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Abstract
The management of solid waste in Saudi Arabia practices the conventional 
method of collection, transportation, and open dumping without treating the 
waste, posing a severe risk to health and the environment. With the growing 
volume of waste generation resulting from the rising population growth 
coupled with the rapid pace of economic development, the municipalities 
in some major cities cannot manage waste efficiently due to a haphazard 
waste management system diverting most waste to landfills. Owing to 
these, the Kingdom has recently taken requisite measures to manage 
waste sustainably, including Waste Management Law 2021, Vision 2030 
and the Middle East Green Initiative. This paper presents the status of the 
management practices in the Kingdom, primarily focusing on its composition 
and regulations, concepts, and technological viability in conjunction with 
the Sustainable Development Goals (SDGs). This paper intends to seek 
sustainable policy and technological solutions to waste problems in the 
Kingdom and highlight the opportunities and challenges associated with 
waste management.
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Introduction
This paper assesses the status of urban solid 
waste management in Saudi Arabia, particularly the 
physical composition and the related technology, 
waste regulations, and segregation behavior. 
Sustainable waste management is one of the critical 
objectives of Vision 2030, which aims to secure 
environmental sustainability by reducing pollution 
and protecting the environment.¹ The subject 

also aligns with sustainable development goals 
that promote good health and the environment. 
In conjunction with these, the circular economy 
explains the management system of prevention, 
reuse, reduction, and recycling. The central idea is to 
enhance the value of products for a longer time in a 
market to minimize waste generation.² Today, many 
countries have incorporated the idea of a circular 
economy into their waste management systems.  
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The 'Vision 2030' and the 'Middle East Green 
Initiative' are the Kingdom’s commitment to 
sustainability efforts to achieve the United Nations 
Sustainable Developing Goals (SDGs) targets. 
Implementing the concept of circular economy is 
one of the initiative's key objectives. This paper 
examines how far the Kingdom's strategies are 
towards sustainable waste management while 
seeking a technological solution to waste problems. 
Is the policy articulation of the Waste Management 
Law 2021, ‘Vision 2030’ and the Middle East Green 
Initiative in line with the Sustainable Development 
Goals (SDGs) and circular economy? What 
sustainable technology could be viable for the 
Kingdom's waste management system?

The waste management method in the Kingdom 
followed the conventional method of collection, 
transportation, dumping, and disposal. Traditionally, 
municipalities and waste collection companies have 
been responsible for the overall management of solid  
waste. Currently, the annual production of solid waste  
amounts to 15 million tons, wherein the majority  
of the waste produced in main cities such as Jeddah, 
Medina, and Mecca in the East and Damman, 
Hotuf, and Riyadh in the West. The annual waste 
generation from three cities exceeds 6x106 tons.³ 
The per capita generation ranges from 1.5 to 1.8 kg  
from a population of 29 million, with 75% of the 
population residing in urban settlement.⁴ The 
increasing volume of waste generation in such 
major cities and the sudden surge of urbanization,  
industrialization, population, and change in lifestyle,  
waste management has become a challenge to the 
municipal authorities of the Kingdom.⁵ Improper  
or open dumping methods have directly impacted 
the quality of soils, water, and air, affecting the 
quality of the lives of the Kingdom. Such a method  
of waste management is prevalent in developing 
countries. Open landfilling is considered the 
most undesirable disposal method in the waste 
management hierarchy.⁶ Today, the most desirable 
methods include 4 Rs-reuse, reduce, recycle, and  
recover;  compact ion, sani tary landf i l l ing, 
composting, bio-methanation, and waste-to-energy  
projects.⁷ Various studies have highlighted the  
negative impacts on the environment and health 
stemming from the unscientific method of waste 
management.8-9 Such a method of waste disposal 
is linked to pollution and health problems such as  

reproductive complications, respiratory diseases,  
skin diseases, and even cancer.10-12

Other problems include non-segregation of waste at 
source, insufficient funds, unskilled workers, weak 
governance, inappropriate selection of technology, 
lack of awareness and public participation, and high 
dependency on imported technology. Therefore, 
this study addresses these challenges and propose 
to develop a resilient and appropriate waste 
management system in the Kingdom to minimize 
waste production and increase the waste reuse and 
recycling rate.13

Materials and Methods
This study employs a qualitative, literature-based 
research methodology to critically analyze the solid 
waste management issues in Saudi Arabia. The 
sources of data collection were scholarly databases, 
specifically Google Scholar and Scopus, primarily to 
identify and synthesize existing literature pertaining 
to current waste management practices, policies, 
technological applications, and segregation within 
the waste management system.

The framework of this study is primarily tailored in key 
national sustainability and legal documents, including 
Saudi Arabia's ‘Vision 2030’ and ‘Vision 2040’, the 
Saudi Green Initiative, and the Waste Management 
Law 2021. Vision 2030 outlines ambitious targets for 
waste diversion (100% solid waste, 60% construction 
waste, and 60% hazardous waste from landfilling), 
aiming to establish a circular economy model where 
resources will be continuously recirculated in the 
market.14 The Saudi Green Initiative emphasizes 
stakeholder collaboration and innovation to achieve 
sustainable waste management, notably targeting 
a 94% diversion of domestic waste in Riyadh from 
landfills by 2035 to mitigate harmful emissions.15 The 
Waste Management Law 2021 provides the legal 
framework, mandating waste segregation, regulating 
collection, transportation, and safe disposal, and 
prioritizing recycling and resource recovery.

The existing literature, while valuable, has largely 
focused on the conventional aspects of waste 
management in Saudi Arabia. Previous research has 
explored areas such as household waste composition 
and management,16,5 greenhouse gas emissions 
from solid waste,17 general solid waste management 
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practices and opportunities,18-19 optimization of solid 
waste disposal,4 construction waste management,20 
and the application of the Theory of Planned 
Behavior to solid waste management.21 However, 
the literature lacks in studies that holistically examine 
the intertwined contribution of waste regulations, 
technological appropriateness, and segregation 
strategies – the three quintessential pillars toward 
achieving a sustainable waste management system 
in the Kingdom.

This paper intended to address this research gaps 
and understand the current practices of waste 
management, identifies inherent flaws and proposes 
viable technological solutions, while considering the 
environmental context and management needs of 
the Kingdom. This study seeks to provide actionable 
insights for policymakers, government agencies, 
municipalities, and other relevant stakeholders 
in their pursuit of a more sustainable waste 
management system.

Results and Discussion
Solid Waste Management in Saudi Arabia
The Kingdom's waste management system primarily 
relies on traditional method where open dumping 
is a common practice, with minimal processing or 
treatment, resulting in low recycling and energy 
recovery due to heavy reliance on waste pickers for 
segregation. Owing to this, most wastes are diverted 
to landfills, causing waste havoc and environmental 
pollution.22 Currently, the Kingdom utilized compost 
and bio-methanation plants to process waste, 
recycling units and no incineration plants. The 
need for incineration plants in the Kingdom's waste 
management system is addressed in 'Vision 2030' 
and the Waste Management Law 2021, which is 
expected to come up later. In addition to these 
initiatives, the 'Vision 2040’ spearheaded by the 
National Center for Waste Management (NCWM), 
the Kingdom has targeted to divert 90% of waste 
from landfills, recycling (40%), composting (31%), 
and incineration (16%) by 2040.23

Under the umbrella of ‘Vision 2030’, the new ‘Vision 
2040’ has taken progressive strides with respect to 
waste management.  The progress indicates an 85% 
overall success rate for initiatives, and 93% of key 
performance indicators either achieved or nearing 
completion across various sectors, including waste 
management.24 The Kingdom is actively working 

towards its ambitious targets, with the Ministry of 
Environment, Water and Agriculture announcing 
in early 2024 a comprehensive plan to significantly 
increase recycling rates to 95% from a previous 
3-4%, which is projected to contribute SAR 120 
billion to the GDP and create over 100,000.25 The 
NCWM is spearheading these efforts developing 
strategic master plans for regional waste clusters, 
and promote investment climes, including significant 
advancements in waste-to-energy projects and 
digital waste tracking systems, all aimed at fostering 
a robust circular economy.26 

Nevertheless, today, the waste in big cities is 
generally collected in large bins from the residential/
commercial areas; it is then taken to a collection 
station and dumped in a landfill. The Makkah landfill 
received 1800-2000 tons/day and reached 3000 
tons/day during Ramadan.  The landfill at Buraiman in 
Jeddah received 1.5 million tons of waste annually27 
and reached 4500 TPD during Hajj.28 The landfill of 
Makkah is non-engineered, and the soil is porous, 
making it susceptible to leachate percolation and thus 
contaminating groundwater and soil and attracting 
insects and rodents.29 The leachate comprises toxic 
components such as harmful organic and inorganic 
compounds and chemicals.30 The unscientific 
leachate handling contaminates soil and water 
bodies. As the Kingdom’s climate is hot, leachate 
vaporization will further increase and thus add more 
harmful compounds to the atmosphere. Another 
impact is the foul odor released from the waste 
decomposition from the dumping sites, affecting 
the nearby residents' health and environment. 
Anaerobic decomposition releases methane gas 
from landfill sites, thus increasing greenhouse gas 
potential and the region's temperature.31 This posed 
an immediate challenge to the current initiatives and 
targets undertaken by ‘Vision 2030’, ‘Vision 2040’, 
Ministry of Environment, Water and Agriculture, and 
NCWM to achieve waste management sustainability.

Technological Options
Composting
As presented in Table 1, the physical composition of 
solid waste in the Kingdom is predominantly organic, 
such as food, vegetable, and paper. Currently, the 
waste dumping sites are almost saturated, meaning 
that the waste is dumped in excess quantity and will 
reach beyond capacity in the coming years.22
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Table 1: Physical Composition of solid waste in Saudi Arabia (Compiled from various 
sources by authors)

Waste type	 Percentage (%)	 Components

Food waste	 40-51	 Food items: vegetables, leaves, fruits, peels, etc.
Paper	 12-28	 Newspapers, magazines, tissue papers, toilet paper, etc.
Cardboard	 7	 Food boxes, delivery/shipping boxes, milk and juice boxes,
		  tissue boxes, shoe boxes, etc. 
Plastic	 5-17	 Polythene, bottles, plates, spoons, disposable glass, bags,
		  wrapping films, etc. 
Glass 	 3-5	 Bottles, bulbs, glassware, ceramics, etc.
Wood	 2-8	 Wood wastes
Textiles	 2-6	 Cloths, dippers, etc
Metals/minerals	 2-8	 Cans, bottles, knives, aluminum foil, etc.

The physical composition of waste in the Kingdom 
suggested that composting and recycling waste 
would be the most viable and economical solution 
to waste problems. Composting is a process where 
the organic waste is composted by microbes in the 
presence of oxygen, reducing the negative impacts 
on the environment.18

Many compost plants are installed in the Kingdom 
to convert organic wastes into compost for use as 
bio-fertilizers.32 The induction of the 1st National 
Regulation and Standards of Agriculture in 2011 
is one example of the Kingdom's commitment to 
raising organic compost in the farming system.33 
The compost produced from processing in local 
compost plants does not meet international 
standards and is considered poor quality32; lack 
of markets and the need to subsidize the compost 
are some of the constraints that hindered private 
companies' involvement, and thus preventing 
the composting practices on a large scale. Such 
constraints are primarily seen in most developing 
countries, including Bangladesh, India, Ghana, and 
Sri Lanka34; unlike in developed countries, there are 
clearly defined markets and standards for organic 
compost produced.35 Under the 'Vision 2040’, 
the Kingdom has targeted the landfill diversion of 
90% of waste and composting of 31% by 2040.23 

These targets pose a significant challenge to the 
Kingdom as a major proportion of waste is collected 
in unsegregated and mixed forms and diverted to 
landfills.

Anaerobic Composting
In this composting method, the organic waste is 
decomposed by microbes without oxygen to produce 
biogas (a combination of methane, hydrogen, and 
carbon dioxide gas).36 There has recently been 
increased awareness of using anaerobic composting 
to treat solid waste because of the development of 
new waste regulations wherein alternative energy 
sources are explored instead of fossil-based 
energy.37 The method is sustainable, eco-friendly, 
and economically beneficial.38 Biogas comprises 
70% methane,39 so it is a reliable renewable energy 
option as it is cheaper than fossil-based energy. 
The Kingdom has three bio-methanation plants 
in Jeddah, Medina, and Makkah that have the 
potential to generate 87.3 MW, 29.9 MW, and 42.4 
MW.5 However, one of the key challenges that the 
Kingdom faces today is the non-segregation of 
waste, which hampers the efficient operation and 
optimum conversion of this energy. 

Nonetheless, the energy produced from this method 
is safe, as no harmful gases are made from this 
conversion process.39 Recent years have seen 
a massive development of anaerobic digestion 
worldwide, especially in developed countries like 
Britain, France, Germany, Italy, Japan and the USA; 
and India, China, Vietnam, Iran, Malaysia, Kenya, 
Uganda, Rwanda, Cameroon, etc. for developing 
countries. America presents the highest biogas 
production at 75% from landfills treating agricultural, 
biowaste, industrial, and sewage sludge, and 
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Germany treats primarily agricultural and industrial 
wastes for biogas production.40 

Recycling
Recycling in Saudi Arabia is still at a nascent stage. 
The Kingdom recycles paper, plastics, and metals 
between 10% and 15%.3 The recycling rate is low 
because of minimal segregation at the source, and 
it is primarily the waste pickers who segregate the 
waste at community dust bins. Recycling, reuse, 
and waste recovery have recently gained much 
attention in the Kingdom due to her commitment 
to environmental sustainability in Vision 2030, 
the Middle East Green Initiative and the Waste 
Management Law 2021. Recycling is considered 
the most effective method of reducing costs in 
waste collection, transportation, and other form of 
treatment.41 Recycling behavior is sorting waste 
into separate components for recycling and selling 
to waste dealers. Then, these waste materials are 
sent to recycling units to produce new products 
for consumers. The high recycling rate would help 
conserve the environment and resource depletion 
in the Kingdom. According to the World Economic 
Forum (2017), Germany, with 56.1%, recorded the 
highest recycling rate, closely followed by Austria, 
South Korea, and other European countries; 
most of the developing countries are below 20%. 
Under the 'Vision 2040’, the Kingdom has targeted 
to recycle 40% of waste by 2040. The target is 
challenging to the existing availability of waste 
management practices and resources; however, it 
is not impossible to achieve.42

Pyrolysis
Most of the solid waste, including plastic, ended 
up in landfill sites in the Kingdom. Plastic waste 
does not generally degrade readily as it stays in 
the environment for many years. The conversion 
of plastic waste into liquid fuel is an alternative 
method of plastic waste management. Pyrolysis is 
the thermal conversion of plastic waste into liquid 
fuel in a limited supply of oxygen in a temperature 
ranging from 300-900oC.43 Conventional recycling 
of plastic waste retains only a small portion of it. 
In such a situation, researchers have recently 
paid much attention to pyrolysis as an appropriate 
option for plastic waste management.44 The vapors 
produced during the burning are converted into liquid 
fuel after 3-4 hours of condensation. The liquid fuel 
produced has almost a similar value to diesel and 

has the potential to be used as an alternative form of 
diesel.45 Today, the Kingdom generates 12.33 Kb/d 
of plastic pyrolysis fuel, which has the potential to 
reach 124.31 Kb/d by 2060. This fuel production is 
low compared with the total production capacity of 
12 Mmb/d, which is expected to increase further in 
future.46

Char is another by-product of pyrolysis, and it can 
be used as an adsorbent in wastewater treatment.47 
Such a management method is prevalent in most 
countries, including India, China and Brazil.48 Since 
plastic waste generation is high in the Kingdom, 
pyrolysis is a viable treatment method. Disposable 
plastic consumption increases in the consecrated 
cities of Madina and Makkah because pilgrims 
worldwide step foot in these cities every year.29

Incineration
This method is the combustion of waste at high 
temperatures (800-1200oC) to produce energy.49 
In many countries, incineration has become the 
most crucial method of waste management. 
However, incineration technology has failed in some 
developing countries, including India, because of 
high organic waste content, rendering them low 
calorific value, causing air pollution and impacting 
health.50 Incineration is not a viable option for 
the Kingdom. However, increasing numbers of 
researchers have given importance to incineration 
or gasification as an alternative to plastic and other 
dry waste.44 The Waste Management Law 2021 
do not address the need for incineration plants. 
However, the NCWM, under the 'Vision 2040’ has 
targeted the waste diversion from landfills up to 
90% and incinerate 16% of waste by 2040.23 Such 
a move requires enormous investments and political 
commitment, and it is a desired target if proper 
procedures and international guidelines are followed. 

Engineered Landfilling
The landfills in Saudi Arabia are open land without the 
mechanism of leachate recovery, and this causes air 
pollution and groundwater contamination. However, 
the engineered landfill is an alternative to avoid these 
environmental problems. The leachate composition 
varies from site to site as it grows in size and age. 
The early leachate usually contains many volatile 
fatty acids.51 Engineered landfills generally have a 
concrete liner system to avoid contact with soil and 
groundwater.⁴ The organic content of the waste is 
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converted into biogas through bio-methanation, 
which is considered renewable energy.52

In many countries, especially in developing 
countries, landfilling is the standard method of 
waste management; hence, sanitary landfilling 
becomes crucial in such countries, including Saudi 
Arabia. On the contrary, many EU member countries 
have achieved their 2035 target (less than 10%) of 
waste diverting to landfilling. For instance, in 2017, 
Switzerland was the only country that achieved zero 
landfilling, Sweden's landfilling rate was 0.44%, 
Denmark (0.87%), Germany (0.88%), Belgium 
(0.89%), Finland (0.92%), Netherlands (1.41%), 
Austria (2.08%), Norway (3.47%), and Luxembourg 
(3.91%).53 The Waste Management Law 2021 
addresses the need for engineered landfilling in the 
waste management system of Saudi Arabia. 

Challenges
Currently,  the chal lenges to urban waste 
management in Saudi Arabia include a lack of 
skilled professionals in technological applications, 
inclusive and comprehensive waste regulations, 
public participation and awareness. Though waste 
composting is economical and eco-friendly, the 
quality of waste produced in the Kingdom does not 
meet international standards. The investigation of 
the chemical properties of 25 composts made from 
a local plant found many chemical components 
below international standards.32 They inferred that 
the locally produced composts were remained 
underdeveloped. The study made it imperative 
that the Kingdom adopt the procedures that assure 
quality compost, skilled professionals, and waste 
regulations support such measures. 

The Waste Management Law 2021 promotes the 
concept of a circular economy - reduce, reuse, 
recover and recycle; prohibits the import of hazardous 
waste; introduces Extended Producer Responsibility-
the idea that the producers/manufacturers are 
responsible for the collection of their products to 
augment the rate of waste recovery and recycling 
while they adhere to the norms and standards of 
the NCWM.54 Implementing this provision is still 
challenging in the Kingdom's waste management 
system. 

The waste regulations in the Kingdom needs a 
holistic approach. The recognition of the role of 

waste workers/collectors and incorporation in the 
waste management system is essential for effective 
waste management. The Waste Management Law 
2021 lacks the provision to provide proper direction 
for implementing a circular economy. Though 
environmental sustainability and circular economy 
are the key objectives of Vision 2030 and the Middle 
East Green Initiative, the waste management issue 
is not addressed on the severity it poses to the 
health and environment of the Kingdom. Under 
the Waste Management Law 2021, the NCWM 
has targeted to divert 90% of waste from landfills, 
recycle 40% of waste, compost 31%, and incinerate 
16% by 2040. Targets are highly appreciative, but 
putting these into practice is difficult and requires 
a colossal investment, political commitments, and 
public participation.

Waste segregation at the household level is 
another big challenge in the Kingdom. Only a tiny 
amount of waste, such as paper, metal, bottles, 
and jars, is segregated at the household level in 
most urban areas for sale to waste collectors. A 
study found that household waste management is 
primarily considered the onus of the parents and 
the female adult. Other respondents considered the 
responsibility of male adults and children.55 Most 
respondents agreed to segregate household waste 
if quality transportation or segregating facilities 
are provided in the local vicinity.56 Another major 
challenge is the need for more awareness among 
the Kingdom's people on the ill effects on health 
and the environment because of the unscientific 
method of waste management. A study in Al-Ahsa 
City recommends an urgent need to raise public 
awareness of the necessity of public participation 
in waste management and in developing waste 
regulations.19 Another study at the university 
revealed that students have much lower awareness 
than teachers and staff.57 The lack of awareness and 
segregation facilities have rendered a low waste 
recycling rate in the Kingdom. 

Opportunities
Tremendous opportunities can be created in the 
waste management sector in the Kingdom in terms 
of job creation and income generation for various 
stakeholders involved in the waste recycling 
channel, waste conversion to energy, carbon credits/
taxes, and emissions trading, thereby boosting 
the region's economy.  Organic and plastic waste 
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comprise a significant component of waste produced 
in the Kingdom. As per data, 15,300 x10³ tons of 
waste is produced annually, whereas Riyadh and 

Jeddah produced the maximum quantity of waste 
(figure 1). 

Fig. 1: Solid Waste Generation in Major Cities of Saudi Arabia 
(Compiled from various sources by authors)

During the consecrated period of Ramadan and 
Hajj, huge amounts of food and plastic waste are 
produced,58 and waste recycling from this is less than 
20%.57 With inclusive waste regulations, many jobs 
can be created, including waste collectors/dealers, 
recyclers, the workforce in organic waste conversion 
to energy, and other jobs in the recycling industry. 
The Saudi government plans to invest USD10 
billion from the local GDP and USD 1.75 billion from 
foreign direct investment to create 23,000 green 
jobs while reducing carbon emissions by 13 million 
tons. About 200,000 tons of scrap metal are sold 
to India, Indonesia, Japan, South Korea, Thailand, 
and Vietnam. Medical wastes are burned without 
management expertise.14

Under the Middle East Green Initiative, the Kingdom 
is creating a regional investment fund to find technical 
solutions based on a planned circular economy.59 
Since recycling, composting and waste-to-energy/
incineration plants are lucrative, the Kingdom has 
enormous potential to generate revenues and 
energy from these projects. With the targets of 
90% diversion of waste from landfills, recycling of 
40%, composting of 31%, and incineration of 16%, 
the Kingdom can harness the optimum level of its 
potential and resources to its benefit, which aligns 
with SDGs.

Conclusion
Solid waste management presents a significant 
challenge for the municipalities of Saudi Arabia, 

driven by rapid urbanization, industrialization, 
population growth, and changing lifestyles. These 
factors contribute to an escalating volume of waste 
generation annually, exacerbated by increased 
consumption of food and related products. Despite 
several initiatives and targets made by kingdom, the 
present waste management system characterized 
by conventional collection, transportation, and mixed 
disposal in landfills, largely fails to align with the 
objectives of the Sustainable Development Goals, 
as well as the principles of a circular economy. 

A key challenge within the waste management 
system of the kingdom is the lack of waste 
segregation at the source. Waste segregation is 
primarily performed by informal waste pickers, 
leading to low recycling rates and limited energy 
recovery. The continued reliance on landfilling for 
the majority of waste exacerbates environmental 
pollution and resource depletion. However, the 
kingdom possesses substantial untapped potential 
for waste recovery, waste-to-energy projects, 
and increase recycling rate. Improving waste 
management practices could generate significant 
employment opportunities for waste collection, 
handling, and recycling sectors.

Given the present practice of mixed waste collection 
and landfill disposal, coupled with ongoing population 
growth, there is a pressing need for the development 
of holistic and sustainable regulations underpinned 
by robust strategic planning, tailored to the unique 
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environmental needs of the Kingdom. Based on a 
critical analysis of Saudi Arabia's waste management 
system, the following recommendations are put 
forward for policymakers, government agencies, 
municipalities, and relevant stakeholders:

Prioritize Organic Waste Management
Given that food waste constitutes a significant 
portion of municipal solid waste, implementing 
composting and anaerobic digestion technologies 
would offer viable and technologically sound 
solutions for resource recovery.

Integrate the '4R' Strategy
With high volumes of paper, plastic, and glass waste, 
the comprehensive incorporation of 'Reduce, Reuse, 
Recycle, and Recover' (4R) principles into the waste 
management system is imperative to boost recycling 
rates and divert substantial waste from landfills.

Adopt the Appropriate Technology
 Incineration and gasification technologies may not 
represent optimal solutions for waste management 
in the Kingdom, given the predominant organic, 
plastic, and paper composition of the waste stream.

Formalize the Roles of Waste Worker
The formal recognition of waste workers’ roles and 
integrating them into the waste management system 
with clear guidelines for their participation as regular 
employment is crucial.

Enhance Public Participation
practicing regular awareness campaigns across 
public and private institutions through diverse 
channels, including workshops, online platforms, 
social media, electronic media, and print media, is 

essential to foster greater public participation and 
behavioral change.
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