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Abstract: Solid waste management in most MENA countries is characterized by lack of planning,
improper disposal, inadequate collection services, inappropriate technologies that suit the local
conditions and technical requirements, and insufficient funding. Therefore, waste management is
mainly limited to collection, transportation, and disposal. As the circular economy has recently been
given high priority on the MENA region’s political agenda, all MENA member states are seeking to
move away from old-fashioned waste disposal, “waste management”, towards a more intelligent
waste treatment, “resource efficiency”. This paper presents a comprehensive overview of national
systems for municipal solid waste (MSW) management, and material and energy recovery as an
important aspect thereof, in the context of the circular economy in selected countries in the MENA
region. Since policy, regulation, and treatment technologies are traditionally connected to MSW
management, the focus of this article is twofold. Firstly, it aims to identify the different practices
of solid waste management employed in selected MENA region countries and their approaches
to embracing the circular economy and, secondly, it examines the extent to which policies and
technologies applied play any role in this context. The study revealed that most waste management
issues in the countries analyzed appear to be due to political factors and the decentralized nature of
waste management with multi-level management and responsibilities. In fact, material and energy
recovery in the context of municipal solid waste management does not differ significantly in the
countries in the MENA region considered. In most cases, “waste” is still seen as “trouble” rather than
a resource. Therefore, a fresh vision on how the solid waste management system can be transformed
into a circular economy is required; there is a need for paradigm shift from a linear economy model
to a circular-economy model.

Keywords: solid waste management (SWM); legal framework; financial framework; treatment
technologies and disposal; MENA region
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1. Introduction

The MENA region covers an area of more than 15 million square kilometers and has
about six percent of the world’s population, equivalent to the population of the European
Union (EU). The total population of the region has increased from about 100 million in 1950
to about 465 million in 2020 [1,2].

The MENA region is characterized by its dependence on its non-renewable resources
It includes 20 countries, with a total population of about 465 million (Table 1). The three
smallest countries, Bahrain, Djibouti, and Qatar, each have populations of 1.7 million, 1.0,
and 2.9 million, respectively. In contrast, the two largest countries, Egypt and the Islamic
Republic of Iran, have about 102 and 84 million people, respectively. Along with Algeria,
Morocco, and Sudan, these five most populous countries account for about 70% of the
region’s population. About half of the population lives in cities [1].

Table 1. Population of MENA region countries [1].

MENA Member Population MENA Member Population
Country in M1.1110n Country in M1.1110n
Inhabitants Inhabitants
Egypt 102 UAE 9.8
Iran 84 Israel 9
Algeria 44 Lebanon 7
Iraq 40 Libya 7
Morocco 37 Oman 5
Saudi Arabia 35 West Bank & Gaza 4.8
Yemen 30 Kuwait 4
Syria 17.5 Qatar 2.9
Tunisia 12 Bahrain 1.7
Jordan 10.2 Djibouti 1

Currently, solid waste management (SWM) is one of the most important environmental
challenges facing countries in the Middle East and North Africa (MENA) region. This is
attributed to the rapid growth of the population, a booming economy, rapid urbanization,
and high standards of living in the community, which have significantly accelerated the
rate of solid waste generation [3,4]. The provision of an efficient and sustainable waste
management system that takes into account the potential impact on public health and the
environment is critical to most governments in the region.

In general, the waste resource sector across the region is insufficiently regulated.
Notwithstanding continuous attempts, most countries in the MENA region have not yet put
in place appropriate long-term legislation and strategies in the field of waste management
and the circular economy [4]. The waste management system in the region faces many
obstacles, for example, but not limited to, lack of planning, centralization of authority
at the national level, overlapping of powers and responsibilities, lack of coordination
between relevant institutions and ministries, insufficient cost recovery mechanisms, lack of
trained and skilled personnel, inequality in service between rural and urban areas, and the
lack of reliable databases [5,6]. The inability of the existing waste management systems
and municipal administrations to cope with the growing waste-generation rates and the
pressures placed on waste infrastructure has led to significant health and environmental
problems in the region. Demand for municipal services continues to outstrip the capacity
of systems and infrastructure that have already seen years or even decades of under-
investment, unreliability, and high costs [7,8].

Despite the fact that, recently, many countries in the MENA region have introduced
the concept of Integrated Solid Waste Management (ISWM), to date, there have been no
tangible results in terms of reducing the amount of waste that is landfilled or dumped. The
latter remains the primary waste disposal practice in most MENA countries, being poorly
managed and lacking most basic engineering and sanitary procedures for collecting and
treating gas and leachate. However, collection and sorting, composting, incineration of
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medical waste, and sanitary landfills are starting to be practiced, while recycling, reuse, and
resource recovery are still in the initial stages [7-9]. Against this background, a fresh look
is required and there is a need for a new a joint vision on how the solid waste management
system can be transformed into a circular economy. Being the main drivers of the transition
towards a sustainable waste management system, the policies, strategies, and practices
in place that regulate the performance of waste management in the region should be
comprehensively reviewed. To this end, the aim of this study was to identify the different
practices of solid waste management employed in selected MENA region countries and
their approaches to embracing the circular economy. A further objective was to examine
the extent to which the applied waste management policies, regulations, and technologies
play any role in the context of circular economy.

2. Municipal Solid Waste Generation and Composition in MENA Region Countries

The definition of municipal solid waste (MSW) can vary widely between countries.
Typically, the term municipal solid waste refers to solid waste generated from community
activities (for example, residential, commercial, institutional, and industrial). While con-
struction waste and hazardous waste are excluded from MSW in European countries, they
are considered to be domestic solid waste in most developing countries [10]. Municipal
solid waste is commonly called waste, garbage, trash, or refuse; hence, waste refers to the
waste generated from several activities.

The amount of MSW generated by developing countries is about 120 million tons
per year. This amount was generated by 16 countries (Table 2). The average values of
waste generation per capita in developing countries are relatively low, ranging from 0.5
to 1.1 kg/capita/day, compared to those countries in the Organization for Economic Co-
operation and Development (OECD) with an average value of 2.2 kg per capita per day [4].

Table 2. Municipal solid waste amount in the MENA region.

Country Waste kg/Day Waste Volume Disposal Route %
Large City Rural Million Ton/Year Recovery  Landfilling
Egypt 0.85 0.5 26.0 10 90
Algeria 0.8 0.6 13.5 8 92
Bahrain 2.7 1.1 0.8 5 95
Iraq 14 0.85 12.8 5 95
Yemen 0.6 0.35 3.8 7 93
Jordan 0.9 0.6 34 7 93
Kuwait 1.5 14 1.6 10 90
Lebanon 0.95 0.8 2.04 23 77
Libya 1.12 0.85 3.2 3 97
Morocco 0.76 0.3 7.4 9 91
Qatar 2.5 0.6 1.5 10 90
Oman 1.3 0.7 25 5 95
Saudi
Arabia 1.8 15 18 12 88
Syria 0.5 0.4 3.6 25 75
Tunisia 0.8 0.5 25 9 91
UAE 1.47 1.2 8.5 27 73

Having accurate and reliable data on waste composition is a critical factor for waste
management and utilization options. Moreover, the process of selecting an approach for
MSW management and treatment (recycling, energy recovery, etc.) is strongly influenced
by the composition, characteristics, and composition of the waste. Thus far, these required
data are not available in many developing countries, and if available they are in many
cases inconsistent. Moreover, most of the available data are based on theoretical estimation
rather than actual measurements [11,12].

A full description of the amount of waste generated and its composition in the four
targeted MENA region countries is provided next.
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2.1. Algeria

Given its surface area, Algeria is a large country; it is ranked tenth-largest in the
world by size. However, it has a very varied population distribution, with high population
densities in the north and very low in the south. The economic activities are concentrated
in urban areas and large metropolises; consequently, there is a major difference in the waste
generation between the cities in the country [13].

The total amount of municipal solid waste produced in the year 2020 is estimated
to be around 13.5 million tons. The daily amount of waste generation per capital is
about 0.80 kg/person/day. Municipal/household waste accounts for about 90% of all
households and the remaining 10% corresponds to other waste streams. Indeed, the amount
of waste generated is affected by several factors, the most important of which are the city’s
population and its nature (commercial, industrial, etc.) [14].

Availability of accurate and reliable data on the composition of the waste is essential
and crucial in evaluating and selecting appropriate waste treatment options. Waste compo-
sition, density, and moisture are important factors for managing treatment facilities and
also affect the waste collection process.

In this context, in 2014 and 2018, the Agence National des Déchets (National Waste
Agency) conducted two major national campaigns to determine the composition of the
waste generated in Algeria. The campaign, which was launched in April 2018, took
a year (until the end of March 2019) to monitor the differences in the composition of
the composition on a quarterly basis (Figure 1). It aimed to accurately determine the
composition of household waste and obtain updated data that would enable determining
the most appropriate waste treatment methods or technologies [14].

Glass, 2% Others, 4%
Metals, 2%

Textiles, 12%

Organics, 54%

Figure 1. Average annual composition of MSW in Algeria [14].

The results show that organic materials dominate the waste composition, account-
ing for 54%, followed by plastics (18%), paper and cardboard (8%), textiles (12%), glass
(2%), metals (2%), and other (4%). Recently, a transition has been made from the com-
mon disposal practices applied in Algeria (illegal dumping) towards controlled sanitary
landfills, which reflects a real awareness of environmental protection and the need for an
integrated management of municipal solid waste. Currently, the waste generated in Algeria
is served through 122 to 146 technical landfills, 32 controlled landfills, 29 sorting centers,
and 54 Class 3 landfill technical centers (for inert waste), in addition to the rehabilitation of
40 unauthorized dumpsites [14].

Regarding the recycling activities at the national level, compared to other sectors,
ferrous metals constitute the most important recycling sector, where the amount recovered
annually is about 628,915 tons. This includes scrap, steel, and iron castings.
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As for the recycled plastic and paper and cardboard waste, the amounts are about
304,321 and 108,396 tons, respectively, annually. In addition, similar amounts of non-ferrous
metals and wood are also recycled [14].

2.2. Eqypt

Egypt generates around 26 million tons of MSW annually [15], thus representing
almost one-third of the solid waste types generated in the country [16]. The MSW generation
rates vary greatly between rural and urban areas. About 45% of the generated MSW comes
from Greater Cairo (Cairo, Giza, and Qalioubiya governorates) and Alexandria, with a
total population of 30.7 million generating 32,570 tons/day and with a collection efficiency
between 50 and 70%. These regions are followed by the Delta region consisting of the
seven governorates of Beheira, Kafr El-Sheikh, Gharbia, Monufia, Sharqia, Dakahlia, and
Damietta. This area has a total population of 36.4 million, which generates 30% of the total
MSW (Figure 2).
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Egyptian Governorates
Figure 2. MSW generation distribution in Egypt [15].

The MSW collection coverage of the Delta region is only 50%, as the area is challenged
by the shortage of public land for waste treatment due to the agricultural activities and land
ownership, leading to a great deal of waste being dumped on vacant land or agricultural
drains, causing severe negative environmental and public health implications. Lastly, the
other 16 governorates, with a population of 35 million, generate the remaining MSW, which
represents 25% of the waste generated. On these bases, MSW generation rates across the
Egyptian governorates vary between 0.3 and 2.0 kg/capita/day [17,18] (CAPMAS, 2021,
MOoE, 2020).

The MSW composition in Egypt is 56% organics, 13% plastics, 10% paper and card-
board, 4% glass, 2% metals, and 15% other material [16], as shown in Figure 3. However,
MSW composition varies significantly across the different governorates, where the organic
fraction can range between 41 and 70%, plastic between 6 and 16%, glass between 1.5 and
9.4%, and metals between 1 and 8% [19].
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Figure 3. Average annual composition of MSW in Egypt.

Concerning the current waste management practices in Egypt, according to the most
recent statistics issued by the Egyptian Ministry of Environment, MSW management in
2016 was based on open dumping (81%), a small recycling share (12%), and only 7%
was landfilled [16]. Nevertheless, since its establishment in 2018, the Egyptian Waste
Management Regulatory Authority (WMRA), has been working hard to improve its waste
management status through enhancing recycling rates, by promoting composting, and RDF
production. Currently, it is assumed that less than 10% of the OFMSW generated in Egypt
is composted as the process is not economically feasible [20], while for RDF production,
the Egyptian government is seeking to encourage production and its utilization in cement
plants [21].

2.3. Jordan

The solid waste generation in Jordan has been continuously increasing. However, due
to the influx of Syrian refugees, the country has witnessed a sharp increase in the amount
of solid waste generated [8,22]. The amount of solid waste collected in 2015 (3,365,261 tons)
is greater by 24% than that collected in 2013 [8,23].

As is the case in most developing countries, the solid waste generated in Jordan is
mainly composed of organic materials. Figure 4 shows the composition of solid waste
generated by different sources in the City of Irbid [22].

2.4. Morocco

Morocco generates 7.4 million tons of municipal solid waste annually. The solid
waste generation per capita is estimated at 0.76 kg/day/capita and 0.3 kg/day/capita in
urban and rural areas, respectively. About 70% of household waste produced in Morocco is
organic, with a moisture content of 70%, which causes the leachate problem. The proportion
of recyclable waste ranges between 15 and 25%, 5-10% of which is paper and cardboard,
6-10% plastic, 1-4% metal, and 1-2% glass (Figure 5).

The total amount of organic waste in Morocco is estimated at 68.6 to 90.04 million
tons annually including food industry, agricultural residues, wood residues, and other
organic waste. Sewage sludge is estimated to be about 234,000 tons in 2020. The amounts
of industrial waste and demolition and construction waste are about 5.4 million tons and
14 million tons, respectively. As for medical waste, it is about 21,000 tons/year, of which
6000 tons are hazardous waste [24].
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Figure 4. Solid waste composition generated by different sources in Irbid City, Jordan.
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Figure 5. Solid waste composition generated by different sources in Morocco.

3. Municipal Solid Waste-Management Practices

Some waste management practices are more costly than others, and integrated ap-
proaches facilitate the identification and selection of low-cost solutions. Some waste
management activities cannot bear any charges; some will always be net expenses, while
others may produce an income. An integrated system can result in a range of practices
that complement each other in this regard [25]. This means that the integrated solid waste
management hierarchy cannot be followed strictly since, in particular situations, the cost
of a prescribed activity may exceed the benefits, when all financial, social, and environ-
mental considerations are taken into account. The MSW practices can be divided into four
main activities:
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e  Sorting and collection: Waste sorting is the process of separating MSW into different
types. Waste sorting can occur before or after the waste is collected. The collection
process involves collecting waste from households, from community and street bins,
or from bulk generators in large containers or vehicles. It extends to activities such as
driving between stops, idling, loading, and on-vehicle compaction of waste.
Recycling: After waste sorting, recyclables are reprocessed into products.

Transfer and transportation: This process involves the delivery of collected waste to
transfer stations or treatment facilities.

o  Treatment and disposal: Waste treatment is the process of disposing of waste after
collection. Waste can be buried at landfills or burned through an incineration process.
Non-recyclable waste items can be converted into compost or energy as various forms
of useable heat, electricity, or fuel.

These four activities are used to examine and analyze the current solid waste manage-
ment practices in the four selected MENA region countries, as described next.

3.1. Algeria

Up to 97% of the waste generated in Algeria is send to different controlled landfills
and dumping sites without any pre-treatment, which generates high levels of methane gas
due to the high amount of organic and water content. Specifically, 57% of the generated
waste is disposed in open landfills or dumpsites, and 30% is being burned in uncontrolled
open public or municipal landfills, while only 10% is disposed of in controlled or sanitary
landfills (Figure 6). On the other hand, the rate of recyclable material recovery from the
waste stream does not exceed 3%; only 1% of the waste generated is recycled and 2% is
subject to compost production [26]. It is clearly seen from Figure 6 that 87% of the generated
waste is disposed of in open / uncontrolled dumpsites. According to a survey conducted by
the Office of the Ministry of Regional Planning and Environment, more than 3130 surface
dumps have been identified in the country, with a surface area of about 4552.5 hectares.
Most of these dumps have almost reached their maximum capacity and cannot receive
more waste [26].

Landfills
10%

Figure 6. Methods of waste disposal in Algeria [27].

In 2001, the Algerian government decided to abandon the traditional model of waste
disposal through open landfills and move towards the use of sanitary landfills. Accordingly,
a plan was drawn up to establish 100 sanitary dumps, most of which were completed at
the end of 2010 [27].
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3.2. Eqypt

Current waste management practices in Egypt do not include any source reduction
or segregation programs. However, change in consumers’ and residents” consumption
patterns is often discussed as the cause of waste management challenges. These include
increased waste-generation rates, increased use of single-use plastics, the difficulty of
managing and treating mixed waste streams, inefficient use of resources, and, consequently,
increased rates of pollution and environmental degradation [16,28,29]. However, recently,
source reduction has been discussed extensively for managing single-use plastics, yet there
have still been no source reduction measures implemented.

In terms of waste collection, the collection coverage was 20% in 2015 and reaching a
maximum of 70% in Cairo city, the Egyptian capital. Improving waste collection is one of the
main waste management plans in Egypt, which aims to reach 80% by the year 2030. These
goals are also associated with the African Union Commission’s Agenda 2063, which calls
for improving urban waste collection services to cover nine out of ten people by 2023 [28,30].
Waste collection in urban areas in Egypt is conducted through an integration of formal and
informal sectors, where waste is formally collected from waste containers installed in the
streets for a fee collected from residential and commercial units, as discussed earlier [18].
However, the informal sector offers a door-to-door collection service in the neighborhoods
where the residents can afford to pay an extra fee for such services; recyclables are picked
out from the collected waste before disposing of it in the formal waste management chain.
Generally, it can be assumed that the collection costs in Egypt represent between 50 and
80% of the MSW management costs.

According to the MSW collection system practiced in Egypt, most of the recycling
activities are conducted through the informal sector and waste scavengers. The remaining
waste in the formal waste management chain is commonly managed to produce compost
and RDF, and to dispose of the rejects through landfilling and dumping. The OFMSW
represents up to 70% of the MSW and its typical management approach is composting;
however, that is challenged by the lack of appropriate compost quality that can comply
with the environmental standards. Since there are no MSW source separation practices
implemented in Egypt and MSW is collected as a mixed waste stream, there are substantial
concerns about inadequately produced compost which comprises heavy metals that exceed
the limitations of the Egyptian regulations [31,32]. Additionally, the process is not finan-
cially viable due to the compost’s low sale value at 50-80 EGP per ton after production
costs of up to EGP 200 [20]. Finally, for landfilling, Egypt is currently transitioning from
disposing of waste in illegal dumpsites to controlled and sanitary landfills [15,33].

3.3. Jordan

The waste sector in Jordan is governed by several national authorities including
municipalities, the Ministry of Local Administration (MOLA), and the Ministry of Environ-
ment (MoEnv).

Currently, Jordan generates around 3.2 million tons per year. On average, Jordanians
produce 0.81 kg of municipal waste per capita per day. Up to 90% of the solid waste
generated in Jordan (approximately 2.1 million tons) is disposed of at one of the existing
17 operating landfills. The Ghabawi landfill is the only landfill in Jordan that meets
international best practices. It was developed after a feasibility study. It has been subjected
to an environmental-impact assessment, and meets international design and construction
standards [5,34]. Currently, Al-Akeeder, which is the second-largest landfill in the country
and serves the northern Jordan, is being subjected to rehabilitation activities, where the old
cells are closed, while the newly opened cells are meeting sanitary landfilling standards.

Municipalities are directly responsible for the daily collection of waste, in addition to
bearing the full costs of the process of collection, transportation, and disposal in landfills.
This usually consumes 70% of the municipal budget allocated to waste management.
Thus, these duties can affect the limited financial resources available to cover these costs,
distracting from thinking about the indirect costs.
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The composition of municipal waste in Jordan is moving from a primarily organic
mixture to a more complex mixture with more plastic, paper, and cardboard, as well as
electronic waste. The composition of waste varies across the country, but in municipalities it
is generally 51% organic, 15% plastic, and 14% paper. More than 50% of the waste generated
by households is organic/food waste [9].

Recycling is still not practiced in Jordan on a formal level and the MSW is collected
as mixed waste without any source separation activities. The solid waste recycling rate,
which is 7%, is low, even when compared to the average of 10% in the Gulf Cooperation
Council (GCC) countries. Other waste types, such as agricultural waste [35], hazardous
waste, medical waste [36], construction and demolition waste, and electronic waste are
also generated in increasing volumes in Jordan, with insufficient means of treatment and
disposal. In terms of environmental impact, landfill waste is an important component
of Jordan’s greenhouse gas emissions profile, contributing 10% of the country’s total
greenhouse gas emissions [34].

Recently, the government has started moving towards improved practices of solid
waste landfilling by gaseous-emission reduction and leachate containment by both natural
and synthetic liners. The Ministry of Local Administration is responsible for overseeing the
implementation of the National Strategy and Action Plan (NSAP) for Municipal Solid Waste
Management 2015-2034, which prioritizes mitigating environmental degradation through
rehabilitation of dumpsites/unsanitary landfills, isolating the landfills by appropriate
fences and buffer zones, adding sanitary linings to manage the leachate, and capping to
reduce greenhouse gases (GHG) emissions.

3.4. Morocco

Nowadays, Morocco generates 7.4 million tons of municipal solid waste annually, 79%
of which is generated in urban areas. The per capita solid waste generation is estimated
at 0.76 kg/day/capita and 0.3 kg/day/capita in urban areas and rural areas, respectively.
However, the rate of solid waste production varies from city to city according to its nature
and classification (residential, commercial, industrial, etc.). Taking into account the annual
growth of municipal solid waste generation of about 1.36% and a collection rate of 96%,
the total amount of solid waste landfilled is estimated to be around 26.8 million tons.
According to figures published in the National Strategy for Waste Reduction and Recovery
in 2019, the amount of landfilled waste is expected to reach 39 million tons by 2030. In
2017, the amount of household waste generated was about 4.7 million tons, in addition
to 5.4 million tons of industrial waste and 14 million tons of construction and demolition
waste [24].The amount of organic waste disposed in Morocco ranges between 68.6 and
90.04 million tons annually, including food industry, agricultural residues, wood residues,
and other organic waste. The amount of industrial waste generated annually is about
5.4 million tons, in addition to 14 million tons of construction and demolition waste [24].
Organic waste dominates the waste composition, reaching about 70%, with a high water
content of about 70%. The proportion of recyclable materials in the generated waste ranges
between 15 and 25%, of which 5-10% is paper and cardboard, 6-10% plastic, 1-4% metal,
and 1-2% glass. In terms of waste treatment and disposal, 25 disposal and recovery centers
have been established since 2008. In the “Sorting, Recycling and Recovery” sector, priority
is given to energy recovery from waste through anaerobic digestion, landfill gas production
from sanitary landfills, incineration, and RDF utilization, while recycling is still in the
initial stages [37]. Since the introduction of the National Program for Domestic Waste
(PNDM) in 2008, Morocco has significantly improved the landfilling rate of domestic waste
in controlled landfills, from 10% before 2008 to 44% in 2015 [38]. The current recycling rate
is presented in Table 3. The remainder of the collected waste is deposited in the 300 illegal
landfills in the country. Similarly, the rate of waste collection, which is operated by private
companies under a public service license, has increased from 44% in 2007 to 86% in 2015.
From a financial point of view, the collection costs in the municipal solid waste management
budget are as royalty and range from 45 to 110 USD per ton, while landfilling costs range
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from 11 to 32 USD per ton [4,39]. Since the activation of the National Program for Domestic
Waste (PNDM) in 2008, about 25 landfill and waste recovery (CEV) centers have been
established across the country. A target of establishing 15 operational sorting centers in the
CEVs by 2025, and 25 in 2030, has been set by the SNRVD. The first waste sorting center
opened in September 2018 in Fez, ahead of the opening of the country’s largest sorting
center in Marrakesh. The production capacity of these facilities is between 300 and 768 tons
of waste per day, which makes it possible to strengthen the sorting, recycling, and recovery
channels required by the SNRVD and develop the capacity of local communities in terms
of waste treatment [24,39].

Table 3. Current recycling rate (2015 data) and new SNRVD objectives [24].

Recycling Rate Per Sector 2015 2025 2030
Plastics 25% 50% 70%
Cardboard and Paper 27% 50% 80%
Metals 46% 60% 80%

Used oil 36% 50% 70%

WEEE 12% 20% 40%

Batteries 30% 50% 80%

Tires 42% 60% 80%

4. Comprehensive Analysis of Municipal Solid Waste-Management Systems
4.1. Legal and Financial Frameworks in Target MENA Region Countries

One of the critical components that maintains the operation of highly advanced solid
waste management systems is the government’s ability to implement existing policies
and regulations as well as develop and issue new regulations and laws in line with the
requirements of the transition towards adopting sustainable solutions within the framework
of waste management and the circular economy. Below is a detailed description of the most
prominent laws and regulations covering waste management in the targeted countries in
the MENA region.

4.1.1. Algeria

Since the 2000s, an important legal directive has been put in place to allow Algeria
to respect the international commitments that the country has made and to ensure that
environmental issues are addressed from a sustainable development perspective.

In Algeria, the task of municipal solid waste collection has been delegated to the
municipalities by Law No. 01-19 of 12 December 2001 relating to waste management,
control, and disposal. This law defines the basic principles that lead to the integrated
management of waste, starting with its generation, followed by its collection, and ending
with its treatment and disposal. Table 4 summarizes the Algerian legislative acts for
municipal solid waste management [27].

In the waste management sector, Law 01-19 has been reinforced by several executive
texts taking into account the following principles:

Prevention of and reduction in the production and harmfulness of waste at the source;
The organization of sorting, collection, transport, and treatment of waste;

The recovery of waste by reuse, recycling, and any other action aimed at obtaining,
from this waste, reusable materials or energy;

The environmentally sound treatment of waste;

Informing and raising citizens” awareness of the risks presented by waste and their
impact on health and the environment, as well as the measures taken to prevent,
reduce, or compensate for these risks [38].
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Table 4. Algerian laws for municipal solid waste management [27].

Law and Executive Decrees The Related Field
Law N°. 01-19 The management, control, and disposal of waste.
o The protection of the environment in the context of
Law N°. 03-10

sustainable development.
Exe;g.tlgs_(lzl;;ree The creation of the national waste agency.
The general rules for the development and operation of waste
treatment facilities and the admission of waste at
these facilities.

The modalities and procedures for the preparation,
publication, and revision of the scheme of municipal
household and similar waste management.

The modalities for the establishment, organization, operation,
and financing of the public system of treatment and recovery
of packaging waste.

Executive decree
N°. 04-410

Executive decree
NF°. 07-205

Executive decree
N°. 04-199

Several actors at both national and local levels are directly involved in waste manage-
ment in Algeria. Among these are:

e  The Ministry of the Environment through its various instruments, in particular the
National Waste Agency, whose main mission is the accompaniment and support of
organizations active in the waste management sector, in particular local communities
(municipalities, collection operators, management institutions, etc.).

e  The Ministry of the Interior, Local Authorities, and Regional Planning, which provides
financial and logistical support to the Communal People’s Assemblies by making
annual grants. The amount reserved for urban waste management is quite significant.

Other ministries are also involved in the field of waste management. These include
the Ministry of Health (dealing with medical waste), the Ministry of Industry (dealing
with special hazardous waste), and the Ministry of Agriculture (dealing with agriculture
waste and phytosanitary). Primarily, municipal waste management is the responsibility
of local authority cleaning services (APC). This makes it difficult to control and monitor
all phases of municipal solid waste: collection, transportation, treatment, and disposal of
waste. In each city, a private company affiliated with the local authority is established,
which is responsible for waste management in the concerned city, including the collection
of fees. The primary role of local authorities is to supervise and monitor the performance
of the private companies and ensure the cleanliness of cities. Despite the efforts made by
the government, the participation of local communities in the field of waste management is
still very limited. However, the average fee per person for household waste management
(mainly collection and disposal) ranges from 4 to 7 USD/year [14].

4.1.2. Egypt

Egypt generates around 26 million tons of MSW annually, with generation rate varying
significantly across the country. It has ambitious plans for improving the current MSW man-
agement systems [15]. To achieve these plans, numerous infrastructure waste management
projects are being initiated, and a regulatory framework has been established. Law 202
for 2020 promulgating the Waste Management Regulation Law was issued on 13 October
2020 by the Egyptian Ministry of Environment. However, the executive regulation of the
law has not yet been released. The law aims to develop the integrated management of
municipal, industrial, agricultural, demolition, and construction waste as well as their safe
disposal. The law also aims to reduce waste generation, promote reuse, and ensure the
recycling, treatment, and final disposal of waste, and finally, to manage waste in a way that
reduces damage to public health and the environment [18]. Concerning MSW, the new law
does not include any articles calling for mandatory source separation nor prohibiting the
landfilling of any specific waste streams or materials.
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The financial instruments applied for MSW management in Egypt involve a type
of pay-as-you-throw fee. However, the fee is based on an estimated waste-generation
rate that varies from one neighborhood to another across the different Egyptian cities and
governorates where the MSW generation varies from 0.3 to 2.0 kg/capita/day. The new law
states, in Article 34, that this fee ranges between 2 and 40 EGP per month per residential
unit, 30 to 100 EGP for commercial units, up to 5000 EGP for governmental and community
services establishments, and up to 20,000 EGP for commercial, industrial, and touristic
establishments. Residential and commercial units are identified according to the number of
electricity meters and, accordingly, the fees are collected with the electricity bills. Neverthe-
less, the fees collected only partly cover the waste management services’ financial needs,
which demand considerable municipal spending of approximately 7.2 billion EGP per year.
Consequently, the new law, in Article 16, calls for extending the producers’ responsibility to
cover the end-of-life environmentally sound management and disposal costs of their prod-
ucts; yet, according to Article 17, the government shall issue a decree identifying priority
products to be managed according to an Extended Producer Responsibility (EPR) financial
scheme [18]. This has been proposed as a solution for the current financial challenges
of waste management. The proposal relates to three waste streams that are extensively
present in MSW, which are tires, packaging, and waste electrical and electronic equipment
(WEEE) (Sustainable Recycling Industries, 2017). Furthermore, currently, the Egyptian
government are working on establishing a strategy for EPR implementation for packaging
waste, considering the different packaging materials available.

4.1.3. Jordan

Solid waste management within the urban and rural areas of the country is mainly
implemented by municipalities. On the other hand, the disposal process into the sani-
tary landfills and dump sites (excluding Greater Amman Municipality) is undertaken by
Joint Services Councils (JSCs), who own and operate 16 landfills. The JSCs are govern-
mental agencies that are formed from several member municipalities located within one
geographical region. They mainly deal with solid waste disposal [34,40].

Until recently, Jordan had no special bylaw that regulated the solid waste generated
in urban and rural centers of the country. However, in 2020, the Jordanian parliament
passed the Waste Management Framework Law for the year 2020. This identified five basic
principles of solid waste management, namely, prevention, the precautionary principle,
extended producer responsibility, the polluter pays principle, and the proximity principle.
Before passing the law, the Jordanian government endorsed the National Solid Waste
Management Strategy, which established a road map to shift from a disposal driven (end of
pipeline) solid waste management system into a more sustainable integrated system based
on the reduce, reuse, and recycle approach.

The main institutions that are responsible for solid waste management include the
Ministry of Environment (MoEnv), which is mainly concerned with the regulatory and
policy aspects as well as monitoring of enforcement and compliance with these regulations.
The Ministry of Local Administration (MOLA) is responsible for the supervision of the
municipal functions and providing them with financial support. On the other hand,
municipalities are responsible for the day-to-day work of solid waste management within
their boundaries, which includes collection, transport, and transfer. Street sweeping is also
part of the municipalities” work. The cemeteries are managed and operated by the JSCs.
These are a consortium of a group of municipalities located in one geographic area and
share the use of landfills to dispose of the solid waste generated by them [34].

4.1.4. Morocco

The primary objective of sustainable solid waste management is to address concerns
related to public health, environmental pollution, land use, resource management, and the
social and economic impacts associated with improper waste disposal. The main challenges
facing the municipal solid waste management system in Morocco are the lack of appropriate
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infrastructure and adequate funding, especially in remote and small areas. Against these
challenges, Morocco has taken several steps, engaged in an ambitious sustainable devel-
opment agenda, and undertaken a wide range of reforms. Among those are the National
Charter for Environment and Sustainable Development, the National Strategy for Sustain-
able Development 2015-2030, and the Nationally Determined Participation Commitments
(INDC) through which Morocco commits to a 32% reduction in greenhouse gas emissions
(GHG) by 2030. The framework is Law No. 99-12 on the National Charter for Environment
and Sustainable Development. Morocco, like many other countries, has embarked on
multiple regulatory and institutional approaches in this field of waste management by
strengthening the legal arsenal that will serve as a framework for public authorities in this
field. Law No. 28-00 on Waste Management and Disposal was promulgated to regulate
waste management by covering the entire chain from collection to disposal, including
treatment and recovery. For example, the Ministry of Energy, Mines and Environment is
responsible for, among other treatments, treating waste by anaerobic fermentation method.
The purpose of the law is to lay the foundations for a waste management policy, which in
turn ensures the improvement of the performance of the management processes in force
in addition to minimizing, as much as possible, the negative effects of waste on human
health and the environment. The Moroccan Waste Code distinguishes between municipal
waste, non-hazardous industrial waste, medical waste, pharmaceutical waste, agricultural
waste, and hazardous waste, each of which falls under different planning and treatment
regimes. Indeed, there are many laws and regulations in Morocco that regulate various
aspects of waste management. Law 11-03 deals with the protection and development of
the environment, while Law 12-03 focuses primarily on environmental-impact studies. A
regulatory text for waste incineration activity was approved through Decree No. 2-12-172
issued in 2012, which specifies technical instructions related to waste removal and recov-
ery operations by incineration. The disposal of plastic bags and their replacement with
biodegradable bags is regulated in accordance with Law No. 22-10. Morocco consumes
26 billion plastic bags every year and the quota per capita is about 900 bags per year. In July
2016, Law No. 75-15 called “Zero Mika” came into force “which prohibits the manufacture,
import, export, marketing, and use of plastic bags”. On the other hand, Decree No. 2-09-139
regulates the management of medical and pharmaceutical waste in terms of the rules
for sorting, packaging, collection, storage, transportation, and disposal. In Morocco, it is
apparent that the actions implemented relate, in large part, to the use of landfill of waste
in the absence of any approach aimed at reducing their production. Current practices for
the implementation of the national municipal waste policy are represented mainly by the
National Household Waste Program (PNDM). The Law 28-00 created an obligation for
public inquiries for master, provincial, and landfill plans (Decree n°® 2-09-683, 2010). It sets
out the modalities for the development of the regional master plan for the management of
industrial, medical, pharmaceutical, non-hazardous, and agricultural waste. The National
Waste Management Program is part of the policy of reforming and developing the munici-
pal waste sector, which aims to structure this sector in local plans, especially by improving
waste collection services, establishing waste treatment and recovery centers, and closing
and rehabilitating old landfills. For hazardous waste, and in accordance with Article 9 of
Law 28-00, a National Master Plan for Hazardous Waste (PDNDD) is being finalized in
order to create an integrated and sustainable management system for hazardous waste.
The National Charter for Environment and Sustainable Development (CNEDD) launched
in 2009 consolidated the achievements of civil society participation at the local level and
made it an important part of implementing the rule of law and legislation. After reviewing
the most prominent laws regulating waste management in the target countries and in order
to assess the situation more accurately, Table 5 summarizes the extent to which targeted
MENA region countries apply the most prominent laws in force adopted by developed
countries in the field of waste management and the circular economy.
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Table 5. The extent to which the targeted MENA region countries apply the most prominent laws in
force adopted by developed countries.

Regulatory Instruments Targeted MENA Region Countries

Algeria Egypt Jordan Morocco
Bans and Restrictions
(e.g., a landfill ban) NS NS S NS
Mandatory Source N/A N/A N/A N/A

Separation

Economic Instruments

Extended Producer

Responsibility (EPR) B2 Planning phase Working on it N/A
Deposit-Refund N/A N/A N/A N/A
Landfill/ F}z}c{meratlon N/A - Minimal N/A
In Amman only.
Pay-As-You-Throw ) ) (
(PAYT) N/A Partially applied Flat rate in N/A

other cities
N/A: Not Available

It is clear from Table 5 that the region suffers from a lack of many laws and regulations,
which, if they existed, would have contributed significantly to a qualitative leap in the
waste management systems currently in use. Indeed, the first step that precedes the
implementation of any waste management strategy or plan is the enactment of laws that
support that strategy and ensure its success. Developed countries would not have reached
their current advanced levels in the field of waste management and the circular economy
without effective and strict laws. For example, Germany passed a law in June 2005 stating
that waste can no longer be landfilled without pre-treatment, which in turn contributed
to the transition from waste disposal to waste management. Reaping the fruits of this
transformation took nearly 20 years of development and research. Therefore, all current
laws in the region must be laid out for review and discussion with decision-makers in order
to ascertain what is appropriate and to develop new laws that are compatible with the
MENA region’s circumstances and requirements.

4.2. Waste Sorting and Collection

Unlike high-income developed countries where there is public and societal awareness
of waste sorting, sorting activities at the household level in developing countries, some
of which are MENA region countries, are still limited and almost non-existent in some
countries. Therefore, MSW generally consists of mixed waste containing food and other
types of waste. Waste sorting is usually performed by poor families or the so-called informal
sector in order to earn additional income from selling recyclable materials. Despite the
high proportion of the municipal budget being spent on waste collection, about 80-90% of
the total municipal solid waste budget, the efficiency of municipal solid waste collection
is still very low in many countries, and this varies within the country itself. For example,
in Jordan, the collection rate in Amman reaches 90%, while in remote or rural areas, the
efficiency of the collection process stands at 50%, and sometimes less. Moreover, due to the
low efficiency of waste collection, dumping of waste on the side of the road is a common
practice and sometimes some of the public take up the task of burning waste in public
places and on the roadside [40].

4.3. Waste Treatment and Disposal

Open dumping and landfilling are the most common methods of MSW disposal in
developing countries, mainly because they are the cheapest treatment methods especially
when social and environmental impacts are not considered. Together, these two methods
account for about 70-90% of the total municipal solid waste. Compared with other treat-
ment methods, open dumping and landfilling pose the highest risks to the environment
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and human health, causing deterioration in soil and water quality, air pollution, and the
spread of diseases [34]. Recycling and material recovery activities are still in their initial
stages due to the absence of supporting policies, regulations, and laws, in addition to the
absence of public awareness of the importance of separating materials from the source.
Incineration and energy recovery are very limited due to the high cost of investment and
inappropriate composition of mostly inert and biodegradable waste that has high water
content, which negatively affects the calorific value of waste. Composting has long been
promoted as a method of treating biodegradable waste, creating new job opportunities
and additional income generation for communities. However, many problems arise for
composting practices. Composting run by municipalities often faces technical problems due
to a lack of experience and know-how as well as the use of mixed MSW, which produces
poor quality compost. Therefore, the application of composting practices is still limited
to small or experimental projects, which are often unable to produce a market-oriented
end product.

Despite most MENA region countries starting to improve their waste management
services and adopting new strategies to achieve a sustainable waste management system by
applying some advanced environmental technologies and expanding the scope of recycling
and reuse, success is still limited, as the percentage of waste that is landfilled is still at
its highest levels. This is clearly obvious from Table 6, which summarizes the practices
adopted by the four countries covered by this study.

Table 6. Summary of the MSW practices adopted by the MENA region countries.

Treatment Method
Country Million Tons y—1 % Landfilling Recycling Composting Anaerobic WHE Rate
Rate (%) Rate (%) Rate (%) Rate (%) (%)
Algeria 13.5 100 92 7 1 - N/A
Egypt 26 100 88 12 Incl. in N/A N/A
recycling
Jordan 32 100 90 10 - - -
Morocco 7.4 100 91 9 NA NA NA
The typical problems in municipal solid waste management in the region can be
identified as insufficient collection systems, limited use of recycling and energy-recovery
activities, and lack of know-how and skilled manpower.
Moreover, an overview of solid waste management practices in the four selected
MENA countries is provided in Table 7. It is quite clear that there are many problems in the
handling, collection, transportation, treatment, and disposal of solid waste in the MENA
region countries examined.
Table 7. Overview of MSW practices in the MENA region countries.
Activit MENA Region Countries
cavity Algeria Egypt Jordan Morocco
Discussions about source Unregulated, some discussions Discussions about source Structured educational
Source reduction, but it is rarely about source reduction, but it is reduction, but it is rarely programs began to
reduction incorporated into any rarely incorporated into any incorporated into any emphasize source reduction
organized plan. organized plan. organized plan. and material reuse.
Intermittent and inefficient. Improving service and
Improving service and Improving service and increasing collection from
_mproving . increasing collection from Collection rate up to >90%. residential areas.
increasing collection from ; - . o
. . : residential areas. Compactor trucks and Collection rate up to >90%.
Collection residential areas. Larger

vehicle fleet and more
mechanization.

Collection rate up to >90%.
Larger vehicle fleet. Compactor
trucks and highly mechanized
vehicles are common.

highly mechanized vehicles
are common.

Larger vehicle fleet.
Compactor trucks and
highly mechanized vehicles
are common.
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Table 7. Cont.

Ao MENA Region Countries
Activity 5
Algeria Egypt Jordan Morocco
Most of the recycling is done by
The informal sector is still G lr;\f]if;aliiicetgr Lt The informal sector is still
involved. Some high-tech Some hi h—telc)h sorti.n and Most of the recycling is done involved. Some high-tech
Recycling sorting and treatment treatment fga cilities. The E\aterial by the informal sector and sorting and treatment
facilities. The material is is often imported .for recvelin waste pickers. facilities. The material is
often imported for recycling. Increfse d interest ir}i & often imported for recycling.
long-term markets.
It is rarely conducted formally
It is rarely conducted even t}}:;);;g};ﬁth}f xaz’cﬁiztream It is rarely conducted Large composting plants are
. formally even though the &1 OT8 formally even though the usually unsuccessful; some
Composting . matter content. . . e
waste stream has a high Laree composting plants are waste stream has a high small composting facilities
organic matter content. usfally uriuccesi?ul' small organic matter content. are more sustainable.
facilities are more sustainable.
They are not popular or
successful due to the high
CAPEX and OPEX costs, high
moisture content of the waste,
and high proportion of
. inert materials. -
Some incinerators are used, Some incinerators are used. but Some incinerators are used,
but they face financial and thev face financial an d, but they face financial and
Incineration operational problems. It is ek . For medical waste only. operational problems. It is
. operational problems. It is not as .
not as common as in common as in not as common as in
high-income countries. high-income countries high-income countries.
-Predominant in areas where
land costs are high. Most
incinerators equipped with
environmental controls and
energy-recovery systems.
Low-tech sites. Open dumping
Sanitary landfills equipped fa:ilegi\?tﬁf d About 70% of the solid Some controlled and
with a combination of Some}Zontrolle d and sa.nitar waste generated goes to sanitary landfills with some
Landfilling linings, leak detection, landfills equipped with a Y sanitary landfills, while the environmental controls.
leachate collection, and combinatio?l ofpﬁnin s Jeak remainder is disposed into Open dumping is still the
treatment systems. . &% unsanitary landfills. most practiced method.
detection, leachate collection and
treatment systems.
Collection costs account for Collection costs account for Collection costs account for ~ Collection costs account for
80-90% of the MSWM 80-90% of the MSWM budeet 80-90% of the MSWM 80-90% of the MSWM
budget. Fees for waste ° et budget. Fees for waste budget. Fees for waste
Fees for waste management are
Costs management are regulated management are regulated management are regulated

by local governments. The
fee collection system
is inefficient.

regulated by local governments.
The fee collection system
is inefficient.

by local governments. The
fee collection system
is inefficient.

by local governments. The
fee collection system
is inefficient.

The waste management system in most MENA countries is limited to collection and
transportation. During the past few decades, there has been a remarkable development
in the solid waste collection and transportation system, but the recovery of materials and
energy is still in its initial stages. Although these countries have tried to move towards a
sustainable waste management system, their attempts have not brought about any lasting
change as they were basically pilot initiatives or projects that ended when donor funding
expired. This is due to the absence of planning, the use of inappropriate technology, and the
inability of the municipalities to continue in light of their financial deficits. This indicates
the urgent need to shift from poor management of municipal solid waste to a more effective
and sustainable management system.

5. Outlook from Selected MENA Region Countries
5.1. Algeria

The general approach to solid waste management should be based on strengthening
legislative and institutional frameworks, as is the case in developed countries. This includes
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public—private partnership (PPP) in waste management, and environmental, technical, and
economic aspects of the processes used for treatment and recovery, in parallel with the
adoption of a permanent education and awareness policy on waste management [26,41].
The management of urban solid waste is part of the National Action Plan for Environment
and Sustainable Development (PNAE-DD) through the adoption of a National Program
for Integrated Management of household waste (PROGDEM). It aims for an integrated,
phased, and progressive management approach to household waste [41]. This program has
defined the main directions for the implementation of this management through:

The reorganization of the municipal administration responsible for waste management;
Develop legislation and laws regulating waste management that promote recycling,
energy and materials recovery, and reduce amount waste that ends up in landfills;
Capacity building in the field of waste collection and transportation services;
Providing an opportunity for private investment in the field of waste management
and related public services;

Implementation of training and technical assistance programs;

Establish cooperation between the private and public sectors, which is required in
order to ensure the technical, financial and social sustainability of the implemented
solid waste management system.

5.2. Eqypt

Egypt has ambitious plans to improve MSW management systems that are listed in
Egypt Vision 2030. These involve increasing the waste collection coverage and efficiency
from 20% and 60%, respectively, in 2016, to reach 80% and 90%, respectively, by 2030. The
plans also include increasing the recycling rate to 25% by the year 2030, as well as ensuring
100% safe disposal of hazardous wastes [28,42] (EEAA, 2018; MPED, 2016). Furthermore,
WMRA has been working since 2018 towards increasing the collected MSW recycling
rates to 80% by 2026. Of this, 60% will be recycled for compost and RDF production,
and 20% will be thermally treated for energy production. These plans are reinforced by
numerous waste management infrastructure projects to build transfer stations, recycling
plants, and sanitary landfills, as well as cleaning of waste accumulation sites, to cover the
country completely in a four-year plan starting in 2019 [15,33]. The RDF production is
being promoted by the Egyptian government, as the Ministerial Decree No. (49) of 2021
obliges cement plants to use a minimum of 10% RDF in the alternative fuels used for their
energy requirements. The decree comes in response to the Ministry of Environment’s
plans to increase the waste-to-energy practices in cement plants to 15% by 2030 through
the utilization of nearly 22 million tons of solid waste and 30 million tons of agricultural
residues to produce RDF [21]. Moreover, waste-to-energy projects are being planned,
relying on MSW through incineration, pyrolysis, and gasification. Minimization of single-
use plastics is also currently considered to be an MSW management focus area, as a
response to the extremely high consumption of plastic bags in Egypt, which accounts for
around 12 billion bags annually littering Egypt’s streets and waterways [43]. Furthermore,
numerous consultancy projects are currently being conducted to set strategies, guidelines,
and roadmaps for improving MSW management through dumpsite closure, packaging-
waste extended producer responsibility, and improving the management of other waste
streams that are often present in the Egyptian MSW such as medical, electronic, construction,
and demolition waste. These MSW management developments will be complemented with
some important pillars including;:

Introducing better definitions for waste management, practices, recycling, and recov-
ery, to ensure that all the stakeholders are in agreement.

Inclusion of all the relevant formal and informal stakeholders in the formal develop-
ment and plans for MSW management and ensuring their proper understanding of all the
relevant regulations as well as national and international codes of design and practice.
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Promoting MSW source separation, as well as MSW waste stream separation from
other waste streams commonly mixed with MSW through its management chain such as
medical, industrial, construction, and demolition waste.

Developing business models for waste management interventions to encourage private-
sector investment in MSW management.

5.3. Jordan

The national solid waste management strategy that was adopted by the Jordanian
government in 2015 has established a road map for moving from the traditional end-of-
pipeline technology towards a more sustainable and integrated solid waste management
system [44].

Table 8 explains the proposed composting plants and their location and capacities
according to the national solid waste management strategy.

Table 8. Proposed composting plants and their location and capacities according to the national solid
waste management strategy [34,44].

Region Governorate/ Design Initial Starting Year of
Municipality Capacity (ty~1)  Amount (ty—1) Operation
Irbid 84,000 21,000 2025
Northern Mafraq 22,000 5500 2025
Amman & Zarqa 215,000 53,750 2025
Central Salt Greater
e 25,000 6250 2025
municipality
Southern Aqaba 25,000 6250 2025

During the short and mid-term periods (until the year 2024) the strategy aims to
convert the existing landfills into sanitary landfill sites. On the other hand, by the end of
the long-term period (2025-2034), there should be the following facilities in operation:

. Three major clean material recovery facilities (MRFs);

»  Two mechanical biological treatment facilities for mixed waste;
. Two anaerobic digestion units;

»«  Five composting plants.

5.4. Morocco

The national strategy predicts that the total amount of waste that will be landfilled
by 2030 is about 39 million tons. The implementation of this strategy should reduce waste
generation, increase material and energy recovery, and reduce environmental degradation
associated with waste management. The cost was estimated at USD 0.5 billion or 0.4%
of GDP. In order to encourage all companies involved in the waste management sector
and the circular economy, the General Confederation of Moroccan Enterprises (CGEM)
created in 2016 the Coalition for the Valorization of Waste (COVAD). An entrepreneurial
dynamic was publicized on the occasion of the COP22, in particular via the Moroccan
platform “Initiatives Climat”, which identified and recounted personalized success stories.
Two sectors were highlighted: anaerobic digestion and the production of organic biofuels.

In addition, Morocco introduced its first environmental tax (the ecotax) in 2014, con-
sisting of 1.5% based on value when selling and importing plastics. Imposing this was not
without struggle with the plastics industry. However, its proceeds now bring in USD 17 mil-
lion to the National Environment Fund, which aims to finance the development of new
recycling channels. Morocco highlighted its dedication to environmental protection and
sustainability in the 2021 agreement of the United Nations Environment Assembly (UNEA),
underlining its commitment to global cooperation in the name of a “green world”. Morocco
remains highly focused on environmental sustainability and the transition to green energy.
The policy boasts a comprehensive plan to push Morocco into a “green economy” by 2030
through targeted investments, subsidies, and reforms. In Washington DC on 15 December
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2020, the World Bank Board of Executive Directors approved a USD 250 million (EUR
214.2 million) program to support the Moroccan agriculture sector’s Green Generation
Strategy, as part of a joint operation with the French Development Agency (AFD). The
Green Generation Program-for-Results is designed to make farming more rewarding and
strengthen sustainable agriculture by streamlining climate-smart practices.

6. Summary

Waste management in the MENA region is an extremely critical issue. Some years
ago, significant changes occurred in the operational environment of the waste sector in
the region due to the Arab Spring, which led to massive and sudden migration in many
countries and a large influx of refugees. Jordan is one of those countries, for example. This
has led to the creation of an additional environmental and economic problem represented by
increasing pressure on infrastructure, greatly increased pollution, and rapid urbanization,
which negatively affects the waste management system in the host countries.

However, this work has shown that some countries have already begun to improve
their waste management service and have adopted new strategies to achieve a sustainable
system within the framework of waste management and the circular economy. Indeed, some
countries have implemented some advanced environmental technologies and expanded
the scope of recycling and reuse. Nevertheless, this progress has been quite limited and
unsustainable, and did not go beyond the level of pilot projects, which often ended when
funding expired.

On the other hand, this work shows that the solid waste sectors in the MENA region
suffer from critical problems and face many challenges in terms of waste management and
the techniques applied to improve it. The typical problems in MSW management in the
region can be identified as the increase in per capita MSW generation rates, the gaps in
current related legislation, financial constraints, lack of know-how, limited material and
energy-recovery activities, insufficient collection systems, and lack of trained and skilled
manpower. Therefore, it was clear from the study that waste management challenges in the
region are common and similar. They can be summarized, but are not limited, as follows:

The lack of legislation and weak implementation are considered two of the main
challenges facing waste management in the MENA region countries. Furthermore, the lack
of tools to assess and monitor the performance of waste treatment technologies and their
output quality and utilization is considered one of the main problems.

The low level of cooperation between national institutions and local authorities, and
the overlapping roles. Governments should define roles, prioritize responsibilities, and
develop regulations to ensure a harmonized framework.

There is an urgent need to review and reform the waste management sector to improve
its services in many countries in the region. Most waste sectors in the region have central
waste management in terms of planning and defining tariffs, regulations, and laws that
regulate waste management systems, which can be developed by decentralizing these
sectors and giving municipalities powers that enable them to provide a better service.

The impact of refugee flows due to political instability in the Middle East and North
Africa region, which has burdened the waste sectors and doubled the pressure on the
infrastructure.

The limited participation of the national private sector in decision-making and de-
veloping plans and strategies in waste management in most countries of the Middle East
and North Africa. There is an urgent need in most MENA countries for private-sector
participation and investment in the waste management sector to achieve the sustainable
development goals.

Limited funding sources and their negative impact on the quality of waste manage-
ment and the sustainability of projects in the region. The fees collected for managing
waste are very low, covering no more than 30% of the costs. The funding system for waste
management is unequally distributed, as 90% of the funds available go to logistics and only
10% remains for treatment. Therefore, work, should be done to strengthen and empower
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the municipalities so that they are able to develop and implement sustainable solutions
that are compatible with their circumstances and capabilities.

Separate collection is still not practiced in the region. The MSW is collected as mixed
waste and contains hazardous materials. Up to 90% of it is sent to different controlled
landfills and dumping sites without any treatment, which generates high levels of methane
gas due to the high amount of organic material and water content. The rate of recyclable
material recovered from the waste stream is about 5-10%.

Indeed, most of the approaches undertaken in the past have included the adoption of
treatment and disposal technologies without a full understanding of the process, which has
led to the lack of knowledge and local skilled manpower. All of these issues emphasize the
weaknesses and problems in the previous measures. In order to overcome these problems,
first, a technical solution should be developed with the required modifications and proper
implementation considering the legal, financial, and management aspects.

7. Recommendations

The governments must promote an integrated solid waste management hierarchy and
set up a national policy regarding the minimization of waste to landfill by making a shift
from waste disposal towards waste management and the circular economy.

Attention should be paid to increasing coordination and linking governmental bodies,
institutions, and services at the administrative and legislative levels to improve manage-
ment in terms of waste collection, treatment, and disposal.

Establish more cooperation between local waste management authorities and different
ministries responsible for various policies including waste management, energy, and the
environment in order to explore the full potential of implementing a sustainable waste
management system that adopts a holistic approach.

It is essential that local industry and educational institutions have regular links with
waste management regulatory bodies. This can be facilitated by creating a network platform
that brings together all stakeholders in the waste management sector.

A network concerned with waste management should be created at the level of the
countries of the MENA region for the various member states to share their experiences in the
research and development of innovative technology to reveal the potential in the recycling
industry and convert waste into energy and any regulatory framework to accommodate it.

Reconsider the waste management fee system through the establishment of the ex-
tended product responsibility system.

Establish cooperation between the private and public sectors involved in the solid
waste management system and the circular economy in order to ensure the technical,
financial, and social sustainability of the solid waste management system implemented.

Cooperate with universities and research institutions in order to support municipalities
facing challenges, provide sustainable solutions, and develop plans to improve the waste
management system and provide better services.

Launch large-scale awareness programs on solid waste management and the circular
economy for all citizens and stakeholders. Work on developing preventive measures
represented by adopting environmentally responsible behaviors and attitudes that make
it possible to carry out sorting, selective collection, and recovery of materials and energy
from waste.

8. Conclusions

Solid waste management has become one of the major environmental problems facing
municipal authorities in the MENA region. It has been aggravated over the past few years
by the sharp increase in the volume of waste generated as well as qualitative changes in its
composition. The provision of adequate waste management services is critical because of
the potential impact on public health and on the environment. Lack of planning, lack of
proper disposal, insufficient collection services, use of inappropriate technology, inadequate
financing, and limited availability of trained and qualified manpower together with massive
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and sudden population increases are considered to be the main problems facing solid waste
management in the region.

The aim of this study was to identify the different practices and approaches of solid
waste management employed in selected MENA region countries, and the extent to which
the policies, regulations, and technologies applied play any role in the context of solid
waste management and the circular economy.

The study revealed that most waste management issues in the countries analyzed
appear to be due to political factors and the decentralized nature of waste management
with multi-level management and responsibilities. Material and energy recovery in the
context of municipal solid waste management does not differ significantly in the countries
in the MENA region considered; in most cases, “waste” is still seen as “trouble” rather
than a resource. Therefore, a fresh look is required and there is a need for a paradigm shift
from a linear economy of “waste management”, to a circular-economy model of “resource
efficiency”. The latter can be achieved by adopting a joint vision on how the solid waste
management system can be transformed into a circular economy. Since they are the main
drivers of any transition towards a circular-economy system, the policies, strategies, and
practices in place that regulate the performance of waste management in the region must
be revised.

For fairness, despite the financial and technical obstacles facing the waste management
sector, continuous attempts are made to divert waste from landfills to some advanced recy-
cling facilities. Indeed, most countries in the MENA region are approaching sustainable
waste management solutions and most decision makers do identify their problems and
previous mistakes for setting a solid waste management system. Currently, there is a
consensus among the concerned authorities in the region that the success of any sustain-
able waste management solution requires the involvement and cooperation of all parties
involved in the sector such as international companies, local private companies, and mu-
nicipalities. Awareness is also being raised regarding the necessity of shifting towards the
implementation of waste management in the context of a circular economy.
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