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Abstract

Waste management is one of the most crucial topics of
the sustainability concept. In Turkey, waste management
of the small household appliances under waste of
electrical and electronic equipment (WEEE) category still
remains as an issue to handle although its production is
very large and long-established. The main reason is that
many of the household appliances’ wastes are not
properly treated in waste management process despite
the fact that Turkey has recovery and collection
targets. This outboard of wastes non-treated in an
environmentally friendly way, such as recycling or reuse,
gives rise to environmental damage. The aim of this paper
is to integrate a system dynamics and fuzzy cognitive
mapping model in order to evaluate and develop recovery
options of small household appliances’ wastes which are
not treated according to the regulations in Turkey.
The first part of the proposed model is to build a system
dynamics model by developing recovery options for small
household appliances’ waste management while the
second part is to evaluate the relations between
supporting factors of recovery options by using Fuzzy
Cognitive Mapping.

Keywords: WEEE, fuzzy cognitive mapping, system
dynamics,  small household  appliances,  waste
management.

1. Introduction

Waste Electrical and Electronic Equipment (WEEE), also
called as e-waste, is one of the most crucial and rapidly
growing issues in the world based on international trends.
The waste amount, including typical wastes and EEE
wastes, continues to increase as a result of the growth in
population, and the over production and consumption
(Takiguchi, 2016). It is stated that European Union
generates e-waste even faster, at a rate of 3-5% per year,
compared to other solid wastes (Pariatamby and Victor,
2013).

WEEE can be defined as an electrically operated device
that no longer satisfies the user or manufacturer
for a specific purpose (Sinha-Khetriwal et al., 2005).
The possible treatment ways of WEEE are reuse, recycling,

landfill, incineration with energy recovery, etc. However
most of the time companies do not follow those
treatments and seek the low-cost and non-suitable ways
of getting rid of their waste. Generally, e-wastes which are
not reusable/recyclable, are mixed with reusable/
recyclable e-wastes in order to be sent to the least
developed countries despite the fact that international
laws and regulations do not allow mixing e-waste, which is
moved internationally. This is both an illegal and
non-environmental action. Therefore, it is crucial to apply
the waste treatment policies defined by the regulations.

Electrical and electronic equipment sales are increasing
day by day following to the popular technological trends
in Turkey. High amount of sales means decreases in raw
materials and increase in the waste amount, where both
cases threaten the environment directly. Environmental
directions for EEE are published in Turkey in 2012 to avoid
harm to the environment by encouraging recovery
options such as recycling or reusing of WEEE (URL1).
According to the regulation, companies which are the
main actors at the WEEE management factor, should get
approval from the Government, directly from the Ministry
of Environment and Urbanization, in order to conduct
those waste’s recovery and transportation activities
(URL2). The ministry gives license for collecting,
separating and reusing/recycling those e-wastes according
to their categories (Oztiirk, 2015). At the regulation, WEEE
is classified under different categories and one of them is
small household appliances produced by white goods
manufacturers.

The aim of the study is to propose an integrated system
dynamics and fuzzy cognitive mapping approach for
minimizing the waste of small household appliances
produced in Turkey that are sent to landfill areas without
recycling, and to understand the relationship between
factors, modelled using system dynamics, via Fuzzy
Cognitive Mapping approach.

System dynamics helps us understanding a system and
improving its operations management. System dynamics
modelling is widely used in the literature for simulation
purposes in different sectors and working fields. In the
production area, system dynamics is used by Greasley to
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provide a discrete-event simulation method (2005). Lee
et al. proposed a system dynamics approach based on
functional dynamics to evaluate product-service systems
(2015). Botha et al. used system dynamics modeling to
compare three inventory management methods for
theoretical and actual, daily data set by comparing the
parameters of stock target settings (2017). In the field of
finance management, Nair and Rodrigues explained
financial parameters during production expansion by
using system dynamics (2013). On the other hand, in
management area, Barnabé suggested a balanced
scorecard method based on system dynamics to evaluate
strategic decision making (2011). In the education field,
Pedamallu et al. (2010) applied a system dynamics model
to evaluate educational infrastructure based on the
quality of primary school of a developing country.
In health area, Devi et al. (2010) studied system dynamics
modeling for the waiting list of corneal transplants
patients, and Al-Khatib et al. suggested a more
understandable and sophisticated simulation method for
hospital waste management by using system dynamics
model (2016). Aside from many areas, system dynamics
models can be proposed about WEEE as well. Ghisolfi
et al. presented a system dynamics model to investigate
legal bargaining power and incentives for the waste
pickers of desktops and laptops measured by the volume
of wastes (2016) however there are no studies in the
literature about the WEEE management regulations and
recovery target levels.

Fuzzy cognitive maps (FCMs) are graphical explanations
for causal relationships given by Kosko in 1986. FCMs are
preferred as a simulation methodology in terms of
flexibility and fuzzy reasoning and also abstraction
(Parsopoulos et al., 2003). As simplicity of modelling and
easiness of the methodology FCMs have several
advantages to be used. FCM models are being used in
different study areas such as military, history, medicine,
engineering, etc. (Stach et al., 2005)

There are only a few studies in literature which used FCMs
in waste management (Buruzs et al., 2014; Hatwagner
et al., 2014; Papageorgiou et al., 2017) however none of
them is applied on WEEE management.

There exist studies about WEEE in Turkey but again, there
is none focusing on waste management of small
household appliances by using a system dynamics and
fuzzy cognitive mapping models. This study will fill the
gaps in the literature, and facilitate the understanding of
the concept of environmental sustainability and related
factors of small household appliances waste management
in Turkey.

2. Materials and methods

2.1. System dynamics modelling

As a definition, system dynamics makes possible to
understand and improve system thinking and operations
management systems. Forrester (1994) studied system
dynamics to develop a new perspective for system
concept and production management. The first
consideration is to cope up with real life cases
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consequently. The mathematical approach of the system,
the system behavior due to time changes, consideration
of other scenarios, and selection of the best technique
constitute the system dynamics all together. The input
data for this study’s system dynamics model is Turkey’s
targets for recovery options and the small household
appliance amount. The main aim of this model is
increasing recovery options preference, such as recycling
or reusing, in case of WEEE management. Anylogic, a
simulation software, is used to conduct this system
dynamics model with zero error (URL4).

In order to observe the system behavior in our study, we
need to model the system including the whole supply
chain operations. The first part of the supply chain is the
supply of the raw materials’ starting the manufacturing
operations. For this model, three suppliers are selected as
an example. These suppliers are shown by “stock
variables”, which is a presentation form at the system
dynamics model. As for defining the production process in
the model, the real data was insufficient so that the total
amount of small household appliances sold in Turkey and
target values of the current regulation are considered.
To reach the customer, three sub-distributors are
connected under the main distributor. Finally for the
waste generation, it is considered that customers might
give up on their appliances when they are old or if they
are broken down. The waste is collected either at
municipality’s facilities or collection centers. It is also
important to create public awareness for the waste
management via municipality’s campaigns.

In this model, there are three additional effects that are
used. These effects are assumed as constant numbers,
and while running the model, it is seen that they have a
positive and enhancing effect on waste collection amount
and recovery options.

These effects are explained as follows:

1. Campaign Effect: This effect reflects the “bring
the old equipment and take the new one with a
reduction”  situation, which means that
consumers can pay a lower price for a new
appliance. From the producers’ point of view, it
means reaching the governmental target by
collecting  appliances directly from the
consumers.

2. Company Effect: This is the effect that provides
the company, government support if they
encourage recycling and recycling centers.

3. Municipality Campaign Effect: Consumers
sometimes do not prefer to bring their old small
household appliances to companies or private
recycling centers. In other words, they can bring
their appliances to municipality recycling centers.
Municipalities can create public awareness with
campaigns about environmental protection.

The system dynamics simulation using stock variables,
which indicate the place or item being accumulated and
Production flow which expresses the change in the stock
variable, can be seen in the Figure 1.
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Figure 1. System dynamics model of small household appliances’
waste management in Turkey (Konyalioglu & Bereketli
Zafeirakopoulos, 2018)

2.2. Fuzzy cognitive mapping

Fuzzy cognitive mapping is a very useful approach to
evaluate and interpret the relationship between the
factors. The connections interpreted between the factors
explain the cognitive models under a system (Coban et al.,
2006). Cognitive maps generally include two main parts
which are casual beliefs and concepts. Relationship
between the variables may be negative or positive which
indicates the direction of the change of the effect on the
variable (Leon et al., 2014). The concept of fuzzy cognitive
maps is similar to neural networks (NN). One may
conclude that the factor’s outputs are working as neurons.

To introduce fuzzy cognitive map (FCM), the first step is to
decide the relations between factors as well as the arrows
in directions. Fuzzy cognitive maps are like graphs which
all have their adjacent matrices indicated as W.

The adjacent matrix of the FCM indicates the effecting
factors between the variables. There exist three main
types of variables which are transmitter, receiver and
ordinary variables in FCM and these variable types can be
explained in terms of outdegree (od) and indegree (id)
values. The definitions can respectively be given as the
outdegree (od) which is the sum of rows of a variable (vi)
and the indegree value which is the sum of columns of a
variable (vi), and it indicates respectively the power of
leaving and coming variable aj; by remarking that the
transmitter variables have to obtain a zero of outdegree
(eq. 1) and indegree (eq. 2). Transmitter variables can
have a positive outdegree while receiver variables have a
positive indegree. Ordinary variables can have either zero
indegree or zero outdegree. Outdegree value represents
the cumulative strength of connections, indicated as aj;, of
the leaving variable while indegree value expresses the
strength of entering variables, given that there exist a
total number of N variables (Ozesmi and Ozesmi, 2004).

od(v,):ZN:a_,, (1)

The value of each factor/concept is affected by the factors
which are connected with weights and the previous value.
An FCM includes nodes or concepts, donated as C,
I = 1,2,3...N, where N is the total number of nodes C.
Generally a concept or node is defined as a constraint or
driver (Kok, 2009). The values given in the equation 3
indicate that Ai:1 values can be defined as the activation
level of the concept/node C; at the time i and the W are
the weights of the interconnection from the concept G at
time step t to the concept C. Also, Wj; measures the
strength of the casual linkage from the node Ci to the
node G. In FCM, the direction of causality expresses if the
node G causes the node ( (Papageorgiou and
Kontogianni, 2012)

Wi can have different values according to the causality
situations.

o If Wj; > 0, there is a positive causality between
the nodes Gi and C;, which means an increase in
the node Cicauses an increase in the node C,.

e If Wj < 0, there is a negative causality between
the nodes Ci and C;, which means an increase in
the node Ci causes a decrease in the node C;.

e If Wj =0, there is not any causality between the
nodes Ciand G

e Connections or linkages between concepts Ci1
and C; define the influence from the concept Ci to
the concept Ci:1. Each concept is just based on
the influence of interrelated concept (Stylios and
Groumpos, 2004)

Aq=f Z[Aixvvji] (3)
j=1
i
The function f is a nonlinear function (eq. 4) which is
called as Sigmoid and given by (Han and Morag, 1995).

This function is used to transform the evaluations given by
experts into the crisp values in order to build the matrix A.

1
l+e™”

f(x)= (4)
Implementing fuzzy cognitive mapping is supposed to be a
very complex process as there are a lot of connections
between the factors. In the study, the factors have been
evaluated negatively or positively by the results of the
simulation and the relations between the factors affecting
waste collection and recovery options have been
attributed.

Based on system dynamics modelling given in the
Figure 1, the relationship between stock variables,
campaign effects, production process and waste collection
centers are evaluated by using Fuzzy Cognitive Mappings.
In this study, fuzzy cognitive mapping approach enlightens
the relationships between the factors affecting recovery
options and waste recycling. The effect ratios are taken
from system dynamics simulation according to the ratio at
the first 10 years and the last 10 years. The ratios of the
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first 10 years and the last 10 years are the ratios coming
from changes unit by unit of stocks and flows. The data
has been gathered starting from 2008, however the study
has been conducted in 2018. The study covers 65 years for
simulation, and according the system dynamics simulation
results it reaches the target level after the 55th year.
The simulation ratios enable the A matrix in the fuzzy
cognitive mapping to be built. On the other hand, the
ratios, in which key variables affect factors, have been
used by using differentials in the simulation.

3. Results

3.1. System dynamics model for the waste management of
small household appliances

The target of 50% of small household appliance waste to
be recycled by 2018 was published in 2012 in the Turkish
official gazette (URL3). The model in this study is
conducted according to this target value. As a result, the
50% of the total amount of old, broken down or
intentionally changed goods ends up with the recycling
process in the model. There are two collection centers,
named municipality and waste. The municipality collection
target differs by the city size defined at the official gazette
(2012).

The way to collect waste through municipalities is to
increase the campaign effect. This is a positive action for
reaching the target. In the simulation, based on the waste
collection policy of Turkey, municipalities can use a
campaign to increase public awareness for bringing
expired, broken-down or changed small household
appliances to municipalities’ recycling centers. In this
model, this campaign effect is used as a motivating and
positive factor affecting municipality collection amounts.

Generally, all appliances are collected in waste collection
centers in the model. The quantity of small household
appliances gone into waste centers is assumed according
to the target of 50% and proportionally, expired, broken
or changed products are distributed accordingly.
In Turkey, some electronic equipment companies have
their own recycling centers. However, only one of these
companies is put in the model as representative.
Government or municipalities can sell the products to be
recycled to electronic companies and these companies
can use campaigns to attract appliances to their recycling
centers. Companies can use these appliances in favor of
their own companies or sell to public or governments
after or during recycling process. As indicated in the
model, appliances recycled by government or companies
can directly go into production processes. On the other
hand, the rest of appliances which is not recycled, named
as garbage, cannot be in the production process again.
They can be incinerated or landfilled, not reused. In this
case, government and companies can make campaigns to
create public awareness. In Turkey, some companies
exchange old appliances with new ones, in order to
recycle them.

There is a positive relation between produced goods and
waste as shown in Figure 2. The raw material was a
dynamic variable in the model so that the production
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amount can be decreased by time. As a result, waste
amount also changes according to the demand
fluctuation. The result of the 65 years simulation of the
model is seen in Figure 2.

Amount (million ton)

2

Years
] 20 40 &0 ao 100

Production Amount

Figure 2. The relationship between wastes and production
amounts in million ton/years (Konyalioglu and Bereketli
Zafeirakopoulos, 2018)

Furthermore, Figure 3, obtained from simulation, shows
the decrease of disposal while there is an increase in the
recycling amount of waste. This decrease of disposal is the
result of high campaign effect, the awareness of the
people. Totally four effects, with constant values, are
represented in this model to show the increase in
recovery options as a result of them. Landfill and
incineration rate over production decreases and
production increases over time given that campaign and
company effects are enlarged.

Landfill and Incineration rate over production

1.26-6

1E-6 -1

0 5,000,000 10,000,000 15,000,000 20,000,000 Proguction (ton)

Figure 3. Relationship between recycling and Incineration-
Landfill Rate in rate/ton (Konyalioglu and Bereketli
Zafeirakopoulos, 2018)

After the simulation, it is also understood that the total
incineration-landfill rate over total production decreases
while production rate is increasing, as a result of the fact
that recycled small household appliances go through
production process while simulation has been run for 65
years.

3.2. Fuzzy cognitive mapping approach for the evaluation
of factors

After the simulation given in the Figure 1, a fuzzy cognitive
mapping has been built based on the simulation.
The effecting values which may change the simulation
results are evaluated by using Fuzzy Cognitive Mapping.
Furthermore, key variables of the system dynamics
simulation have been put in the FCM modelling in order to
see which variable of the simulation is the center and
affects the simulation more than other key variables.
Fuzzy Cognitive Mapping given in the Figure 4 shows the
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relationships between the factors which have also been
indicated in the simulation. The relationships, negative or
positive, can be seen in the matrix A. The study mainly
focuses on if the public or private recycling policies are
better for minimizing landfill and incineration, and
maximizing recovery options. By applying FCM modelling,
the question is to decide which public or private recycling
policies, and campaign effects, are more important than
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others, on the other hand which one is more effective for
increasing recycling and recovery options. The blue arrows
and red arrows show respectively positive and negative
effects on the concepts. Furthermore, it is clearly seen
that the complexity of the cognitive mapping leads us to a
detailed analysis. The fuzzy cognitive mapping includes 41
connections which implies that the system is complex.

F
/
/

Garbage and
Incineration

Obtained from PRC

Commun Waste
Collection Center

Recycling

Municipality Waste
Collection

Municipality
Campaign Effect

Figure 4. Fuzzy Cognitive Mapping for small household appliances’ waste management

Municipality Waste Collection [ o 0 0
Municipality Campaign Effect 04 0 0.2
Common Waste Collection Center | —0.2 0 0
Company Effect -02 0 01
Public Recycling Collection 0 0 -02
A = X Brand Waste Collection Center 0 0 -0.18
Garbage and Incineration 0 0 0
Recycling -0.32 0 -0.28
Recycled Products Obt. from PRC 0 0 0
Production 03 0 0.2
Campaign Effect | 0 0 0.5
Furthermore, it can be seen in Table 1 that the

municipality campaign effect has a greater centrality value
than company effect that implies that for recycling,
municipality campaign effect is more important factor in
waste management of small household appliances.
Municipality campaign effect that the municipality applies
can be considered as the central of the model since it has
the higher outdegree value as seen in the Table 1. Based
on the adjacent matrix, it is said that several factors or
concepts are directly connected with each other.

0 012 -02 -03 0 012 014 O
0 0.2 0 -04 02 02 032 O
0 01 0 -0.12 03 0.1 01 O
0 0 04 02 0.2 0 02 O
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 -05 0 -015 O
0 -0.17 -0.12 -05 0 0 035 O
0 0 0 0 0 0 02 O
0 0 0 0 0 0 0 0
0 0.3 0 015 O 015 0]

Company and campaign effects can be supportive factors
for waste management of small household appliances
in Turkey. Besides, based on the adjacent matrix
and fuzzy cognitive mapping given in Figure 4 it
can be seen that the recycling is the most affected
by the Municipality Campaign Effect which implies
that being a green and sustainable country is
mostly possible when government policies are strictly
applied.
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Table 1. Indegree, outdegree and centrality values of waste management components

Component Indegree Outdegree Centrality
Municipality Waste Collection 1.42 0.88 2.30
Municipality Campaign Effect 0 1.8 1.8

Common Waste Collection Center 1.31 0.92 2.23
Company Effect 0 1.3 1.3

Public Recycling Collection (PRC) 0.59 0.2 2.30

X Brand Waste Collection Center 1.02 0.18 1.2
Landfill and Incineration 1.52 0.65 2.17
Recycling 1.35 1.74 3.09

Recycled Products Obtained from PRC 0.42 0.2 0.62
Production 1.34 0.5 1.84

Campaign Effect 0 0.6 0.6

On the other hand, based on fuzzy cognitive mapping
theory, as municipality campaign effect increases, directly
the participation of recycled products of appliances in the
system also increases. The company effect and campaign
effect can increase production, which implies the
participation of recycled products to the reproduction
process, up to 15% while municipality campaign effect is
able to increase up to 32%. Production process is more
affected by the municipality campaign effect and
municipality waste collection.

4. Conclusion and discussion

In this study, a system dynamics and fuzzy cognitive
mapping approach have been studied for small household
appliances’ waste management in Turkey. The system
Dynamics model is run by using Anylogic simulation
program while MentalModeler software is used for fuzzy
cognitive mapping. The study mainly shows that the
proposed system dynamics model can support a more
effective and enhanced view about small household
appliances’ waste management and fuzzy cognitive
mapping model shows that public campaign effect is a
more effective campaign method compared to private
sector campaign. Waste collection centers developed and
supported by municipalities or government provide a
more intensive and increased recovery option, while it
decreases landfill and incineration rate. In the model,
several factors have been considered in order that
recycled products can be added to production line
according to the target of Turkey.

The system dynamics model at this point suggests also
that campaign effects and company effects are
outstandingly important in order to bring wastes to waste
centers and to inform public or increase public awareness
about recycling when the system works without any
errors. The model also calculates how many of small
household appliances in Turkey will be in process of
recycling in order to reach the target of Turkey by 2018. In
fuzzy cognitive mapping approach, it is concluded that
government or municipalities should mainly support
people to recycle the small household appliances instead
of the fact that government or municipalities sell or give
old appliances to private white good brands. It is more
efficient that government or municipalities build recycling

factories and apply campaigns. Company campaigns
effects can only be a supportive approach.

In this study real data for the proposed system is limitedly
used, because of lack of data, but main future targets
have been put in the model. For future studies, real data
should be used for all variables mentioned in the model in
order to have more realistic approach.
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