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Abstract

There are many types of solid wastes however, plastic wastes are among the ones which have several
harmful effects on the environment. Plastic wastes have a long decomposition time in nature and the
dangerous chemical compounds in them make them a threat for the environment along with other
types of waste. Contamination caused by the plastic wastes attracts worldwide attention nowadays.
As a member of thermoplastic polymers family, polyvinyl chloride (PVC) products are one of the
most preferred type of plastic composition, which holds an important ratio in the total plastic waste
amount. PVC wastes should either be disposed or recycled to minimize their harmful effects on the
environment. The disposal approach is easy and cheap, but recycling alternative requires the investment
on special facilities hence, a more expensive solution. However, disposal alternatives, such as landfilling
and incineration, may also cause pollution due to high chlorine content of PVC; whereas, mechanical
and chemical recycling options reduce many environmental problems. There is a clear tradeoff in the
decision of handling PVC waste between the costs and environmental effects. The purpose of this study
is to evaluate the factors considered during the investment decisions of PVC manufacturers to find out

the importance of environmental factors by using a multi-criteria group decision making method.

Keywords: polyvinyl chloride, recycling, solid waste management, multi-criteria group decision making,
plastic waste

Introduction

Plastic has a wide application area in daily life
from construction sector to consumer goods. Plastic
based products are being mass produced since 1950s
and the rate of production increases exponentially ever
since. Therefore, plastic wastes have an important share
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among the solid wastes [1]. Considering life of plastic
products, their long decomposition times, and their
harmful chemical contents it can be said that amount
of plastic waste has recently become a serious problem
for the environment [2]. This makes handling of plastic
wastes an important part of solid waste management
(SWM) policies. Hence, plastic waste recycling gained
more importance and rates of recycle increased to
18% from zero in the last thirty-five years, it is still at
very low levels [3]. In 2018, 359 million tonnes (Mt)
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of plastic manufactured in the world, of which 61.8
Mt were produced in Europe [4]. 29.1 Mt of plastic
waste was collected in Europe in 2018, which indicates
an increase of 19% when compared to the amount
collected in 2006; but only 32.5% of this waste was
used for recycling [4]. Even the European Union’s Waste
Framework Directive (2008/98/EC) prioritizes recycling
[5], incineration (with a rate of 42.6%) is still preferred
over recycling in Europe. Plastic wastes, which are not
recycled, are posing a potential risk of toxicity for the
environment [6], which recently resulted with a global
plastic waste crisis caused by micro plastic wastes [7].
Plastic family consists of wide range of polymer types,
and PVC products has 19% of the total demand in this
group [8].

Polyvinyl chloride (PVC) is a type of thermoplastic
material which has gained much attention lately because
of its wide area of usage in daily life applications [9].
PVC is a member of polymer type plastics, which holds
about 60% of total plastic use in major appliances in
Europe [10]. PVC replaces metals, wood, paper and
many other materials in products such as pipes, channels,
window frames, cables, flooring and wall panels [11].
Especially, PVC pipes have been gradually replacing
traditional copper pipes in significant applications with
their advanced features. They are light, work under
different pressures, easy to install, have low frictional
loss, and low maintenance costs. Recently, PVC pipes
are being used in many fields such as city water supply,
for water well schemes, and spray irrigation systems.
60% of PVC manufactured in Turkey is being used for
piping and other construction elements [12]. Recycled
PVC can be used in the manufacturing of pipes that
meets the current standards [13]. Life Cycle Assessment
(LCA) results of using PVC in the manufacturing
of pipes shows that the usage of PVC consumes less
energy and also recycling PVC during manufacturing
proved to have less environmental load when compared
to other types of materials [14]. Moreover, Green PVC
approach can be applied in facilities by means of using
their wastes in closed-loop supply chains of their
organizations [15]. PVC has many good qualities like its
long life, chemical properties, ability to take different
complex shapes, and ability to resist deformation under
load [16]. PVC’s thermal stability can also be improved
by internal plasticizing process if required [17].

Different types of chemicals and additives are
being used as stabilizers, plasticizers, or other
purposes during the production of PVC, which makes
wastes related with this product very harmful for the
environment [10]. PVC waste includes more dioxin
and furan formations than any other plastic waste [18].
Dioxin formation should be strictly controlled while
applied in industry as well as in waste gasification-
combustion process [19]. Because of the high amount
of chlorine included in PVC, incinerating to dispose of
the waste, without using a proper flue gas treatment or
state of the art incinerators, releases dioxin and other
harmful pollutants [20]. Therefore, use of latest flue gas

treatment technologies or state of the art incinerators
prevents release of most harmful substances and they
are highly suggested for incinerating option, especially
for the developing countries where incineration is being
applied mostly without using a proper filtration system.
Unlike biodegradable plastic components which have
less environmental effects on the soil [21], landfilling
option for PVC disposal is also not an efficient option.
Landfilling option for disposal has a drawback of land
occupancy, which may be a problem for some countries
[22], considering the long decomposition time of PVC
products. Disposal methods have various effects on the
environment such as; generating toxic gases, fumes,
dust [23], pollutants for soil and underground resources
[24], and flood occurrences, in addition to spreading
diseases resulting in health deterioration and accidents
in waste sites [25]. One of the main qualities of PVC
is that its waste is recyclable [15]. Instead of disposal,
recycling the PVC waste is much more preferable
option for the environmental sustainability [11].
When compared with other plastic wastes, PVC also
promises higher rate of recycling potential with a 79%
[26]. However, recycling of PVC is more expensive,
complicated and risky process when compared with
other plastic wastes [27], which keeps recycling
ratio of PVC waste at very low levels and leaves the
environment vulnerable to its harmful effects. Even
though, necessary regulations, directives and policies
have been completed in macro level by many countries
to encourage the recycling, actual recycle rate achieved
still does not meet expectations.

To determine the reasons behind low preference rate
of recycling, micro level studies should be conducted
at facility level to comprehend the approaches of
executives to recycling and environmental issues while
taking decisions regarding investments. This issue is
neglected in the literature. However, private sector plays
an important role in the PVC industry, and company
level management strategies should be understood well
to be able to encourage the use of recycled plastic.
The life of PVC products is around 50 years and the
amount of PVC waste will increase exponentially in
the near future because of this reason [28]. Therefore,
it is essential to take necessary incentive measures
to increase the rate of recycling of PCV waste by
encouraging PVC manufacturers to use recycled input,
even investing in recycling machinery and technology
in their facilities by purchasing separated PVC waste
[15], to reduce harmful impact on the environment [14].
This approach would aid municipals and governments
during SWM related decisions.

In this study, a decision model is developed to
analyze the investment decision priorities of PVC
manufacturers in Turkey. The proposed model consists
of several management performance evaluation criteria.
The main aim is to find weights assigned to each
criterion by the executive officers of PVC manufacturer
facilities to understand their priorities while conducting
their business. The structure of the model consists
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different criteria related with different aspects of
companies’ strategic management decisions. Variety of
conflicting criteria should be satisfied simultancously by
the decisions taken by the management. Making some
complex evaluations is necessary during such decisions
to optimize the budget amount spent on investment
alternatives. As being one of the main criteria,
environmental factors should also be considered during
the investment decisions. In decision models that consist
variety of metrics, it is common to neglect some criteria
unintentionally while making decisions. Therefore,
using a multi-criteria group decision making (MCGDM)
model for strategic level investment evaluations is an
effective approach, hence there are several studies in
the literature [29-31] that used multi-criteria decision
making (MCDM) methods to evaluate different SWM
strategies accurately.

Methodology

Most PVC products are manufactured from recycled
waste in Europe [11]. It is an effective way since
using recycled PVC disposes of wastes and reduces
the environmental pollution at the same time. This
approach also satisfies the requirements of zero-waste
manufacturing and helps to achieve a sustainable circular
economy model [32]. Turkey is also among countries to
make a transition to zero-waste manufacturing in 2025
[12]. Increasing PVC recycling rate is a good fit for this
purpose. PVC waste can be recycled by mechanical
or chemical processes [33]. Mechanical recycling also
reduces CO, emissions during production by 30%
when compared to production of virgin plastics [34] as
long as the distance between the recycle facility and
production facility is not so far [35]. When compared
to mechanical recycling, chemical recycling is a more
expensive technique, but this method reduces harmful
effects to environment even more [11]. However, in
most developing countries landfilling and incinerating
methods are primarily preferred approaches in SWM
disposal decisions [36]; whereas, recycling should
be prioritized by governments considering the long-
term benefits [37]. The aforementioned favorable
properties of recycling are still not enough to increase
the application rate of this method in Turkey [29].
Understanding reasons behind this requires evaluation
of companies and their priorities in strategic decisions.
It is important to balance economic growth with
environmental progress in developing countries such as
Turkey [25].

The purpose of this study is to propose a MCGDM
framework to evaluate the importance of performance
metrics in PVC companies to identify the relevant
importance of environmental metrics during the
investment decisions made by executives of PVC
factories. Thus, reasons behind low recycling rate and
other factors that excel them can be understood more
clearly. To this aim, first, related criteria are determined

with literature survey and interviews conducted with
executives of PVC manufacturer facilities in which
there is a usage of recycled PVC waste. Then, these
experts evaluated each performance metric for MCDM
analysis. Results of the proposed model clearly states
which criteria are considered as the most important
factors, and ranking of environmental issues among
these factors in recycled PVC using facilities during
important investment decisions. By doing so, future
incentive measures can be taken to increase the
importance of environmental factors in investment
decisions to encourage the use of recycled PVC in more
facilities.

Determination of Evaluation Criteria

Over the last few years a large number of studies
have been published to acknowledge the dynamics
of key performance measures as an effective tool for
monitoring and evaluating business performance. To
find out the gap between planning and implementation
for a company, continuous monitoring of performance
should be done by developing a set of key performance
indicators (KPIs). This is not an easy job, and
companies should concentrate on small number of KPIs
which are very important for their finance, customers
and operations management [38]. To identify root
causes of problems and to control the service delivery
in an organization, a right classification of KPIs is
necessary. Hence, they can be classified by delivery
type, e.g. maintenance and logistics or by performance
dimension, e.g. cost, quality and time [39]. Quality,
delivery, customer services, time measures, utilization
of resources, costs and flexibility can be used to build
a framework to measure performance of companies,
and companies’ executives need to choose the number
of KPIs that are linked to the business strategy [40].
Even some studies claim that the cost, time and quality
are more noticeable criteria to evaluate company’s
performance, other studies reveal that the successful
companies are using more complex key performance
indicators. Key issue on that matter is the validity of
KPIs. Initial KPIs need to be evaluated by experts to
make sure of that they are right for the specific sector in
which their company operates [41]. KPIs can be divided
into subjective and objective categories. Subjective
indicators include quality, functionality, and customer
satisfaction; whereas objective ones contain costs, time,
rate of accidents and environmental impacts [42]. Some
studies claim that, it is not an easy task to monitor KPIs
for a company in real time and this could be expensive;
therefore, KPIs must have a standardized characteristic
[43].

Lindberg, Tan, Yan, and Starfelt claim that the
energy, raw material, operation, planning, maintenance,
equipment, and the inventory KPIs are the most popular
metrics that can be used to evaluate the performance
of an entire organization. This study also revealed that
the high amount of waste is one of the main reasons
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for low performance [44]. In sustainable manufacturing
there is always a need to evaluate the performance of
organization by choosing the right KPIs to minimize the
impact to the environment, since production process is a
significant source of environmental impact. Amrina and
Yusof developed forty one initial indicators which cover
the economic, social, and environmental aspects of
sustainable manufacturing [45]. New KPIs are usually
being applied in sustainable manufacturing evaluations,
such as land utilization, energy consumption, accident
rates, air emissions, [46], preventing waste, and LCA
related factors such as the usage rate of nonrenewable
energy [47] are popular among companies which adapts
sustainable practices. Environmental performance
evaluation is very important for organizations in many
countries to minimize the influence to the environment
and keep companies’ sustainable competition power in
the market. To evaluate the environmental performance
of companies, assessment of necessary KPIs, such as
energy consumption, total waste, air emissions and
waste quantities should be included in performance
evaluation models [48]. Evaluation of the amount of
total waste produced is especially important for PVC
manufacturers considering its recyclable properties.
During the manufacturing process of PVC pipes, at
several stages, waste is produced during suspension
and powder degassing at intensive mixers, extrusion
process, disposal of non-complied fittings, extrusion
purge, and because of chips from pipe sawing [15].
In addition to outsourced PVC waste, these internal
wastes can also be used in manufacturing. From the
aspect of SWM applications, it is more desired to use
plastic wastes at the point of origin, since emissions
generated during transportation may exceed the amount
of reduced emissions by the recycling if the distances
are too far between the production facility and waste
separation facility [35]. Therefore, the amount of waste
in PVC facilities should be an important metric to focus
on considering cost savings and future investment
plans.

Life Cycle Assessment (LCA) is another scientific
approach being used for evaluating environmental
impact of PVC products throughout their life cycle
[49]. According to ISO 14040 standard [50], LCA
approach has four steps: definition of the goal and
scope of the study; data collection related with life cycle
inventory (LCI); life cycle impact assessment (LCIA)
using environmental indicators; and interpretation
and analysis of the results. Environmental impact
analyses are based mainly on several indicators related
with energy consumption, resource consumption
and pollutant discharge categories according to
the subject of the assessment [51]. Most common
impacts considered in the literature are abiotic
resource depletion (ADP), acidification potential (AP),
eutrophication potential (EP), fresh water aquatic eco-
toxicity potential (FAETP), global warming potential
(GWP), marine aquatic eco-toxicity potential (MAETP),
ozone layer depletion potential (ODP), photochemical

ozone creation potential (POCP), terrestrial eco-
toxicity potential (TETP) [52], non-renewable energy
use (NREU) [53], and waste production [54]. In LCA
studies greenhouse gases (GHGs) that affects global
warming are considered as CO,, CH,, N,O; and main
gases that affects rain acidification are considered as
SO,, NO,, HCI, H,S, and HF [55].

Total number and types of criteria should be limited
in MCDM analysis to ensure the accuracy and efficiency
of findings and the list of criteria should be determined
with the experts who makes the pairwise comparisons
according to their management decisions in their
enterprises. Even though being a completely different
methodology than LCA, some main environmental
indicators can be used in MCDM analysis. For this
purpose, PVC related LCA environmental indicators are
discussed with the four executives of PVC manufacturer
companies in four different cities in Turkey, who are
selected as DMs in this study, and green energy usage
rate, resource consumption (resources such as fresh
water and fresh raw material), emissions and toxicity
(air emissions that include GHGs which have a GWP,
gases that affect AP, and FAETP), and waste production
indicators stated as the only ones being considered in
strategic level decisions made in their companies. At
strategic level decisions taken by C-level officers in
board meetings, operational level analysis is not being
made, however these indicators are evaluated as the
groupings suggested by the DMs according to how they
are considered in their enterprises.

Finally, regarding the investment decisions that
have environmental effects, there are governmental
legislations that the companies must follow. Any
type of planned project must comply with these
environmental laws and legislations [56]. Also, some
incentives regulated by the government, such as tax
reliefs that encourage environment friendly applications
in companies [57], require the consideration of these
factors during the evaluation of investment alternatives.

KPIs determined as a result of literature research
were shared with the experts for the confirmation of
their applicability in PVC facilities, and validated ones
are categorized according to their types. Evaluation
criteria used for the study of recycled PVC using
facilities are given in their hierarchical structure in
Table 1 with their codes.

Criteria listed to evaluate performance can be
detailed more by introducing one more sublayer into the
model, but that’s not the point of this study. Hierarchical
structure with sixteen subcriteria under three main
criteria is an efficient framework to evaluate the role
of environmental factors’ importance in investment
decisions for the plastics industry in Turkey.

Analytical Hierarchy Process (AHP)
AHP first introduced by Saaty and it is being used

as a powerful decision making method ever since.
Wide field of applicability makes this method popular
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Table 1. Performance evaluation criteria considered by PVC facilities during investments.

Main Criteria Subcriteria Description Reference
Quality performance, value, features, reliability and durability 39, 44, 45]
((&D)] of products and rate of rejected products. Y
Time and efficiency manufacturing cycle time, rate of production, unit per labor [39, 41, 43, 59]
(&N hour.
Inventory how well the 1nvept0r1es managed (stockouts, excess (38, 44, 46]
(&) inventories, etc.).
Operational Planning planning and scheduling 1mpacts on how plant capacity is 38,43 4]
) (W) utilized.
1 Logistics speed of the delivery, ability to use different distribution
[46, 48, 60]
(&) channels.
Equipment and main- number of alarms rising in a certain time period, equipment
tenance wears per month or per operation hours and vibration range for [43, 44, 48]
(W) machinery.
Flexibility material quality, current technological level, speed to deliver [45, 59, 61]
(&) new products, speed to modify current products. T
Costs manufacturing, service, material, and transportation costs over [29, 39, 40, 41, 46, 59,
(<, a time period. 60]
Economic Energy consumption kwh/month for electricity or liter/month for fuel. [44, 46, 62]
((&Y) (S,
Ma(iécet)mg total amount spent on advertising per year. [42, 63]
23
Waste . . [6, 15, 31, 32, 35, 46, 48,
) solid waste, tons per month of material. 51, 54, 62]
air emissions that include greenhouse gases which cause global
Emissions and toxicity | warming, gases that have acidification potential, fresh water | [11, 29, 31, 34, 35, 46, 47,
(C,) aquatic eco-toxicity potential, and pollution and contamination | 48, 49, 51, 52, 53-55, 58]
on land caused by the plant operations over a time period.
Environmental Recycling . . [6, 11, 15, 23, 28, 33-35,
C) C.) percent of recycled inputs used for production. 37,49, 52, 53, 58]
Green e(ngr(%y usage the ratio of energy from green resources to total energy used. [49, 54, 58]
34
Resource(éon)sump tion resources such as fresh water and fresh raw material. [49, 51, 52]
35
Legislations and . . L . .
. . compliance with local legislations and incentives. [56, 57]
incentives (C,,)

among researchers, and in more than 65% of studies
AHP is preferred as a MCDM method [30]. AHP
is an effective method to support complex decision
problems that include conflicting and overlapping
criteria. AHP utilizes pairwise comparisons between
each criterion based on evaluations of experts. In this
way, it turns problems into a hierarchical structure
that gives a chance to decision makers (DMs) to make
more accurate and efficient decisions by understanding
the individual importance and effect of each criterion
[64]. Therefore, AHP is a suitable method to define
the role of environmental criteria in strategic decisions
made in PVC facilities. AHP is basically implemented
in three steps: First, the decision problem is organized
in a hierarchical structure in terms of goals, criteria,
sub-criteria, and if exists, alternatives. Next, pairwise
comparisons of the criteria at each level is done by

DMs. Finally, synthesizing the decisions of hierarchy
levels are done by considering the weights of each layer
[65]. Alternative evaluation stage of the method is not
used in this study, since main goal of the hierarchy
is to determine the importance of each criterion, no
alternatives introduced into the model. Also, types of
criteria determined in this study have a clear structural
and descriptive differences between them, which
makes them suitable to be evaluated with AHP, and
this property of criteria implies that there is no need
for fuzzy logic applications during the evaluation
phase. Saaty suggested a 9-point scale for the pairwise
evaluations to rate the strength of the relationship
between items (where 1: represents equal importance,
9: represents absolute importance; and reciprocals
can also be used) [66]. Steps of AHP method are as
follows:
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Step-1: Structure the hierarchy of the decision model.
Repeat Steps 1-4 for main criteria and all subcriterion
groups.

Step-2: Construct the pairwise comparison matrices
for main criteria and each subcriteria layer by collecting
DM evaluations in the following matrix form:

1 af; - afy
k k
Ak = [aﬁ-] — 1/:6112 1 a?n )
1/allcn 1/a12(n 1

k=1,...,l;i=1,...,n;j=1,...,n (1)

a,-,-k represents the relative importance of i criterion
to jM criterion assigned by DM k [67]. This matrix is
used to calculate the eigenvalues and the eigenvectors.
In a decision model, all / decision makers should fill a
separate A matrix that includes 7 criteria for each criteria
group (it is allowed to have different numbers of criteria
under each criteria group, but since all calculations are
being made separately for each group separation of
indices is not required). Pairwise comparisons are done
by using the 9-point scale with the comparison of two
criteria (represented by i an j indices) one at a time and
assigned to related ai/." cell.

Step-3: To examine the consistency of the pairwise
comparison matrices (4*) filled by DM k£, it is needed
to compute the maximum eigenvalue (2, ) for / DMs
separately by using Equation (2). Calculations of
eigenvector (W) for each i" criterion in the criteria
group, and W} matrix for the same criteria group for all
[ decision makers are needed prior to the calculation of
Ak Wk and W*' can be calculated with Equations (3)

max” i

and (4) respectively.

Ak = (%) (W1k’+..._|_W'I‘d), k=1,..,1

wi Wiy )
n gk n
VVik — [szlal]] 1/n’ k — 1’ . l; l = 1, ,n
[T af] 3)
[ 1 af a’fn]
Wk — gk x Wk = 1/a¥, 1 a’Z‘nI
[1/a%, 1/a%, -~ 1|
Wil [Wi]
k k!
><|V'(2 =\W2' | k=1,..,10
ankJ _Wnk'J @)

2* ... should be appropriate to the eigenvector for all
DMs, so that they become the relative weight values in
the evaluation criteria [68], which means that W} values
can be used as the weight of criteria i assigned by DM
k. Consistency in the evaluations of ™ decision maker

is controlled in terms of the Consistency Index (CI¥)
and Consistency Ratio (CR*) calculated by Equations (5)
and (6) respectively. A CR* value calculated less than
0.10 is acceptable as a consistent comparison. Random
Consistency Index (R/) value is a constant which is the
result of large number of simulations. It differentiates
according to the order of the 4* matrix (in size of ) as
stated by Saaty [69].

n—1 (5)
CRE =S k=1,..1
RI’ e 6)

Step-4:  According to group decision making
rules, / amount of individual DM evaluations should
be aggregated by using geometric mean to form the
group decision matrices for each criteria group (A°)
separately by using Equation (7) for all aij" values one
at a time for all / DMs to calculate each @  member of
the A° [67]. After applying Step-3 for these aggregated
group decision matrices for each criterion group and
confirming the consistencies, W, values calculated for
each A% can be used as the final criteria weights for n
criteria in the related group decision matrix. 4% matrix,
where G index states the geomean aggregated element,
has the same structure as the individual initial decision
matrix given in Equation 1, only difference is there is
a single aggregated decision matrix for each criteria

group.
_G..=( l k.)l/l =1 =1
a ij ||k=1au , 1L y e, G J ,...,Tl(7)

Step-5: Synthesize the results by aggregating the
main and subcriteria weights to calculate the global
criteria weights by simply multiplying the main criteria
weights with the individual weight of the criterion.

Determining Investment Priorities
of PVC Manufacturers

Evaluations of criteria are done by different
DMs selected among PVC manufacturer companies’
executives from four different industrial zones in
Turkey. Companies selected are all using recycled
PVC to some extend in their manufacturing operations

Table 2. Aggregated decision matrix for main criteria category
layer and related AHP calculations.

Main Criteria C, C, C, Weight (7))
C, 1.00 039 | 1.32 0.228412
C, 2.59 1.00 | 3.57 0.600649
C, 0.76 0.28 1.00 0.170939

~

=3.00, CI = 0.00, Rl = 0.58, CR = 0.00

max
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Table 3. Aggregated decision matrix for operational criteria group and related AHP calculations.
Operational Criteria C, C, C, C, C, C, C, Weight (W)
C, 1.00 0.47 2.00 4.53 5.89 7.94 6.70 0.257932
" 2.11 1.00 4.09 5.01 6.48 8.24 8.45 0.378281
C, 0.50 0.24 1.00 3.87 5.18 7.17 5.89 0.178905
C, 0.22 0.20 0.26 1.00 2.06 3.50 3.13 0.075935
C,, 0.17 0.15 0.19 0.49 1.00 2.45 2.21 0.049756
C 0.13 0.12 0.14 0.29 0.41 1.00 0.50 0.025519
C, 0.15 0.12 0.17 0.32 0.45 2.00 1.00 0.033672
A =734, CI=0.06,RI =132, CR =0.04

‘max

Table 4. Aggregated decision matrix for economic criteria group
and related AHP calculations.

Economic Criteria C, C, C, Weight (W)
C, 1.00 | 1.57 | 3.50 0.506394
C, 0.64 | 1.00 | 3.22 0.365517
C,, 0.29 | 031 | 1.00 0.128088

A =3.01,CI=0.01,RI=0.58, CR =0.01

‘max

and some of them has a built-in recycling facility.
Purpose of this selection is to shed light into the
recycling experiences, and by doing so understanding
the favorable and unfavorable aspects of recycling
PVC in Turkish PVC manufacturers. Since Turkey
is a developing country, results related with Turkey
would also help readers to understand the importance
of environmental factors in developing countries.
Therefore, executives of these facilities from Istanbul,
Izmir, Kocaeli, and Ankara filled individual pairwise
comparison matrices. All these matrices checked one-
by-one for CR values to ensure consistency on the
final aggregated decision matrix, and for all individual
pairwise comparison matrix a CR value of less than
0.10 is found. Next, for each decision level, related
matrices have been aggregated by using Equation (7).
Thereafter, consistency values were calculated again for

the aggregated decision matrices to check consistencies.
Finally, relative weights of each criteria group were
calculated beginning with the main criteria group.

AHP calculations are firstly done for the main
category layer. For this purpose, operational, economic,
and environmental criteria are compared in pairs and
relative importance scores between one and nine are
assigned for each comparison by DMs according to scale
suggested by Saaty [66]. Purpose of this comparison is
to calculate the weight of each main criterion. After
checking for inconsistencies final matrices of all DMs
are merged with geometric mean. Resulting aggregated
group decision matrix for the main criteria group is
given in Table 2. CR value of 0.00 suggests that the
aggregated matrix is consistent. Considering the CR
values of individual decision matrices of each city (0.00,
0.00, 0.03, and 0.02) this was an expected result.

Next step of AHP method is the calculation of
weights and CR values for each subcriteria level.
Steps of the AHP separately applied to all three
subcriteria layers for the aggregated decision matrices
of operational, economic, and environmental layers.
Weights and CR values found for each of these sublayers
are given in Tables 3, 4, and 5 respectively. CR values
corresponding to each aggregated subcriteria layer are
0.04, 0.01, and 0.04, which validates the consistency
of aggregated pairwise comparisons. CR values of
individual decision matrices of each city are 0.07, 0.06,

Table 5. Aggregated decision matrix for environmental criteria group and related AHP calculations.

Environmental Criteria c, c, C, c, Ci Cy Weight ()
o 1.00 421 2.71 9.00 8.49 6.96 0.465624

N 0.24 1.00 0.37 3.66 3.22 1.86 0.121575

C,, 0.37 2.71 1.00 6.44 5.96 3.66 0.248527

C, 0.11 0.27 0.16 1.00 0.58 0.21 0.031375

Cy; 0.12 0.31 0.17 1.73 1.00 0.29 0.041665

Cy 0.14 0.54 0.27 4.79 3.41 1.00 0.091233

Lpae = 6.24, CI = 0.05, RI = 1.24, CR = 0.04
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0.07, 0.05 for operational subcriteria; 0.03, 0.05, 0.02,
0.00 for economic subcriteria; and 0.03, 0.04, 0.07, 0.06
for environmental subcriteria layer.

Aggregated group criteria weights are found as seen
in Tables 2-5. Initial findings state that environmental
criteria group has the least importance when compared
with economic and operational KPI categories.
Whereas, KPI representing the amount of waste came
forward as the most important metric of environmental
category. For the purpose of more detailed comparisons,
it is better to inspect global criterion weights by
aggregating main criteria layers’ weights with
subcriteria layers’ weights by applying the Step-5 of the
proposed MCGDM framework.

Results and Discussion

Individual weights of each main criterion and each
subcriterion (calculated independent of main criteria
weights) were already given in Tables 2-5 previously.
Input data used for these calculations (aggregated
pairwise comparison matrices) were also given in
Tables 2-5. Output of these calculations are used as
input data for the calculation of global criterion weights.
According to Step-5, specific criterion level global
weight calculations can be made by multiplying each
criterion weight (weights given in Tables 3-5) with
its main criteria category’s weight (weights given in
Table 2). For example, to calculate the global weight
of each environmental subcriterion, individual weights
of all environmental subcriteria C, (0.465624), C,,

(0.121575), C,, (0.248527), C,, (0.031375), C,, (0.041665)
and C,, (0.091233) are multiplied with the weight of
environmental main criterion weight C, (0.170939) to
acquire global weights of C,, (0.079593), C,, (0.020782),
C,, (0.042483), C,, (0.005363), C, (0.007122) and
C,, (0.015595), and finally all of them are converted
to percentages (C,: 7.96%, C.: 2.08%, C,: 4.25%,
C,: 054%, C 071%, C,: 1.56%). Final global
weights for all criteria are calculated and presented
with their relative importance ranks in Table 6. All
weights in Table 6 are represented in percentages with
rounded two decimals for the ease of understanding
and criteria are ranked according to their global
weights.

Beginning with the main category comparisons,
economic performance indicators are the most
important criteria when executives are evaluating
new investment alternatives or taking strategic level
decisions, such as installing a recycling technology in
their facilities or using recycled PVC as an input for
the production. Economic aspect of investments, with
a 60.06% global score, is 2.6 times more important
than operational metrics (with a score of 22.84%) and
3.5 times more important than environmental issues
(with a score of 17.09%) for PVC manufacturers in
Turkey. This is an understandable fact in developing
countries, considering the market conditions in private
sector where there is a high competition between
rivals and expensive prices of imported materials and
technologies. Highly competitive market conditions
force private sector companies to reduce manufacturing
costs as much as possible and increase quality of their

Table 6. Summary of main criteria, subcriteria, and global importance rankings.

Main Criteria Weight (%) Subcriteria Weight (%) Global Weight (%) Ranking

Quality (C,)) 25.79% 5.89% 6

Time and efficiency (C,,) 37.83% 8.64% 3

Inventory (C,) 17.89% 4.09% 8

Operational (C)) 22.84% Planning (C|,) 7.59% 1.73% 10
Logistics (C,) 4.98% 1.14% 12

Equipment and maintenance (C ) 2.55% 0.58% 15

Flexibility (C,.) 3.37% 0.77% 13

Costs (C,)) 50.64% 30.42% 1

Economic (C,) 60.06% Energy consumption (C,,) 36.55% 21.95% 2
Marketing (C,,) 12.81% 7.69% 5

Waste (C,)) 46.56% 7.96% 4

Emissions and toxicity (C,,) 12.16% 2.08% 9

Environmental 17.09% Recycling (C,,) 24.85% 4.25% 7
() Green energy usage (C,,) 3.14% 0.54% 16
Resource consumption (C,;) 4.17% 0.71% 14

Legislations and incentives (C,,) 9.12% 1.56% 11
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products if possible. Hence, costs criterion is found as
the most important factor which is being considered
in strategic level decisions. Therefore, it can be said
that executives are focusing on taking economically
feasible investment decisions, instead of considering
environmental impacts of their decisions in Turkey. This
management approach is common in most developing
countries since these countries mainly rely on imported
material, machines, equipment and manufacturing
technologies. Factors like high levels of unemployment
rate (about 16% in Turkey), high foreign depts (more
than $430 billion in Turkey), low income rates
(minimum wage in Turkey is $297/€252 for employed
people), high inflation rates (at least 12%/year), low
profit margins, high tax rates, and constantly decreasing
value of money because of unfavorable currency
exchange rates are unfortunately bringing more urgent
economic priorities to be considered in these countries.
Especially pandemic caused by COVID-19 virus caused
more damage in the economy because of the increase
in the number of companies that went bankrupt during
quarantine period.

However, examining the global weight of each
criterion, results reveal more promising findings
and provide a better understanding of the cause of
indifference to environmental problems in Turkey.
Amount of waste produced during manufacturing
is ranked as the most important environmental
subcriterion in its layer (with a score of 46.56%), and
fourth most important criterion in the whole model
(with a global score of 7.96%), which shows that
there is an important need of reducing waste in PVC
manufacturers. Actually, some of the waste produced
can be recycled as raw material inside the facility if
proper machinery and technology exist at the facility.
In fact, recycling (which is the second most important
subcriterion in environmental layer with 24.85% score)
has the seventh rank (with 4.25% global score) among
all sixteen criteria, which also makes it more important
than half of other criteria. Actually, some strategies,
suggested in the latest progress report published by
Plastics Europe in 2019 about Operation Clean Sweep®
[70] in accordance with the EU Strategy for Plastics in
the Circular Economy [32], such as reducing all aspects
of waste strategies by minimizing the pellet loss rate
during logistics operations should be a cost-effective
way of reducing waste amount. Application of these
strategies would satisfy several criteria such as reducing
costs and waste, and improving logistics performance
simultaneously in Turkish companies. Despite these
findings, environmental criteria group ranked last
(with a 17.09% score in main criteria layer). More
comparisons should be made between subcriteria global
weights to understand the reasons behind this result.

Considering individual global weights in the
environmental subcriteria group, waste and recycling
subcriteria are actually important factors for executives
of PVC companies in Turkey as being in the first half
of all KPIs. However, in general these issues are being

neglected mostly at the decision stage. Bearing in mind
that costs are the most important subcriterion, it is
understandable why recycling ranked seventh since it is
a solution to reduce wastes and generate raw material
input for the facility. Time and efficiency criterion
ranked as third (with 8.64% global score) as a more
important criterion than both waste and recycling;
where quality criterion ranked sixth (with 5.89% global
score) as a more important criterion than recycling.
These two factors’ global importance rankings explain
the lower importance of recycling when thought
together with costs criterion. Firstly, using virgin
polymer for production is much cheaper than recycling
polymers in most cases, which is a disadvantage for
recycling; especially if the facility doesn’t have a built-
in technology for that. Secondly, only one fifth of total
plastic waste contains PVC, and this inhomogeneity
makes recycling of PVC harder during the waste
separation phase as confirmed by similar findings of
studies in the literature [8, 11]. Cross contamination is
also a problem in Turkey [71], which can be another
reason of low preference rate of recycling in PVC
industry during investment prioritizations, since this
problem affects both quality and time/efficiency criteria
negatively. Finally, polymer compounds degrade
after certain amount of recycling operations [6]. This
unknown data about the background of PVC waste is
also considered as another drawback regarding the
quality related concerns.

Emissions and toxicity related issues, which is the
third most important subcriterion in environmental
layer with 12.16% score, have only about 2.08% effect
in the overall decision process. Nineth ranking of the
emissions and toxicity subcriterion can be explained
by the current standards in the country supervised
and controlled by the government. Executives are
assuming that as long as their facilities satisfies the
regulations there will not be any need to invest in
new technologies to reduce emission values further to
prevent environmental effects. In addition to previously
discussed criteria, marketing (with 7.69% global weight)
and inventory (with 4.09% global weight) criteria are
more important to executives, since they are directly
related with the production and sales efficiencies, which
explains the general management philosophy clearly in
developing countries such as Turkey. However, recycling
PVC, instead of manufacturing it from the virgin raw
materials, actually reduces total emissions [34]. At this
point, some governmental policies are needed to reduce
emissions and toxicity further to support recycling for
the benefit of the environment in long term.

Legislations and incentives subcriterion, which was
ranked fourth under environmental criteria layer with
9.12% score, ranked only eleventh according to its global
score (1.56%). This low importance can be explained
with higher investment costs necessary to comply with
the incentive opportunities, and considering break-even
and rate of return analysis of required investments it
can be said that current incentives do not appeal to PVC
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manufacturers Turkey. As mentioned before, strategies
like cost effective waste reduction [70] should be
encouraged by the government or local authorities by
the introduction of necessary legislations and incentives
in Turkey. Even though, obligation of founding a non-
profit producer responsibility organization (PRO) to
deal with wastes and recycling in some European
countries strategy [72] is not feasible for the economic
structure of Turkey, the introduction of some measures
to encourage other Extended Producer Responsibility
(EPR) schemes to reduce wastes and boost recycling in
manufacturers and in their value chains is a considerable
field for incentives [73]. Additionally, landfilling and
incineration restrictions and better use of taxation and
other economic instruments to reward the uptake of
recycling [74] would certainly increase the recycling
rate in Turkey.

Resource consumption and green energy usage
subcriteria are ranked last among the environmental
group with scores of 4.17% and 3.14% respectively.
These subcriteria also ranked at the end of the list,
in fourteenth (with 0.71% global score) and sixteenth
(with 0.54% global score) orders among all sixteen
criteria. These results are not surprising in developing
countries. Even most important environmental criteria,
like emissions and toxicity, are being neglected in
strategic level decisions as long as evaluated investment
alternatives comply with legal regulations. Developing
countries have a long way to catch on with the EU
standards and rest of the developed countries’ vision
for environmental issues. Resource consumption is
treated as a cost element in most of the companies in
Turkey instead of an environmental issue, because of
the lack of environmental awareness. The government
should impose some legal sanctions in case of excessive
resource consumption to increase awareness. Some
policies may be regulated by local authorities to
encourage the investment on green energy production
facilities for larger companies, and additionally some
tax incentives may be introduced for entrepreneurs
who considers an investment in this field to increase
renewable energy usage in Turkey, since current
legislations do not seem effective enough for companies
to consider these options.

Considering the results of this study, properties of
PVC, and conclusions of other studies in the literature,
it can be said that some external incentive measures
are required for private sector PVC manufacturers to
pay enough attention to environmental issues such as
recycling, waste management, lower emissions, less
resource consumption and more green energy usage in
manufacturing. PVC manufacturers in Turkey found out
to be aware about the environmental issues. However,
competition in the market and economy of the country
forces them to be more cost and time efficient in their
productions with zero chance of quality defects. With
the high investment cost requirements for recycling
facilities, current technology related with the recycling
of PVC, high contamination ratio of plastic wastes,

challenging separation procedures, and cheaper price
of virgin polymers with more promising final product
quality are the main reasons for recycling to be less
preferred alternative for the manufacturing and as an
investment option in Turkey.

Conclusions

This study focuses on PVC product manufacturers
in Turkey which also uses recycled PVC waste as an
input. Main idea behind this study is to understand the
importance of environmental issues in the strategic
level investment decisions made by executives of
these companies. Therefore, sixteen performance
metrics collected from the literature survey used in a
MCGDM model to calculate the global importance
ranks associated with each subcriterion. Among three
main criteria, economic subcriteria group found out
to be the most important factor, where environmental
subcriterion group ranked last. However, individual
criterion global rankings show that waste amount
generated is the fourth important criterion among all
sixteen criteria, where recycling ranked seventh and
emission values ranked ninth.

From the results shared above, the following
conclusions can be drawn. Firstly, executives of
PVC manufacturers in Turkey are aware about the
importance of environmental issues. However, intense
competition in the market forces the private sector to
focus on costs, production times, and quality more
than environmental issues. Secondly, recycling of
PVC is being seen as a risky and costly approach by
the manufacturers for several reasons such as, low
purity of PVC waste separated [71], degradation of
PVC during recycling processes [6], investment costs
of bult-in recycling facilities, and additional logistics
cost of supply [35]. These issues seem to be the primary
concerns of executives. However, preparation of
guidelines on separate collection and sorting of plastic
waste and introducing regulations for this purpose
by the government, as suggested in the European
Strategy for Plastics in a Circular Economy [32], would
especially benefit the recycling process efficiency of
PVC waste, and encourage the use of recycled PVC
by the manufacturers in Turkey. Low quality of PVC
waste and cross contamination issues are stated as the
most challenging problem by the DMs in this study.
Incentives to solve this problem would certainly increase
the recycling rate in manufacturers by supporting
them in Turkey. Thirdly, opportunities related with the
reduced emissions that can be achieved by the recycling
process is not being preferred by manufacturers
because of aforementioned reasons. Therefore, to
increase the importance of environmental factors in
strategic level decisions, introduction of cost-efficient
recycling technologies and waste reduction approaches
are necessary for Turkish PVC manufacturers. Also,
some tax regulation differentiations or incentives can
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be regulated by the government to encourage the use
of recycled raw materials instead of virgin polymers,
and reducing the plastic wastes. Introduction of
some legal regulations according to Operation Clean
Sweep® [70] to reduce the amount of plastic spill
into the environment would be a feasible incentive for
companies to take some precautions throughout their
value chains and organize trainings for the employees
in a cost-efficient way with considerable gains for
both companies and the environment. A certification
scheme with external audit can be considered by the
government for this purpose [32].

Results of this study would be helpful to understand
the approach of PVC manufacturers to environmental
issues in developing countries. This understanding can
be useful to develop incentive measures in the future to
increase recycling rate to contribute to circular economy
model [32] being developed, especially if Turkey is
going to switch to zero-waste manufacturing in 2025
[12]. Better waste collection systems and innovations
in sorting and recycling technologies [74] is a vital
requirement to increase the usage rate of recycled PVC.
Investors can consider to build up companies specialized
in this area to support recycling in Turkey if supported
by proper incentives. Establishing standardization and
quality certification institutions for recycled materials
[74] is another requirement which creates an investment
opportunity for entrepreneurs in Turkey. Setting up
companies that specializes on the chemical recycling
of PVC [75] also seems a good investment option in
Turkey, since most recycling operations still depend
on mechanical processes. Establishing a cost-effective
chemical recycling service providing company promises
a great potential since this method also reduces
environmental effects of the process [11]. Moreover,
MCGDM framework proposed in this study can be
used to evaluate the priorities of PVC manufacturers
in different countries to conduct cross-country
comparisons to state the differences and to compare
their external reasons. Nevertheless, considering the
long-life span of PVC products and exponentially
increasing amounts of PVC waste, it is important to
increase their recycling rate to reduce their harmful
effects on the environment. Therefore, it is essential to
analyze and understand the factors withholding private
sector from investments on recycling, and develop
solution approaches to maintain a balance between
protecting the environment and retaining competitive
advantage in the market.
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