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Abstract As the world’s population has grown, waste generation has increased
rapidly. Solid waste management requires a greater knowledge of the composition,
generation quantity, physical properties, and impacts of economic aspects. This paper
clarified the status of municipal solid waste management across Sulaimaniyah gover-
norate and presented a comprehensive overview and implication of poor solid waste
management in the study area. The core aspects covered were the future estimations
of the cumulative solid waste amount with population growth by 2040 using brief
calculations of the waste generation rate from 2016. The results revealed that the
daily per capita waste generation in the Sulaimaniyah governorate is 1.32 kg by
2040, a cumulative solid waste of about 10,445,829 tons, and an estimated volume
of 9,146,368 m3 which will be required for the disposal site in the future.

Keywords Municipal solid waste (MSW) · Solid waste disposal · Solid waste
generation · Waste disposal volume

K. Alkaradaghi · N. Al-Ansari (B) · J. Laue
Lulea University of Technology, 971 87 Lulea, Sweden
e-mail: nadhir.alansari@ltu.se

K. Alkaradaghi
e-mail: karwan.alkaradagi@ltu.se

J. Laue
e-mail: jan.laue@ltu.se

K. Alkaradaghi · S. S. Ali
Department of Geology, College of Science, Sulaimani University, 460013 Sulaimaniyah, Iraq
e-mail: salah.saeed@komar.edu.iq

K. Alkaradaghi · T. Ali
Kurdistan Institution for Strategic Studies and Scientific Research, 460013 Sulaimaniyah, Iraq
e-mail: tara.ali@yahoo.com

S. S. Ali
Komar University of Science and Technology, 460013 Sulaimaniyah, Iraq

Komar Research Center, Sulaimaniyah 460013, Iraq

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2021
M. Ksibi et al. (eds.), Recent Advances in Environmental Science
from the Euro-Mediterranean and Surrounding Regions (2nd Edition), Environmental
Science and Engineering, https://doi.org/10.1007/978-3-030-51210-1_44

265

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-51210-1_44&domain=pdf
mailto:nadhir.alansari@ltu.se
mailto:karwan.alkaradagi@ltu.se
mailto:jan.laue@ltu.se
mailto:salah.saeed@komar.edu.iq
mailto:tara.ali@yahoo.com
https://doi.org/10.1007/978-3-030-51210-1_44


266 K. Alkaradaghi et al.

1 Introduction

At present, solid waste is one of the potential environmental problems worldwide. In
the Sulaimaniyah city, Iraq, municipal solid waste (MSW) generation has increased
due to population growth, rapid urbanization, and economic development. Solid
waste generation quantity is a basic requirement of any integrated solid waste
management and effective future plan in any region [1].

There aremany problemswithMSWmanagement in Sulaimaniyah such as collec-
tion, transportation, and disposal site. The solid waste is totally collected by the
municipality and dumped without any treatment near Tanjaro River in southern
Sulaimaniyah City causing environmental pollution [2, 3]. Aspects like recycling
and reuse of the solid waste are exorbitantly demanding. The average daily MSW
generation rates inSulaimaniyah reaches 1.12 kg/capita like anyothermiddle-income
countries [4].

The present study aimed to estimate the quantity of MSW generation from 2016
to 2040 with the population growth and the required volume for the waste disposal
site in the future, to suggest and recommend sustainable waste management methods
and future improvement planning.

2 Materials and Methods

2.1 Study Area

Sulaimaniyah city is one of the three major urban cities of Kurdistan Region [5]. The
city is located between latitude 35˚45′ 0′′ N and 36˚0′ 0′′ N and longitude 44˚45′ 0′′
E and 45˚45′ 0′′ E. The city is situated in a valley at the foot of the Goizha Mountain
stretching over an area of around 470 km2 and extending southward to the lower
lands surroundingTanjaroRiver. Sulaimaniyah governorate has a population of about
856,990 inhabitants [6]. The administrative unit of the Sulaimaniyah governorate is
shown in Fig. 1 [7].

2.2 Expected Quantities of MSW Generation

This method is based on the population number and generation rate of solid waste
(GRW ) with the difference between the average wastes generated in 2010–2015,
calculated as follows:

Qw(ct) = ((P t × GRW × 365) / (1000)) + (Qs(av.) − Qs(gsy.)) (1)
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Fig. 1 Location map of the study area

where Qw(ct): quantity of solid waste for the specific year (tons); Pt : expected future
population number for the specific year; GRW: generation rate of solid waste kg /
(capita. day);Qw(gsy.): the average quantity of solid waste generated in the year (2016)
(kg); and Qw(av.): average quantity of solid waste for the years 2010–2015 (kg).

The expected population was calculated by Eq. (2) to determine the population
number for each year from 2016 until 2040.

P t = Po(1 + r)n (2)

where Pt : expected future population number for the specific year; Po: present popu-
lation for year 2016; r: the annual rate of growth is 2.66% [8]; and n: number of
years.

The generation rate of the solid waste (GRW) was calculated as shown in Eq. (3)

GRW = (Qw) /(P) (3)

where GRW: generation rate of solid waste kg/(capita. day); Qw: quantity of solid
waste for 1 year (kg); and P: population of the city for 1 year.

In this review, GRW(2016) = (351,199 * 1000) / (856,990 * 365)= 1.12 kg/(capita.
day).
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The quantity of solid waste and cumulative quantity of solid waste in the
Sulaimaniyah governorate for all the years until 2040 was calculated using Eqs. (1)–
(3), and waste quantity produced in 2024 adapted as a fixed value for the cumulative
quantity of solid waste until 2040.

3 Results and Discussion

In this research, the generated solidwastewas calculated relying on the existing popu-
lation and the expected population growth rate in Sulaimaniyah [1]. With the popu-
lation growth and the increasing GRW, the MSW generation rate is 1.12 kg/(capita.
day) in 2016. This value is increasing as shown in Table 1 and Fig. 2.

This study aimed to explore the present situation of the MSW management and
analyze the sustainability of the initiatives to protect the environment and resources,
according to the solid waste amount prediction for a landfill site in Sulaimaniyah
governorate.

Fig. 2 Population and solid waste generation

Table 1 Population and
MSW generation

Year Population WG (ton) CW (ton)

2017 879,271 473,037 824,236

2018 902,132 482,405 1,306,641

2019 925,588 492,018 1,798,659

2020 949,653 501,880 2,300,539

2021 974,344 511,998 2,812,537

2022 999,677 522,380 3,334,917

2023 1025,669 533,031 3,867,948

2024 1,052,336 543,960 4,411,907

(continued)
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Table 1 (continued) Year Population WG (ton) CW (ton)

2025 1,079,697 555,172 555,172

2026 1,107,769 566,676 1,121,849

2027 1,136,571 578,480 1,700,328

2028 1,166,122 590,590 2,290,918

2029 1,196„441 603,015 2,893,933

2030 1,227,548 615,763 3,509,695

2031 1,259,465 628,842 4,138,537

2032 1,292,211 642,262 4,780,799

2033 1,325,808 656,030 5,436,829

2034 1,360,279 670,157 6,106,986

2035 1,395,647 684,650 6,791,636

2036 1,431,933 699,521 7,491,156

2037 1,469,164 714,778 8,205,934

2038 1,507,362 730,432 8,936,366

2039 1,546,553 746,493 9,682,859

2040 1,586,764 762,971 10,445,830

Table 2 MSW expected volume

Cumulative solid
waste

Required volume
m3

Soil covers 15% Total moisture
27.44%

Total volume m3

10,445,829 16,183,793 1,566,872 2,866,335.60 9,146,368

To estimate the solid waste volume, the cumulative waste was divided by the
mean density. The poor compacted MSW density value is 315.46 kg/m3, while the
considered moisture content is 27.44% [9]. Therefore, the MSW should be covered
by soil in order to minimize health hazards, which will add about 15% to the waste
volume [10]. Thus, the cumulative weights and required volume were estimated in
2040 as shown in Table 2. The calculated volume with cumulative quantity of solid
waste from 2025 is displayed in Fig. 3.

4 Conclusion

Population growth rate has a valuable impact on MSW generation. In this study,
the cumulative waste volume was evaluated from physical properties like density
and moisture. The major hindrances to solid waste management are the inadequate
efficient dumping sites, and ineffective collection technique and disposal sites. The
increasing volume of waste is posing a serious risk to environment and human health.
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Fig. 3 Cumulative MSW and expected volume CW: Cumulative waste, WG: Waste generation

The results indicate that the daily per capita waste generation will increase from 1.12
to 1.32 kg from 2016 to 2040. The cumulative generation waste by 2040 will be
10,445,829 ton resulting from industrial, commercial, agricultural operations, and
community activities, while the total solid waste volume will be 9,146,368 m3 over
the current waste disposal site area of about 0.45km2 [11]. These values require a
robust solid waste management plan.
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