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Solid waste production, specifically construction waste, in Middle Eastern Arab countries has dramatically increased. This
is characterized by several factors, including rapid urbanization, common food wasting habits, diverse culture, lack of
proper planning of solid waste processes, insufficient equipment, as well as lack of proper funding. The exponential
growth in solid waste generation rates has led to hazards to health and the environment, causing issues related to air and
water pollution under the already increasing pressure of climate change.
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| 1. Introduction

Solid waste management has been an issue for centuries for both urban and rural areas in several countries. Despite its
many effects on nature and human health, solid waste represents a valuable resource that could be effectively used to
produce energy and create a financial return. Solid waste is any waste that is no longer useful to the first user. Solid waste
management (SWM) is the process of treating and disposing of these materials. The source of solid waste is what
determines its characteristics and properties as well as its composition. The composition of solid waste is the main factor
controlling how it could be used in the future. Garbage and rubbish are the main types of solid waste; garbage describes
compostable solid waste, construction, and demolition while rubbish is the dry materials and bulky items that cannot be
decomposed. A significant part of SWM is recycling. Recycling includes material that is not part of trash or garbage 1.

The current solid waste trends show that by 2050, the global generation rate of solid waste is predicted to reach 27 billion
tons per year, with Asia accounting for 30% of the generated waste. Within Asia, there are almost 760,000 tons of solid
waste generated daily; China generates almost 0.5 kg per capita per day and India generates 0.7 kg per capita per day 2.
Other estimations predict that Asian solid waste production is expected to rise to 1.8 million tons of solid waste generated
per day in 2025. The dramatic increase in solid waste production rates can be due to several factors. These factors mainly
include the rapid development of industrial zones, urbanization, and the massive increase in population. These factors
lead to the actual numbers being almost twice as high as the estimated numbers.

Solid waste processes include collection, treatment, disposal, and recycling. These processes are found to be rare and
insufficient in developing countries [Bl. However, the amount of solid waste produced by developing countries is smaller
than the amount produced by developed regions. In India, it was found that in 2001, the population was 1029 million,
which is predicted to increase to 1400 million by 2028 [4l. |t was also found that the highest percentage of the solid waste
produced from these in India is domestic waste, which includes food waste, construction, and demolition waste, which is
usually buried at construction sites . The improper disposal of waste causes damage to infrastructure as well as
contamination of water resources.

Egypt has the highest population among Arab countries in the Middle East region, followed by Iraq, Saudi Arabia, Yemen,
Syria, Jordan, the United Arab Emirates, Lebanon, Palestine, Oman, Kuwait, Qatar, and Bahrain €. The most populated
countries, which are Egypt and Irag, have populations of 106 million and 42 million people, respectively. The least
populated country, Bahrain, has a population of 1.7 million . In all Middle Eastern Arab countries, SWM has been a
constant concern due to its effects on SWM workers as well as the increase in the pollution of water and vegetation.

Processes such as treatment recycling and reusing by municipalities were found to be rare in Arab countries. Several
studies have analyzed and reviewed the SWM status and statistics in Arab countries. Researchers show that Arab
countries are responsible for millions of tons of solid waste annually. It was found that the countries that consume more
natural resources usually produce a higher amount of waste [&l. These countries include Saudi Arabia, Oman, the United
Arab Emirates, Kuwait, and Qatar. When analyzing the composition of solid waste produced by these countries, it was
found that organic compostable waste represents 35% to 65% of the total solid waste produced . The country with the



highest amount of organics was found to be Yemen, indicating the potential of using this organic matter in compost
production.

There is a lack of social awareness regarding SWM issues 19, There is a common mentality that solid waste should be
disposed of as soon as possible and not viewed as a source of energy that could be taken advantage of. Due to this
mentality, several economic, health, and environmental risks have been faced by countries such as Lebanon in the past
couple of years, creating a crisis in the country in which waste is disposed of randomly everywhere around the streets 14,

The disposal of solid waste represents the most challenging process of SWM processes in which proper disposal
methods that take into consideration the environmental risks and health risks must be created and managed carefully 12,

Due to the current non-arranged systems of SWM, solid waste is disposed of at random dumps around cities and in
streets. Moreover, the assigned containers were found to be of inadequate capacity, leading to waste being disposed
around it rather than in it. This causes aesthetic issues as well as danger to public health and the infrastructure of a city.
The collection, storage, treatment, transportation, and disposal processes of SWM must be organized properly in order to
reduce the solid waste’s negative impacts on the environment and take advantage of waste in a way that benefits the
citizens and the government.

There is a noticeable lack of comprehensive SWM systems in Middle Eastern Arab countries. The complications in the
SWM aspect are mainly caused by insufficient planning as well as the lack of laws and regulations that organize the solid
waste disposal process. In order to achieve a successful SWM system, there should be organized cooperation between
governments, private companies, and educational institutions, as well as sufficient funds. When meeting these
requirements, followed by proper techniques, equipment, and technologies, there could be a noticeable change in the
SWAM situation in Middle Eastern Arab countries.

The United Arab Emirates and Qatar are the most successful examples in terms of SWM in Middle Eastern Arab
countries. There have been implementations of SWM programs in several regions of these two countries. Overall,
governments and the private sector have made noticeable efforts in the processes of collection and transportation of solid
waste as well as disposing of this waste in landfills that are properly designed based on engineering specifications.
Regardless, the effectiveness of these efforts has not yet been confirmed, showing that more efforts and planning are
required to reach the SWM goals in the region.

The need for these plans and efforts is urgent specifically in Middle Eastern Arab countries due to the rapid increase in
solid waste generation rates throughout the region. The current efforts regarding increasing public awareness and slowly
cultivating more developed techniques in the SWM sectors are not enough to lead to successful, noticeable results. In
light of the aforementioned challenges, studying the current status of solid waste generation rates, composition, and the
already implemented plans and efforts and their success is essential in order to reach the goals of successful SWM
systems.

Successful SWM factors are key to achieving clean sustainable countries in the Arab world. One of the main key factors
towards successful SWM is flexibility. Any SWM plan should have a margin of change in case of any expected changes in
the economy, climate, political status, and people’s habits, all of which affect the generation and characteristics of solid
waste produced. Moreover, support from the main stakeholders in the country is essential to ensure sufficient resources
for the development of an efficient SWM system. Another key factor is having clear objectives towards minimizing and
material recovery, where the aim is to minimize the generated amount and recycle as much material as possible,
especially that which can be used for construction purposes in a clean, environmentally friendly way. Finally, the success
of any SWM plan greatly depends on the awareness of society, since public behavior is one of the main causes of the
issue.

| 2. Challenges and Issues of Solid Waste in MENA Arab Countries

Rats and insects that move in landfills transmit diseases such as dysentery, diarrhea, Amoebic dysentery and plague,
salmonellosis, trichinosis, endemic typhus, cholera, jaundice, hepatitis, gastrointestinal diseases, and malaria, without the
reported cases of poisoning that may occur. Solid waste also affects the environment in many ways such as smells, and
toxic gases are constantly emitted into the atmosphere and affect global warming and rainwater intrusion through the
open dumping contamination of groundwater resources (leaching). A summary of the negative effects and challenges of
solid waste follows.



2.1. Egypt

Several challenges face the SWM industry in Egypt. These challenges include the lack of highly skilled laborers that have
the ability to use developed tools in order to minimize the amount of solid waste; the shortage of public land, which leads
to solid waste being dumped in random uncontrolled areas, causing severe damage to the environment and people’s
health; the lack of budget dedicated to SWM solutions due to their high cost; the lack of facilities and equipment that can
be used for recycling; the lack of coordination between the government and the private sector; as well as the poor
management in terms of construction activities at construction sites 2814 The random dumpsites and uncontrolled
landfills lead to the leakage of leachate into the groundwater. This affects the groundwater quality and produces high
concentrations of toxins and heavy metals that cause health diseases and major issues 2. Studies have found that the
improper disposal of hazardous waste had led to the increase in the endemicity of hepatitis B virus (HBV) infection,
respiratory infections, gastrointestinal infections, and skin infections, especially among solid waste workers L8L7 Using
the high percentage of organic waste in highly populated regions, a suitable proposed solution is anaerobic digestion
systems 18 Moreover, the Egyptian Waste Management Regulatory Authority has been increasing recycling grades and
increasing refuse-derived fuel production . The political agenda of Egypt Vision 2030 includes several major projects
such as the national project for the development of Siena, the national project of roads, and the establishment of a couple
of new cities in which it is planned to include several recycling applications. Finally, in 2020, the waste management
regulation law was issued by the Egyptian ministry of environment in hopes of controlling random disposing methods.

2.2. Iraq

The main challenges facing the Iragi government are the side effects of ISIS damages and war happening in Iraq in recent
years, financial constraints that prevent enough power from being produced to meet demand, and finally, the population
growth rate 19, The proposed solutions to mitigate these problems are as follows. The country must improve its domestic
energy infrastructure, particularly in the power industry. The reusing system is performed by facilities in the following
process: the waste is collected and then separated to be sold to industries to reuse it safely 24, However, it was noticed
that the disposal sites are not hygienic, and waste recycling is not common in the city; as a result, the recycling system
seems to not gain as much popularity in Irag’s SWM system [24],

2.3. Saudi Arabia

There are many challenges and negative effects in SWM facing the KSA. First, as more than 75% of the country’s
population lives in cities, the government must take steps to improve the country’s recycling and waste management
situation (22, Second, uncontrolled dumping of waste (in non-engineered landfills) has the potential to pollute groundwater
and soil, as well as attract disease-carrying insects and rats. Next, the improper collection and management of leachate
could pollute the soil and water. Then, a bad odor is created when solid waste heaps decompose biologically. Anaerobic
conditions are created by the compaction of landfill layers and the biodegradability of organic waste, resulting in the
creation of methane gas. The landfill gas might start a fire and cause a disaster [23. There are different solutions to reduce
the negative effects of solid waste. One is the conversion of waste such as food waste, manure, and plant residues to
compost for agricultural purposes. Waste can be a significant source of valuable products and energy, in terms of waste
composition and energy needs in Saudi Arabia. Technologies such as anaerobic digestion and pyrolysis have received a
lot of attention. In addition, waste has economic benefits; for example, biogas can be utilized as a sustainable energy
source that is cheaper than traditional fossil fuels because it contains up to 70% methane. The energy recovered from
solid waste is environmentally safer because anaerobic digestion does not produce any more greenhouse gases. Finally,
the improved biogas has a high probability of being used as a vehicle fuel or as a source of electricity for the grid. Saudi
Arabia’s energy requirement is 55,000 MW, which is provided by fossil fuels and natural gas. Upgrading biogas offers a
way to minimize natural gas demand and fossil fuel dependence. Municipal solid waste in Saudi Arabia is collected from
individual or community bins and disposed of in landfills or dumps. An active informal sector drives waste sorting and
recycling. The recycling rate ranges between 10% and 15%, owing to the presence of an informal sector that extracts
paper, metals, and plastics from municipal waste.

2.4. Yemen

The main challenge that faces SWM in Yemen is the fact that there are currently no policies or laws for SWM &, As a
result, waste is dumped randomly with no regulation. Moreover, dumpsite locations are not selected based on engineering
parameters that include hydrological or topographical suitability. There is also no protection whatsoever for the soil
beneath these non-sanitary landfills, leading to the contamination of soil and groundwater. Finally, there is a limited budget
dedicated to the construction of engineering landfills 24]. The random disposal of solid waste leads to air pollution as well
as groundwater pollution, and this problem becomes more dangerous in seasons of high rainfall intensity. AIDS (Acquired



Immune Deficiency Syndrome), hepatitis, and tuberculosis are some of the diseases that were found to be common in the
Yemeni community due to the improper disposal of solid waste 22, Solutions that might be proposed to solve the
increasing issue of SWM in Yemen include involving the private sector to increase the treatment projects, introducing laws
that include public cleaning, preparing an awareness program and conferences, training the local people in order to
increase the social awareness level regarding the issue 28!,

2.5. Syria

The waste treatment industry is thought to be underdeveloped in Syria &, Due to the destruction of infrastructure,
damage or looting of collection vehicles and waste containers, the devastation of government institutions, and the
displacement of residents into safe areas as a result of the 2011 conflict, municipal SWM in Syria is a serious challenge
for both national and local authorities. Although municipal or private organizations collect 85% of all solid waste in all
Syrian towns and the majority of rural villages, an estimated 80% is disposed of at open dump sites on the outskirts of
towns. This results in air pollution when dioxin and other pollutants are emitted during open-air burning, a common
procedure for reducing waste volumes. Hazardous and non-hazardous wastes were usually mixed with home waste,
posing a threat to water, soil, and air quality. Hazardous waste makes up roughly 1% to 3% of overall waste volume, but it
was identified as one of Syria’s most significant sources of pollution due to poor management. Waste segregation was not
adopted at Syria’s medical centers until 2010, posing a risk to healthcare employees, waste handlers, patients, and the
general public.

2.6. Jordan

In Jordan, in the summer, the smell of rotten waste begins to spread, and the spread in the atmosphere of many gases
resulting from waste causes many diseases. A large proportion of solid waste in Jordan can be recycled (65% of total
waste). Only 5-7% is recycled or salvaged, mainly by the informal sector, and it faces some challenges, such as the high
price of electricity, limited storage space, and exposure to price fluctuations; for glass, the internal demand is weak, so it is
difficult to recycle in Jordan and there is no official recycling agency. The common method in Jordan for dealing with and
disposing of the waste is landfills; there are 21 working landfill sites in Jordan, of which seven are closed landfill sites.

2.7. United Arab Emirates

The SWM industry in the UAE faces several challenges, including the inadequate quality of the solid waste produced, the
poor design that leads to an excessive amount of solid waste, the huge budget required to initiate SWM projects, as well
as the fact that some solid waste types are not suitable for all SWM processes 28291301 5qlid waste leads to emissions in
the air and the pollution of soil, consequently leading to health effects that include diseases such as neurological diseases
and cancer. Several solutions have been proposed. In 2002, a new hazardous solid waste treatment facility was
established in Jebel Ali. A year later, at the same location, a faculty that converted hazardous medical waste into non-
hazardous waste was established with almost USD 1,000,000. Several laws and rules were applied to private companies
to collect and transport toxic waste to the Jabel Ali treatment facility BL. Moreover, the vision of the UAE in the waste
management aspect is to recycle almost 75% of the municipal solid waste generated 22,

| 3. Applications of SWM Practices in Construction

Today, various solid wastes can be reused. As a result, in the contemporary world where natural resources have run out,
evaluating construction wastes, which are employed as key aggregate sources in the construction industry, has become
important. Construction waste materials are a significant environmental issue posing a risk to the environment. It is critical
to both reuse and properly dispose of these materials. The construction industry can make use of waste. A summary of
construction applications of SWM in different Arab countries follows.

3.1. Egypt

Due to the high amounts of sand and concrete waste, recycled aggregate could be used in concrete production.
Researchers have shown that the characteristics of the concrete produced with recycled aggregate are suitable for
construction in Egypt. Moreover, the use of silica fumes as a mineral admixture can also enhance the performance of
recycled concrete. Figure 1 shows the amount of construction and demolition waste generated in greater Cairo, and the
figure shows that wood or timber is the most generated construction waste, followed by sand. Moreover, other
researchers show that tires, packaging, and electronic waste are also highly produced construction waste in Egypt.
Currently, there have been plans to use recycled material in the construction of pavements and tiles. There have also
been exercises of reusing agricultural waste for the production of bioplastic, textiles, and paper product insulators [,



Generally, recycling construction materials still needs to be explored in order to reuse the high amounts of construction
and demolition waste in Egypt.
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Figure 1. The amount of construction and demolition waste generated in greater Cairo.

3.2. Iraq

In the engineering sector, the best practice is to use recycled aggregate from construction waste sites in new concrete 31,
Iraq generates about 5,859,345 tons of construction waste every year 24, The main types of construction waste materials
are concrete, metals, and wood.

3.3. Saudi Arabia

In Saudi Arabia, it was discovered that just 13.6% of C&D waste is recycled and repurposed each year, with the remaining
86.4% ending up in landfills. The majority of the country’'s C&D waste represents a prospective supply of potentially
recyclable construction materials such as debris gravel, metals, and sand. This will not only meet the KSA's gravel and
metal manufacturing needs but also handle waste disposal difficulties while providing significant economic benefits.
However, in order to achieve the objective of sustainable building waste management, it is necessary to highlight the
many elements that may have an impact on the country’s construction waste management practices 22,

3.4. Yemen

Due to the relatively large amount of scrap tires wasted in Yemen, there is potential to use these scrap tires as fuel for
cement kilns, as they may meet 14% of cement kilns’ energy requirements 281, Generally, the types of construction waste
produced in Yemen contain sand, concrete, gravel, metal, glass, and wood. However, no data regarding any applications
in the civil engineering aspect have been found, except for the collection of wood waste for cooking and fuel by local
people.

3.5. Syria

Since the start of the Syrian crisis in 2011, solid waste treatment and transportation services have been disrupted across
the country, but there is an experimental project underway to reconstruct damaged towns in a cost-effective, time-efficient,
and environmentally friendly manner. According to a Syrian study, there would be 142.5 million tons of concrete and 6.65
million tons of steel as debris, in addition to metals and plastics, and approximately 0.78 million tons of solid waste (81,

3.6. Jordan

There are different types of construction materials in Jordan (with their range of actual waste percentage), such as
concrete (2—-12%), steel (2—10%), formwork (10-40%), sand, and aggregates (3—15%), cement (3—20%), bricks (5—-10%),
stone (5-20%), tiles (3—11%), ceramic (3—11%), pipes (3—7%), and paint (3—7%).

3.7. United Arab Emirates

There are several potential uses of solid waste produced in construction material. For example, fine recycled aggregates
that can be obtained from construction and demolition waste can be used in the production of concrete. Figure 2 shows
the percentage of construction material found in solid waste, showing that packaging materials are the highest
percentage, followed by wood in the second place . Other statistics show that metals, glass, aluminum, electronic



devices, and tires are construction solid waste materials produced in considerable amounts in the UAE. In Dubai, tires
have been used as fuel in the generation of energy as part of some industrial energy-saving plans. In 2007, almost 27.7
million tons of construction waste was dumped in the landfills, and in the first half of 2008, the generation rate of
construction waste in Dubai reached 35,000 tons daily. This makes the UAE one of the biggest producers of construction
waste, with almost 75% of the general solid waste generation amount.
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Figure 2. Percentage of construction materials used in the UAE.
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