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Abstract: Solid waste management (SWM) is an integral part of an environmental management system. This study 
focused on the production of urban solid waste, the amount of each part of solid waste, and the revenue from recyclable 
materials in Erbil City, Iraq’s Kurdistan Region. The results show that the average generation rate of municipal solid 
waste (MSW) was around 1.338 kg/capita/day. Also, MSW usually contained combustibles (60%), non-combustibles 
(5%), and recyclable materials (35%). The average weight percentages of MSW components were: organic material 
(35%), plastic (27%), paper and corrugated cardboard (14%), metals (2%), glass (3%), yard trimmings and wood 
products (3%), and other types (16%). The study observed that large quantities of food waste were produced from a 
common source. Additionally, the expected income from the recyclable solid waste in the City of Erbil for plastic, metal, 
cartons, and papers was 175 $/ton, 235 $/ton, and 135 $/ton, respectively.

Keywords: antimicrobial resistance, bioaerosols, indicator bacteria, municipal wastes

1. Introduction
The increase in urban pollution and solid waste output is the main issue in both developed and developing 

countries. Their outcomes have negatively influenced the environment, resilience, and socioeconomic conditions. 
Several principles and international guidelines regulate the reduction, recycling, processing, and final disposal of solid 
waste [1, 2]. Lowering the quantity of trash created is the best method to reduce the environmental effects. Waste should 
be recycled. The recovery of reusable materials like paper, glass, plastic, metals, and building and demolition waste is 
referred to as recycling. Consequently, recycling is the most effective way to solve the problem since it minimises the 
amount of garbage disposed in a landfill [3]. Furthermore, recycling does provide the opportunity to keep dumping costs 
and trash delivery expenses under control while allowing the expansion of landfill sites [4].

Solid waste management (SWM) is the complete process of disposing solid wastes, which are solid materials 
collected from different sources and discarded. This management aids in reducing environmental and human health 
risks. This ultimately protects both the environment and public health [5]. SWM is often defined as the collection, 
transfer, recycling, treatment, and removal of waste [6]. These wastes have major environmental consequences, which 
may be seen in the environmental loads and resources required to produce food as well as emissions related to any food 
waste.

In Iraq and Kurdistan, municipal solid waste (MSW) is a severe hassle in city areas. In Iraq, huge quantities 
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of waste due to population growth, human consumption, and limitless financial openness have created complicated 
pollution problems [7]. Other issues include a lack of imaginative and prescient mechanisms to deal with massive 
amounts of waste, as well as the inability to seek out appropriate measures to assist in non-public areas’ MSW [8].

Many kinds of research on SWM and recycling have been conducted in Iraq. Some research on SWM has been 
undertaken in Iraq's Kurdistan Region, mostly in Erbil. Aziz et al. [9] researched the handling of recyclable solid waste 
items to estimate the economic activity attributable to recycling. It is necessary to associate recyclable materials and 
recycling flows with the physical processes involved in transforming recyclable materials into useful products. It has 
been observed that the city is still lacking in terms of efficient waste treatment technology, sufficient funds, and public 
awareness. Moreover, Jalal and Shekha [10] investigated converting household solid waste into compost and reusing it 
as soil fertiliser by using four procedures for compost production: aerobic, anaerobic, pit, and vermicomposting, in order 
to know which method is more convenient. Additionally, Shekha [11] determined Erbil’s MSW quality and amounts, 
converted it into compost, and reused it as soil fertiliser.

Aziz et al. [12] showed the amount and types of residential solid trash collected from several Erbil neighbourhoods, 
as well as the viability of recycling these wastes. Rashid et al. [13] studied solid waste control inside the Sulaimanyah 
governorate, which is a case that was observed at Chamchamal (the Dwbra valley open dump). This study outlined 
this waste dump as a point source pollution and emphasised the solutions for the endangered area and its surrounding 
area. Also, Alkaradaghi et al. [14] clarified the status of MSW management across the Sulaimaniyah governorate and 
presented a comprehensive overview and the implications of poor SWM in the study area. The results revealed that 
the daily per capita waste generation in the Sulaimanyah governorate is 1.32 kg by 2040, a cumulative amount of solid 
waste of about 10,445,829 tons.

Additionally, Hamza [7] examined MSW’s content and quantity and classified recyclable waste items to limit 
waste disposal in the Pshdar region, which is a portion of Sulaimanyah province. Another study was conducted on the 
properties and structure of Mosul’s solid waste [15]. Yasir et al. [16] conducted a study to assess waste management in 
the southern governorates of Iraq. In Kerbala, a detailed analysis was conducted using waste-aware standard displays 
for effective and coordinated SWM to evaluate the city’s SWM system performance [17].

Iraq, one of the Middle East’s international locations, has faced extreme hassles with SWM. Most towns in 
Iraq are absent of an operational approach to solid waste management and remedy, which has besieged the roads of 
Iraq with trash. In most parts of Iraq, solid waste collection and remediation agents are required, which has littered 
the roads of Iraq with rubbish. Although the MSW collection framework is accessible in several towns, but  the user 
support is scarce. In landfill sites, the preparation for solid waste transfer is done with an obsolete system, such as 
an open dumping system, rather than a modern system that works and creates a sanitary landfill [7]. The objectives 
for conducting the present research in Erbil City were to: 1) evaluate the current situation of the MSW; 2) study the 
components and quantity of the MSW; and 3) study new approaches for recyclable solids.  

2. Materials and methods
2.1 Study area

Erbil Governorate is located in the north of Iraq and covers an area of 14,873.68 km2. It is the capital of the 
Kurdistan Region. Geographically, Erbil is elevated by about 414 m above sea level. Erbil City is located between 36° 
11’ 28.0068” N latitude and 44° 0’ 33.0012” E longitude. It has around 1.5 million inhabitants, while Erbil Governorate 
has around 2.2 million inhabitants as of 2020. From the information obtained from the Erbil directorate of region service 
and environment, the MSW collected from Erbil City and transported to Kani Qirzhala landfill ought to be more than 
2,000 tons/day. Kani Qirzhala landfill is positioned at the left of the Erbil-Mosul road, which is one of the important 
roads in Erbil City, Iraq. The landfill was initially opened in 2001 and is likewise located 15 km from the centre of Erbil 
[9, 18]. 
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Figure 1. Satellite image of Erbil landfill [19]

2.2 Data collection and analysis 

In this research, both quantitative and qualitative methods were applied for data collection. Erbil City’s Directorate 
of Municipal Services and Environmental Protection and recyclable material locations were visited in order to collect 
quantitative data. Visiting was done on 21 November 2021, 1 December 2021, and 16 December 2021. A part of the 
MSW quantity and component data was obtained from the Directorate of Municipality Services and Environmental 
Protection. On the other hand, information on quantity, purchasing price, and recycling approaches was obtained from 
the owners of recyclable material locations, as shown in Figure 2. Recyclable materials in Erbil City are located on the 
Erbil-Bnaslawa old road, the Erbil-Makhmour road near the 120 m street interchange, and on the right side of the Erbil-
Gwer main road (behind the Erbil landfill site). 

Qualitative data collection was carried out via direct interviewing with the Director of Municipality Services and 
Environmental Protection in Erbil City and the owners of the recyclable material locations. 

40
0

Shekhan

Legend
Hawler Dumpsite

Gazatteer
Kurdistan contour
Major Roads
Admin Districts

396000 400000 404000 408000 412000 416000

4000000

4004000

4008000

35,000 70,0000
Meters

Akre

Erbil

Shaqlawa

Shekhan

Amedi

Zakho

Choman

Pishdar

So
ra

n

Shekhan

Makhmur

Koysinjaq
Chamchamal

Dulkan

Sulaimaniya

Ranya

b

Sy
ria

Iraq

Turkey

Ir
an

Erbil

Sulaimaniya

Dubok

100,000 200,0000
Meters

a

0 2,000 4,000
Meters

Jmka

Zurgahat
Subiran

Shamanawa

Hasaroka

Rashkin Saalh

Shamunawa

Baghlomnara

Latifawa

Surkarez 400

400

400

Baghlu Minara

Toraq

Arab Kandi

Sweri

Hawler

Ainkaawa

Bn Pirez

Somlasiat
Kani Qirjala

Kuma Sekhura

Qani Qirzhala
Komalgai Kani Qirzha

c

Mergasur

D
ohuk

Qaryataqh
Qaryataq Harki

Sony
Highlight

Sony
Highlight

Sony
Highlight



Environmental Protection Research 4 | Shuokr Qarani Aziz, et al

                                

Figure 2. Recyclable materials in Erbil City

MSW or urban solid waste usually consists of rubbish, demolition and construction wastes, street sweepings, 
garden wastes, abandoned vehicles and equipment, and treatment plant residues.

Data collection on MSW characteristics was carried out by the Director of Municipality Services and 
Environmental Protection in Erbil City three times in 2020: the first data was collected from 1 January 2020 to 31 
March 2020, the second data was collected from 1 April 2020 to 30 May 2020, and the last data was collected from 
1 July 2020 to 30 September 2020. These data were then retrieved by the authors. The solid waste technology and its 
contents can be distinguished based on seasonal and socioeconomic rates. Erbil City is divided into six zones; collecting 
solid wastes in each zone is the responsibility of a municipal administration, there are waste collection companies in 
each municipality,  such as Zone 1 (Municipality 1-Glass Stuttgart company), Zone 2 (Municipality 2-Qadar company), 
Zone 3 (Municipality 3-Baghi Prgul company), Zone 4 (Municipality 4-Artush company), Zone 5 (Municipality 5-Zug 
company), Zone 6 (Municipality 6-Nrkh company) and  Municipality of Mala Omer collected the wastes by Hot Clean 
company. Also, the average daily MSW collection for all companies is more than 2,000 tons.

The solid wastes were additionally separated into several sub-fractions, for instance, food waste, yard waste, paper, 
cardboard, plastic, metal, textile, and glass. They were also evaluated by their weight plus the percentage composition 
and generation rate as labelled by Odonkor et al. [20].

The percentage composition of each of the solid waste components in each zone and at different times were 
calculated using Equation 1:

                         
Weight of separated waste (kg)Percentage composition of waste fraction = 100

The total of mixed waste sampled (kg)
×

                    (1)

The generation rate (kg/capita.day) is determined according to the combined or total waste accumulated in a day, and 
the separated fractions were calculated using Equation 2, which was also tested by Aziz et al. [12]:

                                                      

Weight of solid waste (kg)Generation rate = 100
Population (capita) duration (day)

×
×                                         (2)
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The purpose of determining the generation rate is to get facts that can be used to determine the total quantity of 
waste substances to be managed.

3. Results and discussion
3.1 MSW composition and quantification

After collecting and analysing the solid waste in all the zones over three different periods, it has been discovered 
that the amount and composition of waste vary by area. These quantities are a result of generation services, distinctive 
buyer styles, resident composition, per capita waste generation, and social and financial status, which are impacted by 
financial variables.

All MSW samples were weighed during three different periods, and the average of all wastes created at each time 
was 2,216, 1,704, and 2,105 tons/day, respectively. The average solid waste additives and amounts for each zone are 
shown in Tables 1 to 3.

Table 1. MSW characteristics in Erbil City from 1 January 2020 to 31 March 2020

Project information Amount and rate Garbage and debris

Working border Company
Amount 
of MSW
(ton/day)

% Food 
(ton/day)

Paper and 
corrugated 
cardboard 
(ton/day)

Plastic 
(ton/day)

Metal 
(ton/day)

Glass 
(ton/day)

Yard 
trimmings 
and wood 
products 
(ton/day)

Other 
types 

(ton/day)

Municipality 1 Glass 
Stuttgart 198.08 8.94% 68.5 36.01 51.03 3.43 6.89 5.15 27.08

Municipality 2 Qadar 351.14 15.85% 121.42 63.84 90.45 6.07 12.22 9.13 48

Municipality 3 Baghi Prgul 270.13 12.19% 93.41 49.11 69.59 4.67 9.40 7.02 36.93

Municipality 4 Artush 609.56 27.51% 210.79 110.82 157.02 10.55 21.21 15.85 83.33

Municipality 5 Zug 295.48 13.33% 102.18 53.72 76.12 5.11 10.28 7.68 40.39

Municipality 6 Nrkh 452.28 20.41% 156.4 82.22 116.51 7.82 15.74 11.76 61.83

Municipality of 
Mala Omer Hot Clean 39.33 1.77% 13.6 7.15 10.13 0.68 1.37 1.02 5.38

Total (ton) 2216 766.29 402.87 570.84 38.34 77.12 57.62 302.93

Total (%) 100 34.58 18.18 25.76 1.73 3.48 2.60 13.67
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Table 2. MSW characteristics in Erbil City from 1 April 2020 to 30 June 2020

Project information Amount and rate Garbage and debris

Working border Company
Amount 
of MSW
(ton/day)

% Food 
(ton/day)

Paper and 
corrugated 
cardboard 
(ton/day)

Plastic 
(ton/day)

Metal 
(ton/day)

Glass 
(ton/day)

Yard 
trimmings 
and wood 
products 
(ton/day)

Other 
types 

(ton/day)

Municipality 1 Glass 
Stuttgart 103.37 6.07% 39 12.04 1.55 3.41 6.89 3.92 17.48

Municipality 2 Qadar 294.31 17.27% 111.04 73.93 4.41 9.71 12.22 11.15 49.77

Municipality 3 Baghi Prgul 206.32 12.11% 77.84 51.83 3.09 6.81 9.40 7.82 34.89

Municipality 4 Artush 500.34 29.36% 188.78 125.69 7.51 16.51 21.21 18.96 84.61

Municipality 5 Zug 203.94 11.97% 76.95 51.23 3.06 6.73 10.28 7.73 34.49

Municipality 6 Nrkh 382.01 22.42% 144.13 95.96 5.73 12.61 15.74 14.48 64.60

Municipality of 
Mala Omer Hot Clean 13.71 0.8% 5.17 3.44 0.21 0.45 1.37 0.52 2.32

Total (ton) 1704 642.92 198.52 428.04 25.56 56.23 64.58 288.15

Total (%) 100 37.73 11.65 25.12 1.5 3.3 3.79 16.91

Table 3. MSW characteristics in Erbil City from 1 July 2020 to 30 September 2020

Project information Amount and rate Garbage and debris

Working border Company
Amount 
of MSW
(ton/day)

% Food 
(ton/day)

Paper and 
corrugated 
cardboard 
(ton/day)

Plastic 
(ton/day)

Metal 
(ton/day)

Glass 
(ton/day)

Yard 
trimmings 
and wood 
products 
(ton/day)

Other 
types 

(ton/day)

Municipality 1 Glass 
Stuttgart 183.21 8.7% 61.3 20.01 58.15 6.25 4.69 3.08 30.01

Municipality 2 Qadar 337.35 16.03% 112.37 36.84 107.07 11.50 8.64 5.67 55.26

Municipality 3 Baghi Prgul 250.09 11.88% 83.3 27.31 79.38 8.53 6.4 4.2 40.96

Municipality 4 Artush 599.74 28.49% 199.77 65.49 190.36 20.45 15.35 10.08 98.24

Municipality 5 Zug 276.84 13.15% 92.22 30.23 87.87 9.44 7.09 4.65 45.35

Municipality 6 Nrkh 430.19 20.44% 143.3 46.98 136.54 14.67 11.01 7.23 70.47

Municipality of 
Mala Omer Hot Clean 27.58 1.31% 9.19 3.01 8.75 0.94 0.71 0.46 4.52

Total (ton) 2105 701.18 229.87 668.13 71.78 53.89 35.36 344.8

Total (%) 100 33.31 10.92 31.74 3.41 2.56 1.68 16.38

This study evaluates several components of solid waste, especially organic materials (fruit and vegetal shells, food 
waste), recyclable materials (paper and corrugated cardboard, plastic, metal, glass, etc.), yard trimmings and wood 
products. As shown in Tables 1 to 3, the largest composition is organics, which consists of decayed and biodegradable 
resources at 34.58%, 37.73%, and 33.31%, respectively, at three different data collection points These quantities show 
a slight variation between them; the cause for this fluctuation is related to food and different organic matter adversely 
affected as a result of excessive temperature or some other effect, as observed through plastic waste elements with the 
quantities of about 25.76%, 25.12%, and 31.74%, respectively. Moreover, paper and corrugated cardboard account for 
approximately 18.18%, 11.65%, and 10.92% of recyclable materials, respectively. Conversely, metal accounts for the 
least amount of waste, which is about 1.73%, 1.5%, and 3.41%, respectively. Meanwhile, the amount of glass is 3.48%, 
3.3%, and 2.56%; additionally, the quantity of yard trimmings and wood products is about 2.6%, 3.79%, and 1.68% 
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individually. They are allowing the amount of plastic in recyclable material to be categorised as more than paper, metal, 
glass, etc. To compare this data with another previous study in Erbil City conducted by Aziz et al. [9], the average 
proportion of decomposable materials such as plastic, corrugated and paper, glass, aluminium, and ferrous metal were 
34.87%, 13.39%, 1.84%, 0.5%, and 1.74%, respectively. Hence, it is discovered that organic waste is around 28%; 
these data have shown that plastic had a large amount in that year. However, Shekha [11] showed that the waste from 
households in Erbil was mainly organic, a large portion of which was food scraps (79%), afterward papers (5%), and 
yard trimmings and wood products (3%); whereas the inorganic composition was denoted by plastic and nylon; glass 
and porcelain; and metals (5%, 4%, and 3%, respectively). Similar results were obtained by Aziz et al. [12]. The weight 
ratios of food, plastic, paper, metal, glass, and cloth as constituents of solid household waste were 79.34%, 6.28%, 5.9%, 
3.6%, 3.42%, and 1.45%, individually. The percentage of the total amount of MSW is subject to certain aspects, such as 
the season, lifestyle, geographic condition, demographic profile, and local legislative impact [21]. Figure 3 shows the 
average weight percentages of MSW in Erbil City and the Erbil landfill area for the year 2020 at three different times.

                   

Figure 3. Average weight percentages of MSW components in Erbil City

Food waste, which accounts for the majority of MSW in this study, indicates the most significant amount of 
recyclable waste and depicts the most elevated portion of household waste. Anaerobic composting is a process 
commonly done in nature. Anaerobic composting is oxygen-free composting. In this procedure, organic matter is broken 
down by various types of anaerobic microorganisms [22]. There are also highly critical materials from which products 
can be remanufactured to create benefits; these materials include paper and cardboard, glass, metals, wood, and wastes 
from construction work, as recycling is one of the fundamental methods in economic exercises [5]. Additionally, waste-
to-energy processes have the benefits of source operation and the minimization of landfill dumping [23].

The MSW generation rate for the data collection periods in 2020 is given in Table 4. The total waste generation 
in Erbil City for the year 2020 at three different times was 2.61 kg/capita/day, 1.89 kg/capita/day, and 2.39 kg/capita/
day, respectively, for the population of Erbil City, which was approximately 860,000 in that year. It can be seen that 
the generation rate for the second time, which was from 1 April 2020 to 30 June 2020 of the collected data, decreased 
to 1.89 kg/capita/day and then the generation rate increased again. In this study, the average generation rate was about 
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2.30 kg/capita/day, which is higher than estimated by published works [10-12], which were about 0.654 kg/capita/day, 
0.420 kg/capita/day, and 0.632 kg/capita/day, respectively. Additionally, it is greater than the reported data by Aziz et al. 
[9], which was about 1.27 kg/capita/day. The MSW generation rate for Municipality 4 was higher than in other areas; 
this may be due to the giant Langa Market, which is located in this part. On the other hand, the lower generation was 
recorded in the Erbil central business district due to the collection of recyclable waste separately. The MSW generation 
rate in Erbil City has increased as a result of lifestyle changes and increased per capita income. 

Table 4. MSW generation rate in Erbil City in 2020

Working border Company
Amount of 
MSW (1 

January 2020 to 
31 March 2022)

Amount of 
MSW (1 April 

2020 to 30 June 
2022)

Amount of MSW 
(1 July 2020 to 
30 September 

2022)

Generation rate 
(1 January 2020 

to 31 March 
2022)

Generation rate 
(1 April 2020 to 
30 June 2022)

Generation rate 
(1 July 2020 to 
30 September 

2022)

(ton/day) (ton/day) (ton/day) (kg/capita/day) (kg/capita/day) (kg/capita/day)

Municipality 1 Glass 
Stuttgart 198.08 103.37 183.21 1.40 0.73 1.30

Municipality 2 Qadar 351.14 294.31 337.35 2.49 2.09 2.39

Municipality 3 Baghi Prgul 270.13 206.32 250.09 1.92 1.46 1.77

Municipality 4 Artush 609.56 500.34 599.74 4.32 3.55 4.25

Municipality 5 Zug 295.48 203.94 276.84 2.10 1.45 1.96

Municipality 6 Nrkh 452.28 382.01 430.19 3.21 2.71 3.05

Municipality of 
Mala Omer Hot Clean 39.33 13.71 27.58 2.809 0.98 1.97

Average 316.57 243.43 300.71 2.61 1.85 2.39

3.2 Solid waste management status

SWM is related to the control of the generation, capacity, collection, exchange, transport, preparation, and transfer 
of solid wastes. It is a method that is in accord with the most excellent standards of open health, financial matters, 
designing, preservation, aesthetics, and different natural contemplations [24].

The solid waste administration problems began with the preliminary present-day human lifestyles. However, it 
has become one of the most prevalent problems in the world due to population growth, financial growth, financial 
development, and the industrial revolution [25]. The flow chart in Figure 4 shows the interrelationships between the 
useful components in SWM.

The cost of MSW includes budgets for collection, transportation, transfer stations, administration, and treatment. 
The presidency of Erbil Municipality, private companies, and independent persons participate in the collection 
and transportation of the MSW. Meanwhile, only the government contributes to the administration, supervision 
and treatment at the landfill site. Consequently, defining budgets for collection, transportation, transfer stations, 
administration, and treatment. 

More than 2,000 tons of waste are produced daily in Erbil City. On average, every individual in the country 
produces about 1.338 kg of waste every day in the city and rural areas.

The collection of solid waste in most districts of the Erbil Governorate is mostly conducted by private companies. 
The municipalities are the specialists capable of observing the collection and exchange of solid waste from major urban 
cities, including streets and private, industrial, and commercial ranges, to the final disposal area.
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Figure 4. Schematic diagram of SWM

Al-Mohammed et al. [26] stated that Iraq requests stations for sorting and transporting waste and stations for 
recycling plastic, paper, and metals. To date, most commonly, MSW is collected and disposed of in landfills and 
dumpsites. There is no proper design, planning, handling, or treatment of MSW in Iraq. Hence, a lack of appropriate 
MSW management in Iraq is still occurring to this day [26]. Attempts to collect recycling materials can be seen on the 
ground, but there is still no applicable plan for the separation, transportation, treatment, and recycling of recyclable 
materials such as cartons, papers, metals, glass, plastics, batteries, tyres, etc. 

3.3 New approach for recycling solid waste in Erbil City 

The process of recovering and reusing materials from waste is known as recycling. Recycling of solid waste refers 
to the reuse of products that can be reused by recovering resources such as steel, copper, plastic, paper, and glass. 
Recycling and recovery are just one phase of an integrated approach to waste management. This includes reducing the 
amount of waste generated, composting, incinerating, and landfilling.

Additionally, in order to reduce the proportion of substances disposed of as waste, the waste change scheme has 
provided great benefits to a range of groups by offering savings in the disposal and raw material prices and costs, 
thereby enhancing the company’s public image.

The rate of recycling resources from waste has increased dramatically in recent years in Erbil City. Waste recycling 
in growing countries depends mostly on the informal restoration of materials with the aid of scavengers or waste 
pickers.

In Erbil City, the researchers investigated the important role of recycling. Aziz et al. [12] showed that the average 
weight ratio of recyclable materials (i.e., plastic, paper, metal, and glass) was 19.2% and that the average daily 
generation rate of recyclable materials is 87.99 tons (320.03 tons/year). Also, Shekha [11] presented that the huge 
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section of the refuse produced by the humans beneath the study can be recycled or is perhaps recyclable (13.79% 
can be recycled, 85.87% is possibly recyclable, and 0.34% can’t be recycled). In addition, Aziz et al. [9] studied that 
the quantity of everyday generation of MSW in Erbil City was once observed to be around 1.27 kg/capita/day. The 
percentage ratios of recyclable materials, such as plastic, paper and corrugated cardboard, glass, aluminium, and ferrous 
metals, were 34.87%, 13.39%, 1.84%, 0.5%, and 1.74%, respectively, and the expected profits from the recyclable 
materials were 334,488.85 $/day. Furthermore, food or organic waste, which was also found to be the most important 
part generated from solid waste, can be used in composting. Jalal and Shekha [10] confirmed that the research was 
largely directed at performing several techniques for changing MSW into compost and soil fertilisers, and the fee of 
compost quality index was stretched from 54.73 to 321.12. The compost quality grade for all kinds of composts falls 
below the tremendously suitable category. Previously, all components of MSW were mixed and disposed of at the Erbil 
landfill site. Consequently, the amount of disposed MSW was huge and impacted the environment. Currently, papers 
and cartons, plastic materials, metals, and tyres are collected by people and private companies, and the processes are 
regarded as a new approach for recycling solid waste in Erbil City. As a result, organic and other wastes are lessened, 
leading to a decrease in MSW at the landfill. Collected recycled materials are later used as raw materials, which serve as 
a source of income for numerous people and companies. Collected papers and cartons are used as rollers for producing 
new products in Erbil City, while plastics are ground and become granular. The plastics are later used as raw materials 
for new plastic materials. Iron was collected and sent to the steel factories to produce new steel bars. The Directorates of 
Municipality, private companies, and people have a great role in the management of MSW in the city.

3.3.1 Plastic materials

According to the Directorate of Service and Environment Protection in Erbil City, the average daily collection 
of MSW for Erbil City ranged from 1,704 tons to 2,216 tons. The number of plastics ranged from 428.04 tons/day to 
668.13 tons/day (Tables 1 to 3). The price is 175 $/ton and the source of plastic is Erbil City. There are many workers 
who collect plastic from different parts of Erbil City and transfer it to different factories. They will clean it and make it 
granular, which will be reused in different types of plastic materials such as containers of crops, nylon, and so on.

3.3.2 Metals

The predicted ratio of metals in the total MSW of Erbil City is 2%, which is about 44.2 tons/day (Tables 1 to 3). 
Collected metals include iron, brass, aluminium, and copper. The price is 235 $/ton, and the sources of metals are mostly 
from Erbil City and sometimes from other governorates, such as Duhok City. The workers will collect the metals, 
segregate them from each other, and transfer them to different steel factories. The steel factories in Erbil City will reuse 
the metals after separating, cleaning, washing, and melting them.    

3.3.3 Cartons and papers

The predicted ratio of cartons and papers in the total MSW of Erbil City is 14%, which is about 271.6 tons/day 
(Tables 1 to 3). The price is 135 $/ton, and the source of the cartons and papers is from Erbil City. The workers will 
collect it and reuse it in local factories, and sometimes they will export it to Iran and Turkey factories as well.

3.3.4 Tyres

There is no exact prediction of tyre amount in Erbil City; they would collect it in one place on the left side of 
Makhmour Road. Some drivers reuse scrap tyres as second-hand tyres for their vehicles. The tyres could also be used as 
an alternative fuel for heat production in cement and steel factories.

3.4 Combustible and non-combustible materials

MSW burning can decrease the capacity of the waste and improve energy. The batch-fed burners made in the 
1930s and 1940s reduced the volume of waste materials but were significant supporters of air contamination issues 
[27]. The largest of these incinerators have been closed down or transformed into more current designs. The innovative 
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incinerators utilise inventive tools to deliver vapour more productively and decrease air poisons to a better degree.
As presented in Figure 5, the average weight ratios for combustible materials (i.e., plastic, paper, corrugated 

cardboard, wood, and other types), non-combustible materials (i.e., metal and glass), and recyclable materials were 
60%, 5%, and 35%, respectively.

                                      

Figure 5. Schematic diagram of SWM

4. Conclusion
Over the last few years, the administration of solid waste, which consists of decreasing, recovering, and dumping 

waste, has grown to be more and more fundamental due to the fact that the amount of MSW produced on a daily basis is 
rapidly increasing due to growing populations and variations in the way of life.

This investigation focused on the MSW of Erbil in the Kurdistan Region of Iraq; the outcomes indicate that the 
average generation rate of MSW was around 2.30 kg/capita/day. Also, MSW usually contained combustible (60%), 
non-combustible (5%), and recyclable materials (35%). The average weight ratios of domestic solid waste components 
were: organic materials (35%), plastics (27%), paper and corrugated cardboard (14%), metals (2%), glass (3%), yard 
trimmings and wood products (3%), and other types (16%). The study observed that large quantities of food waste 
are produced from ordinary sources. Additionally, the expected revenue from recyclable solid wastes in Erbil City for 
plastic, metal, cartons, and papers was 175 $/ton, 235 $/ton, and 135 $/ton, respectively.

Finally, the specialist participating in the private segment ought to have a satisfactory plan to progress solid waste 
administration preparation and be capable of providing satisfactory solutions for decreasing the amount of waste that 
goes to landfills. Besides, both public and non-public sections should also increase public attention towards the waste 
administration system by using protective workspaces and boards, which will allow the community to support the 
management solid waste. 
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