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Abstract: Management of sustainable solid waste MSW, it is how to deal with sustainable waste
through services provided to the community and how to benefit from it as a product that affects the
national income. which refers to the collection and treatment of solid waste before final disposal. The
Municipal solid waste management in Dammam is based on generating and collecting MSW from
different sources in Dammam, including individual and community bins. The main aim of this study
was accessing the generation rate and composition of MSW in different income levels, evaluating the
current MSW practice including knowledge, attitude, and satisfaction of residents toward the MSW
management services in Dammam as a representative city of other large and important cities in Saudi
Arabi. A multi-stage grouping method was used for dividing the population into three
socioeconomic groups (high, middle- and low-class), and an equal number of participants was
selected by a statistically simple random method. Collection of data was conducted by a pre-designed
questionnaire for six months. Wood and garden waste represented the highest amounts (38.39 and
33.76 ton/year respectively), followed by Aluminum, paper and plastic (29.31, 28.53 and 27.29
ton/year respectively). Most of the solid waste collected from homes and community gathering places
in Dammam is collected by collecting garbage and transporting it to private landfills, then the final
stage is where it is buried by companies that fall under the responsibility of the Eastern Province
Municipality, but it produces unpleasant odors whether in transportation or burial, which prompted
the Saudi government to develop dealing with waste in a better way. Only 10-15% of the collected
MSW is recycled including paper, metals, and plastics. Indeed, sorting and recycling sustainable
waste has had a significant psychological impact on the community and the residents of Dammam
are trying to understand how recycling can improve their income.

Keywords: municipal solid waste; management; household; waste handling; landfilling; Saudi Arabia

1. Introduction

Municipal solid waste (MSW) is defined as the waste collected by municipalities in a
conventional manner through companies specialized in collecting, transporting and disposing of it
safely [1]. Except for hazardous industrial waste, solid waste includes many types, including
household waste, commercial waste, construction and demolition waste, sewage residues and street
waste [2,3]. Municipal solid waste consists of various wastes, but there are basic wastes such as paper,
plastic, textiles, metals, glass, yard waste, organic materials such as food scraps and inorganic
materials such as metal cans and dirt [4,5]. Usually, there are factors that control the impact of waste
generation in a clear and distinct way, such as population growth, standard of living and social and
economic development [6,7]. In addition, municipal solid waste contains a huge amount of energy,
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which can be used economically by applying modern and effective management systems and
technology [8,9].

Solid waste management, especially municipal waste, is considered a service provided to the
community in a manner consistent with the types of waste and how to collect and treat it in the best
way to preserve the environment so that it is safe and human health with a basic vision and to
preserve the aesthetic, engineering and economic environment in a basic way. It provides a set of
solutions to recycle solid waste in an advanced way and transform it into a valuable resource [10].
Therefore, municipal solid waste management requires specialized competencies and knowledge of
how to deal with solid waste in a better way because management that does not have competencies
and plans for how to manage solid waste is an obstacle to developing and benefiting from it in a big
way, as it does not pose harmful effects on human health and the surrounding environment,
including air pollution due to unfavorable gas emissions, vapors and unpleasant odors, which leads
to very large groundwater pollution and also leads to attracting insects and rodents and more sewage
floods, climate change and global warming [11,12]. Several studies have indicated that municipal
solid waste accounts for (55-80%), followed by the markets and commercial areas (10-30%) through
varying amounts from industries, institutions, streets, etc. [13,14]. In developing countries, there is a
lack of proper procedures on how to manage solid waste and especially on the methods of final
disposal in illegal solid waste dumps which eventually lead to pollution of groundwater and surface
water sources due to the leaching formed [15,16]. Effective municipal solid waste management
practices, especially reducing waste generation at source, help avoid illegal dumping of waste,
provide required disposal sites and reduce potential pollution of air, soil and groundwater [17,18].

In many cases, developing countries suffer from a severe lack of effective solid waste
management procedures, especially the methods used to dispose of them unsafely in (illegal solid
waste dumps), which leads to the pollution of groundwater and surface water sources by the
resulting leaching [19]. The Kingdom of Saudi Arabia is considered one of the most important
promising economies in the Gulf region and the Arab world, where there is rapid population growth,
urban expansion and industrialization, accompanied by an increase in solid waste production,
especially in major cities such as Riyadh, Dammam and Jeddah. Based on the World Counter’s
preparation of the latest United Nations data [20], the population of the Kingdom of Saudi Arabia
has increased from 20,663,843 in 2000 to 36,142,229 in December 2022. The rate of municipal solid
waste generation in the Kingdom of Saudi Arabia is 15.3 million tons per year (metric tons/year) at
an average rate of 1.4 kilograms per day per capita (kg/capita/day) (Nizami et al., 2015a). The
concentration of more than 75% of the Kingdom'’s population in urban areas makes the government
take the initiative to take measures to improve the recycling and waste management scenario in the
country [20,21]. The municipal solid waste produced is generally regulated by local affairs and the
Ministry of Municipalities, while management is carried out by local municipalities, which includes
the collection, transportation and disposal of waste to landfills or dumping sites without recovering
materials or energy, more specifically in the eastern regions, especially Dammam city, through
various variations in waste collection and illegal dumping of solid waste in open landfills [22].

The main aim of this study was accessing the generation rate and composition of MSW in
different income levels, evaluating the current MSW practice including knowledge, attitude, and
satisfaction of residents toward the MSW management services in Dammam as a representative city
of other large and important cities in Saudi Arabi. Based on the results of this study, the proper
management practices will be recommended to improve the MSW management, which in its turn
will ultimately step-up environmental protection.

2. Methodology

This part of the article describes the importance of managing solid waste in a specific way so
that we can continue to face the challenges of increasing solid waste, which is a burden on the
community, and deal with sustainable solid waste in specific ways, as it requires knowing the
proportions of each type to facilitate dealing with its benefit.
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2.1. Study Area

Dammam is considered one of the most important cities in the Kingdom of Saudi Arabia. It is
one of the largest Saudi cities and has the highest population in the Eastern Province due to its large
number of industries, universities, government agencies and centers. It is also considered the main
seaport. It is noticeable that there is an increase in the number of people migrating to it for study and
work. There is evidence of the population increase in the increase in daily quantities of solid waste.

The generated MSW in the city is transported from local waste collection sites to the regional
waste disposal site using large transport vehicles by appointed companies under the supervision of
the Eastern Province Municipality in the Abqaiq landfill. Climatically, Dammam has a hot desert
climate. The winter temperatures range from mild to warm, while the summer temperatures are
extremely hot, usually exceeding 40 °C (104 °F) for about 5 months. Consequently, the collection and
storage of waste in Dammam should not take a long time because it may have a risky effect on the
environment and needs an effective management system.

The number of households in the Dammam metropolitan area is estimated to be 331,000
households distributed on 95 neighborhoods in the East, Middle and West districts of the city. Most
of those households are low and medium residential buildings with considerable number of
independent villas in each district [22]. Figure 2 shows the distribution of different districts in
different regions (East, Middle, and West) of Dammam City.

2.2. Selection of the Study Sample

Participants of this study were selected from the householder population residing within
Dammam City. A probability sampling technique was employed to draw the study sample. The
probability sampling technique assures that all participants in the population target have an equal
opportunity for selection [23]. A multi-stage grouping method was used for this study by dividing
the population into three socioeconomic groups (high, middle- and low-class) to allow the researcher
to reach each group, where the participants were selected statistically by simple random method
[24,25]. This selection method was used to create a representative population of different income
levels because it is challenging to identify each population [26,27]. As shown in Figure 1, Dammam
is classified into three different socioeconomic areas; high, middle- and low-class; according to the
income level which is already stratified by the city authorities and based on the ability of inhabitants
to pay for the waste collection services.
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Figure 1. GIS Map of Dammam districts by neighborhoods.
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Figure 2. Map of income distribution by neighborhoods in the districts of Dammam.

2.3. Sample Size

Cohen (1977) suggested that using a representative sample of the population should be based
on constituent factors, including the level of significance, effect size, required strength, and estimated
variance [28]. In addition, Cohen’s (1988) statistical strength analysis is among the most common
methods in behavioral science and education for calculating the sample size required for a study [29].
Thus Cohen's (1988) was used for calculating the sample size of this study. Adequate sample size
was required for regression analysis to examine the contribution of each of the independent variables.
This investigation required the use of multiple regression analysis using Structure Equation Model
(SEM). The sample size in our study is crucial to produce meaningful results because reducing the
sample size would reduce the power value to less than 0.80, which would be undesirable. With a
specified power of 0.80, a medium effect size of f2 = 0.15, and a significance alpha of 0.05, Cohen’s
(1988) statistical power analysis formula indicates that a sample size of 318 households was sufficient
to run this analysis. Therefore, based on the above, the sample of this study could have ranged from
194 for product-moment correlations to a maximum of 393 as shown in Table 1.

Table 1. Sample size determination for different statistical analysis, Cohen (1988).

Statistic Sample size Needed
Pearson correlation 194
Regression analysis 318

Additionally, Cohen’s method and Cochran (1977) developed a formula to estimate a
representative sample size for analysis. This method is applied and recommended for a substantial
population. The Cochran formula allows the calculation of an ideal sample size given the level of
precision required. This method is particularly appropriate and accurate for cities with large
population densities such as Dammam. According to Cochran (1977), the formula for sample size
selection is represented as follows [30]:

72 p(1-p)/e?
1+ (z2 p(1-p)/e2N)

Sample size =

Where: N population size, Z Z-score, e margin of error and P standard of
deviation
V4 z? p g=1-p e e? N
1.96 3.8416 0.5 0.5 0.05 0.0025 800,000

We calculated the sample size through using the Cochran formula.

no=z?p(1-p)/e?, ~ Sample Size=no/1+(no)N
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no = 384.16 and finally the sample size= 383.976095=384

According to the Cochran method, the total sample size was 383, suitable for the population
area. Still, we increased the sample size to 450 which is related to different districts in Dammam not
distributed as normal distribution but some gaps between high and middle levels in relating to low
level. Sample sizes proportionate to the population in each district were selected. Distribution of the
sample size between the three income levels is presented in table (1).

Table 1. Income levels of population/ region in Dammam City.

Income Level Populatl:l)n/Reglo Percentage (%) No of respondents
High Level 310,000 39 175
Middle Level 320,000 40 180
Low Level 170,000 21 95
Total 800,000 100 450

2.4. Data Collection

Collection of data for this study was conducted by a pre-designed questionnaire which was
validated by a statistical expert and an expert in the municipal solid waste management. The
questionnaire was composed of four main parts. The first part represented the demographic factors
including the monthly income of the selected home. The second part represented the municipal solid
waste handling, which was divided into 10 subgroups such as the daily generated amount of solid
waste, the most types of generated solid waste, types and capacities of collection and storage of solid
wastes, rating of the municipal solid waste services, and others. The third part represented the
perception for municipal solid waste management which included 13 questions to evaluate the
services that are provided by the formal municipality such as collection and transportation of the
solid wastes. The fourth part represented the satisfaction of the participant with the improvement
rate of the proceeded solid waste management procedures and his willingness to participate. This
part was composed of four subgroups such as his willingness for payment, major problems
associated with the solid waste management system in Dammam and his satisfaction with the
municipal solid waste management procedures.

Because standard tools of randomization like lists and telephone directories were difficult and
unavailable, the required information was collected by the researchers themselves through direct
interview with the participants. The interviews were conducted through the daily gathering places
for residents of each area, such as mosques and stores where people buy food and their stuff. The
coordination with the formal Eastern Province Municipality (AMANAH) was conducted for all
procedures of data collection. The period of study was nearly six months from September 2023 to
March 2024.

2.5. Statistical Analysis

Descriptive statistics were to summarize the demographic findings and relevant attributes of the
respondents and to determine the levels of all the variables under study. This study was designed to
make comparisons between sustainable solid waste by dividing the neighborhoods into western,
central and eastern Dammam regions in order to obtain which percentages were higher than others.
The independent variables were determined on the desire of Dammam residents to participate in
dealing with sustainable solid waste. Pearson's correlation coefficient was used and the moderating
effect of demographic factors such as gender, income levels and desire to participate in dealing with
sustainable waste was also examined [30].
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3. Results

3.1. Number of Population in Dammam City

Table 2 indicates the number of populations in different regions of Dammam City during the
period from 2010 to 2020. The metro area population of Dammam City in 2020 was 1,253,000, with a
2.29% increase from 2019, and the metro area population of Dammam in 2019 was 1,225,000, with a
2.34% increase from 2018.

Table 2. Population of different regions in Dammam City.

Population 2010 2012 2014 2016 2018 2020
West of Dammam 410933 410933 452552 530000 523439 562400
Middle of Dammam 314476 314476 347555 450000 419576 435820
East of Dammam 183735 183735 207454 200000 213985 254780
Total 909144 909144 1043000 1118000 1157000 1253000

3.2. Waste Generation in Dammam City

Table 3 shows that the generation of MSW generation of different region in Dammam City, while
Tables 4.and 5 indicate the waste composition of the generated wastes. The highest amounts of MSW
were found in the west of Dammam, followed by middle, while the lowest amounts were obtained
from the east of Dammam. Wood and garden wastes represented the highest amounts (38.39 and
33.76 ton/year respectively), followed by Aluminium, paper and plastic (29.31, 28.53 and 27.29
ton/year respectively). Furthermore, the main types of paper were newspapers in the middle region
(24.65%), cardboard in the west region (32.52%) and paper officers in the middle region (27.31%). For
plastic waste, the main type of plastic was PET #1 (soda & water bottles) which was concentrated in
the west region (27.35%), HDPE #2 (detergent, milk jugs, etc.) in west region (28.54%) and finally the
PVCs were concentrated in the three regions around (15-19%).

Table 3. Waste generation in different region of Dammam City.

MSW / ton/year
2010 2012 2014 2016 2018 2020
West of Dammam 10154792 10465983 12843560 15420165 16003264 16545879
Middle of Dammam 10143569 10546972 11857901 13649965 14501256 15567980
East of Dammam 7543562 7825602 11070597 11588387 12522176 12787945

Region

Table 4. Composition of MSW in different region of Dammam City.

Component Region %
West of Dammam Middle of Dammam East of Dammam

Paper 28.53 49.23 22.24
Plastic 27.29 55.43 17.28
Organic or Food waste 19.37 58.41 22.22
Glass and ceramic 20.32 51.44 28.24
Ferrous metal 26.42 44.33 29.25
Aluminum 29.31 44.52 26.17
Wood 38.39 27.28 34.33
Textile and rubber 24.38 47.34 28.28

Garden waste 33.76 25.61 40.63
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Table 5. Detailed composition of MSW in different region of Dammam City.

Region (%)
Types of solid wastes West of Middle of East of
Dammam Dammam Dammam
Paper
Newspaper 17.62 24.65 16.37
Corrugated Cardboard 32.52 18.34 29.25
Office paper 19.67 27.31 25.31
Box Board (cereal and tissue boxes, 18.65 18.35 1433
etc.)
Magazines 11.54 11.35 14.74
Glass
Clear Glass 58.65 47.62 64.26
Brown Glass 22.01 26.13 17.21
Green Glass 19.34 26.25 18.53
Plastic
PET #1 (soda & water bottles) 27.35 20.59 18.74
HDPE #2 (detergent, milk jugs, etc.) 28.54 17.78 20.54
PVC #3 (salad dressing bottles, etc.) 15.64 19.45 16.23
LDPE #4 (bread bags, shrink wrap, 1.62 21.62 18.32
etc.)
PP #5 (bottle labels, etc.) 9.54 14.93 17.72
PS & EPS #6 (packaging peanuts, etc.) 7.31 5.63 8.45

3.3. Municipal Solid Waste Collection and Storage

Based on the formal data from the Eastern Province Municipality of Dammam City, the total
quantities of solid waste generated range from all regions in Dammam range between 20,000 and
35,000 m?® per month, and all the waste is collected one time at least every day. The Municipality
workers use one wheeled vehicle and two wheelers for the first transport of solid waste to the storage
area. Table 6 shows that different types of containers that are used for collecting the MSW from the
three regions of Dammam city, where the plastic bins were mainly used as individual containers,
while the Oil drums were mainly used as commercial containers. Table 7 shows that the different
responsibility of solid waste collection the three different regions of Dammam City.

Table 6. Types of MSW storage containers in Dammam city.

Residential Premise (Used) %

Type of Containers Almost Frequently Sometimes Never

West Middle East West Middle East West Middle East West Middle East

Individual Metalbin 13.6 212 192 235 374 341 356 332 327 25 356 1.3

Containers Plasticbin 659 542 482 412 39.7 332 297 315 322 24 2.8 1.6

(Especially) Plasticbag 205 24.6 326 353 229 327 347 353 351 14 1.5 1.9

Oildrum 63.7 598 552 50.7 481 586 541 511 504 1.3 1.2 1.3

Communal rationary 49 66 65 73 42 62 62 62 393 492 483
. concrete
Containers Roll-on

(Ordinary) roll-off 312 277 316 392 393 357 375 383 391 1.1 1.1 1.2

Haulbin 1.5 7.7 6.5 3.7 5.3 15 2.1 4.4 43 424 486 492
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Table 7. Responsibility of MSW collection in different regions of Dammam City.

- . Premises % Frequency of Collection/day
Responsibility of Collection West Middle East West Middle East
Collected by the Department 12.4 13.2 14.4 1 1 1

Collected by the 683 713 702 1 1 1
Department’s contractor
Collected by owner’s 147 121 119 5 5 5
contractor
No collection service (done 45 34 43 1 1 1
by owner)

3.4. Transportation and Treatment of MSW in Dammam City

We find that some of the types of equipment used in the sanitary landfill such as bulldozers, and
dump trucks with a capacity of 16 square meters, as well as lead. Specialized companies collect solid
waste from different places in Dammam neighborhoods and transport it to collection areas specified
by the Eastern Province Municipality through 15 m3 containers, where it is transported to temporary
stations specified by the Eastern Province Municipality, for example, the first region (east and Middle
of Dammam) and the second region (west of Dammam), where the municipality provides
approximately 40 vehicles to lift solid waste from neighborhoods and main streets every three
months. Not only that, but it has also provided trucks with an automatically opened cover,
numbering 115 trucks, while other waste such as furniture, appliances, and others are transported
through small, open trucks with a capacity of approximately 15-20 m3. The vehicles have been
classified into two main types: the first type is the 7-yard sled, which is about 32 cubic meters, and
the other type is the 2.5-yard dent. The waste is transported by a specific mechanism and in
coordination with government agencies such as the Eastern Province Municipality once a day as a
minimum, where it is disposed of permanently without treatment to the sanitary landfill through
contracting with private companies to transport it from the temporary collection sites to the final
collection site and from there to the sanitary landfill in Abqaiq. The containers are made of steel and
have a capacity of 15 cubic meters, where 100% of the solid waste is buried there. The cleaning
contractor transports the solid municipal waste to the sanitary landfill under the supervision of the
Eastern Province Municipality and from there to the final landfill where it is buried in an organized
manner. Table 8 represents the average percentage of each MWS management services during the
last two years in Dammam city including collection and transportation, street sweeping, grass cutting
and landfill operation.

Table 8. MWS management services during the last two years in Dammam city.

Proportion of contractual service Number of contractors in last
last 2 years (out of yearly total of 2 years (out of yearly total of
100%) 100%)
West Middle  East West  Middle  East

Service Component

Collection and

251 242 22.5 21.7 22,5 19.6

transport
Street sweeping 16.3 17.4 17.6 13.8 15.5 16.7
Grass cutting 14.4 14.2 16.1 17.8 17.5 17.3
Landfill operation 25.6 25.6 253 28.2 25.8 26.7
Vehicle maintenance 18.5 18.5 18.5 18.5 18.8 19.7

4. Discussion

The total amount of solid waste generated in 1999 was estimated at 8.5 million tons. The amount
generated increased significantly and exceeded 10.4 million tons in 2004. The amount of tons in 2013


https://doi.org/10.20944/preprints202502.1438.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 February 2025 d0i:10.20944/preprints202502.1438.v1

9 of 15

reached about 13 million tons [31]. At present, the sustainable solid waste generation rate in the
Kingdom of Saudi Arabia is about 15.3 million tons per year [32]. The total is expected to reach more
than 20 million tons in 2030 [33]. In addition, the average per capita generation rate in 2004 was 1.2
kg/capita/day. However, this amount reached about 1.5 kg/capita/day in Riyadh, and 2 kg/capita/day
during peak months in the city of Mecca, as reported by the Ministry of Economy and Planning [22].
Solid waste contains large amounts of organic waste such as food waste, which is considered one of
the most common types of solid waste and its sources are concentrated in hotels, cafeterias,
restaurants, homes and other diverse and varied sources [34]. Composting is used to obtain a valuable
product, as it is an effective and economically optimal method [35]. Plastic waste is considered one
of the most produced wastes in the Kingdom, as only about 20% of all plastic waste is recycled, as
plastic waste is finally disposed of in solid waste landfills, where the accumulation of waste
represents an environmental and operational burden on the landfill due to the decomposition process
that takes place very slowly, so it is possible to replace it by using thermal decomposition with energy
generation in the form of fuel oil and valuable products such as coal [22,36].

Solid waste is collected from homes in special bins and then disposed of in safe waste cubes, but
the lack of waste disposal facilities, waste handling fees and disposal methods has led to the trend
towards waste sorting, recycling and reuse, and the availability of the necessary energy. However,
sorting is in its early stages, and although informality is the main driving force behind waste sorting
and recycling, the recycling rate in Saudi Arabia ranges from 10-15%, as it is directly and
fundamentally affected by the presence of an informal sector that extracts paper, plastic and metal
waste from municipal waste [37]. Indicators indicate that the participation of the population in
sorting and recycling solid waste is low, as it has not been verified whether the population is aware
and knowledgeable about waste sorting and recycling in Dammam. Moreover, it is unclear whether
it is possible to predict how sustainable waste handling practices among the population (sorting and
recycling) can be predicted through social, psychological and external variables, as it was found that
they predicted waste management behavior in different countries [38,39].

We find that disposing of solid waste in dedicated landfills is the final stage of solid waste
disposal methods, the lining of which differs from the ground lining and is considered one of the
most widely used and most economical methods in most developing countries. Therefore, disposing
of solid waste is more important in landfills with a lower lining and upper covers that prevent the
penetration of leaching into the soil. It also helps in the generation of methane gas (CH4), causing
pollution and leaching that can harm humans and natural systems. We find that landfill gases are
produced when methane molecules decompose, so the percentage of methane and carbon dioxide
reaches 90%. In addition, carbon monoxide, alcohol, nitrogen, hydrocarbons, organic sulfur
compounds, and heavy metals are also formed [40]. It is well known that leaching can pollute the
surface and groundwater, which prompts us to treat these gases and use them more to generate
energy. Therefore, biological landfills are among the advanced technologies that must be introduced
in major cities in the Kingdom of Saudi Arabia due to their importance in utilizing landfill gases to
generate electricity. It is a new technology whose mission is to solve the problems of global warming
and reduce electricity consumption rates in waste disposal stations [41,42]. The Saudi government is
working hard to develop solid waste management. It understands there is an urgency to find
solutions to invest solid waste properly and a final solution to the problems of solid waste
accumulation without effective treatment. It has allocated a national budget for 2011 estimated at 29
billion Saudi riyals to develop the municipal services sector, including water drainage and waste
disposal. Therefore, it is making concerted efforts to improve solid waste recycling activities and safe
methods of disposal, including working to improve solid waste management in the country [43,44].
The Ministry of Environmental Affairs has added regulations for sustainable waste management and
treatment from collection sources to final disposal with an energy recovery program. Currently,
waste is disposed of in landfills without recycling or burning [45,46]. It is expected that dumping sites
in Saudi Arabia will reach their maximum capacity in the next few years. Therefore, the matter should
shift from mainstream waste management to advanced technologies such as energy recovery.


https://doi.org/10.20944/preprints202502.1438.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 February 2025 d0i:10.20944/preprints202502.1438.v1

10 of 15

The Kingdom of Saudi Arabia has become increasingly interested in focusing on the concept of
sustainable solid waste recycling, as the country produces more than 15 million tons of municipal
solid waste annually, at a daily cumulative rate of 1.4 kg per person, and the rate is expected to double
to nearly 30 million tons annually by 2033 with the current annual population growth rate of 3.4%.
The main components of municipal solid waste in the Kingdom of Saudi Arabia are food waste (40-
51%), paper (12-28%), cardboard (7%), plastic (5-17%), glass (3-5%), wood (2-8%), textiles (2-6%), and
metals (2-8%) [47]. Therefore, recycling and treating solid waste in a beneficial way, turning it into a
product that can be used, which provides an opportunity to reduce the consumption of raw materials,
is an accurate strategy for achieving solid waste management that has an environmental and
economic impact, as it helps in preserving natural resources and environmental balance, improving
the environment and public health, and raising the quality of environmental life [44]. It is noted that
according to the studies conducted, the Ministry of Economy and Planning in the Kingdom of Saudi
Arabia confirmed that 35% of the total waste produced in the country is recycled annually [48], but
the GCC Environment Report stated that the current recycling rate in the Kingdom of Saudi Arabia
is only 23.5% of the total waste. It is certain that sustainable waste recycling is a major factor
controlling the accumulation of waste without benefiting from it. Major cities are among the most
important cities that deal with solid waste by recycling it primarily, such as the capital city of Riyadh,
Jeddah, which is the second largest city, and Dammam, where recycling is done in some Saudi
factories while the rest is exported to other countries such as India and China. This is because
recycling facilities are often dedicated to recycling industrial waste because it is cheaper and cleaner
than classified municipal solid waste [49].

The process of composting is based on aerobic bioconversion of waste into fertilizer due to the
activity of microorganisms [51]. In the current scenario, solid waste is managed by conventional
waste dumping processes which are causing significant impacts on environmental such as Green
House Gas (GHG) emission, leachate production and soil contamination etc. The problems of
municipal solid waste are associated with uncontrolled dumping which can be avoided by shifting
towards waste to energy approach, as it can provide both environmental as well as economical
sustainability. The present review is focused on the status of waste disposal system in KSA with
respect to their environmental effects. It is noted that the composting process has recently received
great and increasing attention in the Kingdom of Saudi Arabia due to the high organic content of
solid waste, i.e. about 40%, as the government is spreading health and educational awareness among
citizens to devote these efforts to spreading technologies for converting solid waste into energy that
can be used within the Kingdom through mutual coordination of all activities related to solid waste
management and funding through the government [52].

On the other hand, environmental education is a basic means provided by the government to
raise health and environmental awareness among citizens and to educate and encourage them to
practice recycling behaviorally and morally to reduce the accumulated solid waste resources. The
government is constantly raising awareness in schools and universities because it has a great impact
on sustainable waste management practices in the Kingdom of Saudi Arabia. In addition,
environmental education describes environmental issues in an understandable manner and moves
forward towards true sustainability to benefit from solid waste in all its forms, such as using
agricultural engineering for household waste and treating it as an improved, nutritious and beneficial
fertilizer for the soil, not only that, but also converting waste into energy stations that can be used in
the Kingdom of Saudi Arabia [52].

Recently, there have been attempts to motivate and financially encourage citizens to participate
in sustainable solid waste sorting and recycling activities in most countries of the world on an
ongoing basis. International governments have been keen to participate in encouraging their citizens
to participate in sorting and recycling solid waste on a daily basis and how to benefit from it
primarily. One of the strategies was presented in the form of financial incentives to motivate citizens
to sort and recycle [53-58]. It was assumed that incentives are economically motivating citizens to
participate in recycling, whether short- or long-term participation. It is an effective and important
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means that contribute greatly to motivating citizens and caring for recycling by providing facilities
and programs for recycling in detail, as it aims to raise educational awareness among citizens and
residents, as it contributes greatly to the success of waste separation and recycling [59-62]. Positive
changes in people's attitudes and behaviors depend directly on the extent of understanding the social
and psychological differences of the individual, which greatly affects the decision-making process to
participate in sorting and recycling. We can confirm that waste sorting and recycling will have a
significant impact on improving the environment, by moving towards participation in solid waste
recycling [63-65]. Therefore, more efforts are needed to motivate and enlighten people to understand
and appreciate the importance of responsible and sustainable waste management practices and
manage their waste in a more sustainable way by sorting waste at source and recycling it [66-68].

Municipal solid waste in Dammam is collected more than once a day from homes in designated
garbage collection points and then transported to solid waste dumps where it is buried in designated
solid waste dumps. However, this waste certainly emits unpleasant odors in addition to rainwater
leaking through landfill sites where it leaks from pollutants to landfills and is transported to nearby
water bodies where it can cause groundwater pollution, leading to significant pollution of drinking
water. Separating solid waste is not mandatory for residents as there are no regulations forcing
citizens and residents to sort and recycle waste unless they are fully convinced. Municipal solid waste
is usually disposed of by residents incorrectly, which negatively affects recycling as the waste is
largely mixed, hindering proper sorting and recycling, so residents dispose of waste in containers
located on the streets. Later, waste collectors or cleaning contractors sort these waste containers to
extract recyclable materials. The residents of Dammam city are generally not involved in sustainable
waste management, partly because the authorities in Saudi Arabia have not established a viable waste
management program. Residents may be willing to participate in sorting and recycling to benefit
from it rather than improper disposal. Social, psychological and external variables have been found
to predict sustainable waste management practices in different countries. The proper handling of
solid waste in sorting and recycling by residents in Dammam city is still in its infancy, although
sorting and recycling are gaining increasing attention. Currently, the informal sector is the main
driving force in sorting and recycling of municipal solid waste. In this process, metals, paper and
plastics are sorted from municipal waste. The report indicates that the recycling rate in Dammam
ranges from 10% to 15%. However, the degree or level of waste sorting and recycling practices of
residents in Dammam city has not been investigated to understand the behavior of municipal solid
waste management as a basis for supporting recovery activities [66-68].

5. Conclusion

Through this article, the focus was on the municipal solid waste management practices in
Dammam, which is considered one of the most important Saudi cities in terms of solid waste
management, recycling, composting, anaerobic digestion, environmental education, and landfilling.
The interest in reducing the environmental problems related to solid waste has not stopped, and the
recovery of electricity and biogas will be the best option for managing municipal solid waste in the
Kingdom of Saudi Arabia. Moreover, waste-to-energy practices prevent the potential loss of materials
from municipal solid waste, which increases environmental and economic impacts. However,
providing incentives and training in the formal and informal sectors will greatly help in separating
waste at sources, which reduces energy and material losses.

As this study adopts the theory of planned behavior, which is widely applied in many
environmental behavioral studies and motivating households to participate in recycling, the current
study tends to introduce and integrate some external variables as potential contributing factors.
Additional hypothesized variables that influence the determination of the willingness of residents to
participate in the practice of dealing with solid waste include social influence, market incentives, and
government facilitators. In addition, solid waste management is a good investment because it
supports integrated demographic variables to investigate their moderating effect on the willingness
of the population to engage in sustainable waste management practice.
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