste tires is generated by tire traders or
shops, LASDER transmits this demand to contractor firm which it sees to be proper for
gathering job. In terms of the collection of waste tires, Turkey is divided into 8 regions
and there are contractor firms that are authorized in each region. These regions are

visualized on the map below.



55

Bitlis
Diyarbakir BELEEN 5irs Lr_f"‘*\\
Maras |_so Hakkari-.
S|
T
Mardin & /" L
Yokia,

Sanliurfa

Istanbul -Trakya

Marmara

Northern Central Anatolia

N North

s Aegean

I south Central Anatolia
East Mediterranean

B southeastern Anatolia

Figure 6.1. Representation of Turkey in the region for the collection of waste tires

According to the information received from LASDER; approximately 30000 tons of
waste tires was collected in North Central Anatolia region in 2017, and 20000 tonnes of
these tires came from Ankara. Because of the great volume of the problem, study will
be centered upon Ankara. For further clarification of system for waste tire recycling,

firstly, tire brands are responsible from the gathering and recycling of tires they sell.

However, they are not fully responsible. They are responsible up to a degree which is

%80 percent of they sell.
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Under this condition, nearly all of the waste tires are held at responsible brands hand.
These waste tires needed to move cement factories via contractor firms. To elaborate

supply chain of waste tires a representation of system is given in figure 6.2 below.
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———> :Transshipmentto cement factories
————=>> :Possible ways of gathering from user

: Gathering from tire traders and brands

Figure 6.2. Representation of system of recycling of tires

In here, there are three echelons of supply chain. They can be named as, accumulation
point of waste tires, contractor firms and cement factories. After customer done with
their tires, waste of them are accumulated at tire shops. Blue facilities below tire shops
are representing the contractor firms. Lastly, black facilities are representing the cement

factories. Colored arrows are representing the flow of waste tires and shredded waste
tires between echelons.
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In current situation, in city Ankara amount of created waste tires is 1543425 tires in
year of 2017. Although all of tires are not same with each other, an assumption states
that 80 percent of generated amount is car tires and 20 percent of them is truck or bus
tires. Additionally, average weight of car tires is 9 kg and average weight of truck tires
is 45 kg. This amount of waste tires is accumulated at waste tire accumulation points
which points needed to be visited at least weekly. These points are tire shops or brands
where city Ankara have 107 different tire shops or traders. Nearly all of the waste tires
generated by consumers is end up at these accumulation points. Although amount of
waste tires accumulated at these points are different, accumulation rate of waste tires is
assumed to be uniform over the year. Yearly accumulated amounts, that are required to
be disposed properly, at points are given in table 6.1. These accumulation points are
dispersed over the city. Coordinates, which are in units of latitude and longitude, of
accumulation points are given in table 6.2. The normalized values of these coordinates
are given in Appendix C with the dealer names.
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Table 6.1. Yearly accumulated amounts in number of waste tires

Points |Amounts [Points |Amounts [Points |[Amounts [Points |Amounts |Points [Amounts
1 13000| 23 17550| 45 16250| 67 14300 89 11700
2 14300 24 15600 46 14950| 68 15600 90 12350
3 14950| 25 14300 47 11375 69 16900 91 11375
4 11700( 26 16900 48 123501 70 16900 92 13325
5 16900| 27 15600 49 13000 71 13325 93 13975
6 16575| 28 15600 50 17550 72 10400 94 18850
7 16250 29 16250 51 13650| 73 11700 95 15600
8 13000 30 13650 52 14300 74 12350 96 14950
9 14300| 31 12350 53 13000| 75 13650 97 14950
10 13650| 32 14625 54 13325| 76 16250 98 13000
11 16900 33 13650 55 12025| 77 16900 99 17550
12 15600 34 16575 56 12350 78 11375| 100 17875
13 16250| 35 16900 57 15600 79 11375 101 14950
14 18200| 36 17875 58 12350 80 12350 102 12350
15 13000| 37 11700 59 12350 81 15600 103 15600
16 15600 38 13975| 60 11700 82 15600 104 15600
17 14950| 39 14300 61 10400| 83 14300 105 12350
18 13650| 40 15600 62 14300 84 14950 106 16250
19 13000| 41 15925 63 13650| 85 13650 107 15600
20 16250| 42 12675 64 12350 86 14300
21 18200| 43 11700 65 13000| 87 13000
22 18850| 44 16900 66 13650 88 11700
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Table 6.2. Coordinates of accumulation points

Points [Longitude |Latitude Points [Longitude |Latitude Points [Longitude |Latitude

1 32.806103| 39.963756( 37 32.887497| 39.957559( 73 32.851683| 39.948312
2 32.845008| 39.955424| 38 32.841897| 39.954592( 74 32.721169| 39.945612
3 32.852832| 39.949560| 39 32.839867| 39.954290( 75 32.824374| 39.954631
4 32.750440| 39.965209| 40 32.843424| 39.955875( 76 32.854861| 39.951155
5 32.822874| 39.913446| 41 32.839005| 39.953867( 77 32.751085| 39.993681
6 32.736810| 39.987700| 42 32.774102| 39.957748( 78 32.765433|  39.994561
7 32.713738| 39.933828( 43 32.763857| 39.956303( 79 32.880928| 39.958104
8 32.714728| 39.939533| 44 32.771689| 39.964392( 80 32.815111| 39.901342
9 32.714870| 39.933880| 45 32.755331| 39.962301| 81 32.752096| 39.965098
10 32.853692| 39.950533| 46 32.717782| 39.931400| 82 32.776787| 39.994484
11 32.853786| 39.951575| 47 32.744586| 39.970759| 83 32.764712| 39.995159
12 32.844203| 39.955271| 48 32.843424| 39.955875| 84 32.777830| 39.910121
13 32.841589| 39.954221( 49 32.646866| 39.964643( 85 32.838414| 39.921961
14 32.901255| 39.933762| 50 32.766325| 39.995242| 86 32.816945| 39.861473
15 32.763910| 39.974681| 51 32.677544| 39.894695( 87 32.809546| 39.912790
16 32.763701| 39.974818( 52 32.713374| 39.935039( 88 32.696212| 39.953928
17 32.750301| 39.965089| 53 32.641593| 39.870257| 89 32.735220| 39.967449
18 32.749227| 39.965824| 54 32.584650| 39.976372| 90 32.755839| 39.964144
19 32.771816| 39.995396| 55 32.752391| 39.968675( 91 32.761608| 40.001864
20 32.749323| 39.985154( 56 32.766981| 39.995473 92 32.711606| 39.949508
21 32.719067| 39.934423| 57 32.713939| 39.937930( 93 32.657779| 39.896185
22 32.713779] 39.940196| 58 32.712026| 39.940754( 94 32.821630| 39.899741
23 32.579968| 39.972440( 59 32.757806| 39.971291 95 32.850095| 39.946945
24 32.847104| 39.896443| 60 32.763158| 39.973910( 96 32.639089| 39.863177
25 32.859998| 39.913364| 61 32.841589| 39.954221( 97 32.693986| 39.976893
26 32.881311| 39.880853( 62 32.841352| 39.954223( 98 32.695547| 39.990429
27 32.828875| 39.888323| 63 32.822017| 39.868057| 99 32.697103| 39.954395
28 32.854355| 39.866525| 64 32.849296| 39.941480| 100 32.580161| 39.972045
29 32.823045| 39.905514 65 32.766624| 39.995335( 101 32.566482| 39.966336
30 32.815250| 39.898044| 66 32.711958| 39.939799( 102 32.889952| 39.957475
31 32.809950| 39.905896| 67 32.859742| 39.933363( 103 32.844065| 39.955520
32 32.819072| 39.927486( 68 32.753426| 39.969583| 104 32.802729| 39.923044
33 32.847677| 39.942237| 69 32.840491| 39.954374| 105 32.805518| 39.963886
34 32.817655| 39.862115| 70 32.840491| 39.954374| 106 32.845197| 39.946097
35 32.852423| 39.950013( 71 32.761363| 39.930189( 107 32.759633| 39.975174
36 32.841382| 39.949039| 72 32.648456| 39.946823
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Second level of supply chain is consisting of waste tires processing facilities. Contractor
firms are connection between the sources of waste tire and cement factories. They are
gathering the waste tires in their hand and selling it to the factories. In here, these
processing facilities are responsible from the gathering and transshipment process of
waste tires. Their output is waste tires where they are not processed, and they are
directed to factories. In Ankara, currently there are 3 other companies in this business.
All of them is allowed to participate in recycling process. They are chosen facilities that
are going to be in supply chain which is decided at the beginning of year. Additionally,

coordinates of processing facilities are given in table 6.3.

Table 6.3. Coordinates of processing facilities

Contractor Firm |Longitude |Latitude
A 32.79245377| 39.96375600
B 32.70876053| 39.95542400
C 32.66691390| 39.94955980

Third level of supply chain is cement factories. These are the final points for waste tires.
As mentioned before, reason behind of usage of waste tires for cement factories is being
less costly than other energy resources. So, this cost aspect for cement factories is
creating a demand for waste tire based energy resources. However, cement factories are
not completely free in demanding these products because of some regulations about this
process which is applied by Turkish government. There is an indirect quota on using
waste tires in factories. This quota which is limiting outputs of a factory such as NO>
and SOz, is coming from the regulations by ministry of environment and urbanization.
This regulation is standing for preventing excess amounts of harmful outputs.
Limitation of this is done over total energy consumption of cement factory and

permitted amount of waste tire and its products is limited by a certain amount of energy
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that can be generated from them. Moreover, this quota is renewed yearly. As cement
factories is demanding waste tires up to their quota, delivery of waste tires or its
products can be assumed to be flexible in time over the year. In Ankara there are 3
different cement factories that are allowed to use waste tires. Coordinates of cement
factories are given in table 6.4. Their quota for using waste tires are given in table 6.5 in

units of tons.

Table 6.4. Coordinates of cement factories

Cement Factory |Longitude [Latitude
1 32.74725942] 39.9637560
2 32.71712985| 39.9554240
3 32.82258334| 39.9495598

Table 6.5. Limits for usage of waste tires in cement factories in tons

Cement Factoreries | Limits
1 8200
2 5000
3 4200

To sum up, problem here can be stated as, amount of waste tires is likely to increase and
to prevent society from huge stockpiles of waste tires and to use our natural sources
efficiently they should be reused in a way. One of the ways of reusing them is
substituting them for energy sources in cement factories. However, bringing waste tires
to cement factories from the consumers of tires can lead to high costs if it is not done

correctly. As in every reverse logistics, main cost aspect is the transportation cost which
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Is 2 TL per kilometer for empty truck and additional 0.35 TL per ton. To manage flow
between consumers and factories a systematic approach should be taken. As cost of
waste tires low, their distribution is critical. To visualize distribution of accumulation

points, candidate contractor firms and cement factories map for them is given below in

figure 6.3.
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Figure 6.3. Map for accumulation points, contractor firms and cement factories

In this situation, quota of cement factories for usage of waste tires should be filled. This
will be done by contractor firms. Contractor firms that will gather waste tires from

accumulation points and transship them to cement factories, is needed to be chosen
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among the candidates. To make this process cost efficient, gathering routes between
contractor firms and accumulation points should be determined because waste tires at
accumulation points should be gathered by contractor firms in order to prevent
excessive amounts of waste tires. Under these conditions, overall cost for this process

should be minimized.



7.  SOLUTION METHOD

To begin with, although waste tires is the only material that flows through the given
supply chain, they are being collected from many different points. As one can see from
the map they are dispersed over Ankara but most of them are gathered at industrial
zones. Optimal solution to problem can be obtained by applying multiple vehicle
routing problem models however it is not possible to get solution in a reasonable time
because of the volume of the problem. So, it is needed to simplify problem or break into
parts to solve it properly. To handle problem, a step by step solution method is applied.
Method is beginning with clustering algorithm which is used for reducing the size of
roblem. After that, travelling salesman problem model applied to resulting clusters to
get routes between accumulation points and contractor firms. Finally, a model is used to
choose used routes by contractor firms and to determine to amount of waste tires that
flows between contractor firms and cement factories. These models are programmed
and implemented in GAMS (General Algebraic Modeling System) optimization
package and solved using the CPLEX solver. To elaborate steps sequencing of them is

given below.
Sequence of steps in method:

e Clustering accumulation points where number of clusters is 5k. Initial k is
chosen to be 1.

e Obtaining distances for resulted clusters by using travelling salesman problem
model.

e Solving network problem by using generated model for problem and recording

their objective function values.
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e Repeating steps until k=11.

e Choosing the number of clusters with best objective function value.

e Further searching to be sure about optimality which is repeating first three steps
for the number of clusters with the best objective function value, n, between the

interval n+4 and n-4.

e Choosing the optimal solution with best objective function value.

Clustering

Firstly, there is need for distinct and certain clusters because of the joint tenancy of
accumulation points by contractor firms. To track amount gathered from accumulation

points in an easy way clusters should be same for every other contractor firms.

According to Jain (2010), clustering methods can be investigated under two main topics
which are hierarchic clustering methods and partitional clustering methods. Because of
there is no hierarchic relation between points in problem partitional methods are chosen
to be investigated. Further, as Jain stated (2010) there four different methods under
partitional clustering. They are sum of squared error method, graphic theory, mixture
solving method and iterative method. Moreover, Jain and Dubes (1988) pointed out that
use of sum of squared error method yields more compact clusters also mentioned about
advantage of k-means which is an algorithm that is widely used and the most effective
one among these algorithms. As objective of applying clustering algorithms is obtain
compact and isolated clusters, k-means algorithm chosen to be applied which is one of
the sum of squared error method.

To clarify k-means algorithm, a flow chart is given in figure 7.1 below.
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Figure 7.1. Demonstration of k-means algorithm

K-means algorithm starts with a determined number of clusters. Although there are
number of methods that are used to obtain proper number of clusters, in problem these
methods can lead to solutions which are not optimal. That is because of the evaluation
of the clusters is dependent on the objective function value of network model. So,
number of clusters is not determined at the beginning and searched through the solution
method. Secondly, cluster centroids are determined by algorithm’s itself randomly. It is
impossible to determine exact centroids before applying the algorithm so it starts with
randomly generated centroids. It continues with assignment of points to the clusters
according to their closeness to the cluster centroids. In every iteration, algorithm
updates clusters centroids because as points are added to clusters centroids are
changing. This repetitive process continues until there is no possible assignment of

points to the clusters.

Although k-means is a straight forward algorithm, because of the randomness in

algorithm resulting clusters may differ applying again with different random parameters
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which are initial centroids. To prevent from this randomness replication method is used

which is applying k-means algorithm again with different initial centroids.

To cluster accumulation points, their coordinates are used as features of them. K-means

algorithm applied by using MATLAB and number of replicates is chosen to be 300.

Resulting clusters is chosen among replications by their sum of squared error. As sum

of squared error reduces, clusters becomes more proper. Matlab code example is

attached in the Appendix D. As an example, clusters of first iteration is given below in

figure 7.2 and in table 7.1.
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Table 7.1. Accumulation points and related cluster

Points | Cluster | Points | Cluster | Points | Cluster | Points | Cluster | Points | Cluster
1 1 5 2 4 3 7 4 51 5
2 1 24 2 6 3 8 4 53 5
3 1 25 2 15 3 9 4 93 5

10 1 26 2 16 3 21 4 96 5
11 1 27 2 17 3 22 4
12 1 28 2 18 3 23 4
13 1 29 2 19 3 46 4
14 1 30 2 20 3 49 4
32 1 31 2 42 3 52 4
33 1 34 2 43 3 54 4
35 1 63 2 44 3 57 4
36 1 80 2 45 3 58 4
37 1 84 2 47 3 66 4
38 1 85 2 50 3 71 4
39 1 86 2 55 3 72 4
40 1 87 2 56 3 74 4
41 1 94 2 59 3 88 4
48 1 104 2 60 3 92 4
61 1 65 3 99 4
62 1 68 3 100 4
64 1 77 3 101 4
67 1 78 3
69 1 81 3
70 1 82 3
73 1 83 3
75 1 89 3
76 1 90 3
79 1 91 3
95 1 97 3
102 1 98 3
103 1 107 3
105 1
106 1
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7.1. Obtaining Route Distances

After clusters are obtained, it is needed to be settle routes from contractor firms.
Because of the amounts at accumulation points are less than a full truck load which is
12 tons and these amounts are needed to be collected every week, it is logical to
aggregate points to increase truck load per travel. There are several methods to get

routes but to reach optimality in routes TSP model is used.

There are several methods to solve travelling salesman problem. Laporte (1991)
examined solution approaches for travelling salesman problem and stated that
formulation done by Miller, Tucker and Zemlin (MTZ) is an exact model to solve the
problem. MTZ model like other TSP models takes points as sets for model which are i
and j and have one parameter which is cost associated with distance between points. In
sets first unit is considered as source point where trucks begin their tour. Difference of
MTZ model is having an additional decision variable. Decision variables and

parameters that are used in model is given below with their definitions.

e X(i,j): Equals to 1 if a truck or person goes to j from i.
e U(i): Positive integer variable that states order of point i in tour.

e D(i,j): Distance or cost parameter of using arc between i and j.

MTZ model is given below beginning with objective and constraints.

Min z = ZZ d(i,j) *x (i,))
J

i

Zx(i,j) -1 Vi

]

Zx(i,j) —1 v

l

u('1) =1
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Ui =2 Vi, i+ 1
U@i)<n Vii# 1

UD-UN+1<n*(1-x@j) Vivji#lj+1

In here, objective is getting route for given points with the least cost. First two
constraints are stating that every point should be visited exactly once. Following
constraints are needed for subtour elimination third constraint is necessary for arranging
beginning point of route. Last three constraints ensure that there is no subtour in optimal
solution by ranking given points between 2 and n which is total number of units in sets i
and j. Last constraint is needed for determine their exact sequence number in route.

In problem stated, to begin with its needed to find distances between points. Distances
between accumulation points, contractor firms and cement factories are calculated by
first getting Euclidian distances between them and scaling these distances to kilometers
by proportion obtained from ratio between real distance of most distant points and their
Euclidian distance in coordinates system. The most distant points are 28 and 54
according the Euclidian distance. Real distance between them is showed in figure 7.3
which is 30.0 km.
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Figure 7.3. Real distance between the most distant points

Calculation of used scale is given below.

Seale = Euclidian Distance _ 0,291216 — 103016178
€4€ = T Real Distance 300

All accumulation points and contractor firms are entered as sets according to their
clusters. All of the clusters routed by using MTZ model for every other contractor firms.
That is because it is possible to get different routes for different contractor firms.
Purpose of doing this is getting the distances of routes while collecting waste tires.
These distances will be used in following steps as parameters. As an example, routes
obtained for contractor firm ‘A’ by applying MTZ model for five clusters are given
below in table 7.2 and resulted length of routes for each contractor firm is given in table
7.3. MTZ model code examples and their results in GAMS for one of five clusters are

presented in Appendix E.
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Table 7.2. Routes for clusters from contractor firm A and their lengths in kilometer

Cluster Route Length of Route
1 |A-75-36-11-76-10-35-3-73-95-106-33-64-32-67-14-102-37-79-2-12-103-40-48-38-13-61-62-70-69-39-41-1-105-A 32.00
2 |A-104-84-87-5-29-31-80-94-30-27-63-34-86-28-26-24-25-85-A 51.65
3 |A-42-43-45-90-81-17-4-18-55-68-47-89-97-98-6- 77-91-82-19-56-65-50-83-78-20-107- 16-15-60-59-44-A 32.40
4 |A-71-46-21-9-7-52-57-8-22-66-58-72-101-100-23-54-49-88-99-92- 74-A 47.18
5 |A-51-96-53-93-A 45.83

Table 7.3. Lengths of routes from contractor firms to clusters in kilometers

Contractor Firms/Clusters 1 2 3 4 5
A 32.00 51.65 32.40 47.18 45.83
B 56.36 50.31 61.13 55.40 18.52
C 48.01 57.65 39.61 38.17 32.39

7.2. Network Model

To begin with, network models in given literature have been examined and a proper
model for problem have been constructed. To construct a model a few assumptions have
been made. Firstly, parameters which are about capacity, amounts, weights and prices
do not change over a year. Secondly, distribution of waste tires among accumulation
points does not change over time and it accumulates evenly with time that is to say that
accumulation per time is constant. About amounts, rate for type between car tires and
truck or bus tires is constant over year and average weights for them do not change.
This proportion is assumed to be same for every accumulation point. Tire amounts at
accumulation points are converted to weight, in tons, from numbers. It is done by using

proportion between car tires and truck or bus tires and their average weights of them. In
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short, a tire is assumed to be 16.2 kg which is weighted average for different tire types.

Total amounts at accumulation points are given below in table 7.4.

Table 7.4. Waste tire amounts at accumulation points in tons

Points [Amounts| Points |[Amounts| Points |Amounts| Points [Amounts| Points |Amounts
1 210.60 23 284.31 45 263.25 67 231.66 89 189.54
2 231.66 24 252.72 46 242.19 68 252.72 90 200.07
3 242.19 25 231.66 47 184.28 69 273.78 91 184.28
4 189.54 26 273.78 48 200.07 70 273.78 92 215.87
5 273.78 27 252.72 49 210.60 71 215.87 93 226.40
6 268.52 28 252.72 50 284.31 72 168.48 94 305.37
7 263.25 29 263.25 51 221.13 73 189.54 95 252.72
8 210.60 30 221.13 52 231.66 74 200.07 96 242.19
9 231.66 31 200.07 53 210.60 75 221.13 97 242.19
10 221.13 32 236.93 54 215.87 76 263.25 98 210.60
11 273.78 33 221.13 55 194.81 77 273.78 99 284.31
12 252.72 34 268.52 56 200.07 78 184.28| 100 289.58
13 263.25 35 273.78 57 252.72 79 184.28| 101 242.19
14 294.84 36 289.58 58 200.07 80 200.07| 102 200.07
15 210.60 37 189.54 59 200.07 81 252.72 103 252.72
16 252.72 38 226.40 60 189.54 82 252.72 104 252.72
17 242.19 39 231.66 61 168.48 83 231.66 105 200.07
18 221.13 40 252.72 62 231.66 84 242.19( 106 263.25
19 210.60 41 257.99 63 221.13 85 221.13 107 252.72

20 263.25 42 205.34 64 200.07 86 231.66
21 294.84 43 189.54 65 210.60 87 210.60
22 305.37 44 273.78 66 221.13 88 189.54

Additionally, as these points are being clustered, total amount of a cluster have should

be specified. It is simply done by summing up all amounts of elements of a cluster. As

an example, total yearly amounts of clusters at first iteration is given below in table 7.5.
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Table 7.5. Waste tire amount at clusters for first iteration in tons

Cluster [Total Amount
1 7776.41
2 4375.22
3 6981.39
4 4970.16
5 900.32

At second level of supply chain, contractor firms are assumed to be limitless in
capacity. Truck numbers contractor firms have assumed to be enough for any plan. All
of the trucks that are used in network assumed to be same. Additionally, gathering
process of waste tires from routes for accumulation points is assumed to be done at
exactly at full load of truck as waste tires accumulate at a constant rate. Excess amount
that does not fulfill a truck assumed to be gathered by using same route in only one
round. That is to say that there is no partitioning in routes in case of any route have less
than full load of truck. Also it is assumed that there is no process about waste tires such

as shredding or breaking.

At cement factories, they are assumed to be indifferent between waste tire types. Also,
their demands are assumed to be nonrestricted by time. To clarify, cement factories
accept waste tires whenever contractor firms send them. Also, distances between
cement factories and contractor firms are calculated with same method that applied for
routes. These distances scaled by same constant and resulting table for distances

between them is given below in table 7.6.
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Table 7.6. Distances between cement factories and contractor firms in kilometers

Cement Factories / Contractor Firms A B C
1 5.49| 21.06] 9.85
2 13.20] 4.99| 9.32
3 15.81| 9.15| 17.47

According to problem given, model needs three different sets which are r for clusters, i
for contractor firms and j for cement factories. Parameters that are used in model is

listed below with their explanations.

e Rdist(i,r): Length of route for cluster r and contractor firm i.

e Fdist(i,j): Distance between contractor firm i and cement factory j.

e Dem(j): Demand of factory j.

e Ava(r): Available amount of waste tires at cluster r.

e Tvarcost: Variable cost for a ton of waste tire per kilometer which is 0.35 TL.
e Tdistcost: Fixed cost for travelling with truck which is 2 TL per kilometer.

e Truckcap: Capacity of a truck which is 12 tons.

To decide amounts of waste tires transferred between the echelons of supply chain

different decision variables is used which are listed below.

e Cx(i,r): Amount of waste tires collected from cluster r by contractor firm i.
e Fx(i,j): Amount of waste tires sent to cement factory j from contractor firm i.
e NumofTravelRoute(i,r): Integer variable for number of travels to cluster r from
contractor firm i.
e NumberofTravelFactory(i,j): Integer variable for number of travels to cement
factory j from contractor firm i.
As problem requires the minimization of transshipment cost of waste tires within the
supply chain, by help of given and obtained parameter and constituted decision

variables, objective function for model can be written as given below.
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Min z = z Z Cx(i,r) * Tvarcost * Rdist(i,r)
T

l

+ Z z Fx(i,j) * Tvarcost x Fdist(i, j)
i

+ Z Z NumofTravelRoute(i,r) * Tdistcost * Rdist(i,r)
i r

+ Z z NumofTravelFactory(i,j) * Tdistcost * Fdist(i, j)
2

i

In objective function, variable costs that arises from transferring amounts of waste tires
between the echelons of supply chain is expressed distinctively in first two summations.
It is the part of cost that dependent to amount of waste tires carried between points. Last
two summation is the fixed part of the total cost. In these summations, usage number of
routes or paths between cement factories and contractor firms are multiplied fixed
parameter for cost and related distance which gives costs due to running truck between

points.

As problem states there are some requirements and limitations in given supply chain
and because of the existence of natural dependencies model requires some set of

constraints which are listed below.
Z Fx(i,j) = Dem()) vj
i

Firstly, creation of flow in the reverse logistics system for waste tires originates from
two main reasons. One of them is proper disposal of possibly dangerous and excessive
amounts of waste tires and the other one is potential reuse of waste tires. This potential
in waste tires creates demand in cement factories where they can be used as substitute
energy source for fossil fuels. So, there should be a constraint which states total amount
sent to every cement factory from any of the contractor firms should be greater or equal

to demanded amount.

z Cx(i,r) < Ava(r) vr
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As waste tires are not present at contractor firms by itself, they should be collected from
the points where they arise. However, to reduce the size of the problem these points
were aggregated to clusters, this collection occurs en masse for clusters. As there is a
limit in collection from points, same condition holds for clusters. Total amount of waste
tires that clusters have, is calculated while clustering them. So, limit for collection of
waste tires should be indicated in model. This constraint states that total amount
gathered from cluster r by contractor firms cannot exceed the total amount available at

that cluster.

ZFx(i,j) < ZCx(i,r) Vi
j T

Although flow of the waste tires in supply chain is bounded by both start and end
points, the balance of them at the midpoint of supply chain which is contractor firms
should hold. To prevent sending waste tires to cement factories without gathering them,
sent amount should be constrained by collected amount. This constraint indicates that in

any of the contractor firms, sent amount cannot exceed the gathered amount.
Cx(i,r) < NumofTravelRoute(i,r) * Truckcap Vi, Vr

Fx(i,j) < NumofTravelFactory(i,j) * Truckcap Vi, Vj

Problem stated that there are two different cost aspects in transshipment process which
are fixed cost part and variable cost. In order to track fixed part of that cost one should
declare constraints that are related with the truck capacity. As it is assumed that trucks
are sent to their gathering routes when toured cluster have exactly full load of truck or
sent to cement factories at full, number of travel that done by trucks can be extracted by
using capacity of truck. These constraints states that amount of collection from routes
and amount of sent to cement factories from a contractor firm should be less or equal to
total capacity in travels which is number of travels multiplied by capacity of trucks.

Thus these set of constraints ensure tracking of number of travels.

Z Z Cx(i,r) = ZAva(r) *x 0,8
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In problem that is stated LASDER is responsible from a percent of waste tires which is
80 percent. That means gathered amount by contractor firms should be greater than 80
percent of the total waste tires. In this constraint total amount gathered from clusters by
contractor firms imposed to be greater or equal to the 80 percent of total amount of

waste tires in clusters, which provides desired condition.

z NumofTravelRoute(i,r) = 52 vr
i

Waste tires at accumulation points is being piled up and they are needed to be disposed
properly. As excessive amounts of waste tires at accumulation points at accumulation
points can lead to problems which is stated in problem, they are obligated to be
collected weekly. Although gathering the necessary amount which is 80 percent of total
waste or enough amount for demand from the nearest clusters seems logical, all the
points should receive service as much as possible. When distribution of generation of
waste tires over year is assumed to be uniform it is proper to track them in an
aggregated manner rather than in individual time windows. Setting number of travels to
a route from contractor firms greater or equal to 52 means that there should be a truck
travelling to that cluster. So, this constraint should impose the weekly collection limit to

model.

Finally, third step of the process is applying model to the problem. An illustration of
outputs of model is given below in following tables for first iteration which is with 5
clusters. Optimal solution with 5 clusters gives the objective function value as
421630.70 TL. The code and outputs of the model which is minimization of the

transshipment cost of waste tires is presented in the Appendix F.



Table 7.7. Amount of waste tires gathered from cluster r by contractor firm i in tons

Cx(i,r) 1 2 3
A 7776.00 6972.00
B 622.80 900.00
C 3732.00

Table 7.8. Number of travels to cluster r from contractor firm i

NumofTravelRoute(i,r) 1 2 3 4 5
A 648.00 581.00
B 52.00 75.00
C 311.00

Table 7.9. Amount of waste tires sent to cement factory j by contractor firm i in tons

Fx(i,j) 1 2 3
A 8200.00 3948.00
B 1270.80|  252.00
C 3729.20

Table 7.10. Number of travels to cement factory j by contractor firm i

NumofTravelFactory(i,j) 1 2 3
A 684.00 329.00
B 106.00 21.00
C 311.00
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7.3. Iterations

First objective function value was 421630.70 TL but to be sure from optimality, broad
search for it should be done between the arrival where cluster numbers is ranging
between 5 and 55. As an upper-bound for cluster numbers 55 is chosen because it is
nearly half of the total numbers of points. Additionally, to find upper-bound in objective
function, a single run of model with individual points, where points are entered as
individual clusters to model, is carried out. As a conclusion graph given below in figure

7.4 is formed.

Objective Function Value and Number of Clusters

400000
380000
360000
340000
320000
300000

280000

Objective Function Value

260000
240000
220000

200000
5 10 15 20 25 30 35 40 45 50 55 107

Number of Clusters

Figure 7.4. Objective function values at different number of clusters in TL
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As it can be seen from the graph, increasing number of clusters dramatically reduces the
objective function value at the low values of k. When one checks for the first two
iterations which are with 5 and 10 clusters, objective function value is worse than the
run with without clusters. Additionally, solutions with cluster numbers less than 10 is
most likely to end up with having higher objective function value than the one without
clusters. So, it is proper to say that it is better to not cluster points at low values for
clusters. Secondly, graph is in u shape. This situation concludes that although high
numbers for clusters is likely to have less objective function value than the one without
clusters. So, it shows that it is possible to reduce transportation cost of collecting waste
tires from accumulation points and sending them to cement factories via contractor
firms with given solution approach. Finally, in the graph, line is nearly horizontal at the
levels 25,30 and 35. As these three points have the lowest values in given interval
optimal solution is most likely to be in this interval. For clarification, within these three
cluster numbers 30 have the lowest objective function value with 209904.13 TL. Other
two cluster numbers, 25 and 35, have nearly same objective function value which are
211955.80 TL and 211986.86 TL, respectively. To conclude, in first iterations which
are made with multiplies of 5 from 5 to 55, best objective function value is obtained
with number of clusters 30. So, that makes second interval for number of clusters
between 25 and 35 which can be said to be proper for further search for optimal solution

according graph for first iterations.

To be sure from solution obtained from first iterations is not a local optimal, it is needed
to be search sides of chosen number of clusters. It is proper to indicate that, in any case
of change in number of clusters that have the best objective function value, search for
global optimal can be extended to an interval where the number of clusters with the best
objective function value stands at middle of a such interval which can be 5 plus and
minus of it. For clarification, assume that best objective function value found with 32
clusters so interval can be shifted to between 27 and 37 to be sure about global
optimum. As the order of solution approaches suggests the interval as between 25 and

35, formed graph for that interval is given below in figure 7.5
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Objective Function Value and Number of Clusters
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Figure 7.5. Objective function values for given number of clusters in TL

From graph, it can be seen that there are local optimum points. These points can be seen
clearly in 27 and 32 which are have better objective function values at the intervals +1
and -1. Also this can be same for the 25 and 35. Although there is possibility for stuck
in a local optimum by looking in figure 7.5, but, from the previous graph, finding lower
values than these values apart from this interval is highly unlikely. As a result of this
graph number of clusters that have the best objective function value is unchanged. So,

the solution with 30 clusters can be regarded as global optimum solution.

Plan of the collection waste tires from accumulation points and transshipments of them
to cement factories from contractor firms should be done according to result with 30
clusters. To illustrate clusters and routes, tables 7.11, 7.12 and 7.13 about them is given
below and the result of the network model is given in tables 7.14, 7.15, 7.16 and 7.17.
The model code and outputs of 30 the clusters with optimal results are presented in

Appendix G.
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Table 7.11. Routes for clusters from contractor firm A

Cluster Route Length of Routes
1 |A-42-43-44-A 6
2 |A-28-A 38.11
3 |A-75-41-39-70-69-62-61-13-38-12-2-103-40-48-A 7.34
4 |A-101-100-23-54-A 37.26
5 |A-79-37-102-A 15.72
6 |A-74-58-66-57-8-22-A 16.47
7 |A-51-93-A 34.23
8 |A-82-19-56-65-50-83-78-A 13.55
9 |A-84-A 20.36

10 [A-71-A 13.53
11 |A-72-A 23.82
12 |A-97-98-A 20.15
13 |A-60-15-16-107-59 7.53
14 |A-85-25-5-A 23.79
15 [A-33-64-67-A 15.72
16 |A-77-6-20-A 14.79
17  [A-49-A 23.24
18 [A-29-94-30-80-31-A 25.55
19 [A-99-88-92-A 16.36
20 |A-68-55-47-89-18-4-17-81-90-45-A 10.4
21  |A-52-7-9-46-21-A 17.74
22 |A-26-A 34.42
23 |A-53-96-A 45.4
24 |A-24-27-A 30.11
25 |A-1-105-A 2.2
26 |A-14-A 20.68
27 |A-11-76-10-35-3-73-95-106-36-A 12.23
28 |A-91-A 15.5
29 |A-32-87-104-A 19.75
30 |A-63-34-86-A 39.05
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Table 7.12. Routes for clusters from contractor firm B

Cluster Route Length of Routes
1 |B-43-44-42-B 35.42
2 |B-28-B 23.49
3  |B-41-39-69-70-62-13-61-38-12-2-103-48-40-75-B 36.59
4 |B-101-100-23-54-B 44.73
5 |B-79-37-102-B 42.87
6 |B-66-58-74-22-8-57-B 27.12
7 |B-51-93-B 11.68
8 |B-78-83-50-65-56-19-82-B 47.52
9 ([B-84-B 17.17

10 (B-71-B 22.44
11 |B-72-B 28.79
12 [B-97-98-B 43.8
13 [B-60-15-16-107-59-B 39.13
14 [B-25-85-5-B 30.09
15 ([B-33-64-67-B 35.12
16 [B-20-77-6-B 45.81
17 |B-49-B 35.33
18 [B-31-29-80-94-30-B 22.72
19 ([B-92-99-88-B 30.63
20 |B-45-90-81-17-4-18-55-68-47-89-B 38.08
21 |B-9-7-52-21-46-B 23.15
22 |B-26-B 27.61
23  |B-53-96-B 12.85
24 |B-24-27-B 23.75
25 (B-1-105-B 37.06
26 |B-14-B 37.88
27 |B-106-95-73-3-35-10-76-11-36-B 37.4
28 |B-91-B 48.82
29 |B-104-32-87-B 26.92
30 |B-86-34-63-B 19.5
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Table 7.13. Routes for clusters from contractor firm C

Cluster Route Length of Routes
1 |C-43-42-44-C 19.22
2 |C-28-C 42.46
3 |C-41-39-69-70-62-61-13-38-12-2-103-48-40-75-C 26.63
4 |C-101-100-23-54-C 20.16
5 |C-79-37-102-C 3591
6 |C-58-66-57-8-22-74-C 10.27
7 |C-51-93-C 20.8
8 |C-78-83-50-65-56-19-82-C 26.09
9 |C-84-C 22.29

10 ([C-71-C 16.19
11 |C-72-C 2.98
12 [C-97-98-C 17.71
13 [C-59-60-15-16-107-C 19.19
14 |C-5-25-85-C 33.62
15 [C-33-64-67-C 31.95
16 |C-20-77-6-C 22.96
17 [C-49-C 7.88
18 [C-31-29-94-30-80-C 31.61
19 [C-88-99-92-C 8.05
20 |C-89-47-68-55-18-4-17-81-90-45-C 18.1
21 |C-52-21-46-9-7-C 10.26
22 |C-26-C 42.19
23 |C-53-96-C 31.72
24 |C-24-27-C 36.21
25 |C-1-105-C 23.27
26 |C-14-C 37.67
27 |C-106-95-73-3-35-10-76-11-36-C 30.73
28 |C-91-C 26.17
29 |C-104-32-87-C 29.11
30 |C-63-34-86-C 40.6
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Table 7.14. Amount of waste tires collected from cluster r by contractor firm i in tons

cx(i,r) A B C
1 668.66
2 252.72
3 3,336.00
4 616.45
5 573.89
6 1,389.96
7 447.53
8 624.00
9 242.19
10 215.87
11 168.48
12 452.79
13 1,104.00
14
15 624.00
16 624.00
17 210.60
18 624.00
19 689.72
20 2,184.00
21 1,260.00
22 267.33
23 452.79
24 505.44
25 410.67
26
27 1,248.00
28 184.28
29 1.462
30 624.00
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Table 7.15. Number of travels to cluster r from contractor firm i

NumofTravelRoute(i,r) A B C

1 56

2 52

3 278

4 52
5 52

6 116
7 52

8 52

9 52

10 52

11 52
12 52
13 92

14 52

15 52

16 52

17 52
18 52

19 58
20 182

21 105
22 52

23 52

24 52

25 52

26 52

27 104

28 52

29 52

30 52




Table 7.16. Amount of waste tires sent to cement factory j by contractor firm i in tons

88

Fx(i,j) 1 2 3
A 8,200.00 996.00
B 212.00| 3,204.00
C 4,788.00

Table 7.17. Number of travels to cement factory j by contractor firm i

NumofTravelFactory(i,j) 1 2 3
A 684 83
B 18 267
c 399

With this clusters and given solution has the objective function value 209904.13 TL. In
model, binding constraint which drives waste tires accumulation points to contractor
firms is the percentage limit on LASDER. As a result of this, total gathered amount of
waste tires from accumulation points is 20000 tons. That shows it is possible to increase
utilization of waste tires in other cement factories. Additionally, in the network model,
fill rate of the trucks cannot be taken as a performance measure which is 86.91 percent
at overall. That is because of the assumption which states distribution of waste tires at
accumulation points over year is constant. However, this percentage can be considered
as low but this percentage is dependent on the rate between fixed and variable parts of
the transportation cost. If one checks for the number of travels to clusters from
contractor firms, it can be seen that there are many 52s which is meaning that most of
them are sent because of the obligation. Any relaxation in related obligation may result
in a better situation for fill rate of trucks and also for objective function value. Also, it is
proper to add that, network model does not consider capacity of the contractor firms.

That causes the model to be free while assigning contractor firms to clusters and cement
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factories. So, model simply assigning the closest ones to contractor firms. However,
introducing any limitation on contractor firms about waste tire amounts can lead to
increase in cost. Moreover, when this solution is compared with the current situation,
solution with 30 clusters objective function is less than the current situation which is the
one without clusters more than 50000 TL. As this is the only cost of the transshipment
of the waste tires to cement factories from accumulation points, it is also directly
proportional to the CO> emission, so it is proper to say that this solution also beneficial
for the environment. To sum up, although difference in objective function values at the
flattest part of the graph obtained from the multiplies of 5 is small, difference between

the optimal and the current situation is considerable.



8. CONCLUSION

As transportation is a part of life, waste tires can be regarded as a daily waste. However,
waste tires are distinct from other daily wastes because of the reutilization opportunities
of them. Also, it is proven that excessive amounts of waste tires can be harmful to
environment. Thus, proper disposal of waste tires is important and there are several
methods for it. They are ranged between refurbishment to ignition of them. Besides of
reusing them as tires again, between the methods for waste tires, burning them in
cement factories is one of the most proper methods. In Turkey, LASDER is responsible
from the huge part of the waste tires. In their system, Ankara is chosen to be

investigated.

In a reverse logistics system not only the disposal methods but also the network model
can result in a remarkable difference. However, in a reverse logistics system
accumulation points of wastes may be dispersed from each other. As the emergence of
collection of them which originates from threats of them to environment and to people,
a systematic approach should be taken. High numbers of accumulation points of wastes
can lead in confusions in collection plan and high costs. Thus applying multiple vehicle
planning or clustering and routing methods can be beneficial. Ankara is studied as a
case study with real accumulation points. It is shown that it is critical to choose the
correct of clusters because an incorrect decision about number of clusters can result in
higher costs than the working without clusters. Additionally, as the given network
model considers only transportation costs in reverse logistics system for waste tires it is
directly proportional with the CO, emission of trucks. Therefore, it is possible to benefit
from the network model solutions in the aspect of CO2 emission and contribute to

recycle process of waste tires.
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Total 20000 tons of waste tires gathered from accumulation points. 17400 tons of them
burned in cement factories as a fuel. There can be many different numbers of solutions
for movement of waste tires between given echelons. However, it is shown that in given
environment optimal plan is with the 30 clusters. Although there is no capacity
constraints on contractor it is possible confront with partial amounts transported
between contractor firms and cement factories. That shows the fact that not only the
distances between them is important but also the route distances from contractor firms
to clusters are important. Additionally, these waste tires are replaced with the fossil
fuels that are used in cement factories so benefit of this process is not limited only with
the proper disposal of waste tires. Another benefit gained from process is preservation
of fossil fuels. Also, if one considers calorific value per kilogram of waste tires is higher
than main energy source of cement factories, which is coal, it is proper to say that it is
possible to reduce CO, emission of cement factories. To be precise about amounts,
17400 tons of waste tires, which have 7700 kcal per kg on average, that are utilized in
cement factories is equivalent to nearly 19849 tons of coal, which have 6750 kcal per kg
on average, in calorific value. Another aspect in this process is left amount of waste
tires at accumulation points. However, waste tires are not only used in cement factories
and they are also used in different sectors such as civil engineering purposes or used in
recycling plants. As usage of waste tires in cement factories is studied, these aspects are

not considered in model. Left amounts of waste tires may be reutilized in these sectors.

To sum up, even in moderate levels for reverse logistics system for waste tires, it is
probable to end up with undesirable results. As the main purpose of the this process is
proper disposal of waste tires, it should be done in a way that where process of it is with
the minimum effort. In given case, it is proven that it is possible to reach an optimal
level where the difference from not optimal ones is worthy of note in the aspects of cost

and COz emission.
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Resmi Gazete Tarihi: 25.11.2006 Resmi Gazete Sayisi: 26357
OMRUNU TAMAMLAMIS LASTIiKLERIN KONTROLU YONETMELIGI

BIRINCi BOLUM
Amag, Kapsam, Dayanak ve Tanimlar

Amag

MADDE 1 - (1) Bu Yonetmeligin amaci, dmriinii tamamlamus lastiklerin;

a) Cevreye zarar verecek sekilde dogrudan veya dolayli olarak alict ortama verilmesinin
Onlenmesine,

b) Geri kazanim veya bertarafi i¢in toplama ve tagima sisteminin kurulmasi, yonetim planinin
olusturulmas: ve omriinii tamamlanis lastiklerin yonetiminde gerekli diizenlemelerin ve standartlarin
saglanmasina,

¢) ithalati, ihracat1 ile transit gecisine iliskin sirlama ve yiikiimliiliiklere, yonelik idari ve teknik
esaslar1 belirlemektir.

Kapsam

MADDE 2 - (1) Bu Yonetmelik, bisiklet ve dolgu lastikleri hari¢, dmriinii tamamlamis diger tiim
lastiklerin atiklardan ayri olarak toplanmasi, taginmasi, gecici depolanmasi, geri kazanilmasi, bertarafi,
ithalati, ihracati ile transit gecisine iliskin yasal smirlama ve yiikiimliliikleri, alinacak oOnlemleri,
yapilacak denetimleri, tabi olunacak hukuki ve cezai sorumluluklart kapsar.

Dayanak

MADDE 3 - (1) Bu Yonetmelik;

a) (Degisik:RG-10/11/2013-28817) Bu Yonetmelik 9/8/1983 tarihli ve 2872 sayili Cevre
Kanununun 8, 11 ve 12 nci maddeleri ile 29/6/2011 tarihli ve 644 say1li Cevre ve Sehircilik Bakanliginin
Teskilat ve Gorevleri Hakkinda Kanun Hiikmiinde Kararnamenin 8 inci maddesinin birinci fikrasinin (a)
ve (i) bendine dayanilarak hazirlanmustir,

b) 15/5/1994 tarihli ve 21935 sayilt Resmi Gazete’de yayimlanan Tehlikeli Atiklarin Sinirlardtesi
Tasiniminin ve Bertarafinin Kontroliine iliskin Bazel Sozlesmesine paralel olarak, hazirlanmstir.

Tammlar

MADDE 4 - (1) Bu Yonetmelikte gegen;

a) Ara¢ muayene istasyonu: 11/7/2002 tarihli ve 24812 sayili Resmi Gazete’de yayimlanan Arag
Muayene Istasyonlarinin Agilmasi, Isletilmesi ve Arag Muayenesi Hakkinda Yonetmelikte belirtilen
yerleri,

b) (Degisik:RG-10/11/2013-28817) Bakanlik: Cevre ve Sehircilik Bakanligini,

c) Bazel Sozlesmesi: 15/5/1994 tarihli ve 21935 sayili Resmi Gazete’de yayimlanan Tehlikeli
Atiklarin Sinirlarétesi Tasiniminin ve Bertarafinin Kontroliine iliskin Bazel S6zlesmesini,

¢) Bertaraf: Geri kazanima uygun olmayan lastiklerin ¢evreyle uyumlu bir sekilde zararsiz hale
getirilmesini,

d) Gegici depolama: Bu Yonetmeligin 15 inci maddesine goére yer se¢imi yapilan ve bu
Yénetmeligin 16 nc1 maddesinde belirtilen teknik 6zelliklere gore kurulan ve isletilen OTL toplama
noktalarini,

e) Geri kazanim: Fiziksel ve/veya kimyasal islemlerle ulusal veya uluslararasi standartlar ve
sartnamelere uygun {riin elde edilmesi, enerji kazanimi ve ilgili standartlara uygun miihendislik
uygulamalar1 amagli kullanimlari,

f) Kaplamact: Kaplamalik lastik karkaslarini kaplayip yeniden kullanilmasini saglayan gercek ve
tiizel kisileri,

g) Karkas: Sirtindaki disleri kismen asinmis ancak kaplanip yenilendikten sonra tekrar
kullanilabilecek durumdaki kullanilmis lastikleri,

&) Kanun: 2872 sayili Cevre Kanununu,

h) Kota: Bu Yonetmeligin 17 nci maddesinde belirtilen esaslar dogrultusunda iireticiler tarafindan
toplanmasi gereken tonaj bazinda OTL miktarin,

1) Lastik: Yolcu ve yiik nakil araglar1 altinda bazi baglayici ve giiglendirici bilesenlerle, kauguktan
iiretilen, kullanilan takviye malzemesine gore siniflandirilan arag lastikleri olarak adlandirilan degisik tip
ve ebattaki iiriinleri,
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i) (Degisik:R.G-30/3/2010-27537)® Cevre lisansi: 29/4/2009 tarihli ve 27214 sayilh Resmi
Gazete’de yayimlanan Cevre Kanununca Almmasi Gereken Izin ve Lisanslar Hakkinda Y&netmelikte
diizenlenen lisansi,

j) Lastik tireticisi: Lastigi imal eden, {irtine adini, ticari markasini veya ayirt edici igsaretini koymak
suretiyle kendini iiretici olarak tanitan gercek veya tiizel kisiyi; lireticinin Tiirkiye disinda olmasi halinde,
iiretici tarafindan yetkilendirilen temsilciyi ve/veya ithalatg¢i ile bagimsiz ithalat¢ilari,

k) Orijinal ekipman: Arag iireticisi ve treyler iireticilerine verilen lastikleri,

1) Omriinii tamamlamis lastik (OTL): Faydali émriinii tamamladig1 belirlenerck aragtan sokiilen
orijinal veya kaplanmis, bir daha arag¢ iizerinde lastik olarak kullanilamayacak durumda olan ve {iretim
esnasinda ortaya ¢ikan 1skarta lastikleri,

m) Omriinii tamamlamus lastik iireticisi: Lastigi araglarinda kullanarak OTL olusumuna sebep
veren gergek ve tiizel kisiler ile OTL olusumuna sebep verenin bilinmemesi durumunda ise OTL’leri
zilyetliginde veya miilkiyetinde bulunduran gercek ve tiizel kisileri,

n) (Degisik:RG-11/03/2015-29292) Yetkili tasiyict: Bu Yonetmeligin 14 {inci maddesinde
belirtilen 6zelliklere sahip araglari olan iiretici ile s6zlesme yapmus gercek ve tiizel kisileri, ifade eder.

Genel ilkeler

MADDE 5 — (1) OTL yénetimine iliskin ilkeler sunlardir:

a) Geri kazanim ve bertaraf iglemlerinin, hava, su, toprak, bitki ve hayvanlar iizerinde tehlike
yaratmadan, ses ve koku yoluyla ¢evreye herhangi bir olumsuz etkide bulunmadan ve dogal c¢evre ile
koruma alanlarina zarar vermeden yapilmasi zorunludur.

b) OTL’lerin geri kazanimu esastir.

¢) Lastik tireticileri lastik dmriinii uzatacak tedbirleri tasarim asamasinda alirlar.

¢) OTL’lerin ithalat1 yasaktir.

d) Transit ve ihracat islemlerinde Bazel S6zlesmesi esaslar1 uygulanir.

e) OTL’lerin hangi sebeple olursa olsun vadi veya cukurlarda dolgu malzemesi olarak
kullanilmasi, kati1 atik depolama tesislerine kabulii ve depolanmasi, 1sinmada kullanilmasi, gosteri ve
benzeri fiilleri kapsayacak sekilde her ne amagla olursa olsun yakilmasi yasaktir. Aksine hallerde bu
Yonetmeligin 25 inci maddesi hiikiimleri uygulanir.

f) (Degisik:RG-11/03/2015-29292) Lastik tamirhaneleri, kaplamacilar, perakende satis noktalari,
oto sanayi ve benzeri yerlerde Omriinii tamamlamig lastikler acik alanda biriktirilemez. Biriktirme
yerlerinde yangina ve sivrisinek, fare gibi zararlilarm iiremesine karsi dnlem alinir. OTL’ler yetkili
tagtyicilara teslim edilinceye kadar en fazla altmig giin bu yerlerde muhafaza edilebilir.

) (Degisik:RG-11/03/2015-29292) OTL iireticisi, aracinin lastiklerini degistirdiginde eski
lastiklerini, lastik dagitimini ve satigini yapan isletmelere veya yetkili tagiyicilara teslim eder.

&) (Degisik:RG-11/03/2015-29292) OTL’ler yetkili tasiyicilara bedelsiz olarak teslim edilir.
Yetkisiz kurulus ve kisilerin tagima yapmasi yasaktir.

h) Yars pistleri, cocuk oyun alanlari, karting pistleri ve benzeri alanlarda ¢arpma bariyeri olarak
kullanilan OTL’lerin bertarafi, bu yerleri isletenler tarafindan saglanir.

1) OTL’lerin yarattig1 cevresel kirlenme ve bozulmadan dogan zararlardan dolayz, lastik iireticileri,
OTL iireticileri, tastyicilar, gegici depolama alani isletmecileri, geri kazanim ve bertarafcilar kusur sarti
aranmaksizin miiteselsilen sorumludurlar.

i) Omriinii tamamlamis tasit sokiim tesislerini isletenler, ortaya ¢ikan OTL’lerin bu Yonetmelik
kapsaminda geri kazanimini veya bertarafini saglarlar veya saglatirlar.

j) OTL’lerden kaynaklanan her tiirlii cevresel zararin giderilmesi i¢in yapilan harcamalar, kirleten
oder prensibine gore karsilanir. Ortaya cikan OTL’lerin bertarafindan sorumlu gercek ve tiizel kisilerin
cevresel zarari durdurmak, gidermek ve azaltmak igin gerekli dnlemleri almamasi veya bu 6nlemlerin
yetkili makamlarca dogrudan alinmasi nedeniyle kamu kurum ve kuruluslarinca yapilan gerekli
harcamalar 21/7/1953 tarihli ve 6183 sayili Amme Alacaklarinin Tahsil Usulii Hakkinda Kanun
hiikiimlerine gére OTL’lerin ydnetiminden sorumlu olanlardan tahsil edilir. Ancak, kirletenlerin deme
yiikiimliliigiinden kurtulabilmesi i¢in, kirlenmenin énlenmesi ve sinirlanmasi konusunda her tiirlii tedbiri
aldiklarini ispat etmeleri gerekir.
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IKINCI BOLUM
Gorev, Yetki ve Yiikiimliiliikler

Bakanhgin gorev ve yetkileri

MADDE 6 - (1) Bakanlik;

a) OTL’lerin cevreyle uyumlu bir sekilde yonetimini saglamak icin bu Yonetmelik kapsaminda
sorumluluklari belirtilen ilgili taraflar ile birlikte yonetim planlarini olusturmakla,

b) Bu Yonetmeligin uygulanmasina yonelik yeni sistem ve teknolojilerin uygulanmasinda ulusal
ve uluslararast igbirligi ve koordinasyonu saglamakla,

c) (Degisik:RG-10/11/2013-28817) Cevre ve sehircilik il miidiirliiklerinden gelen aylik raporlar
degerlendirmek, izin, tesis kapatma onay1 gibi her tiirlii bildirimi almak ve gerekli denetimleri yapmakla,

¢) Geri kazanim tesislerine (Degisik ibare:R.G-30/3/2010-27537)® cevre lisans1 vermekle,

d) Kota miiracaatlarim degerlendirerek, belirlenen kota oranlarinda iireticiler tarafindan OTL’lerin
taginmasini, geri kazanimini ve bertarafini saglatmakla,

e) Bu Yonetmelige aykirilik halinde gerekli cezanin uygulanmasini temin etmekle,

gorevli ve yetkilidir.

(Degisik ibare:RG-10/11/2013-28817) Cevre ve sehircilik il miidiirliiklerinin _gorev ve
yetkileri

MADDE 7 - (1) (Degisik ibare:RG-10/11/2013-28817) cevre ve sehircilik il miidiirliikleri;

a) Gegici depolama alanlarina bu Yonetmeligin 21 inci maddesi geregince izin vermek, izin
verilen alanlar1 Bakanliga bildirmek ve bu alanlar1 denetlemekle,

b) (Degisik:RG-11/03/2015-29292) Miicavir alan disinda, OTL iireticilerinin OTL’leri acik alanda
biriktirmesini 6nlemekle, bunlarin yetkili tasiyicilara teslim edilmesini saglatmakla,

c) (Degisik ibare:R.G-30/3/2010-27537)® Cevre lisans1 olmadan faaliyette bulunan geri kazanim
tesislerini Bakanliga bildirmekle, bu Yonetmelige aykir1 faaliyette bulunan isletmelere gerekli cezai
islemi uygulamakla,

¢) Gegici depolama alanlarindan alinacak aylik toplam stok bilgilerini Bakanliga gondermekle,

d) Geri kazanim ve bertaraf tesislerinde bu Yonetmelik hiikiimleri geregince denetim yapmakla,

e) (Miilga:RG-11/03/2015-29292)

gorevli ve yetkilidir.

Belediyelerce alinacak tedbirler

MADDE 8 - (1) Belediyeler;

a) OTL’leri, belediye kat1 atik depolama tesislerine kabul etmemekle,

b) Gegici depolama alanlar1 i¢in uygun yer bulunamamasi durumunda, gegici depolama alanlari
icin yer gostermekle,

¢) OTL’lerin toplanmasi ile ilgili olarak iireticilerin sorumlulugu ve program dahilinde,
gerektiginde iiretici ile isbirligi yaparak, ayri toplama yapmakla, halki bilgilendirmekle ve egitim
programlari diizenlemekle,

¢) Miicavir alan icinde OTL iireticilerinin agik alanda OTL biriktirmesini 6nlemekle,

d) (Degisik:RG-10/11/2013-28817) Denetimlerde, OTL’lerin yasal olmayan yollarla tasindiginin,
izinsiz gegici depolandiginin, ¢evre lisansi olmadan geri kazanildig1 ve bertaraf edildiginin tespiti halinde,
durumu tespit tutanagi ile ¢evre ve sehircilik il midiirliigiine bildirmekle.

Lastik iireticisinin yiikiimliiliikleri

MADDE 9 - (1) Lastik iireticileri;

a) Uretimde gevre kirlenmesini ve enerji tiiketimini azaltic1 dnlemler almakla,

b) Bu Yonetmeligin 18 inci maddesine gore EK-2’de yer alan kota miiracaat formunu doldurarak,
her y1l mart ay1 sonuna kadar Bakanliga kota miiracaatinda bulunmakla,

¢) Lastik kullanimi ve OTL’lerin diizenli toplanmas1 konusunda tiiketicinin bilgilendirilmesi igin
gerekli ¢aligmalart yapmakla, toplama faaliyetlerine kamuoyunun katilimimin arttirtlmasi igin lastik
tiiketicilerinin yiikiimliliiklerini de igeren dokiimanlari ve uyari isaretlerini lastik satis ve degistirme
noktalarinda bulundurmakla,

¢) Geri kazanilmas1 miimkiin olmayan OTL’leri bu Yonetmeligin 24 iincii maddesi dogrultusunda
bertaraf ettirmekle,

yiiktimlidiir.
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Kaplamacilarin yiikiimliiliikleri

MADDE 10 — (1) Kaplamacilar, lastiklerin can ve mal giivenligi a¢isindan iiretim ve kullaniminda
gerekli standardizasyonun saglanmasi icin ticari tasitlarin ve romorklarm havali lastiklerinin
kaplanmasinda 1/2/2006 tarihli ve 26067 sayilt Resmi Gazete’de yayimlanan Motorlu Araglar ve
Romorklar1 I¢in Kaplanmis Havali (Pndmatik) Lastiklerin Imalatinin Onay1 ile Tlgili Teknik
Diizenlemeye (R-108) Iliskin Teblig (No: SGM-2006/7) de belirtilen kurallara ve buna iliskin diger
teknik diizenlemelere uymakla ylikiimlidiirler.

(2) (Degisik:RG-11/03/2015-29292) Teknik agidan kaplamaya uygun bulunmayan lastik
karkaslari, yetkili tagiyicilar disinda higbir kisi veya kurulusa, hicbir amacla verilemez. Kaplama faaliyeti
esnasinda ortaya ¢ikan atiklar tiirlerine uygun olarak Dbertaraf ettirilmesi kaplamacilarin
yikiimliiligiindedir.

(3) Kaplamacilar, kaplanan ve/veya kaplanamayacak durumda olan lastik miktarlariyla ilgili
kayitlar1 tutar. Bu kayitlar EK-3’te yer alan kaplamaci miiracaat formu ile her yil subat ay1 sonuna kadar
Bakanliga bildirilir. Bakanlik gerekli durumlarda beyanlar1 yeminli mali miigsavirlere kontrol ettirebilir.
Bunun i¢in yapilacak harcamalar, ilgili firma tarafindan karsilanir. Tutulan kayitlar gerektiginde ibraz
edilmek {iizere {i¢ y1l boyunca muhafaza edilir.

Geri kazanmim tesislerini isletenlerin yiikiimliiliikleri

MADDE 11 — (1) Geri kazanim tesislerini isletenler;

a) Bakanliktan bu Yonetmeligin 22 nci maddesi geregince OTL geri kazamim (Degisik ibare:R.G-
30/3/2010-27537)) cevre lisansi almakla,

b) (Degisik:RG-11/03/2015-29292) Yetkili tasiyicilar ve wulusal atik tasima formuyla
getirilmeyen OTL’leri tesise kabul etmemekle,

c) Tesiste giris boliimii, kabul tinitesi, depolama alani bulundurmakla,

¢) Tesis i¢i depolama alanlarinda bu Yonetmeligin 16 nci maddesinde belirtilen sartlart
saglamakla,

d) Tesiste oda sicakliginda kirim yapiliyor ise i¢ ortam giiriiltiisiiniin 6dnlenmesi i¢in 23/12/2003
tarihli ve 25325 sayili Resmi Gazete’de yayimlanan Giiriiltii Yonetmeligi hiikiimleri geregince gerekli
onlemleri almakla, kirma islemleri sirasinda olusacak tozdan ¢alisanlarin ve ¢evrenin olumsuz
etkilenmesini 6nlemek icin 4/12/1973 tarihli ve 7/7583 sayili Bakanlar Kurulu Karari ile kararlastirilan
Isci Saglhig1 ve Is Giivenligi Tiiziigii geregince uygun nitelikte havalandirma ve filtre sistemleri kurmakla,

e) 26/12/2003 tarihli ve 25328 sayili Resmi Gazete’de yayimlanan Kimyasal Maddelerle
Calismalarda Saghik ve Giivenlik Onlemleri Hakkinda Y&netmelik hiikiimlerine uygun faaliyette
bulunmakla,

f) Geri kazanim veya bertarafi saglanan OTL miktarlari icin kayit tutmakla, aylik faaliyet raporunu
Bakanliga gondermekle,

yiikiimliidiirler.

Yetkili tasiyic1 yiikiimliiliikleri

MADDE 12 — (Bashg ile birlikte degisik:RG-11/03/2015-29292) (1) Omriinii tamamlamis
lastikleri tagtyan gergek ve tiizel kisiler;

a) Uretici adina lastik tasimak icin iireticilerle sozlesme yapmakla,

b) Araglarda bu Yonetmeligin 14 iincli maddesinde belirtilen teknik 6zellikleri saglamakla,

¢) Tasima islemlerinde bu Yonetmeligin 14 iincii maddesine goére ulusal atik tagima formu
kullanmakila,

yikiimlidiir.

Gegcici depo isletenlerin yiikiimliiliikleri

MADDE 13 — (1) Gegici depolama alan1 kuracak ve igletecek gercek ve tiizel kisiler;

a) Bu Yonetmeligin 15 inci ve 16 nc1 maddelerine uygun olarak gegici depolama alanlarini kurmak
ve igletmekle,

b) (Degisik:RG-10/11/2013-28817) Bu Yonetmeligin 21 inci maddesine gore gegici depolama
alan1 i¢in ¢evre ve sehircilik il miidiirliigiinden izin almakla,

¢) (Degisik:RG-11/03/2015-29292) OTL lerin yetkili tagtyicilar ile tasinmasini saglamakla,

¢) (Degisik:R.G-30/3/2010-27537)® OTL lerin, gevre lisansina sahip geri kazanim veya bertaraf
tesislerine gonderilmesini saglamakla,
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d) (Degisik:RG-10/11/2013-28817) Toplanan, geri kazanima ve bertarafa gonderilen OTL
miktarlar1 i¢in kayit tutmakla, bunlar1 her ay ¢evre ve sehircilik il miidiirliigiine rapor etmekle,
yiktmliidiirler.

UCUNCU BOLUM
Omriinii Tamamlams Lastiklerin Tasinmasi ile flgili Hiikiimler

Omriinii tamamlams lastiklerin tasimmasi

MADDE 14 — (Degisik:RG-11/03/2015-29292)

(1) Omriinii tamamlamis lastiklerin taginmasi karayolu tasimacilifina uygun araglarla yapilir.
Tasima araclarinin normal kasa ve ag veya branda ile kapatilmig olmasi, kasanin her iki yiizinde dikey
yiiksekligi en az 20 cm olan "Omriinii Tamamlamis Lastik Tagima Arac1" ifadesinin yer aldig1 sabit veya
seyyar uyari levhalarinin bulundurulmasi zorunludur. Araglarda 13/10/1983 tarihli ve 2918 sayili
Karayollar1 Trafik Kanunu geregince yangin séndiirme cihazlar1 bulundurulmasi gerekmektedir. Omriinii
tamamlamig lastiklerin taginmasinda Ulusal Atik Tasima Formu kullanilmasi zorunludur. UATF
kullanilmasinda 18/1/2013 tarihli ve 28532 sayili Resmi Gazete’de yayimlanarak yiirlirlige giren
Atiklarin Karayolunda Tasinmasina iliskin Teblig hiikiimleri uygulanir.

DORDUNCU BOLUM
Omriinii Tamamlams Lastiklerin Gecici Depolama Alanlari ile flgili Hiikiimler

Gegcici depolama alanlarimin yer se¢imi

MADDE 15 — (1) Gegici depolama alanlar1 asagida belirtilen kriterlere gore segilir:

a) Gegici depolama alanlari, taskin riskinin yiiksek oldugu bolgelerde, heyelan, deprem, ¢1g ve
erozyon bolgelerinde, yangin riski tasiyan alanlar ile tarim ve orman arazileri, meskun mahaller gibi
yerlerde kurulamaz.

b) Lastik yiginlar1 yiiksek gerilim hatlar1 altinda bulunamaz.

Gecici depolama alanlarimin teknik 6zellikleri ve isletme kosullari

MADDE 16 — (1) Gegici depolama alanlarinda asagidaki teknik ozellikler ve isletme kosullari
saglanir:

a) Bu alanlarin zemini, beton, sikigtirtlmis kil veya yangina meydan vermeyen buna benzer
maddelerle kaplanarak sizdirmazlik kosullari saglanir. Bu alanlarda yagmur suyu birikintilerinin
olugmasint onleyecek sekilde zemine sekil verilir ve depo cevresinde yagmur suyu drenaj kanallari
bulundurulur.

b) Sahada yangina kars1 gerekli tedbirler alinir. Depolanan lastiklerin toplam hacmi 2000 m3 i
gececek ise dakikada 2500 litre suyu 6 saat boyunca saglayabilecek bir su kaynagi hazirda bulundurulur.

c¢) Lastiklerin istiflenmesi ve depolanmasinda 4/12/1973 tarihli ve 7/7583 sayili Bakanlar Kurulu
Karari ile kararlastirilan isci Saghg ve Is Giivenligi Tiiziigiiniin ilgili hiikiimleri dogrultusunda uygulama
yapilir. Lastik yiginlart ile depolama sahasi sinir1 arasinda koruma hatti ve lastik yiginlart arasinda i¢
yangin yollar1 brrakilir.

¢) Ilgili belediyenin itfaiye miidiirliigiinden yangin tedbirlerinin yeterli olduguna dair belgenin
alinmasi zorunludur.

d) Sahanin etrafi en az 1,5 metre yiiksekliginde yap1 malzemesi ile ¢evrilir.

e) Elektrik, aydinlatma direkleri tesisat1 ve techizati ile topraklama ilgili mevzuata gore yapilir.
Yildirim tehlikesine kars1 TS 622°ye uygun bir paratoner sistemi kurulur.

f) idari binalar, arag¢ park alani, yanici malzemeler dahil her tiirlii yangina acik maddeler, lastik
yiginlarindan en az 60 metre uzaklikta olmalidir.

g) Sahada calisan biitiin motorlu araglarda yangin sondiirme cihazi bulunmalidir.

g) Tesise kabul edilen ve cikist yapilan OTL miktarlarmin tespiti i¢in kantar bulundurulmasi,
kayitlarin tutulmasi ve kayit tutulmasindan sorumlu en az bir teknik personelin tesiste bulundurulmasi
gereklidir.

h) Lastik yiginlariin {izeri ve ¢evresi, sivrisinek, fare gibi zararlilarin iirememesi igin diizenli
olarak ilaglanir.

1) Lastiklerin kapladig1 alanin en aza indirilmesi ve tasima kolayliginin saglanmasi amactyla bu
alanlarda gevre kirliligi yaratmayacak sekilde lastik kirma ve pargalama iiniteleri kurulabilir.
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i) Lastik yiginlarmin 300 metreden daha yakininda acik alanda ates yakilmasina ve 60 metreden
daha yakininda ise kaynak veya bagka 1s1 iireten cihazlarin ¢aligtirtlmasina izin verilmez.

BESINCi BOLUM
Kota Uygulamast ile Tlgili Hiikiimler

Kota uygulamasi ve sorumluluklar

MADDE 17 — (1) Bakanlik, OTL’lerin ¢evre ile uyumlu yénetiminin saglanmas1 amaciyla iiretici
sorumlulugu kapsaminda kota uygulamasini zorunlu kilar.

(2) Bu kapsamda {ireticiler, her y1l bir 6nceki yil i¢ piyasaya siiriilen lastik tonajin1 hesaba alarak
bu Yonetmeligin yiirtirlige girdigi ilk yil %30, ikinci y1l %35, iigiincti y1l %40, dordiincii y1l %45 ve
besinci y1l %50 devami yillarda ise Bakanligin ortalama lastik asinma oranini dikkate alarak belirleyecegi
oranlarda OTL’leri toplamak/toplatmak, toplanan miktarin geri kazanimini veya bertarafin1 saglatmak ve
bu islemleri Bakanliga belgelemekle yiikiimliidiirler. Bu amagla, bu Yonetmeligin 18 inci maddesine gore
Bakanliga basvuru yapilmasit zorunludur. Birinci yil kota degerine ulagilamamasi durumunda, iireticilerin
gerekgeleri Bakanlikga makul bulunursa, ulasilan reel toplama orani bir defaya mahsus olmak iizere kota
orani olarak kabul edilebilir.

(3) Lastik iireticisi, OTL’lerini alici ortama olan etkilerini asgariye indirebilmek amaciyla,
taginmasi, gecici depolanmasi, geri kazanimi ve bertaraf edilmelerine dair yilikiimliiliiklerini yerine
getirmesi ve bunlara yonelik gerekli harcamalarin karsilanmasi, egitim faaliyetlerinin gergeklestirilmesi
icin, Bakanligin koordinasyonunda bir araya gelerek kir amaci tagimayan tiizel kisilige haiz bir yap1
olusturabilirler. Bu yapiya kars1 yiikiimliiliiklerini yerine getiren ve harcamalara katilan kuruluslar tagima,
gecici depolama, geri kazanim ve bertaraf yiikiimliiliiklerini bu kurulusa devredebilirler. Bu yapiya dahil
olanlar kotanin tutturulmasindan sorumludurlar.

Kota uygulamasi izin basvurusu ve degerlendirilmesi

MADDE 18 — (1) Lastik iireticileri, EK-2’de yer alan Kota Uygulamasi Miiracaat Formunu
doldurarak her y1l mart ayinin son isgiinii bitimine kadar kota uygulamasi izni i¢in Bakanlifa miiracaat
ederler. Bakanlik gerektiginde ek bilgi ve belge isteyebilir. Bu Yonetmeligin 10 uncu maddesine gore
EK-3 kapsaminda kaplamaci tarafindan kaplanan lastik miktarimna iliskin bildirim, genel kota miktarindan
diisiiliir.

(2) Yukaridaki bilgi ve belgelerin yeterli bulmasi durumunda ilgili lastik ireticisine kota
uygulamasi i¢in izin verilir. Izin siiresi bir yildir. izin bagvuru siiresi disinda basvurulmasi halinde de aym
kota orani uygulanir. Bakanlik gerekli durumlarda izin bagvurusu beyanlarini yeminli mali miisavirlere
kontrol ettirebilir. Bunun i¢in yapilacak harcamalar ilgili firmalar tarafindan karsilanir.

(3) Kota uygulamasinda orijinal ekipman olarak verilen, ihra¢ edilen lastikler ve iiretim esnasinda
ortaya cikan 1skarta lastikler kota uygulamasi kapsaminda degerlendirilemez.

ALTINCI BOLUM
Omriinii Tamamlams Lastiklerin Tespiti ile ilgili Hiikiimler

Trafik denetimleri

MADDE 19 — (1) Kullanilan lastiklerin kullanim émriinii tamamlayip tamamlamadiginin tespiti,
trafik zabitas1 tarafindan rutin veya sok denetimlerinde lastiklerin dis derinliginin 6l¢iilmesi ve hasar
durumunun belirlenmesi ile yapilir. Buna iligkin uygulama ve yaptirimlarda 13/10/1983 tarihli ve 2918
sayili Karayollar1 Trafik Kanunu ve bagl diizenlemeleri esas alinir.

Muayene istasyonlar:

MADDE 20 — (1) Ara¢ muayene istasyonlarinda lastik dis derinligi ve hasar durumu tespiti
yapilir. Kullanilan lastigin 6mriinii tamamlamis lastik oldugunun tespiti halinde, can ve mal giivenliginin
saglanmasi amactyla bu lastigin siirticii tarafindan degistirilmesi saglanir.

YEDINCi BOLUM
(Degisik béliim baghgi:R.G-30/3/2010-27537)®

Gegici Depolama izni ve Cevre Lisans1 Ahnmasi ile ilgili Hiikiimler

Gegici depolama izni
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MADDE 21 — (Degisik:RG-10/11/2013-28817)

(1) Gegici depolama tesisi isletecek gercek veya tiizel kisiler, bu Yonetmeligin 13, 15 ve 16 nct
maddelerinde belirtilen hiikiimlere uygun olarak g¢evre ve sehircilik il midiirliiglinden izin almak
zorundadir. Bu Yonetmeligin 5 inci maddesinin birinci fikrasinin (f) bendinde belirtilen lastik
tamirhaneleri, kaplamacilar, perakende satis noktalari, oto sanayi ve benzeri isletmelerin OTL biriktirme
yerleri i¢in ¢gevre ve sehircilik il miidiirligiinden izin alma zorunlulugu bulunmamaktadir.

Cevre lisans1 alinmasi (Degisik bashk:R.G-30/3/2010-27537)"

MADDE 22 — (1) (Degisik:RG-30/3/2010-27537)® Mekanik kirmayla graniil kauguk, ¢elik ve
tekstilin ayristirildigy tesisler, proliz ve diger yontemlerle karbon siyahi ve aromatik yaglar elde eden
tesisler, rejenere kaucuk tesisleri ile benzeri tesislerin ¢evre lisanst almasi zorunludur. Cevre lisansi
almmasi islemlerinde Cevre Kanununca Alinmasi Gereken Izin ve Lisanslar Hakkinda Yénetmelik
hiikiimleri uygulanir. S6z konusu Yonetmeligin Ek-3 C sinde yer alan Teknik Uygunluk Raporunun
icerigi, bu Yonetmelik kapsaminda Bakanlik¢a yapilacak caligmalarla belirlenir.

(2) (Degisik:RG-30/3/2010-27537)® OTL’ler biitiin, kesilmis, dilimlenmis veya sikistirilmig
olarak, ses ve darbe absorbe etme 6zelligi nedeniyle otoyollarda ¢arpma bariyeri veya ses absorbisyon
duvari, limanlarda iskele takozu ve ayakkabi tabani gibi islemelerinde kullanilabilir. Bu gibi islemler i¢in
geri kazanim konulu ¢evre lisanst alma sart1 aranmaz.

(3) (Degisik:RG-10/11/2013-28817) Enerji geri kazanimi amagl uygulamalarda 6/10/2010 tarihli
ve 27721 sayil Resmi Gazete’de yayimlanan Atiklarin Yakilmasina Iliskin Yonetmelik esaslari
uygulanir.

Gecici depolama izni iptali

MADDE 23 — (Bashgx ile birlikte degisik:R.G-30/3/2010-27537)

(1) (Degisik fikra:RG-10/11/2013-28817) Cevre ve schircilik il miidirligince yapilan
denetimlerde depolama alanlarinin izne uygun olarak calistirilmadigi, mevzuatta istenen sartlarin yerine
getirilmediginin tespit edilmesi halinde isletmeye, tespit edilen aksakligin giderilmesi i¢in, aksakligin
Oonemine ve kaynagina gore iki ay ile alt1 ay arasinda siire verilir. Bu siire sonunda yapilan kontrollerde
aksakligin devam ettigi tespit edilirse, bu Yonetmeligin 25 inci maddesi hitkmii uygulanarak, isletmenin
gecici depolama izni iptal edilir. Aksaklig1 giderilen isletmenin yeniden gegici depolama izni alabilmesi
icin bu Yonetmeligin 21 inci maddesine gore cevre ve sehircilik il miidiirliigiine miiracaat etmesi
zorunludur.

SEKiZiNCi BOLUM
Cesitli ve Son Hiikiimler

Bertaraf

MADDE 24 — (1) Tehlikeli madde ve atiklarla kontamine olmus lastik ve lastik atiklari tiirlerine
uygun olarak Bakanliktan(Degisik ibare:R.G-30/3/2010-27537)® cevre lisans1 veya calisma onay1 almis
tesislerde bertaraf edilir.

Yonetmelige aykirithk

MADDE 25 — (1) Bu Yonetmelige aykirilik halinde 2872 sayili Cevre Kanunu’nun 15 inci
maddesi ile 20 nci maddesinin birinci fikrasinin (g), (r) ve (s) bentleri ve ayni Kanunun 23 iincii maddesi
dogrultusunda idari ve cezai yaptirimlar uygulanir.

Dahilde isleme rejimi

MADDE 26 -(1) Kaplamalik lastik karkaslarimin dahilde isleme rejimi kapsaminda
degerlendirilmesinde Dig Ticaret Miistesarlig1 diizenlemelerine uyulmasi zorunludur.

GECICi MADDE 1 — (Miilga:RG-10/11/2013-28817)

GECICi MADDE 2 — (Miilga:RG-10/11/2013-28817)

GECICi MADDE 3 — (Miilga:RG-10/11/2013-28817)

Yiiriirliik

MADDE 27 — (1) Bu Yonetmelik 1/1/2007 tarihinde yiiriirliige girer.

Yiiriitme

MADDE 28 — (Degisik:RG-10/11/2013-28817)

(1) Bu Yonetmelik hiikiimlerini Cevre ve Sehircilik Bakant yiiriitiir.

(1) Bu degisiklik 1/4/2010 tarihinde yiiriirliige girer.



109

Yonetmeligin Yayimlandigi Resmi Gazete’nin

Tarihi Sayis1
25/11/2006 26357

Yonetmelikte Degisiklik Yapan Yonetmeliklerin Yayimlandig1 Resmi Gazetelerin
Tarihi Sayisi
1. 30/3/2010 27537
2. 10/11/2013 28817
3. 11/03/2015 29292




Appendix B: Turkey Cement Factories

Cities

ADANA
ADIYAMAN

AFYONKARAHISAR
ANKARA

ANKARA

ANKARA

ANKARA

ANKARA

ANKARA

ANKARA
ANTALYA

AYDIN

BAKIRCAY

BALIKESIR
BARTIN

BILECIK

BITLIS / Tatvan
BOLU

BURDUR

BURSA
CANAKKALE / Ezine
CORUM

DENIZLI1

Turkey Cement Factories

Adana Cimento Sanayi T.A.S. (OYAK)

Cimko Cimento ve Beton Sanayi Ticaret A.S.

(Adiyaman Cimento Fabrikasi)

Afyon Cimento Sanayii T.A.S.

Bastas Cimento Sanayi A.S.

Limak Cimento San. ve Tic. A.S. (Ergazi/ Ankara Subesi)
Bolu Cimento Sanayi A.S. (Ankara Subesi)

Cimsa Cimento Sanayi ve Ticaret A.S. (Ankara Ogiitme Tesisi)
Limak Cimento San. ve Tic. A.S. Ankara Subesi
Votorantim Cimento EAA S.L.U . (Merkez Ofis)

LIMCIM Cimento Sanayi ve Ticaret A.S. (Merkez)
Adog¢im Cimento Beton San. ve Tic. A.S.

Batisoke Soke Cimento Sanayi T.A.S.

RECYDIA Atik Yonetimi Yenilenebilir Enerji Uretim Nak.
Loj.Hiz. San. ve Tic. A.§

Limak Cimento San. ve Tic. A.S. Balikesir Subesi

SANKO Bartin Cimento San. ve Tic. A.S.

San¢im Bilecik Cimento Madencilik Beton San.

Tic. A.S.

Limak Cimento San. ve Tic. A.S. (Bitlis Subesi)

Bolu Cimento Sanayi A.S.

AS Cimento San. ve Tic. A.S.

Bursa Cimento Fabrikast A.S.

Akgansa Cimento Sanayi ve Ticaret A.S.

Votorantim Cimento Sanayi ve Ticaret A.S. (Corum Fabrikast)

Denizli Cimento Sanayi T.A.S.



DIYARBAKIR / Ergani
EDIRNE
ELAZIG

ELAZIG

ERZINCAN
ERZURUM
ESKISEHIR
GAZIANTEP
GUMUSHANE
ISPARTA
ISKENDERUN
ISTANBUL
ISTANBUL / Altunizade
ISTANBUL / Altunizade
ISTANBUL / Biiyiikgekmece
ISTANBUL / Maslak
IZMIR

[ZMIR

K.MARAS

KAHRAMANMARAS

KARS

KAYSERI
KIRKLARELI
KOCAELI
KOCAELI / Gebze
KONYA
MANISA
MARDIN
MARDIN / Derik
MERSIN
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Limak Cimento San. ve Tic. A.S. (Ergani Subesi)

Cimentas Izmir Cimento Fabrikas1 Tiirk A.S.

SEZA CIMENTO — SYCS Insaat Cimento San.ve Tic. A.S.
RECYDIA Atik Yonetimi Yenilenebilir Enerji Uretim Nak.
Loj.Hiz. San. ve Tic. A.S Elazig Cimento Subesi

Askale Cimento Sanayi T.A.S. (Erzincan Ogiitme Tesisi)
Askale Cimento Sanayi T.A.S.

Cimsa Cimento Sanayi ve Ticaret A.S. (Eskisehir Cimento Fab.)
Limak Cimento San. ve Tic. A.S. (Gaziantep Subesi)
Askale Cimento Sanayi T.A.S. (Glimiigshane Fabrikasi)
Goltas Goller Bolgesi Cimento San. ve Tic. A.S.

Adana Cimento Sanayi T.A.S. (Iskenderun Ogiitme Tesisi)
Limak Bat1 Cimento San. ve Tic. A.S.

Akcansa Cimento Sanayi ve Ticaret A.S. (Merkez)

Cimsa Cimento Sanayi ve Ticaret A.S. (Merkez)

Akcansa Cimento Sanayi ve Ticaret A.S.

Adoc¢im Cimento Beton San. ve Tic. A.S. (Merkez)
Bati¢im Bati Anadolu Cimento Sanayi A.S.

Cimentas Izmir Cimento Fabrikas1 T.A.S.

Kahramanmaras Cimento Beton San.ve Isletmesi A.S.
Cimko Cimento ve Beton Sanayi Ticaret A.S.

(Narhh Cimento Fabrikasi)

Cimentas - Kars Cimento San. ve Tic. A.S.

Cimsa Cimento Sanayi ve Ticaret A.S. (Kayseri Cimento Fab.)
Limak Cimento San. ve Tic. A.S. Trakya Subesi

Nuh Cimento Sanayi A.S.

Aslan Cimento A.S.

Konya Cimento San. A.S.

Limak Ege Cimento San ve Tic.A.S.

Mardin Cimento Sanayii Ticaret A.S.

Limak Cimento San. ve Tic. A.S. (Mardin Subesi)

Medcem Madencilik ve Yap1 Malzemeleri A.$



MERSIN
MUS / Tasoluk Koyii Merkez

NEVSEHIR

NIGDE

ORDU
SAMSUN
SAMSUN / Ladik
SIIRT

SIVAS
SANLIURFA
TEKIRDAG
TOKAT / Artova
TRABZON
VAN / Edremit
YOZGAT

ZONGULDAK / Eregli
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Cimsa Cimento Sanayi ve Ticaret A.S. (Mersin Cimento Fab.)
YURTCIM/ Yurt Cimento San. Tic. ve A.S.

Votorantim Cimento Sanayi ve Ticaret A.S.

(Nevsehir Ogiitme Tesisi)

Cimsa Cimento Sanayi ve Ticaret A.S. (Nigde Cimento Fab.)
Unye Cimento Sanayi ve Tic. A.S.

Votorantim Cimento Sanayi ve Ticaret A.S. (Samsun Ogiitme Tes.)
Akcansa Cimento Sanayi ve Ticaret A.S. (Ladik)

Limak Cimento San. ve Tic. A.S. (Kurtalan Subesi)
Votorantim Cimento Sanayi ve Ticaret A.S. (Sivas Fabrikast)
Limak Cimento San. ve Tic. A.S. (Sanlurfa Subesi)

Adog¢im Cimento Beton San. ve Tic. A.S.

Adoc¢im Cimento Beton San. ve Tic. A.S.

Askale Cimento Sanayi T.A.S. (Trabzon Fabrikasi)

Askale Cimento Sanayi T.A.S. (Van Fabrikasi)

Votorantim Cimento Sanayi ve Ticaret A.S. (Yozgat Fabrikasi)

Bartin Cimento San. Tic. A.S. (SANKO Eregli Subesi)



Appendix C: Dealer Names and Their Coordinates for Ankara

DEALER NAME normx normy

METLAS OTOMOTIV 0,71577 0,72856
SECKIN OTO LASTIK 0,83198 0,66921
BULBUL KARDESLER OTOMOTIV 0,85536 0,62744
YASAR OTO LASTIK 0,5495 0,73891
OSMAN ZERMAN LASTIK 0,76587 0,3702

CEYLAN OTO LASTIK 0,50879 0,89911
SENKAL OTO LASTIK 0,43987 0,51538
YUKE LASTIK 0,44282 0,55602
PERFORMA JANT 0,44325 0,51575
TUNAHANLILAR OTOMOTIV 0,85792 0,63437
ZEKI ALTIN OTOMOTIV 0,85821 0,64179
ALTIN KARDESLER 0,82958 0,66812
CINAR LASTIK 0,82177 0,66064
MIR INSAAT 1 0,51491
ONDER OTO LASTIK 0,58974 0,80638
YONLAS 0,58911 0,80736
KURUCAYIRLI LASTIK 0,54909 0,73805
MMY OTOMOTIV 0,54588 0,74329
KIRAZLAR OTOMOTIV 0,61335 0,95393
LITSA TICARET 0,54616 0,88097
FATIH KOLLEKTIF STI. 0,45579 0,51962
ERCAN OTO LASTIK 0,43999 0,56074
EROL INSAAT 0,04028 0,79041
CANKAYA LASTIK VE AKSESUAR 0,83825 0,24909
HASAN GULPINAR - GOZDE OTO 0,87676 0,36962
KAPADOKYA OTO YIK.YAG.INS 0,94042 0,13804

MEHMET KARADEDE CANKAYA LASTIK 0,78379 0,19125
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UNIVERSAL YAYINCILIK

ESLAS OTOMOTIV INSAAT ...

OMER POYRAZ OTOMOTIV

TPL OTOMOTIV

HASAN GULPINAR GOZDE O...

NACI BAKIR OTO.MAMUL.G...
SENTURKLER LASTIK

DONMEZLER MOT ARAC YED...

CINICI KARDESLER OTOM ...

MODA JANT LASTIK

CIFTCI TICARET SUBE ME...

GOKLAS OTO.SAN.TIC.LTD.STI.

MUSTAFA SAATCI OTOMOTI...

EKIN TRAKTOR

KOLPAS OTOMOTIV PAZ. VE TIC. A.S.
ALTINISIK LASTIKCILIK

GULER KARDESLER OTOMOT...

ENERJILAS ENERJI OTO LAS SERV.SAN.
BILAL YUKSEL OTOMOTIV

DERLAS OTOMOTIV

MUSTAFA SAATCI OSTIM SUBE

BAKIR OTOMOTIV MUSLUM BAKIR

ADEM GUDEN - VEYSEL TICARET

EGEMEN OTAN

KOCAK LASTIK OTOMOTIV SUBE
KARSLIOGLU MOBIL TUR N...

POLER OTOMOTIV SAN. TiC. LTD. STI.
SANIBEY OTOM. LASTIK SAN. TiC. LTD. STI.
ISMET SIMSEK OTOM. LASTIK INS. TURZ. MAK.
KESKIN OTOM. TAS. INS. TiC. VE TUR. LTD. STI.

CAGLAR OTO LASTIK JANT VE OTOM. SAN. TiC. LTD. STI.

ADALI LASTIK OTO SAN. TiC. VE TiC. LTD. STI.

0,8599

0,76638
0,7431

0,72726
0,75451
0,83996
0,75028
0,85413
0,82115
0,9589

0,82269
0,81663
0,82725
0,81405
0,62018
0,58958
0,61297
0,56411
0,45195
0,53201
0,82725
0,24011
0,59695
0,33175
0,43878
0,22436
0,05427
0,55533
0,59891
0,44047
0,43475
0,5715

0,03599
0,3137

0,2605

0,31642
0,47021
0,57528
0,00457
0,63067
0,62373
0,68442
0,66328
0,66113
0,67242
0,65812
0,68576
0,67547
0,73309
0,71819
0,49809
0,77844
0,67242
0,73487
0,95283
0,23664
0,52401
0,06257
0,81842
0,7636

0,95448
0,5446

0,56472
0,78223
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EKOL GIDA ENDUSTRISI VE AKARYAKIT TECH. SAN. TiC.
LTD. STI.

CINAR LASTIK

B&S LASTIK

HK OTO LASTIK

NACI BAKIR OTO. MAM. GID. MAD. TiC. SAN. A.S.
ABDULLAH OZDOGAN TiC.OT.TUR.TEK
INS.NAK.MAK.SAN.ITH.IHR.TIC.LTD.STi

ANKARA MODEL MAGAZA

ANKARA PARK OTOMOTIV TURIZM GIDA SANAYI VE
TIC.LTD.STI.

AYDIN LASTIK SAT.SER.HiZ.LTD.STI.

BAKIRLAR OTOMOTIV SANAYI VE TiC. LTD.STI.
BAKIRLAR OTOMOTIV SANAYI VE TIC. LTD.STI.
BILGINLER TURIZM INSAAT VE TICARET A.S
CENGIZLER OTO LAS.P.INS.TUR.N.T. EMLAK.ITH VE
[HR.SAN.TIC.LTD.STI.

DURKUTLAR OTOM LAS SAN VE TiC LTD STi
DURKUTLAR OTOM LAS SAN VE TIC. LTD STi
DURKUTLAR OTOM LAS SAN VE TIC. LTD STi

ERTAN LASTIK HURDA.TUR.INS.OTO.SAN. VE TIC.LTD.STI

FATIH YILMAZ INSAAT OTOMOTIV SAN. VE TiC.LTD.STI.
FATIH YILMAZ-YILMAZ OTO LASTIK JANT

GURLAS OTO LAS.SAN VE TiC LTD.STI.

KAR CAR OTO TURIZM ANONIM SIRKETI

KARDESLER ULASIM JANT MOT.ARAC. VE
SERV.HIZM.TIC.LTD.STI.

KIRAZLAR OTOMOTIV INSAAT PETROL SAN.VE
TIC.LTD.STI.

MENEKSE LASTIK OTOM.INS.TUZ.NAK. PETROL SAN.VE
TIC.LTD.STL

MFA OTOMOTIV GID.SAN. VE TiC. LTD.STI.

0,58749
0,82177
0,82106
0,76331
0,84479

0,59784
0,43455

0,876

0,55842
0,81849
0,81849
0,58213

0,24486
0,85192
0,46207
0,77035
0,86142
0,55143
0,59429
0,93928
0,74268

0,55445

0,6282

0,59213
0,63132

0,80088
0,66064
0,66065
0,0469

0,56989

0,95349
0,55791

0,51207
0,77006
0,66173
0,66173
0,48946

0,60794
0,61855
0,59932
0,66356
0,6388

0,94171
0,94798
0,6883

0,28399

0,73812

0,94743

0,95224
0,34652
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NUH GUNGOR OTO.INS.IC VE DIS TiC.LTD.STI

ORTADOGU LASTIK LTD. STI.

OZCANLAR LASTIK SAN.VE TiC LTD.STI.

OZCANLAR LASTIK SAN.VE TiC LTD.STI.

OZCANLAR LASTIiK SAN.VE TiC LTD.STI.

OZCANLAR LASTIK SAN.VE TiC LTD.STI.

OZDEMIR KARDESLER ROT BALANS VE LASTIK SATISI
ADEM OZDEMIR

OZDEMIR KARDESLER ROT BALANS VE LASTIK SATISI
ADEM OZDEMIR

OZER GRUP OTOMOTIV LASTIKLERI SAN.TiC.LTD.STI.
OZKAL OTO LASTIK YEDEK PARCA INS.NAK.VE GIDA SAN
TIC LTD STi

PROLAS OTOM.NAK.HIRDAVAT SAN. VE TICARET LTD.STI.
PROLAS OTOM.NAK.HIRDAVAT SAN. VE TICARET LTD.STI.
PROLAS OTOM.NAK.HIRDAVAT SAN. VE TICARET LTD.STI.

PROLAS OTOM.NAK.HIRDAVAT SAN. VE TICARET LTD.STI.

SAMET AYDOGDU OTOMOTIV INS.TAAH.
TEKS.MAK.GI.PET.S.VE T.L.S

SAYILDI OTO LASTIK SANAYI TICARET LIMITED SIRKETI
SENTURK TIC.OTOM.MADENI YAG.AKR. INS.GIDA
SAN.LTD.STI.

SERBETCI OTOM.SAN.VE TIC.LTD.STI.

TEKIN OTOMOTIV LASTIK SAN. TiC. LTD.STI

TURAN LASTIK OTOM.DANISMANLIK INS. GIDA SAN.VE
TIC.LTD.STI.

UCA OTOM LASTIK INS.ELEKT.SAN.TIC. LTD.STI..
YAMAN OTO LASTIK TiC.LTD.STI.

Z LASTIK MAKINE INSAAT iTHALAT {HR. SAN.VE
TIC.LTD.STI.

0,81229
0,74816
0,72606
0,38752
0,50404
0,56563

0,58286

0,4335
0,27271

0,76215
0,84718
0,21688
0,38087
0,38553

0,39018
0,04086

0
0,96624
0,82917

0,70569
0,71402

0,83255

0,57696

0,43085
0

0,36553
0,65855
0,75486
0,73132

0,62707
0,24725

0,27258
0,60881
0,01214
0,82213
0,91855

0,66188
0,7876

0,74694
0,68382
0,66989

0,43857
0,72948

0,60277

0,80989



Appendix D: Matlab Code

clear

clc

data=xIsread('Dataat’,'Sayfal’,'B3:D109";

k=50;

[A,C,SSE, ~]=kmeans(data,k, Replicates’,300,'emptyaction’,'drop");

raw_data=xlsread('Dataat’,'Sayfa2','B3:0109’);



Appendix E: MTZ Model Five Cluster Code Examples And Their Results

Sets
i cities

/IAB,C,1,2,3,45,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,3
0,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,5
8,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,8
6,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107 /

S1(i) /A,51,53,93,96/
alias(i,j);

table d(i,j) distance matrix
$include "C:\Users\DINC\Desktop\Ankara uygulama\Rotalama\totalmatrix.txt";
binary variable

x(i,j) ;

positive variable

u(i) ;

variable

Z,

equations

objective objective function

assignl(j) assignmentl
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assign2(i) assignement2

subtourl

subtour2(i)

subtour3(i)

subtour4(i,j) ;

objective.. z =e= sum((i,j), d(i,j)*x(i,))) ;
assign1(S1(j)).. sum(is(S1(i)),x(i,j)) =e=1 ;
assign2(S1(i)).. sum($(S1()).x(i,j))) =e=1 ;
subtourl.. u('A") =e=1;
subtour2(i)$(ord(i)>3).. u(i) =g=2 ;
subtour3(i)$(ord(i)>3).. u(i) =I=5 ;
subtour4(i,j)$(ord(i)>3 and ord(j)>3).. u(i)-u(j)+1 =1=5*(1-x(i,j)) ;
Model MTZfivecluster /all/

mods /all/;

mods.optFile=1;

Option

reslim = 600

optcr=0.00

optca=0.00

Solve MTZfivecluster using MIP minimizing z ;

display x.I, z.I ;
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General Algebraic Modeling System

Execution

---- 161 VARIABLE x.L

A 1.000

51 1.000

53 1.000

93 1.000

96 1.000

---- 161 VARIABLE z.L = 343.110

EXECUTION TIME = 0.047 SECONDS 5 Mb WEX239-239 Nov 9, 2012
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Sets
i cities

/IAB,C,1,2,3,45,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,3
0,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,5
8,99,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,8
6,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107 /

S1(i) /B,51,53,93,96/

alias(i,});

table d(i,j) distance matrix

$include "C:\Users\DINC\Desktop\Ankara uygulama\Rotalama\totalmatrix.txt";

binary variable

x(i.j) ;

positive variable

u(i) ;

variable

Z,

equations

objective objective function
assignl1(j) assignmentl
assign2(i) assignement2

subtourl
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subtour2(i)
subtour3(i)

subtour4(i,j) ;

objective.. z =e= sum((i,j), d(i,j)*x(i,))) ;
assign1(S1(j)).. sum(is(S1(i)),x(i,))) =e=1 ;
assign2(S1(i)).. sum($(S1()).x(i,j)) =e=1 ;
subtourl.. u('B") =e=1;

subtour2(i)$(ord(i)>3).. u(i) =g=2 ;
subtour3(i)$(ord(i)>3).. u(i) =I=5 ;
subtour4(i,j)$(ord(i)>3 and ord(j)>3).. u(i)-u(j)+1 =1=5*(1-x(i,j)) ;
Model MTZfivecluster /all/

mods /all/;

mods.optFile=1;

Option

reslim = 600

optcr=0.00

optca=0.00

Solve MTZfivecluster using MIP minimizing z ;

display x.1, z.I ;
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General Algebraic Modeling System

Execution

---- 161 VARIABLE x.L

B 1.000

51 1.000

53 1.000

93 1.000

96 1.000

---- 161 VARIABLE z.L = 138.640

EXECUTION TIME = 0.047 SECONDS 5 Mb WEX239-239 Nov 9, 2012
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Sets
i cities

/IAB,C,1,2,3,45,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,3
0,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,5
8,99,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,8
6,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107 /

S1(i) /C,51,53,93,96/

alias(i,});

table d(i,j) distance matrix

$include "C:\Users\DINC\Desktop\Ankara uygulama\Rotalama\totalmatrix.txt";

binary variable

x(i.j) ;

positive variable

u(i) ;

variable

Z,

equations

objective objective function
assignl1(j) assignmentl
assign2(i) assignement2

subtourl
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subtour2(i)

subtour3(i)

subtour4(i,j) ;

objective.. z =e= sum((i,j), d(i,j)*x(i,})) ;
assign1(S1(j)).. sum(i$(S1(i)),x(i,))) =e=1 ;
assign2(S1(i)).. sum(G$(S1()).x(i,j)) =e=1 ;
subtourl.. u('C") =e=1;

subtour2(i)$(ord(i)>3).. u(i) =g=2 ;
subtour3(i)$(ord(i)>3).. u(i) =I=5 ;
subtour4(i,j)$(ord(i)>3 and ord(j)>3).. u(i)-u(j)+1 =1=5*(1-x(i,j)) ;
Model MTZfivecluster /all/

mods /all/;

mods.optFile=1;

Option

reslim = 600

optcr=0.00

optca=0.00

Solve MTZfivecluster using MIP minimizing z ;

display x.1, z.I ;
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General Algebraic Modeling System

Execution

---- 161 VARIABLE x.L

C 1.000

51 1.000

53 1.000

93 1.000

96 1.000

---- 161 VARIABLE z.L = 242530

EXECUTION TIME = 0.047 SECONDS 5 Mb WEX239-239 Nov 9, 2012



Appendix F: Model Code And Outputs With 5 Clusters

Sets

I contractor firms /A,B,C/

Jj cement factories /1,2,3/

r routes for accumulation points /1*5/ ;
table Rdist(i,r)

$include  "C:\Users\DINC\Desktop\Ankara
icin\SKMEANSTABLO.txt";

table Fdist(j,i)

$include  "C:\Users\DINC\Desktop\Ankara
icin\FDIST .txt";

Parameter Dem(j)
/

$include  "C:\Users\DINC\Desktop\Ankara
icin\DEMAND.txt";

/
Parameter Ava(r)
/

$include  "C:\Users\DINC\Desktop\Ankara
icin\AVAR.txt";

uygulama\s

uygulama\s

uygulama\s

uygulama\s

kiimeli

kiimeli

kiimeli

kimeli

k-means\5li

k-means\5li

k-means\5li

k-means\sli



Parameter Tvarcost /0.35/
Parameter Tdistcost /2 /

Parameter Truckcap /12/;

Positive variables

Cx(i,r)

Fx(i) ;

Integer Variables
NumofTravelRoute(i,r)
NumofTravelFactory(i,j)
NumofTravelRoute.up(i,r) = 1000 ;
NumofTravelFactory.up(i,j) = 1000 ;
Variable

Z,

Equations

Obijective

DemandCons(j)

RouteCons(r)

BalanceCons(i)

Countl(i,r)

Count2(i,j)

128
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Percentage
Weekly(r)

Objective.. z  =e=  sum((i,r), Cx(i,r)*Tvarcost*Rdist(i,r)) +  sum((i,)),
Fx(i,j)*Tvarcost*Fdist(j,i)) + sum((i,r), NumofTravelRoute(i,r)*Tdistcost*Rdist(i,r)) +
sum((i,j), NumofTravelFactory(i,j)* Tdistcost*Fdist(j,i)) ;

DemandCons(j).. sum(i,Fx(i,j)) =g= Dem(j) ;
RouteCons(r).. sum(i,Cx(i,r)) =I= Ava(r) ;

BalanceCons(i).. sum(j, Fx(i,j)) =I= sum(r, Cx(i,r)) ;
Count1(i,r).. Cx(i,r) =I= NumofTravelRoute(i,r)* Truckcap ;
Count2(i,j).. Fx(i,J) =I= NumofTravelFactory(i,j)*Truckcap ;
Percentage.. sum((i,r), Cx(i,r)) =g= sum(r,Ava(r))*0.8 ;
Weekly(r).. sum(i,NumofTravelRoute(i,r)) =g= 52 ;

Model fivecluster /all/

mods /all/;

mods.optFile=1;

Option

optcr=0.00

optca=0.00

Solve fivecluster using mip minimizing z ;

display Cx.I, Fx.I, NumofTravelRoute.l, NumofTravelFactory.l, z. ;
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General Algebraic Modeling System

Execution

---- 104 VARIABLE Cx.L

A 7776.000 6972.000
B 622.800 900.000
C 3732.000

---- 104 VARIABLE Fx.L

1 2 3
A 8200.000 3948.000
B 1270.800 252.000

C 3729.200
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---- 104 VARIABLE NumofTravelRoute.L

1 2 3 4 5
A 648.000 581.000
B 52.000 75.000
C 311.000

---- 104 VARIABLE NumofTravelFactory.L

1 2 3
A 684.000 329.000
B 106.000  21.000
C 311.000
---- 104 VARIABLE z.L = 421630.70
EXECUTION TIME = 0.000 SECONDS

3 Mb WEX239-239 Nov 9, 201



Appendix G: Optimal Model Code And Outputs With 30 Clusters

Sets

I contractor firms /A,B,C/

Jj cement factories /1,2,3/

r routes for accumulation points /1*30/ ;
table Rdist(i,r)

$include "C:\Users\DINC\Desktop\Ankara
icin\30KMEANSTABLO.txt";

table Fdist(j,i)

$include "C:\Users\DINC\Desktop\Ankara
igin\FDIST.txt";

Parameter Dem(j)
/

$include "C:\Users\DINC\Desktop\Ankara
icin\DEMAND.txt";

/
Parameter Ava(r)
/

$include "C:\Users\DINC\Desktop\Ankara
icin\AVAR.txt";

uygulama\30  kiimeli

uygulama\30  kiimeli

uygulama\30  kiimeli

uygulama\30  kiimeli

k-means\30lu

k-means\30lu

k-means\30lu

k-means\30lu
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Parameter Tvarcost /0.35/
Parameter Tdistcost /2 /

Parameter Truckcap /12/;

Positive variables

Cx(i,r)

Fx(i) ;

Integer Variables
NumofTravelRoute(i,r)
NumofTravelFactory(i,j)
NumofTravelRoute.up(i,r) = 1000 ;
NumofTravelFactory.up(i,j) = 1000 ;
Variable

Z,

Equations

Obijective

DemandCons(j)

RouteCons(r)

BalanceCons(i)

Countl(i,r)

Count2(i,j)
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Percentage
Weekly(r)

Objective.. ~z  =e=  sum((i,r),  Cx(i,r)*Tvarcost*Rdist(i,r)) +  sum((i,)),
Fx(i,j)*Tvarcost*Fdist(j,i)) + sum((i,r), NumofTravelRoute(i,r)*Tdistcost*Rdist(i,r)) +
sum((i,j), NumofTravelFactory(i,j)* Tdistcost*Fdist(j,i)) ;

DemandCons(j).. sum(i,Fx(i,j)) =g= Dem(j) ;
RouteCons(r).. sum(i,Cx(i,r)) =I= Ava(r) ;

BalanceCons(i).. sum(j, Fx(i,j)) =I= sum(r, Cx(i,r)) ;
Count1(i,r).. Cx(i,r) =I= NumofTravelRoute(i,r)* Truckcap ;
Count2(i,j).. Fx(i,J) =I= NumofTravelFactory(i,j)*Truckcap ;
Percentage.. sum((i,r), Cx(i,r)) =g= sum(r,Ava(r))*0.8 ;
Weekly(r).. sum(i,NumofTravelRoute(i,r)) =g= 52 ;

Model thirtycluster /all/

mods /all/;

mods.optFile=1;

Option

optcr=0.00

optca=0.00

Solve thirtycluster using mip minimizing z ;

display Cx.I, Fx.I, NumofTravelRoute.l, NumofTravelFactory.l, z. ;
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General Algebraic Modeling System

Execution

---- 127 VARIABLE Cx.L

A 668.660 3336.000 573.890

B 252.720

C 616.450 1389.960
+ 7 8 9 10 11 12

A 624.000 215.870

B 447.530 242.190

C 168.480 452.790

A 1104.000 624.000 624.000

B 624.000

C 210.600 689.720



A 2184.000
B 267.330 452.790
C 1260.000

A 1248.000 184.280  1.462

B 624.000

---- 127 VARIABLE Fx.L

1 2 3
A 8200.000 996.000
B 212.000 3204.000
C 4788.000

136

24 25

410.670

505.440

---- 127 VARIABLE NumofTravelRoute.L
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1 2 3 4 5 6
56.000 278.000 52.000
52.000
52.000 116.000
7 8 9 10 11 12

52.000

13

92.000

19

52.000

52.000
52.000

52.000 52.000
14 15 16 17 18
52.000 52.000 52.000

52.000

52.000

20 21 22 23 24

182.000

52.000 52.000 52.000
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C 58.000 105.000

A 52000 52.000 104.000 52.000 52.000

B 52.000

---- 127 VARIABLE NumofTravelFactory.L

1 2 3
A 684.000 83.000
B 18.000 267.000
C 399.000
---- 127 VARIABLE z.L = 209904.128

EXECUTION TIME = 0.000 SECONDS 3 Mb WEX239-239 Nov 9, 2012
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