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ABSTRACT: As more studies were conducted and global events unfold, a greater emphasis
is being placed on the importance of preserving the Earth's natural resources and cycles before
we face a catastrophic climate crisis. Thus, developed countries are constantly adapting their
policies and legislation to promote green development for the sake of sustainable development,
which benefits both the environment and the socioeconomic segment. As populations grow and
living standards improve, more waste is generated. Appropriate municipal waste management
is necessary to avoid harm to the environment, wildlife, and human health. Sustainable
municipal solid waste management is even included in the United Nations' (UN) Sustainable
Development Goals, which aim to improve the world's environment and economy. The
European Union (EU) member states' waste management systems can be considered
exemplary. In some countries, landfills have been prohibited, promoting the use of more
sustainable technologies such as organic waste incineration, recycling, and composting.
However, a divide exists between member countries, with some lagging behind in terms of
waste management strategies. Thus, this paper examined the current state of municipal waste
in EU member states, followed by a review of the various disposal technologies implemented.
The difficulties and environmental concerns that must be overcome are discussed, as are the
recommendations and possible future directions.
KEYWORDS: Municipal waste; waste treatment technology; sustainability; waste
management
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1. Introduction
As global environmental issues such as rising temperatures and climate change receive
increased attention, both developed and developing countries are increasingly directing their
resources toward sustainable development and growth. Sustainability is a broad term that
encompasses a variety of social, economic, and environmental factors. Waste disposal and
treatment are critical as populations grow and waste accumulates. Municipal wastes, if left
untreated and uncontrolled, can cause significant harm to the environment through carbon
dioxide emissions, soil and water contamination, and plastic accumulation in oceans and rivers
[1]. Waste management is complicated because waste is generated from a variety of sources
and has varying degrees of toxicity. Numerous tasks, including sorting and transportation, are
involved when all stakeholders are considered [2]. Globally, it is estimated that 2.01 billion
tons of municipal waste are generated, with 0.25 billion tons generated in EU member states
[3]. While the majority of European countries experience slow population growth, their
industries are constantly growing and evolving, generating waste that must be treated.
Prevention and treatment are the two primary management strategies. Prevention entails
reducing waste entering the waste stream by increasing consumer and producer awareness and
changing common unsustainable consumer and producer behaviors [4]. Incineration,
landfilling, recycling and composting, and digestion are the four primary methods of municipal
waste treatment in the European Union [2,5]. According to a recent study, countries such as
Austria, Denmark, and Germany were the most successful in terms of municipal waste
treatment policies. Eastern European countries, on the other hand, performed poorly [2,6]. This
paper will examine the application of various waste disposal technologies over the last three
decades in the European Union (EU), with a focus on specific member countries where
necessary. The current state of waste disposal is discussed, followed by a discussion of the
various technological solutions available for waste management. The difficulties encountered
and other environmental concerns regarding the EU's waste management systems are
discussed, followed by a discussion of the future prospects.
2. Current Status of waste disposal technologies in EU
The average European inhabitant generated approximately 486 kg of municipal waste per year
in 2017, which can be attributed to the high standard of living [3]. The '2008 Waste Framework
Directive' is a collection of national laws that direct countries on how to manage waste
effectively [4]. Denmark treated the most municipal waste per capita at approximately 785 kg,
while Romania treated the least at 228 kg per capita [4]. In Northern and Central Europe, the
countries that ranked highest for effective municipal waste treatment did so because they
phased out traditional landfills and increased their use of incinerators, recycling, and
composting. On the other hand, Eastern European countries such as Poland and Slovakia,
which continue to rely heavily on landfills for waste treatment, ranked last [4]. Denmark,
Germany, Austria, the Netherlands, and Belgium, for example, have almost entirely phased out
landfills. By contrast, Cyprus, Malta, Greece, and Croatia continue to rely heavily on landfills
for waste disposal. This disparity exists because countries differ in terms of their level of
development, consumption patterns, and waste management strategies [4,7]. Additionally,
many of these countries joined the EU in the early 2000s, necessitating adaptation to the union's
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new laws and guidelines [4]. Currently, the EU employs four waste treatment methods.
Landfills are used to store waste either on or within the ground. Thermal treatment of waste
occurs during incineration, biodegradable waste occurs during composting, and wastes are
sorted and reprocessed during recycling. Landfills, incinerators, and composting are all wasteto-energy processes, as they generate heat and electricity.
3. Types of technology in use
Municipal solid waste is an important resource that can be converted into renewable energy to
help meet the world's growing energy demand. Municipal waste is treated using a variety of
biochemical, physical, and biological processes that are selected based on factors such as waste
composition and climate.
3.1. Landfills
Landfills are the most frequently used method of municipal waste treatment in the world. The
socioeconomic benefits of landfill use include the generation of electricity and the creation of
new jobs. Sanitary landfills contain wastes in cells lined on the bottom to prevent leachate
seepage. Leachate is collected and transported to a treatment plant for treatment before it is
deemed safe for release into water channels [8]. Waste is frequently buried in soil, compacted,
and then covered with another lining to collect methane gas. This gas is then transported to a
power plant where it is used to generate electricity [9]. Solar photovoltaic cells (PV) are
installed across vast landfills in sunny climates to generate additional electricity [10]. Solar PV
has generated some interest in the industry, and its use has increased significantly as the cost
of manufacturing materials has decreased and energy demand has increased [11]. Another
variation is the bioreactor landfill, in which the environment is controlled to promote organic
waste biodegradation. However, the initial and ongoing costs of bioreactor landfills are
extremely high, as extensive research is required and the aerobic/anaerobic environment must
be regulated via air and moisture injection [12]. Traditional landfills, which bury waste in soil,
pose a high risk of contaminating nearby soil and water with harmful pollutants [13]. Increased
carbon dioxide and methane emissions contribute to the greenhouse effect. Landfills contribute
significantly to air, noise, and odour pollution, which has a negative effect on the economic
value of nearby housing [14]. Space has become increasingly scarce, complicating the process
of selecting appropriate landfills. However, as a result of European Commission policies,
landfills have been closed throughout Europe, and alternative waste management technologies
have been promoted [15].
3.2. Incineration
Incineration is a type of thermal treatment that involves the controlled combustion of primarily
organic wastes. It is regarded as a proper method because it can help reduce waste sent to
landfills and incineration plants take up little space [16]. It is a quick solution that immediately
reduces waste volume, and the heat generated can even be used to generate electricity, reducing
the country's reliance on fossil fuels [16,17]. However, there are numerous disadvantages. One
of the primary concerns is the generation of pollutants such as heavy metals and dioxins during
the incineration of inorganic wastes [18]. Numerous these pollutants are persistent and can
travel great distances from their source. Inhalation, ingestion, and contact with contaminated
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media are all routes of exposure that contribute to an increased risk of developing diseases such
as cancer and reproductive abnormalities [19,20]. Among them, the literature consistently
reported that the primary route of toxic emission exposure is through dietary ingestion [21].
Additionally, incineration has high capital and operating costs, as it requires additional fuel to
maintain the combustion process, as well as the installation of critical air pollution control
devices and skilled technical personnel to operate the process [16].
3.3. Recycling
Recycling is the process of collecting, sorting, and refurbishing materials in order to reuse them
rather than dispose of them permanently. Long-life materials, particularly plastic, metals, and
glass, can be recycled into raw materials for production. Numerous benefits accrue from
maximizing the value of products, resources, and materials while reducing the supply of new
materials [22]. Recycling also reduces waste sent to landfills, thereby mitigating landfill-related
issues such as leachate contamination and carbon dioxide emissions. Recycling contributes to
economic stability by generating new jobs and lowering the costs associated with starting from
scratch. However, countries require adequate infrastructure in order to implement waste
recycling policies and guidelines [22]. Numerous EU countries continue to rely heavily on
landfills, where trash is not separated but rather piled together. In some instances, it can be
challenging to separate materials such as food packaging or hygienic waste (diapers, paper
tissues, etc.) into recyclable fractions with a market value for a collection system that is not yet
established [23]. Additionally, this scenario appears to be technically and economically
impossible to implement. Financial incentives, educational awareness, ease of transportation,
and private sector participation are all factors that can be implemented to improve developed
and developing countries' recycling systems [24].
3.4. Composting
Composting is the process by which organic waste, such as food scraps and leaves, is broken
down into stable organic and inorganic components. It entails the use of microorganisms in
aerobic or anaerobic environments, as well as the manipulation of other variables such as
temperature, pH, nutrients, and moisture. It is a form of recycling because it produces biofuels
and heat that can be used to generate renewable electricity. There are two primary methods of
composting: non-reactor and reactor systems [25]. Windrow, a non-reactor system, involves
mechanically mixing waste feedstock in tall reactor tanks [25]. Composting is a sustainable
solution because it has the primary benefit of reducing the amount of organic waste disposed
of in landfills and incinerators. Biogas is produced as a renewable energy source. Another
option is to produce green gas in the form of biomethane, which contains over 95% methane
and has properties similar to natural gas [26]. As a result, it can be applied to other applications
in the same way that natural gas is. The process produces liquid fertilizers, which are beneficial
for crop production [25]. Europe has benefited from composting food wastes for the last 30
years as landfill space has become scarce [25].
4. Challenges and Other environmental considerations
The composition of waste, climate conditions, and management practices all have an
effect on the environmental impacts of various waste disposal technologies. For example, the
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greater the proportion of biodegradable waste stored in landfills, the more detrimental the
environmental impacts [27]. It is consistent with the EU's prohibition on the disposal of
biodegradable waste in landfills. Despite sharing the same policies, socioeconomic factors have
segregated the EU's member states' waste management strategies. For example, some countries
have eliminated landfills entirely, while others continue to rely on landfills as their primary
waste treatment solution. These countries should receive additional assistance to facilitate the
implementation of the most advanced disposal technologies and schemes.
While incineration is the most widely used waste disposal method in the EU, it still has
negative environmental consequences, such as the release of toxic pollutants [19]. Continuous
research and investigation are required to ensure the development and innovation of new
technologies that will help mitigate the effects of air pollution. Europe exports a large
proportion of recycled plastics, and a recent study estimated that 3% of these plastics ended up
in the ocean in 2017, amounting to an alarming 83,187 tons [28]. Europe exports 46% of
recycled waste to low-cost countries, where it is either reused or disposed of in landfills or
through incineration. Plastic is extremely persistent in nature, posing a deadly threat to marine
life and accumulating up the food chain. While more definitive data on the origin and path of
plastics that end up in the ocean are required, additional evaluation of waste management
policies is necessary to ensure the circular economy promoted in the EU succeeds [28].
5. Future Prospects
By 2030, the EU intends to recycle 65 percent of municipal waste and keep landfills to a
maximum of 10% [2]. In January 2018, the European Commission published the 2018 Circular
Economy Package, which aims to create a circular economy in the EU [29]. It is a novel concept
for promoting sustainable development in which production is revolutionized through the
recycling, reusing, and refurbishment of wastes. It will assist in maximizing the value of
products and extending their shelf life, thereby closing the loop and conserving valuable
resources [27,29]. Additionally, the EU seeks to change consumer and producer behaviors
toward waste prevention through education, financial incentives, and strict waste generation
and management [2]. Waste must be viewed as a resource to be tapped rather than as a nuisance
[30]. Cooperation within and between EU member states is a positive step. For example,
countries with excess capacity can assist other countries, benefiting all parties, as Sweden and
Norway have demonstrated [30]. The member countries' direction and efforts to meet
municipal waste management targets must be more unified.
6. Conclusion
The primary waste management technologies currently used in the EU to address their
increased waste production are landfill, incineration, recycling, and composting. The
advantages and disadvantages of these technologies were discussed, and it was noted that
wealthier EU member states have gradually phased out landfills in order to promote green
development. The objective is to safeguard and conserve natural resources, including the
environment, through economic, social, and environmental sustainability. The success of waste
management programs is influenced by a variety of factors, including political, economic,
environmental, social, technological, and educational. Apart from waste treatment,
considerable emphasis is being placed on waste prevention, specifically minimizing waste
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generated at the source. Numerous recent studies provide evidence and leverage for evaluating
the efficacy and enhancing the effectiveness of current municipal waste management strategies.
EU legislation and schemes should be implemented uniformly across all member countries,
including landfill bans, waste disposal taxes, and recycling incentives. In terms of legislation
and implementation, assistance should be provided to less prosperous Eastern European
countries with fewer resources than the rest of the EU. Concerning the disposal of recycled
plastics, more effective solutions must be implemented rather than sending the majority to
poorer countries, which is detrimental to the environment.
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