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The population of Turkey has increased rapidly in parallel with the rise 
in technology and industrialization. The increasing population of the 
country has triggered urbanization, and environmental problems have 
drawn attention. One of the issues resulting from urbanization is municipal 
solid waste (MSW). Every object we use in our daily life is transformed 
into solid waste when its economic life has ended. The processes from 
the storage of these wastes to their disposal, often referred to as MSW 
management, come under the municipalities' authority and responsibility. 
MSW must be processed with the most negligible environmental impact. 
This study aimed to investigate MSW management systems in Turkey, 
including the quantity, composition, and disposal methods of MSW 
generated and populations served by MSW, MSW per capita per day. 
Results from the study showed that the mean MSW generated in Turkey 
was 26.74 Mton/yr and increased in the following order by region; Eastern 
Anatolia < South East Anatolia < Black Sea < Mediterranean < Aegean 
< Central Anatolia < Marmara. This order/ranking was in line with the 
regions' population. The population explained 84 to 95% of the variation in 
MSW. Results from the study could be used in MSW management. 
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1. Introduction

In parallel with economic development, the global in-
dustry, starting with the Industrial Revolution, has grown 
more significantly in recent years and accelerated urban-
ization. This situation triggered the generation of munic-
ipal solid waste (MSW) [1,2]. MSW often depends on the 
population growth rate and is more common in develop-
ing countries [3]. It is possible to talk about a positive rela-
tionship between economic development and the amount 
of MSW. For example, East Asia, the Pacific, Europe, and 
Central Asia are responsible for 43% of the total waste 
material globally. Simultaneously, the Middle East, North 

Africa, and sub-Saharan Africa are responsible for 15% of 
the total production.

Similarly, when looking at MSW per capita, the lowest 
and highest production belongs to sub-Saharan Africa 
(0.46 kg/day) and North America (2.21 kg/day), respec-
tively [4]. As one of the 20 most populated countries in the 
world, Turkey’s population growth rate (1.9%) is higher 
than that of most developing countries and the world av-
erage (1.7%) [5]. The amount and components of MSW 
are strongly linked to changes in people’s consumption 
behavior and rapidly developing technology. MSW com-
prehends solid wastes from dwellings, businesses, orga-
nizations, street garbage, constructions, and wastewater 
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treatment facilities. MSW requires special attention due 
to its diversity/complexity and increasing volumes. The 
quantity and characteristics of such wastes vary between 
countries, regions, and even families within the same city. 

These characteristics of solid waste materials can be 
affected by education, job opportunities, family structure, 
the income level of people, and their consumption habits 
[6, 7, 8, 9]. Industrial and urban MSW can cause severe prob-
lems for the environment and human health. Underground 
and surface water and soil contamination, unwanted 
odors, insects, air pollution, global warming, and even 
some explosion events can be cited as examples of these 
problems. For this reason, MSW management is an issue 
that concerns all states globally [10, 11]. Provision of aes-
thetic and hygienic competence with MSW management 
is generally the local governments’ responsibility, namely 
provincial, district, and town municipalities [12]. Although 
waste management systems are parallel to relevant tech-
nological developments, they are still a fundamental prob-
lem for many countries. They are pretty complicated and 
costly and need to be well organized [13, 14].

Global MSW production was calculated as 1.3 billion 
tons in 2010, and it is estimated to reach 2.2 billion tons 
in 2025 and 4.2 billion tons in 2050. According to data 
from the World Bank, 2.01 billion tons of MSW are gen-
erated globally, and 33% is not adequately managed. The 
World Bank data show that MSW per capita generation is 
between 0.11–4.54 kg/day worldwide. Methods such as 
landfill, incineration for energy, and recycling come to the 
fore considering the most used MSW disposal schemes 
worldwide [1, 15, 16]. While 40% of worldwide MSW are 
managed by landfill, 13.5% by recycling, 11% by open 
area incineration, and 5.5% by composting, 30% of the 
MSW are still dumped in open areas [4]. All these show 
the importance of MSW management. There are many 
definitions of MSW management in the literature. MSW 
management comprehends the minimization of MSW at 
the source, processing, transport, disposal and monitoring, 
and control and inspection points in a manner that will 
result in the least harm to the environment. A waste man-
agement system’s primary goal is to reduce waste at the 
source and ensure waste recovery with maximum recy-
cling. The environment and human health are negatively 
affected due to the inadequacy of most waste management 
systems [17, 18, 19, 20]. 

The municipalities carried out solid waste management 
in Turkey in the framework of some laws such as 2872 
Environmental Law Article-11, 5393 Municipalities Law 
Article-14 and 5216 Metropolitan Municipality Law Arti-
cle-7 [17, 21, 22,.23].

The formation system methods used in MSW and na-

tional waste management action plan, which is introduced 
for 2016-2023 and issued by the Ministry of Environment 
and Urbanization, must also be compatible [24]. In the first 
stage of the plan mentioned above, Turkey was separated 
into specific regions and became operational in MSW 
management associations. Each of these regions was de-
termined to serve an area with a minimum effective radius 
of 30 km and a maximum effective radius of 65 km. As a 
result, 116 waste unions in the country were established 
by dividing into three central regions and 11 sub-regions.

The objective of the present study is to (i) determine 
and evaluate MSW management by region, including 
amount and disposal methods, population served by MSW 
and MSW per capita, in Turkey between 2001-2018 (ii) 
reveal the relationship between population and MSW us-
ing simple linear regression technique. 

2. Material and Method

We first examined the quantity and composition of 
MSW generated in Turkey; then analyzed the disposal 
methods, populations served by MSW, and MSW per 
capita. 

Regarding data analysis, first, descriptive statistics 
were generated, then Pearson’s correlation analysis was 
applied to determine the relationship between MSW gen-
eration and population. Finally, a simple linear regression 
technique was used to model the amount of solid waste by 
population. Ln and arcsin transformations were applied 
for data showing nonnormal distribution. R [25] program 
was used for the analysis of the data. Maps on the amount 
of solid waste were created on the ArcGIS 10.2 program 
using the IDW (inverse distance weighted) method [26, 27].

Data and materials used in the study were obtained 
from the websites of the Turkish Statistical Institute 
(TUIK/TURKSTAT)) and the Directorate General of En-
vironmental Impact Assessment, Permit, and Inspection 
of the Ministry of Environment and Urbanization. The 
research was limited to 2001–2018 as the solid waste data 
on the TURKSTAT website include only those years. In 
evaluating the relationship between the population and the 
amount of waste.

2.1 Study Area

Turkey, the transition point between Asia and Europe, 
is an upper-middle-income country, according to World 
Bank data for 2018, and is in the Developing Markets list, 
according to the UN World Economic Situation and Pros-
pects Report [28, 29]. The population of Turkey in 2019 was 
83,154,997, according to the Address Based Population 
Registration System prepared by the Turkish Statistical 
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Institute. As of 2019, there were 1390 municipalities in 
Turkey, including 30-metropolitan, 51-province, 519-met-
ropolitan district, 403-local district, 387-town [30]. Seven 
geographic regions have been selected as the study area, 
namely: Marmara (Mrm), Central Anatolia (CA), Medi-
terranean (Med), Aegean (Aeg), Southeast Anatolia (SA), 
Black Sea (BS), and Eastern Anatolia (EA) regions.

3. Results

3.1 MSW Situation in Turkey

The average MSW in Turkey, the population served by 
MSW, MSW per capita per day between 2001 and 2018 
are mapped in Figures 1-3.

Figure 1. The average MSW in Turkey between 2001 and 
2018

Figure 2. Average populations served by MSW between 
2001 and 2018.

Figure 3. The average MSW per capita in Turkey between 
2001 and 2018.

Table 1. MSW data by regions for 2001-2018.

Regions Population served by MSW

Min Avearage Max Ϭ

Mrm 15411764 19425208 24642689 3576090.31

CA 9237732 10500746 12344680 1075317.16

Med 6833144 7956810 10096152 1235739.34

Aeg 6933092 8072440 10044453 1174925.00

SA 4417761 5719521 8091238 1348791.68

BS 4523709 5080292 6029368 547554.32

EA 3470719 3865888 4708001 470642.07

Average MSW per capita (Kg / Person/day)

Min Avearage Max Ϭ

Mrm 1.24 1.3827 1.58 0.12

CA 1.07 1.3155 1.60 0.22

Med 1.00 1.1555 1.33 0.12

Aeg 1.23 1.4791 1.79 0.20

SA 0.81 0.9809 1.17 0.10

BS 1.14 1.2918 1.49 0.15

EA 0.96 1.0782 1.19 0.08

MSW Collected (MTon / Year)

Min Average Max Ϭ

Mrm 7.37 8.92 11.22 1.26

CA 4.21 4.86 5.40 0.41

Med 2.82 3.33 4.22 0.39

Aeg 3.50 4.00 4.84 0.44

SA 1.28 1.94 2.89 0.56

BS 1.86 2.21 2.39 0.18

EA 1.21 1.49 1.86 0.22

Analysis of the average MSW generation, as seen in 
Figure 1, Istanbul has the highest amount of solid waste 
due to its high population density. Ankara and İzmir 
are the other two provinces with very high solid waste 
deposits due to a very high population. Figure 2 shows 
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the average populations served by MSW. Accordingly, 
Istanbul, Ankara, and Izmir can be listed as the provinces 
serving the highest number of people. According to the 
MSW generation per capita per day in Figure 3, Edirne, 
Tekirdağ, Çanakkale, Balıkesir, Muğla, Bolu, Düzce, 
Bartın, Kastamonu, Kırşehir and Amasya were the prov-
inces generating the largest quantities of waste, whereas 
Kahramanmaraş, Trabzon, Gaziantep, Sanlıurfa, Muş 
and Hakkari generated the least quantities of MSW. The 
average MSW in Turkey is commonly estimated at 26.74 
Mtons/year. MSW per capita in the country for 2018 was 
1.16 kg/day. MSW generation, the population served by 
MSW, and MSW generation per capita per day are pre-
sented in Table 1.

Using the waste characterization in the status report 
(PESR) 2018, the approximate percentage of the overall 
waste characterization in Turkey’s regions is shown in 
Table 2. Provincial solid waste characterization data were 
used to prepare Table 2. However, the waste characteriza-
tion data for 25 provinces could not be obtained.

Table 2 showed that the rate of organic wastes gener-
ated in Turkey was the highest, followed by quantities 
of plastic and paper waste, and the rate of E-wastes was 
the lowest. The most generated waste types were in the 
following order by region; textile, hazardous, paper-card-
board and packaging in Marmara, organic in the Mediter-
ranean, glass in Aegean, plastic in South East Anatolia, 
and E-waste, ash, and metal in the Black Sea, and the oth-
ers in Central Anatolia.

3.2 Analysis of Municipal Solid Waste Data by 
Region

3.2.1 Marmara

Balıkesir, Bilecik, Bursa, Çanakkale, Edirne, İstanbul, 
Kırklareli, Kocaeli, Sakarya, Tekirdağ and Yalova are 
the provinces within the borders of this Region. Industry, 
trade, tourism, and agriculture are more developed than in 
the other regions. This part of the country also has clear 
lines regarding the ratio of urban to rural areas. It has the 
highest energy consumption, higher industrial production 
than the other regions combined, and the highest popula-
tion density [30, 31]. The region’s area is 72666 km2, and the 
population density is estimated as 336.68 people/km2. The 
MSW disposal methods used in the region between 2001-
2018 are presented in Figure 4.

Figure 4. MSW disposal methods used in Marmara re-
gion.

MSW disposal methods used in Marmara were in the 
following order: landfills (L) (76.44%), municipal landfills 

Table 2. General characterization of MSW by region in Turkey (%)

Waste Component Mrm CA Med Aeg SA BS EA Turkey in general

Organic 51.98 53.47 56.19 48.02 50.54 54.81 54.73 52.30

Other 14.86 28.48 16.68 19.98 23.87 14.52 18.42 18.85

Glass 4.81 2.47 3.99 6.05 1.78 4.47 4.21 4.29

Plastic 11.77 6.88 11.22 11.01 13.12 10.84 10.83 10.74

E-Waste 0.19 0.08 0.24 0.16 0.00 0.32 0.03 0.16

Textile 3.29 1.38 0.00 2.80 1.21 0.12 1.19 2.11

Ash 0.36 0.84 0.77 0.80 2.69 3.15 1.64 0.89

Hazardous 0.72 0.10 0.20 0.57 0.00 0.39 0.27 0.45

Paper - Cardboard 10.35 5.11 8.95 8.36 5.11 8.68 7.67 8.48

Metal 1.04 1.12 1.76 1.72 1.48 2.68 1.00 1.37

Packaging 0.64 0.06 0.00 0.53 0.22 0.02 0.00 0.37
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(ML) (15.8%), metropolitan municipal landfills (MML) 
(3.41%), compost facilities (CF) (1.64%), and landfill in 
another municipal dump (LAMD) (0.91%), other recov-
ery operations (ORO) (0.86%), other disposal operations 
(ODO) (0.55%), and open burning (OB) (0.21%); improp-
er landfills (IL) (0.14%), and dumping in river, stream and 
lake (RSLD) (0.04%).

According to the PESR of the provinces in the Mar-
mara Region, some district municipalities of Bilecik and 
Balıkesir were still using the wild storage method in 2018. 
However, there were landfills in all the provinces [32]. Ac-
cording to the 2018’s data, the population served by MSW 
was 19,425,208 (98.4%) in the region. The highest and 
lowest population served by MSW was in Istanbul and Bi-
lecik. The average MSW generation in the region was 8.92 
Mtons/year, while the MSW generation per capita was 1.38 
kg/day. Tekirdağ and Kocaeli had the highest and lowest 
MSW generation per capita, with 1.73 kg/day and 1.005 
kg/day. 

3.2.2 Central Anatolia

The population of the region, with an area of 136057 
km2 which includes the provinces of Aksaray, Ankara, 
Çankırı, Eskişehir, Karaman, Kayseri, Kırıkkale, Kırşe-
hir, Konya, Nevşehir, Niğde, Sivas, and Yozgat was 
12,705,812 with a density of 93.38 people/km2 according 
to national census of 2019. The solid waste disposal meth-
ods in the region are given in Figure 5.

However, all provinces in the region have landfills, 
while some districts in Kırıkkale and Kırşehir used wild 
storage and on-site storage methods because of far from 
the landfill, some others sent their wastes to the landfill in 
Yozgat[32]. The percentages of MSW disposed of by dif-
ferent methods were as follows: 33.79% ML, 31.89% L, 
27.92% MML, 2.42% ORO, 1.41% LAMD, 1.39% ODO, 
0.41% IL, 0.40% OB, 0.37% RSLD, and 0% CF.

The highest and lowest MSW generation per capita was 
in Kırşehir with 1.66 kg/day and Eskişehir with 1.06 kg/
day. The average MSW generation in the region was 4.86 
Mtons/year with a minimum value of 0.06 Mtons/year in 
Çankırı and a maximum value of 2.2 Mtons/year in An-
kara. According to data from 2018, the population served 
by MSW was around 10,500,746 (94.1%). The highest 
and lowest population served by MSW was Ankara and 
Çankırı. 

Figure 5. MSW disposal methods used in Central Anato-
lia region.

3.2.3 The Mediterranean

The population in the region, having an area of 89493 
km2, which includes the provinces of Adana, Antalya, 
Burdur, Hatay, Isparta, Kahramanmaraş, Mersin, and Os-
maniye, was 10,552,942 with a density of 117.9 people/
km2 according to the national census of 2019.

The percentage of MSW by disposal methods were as 
follows: 40.23% ML, 37.86% L, 12.71% MML, 3.09% 
LAMD, 1.40% CF, 1.36% ODO, 1.02% IL, 0.99% 
ORO, 0.79% OB, and 0.56% RSLD (Figure 6). 96.5% 
(7,956,810 people) of the region’s population, the highest 
in Adana and lowest in Burdur, was served by MSW, ac-
cording to data from 2018. The average MSW generation 
in the region was 3.33 Mtons/year, with a minimum in 
Burdur and a maximum in Antalya. 

The highest and lowest MSW generation per capita was 
in Antalya with 1.66 kg/day and Kahramanmaraş with 
0.86 kg/day, while the average was 1.6 kg/day. The mu-
nicipalities in the region recycled about 100,817 tons/year 
of MSW. According to the regional 2018 PESR, 90% of 
the domestic wastes in Adana were disposed of with reg-
ular storage. The number of landfill facilities in Antalya, 
Hatay, and Mersin was five, two, and two, respectively. 
The Kahramanmaraş province disposed of solid waste in 
landfills (for 11-district) and wild storage (for 4-district). 
There was one sanitary landfill in each remaining prov-
ince [32]. 

Figure 6. MSW disposal methods used in in the Mediter-
ranean region.
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3.2.4 Aegean

There are eight provinces in the Aegean region, namely 
Afyonkarahisar, Aydın, Denizli, Izmir, Kütahya, Manisa, 
Muğla, and Uşak. The population of the region with an 
area of 90,251 km2 was 10,318,157, according to the na-
tional census of 2019. Its population density was 114.3 
persons/km2. 

The percentage of MSW by disposal methods were as 
follows: 36.3% L, 28.5% ML, 19.4% MML, 5.5% ORO, 
3.7% CF, 2.4% LAMD, 1.3% ODO, 1.2% IL, 0.7% OB, 
and 0.5% RSLD (Figure 7). The average population 
served by MSW in the region was 1,009,055 (95.5%), 
with the highest in İzmir and the lowest in Uşak. The 
highest and lowest MSW generation per capita was in 
Muğla with 2.50 kg/day and Denizli with 1.16 kg/day, 
while the average was 1.48 kg/day. The highest and lowest 
MSW generation was in Muğla, and Kütahya, and Uşak 
in the given period. While the regional average of MSW 
generation was 4.0 Mtons/year, the region’s municipalities 
recycled about 43703 tons/year of that amount. According 
to the regional 2018 PESR, there were a total of 14 land-
fill sites: three in Aydın, one in Uşak, four in Muğla, two 
in İzmir and Denizli, and one each in Afyonkarahisar and 
Manisa. However, wild storage methods were also in use 
in some districts of Aydın and Uşak.

Figure 7. MSW disposal methods used in the Aegean region

3.2.5 Southeastern Anatolia

The Southeastern Anatolia Region, with an area of 
59,176 km2, including Adıyaman, Batman, Diyarbakır, 
Gaziantep, Kilis, Mardin, Siirt, Şanlıurfa, and Şırnak 
provinces, had the population of 8,876,531 with 150 peo-
ple/km2 population density. 

The percentage of MSW by disposal methods were as 
follows: 50.92% L, 26.74% MML, 9.56% ML, 4.61% 
ODO, 2.89% OB, 2.0% RSLD, 1.43% IL, 1.27% ORO, 
0.59% LAMD, 0% CF (Figure 8). The average population 
served by MSW in the region was 635,502 (91,4%), with 
the highest in Gaziantep and lowest in Kilis. The highest 
and lowest MSW generation per capita was in Muğla with 
1.16 kg/day and Denizli with 0.82 kg/day, while the aver-

age was 0.98 kg/day. The highest and lowest solid waste 
generated was in Gaziantep and Kilis in the given period. 
While the regional average of MSW generation was 1.94 
Mtons/year. According to the PESR published in 2018, 
there were no landfills in Diyarbakır, Şırnak, and Batman 
provinces, and the wild storage disposal method was still 
in use. However, Gaziantep had two landfills and, other 
provinces, including Kilis, Mardin, Siirt, and Şanlıurfa, 
had one each. 

Figure 8. MSW disposal methods used in the Southeast 
Anatolia region.

3.2.6 The Black Sea

The provinces in the region are Amasya, Artvin, Bar-
tin, Bayburt, Bolu, Çorum, Düzce, Giresun, Gümüşhane, 
Karabük, Kastamonu, Ordu, Rize, Samsun, Sinop, To-
kat, Trabzon and Zonguldak. The region with an area of 
116169 km2, had the population and population density 
of 7,674,496 and 66.06 people/km2, according to national 
census in 2019. 

The percentage of MSW by disposal methods were as 
follows: 52.35% ML, 31.74% L, 6.25% MML, 3.44% 
ODO, 2.73% LAMD, 2.13% IL, 0.54% RSLD, 0.47% 
OB, 0.35% ORO, 0% CF (Figure 9). The average MSW 
generation in the Black Sea region was 2.21 Mton / year, 
with the highest in Samsun and lowest in Bayburt. The 
municipalities in the region recycled 9089 tons/year of 
MSW. The highest and lowest MSW generation per capita 
was in Kastamonu with 1.69 kg/day and Trabzon with 0.79 
kg/day, while the average was 1.29 kg/day. The average 
population served by MSW was about 5,080,292 (75.5%), 
with the highest in Samsun and the lowest in Bayburt. 
According to PESR report, the MSW disposal methods 
vary by province and some were as follows: wild dump 
in Karabük, Amasya, Bartın, Giresun, regular storage in 
Amasya, Artvin, Samsun, Tokat, Bayburt, Bolu, Çorum, 
Düzce, Kastamonu, Zonguldak, and Sinop, and waste 
transfer in Gümüşhane. While constructing a sanitary 
landfill was still ongoing in Ordu, Rize and Trabzon joint-
ly used the landfill method. 
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Figure 9. MSW disposal methods used in the Black Sea 
region.

3.2.7 Eastern Anatolia

Eastern Anatolia Region, whose population was 
5,966,101 in 2019 with 39,7 people/km2, consists of Ağrı, 
Ardahan, Bingöl, Bitlis, Elazığ, Erzincan, Erzurum, Hak-
kari, Iğdır, Kars, Malatya, Muş, Tunceli and Van provinc-
es. The area of the region is 150,210 km2. 

The percentage of solid waste by disposal methods 
were as follows: 57.75% ML, 23.57% L, 12.49% MML, 
1.62% IL, 1.05% LAMD, 1.05% RSLD, 0.89% ODO, 
0.86% OB, 0.72% ORO, and 0% CF (Figure 10). The av-
erage MSW generation in the region was approximately 
1.49 Mtons/year, with the lowest in Ardahan and highest 
in Van. The highest and lowest MSW generation per cap-
ita was in Kars with 1.45 kg/day and Hakkari with 0.51 
kg/day, while the average was 1.08 kg/day. The average 
population served by MSW was 3,865,888 (77.6%), with 
the highest in Van and the lowest in Ardahan. The 2018 
PESR report showed that different disposal methods vary 
with provinces as follows; sanitary landfill in Bingöl, Er-
zurum, and Iğdır, regular landfills in Malatya, Bitlis, Erz-
incan, and Elazığ, wild dump in Hakkari, Ardahan, Kars, 
Malatya, Bitlis, Erzincan, and Elazığ. The construction of 
landfills was ongoing in Tunceli and Van. 

Figure 10. MSW disposal methods used in the Eastern 
Anatolia region.

3.3 Relationship between Population and MSW

Pearson’s correlation analysis was used to determine 
the relationship between MSW and population, and sim-
ple linear regression analysis was used to model this rela-

tionship. Statistical analyses were carried out using the R 
program. The Pearson correlation coefficients (r) between 
population and solid waste varied between years and 
ranged from 0.92 to 0.98 (Figure 11).

Figure 11. Correlation diagram between population (N) 
and the MSW generation (A) (the change of color from 
light to dark and the closing of the cake slice gap show 

that the relationship is significant)

The adjusted coefficient of determination (R2
adj) varied 

by year and ranged from 0.84 to 0.95 (Figure 12). That 
means 84% and 95% of the solid waste variation could be 
explained using the population as the independent variable. 
On the other hand, the r and R2

adj were determined as 0.97 
and 0.95 without taking years into account (Figure 13). 

Figure 12. The relationship between the MSW generation 
in Turkey and population by year modeled using simple 

regression
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Figure 13. Relationship between the total population and 
the MSW generation modeled using simple regression

4. Discussion

This study related solid waste to population, besides 
the amount and disposal methods of municipal solid waste 
(MSW), frequently studied in Turkey. 

Municipalities’ population served by solid waste in the 
country increased in the following order by region: Mar-
mara (98.4%) > Mediterranean (96.5%) > Aegean (95.5) 
> Central Anatolia (94.1%) > South East Anatolia (91.4%) 
> Eastern Anatolia (77.6%) > Black Sea (75.5). This or-
der could be attributed to share of average regional GDP, 
which was the highest in Marmara [33]. This is because the 
higher the GDP, the higher the population served by solid 
waste. UNSD [34] reported the lowest population served by 
municipal waste collection with lower than 30% in some 
countries such as Burkina Faso, Madagascar and Yemen, 
Zambia, Senegal and Guatemala, having relatively lower 
GDP and development level.

The average MSW generation per capita in Turkey was 
1.24 kg/day. MSW generation per capita was the highest 
in Aegean with 1.48 kg/day and the lowest in Southeast-
ern Anatolia with 0.98 kg/day. The highest MSW genera-
tion per capita in Aegean could be attributed to increased 
population in especially tourism season [35] in addition to 
relatively higher GDP. Ramaswamy and Kumar [36], for 
example, reported an increase of about 1 kg/day per capita 
due to coming tourists also causing some environmental 
problems. On the other hand, the lowest MSW generation 
per capita could be related to the lowest GDP in the coun-
try. GDP is globally known as an indicator of MSW gen-
eration per capita, despite not strong correlations between 
them. While MSW generation per capita in EU countries 
ranged from 0,85 to 2.13 kg/day, it ranged 0.16 to 1.78 kg/
day in Middle East and North Africa, having lower GDP 
than EU [37]. Another study in Tehran [38] reported correla-
tion coefficient between GDP and MSW generation per 
capita to be 0.91. Similar results were also found by some 
researchers  [39,40,41].

MSW disposal techniques in Turkey vary from landfills 
including L, ML, MML, LAMD and, IL to ORO, CF, OB, 
and RSLD. Landfill, the most-used MSW disposal method 
in Turkey, ranged from 87.8 to 96.7% by regions (Figure 
4-10). It is also the globally most-used one with 71% [42], 
especially in developing countries such as Turkey, India, 
and China due to inadequacies in economic, technology, 
skilled and educated people, and available land [43]. For 
example, while China disposes of 96.9% of its MSW with 
landfill followed by incineration (1.8%) and composting 
(1.3%) [44], India disposes of 80 to 90% of its MSW with 
this method [45]. Tehran, on the other hand, dispose of 76% 
of its MSW. 

The relationship between the municipal population and 
MSW was also investigated. The adjusted coefficient of 
determination (R2

adj) varied by year and ranged from 0.84 
to 0.95 (Figure 12). That means 84% and 95% of the solid 
waste variation could be explained using the population as 
the independent variable. On the other hand, the r and R2

adj 

were determined as 0.97 and 0.95 without taking years 
into account (Figure 13). Dyson and Chang [47] examined 
the relationship between solid waste produced in America, 
population, and income. They found R2

adj ranged between 
0.89 and 0.99. Bandara et al. [47], in Sri Lanka, estimated 
the amount of organic waste produced per capita by vari-
ous income groups using the linear regression model. The 
model included the number of people in a household in 
the lower- and middle-income groups and the number of 
working people in the upper-income group as independent 
variables. Mateu-Sibert et al. [48], in their study carried 
out in Spain, found that a 1% increase in the tourist pop-
ulation increased the amount of municipal solid waste by 
0.3%. 

5. Conclusions 

The study showed that most-used MSW disposal meth-
od in Turkey is landfill in a rate of 87.8-96.7%, which is 
a traditional waste disposal method, mostly-used in de-
veloping countries such as China and India, are used as of 
2018. Use of other disposal methods is limited to the rate 
of 0.72 to 1.93, including burning, composting and other 
recovery techniques. The study also showed that the pop-
ulation served by MSW were the rate of 75.5 to 98.4%, 
with an average of 89.9%. This rate is little bit higher than 
world average (about 81.5% as of 2011). 

This disposal method could result in some environ-
mental problems such as odor, visual pollution and, 
greenhouse gases emitting into the atmosphere. Taking the 
adverse outcome of this method into account, it is seen 
that more appropriate and efficient management systems 
are required. For example, to cope with greenhouse gas 
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emissions from landfill areas, causing global warming and 
indirect adverse impact on human health, should be con-
verted into cleaner energy together with some techniques 
such as waste-to-energy technology, sanitary landfill with 
energy recovery system, and MSW sorting plant. 

Therefore, recycling systems should be planned in all 
provinces and raise awareness of the public for zero waste 
strategy. Also, provided that the abovementioned strate-
gies are implemented, they will be more appropriate in 
terms of environment and economics. Therefore, waste re-
cycling should be encouraged, with the support of citizens 
and non-governmental organizations.

The results and equations from the present study could 
be used to estimate MSW to be generated in the regions, 
especially in waste management plans. 
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