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Abstract: Improper management of the domestic solid waste produced has a crucial impact on the environment. The
quantity, components, and generation rate (GR) of domestic solid waste have been influenced by the population number,
lifestyle, income, management, etc. This research is focused on the variation of a domestic solid waste GR for a duration
of 140 continuous days, and the variation of GR between 2007 and 2021 for the same domestic solid waste was studied.
Furthermore, the density of the domestic solid waste formed was examined as well. The domestic solid waste samples
were collected constantly from 28 June 2021 to 14 November 2021. The domestic solid waste GRs for each day of
the week were observed over a period of 20 weeks. The results show that the average GR and density in 2021 were
915.56 gram per capita per day (g/C/d) and 109.40 kg/m’, respectively. Whereas in 2007, GR and the density for the
same family were 620.50 g/C/d and 124.98 kg/m’, correspondingly. GR from 2007 to 2021 has increased by 147.55%.
The GR on holidays was higher than on the other days of the week. The recycling of cartons, plastics and metals in
Erbil City reduced the density of domestic waste by 12.47% in 2021, thereby reducing the GR and the environmental
pollution.
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1. Introduction

Erbil City is the capital of the Kurdistan Region, Iraq. The populations of Erbil City in 2007 and 2021 were
720,960 and 861,158, respectively [1]. The increase in population, the change in lifestyle, and the increase in income all
had a great impact on the generation rate (GR) of solid waste. The amount of disposed municipal solid waste (MSW)
in Erbil City is more than 2,000 tons per day [2]. Normally, MSW is disposed of at the Erbil landfill site. Recycling
a part of the MSW has led to a decrease in the quantity and characteristics of MSW disposed at the Erbil landfill site.
Nowadays, plastics, metals, cartons and tyres are recycled in Erbil City. The collected recyclable materials are used as
raw materials for the new products [2]. Domestic waste, particularly garbage, is still collected and treated at the Erbil
landfill site. To date, all kinds of waste in Erbil City are mixed together and disposed of in landfills. Therefore, domestic
solid waste makes up a large part of the total amount of MSW. Domestic solid waste decomposes rapidly in the warm
seasons, and it produces leachate and a nasty smell. In addition to that, the landfill leachate formed has contaminated
surrounding soil and water sources [3]. On the other hand, the disposal of construction and demolition materials in
various areas is creating environmental problems as well. Medical wastes, hazardous materials, and industrial materials
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are sometimes mixed with the MSW and disposed of at the Erbil landfill site, which causes an environmental disaster.
As a result, there is a necessity for proper management of domestic waste.

There have been a number of studies published on the quantity, characteristics, thermal production, composting
and recycling of solid waste in Erbil City [2, 4-9]. Also, several pieces of research on domestic solid waste generation,
MSW properties and management have been published in other provinces in Iraq [10-19]. Monney et al. [20]
studied household solid waste characteristics in Wa, an urban community in Ghana. The researchers reported that the
household waste GR for Wa was 0.68 + 0.24 kg/capita/day (kg/C/d) with a mean bulk density of 44.9 + 28 kg/m’.
The characterization, GR, and management of household solid waste in Tulsipur, Nepal, were studied by Dangi et al.
[21]. The authors stated that the GR of the household solid waste in Tulsipur was 330.4 gram per capita per day (g/
C/d) [21]. Adamcova et al. [22] examined household solid waste components and hazardous waste in the Kuchyiky
landfill. The results have shown that the portion of the household hazardous waste determined in Kuchyiky landfill was
2.047% of the total MSW [22]. In San Quintin and Vicente Guerrero, Mexico, the GR for household solid waste was
0.631 and 1.047 kg/C/d, respectively. Meanwhile, the uncompacted densities for the household solid waste were 145
and 123 kg/m3, respectively [23]. Shekha [7] collected 184 samples of household solid waste in Erbil City. The author
declared that GR was 0.420 kg/C/d [7]. Al-Rawi et al. [11] collected 1,680 solid waste samples, and they reported that
the GR of the solid waste in Mosul City, Iraq, was 0.60 kg/C/d, but Ali et al. [14] collected 1,155 domestic solid waste
samples in Tuz Khurmatu District, Kirkuk Province, Iraq. The researchers concluded that GR and the density for the
domestic solid waste samples were 0.574 kg/C/d and 140.3 kg/m’, respectively [14]. A study was conducted on solid
waste in Sulaimania Province, Kurdistan Region, Iraq, by Hama et al. [17]. The range of GR for the 300 collected solid
waste samples was 1 to 2 kg/C/d [17]. Generally, GR and the density of the produced solid wastes are affected by the
characteristics of the solid waste, the recycling, the lifestyle, the income of the individual, the rural and urban areas, and
the solid waste management [5-6].

Recently, Hamza et al. [24] published research on the application of Geographic Information System (GIS) to solid
waste disposal locations and environmental impacts in the Kurdistan Region of Iraq. Also, new methodologies for MSW
recycling and management in Erbil City were studied by Aziz et al. [25]. However, there is no published work on GR
and the density of domestic solid waste during 140 continuous days. Moreover, there is no such comparison between the
characteristics of solid waste in 2007 and 2021 in Erbil City and other provinces in Iraq. The current research objectives
were to: 1) study the GR and density of produced domestic waste in Erbil City throughout 140 days in 2021; and 2)
compare the GR and density of domestic solid waste for the same family in 2007 and 2021.

2. Materials and methods
2.1 Study area and data collection

Domestic solid waste samples have been collected at the house from New Zanco Village, Erbil City, the Kurdistan
Region, Iraq. Figure 1 illustrates the study area. GR data was collected from 28 June 2021 until 14 November 2021
(i.e. 140 days or 20 weeks). Solid waste samples were collected on a daily basis. All kinds of domestic waste, such as
garbage, glasses, and leaves, were mixed together in plastic bags and disposed of daily in the trash can in front of the
house. The collected waste was weighed prior to disposal in the trash can. Private company vehicles have collected
domestic waste between two and three times per week. Some types of waste, like cartons, plastics and metals, have been
separated from domestic waste and then collected by individuals for recycling. The recycled solid waste materials were
then disposed of separately and not included in this research.

For one household, 25 domestic solid waste samples were used in 2007. The domestic solid waste data for 2007
and 2021 were put together in a group for the same family. The fact that there was data available for the same source
(i.e., same family) in 2007 and the data collected in 2021 enabled us to compare the domestic solid waste data between
2007 and 2021. There were 72 domestic solid waste samples that had been collected for different families in Erbil City
in 2007. Meanwhile, only 25 solid waste samples from the same family in 2007 were compared with the accumulated
data in 2021. The remaining collected samples (i.e., 47 samples) belonged to other sources (families), and they couldn’t
be used in the current research. Following the examination of the present work, the GR and density values for the same
family in 2007 and 2021 were determined. The GR and the density of domestic waste in 2007 and 2021 have been
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Figure 1. Map of New Zanco Village and Erbil City

2.2 GR and density determination

Domestic solid waste from New Zanco Village was collected and weighed daily for 140 days. The GR for the
collected samples was calculated using the following equation [5, 14, 16, 26]:

_ Weight of collected solid waste (g)

GR ; -
Population x Duration (1)

Meanwhile, the density of some collected samples has been calculated by applying the following formula [5, 14, 26]:

Weight of collected solid waste (kg)

Density =
Y Volume (m?)

3. Results and discussions
3.1 Domestic solid waste GR and density

Figure 2 illustrates the details of the domestic solid waste GR during 140 days. The minimum and maximum
values for the GR were 150 and 5,873 g/C/d, respectively. Whereas, the average GR figure for the 140 collected samples
was 915.56 g/C/d. Two GR peaks with values of 5,873 and 4,730 g/C/d can be observed in Figure 2; these two abnormal
figures belonged to maintenance works in the kitchen, the arrangement and the cleaning of the garden. On 4 September
2021, maintenance of some parts and fixtures in the kitchen and discarded materials (such as pipes, fittings, tiles, etc.)
led to a high GR of 5873 g/C/d. Furthermore, the cleaning of the garden and the collection of leaves and trees resulted
in a high GR of 4,730 g/C/d on 18 October 2021. Aziz [5] reported that the average GR values for 72 domestic solid
waste samples in Erbil City were 664 g/C/d. However, Shekha [7] stated that the average GR value for 180 household
solid waste samples was 420 g/C/d. Al-Anbari et al. [12] reported that the GR of MSW in Najaf City, Iraq, was 420 g/
C/d. According to Alkaradaghi et al. [16], the MSW GR in Sulaimani Governorate will be 1,320 g/C/d by 2040. In
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Baghdad City, MSW GR in 2017 was 673 g/C/d [13], while MSW GR in Mosul City was 600 g/C/d [11]. Hamza [15]
reported that MSW GR in Pshdar District, Sulamiani Governorate, was 671 g/C/d. MSW GR for a number of districts
in Baghdad City ranged from 300 to 800 g/C/d [10]. Ali et al. [14] concluded that the GR and density of domestic solid
waste in Tuz Khurmatu District, Kirkuk City, were 574 g/C/d and 140.3 kg/m3, respectively. The average solid waste
GR in Baqubah City and Diyala Governorate, Iraq, was 560 g/C/d [14]. It can be noticed that the MSW GR in Erbil City
is very close to that in the Iraqi provinces but higher than the global and regional MSW GR values [19]. The variation
of GR values in Iraqi provinces and those between Iraq and Japan are a result of different incomes, awareness, lifestyles,
recycling of solid waste, and solid waste management strategies [19, 25, 26].

The GR for household solid waste in Wa, Ghana, was 0.68 + 0.24 kg/C/d [20], whereas in Tulsipur, Nepal, the GR
was 330.4 g/C/d. In San Quintin and Vicente Guerrero, Mexico, the GR for household solid waste was 0.631 and 1.047
kg/C/d, respectively. The range of GR for the 300 collected solid waste samples in Sulaimania Province, Kurdistan
Region, Iraq, varies from 1 to 2 kg/C/d [17]. Commonly, the available data in the extant literature confirmed the
obtained GR data in 2021.

The density values for some domestic solid waste samples in 2021 are shown in Table 1. The average density value
of some selected samples was 109.40 kg/m’ in 2021. Aziz [5] concluded that the mean density value for 72 chosen
domestic solid waste samples was 175.72 kg/m’. Ali et al. [14] reported that the density of domestic solid waste in Tuz
Khurmatu District, Kirkuk City, was 140.3 kg/m’. In Wa, Ghana, the average bulk density for household solid waste was
44.9 + 28 kg/m’ [20]. Uncompacted densities for household solid waste in San Quintin and Vicente Guerrero, Mexico,
were 145 and 123 kg/m’, respectively [23]. Some published figures confirmed the obtained results in the present work.
Whilst comparing to other documented results, the lower density figures in the present research may be due to the
recycling and also to the exclusion of some materials such as metals, plastics and cartons.
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Figure 2. Variation of domestic solid waste GR during 140 days
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Table 1. Density values for some domestic solid waste samples in 2021

No. Sample number Weight (gram) Volume (m?) Density (kg/m?)
1 63 1330 0.011846 112.272
2 64 1660 0.009653 171.976
3 80 1310 0.01548 84.625
4 81 1665 0.016512 100.836
5 82 1140 0.016512 69.041
6 83 1335 0.016512 80.850
7 87 1690 0.016512 102.350
8 89 1515 0.013932 108.743
9 91 1085 0.016512 65.710
10 106 3345 0.016512 202.580
11 111 1135 0.014448 78.558
12 119 1875 0.017028 110.113
13 125 1135 0.013932 81.467
14 127 1225 0.01548 79.134
15 128 2980 0.013932 213.896
16 133 1365 0.01548 88.178

Average: 109.40

3.2 Variation of domestic solid waste GR during the days of the week

Variations of domestic solid waste GR on each day of the week during the study period are shown in Figures 3
to 9. Additionally, average GR values for each day of the week during the 20 weeks are given in Table 2. It can be
observed that the GR of solid waste on the same days over the course of 20 weeks is frequently close to each other.
Some fluctuations noticed are due to maintenance, cleaning of homes and gardens, and guests. In Erbil City and other
provinces in Iraq, Friday and Saturday are holidays. Solid waste GR values on Friday and Saturday were 1,144 and
1,189 g/C/d, respectively (Table 2). Produced waste on holidays was higher than the average GR value (915.56 g/C/d).
A minimum GR value of 711 g/C/d was reported on Sunday because it is the first working day in Erbil City (Table 2).
The minimum GR was 150 g/C/d due to having meals outside the home. Commonly, GR values for Saturdays, Sundays,
Tuesdays and Wednesdays were lower than the other days of the week. Here in Erbil City, the amount of domestic solid
waste produced on Thursdays was high due to people purchasing a lot of things and preparing for the holidays (i.e.,
Friday and Saturday). This phenomenon is related to the customs and traditions of the community and to the presence
of fresh fruits, vegetables, and chickens in the shops on Thursday and not on Friday. Most local shops and mini markets
close on Friday.
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Figure 3. Variation of domestic solid waste GR on Mondays for the duration of 20 weeks
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Figure 4. Variation of domestic solid waste GR on Tuesdays for the duration of 20 weeks
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Figure 5. Variation of domestic solid waste GR on Wednesday for the duration of 20 weeks
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Figure 6. Variation of domestic solid waste GR on Thursday for the duration of 20 weeks

2400

2000

1600

1200

GR (g/C/d)

800

400

1 23 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Weeks

Figure 7. Variation of domestic solid waste GR on Fridays for the duration of 20 weeks
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Figure 8. Variation of domestic solid waste GR on Saturdays for the duration of 20 weeks
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Figure 9. Variation of domestic solid waste GR on Sundays for the duration of 20 weeks

Table 2. Average GR values for each day of the week for the duration of 20 weeks

No. Day Average GR (g/C/d)
1 Monday 1009
2 Tuesday 765
3 Wednesday 719
4 Thursday 867
5 Friday 1144
6 Saturday 1189
7 Sunday 711

3.3 Dissimilarity of GR and density between 2007 and 2021

The variations of domestic solid waste GR in 2007 and 2021 are shown in Figures 2 and 10. The population of
Erbil City has increased by 1.194% between 2007 and 2021. Average domestic solid waste GR values for the same
family in 2007 and 2021 were 620.5 and 915.56 g/C/d, respectively. It can be noticed that GR increased by 147.55%
between 2007 and 2021, which is most likely influenced by lifestyle, needs, and income. The direction of the results is
consistent with published data in the literature [19]. Average values for the density of domestic solid waste for the same
family in 2007 and 2021 were 124.98 and 109.40 kg/m’, respectively. The recycling of cartons, plastics and metals in
Erbil City decreased the density of domestic waste by 12.47% in 2021.

The standard deviation, average, and correlation between GR data in 2007 and 2021 are given in Table 3. The
standard deviation for GR values in 2007 was 203.856. For the purpose of comparison with the 25 collected samples
in 2007, the data in 2021 were distributed to six groups (Table 3). The GR for Group 4 (Sample Numbers 76 to 100) in
2021 was similar to the data collected in 2007. The GR values for all sets in 2021 were higher than the GR values in
2007, except for one group (Table 3). Some disposed materials, such as cartons, plastics, and metals, were recycled in
Erbil City in 2021, which decreased the GR and density of the domestic solid waste [25]. Otherwise, the GR and density
will be very high when compared to 2007.
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Figure 10. Domestic solid waste GR values in 2007

Table 3. Standard deviation, average and correlation between data in 2007 and 2021

Collected samples in 2021 Standard deviation Average GR Correlation with GR in 2007
Group 1 (1 to 25) 430.092 886 0.412
Group 2 (26 to 50) 396.987 825 -0.013
Group 3 (51 to 75) 1097.400 1220 0.112
GR in 2021

Group 4 (76 to 100) 213.431 600 0.122

Group 5 (101 to 125) 934.660 1014 0.128

Group 6 (126 to 140) 582.149 963

4. Conclusions

GR and density for the collected domestic wastes during 140 days were 915.56 g/C/d and 109.40 kg/m’,
respectively. Whereas in 2007, GR and density for the same family were 620.5 g/C/d and 124.98 kg/m’, congruently.
GR for domestic solid waste from 2007 to 2021 increased by 147.55%. Lifestyle, income, and daily life requirements
increased the GR of domestic solid waste. The GR during the holidays was greater than the GR for other days in the
week. Due to the recycling of cartons, plastics and metals in Erbil City, the density of domestic waste in 2021 decreased
by 12.47%. Mixed domestic solid waste influenced the environment. Recycling cartons, plastics, and metals decreased
GR, density and environmental pollution. For future plans, it is proposed to separate solid waste into organic, plastic,
carton, glass, and hazardous wastes. Later, factories can use the separated materials as raw materials. Additionally,
composting is recommended for organic waste. Improvement of the present landfill, energy production and collection of
the emitted methane gas are also suggested.
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