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1. Introduction

Waste management is the area that deals with the collection, transportation,
processing and disposal of waste. It is a field, which aims to minimize the negative
impact of waste on the environment natural environment, human health and quality of
life. The goal of waste management is to strive for maximum efficiency in waste
management and its reuse, including through recycling or composting.

The basic principles of waste management include:

1. The waste hierarchy - this is a key principle in the waste management system,
which indicates the preference of actions.The principle of the waste hierarchy is one
of the foundations of effective waste management and provides guidance for making
decisions regarding the handling of waste at different stages of its life cycle. The
hierarchy is based on prioritizing actions that aim to have the least impact on the
environment and human health. The key is to start with activities that prevent the
generation of waste and ending with methods of its final disposal when other options
are no longer available.

The hierarchy of waste handling is as follows:

1. Waste avoidance (prevention) - the most important goal in waste management is
to reduce the amount of waste generated. This is the first and most desirable step
that can contribute to a significant reduction i pressure on the environment.

Prevention:

= Designing durable, reusable or easily repairable products - this reduces the
need to produce new products and thus reduces waste generation;

=  Optimizing production processes - reducing the loss of raw materials, such as
by streamlining technological processes, can significantly reduce the amount
of waste generated;

= Changing consumption patterns - promoting responsible consumption, such
as choosing eco-friendly products, reducing single-use plastic, choosing
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products with long-lasting utility, are important elements in preventing waste
generation;

= Educating the public - awareness of the harmfulness of over-consumption and
its consequences for the environment is crucial in forming appropriate habits
among citizens.

2. Reuse - the second step in the hierarchy is to reuse products and materials that
could be taken out of service at the end of their original life cycle. Instead of throwing
items away, it is worth repairing, refurbishing, donating or using them for another
purpose.

Examples include:

= Repairing and refurbishing products - instead of throwing away broken
appliances, it is a good idea to repair or update them (e.g., old furniture can be
repurposed, and clothing can be reworked or repaired);

= Donating items for further use - clothing, furniture, electronics or toys can be
donated to other people or charities instead of going to the landfill;

= Reusing packaging - instead of disposable packaging that ends up in the
waste after use, the use of reusable containers is becoming increasingly
popular, such as beverage bottles, shopping bags and jars.

3. Recycling (recovery of materials) - where waste avoidance or reuse is not
possible, the next step in the hierarchy is recycling, which is the processing of waste
to obtain raw materials for reuse. Through recycling, materials can be recovered that
can be used to produce new products, which reduces the need for virgin raw
materials and lowers the energy intensity of production processes.

There are various forms of recycling, such as:

e Recycling of municipal materials - involves separating waste materials such as
paper, glass, plastic and metal, which can then be processed and reused in
manufacturing;

= Electronic waste recycling (e-waste) - recovering valuable materials (e.g.,
precious metals) from used electronic equipment, preventing the waste of
valuable resources;

= Organic waste recycling - composting organic waste, such as food scraps or
plant waste, which can be used as natural fertilizer.
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4. Other forms of recovery (energy and material recovery) - if the waste is not
recyclable or reusable, the next step is recovery. This includes processes in which
waste is processed to produce energy (such as burning waste in industrial furnaces)
or other valuable materials:

Waste incineration - waste can be burned in energy furnaces to recover energy, but
this requires advanced technology to minimize negative environmental impacts.

Pyrolysis and gasification - technological processes in which organic waste is
converted into gas, oils or fuels that can be used as an energy source.

5. Waste disposal (landfilling) - the last resort in the hierarchy is landfilling, which is
done when other forms of waste handling are not possible or cost-effective. Although
landfilling is less desirable, in many cases it is necessary, especially for waste that is
not recyclable or recoverable. Modern landfills must meet stringent environmental
standards, including systems to prevent groundwater and air contamination.

Application of the waste hierarchy principle allows activities to be undertaken in the
most efficient and responsible manner, with a view to minimizing negative impacts on
the environment, human health and natural resources. By adhering to this principle, it
is possible to manage waste in a more sustainable manner and achieve
environmental protection and sustainable development goals.

2. Principle of waste responsibility

Each entity generating waste bears responsibility for its proper management. In
practice, this means the obligation to segregate, recycle and use appropriate waste
disposal methods.

The principle of waste responsibility is one of the key elements of modern waste
management, which assigns responsibility for waste management to all waste
generators - both producers and consumers. This responsibility aims to ensure that
waste is properly collected, segregated, treated and disposed of in a way that
minimizes its impact on the environment and human health.

The principle's primary goal is for waste generators (e.g., businesses, household
owners, public institutions) to take appropriate measures to segregate waste, transfer
it for recycling, as well as choose disposal methods that meet certain environmental
standards. The principle of waste responsibility is based on key principles.
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1. Obligation to segregate waste

The primary obligation of any waste generator is to segregate waste properly. To
enable effective recycling, waste must be segregated into specific groups, such as
paper, glass, plastics, metals, organic waste, as well as hazardous waste (e.g.,
batteries, chemicals). Segregation of waste allows later processing and recovery of
valuable materials and significantly reduces the amount of waste dumped in landfills.
The introduction of a segregation system is one of the most important measures that
can lead to a significant reduction in the negative impact of waste on the
environment.

2. Responsibility for sending waste for recycling

According to the principle of responsibility, waste that is recyclable must be
transferred to the appropriate processing units. This is particularly important for
materials that can be reused in production, such as paper, glass and plastic. The
transfer of waste for recycling entails the involvement of appropriate waste collection,
transportation and processing companies. Each waste generator is obliged to ensure
that the waste goes to the appropriate collection points and undergoes processes
that allow it to be reused in the production cycle. In Poland and in many other
countries, legislation places an obligation on producers and consumers to organize
such collection and waste transfer systems.

3. Choosing appropriate methods of waste disposal

If the waste is not recyclable or reusable, the responsibility for its proper disposal lies
with the persons or entities that generated it. This means that the waste must be
subjected to disposal methods that comply with environmental standards. There are
several methods of waste disposal, each of which has its own specific use:

¢ Landfilling - this is the last option, used when other methods are impossible
or uneconomical. Modern landfills must meet strict environmental regulations,
preventing groundwater and air pollution, among other things;

e Waste incineration - waste that is not recyclable can be burned in industrial
furnaces to recover energy. Waste incineration must be carried out in a
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controlled manner, minimizing the emission of harmful substances into the
atmosphere;

e Composting - organic waste, such as food scraps or plant waste, can be
turned into compost, which can be used as a natural fertilizer. Composting
reduces landfill waste and enriches the soil with valuable organic substances;

e Pyrolysis and gasification - advanced technologies that allow organic waste
to be converted into gas, oils or fuels. These methods are particularly useful
for waste that cannot be easily recycled.

4. Producer responsibility - extended producer responsibility

The principle of waste responsibility applies not only to consumers, but also to
producers, who are obliged to ensure that their products can be properly managed at
the end of their life cycle. So-called Extended Producer Responsibility (EPR) is a
concept that requires producers to finance and organize collection and treatment
systems for waste associated with their products. Under this principle, manufacturers
may be required to ensure that their products' packaging is collected, segregated and
recycled or otherwise recovered. With extended responsibility, manufacturers have a
greater say in designing products in a way that facilitates recycling and minimizes
negative environmental impacts.

5. Environmental education and awareness

As part of the principle of waste responsibility, environmental education and
awareness is also an important element. For waste responsibility to be effectively
implemented, the public and businesses must be aware of their responsibilities and
capabilities to segregate, recycle or properly dispose of waste. This is why it is so
important to promote responsible attitudes related to waste management and
environmental protection in schools, the media and community organizations.

The principle of waste responsibility requires all waste generators to act to manage
waste properly. Segregating, recycling and using appropriate disposal methods are
key elements in effective waste management to help minimize its impact on the
environment and human health.
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3. Principle of sustainable development

Waste management activities should consider both current needs and the prospects
of future generations. The key is to strive to minimize the negative impact on the
environment by using nature-friendly technologies and rational management of
resources.

The principle of sustainability in the context of waste management refers to waste
management that not only meets current social and economic needs but also
ensures that natural resources and the environment will be preserved in adequate
condition for future generations. In practice, this means that waste management
activities should be carried out in a way that minimizes negative impacts on the
planet, promotes efficient use of resources and reduces the harmful effects of waste
generation, such as environmental pollution, climate change and ecosystem
degradation.

The principle of sustainability in waste management encompasses several key
aspects that together form the foundation for caring for the environment, natural
resources and human health.

3.1. Strive to minimize the negative impact on the
environment

Sustainability in waste management involves taking measures to minimize
adverse environmental impacts. A key goal is to reduce the amount of waste going to
landfills and reduce greenhouse gas emissions, air, water and soil pollution.
Sustainable waste management relies on such technologies and solutions that allow:

¢ Reduce waste - by introducing systems of prevention, recycling, reuse, and
packaging or product manufacturing solutions that generate less waste;

¢ Reduce harmful emissions - waste incineration, which can lead to air
pollution, should be carried out using modern technologies that minimize
emissions. In addition, hazardous waste, such as chemicals or batteries, must
be properly segregated and processed so that it does not pose a threat to
human health and the environment.
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e Protection of water resources and soil - Disposal of waste at landfills or
other sites must be done in a way that does not allow it to enter groundwater
or contaminate soil. Waste disposal technologies must therefore include
adequate safeguards against contamination.

3.2. Use of nature-friendly technologies

Within the framework of sustainable development, waste management activities
should be supported by modern, efficient and green technologies that minimize the
use of energy and natural resources while being less harmful to the environment.
Examples of such technologies include:

= Recycling of materials - advanced recycling processes recover valuable raw
materials from waste, such as metals, glass, paper or plastics, reducing the
need for primary raw materials and the energy required to extract and process
them.

= Biotechnology and bioeconomy - biotechnologies such as organic waste
composting or fermentation can be used to produce biogas, organic fertilizer
or other products, reducing the environmental impact compared to traditional
waste disposal methods.

= Energy recovery technologies - innovative solutions, such as burning waste
in high-temperature furnaces with energy recovery, enable the production of
electricity or heat, reducing the need for fossil fuels.

= Smart waste management systems - new technologies for waste collection,
monitoring and management, such as GPS systems or applications to monitor
container fill levels, allow for more efficient waste collection and lower costs
associated with waste transportation and storage.

3.3. Rational management of natural resources

Sustainable waste management also requires efficient use of natural resources,
which are the basis of production. This means striving for their most efficient use and
avoiding waste. Key to this is the application of the principles of the Circular
Economy, which places a premium on the recovery of raw materials, their reuse and
the long-term sustainability of products. As part of sustainability, it seeks to:

= Recovering raw materials from waste - waste that is generated by production
or consumption contains valuable materials, such as metals, plastics, or
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paper. Recovering and reusing them reduces the need to extract new raw
materials, which has a positive impact on natural resources.

= Sustainable product design - creating products that can be more easily
repaired, recycled or reused in other manufacturing processes reduces waste
and extends the life cycle of products.

= Reducing resource consumption in production - through innovative
technologies, changes in production processes and optimization of raw
material consumption, the amount of waste generated at the production stage
can be significantly reduced, which translates into reduced pressure on the
environment and natural resources.

3.4. Balancing the needs of present and future generations

Sustainability in waste management also means ensuring that actions taken
today do not cause irreversible environmental damage that could negatively affect
the quality of life for future generations. It's about making decisions that consider
long-term environmental impacts, such as climate change, depletion of natural
resources and loss of biodiversity. Modern waste management technologies should
be designed in such a way that they do not burden the environment in the long run,
while ensuring the quality of life and well-being of human civilization.

3.5. Education and public involvement

Implementing sustainability in waste management also requires public
involvement and environmental education. Citizens should be aware of how their
daily consumption decisions affect the environment, and what opportunities they
must reduce waste and manage it more responsibly. Raising environmental
awareness about recycling, waste reduction and environmental responsibility is key
to ensuring that the principle of sustainability is followed by the public in every aspect
of daily life. The principle of sustainability in waste management is to take measures
that consider both the needs of today's generations and those of future generations
in such a way as to minimize negative environmental impacts, use natural resources
efficiently and pursue sustainable development.
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4. The principle of extended producer responsibility

The product manufacturers should be responsible for the overall life cycle of their
product, including the management of waste generated after use. This means that
they are obliged to provide adequate collection and recovery systems for used
products.

The principle of Extended Producer Responsibility (EPR) is one of the key elements
of a modern economy based on sustainable development. According to this principle,
producers of products are responsible not only for the manufacture and sale of their
products, but also for their overall life cycle, including the management of waste
generated after use. This is a commitment by manufacturers to take responsibility for
all stages of a product's life, from production through use to the end of its life cycle,
the point at which it becomes waste. Extended producer responsibility represents a
major change in the way waste is managed, as it shifts the burden of responsibility
for waste management from consumers and government to the producers
themselves. The goal of this principle is to reduce waste, increase recycling
efficiency, promote more sustainable production processes and reduce negative
environmental impacts. Assigning manufacturers responsibility for the total life cycle
of products changes their approach to design, production and waste management.

In accordance with the principle of extended producer responsibility, manufacturers
are required to consider end-of-life aspects when designing their products. This
means that products should be designed in such a way that:

= Are easy to take apart - this allows for easier recycling and recovery of
valuable raw materials.

» The materials used were easy to recover - manufacturers should use
materials that can be recycled, rather than those that become non-recyclable
waste at the end of a product's life cycle.

» Products were easier to repair - designing products so that they can be
repaired and extend their life reduces the amount of waste generated by wear
and tear.

» Reduce hazardous substances - the manufacturer should avoid the use of
materials and chemicals that may pose a risk to human health or the
environment at the end of a product's life cycle.

Designing according to the principles of Extended Producer Responsibility not only
reduces waste generation but also contributes to greener and more economical
products that can be more easily incorporated into closed-loop economy systems.
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4.1. Obligation to establish waste collection and recovery
systems

One of the most important elements of extended producer responsibility is the
obligation to provide systems for the collection and recovery of waste generated after
using their products. Manufacturers, depending on the type of products, are required
to organize systems that allow consumers to return used products and ensure proper
segregation, transportation and subsequent recycling of this waste. These activities
may include:

= Setting up collection points - manufacturers can cooperate with store chains,
service centres or special stations for the collection of used products, such as
electronics, packaging or furniture, to ensure their proper management.

= Partnering with recyclers - manufacturers should partner with materials
recovery companies to ensure adequate infrastructure for waste processing.
This often involves forming partnerships with collection and processing
organizations to implement the system effectively.

= Informing consumers about product return options - manufacturers should
provide information on available ways to donate used products and
instructions on how to separate waste. This could include labelling on
packaging or educational campaigns.

4.2, Financing of recovery and recycling systems

According to the principle of extended producer responsibility, producers not only
organise but also finance waste collection and recovery systems. This means that
the financial responsibility for the collection and recycling of the waste generated by
their products lies with the producers, who must allocate part of their income to
organising and maintaining these systems. This obligation includes, but is not limited
to:

= Environmental fees - producers may be required to pay fees to recovery
organisations that finance the collection, separation and treatment of waste.

» Transfer of recovery revenues - where recycled waste generates a profit (e.g.
in the form of recovered materials), producers may be obliged to share a
proportion of these profits with collection and treatment organisations.
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4.3. Increasing efficiency and innovation in waste
management

Under Extended Producer Responsibility, companies are encouraged to invest in
innovative technologies that allow for more efficient waste management. Examples of
such activities include:

= Modern recycling technologies - investing in technologies that enable better
recovery of raw materials from products, especially from those that would be
difficult to process using traditional methods.

* Modular and easily disassembled products - introducing solutions that allow
easier recovery of product components, e.g. by creating products from
modular components that can be easily replaced or repaired and segregated
appropriately when used.

= Investment in biotechnology and the bioeconomy - developing biotechnology
that allows more efficient use of organic raw materials, e.g. using composting
or biodegradable materials.

4.4. Responsibility in relation to different product categories

Extended producer responsibility covers different product categories that require
specific solutions. Depending on the type of product, producers may have different
responsibilities:

= Packaging - packaging producers are responsible for ensuring collection and
recycling systems for packaging, including glass, plastic, paper or metals.

= Electronics - electronics manufacturers must ensure that used electronics,
which contain hazardous substances and valuable raw materials such as
precious metals, are properly collected and recycled.

= Vehicles - vehicle manufacturers must ensure that there is an adequate
system for the collection of used cars and their dismantling, including the
recovery of parts and the processing of materials.

The principle of Extended Producer Responsibility is a major change in the approach
to waste management that makes product manufacturers responsible for the entire
life cycle of a product, including the management of waste after use. Producers are
required to set up systems for collection, recovery, recycling and the financing of
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these activities, which contributes to reduced waste, better use of natural resources
and lower environmental impact.

5. Principle of minimisation and prevention

One of the main goals is to reduce waste already at the production or
consumption stage. Introducing environmentally friendly technologies, changing
consumption patterns and promoting the concept of zero waste are key to reducing
waste production.

Modern waste management is not limited to waste management processes, but
focuses on sustainability, promoting responsible attitudes among consumers and
producers, and introducing innovative solutions that enable the recovery of valuable
materials and energy. The principle of minimisation and prevention in the context of
waste management is one of the most important elements of modern environmental
policy, which focuses on the prevention of waste at the waste generation stage. The
aim of this principle is to reduce waste by implementing appropriate measures both in
the production process and in consumer behaviour. As part of minimisation and
prevention, it is crucial to strive not only to manage waste efficiently, but also to
reduce its generation completely wherever possible. This approach is based on
creating systems that promote more sustainable production, responsible consumer
behaviour and the introduction of environmentally friendly technologies.

5.1. Reduction of waste at the production stage

Minimising waste at the production stage is one of the most effective ways to
reduce the environmental impact of industry. In this context, manufacturers are
encouraged to implement solutions that reduce the consumption of raw materials,
limit waste generation and reduce their negative impact on the environment.
Examples of actions in this area include:
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Optimisation of production processes - the use of more efficient technologies
that enable better use of raw materials, less energy and water consumption,
and a reduction in waste generated by production errors.

Use of easily recyclable materials - designing products from materials that can
be easily recycled and recovered, reducing waste that is difficult to manage.
Use of environmentally friendly technologies - for example, technologies that
reduce emissions, post-production waste, or the use of recycled raw materials
in production processes.

These measures not only reduce waste, but also contribute to more efficient
production processes, which benefits both the environment and businesses by
reducing production costs and the consumption of raw materials.

5.2. Changing consumption patterns

Changing consumption patterns is a key element of waste minimisation and
prevention. Consumers have a large role to play in waste reduction and their daily
purchasing decisions have a significant impact on waste production levels. Actions in
this area include:

Promoting zero waste - the zero-waste movement is a philosophy of living that
seeks to minimise waste by reducing consumption, reusing items, repairing
rather than throwing away, and choosing easily recyclable and reusable
products. Educating consumers about this philosophy and implementing it in
everyday life contributes to reducing waste and promotes more responsible
attitudes.

Changing shopping habits - reducing the purchase of disposable products,
preferring durable, reusable products and those with minimal packaging or
packaged in eco-friendly materials. Consumers are also advised to
consciously choose products that have less plastic packaging or that
packaging is made of recyclable materials.

Supporting local producers and products - choosing local products that
generate a smaller carbon footprint associated with transport and help to
reduce the waste and waste production associated with importing goods from
distant regions.

By changing the way we consume, society can have a significant impact on
reducing waste, changing attitudes towards owning things and taking care of
their longevity.
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5.3. Promoting environmentally friendly technologies

Modern technologies are key to reducing waste and its impact on the environment.
Modern waste management relies on technologies that enable waste to be minimised
at the production stage and facilitate its recovery at the end of the product life cycle.
Examples of such technologies include:

= Materials recycling - technologies that allow valuable materials such as
metals, plastics, paper, glass to be efficiently recovered from waste.
Innovative recycling technologies can significantly increase the amount of
materials that can be reused in manufacturing instead of ending up in landfills.

= Composting and biodegradation - technologies that enable organic waste,
such as food scraps or plant waste, to be efficiently converted into organic
fertiliser or biogas. Such solutions help to reduce the amount of organic waste
going to landfill while turning it into a valuable resource.

» Manufacturing with biodegradable materials - the development of materials
that are biodegradable, reducing the amount of sustainable waste produced
by industry and consumers.

These technological innovations, supported by appropriate public policy and
investment in research and development, contribute to a significant reduction in
waste and its negative impact on the environment.

6. The circular economy

The principle of minimisation and prevention in sustainable economies is closely
linked to the idea of a circular economy. In this model, waste is treated as raw
materials that can be reused in production, and the life cycle of products itself is
designed to reduce resource consumption and waste production. The key elements
of a circular economy are:
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= Designing products for later use - producing products that can be easily
recycled, repaired or reused.

» Repairing instead of throwing away - promoting the repair of products,
especially electronics or clothing, instead of throwing them away and
replacing them with new ones.

» Increasing resource efficiency - reducing the use of primary raw
materials and minimising waste by reusing them in different sectors of the
economy.

6.1. Promoting environmentally friendly technologies

Modern waste management is not just about introducing technology and
regulation. Educating the public about waste minimisation and prevention is also a
key element. By raising awareness of the impact of consumption on the environment
and promoting pro-environmental attitudes, it is possible to involve citizens in the
process of reducing waste production, recycling and saving resources. Educational
campaigns, information programmes and courses and workshops can help promote
the idea of responsible consumption and conscious waste management. The
principle of minimisation and prevention is a key element of modern waste
management, which places a premium on sustainability and responsibility for both
producers and consumers. By implementing environmentally friendly technologies,
changing consumption patterns, promoting zero waste and developing a circular
economy, it is possible to significantly reduce the amount of waste and thus minimise
the negative impact on the environment. The issue of waste management is one of
the biggest challenges of today's world, which is becoming more pressing due to
increasing waste production and changing environmental regulations and
requirements. Here are some of the key challenges related to this topic:

Increasing waste - As the population grows and consumption increases, the
waste generated becomes more diverse and difficult to process. Technological
change, urbanisation and lifestyle changes are leading to an increase in waste,
especially plastic and electronic waste. Increasing waste is one of the key challenges
of the modern world. With a growing population, intensification of consumption and
industrial development, the waste generated by societies is becoming more diverse
and more difficult to manage. There are many factors that contribute to this problem,
each of which requires special attention in the context of the future of waste
management.
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6.2. Population and consumption growth

According to projections, the world's population is expected to exceed 9 billion in
2050. A larger population brings with it a higher demand for everyday products,
leading to an increase in the amount of waste generated. Societies are becoming
more consumerist - more people are buying new products and replacing them with
newer models, which generates more waste. Especially in developed countries,
where living standards are high, consumers often throw away products that could still
be useful, just because newer versions have appeared.

6.2.1. Lifestyle changes and habits

As lifestyles change, so do production and consumption patterns. Eating
ready-made meals and using disposable products, such as plastic bottles,
packaging, cutlery and straws, are becoming increasingly popular. The increased
popularity of online shopping is contributing to more packaging waste, including
cardboard boxes, bubble wrap, and plastic. In addition, the rapid growth of the
clothing and electronics industries leads to the production of a large amount of textile
and electronic waste, which is often not recycled properly.

Urbanisation and urban growth - Urban transformation, especially in
developing countries, is leading to a rapid increase in the urban population and thus
an increase in the amount of waste generated. In cities, where the concentration of
human activity is greatest, waste is often not properly separated and treated. In
addition, the intensification of housing and infrastructure construction increases the
amount of construction waste, which poses a major challenge for its disposal. In
addition, urbanisation is creating a problem with space to store waste, leading to the
need to transport it long distances.

6.2.2. Technological change and electronic waste

Developments in technology are contributing to a rapid increase in electronic
waste (e-waste). We increasingly use modern electronic devices such as
smartphones, computers, televisions, household appliances or medical devices.
Technological advances mean that electronic products quickly become obsolete, and
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replacing them with new models generates a huge amount of waste. The problem
with e-waste is that it contains heavy metals, toxic substances and materials that are
difficult to recycle, making proper disposal expensive and requiring specialised
technologies.

Plastic, due to its ubiquity, is one of the main culprits in terms of increasing
waste. It is lightweight, durable and cheap to produce, making it widely used in the
packaging, food, medical and many other industries. However, plastic is also one of
the most problematic materials in terms of recycling. Many plastic products are not
recyclable and some plastic, especially single-use plastic, ends up in the
environment, polluting oceans, soils and ecosystems. Plastic waste poses a serious
threat to biodiversity and public health.

Over time, waste has become more and more diverse, with an increasingly
complex chemical and physical composition. Not only organic waste is produced, but
also waste containing a variety of materials such as metals, plastics, glass, textiles,
chemicals or hazardous waste. This diversity makes the process of segregation,
recycling and treatment difficult, as each category of waste requires an individual
approach and the use of appropriate technologies. The increase in waste, caused
mainly by population growth, lifestyle changes, technology and urbanisation, is one of
the key challenges for today's economy and environment. In order to tackle these
problems, it is necessary to implement effective waste management systems,
improve environmental education and take an innovative approach to recycling,
especially in the context of plastic and electronic waste that is difficult to recycle.

7. The circular economy

Although recycling has become more common, not all waste is recyclable. The
low efficiency of recycling processes in many parts of the world and the variety of
materials that need to be separated to be reused also present a challenge. Recycling
and resource recovery is a key part of sustainable waste management, which aims to
reduce the environmental impact of waste and reduce the exploitation of natural
resources. Although recycling is becoming more common, there are still many
challenges associated with the process. Despite advances in the field, many wastes
are not recyclable, and recycling processes are not always efficient enough,
especially in developing countries.
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Waste that is difficult to recycle

One of the main challenges of recycling is that not all waste is recyclable.
Many materials are difficult to separate or contain substances that prevent them from
being processed further. An example is mixed waste, which contains a variety of
materials such as plastic, metal, paper or glass, as well as food scraps that are
difficult to separate in the recycling process. Another problem is the presence of
hazardous substances, such as paints, chemicals or batteries, which can
contaminate raw materials and prevent them from being recovered. In this case, this
waste is sent to specialised disposal facilities, which increases the cost of the whole
process.

Low efficiency of recycling processes

Although recycling processes have been greatly improved in recent years,
there are still major difficulties in their efficiency, particularly in developed and
developing countries. In many places, there is a lack of advanced technology to
process waste efficiently and cheaply, as well as adequate waste segregation
systems at the household level. In developed countries, despite extensive
segregation systems, some waste ends up in mixed bins, making it difficult to recover
valuable raw materials. In developing countries, the problem is limited financial
resources, which hinder the implementation of modern recycling technologies.

Problems associated with waste separation

In order for waste to be recycled, it must be properly segregated. It is
extremely difficult to segregate waste effectively and efficiently in households,
businesses or at the local government level. Many people do not know how to
segregate waste properly and, because of the lack of appropriate educational
campaigns or tools (e.g. access to segregated waste bins), recycling systems are not
fully functioning. In addition, the variety of materials from which waste is produced
means that it requires an advanced selection and treatment process, and many of
these materials are difficult to process (e.g. certain types of plastics that are difficult
to separate).

Lack of demand for recycled raw materials

Although recycling is theoretically very beneficial for the environment, in
practice it faces obstacles related to the demand for recycled raw materials. In many
industries, such as automotive, construction or textiles, secondary raw materials are
often perceived as less valuable than primary raw materials. This may be due to the
lower quality of recycled materials or the lack of appropriate industry standards that
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require the use of new materials. As a result, companies often prefer to use natural
raw materials, which reduces the profitability of recycling. In addition, the lack of
global regulation and support systems for recycling may discourage investment in
recycling technologies.

High recycling costs

Recycling is a costly process, both in terms of money and energy. The costs
associated with transporting, separating, processing and storing waste can be high,
especially when there is no adequate infrastructure to handle it. In developing
countries, where there is a lack of investment in waste management systems,
recycling becomes uneconomic. In addition, because of low prices for secondary raw
materials, investments in recycling may not yield the expected returns, discouraging
further development of the industry.

The complexity of recycling materials

Today's products are increasingly complex in terms of the materials they are
made of. Examples include modern electronic devices such as mobile phones,
computers, televisions and white goods. They contain a variety of materials such as
metals, plastics, glass, as well as microchips and other specialised components that
are difficult to recover and recycle. In addition, these products often contain
hazardous substances such as mercury, cadmium or lead, which require specialised
treatment. All this makes the recovery of valuable raw materials from electronic
waste a complex and costly task.

Innovative technologies in recycling

Despite the challenges, recycling technology is constantly evolving, and new
innovations can help improve the efficiency of resource recovery. Examples include
cutting-edge waste sorting technologies, such as robots using artificial intelligence to
recognise and select materials, or advanced chemical processes that recover
valuable raw materials from difficult waste, such as metals from batteries or plastic
from multi-material products. The development of such technologies could
significantly increase the efficiency of recycling in the future, although this involves
high investment costs and requires extensive international cooperation.

Recycling and resource recovery are key to sustainability but face numerous
challenges. Diverse and difficult-to-process waste, low process efficiency, lack of
segregation education, high costs and low demand for secondary raw materials are
the main barriers to the process. To improve the efficiency of recycling, it is
necessary to implement new technologies, develop infrastructure, increase public
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awareness of environmental issues and political support to encourage industry to use
recycled materials.

71. Plastic waste

Plastic, although very useful, is one of the most problematic wastes. It is difficult
to recycle efficiently and takes a long time to decompose in the environment, leading
to its accumulation in the oceans and other ecosystems. Plastic waste is one of the
most serious problems in modern waste management, even though plastic itself is an
extremely versatile, cheap and functional material. The extensive use of plastic in the
food, packaging, medical, automotive and many other industries has meant that its
production and consumption has risen to previously unattainable levels.
Unfortunately, despite these advantages, plastic is also one of the most problematic
materials in terms of waste management, posing a serious environmental challenge.

Difficulties in recycling plastic

Although plastic is a material that can theoretically be recycled, the process is
difficult and inefficient. The problem is the wide variety of plastic types, each requiring
a different processing technology. PET plastic bottles, food packaging, films, bags,
as well as plastic multi-material products (e.g. disposable cups, cardboard packaging
with a plastic finish) - each of these types of plastic must be separated and
processed in a special way. In practice, many types of plastic end up in mixed waste,
making it impossible to recycle them effectively.

The plastic that is recovered is often of lower quality than the original raw material, so
that its reuse is limited to less demanding applications. Some plastic materials, such
as so-called ‘plastic films’ or waste from multi-material products, are extremely
difficult to recycle and are not economically recoverable. As a result, despite growing
efforts to recycle plastic, a significant proportion of plastic waste ends up in landfills
or is incinerated.

The long time it takes for plastic to break down in the environment

Although plastic is an extremely durable material that is resistant to many
external factors, it also has a very long decomposition time in the environment.
Depending on the type of plastic, it can take up to hundreds of years to decompose.
For this reason, plastic waste remains in ecosystems for a long time, polluting the
environment, soils and water. Not only does plastic decompose slowly, but the
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process also breaks down into smaller and smaller particles - microplastic particles
that can be difficult to detect and remove from ecosystems.

This phenomenon is particularly dangerous in the oceans, where plastic waste poses
a huge threat to marine organisms. Marine animals often mistake plastic for food,
leading to ingestion and tragic consequences such as blockage of the digestive
system, organ damage or even death. The microplastics that result from the
decomposition of larger wastes enter the food chain, posing a threat not only to
marine animals, but also to humans who consume marine products.

Plastic in the oceans and other ecosystems

One of the most serious problems associated with plastic waste is its
accumulation in the oceans. It is estimated that around 8 million tonnes of plastic
enter the oceans every year, leading to the formation of huge 'plastic islands' - a
phenomenon in which plastic waste collects in one place, forming massive clusters
on the surface of the water. The most famous is the Great Pacific Garbage Island,
which can be larger than the surface area of many countries. Over time, plastic waste
makes its way into the deeper layers of the ocean, where it becomes difficult to
remove.

Plastic waste in the oceans not only has a negative impact on marine animals, but
also on the health of marine ecosystems. Chemicals that are part of plastics (such as
bisphenol A or phthalates) can seep into marine waters, causing pollution and
disrupting the biological balance. Plastics also contain toxic pollutants that can bind
to plastic microparticles and travel through aquatic ecosystems, affecting the health
of fish and other organisms.

Impact on animals and biodiversity

Plastic, especially in the form of small pieces, poses a serious threat to
biodiversity. Marine animals such as turtles, fish, seabirds and marine mammals
often mistake plastic for food. For example, sea turtles may eat plastic bags,
mistaking them for jellyfish, which are their natural food. Eating plastic can lead to
blockage of the digestive system, organ damage and, in extreme cases, death of the
animal.

Plastic found in the environment can also pose a threat to plants, as it contaminates
soil and water and can affect the decomposition processes of organic debris in the
soil. As a result, the balance of terrestrial and aquatic ecosystems is disrupted, and
biodiversity is threatened.

Microplastic - invisible but dangerous
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Microplastic is a term that refers to plastic particles smaller than 5 mm in size that
result from the breakdown of larger plastic waste or are produced artificially (e.g. in
cosmetics, toothpaste, clothing). Microplastics are particularly difficult to remove from
ecosystems because they are invisible to the human eye and can spread over vast
distances. It ends up in groundwater, rivers, lakes, oceans and in the atmosphere,
posing a serious threat to human and animal health. Microplastics can enter the food
chain, meaning that they can be consumed by marine organisms and then by
consumers (including humans) in the form of fish or seafood. The uptake of
microplastic by organisms can lead to health problems such as tissue damage,
endocrine disruption and can also affect the immune system.

Solutions and perspectives

In order to effectively combat the problem of plastic waste, comprehensive solutions
need to be implemented at global, national and local levels. Key actions include:

= Reducing the production of single-use plastics and replacing them with
biodegradable or reusable materials.
= Increasing the efficiency of plastic recycling, especially regarding separate
collection and processing of difficult-to-recycle materials.
= Public education on the responsible use of plastic and its proper disposal.
= Introduce stricter regulations, such as bans on plastic bags or packaging, and
mandatory recycling schemes in developed and developing countries.
* Increasing investment in research into alternatives to plastic, such as
biodegradable materials or technologies to better recycle plastic.
Plastic waste poses a huge environmental challenge, especially in terms of recycling,
long-term decomposition in ecosystems and the threats it poses to biodiversity and
human health. Although plastic has innumerable functional benefits, its negative
environmental impacts are becoming increasingly apparent. Comprehensive action
on many levels - from reducing the production of single-use plastics to improving
recycling technology and introducing appropriate regulations - is needed to address
this problem.

7.1. e-Waste

Year after year, the production of electronic devices is increasing and
electronic waste (e-waste) contains hazardous substances such as heavy metals and
toxic chemicals. In addition, many people do not know how to dispose of old devices
properly, making it difficult to dispose of them properly.
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Managing electronic waste (e-waste) is becoming one of the biggest challenges in
modern waste management. As the production of electronic devices, such as
smartphones, computers, televisions, white goods, as well as industrial equipment,
increases, so does the amount of electronic waste that ends up in the environment.
E-waste poses a serious threat to human health and the environment, as it often
contains toxic substances that are difficult to dispose of. In addition, the improper
disposal of this waste, often linked to a lack of knowledge of the appropriate disposal
methods, creates additional problems. To effectively manage e-waste,
comprehensive solutions are needed both locally and globally.

Rapid development of technology and increasing e-waste

Over the past few decades, the number of electronic devices on the market
has increased dramatically due to the continuous development of technology.
Modern devices have a short life cycle, which means that they are often replaced by
new models. Nowadays, many people are replacing their electronic devices with
newer ones, which means that old TVs, computers, smartphones or household
appliances become waste that needs to be recycled properly.

Forecasts indicate that the production of e-waste globally will only increase. In 2021,
approximately 53.6 million tonnes of e-waste were generated globally, and by 2030, it
is predicted that this could increase by 21% to 74.7 million tonnes. This rapid
production of e-waste comes with the growing problem of how to properly treat and
recycle it.

Hazardous substances contained in e-waste

E-waste is particularly dangerous because it often contains toxic substances
that can endanger human and animal health. Among the most dangerous are heavy
metals such as lead, mercury, cadmium, arsenic or chromium, which can leach into
the soil and groundwater, contaminating the environment. Mercury, present in some
monitors, LCD displays and electronic devices, can cause damage to the nervous
system and other serious health problems.

In addition, some chemicals used in the manufacture of electronic devices, such as
phthalates (in plastic parts), polychlorinated biphenyls (PCBs) (in old transformers)
and halides (in wires and circuit boards), are also toxic and can cause serious health
problems, including liver damage, nerve damage or endocrine disruption. Improper e-
waste management leads to the release of these hazardous substances into the
environment, posing risks to human and animal health.

Difficulties in recycling e-waste
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E-waste, although containing valuable raw materials such as precious metals
(gold, silver, palladium) and other metals, is difficult to recycle efficiently. Electronic
devices often consist of a variety of materials, such as metals, plastics, glass, as well
as chemicals, which need to be separated and processed through appropriate
processes. This requires advanced technology and specialised equipment, which is
not available everywhere. In many developing countries, the lack of appropriate
treatment technologies and infrastructure to collect e-waste leads to its inappropriate
disposal - such as incineration or landfilling.

In addition, e-waste recycling processes are costly, and their profitability depends
largely on the price of secondary raw materials. For small quantities of e-waste,
processing may not be cost-effective, leading to a problem with effective disposal.
Also, due to the difficulty in separating materials, the recycling process for e-waste
can sometimes be less efficient than recycling other types of waste, such as plastic
or paper.

Lack of knowledge about proper disposal of e-waste

One of the most serious challenges with e-waste is the lack of proper public
education on how to dispose of it. Many people do not realise how dangerous e-
waste can be if not handled properly. Old electronic devices often end up in regular
rubbish bins, resulting in improper disposal in landfills, where they can take decades
to decompose, releasing hazardous substances into the environment. In many
cases, this waste is also improperly incinerated, releasing toxic gases and chemicals.

Lack of knowledge about the need to separate e-waste from other waste has become
one of the main reasons for the mismanagement of this waste. Easy access to
collection points is lacking in many places, and there are no systems in place to
incentivise the recycling of old devices. Although e-waste take-back schemes exist in
many developed countries, too few people still take advantage of such
arrangements.

Inadequate infrastructure for e-waste collection and recycling

In developed countries, despite existing e-waste collection and recycling systems,
the infrastructure is not always sufficiently developed to cope with the increasing
volumes of this waste. In many cases, especially in developing countries, the lack of
adequate collection points and the lack of processing infrastructure hinders the
effective and safe disposal of e-waste. In such countries, e-waste can often be
exported to other regions, where the waste is illegally processed under unsafe
conditions, e.g. by untrained workers in the informal sector.
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In addition, some e-waste, such as used batteries, fluorescent lamps, CRT TVs or
computer equipment, requires specialised treatment, which is not available in most
countries. Even in developed countries, where recycling infrastructure is more
developed, the lack of access to advanced technologies to efficiently and safely
recover materials from such waste can be a problem.

The role of legislation and international cooperation

To effectively manage e-waste, comprehensive legislation and international
cooperation are essential. Many countries are legislating for the collection, recycling
and safe treatment of e-waste, such as the EU Waste Electrical and Electronic
Equipment (WEEE) Directive, which requires producers to provide collection systems
for e-waste. However, effective e-waste management also requires cooperation at a
global level, as this waste knows no borders and the illegal export of e-waste to
developing countries poses a huge risk to human health and the environment.

Managing e-waste is a key challenge for environmental protection and public health.
The number of e-waste containing hazardous substances is increasing every year,
posing a threat to ecosystems and people. Improper disposal of e-waste, lack of
public knowledge on proper disposal of old devices, difficulties in recycling and
insufficient treatment infrastructure make the problem of e-waste increasingly urgent.
In order to effectively manage this waste, extensive action is needed at the
legislative, educational and infrastructural levels, both nationally and globally.

8. Collection and separation systems

Difficulties remain in implementing effective waste segregation systems in urban
and rural areas. Adequate public education needs to be provided, the availability of
segregation bins needs to be improved, and the effectiveness of separate collection
systems needs to be increased.

Challenges and the need for effective solutions

Urban and rural waste management presents many difficulties, one of the most
important challenges being the implementation and maintenance of effective waste
separation systems. Although separate collection systems have been promoted in
many countries for years, their effectiveness still leaves much to be desired. There
are still gaps in infrastructure, public education and in the organisation of the entire
waste separation processes. As a result, waste that could be reused or recycled

Strona 27 z 58

Projekt ,Dostosowanie ksztatcenia w Politechnice Swietokrzyskiej do potrzeb wspofczesnej

8 Politechnika Swigtokrzyska gospodarki”
Kielce University of Technology nr FERS.01.05-1P.08-0234/23



Fundusze Europejskie Rzeczpospolita Dofinansowane przez * ) *
dla Rozwoju Spotecznego - Polska Unie Europejska "

often ends up in landfills or furnaces instead of being processed in an
environmentally friendly way.

Segregation problems in urban and rural areas

In cities: In cities, where a large proportion of the population lives, implementing
effective segregation systems is particularly difficult. Despite existing solutions, such
as segregation bins, many people do not follow the rules, throwing waste into the
wrong bins. Problems associated with waste segregation in cities include:

= Lack of adequate infrastructure: In some cities, especially in older buildings,
there is a lack of proper segregation bins, making it difficult for residents to
segregate waste.

* Improper segregation by residents: Despite the available bins for different
types of waste, many residents do not follow the segregation rules, throwing
all waste into one bin. This may be due to lack of motivation, education or
simply ignorance of the environmental impact of proper segregation.

= Negligence in waste management: Some cities lack proper separate collection
systems and waste is not regularly collected from individual recycling bins.
This results in waste from different fractions being mixed and more difficult to
process further.

In the countryside: In rural areas with lower population densities, the
implementation of waste segregation systems faces other challenges:

= Low environmental awareness: In rural areas, where waste is not always
collected regularly, residents may be less aware of the benefits of segregation.
There is often a perception that waste can simply be incinerated or dumped on
the property.

= Lack of infrastructure for segregation: In many small towns and villages there
is a lack of adequate collection points for the different waste fractions. Waste
is often collected in one place and segregation is impractical.

= Costs of segregation: In the case of small municipalities or villages, the costs
of organising segregation systems can be too high and the on-premises
recycling infrastructure is not able to handle large volumes of waste.

Need for public education

Public education is a key element that can improve the effectiveness of waste
segregation. Many people do not know what waste can be separated, how to do it
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correctly and the benefits of separate collection. Therefore, it is necessary to
implement extensive educational activities at different levels:

= Schools and educational institutions: The introduction of educational
programmes on waste segregation in schools is an important step towards
making children and young people aware of the role of segregation in
environmental protection. Not only can children learn how to segregate waste
properly, but they can also convince their families to apply recycling principles.

= Public campaigns: Regular information campaigns, including posters, TV
spots, social media advertisements and radio programmes, can increase the
public's environmental awareness. Such campaigns can also inform people
about the negative consequences of inappropriate waste management, such
as environmental pollution and climate change.

= Information at local level: Educational activities should also include
municipalities and local governments, which should inform residents about the
available segregation systems and the rules regarding waste collection. Many
people still do not know that waste can be sent to special collection points
(e.g. for electro-waste or hazardous waste).

Availability of containers and infrastructure for segregation

The availability of adequate containers for segregated waste is one of the most
important elements of an effective collection system. There are still areas where
there is a lack of adequate infrastructure for waste segregation, especially in smaller
towns and rural areas. There are several areas that need improvement:

= More bins for segregation: There should be more public bins in towns and
rural areas for the different waste fractions: paper, plastic, glass, organic
waste and mixed waste. These bins need to be well labelled so that residents
know what waste can be put in them.

= Easier access to collection points: In addition to bins in public spaces,
residents should have easy access to collection points that allow them to drop
off certain waste such as used batteries, electronic equipment or hazardous
waste.

» Increased frequency of waste collection: One of the main reasons why people
do not separate waste is the irregular collection of waste from recycling bins.
In many places, mixed waste is collected more frequently than segregated
waste. Improving the frequency of collection of segregated waste can help
make the system more efficient.
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Several improvements are needed to make segregation systems effective:

*= Monitoring and control: Introduce a system to monitor the effectiveness of
segregation, including controlling the quality of waste segregated and verifying
its correctness. This will make it possible to identify problems and adapt the
system to real needs.

= Penalties for improper segregation: The introduction of a system of penalties
or fees for improper waste segregation can provide additional motivation for
residents to comply with separate collection.

= Financial motivation: The use of a deposit reimbursement system for waste
that is recycled can contribute to greater resident involvement. For example,
the introduction of a deposit for glass or plastic packaging, which is then
returned after being handed in to the relevant collection points, can increase
the amount of waste segregated.

Waste collection and segregation systems are a key element in combating the
problem of environmental pollution and reducing landfill waste. Implementing
effective segregation systems requires both improved infrastructure and widespread
public education and the adaptation of policies at local and national levels. The joint
work of governments, NGOs, companies and citizens is key to building an effective
recycling system to minimise the impact of waste on the environment and human
health.

9. Organic waste

Organic waste, i.e. waste of plant and animal origin, accounts for a significant
proportion of the waste generated worldwide, particularly in industries such as
agriculture, the food industry and households. Although this waste is often seen as a
problem, it also has great potential for use, especially in the context of energy
generation and its conversion into organic fertilisers. Effective management of
organic waste is therefore a key element of sustainable development, and its proper
segregation and treatment can help to significantly reduce negative environmental
impacts.

Generation of organic waste - Scale of the problem

Generation of organic waste is particularly intensive in the agricultural and
food industry sectors. In agriculture, organic waste includes plant residues, manure,
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crop or animal husbandry waste, which represent a large percentage of the total
waste production in many countries. In addition, the food industry generates huge
amounts of waste in the form of rejects, peel, shells, grounds or other by-products
from the food production process.

In the European Union alone, approximately 88 million tonnes of organic waste was
generated in 2018, a large part of which was waste from agriculture and the food
industry. This waste is expected to increase as the population grows and food
production increases. It is therefore important to make the management of this waste
a priority, especially in the context of environmental protection, reduction of
greenhouse gas emissions and recycling.

Difficulties in segregating and treating

Segregation of organic waste still faces many difficulties, especially in urban
and rural areas, where waste is often mixed with other types of waste such as plastic,
metal or glass. Modern waste management systems in many places do not include
effective systems for separating organic waste, resulting in it being treated together
with mixed waste. To improve the situation, it is necessary to introduce better
collection systems for organic waste and to convince the public to separate it

properly.

In cities and rural areas, bins for organic waste must be widely available and easily
identifiable by residents. However, organic waste is still treated as ordinary mixed
waste in many regions, which reduces its chances of being processed later.
Therefore, in addition to appropriate bins, extensive public education is needed to
raise awareness of the need to separate organic waste.

Processing organic waste

Processing organic waste can be difficult if there is no adequate infrastructure
to handle it. Although many cities and households have implemented composting
programmes, not all organic waste is easy to process. Organic waste from the food
industry, especially those that contain high levels of fats or chemicals, can be more
difficult to compost. Additionally, the right technologies are not always available to
efficiently convert organic waste into biogas.

Biogas - An alternative energy source

One of the most significant uses of organic waste is its conversion into biogas.
Biogas is produced by the anaerobic digestion of organic waste, such as plant
residues, food waste, as well as manure and other agricultural waste. During this
process, methane is produced, which can be used as an alternative energy source,
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e.g. to produce electricity, heat or as a fuel for transport. Biogas is a valuable
alternative to traditional energy sources, such as coal, natural gas and oil, because
its production relies on organic waste that might otherwise be mixed with other waste
and end up in a landfill. In addition, biogas can help reduce greenhouse gas
emissions, as its use reduces the need to use fossil fuels and also prevents methane
emissions that are produced when organic waste is landfilled.

9.1. Environmental and economic benefits of using organic waste

Organic waste that is landfilled releases methane, which is a potent
greenhouse gas. The process of composting or biogas production in appropriate
facilities allows this process to be controlled and reduces methane emissions into the
atmosphere. As a result, the negative impact on climate change is reduced.

When organic waste is processed through the composting process, it produces
valuable organic fertilizer that can be used in agriculture. Compost is rich in nutrients
that improve the quality of soil, its structure and its ability to retain water, which is
especially important in an era of climate change, where droughts are becoming more
frequent. Using compost instead of artificial chemical fertilizers reduces the
environmental burden of chemicals and supports biodiversity.

Increasing energy efficiency

Biogas is also an energy source that can be used on farms, in the food
industry, as well as in cities. Biogas generation can help reduce dependence on
traditional energy sources, such as coal and natural gas. With biogas, it is possible to
extract energy from waste that would otherwise be lost.

Organic waste represents a challenge, but also a huge opportunity to improve the
efficiency of waste management and environmental protection. With proper
segregation systems, composting and the use of technologies such as biogas
production, organic waste can be converted into valuable raw materials such as
biogas, organic fertilizer or heat. It is crucial to continue to invest in infrastructure and
technologies for efficient processing of organic waste, as well as public education to
convince citizens to segregate this waste.
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10. The challenges

Although technology continues to develop, many regions lack advanced methods of
waste disposal and treatment, resulting in landfilling or uncontrolled incineration,
which negatively affects the environment. Technology in waste management is a key
element in the quest for sustainability, efficient recycling and minimizing the
environmental impact of waste. However, despite advances in technology, many
regions of the world, both developed and developing, still lack advanced methods of
waste disposal and treatment. As a result, waste is often dumped in landfills or
incinerated uncontrolled, leading to serious risks to human health and the
environment.

Landfilling of waste in landfills

Landfilling is still one of the most common methods of waste disposal around the
world. Although many countries have introduced recycling regulations, mixed waste
(e.g., kitchen waste, industrial waste) still ends up in landfills. In places where
modern technology is lacking, waste may not be properly sorted, and its
decomposition results in the emission of methane, a greenhouse gas with a strong
impact on climate change.

Unfortunately, many regions lack both the infrastructure to process waste and the
appropriate technologies to effectively segregate and utilize it. As a result, waste
ends up in landfills, where it is not subjected to any recovery processes.

Uncontrolled waste incineration

The lack of appropriate waste treatment technologies often leads to illegal or
uncontrolled garbage incineration. Burning waste, especially those containing
plastics and chemical materials, generates huge amounts of air pollutants such as
dioxins, furans and other toxic substances. This, in turn, poses a serious threat to
people's health, especially in areas where there are no proper filters or exhaust gas
treatment technologies. lllegal waste incineration is particularly prevalent in countries
that do not have sufficient resources to invest in modern waste treatment facilities.

10.1. Environmental and economic benefits of using organic waste

Mechanical recycling is one of the most widely used technologies in waste
processing. It involves mechanical processing of materials such as paper, glass,
metal, or plastic to recover recyclable materials. Unfortunately, many regions lack
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adequate technology lines that enable efficient sorting and recycling, especially for
more complex materials, such as multi-material waste (combined packaging).

The lack of sorting technologies at the local level, as well as the low level of
automation of recycling processes, mean that waste is not used to its full potential,
leading to a waste of resources. Technological gaps in segregation and recycling can
also lead to waste contamination, resulting in less value for further processing.

Advanced technologies for processing organic waste

Organic waste that can be converted to biogas or compost also requires
appropriate technologies. Anaerobic digestion and composting are the two most used
technologies for processing organic waste. These processes can be automated, but
many regions lack modern facilities to process organic waste efficiently and in an
environmentally friendly manner.

The production of biogas from organic waste is a particularly promising technology,
as it allows the generation of energy from waste, reducing dependence on fossil
fuels. However, the process requires appropriate biogas digestion and purification
facilities, which are lacking in many countries.

Technologies for processing electronic waste (e-waste)

The number of e-waste, which contains harmful chemicals such as heavy
metals, is increasing every year. Although there are advanced technologies for
processing e-waste (e.g., recovering precious metals or recycling printed circuit
boards), many countries, especially developing ones, do not have sufficient
infrastructure to properly recover these materials. E-waste is often improperly
disposed of, leading to environmental contamination, especially in regions where the
waste is incinerated or landfilled.

Lack of infrastructure and investment in new technologies

In addition to a lack of access to advanced technologies, many regions struggle with
insufficient infrastructure for waste collection and treatment. This is particularly true in
low- or middle-income countries, where the infrastructure for waste disposal is
outdated and funds for investment in new technologies are limited. In such regions,
the lack of public education about the importance of recycling and waste treatment is
also a problem, further hindering the implementation of effective solutions.
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10.2. Challenges of implementing new technologies

The implementation of modern waste treatment technologies is associated
with high investment costs. In developing countries or areas with limited financial
resources, these costs can be an insurmountable barrier. In addition, access to
technology can be hampered by patents, licenses and other legal barriers.

Some modern waste treatment technologies are highly energy-intensive and require
complex infrastructure. For example, waste incineration processes in high-
temperature furnaces or advanced waste gasification technologies require large
amounts of energy and specialized equipment that is not available in every region.

In the context of the growing waste problem, especially in developing countries, it is
important to invest in the development of new technologies that are accessible and
economically viable. The focus should be on developing low-cost technologies that
can be more easily implemented on a large scale. In addition, promoting innovative
waste treatment methods (e.g., technologies for converting organic waste to biogas,
chemical recycling of plastics, or recovering valuable metals from e-waste) can
significantly improve the efficiency of waste management.

The lack of appropriate technologies for waste disposal and processing is a
significant challenge in the struggle for better waste management and environmental
protection. In many regions, there is a lack of modern processing methods, leading to
landfilling or uncontrolled incineration of waste, which has harmful effects on human
health and the environment. It is crucial to invest in the development of technologies
and infrastructure that will enable more efficient and environmentally friendly waste
processing, especially in developing countries. The development and implementation
of new and innovative solutions in this field are of great importance for the
sustainable development of our planet.

11. Policy and regulations

Although regulations are being introduced in many countries to improve waste
management, differences in approach at the international and national levels make it
difficult to achieve global targets for reducing waste and greenhouse gas emissions.
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In today's world, waste management has become one of the most essential elements
of environmental policy. Increasing waste, climate change and growing demand for
natural resources have forced many countries to develop and implement appropriate
waste management regulations. While legislation has been developed in many
countries to improve the efficiency of waste collection, segregation, treatment and
disposal, there are still significant differences in approach at the international and
national levels. These differences make it difficult to achieve global goals of reducing
waste, reducing greenhouse gas emissions and improving environmental quality.

Each country develops its own waste management laws, leading to wide variations in
international approaches to the subject. Developed countries such as Germany,
Switzerland and Japan have implemented advanced waste management systems
that include segregation, recycling and energy recovery from waste. In addition,
these countries implement strict regulations on landfilling and incineration, resulting
in much higher recycling rates and lower greenhouse gas emissions.

However, many other countries, especially developing ones, still lack adequate
regulations and effective waste management systems. In such regions, waste often
ends up in landfills where it is not properly segregated, and uncontrolled waste
incineration is a serious problem. In addition, in many countries there is no adequate
infrastructure for recycling and waste treatment, and waste disposal processes are
carried out in an ill-considered and often environmentally harmful manner.

11.1. Global challenges of lack of uniform regulation

While there are many international initiatives to improve waste management, such as
the UN's Agenda 2030 and the Paris Agreement, there is still a lack of globally
uniform waste policies. Many countries have different standards for recycling,
landfilling and greenhouse gas emissions, making it difficult to achieve consistent
targets globally. These differences may be due to different levels of economic
development, access to technology and socioeconomic conditions.

In addition, international waste transport regulations, including the illegal waste trade,
are also inconsistent, with the result that waste from developed countries can be
shipped to developing countries where it is not properly treated, and is often simply
landfilled or incinerated.

One area where differences in policies are particularly apparent is the issue of e-

waste and plastic waste. Many developed countries have enacted strict e-waste

regulations that require recovery, repair and recycling. However, many developing
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countries lack adequate regulations, and this waste is often treated as mixed waste
and not subjected to any recovery process. In addition, e-waste trade between
developed and developing countries is still a major problem.

As for plastic waste, although some countries are implementing bans on single-use
plastic, many countries do not have sufficient regulations or technology to effectively
reduce plastic waste. The international organization UNEP (United Nations
Environment Program) is leading efforts to reduce plastic use, but the lack of a global
ban or uniform regulation leaves countries to make decisions at the national level,
leading to mixed results.

Differences in enforcement:

=  Poor enforcement in some countries:
Although waste management laws are increasingly being implemented in many
countries, enforcement is becoming a problem. In developing countries, there are
inadequate resources and controls to effectively monitor the processes involved in
separating, recycling or disposing of waste. As a result, waste often ends up in
landfills where it is not properly treated, and its decomposition leads to groundwater
and air pollution.

In addition, in many countries there are insufficient sanctions for illegal waste
incineration, resulting in mass open-air burning. In such cases, enforcement is key to
reducing the impact on human health.

= Insufficient financial and technological support:
Developing countries, where waste management problems are particularly acute,
lack adequate funding for the development of waste infrastructure and recycling
technologies. In addition, these countries do not always have the resources to
implement modern technological solutions to effectively segregate and process
waste. In such regions, financial and technological support from developed countries
or international organizations is essential to implement effective waste management
systems.

12. Summary

Need for global cooperation and regulatory harmonization. To effectively manage
waste on a global level, there is a need for regulatory harmonization and better
cooperation between countries. There is a need to develop international standards
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for waste segregation, recycling and disposal, to be implemented at the national
level, but considering local conditions. International organizations such as the UN,
the EU, the OECD and the World Bank can play a key role in coordinating efforts for
sustainable waste management. In addition, it is important that developing countries
receive financial support and access to modern technologies that will allow them to
implement more efficient waste management systems.

Waste management policies and regulations are crucial to achieving waste reduction
and greenhouse gas emission targets. However, differing approaches to the subject
at the national and international levels continue to pose a major challenge. Greater
regulatory consistency, better enforcement and increased international cooperation
are needed to effectively tackle waste on a global scale. Joint efforts to develop
waste technology, share knowledge and support developing countries will be key to
achieving environmental goals.

Waste management is a topic that requires cooperation between governments,
companies and citizens. Innovative solutions, effective education and greater
environmental responsibility at every stage of the product life cycle are needed.
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13. Project title: e-waste management: Challenges,
recycling techniques and sustainable
approachesintroduction

Definition of e-waste

E-waste (e-waste, or e-waste for short) is waste from used or unused electronic and
electrical devices. E-waste includes a wide range of products that contain electronic
components, such as integrated circuits, batteries or metal parts. Typically, these are
devices that have reached the end of their useful life, are no longer usable, or have
been abandoned. E-waste is not limited to consumer electronics, but also includes
electronic equipment used in industry, offices or medicine.

Types of e-waste

E-waste can be divided into different categories depending on the type of device it
came from. The most common devices in the e-waste category are:

Televisions: Old televisions, including those CRT (cathode ray tube), as well as
modern LCD, LED or plasma televisions. These televisions contain not only valuable
metals, but also hazardous substances such as mercury in the displays;

Computers and accessories: Stationary computers, laptops, monitors, keyboards,
mice, as well as computer accessories such as printers and scanners. These devices
contain precious metals (e.g., gold, silver) and rare elements that can be recovered
through recycling;

Smartphones and tablets: Mobile devices that become waste at the end of their
useful life. Smartphones contain electronic components, such as lithium-ion batteries,
which pose a risk if not recycled properly;

Refrigerators, washing machines and other household appliances: Household
appliances, including refrigerators, washing machines, dishwashers, ovens and
vacuum cleaners, which can become large volume waste at the end of their use.
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Various metals can be recycled in these appliances, as well as materials such as
plastic and glass;

Printers, copiers, fax: Office equipment such as printers, copiers and fax machines.
They are commonly used in offices and organizations, and at the end of their life they
become waste, containing various materials, including toner and inks, which also
need to be recycled properly;

Batteries and rechargeable batteries: Batteries (including car batteries and lithium-
ion batteries) are a separate category of e-waste. They contain chemicals such as
lead, cadmium, mercury or lithium, which can pollute the environment if not disposed
of properly;

Medical devices: The increase in e-waste also applies to medical devices. Medical
computers, health monitoring devices, and diagnostic and therapeutic equipment are
often sources of valuable raw materials that need to be properly recycled;

Energy and lighting devices: Light sources such as fluorescent lamps and LED
bulbs also qualify as e-waste. They contain hazardous substances such as mercury,
which can pose health and environmental risks.

Scale of the problem

The scale of the e-waste problem is huge and growing. In 2019, about 53 million tons
of e-waste will be generated worldwide, an increase of 21% compared to 2014, when
the figure was 44 million tons. The increase in e-waste is directly related to the
rapidly changing electronics market and the increasing number of new devices being
introduced to the market. Technologies are becoming more advanced, but at the
same time they are becoming less durable, leading to a faster circulation of electronic
equipment.

UN statistics and forecasts: According to the United Nations Global E-Waste Monitor
2020 report, e-waste is growing by about 20% per year worldwide. In 2019, 53 million
tons of e-waste accounted for 7.3 kg per person worldwide.

The increase in e-waste over the past few years is largely due to:
- Faster replacement of electronic devices and their shorter lifespan.
- Population growth and urbanization, leading to greater demand for electronics.

- Increased production and sales of electronic devices, which are often manufactured
in developing countries and later find their way to developed markets.
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Future projections

According to forecasts, e-waste could rise to 74 million tons by 2030, posing a
huge recycling and waste management challenge.The above projections indicate the
need for urgent action on sustainable e-waste management, such as developing new
recycling technologies, improving collection infrastructure and educating the public.
The scale of the e-waste problem is global, with a growing trend in e-waste that
poses a serious threat to the environment, human health and natural resources.
Despite the fact that e-waste contains valuable raw materials (such as precious
metals, rare elements and non-ferrous metals), only about 20% of e-waste is properly
recycled. Therefore, effective management of this waste requires advanced
technologies, appropriate regulations and public awareness of its collection and
recycling.

Future projections

According to forecasts, e-waste could rise to 74 million tons by 2030, posing a
huge recycling and waste management challenge.The above projections indicate the
need for urgent action on sustainable e-waste management, such as developing new
recycling technologies, improving collection infrastructure and educating the public.
The scale of the e-waste problem is global, with a growing trend in e-waste that
poses a serious threat to the environment, human health and natural resources.
Despite the fact that e-waste contains valuable raw materials (such as precious
metals, rare elements and non-ferrous metals), only about 20% of e-waste is properly
recycled. Therefore, effective management of this waste requires advanced
technologies, appropriate regulations and public awareness of its collection and
recycling.

14. Advantages and risks of e-waste

E-waste is not only a problem, but also a potential source of valuable raw materials
that can be recovered and reused in the production of new electronic devices.
However, unprotected or improper management of this waste can lead to serious
risks to the environment and human health.

ADVANTAGES ASSOCIATED WITH E-WASTE:
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Recovery of valuable raw materials: Recycling e-waste is economically and
environmentally beneficial. Many valuable raw materials can be recovered from e-
waste devices, including precious metals and rare elements, which are essential
components of many technologies, and their extraction involves a heavy
environmental burden. For example:

v" Gold: Electronics, including computers, cell phones and smartphones, contain
small amounts of gold, which is used to make integrated circuits, connectors
and connections. On average, about 300 grams of gold can be recovered in 1
ton of e-waste, making gold recovery from e-waste much more cost-effective
than traditional mining;

v Silver: Silver is used in electronics mainly in the form of wires and cables,
which act as conductors in electronic devices. Through recycling, silver can be
recovered in large quantities;

v" Platinum and palladium: These precious metals are used in electronics to
make contacts and connectors. By recycling e-waste, about 15 percent of the
global platinum inventory can be recovered,

v' Copper: Copper is found in wires, cables and other electronics components,
representing one of the main sources of metals recovered from e-waste.

Benefits:
- Reducing the need for natural resource extraction;

- Reducing the cost of manufacturing new electronic devices by using recovered raw
materials;

- Reduction of negative environmental impacts associated with raw material
extraction, which often involves water and air pollution and damage to ecosystems.

Reducing the need to exploit new raw materials: Recycling e-waste helps reduce
dependence on natural resources that are becoming increasingly difficult to access.
Increased extraction of rare raw materials such as lithium, cobalt and tantalum is
driving up costs and negatively impacting the environment. In contrast, recovering
these raw materials from e-waste allows them to be reused, contributing to
sustainable development. In addition, this reduces the pressure on natural resources,
which in many cases are already threatened with extinction.

Reducing the volume of waste in landfills: Recycling e-waste allows it to be
reused, reducing the volume of this waste going to landfills. This reduces the burden
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on landfills, which have to deal with large volumes of waste, and reduces soil and
groundwater pollution. A well-organized e-waste recycling system can contribute to a
significant reduction in the waste that ends up in the environment.

E-WASTE HAZARDS:

Toxic and hazardous substances: E-waste contains substances that can pose
serious risks to human health and the environment. The most hazardous components
of e-waste include:

v' Lead: Found in CRT screens (old-style televisions), solder or capacitors. Lead

is a toxic substance that can cause damage to the nervous system, especially
in children, as well as kidney and liver damage.

Mercury: It is used in fluorescent lights and some types of displays. Mercury is
highly toxic and can cause damage to the nervous system, kidney damage,
and affect the immune system.

Cadmium: Contained in rechargeable batteries, batteries, and some types of
screens. Cadmium is a carcinogen and neurotoxic substance that can cause
damage to the respiratory and digestive systems.

Brominated compounds: Used in PCBs (printed circuit boards) and in some
electronic components as flame retardants. These substances are difficult to
break down and can cause serious soil and water pollution.

Challenges:

- Inhalation or contact with these substances can lead to poisoning, tissue
damage, and long-term diseases such as cancer, respiratory damage, and
neurological problems;

- Improper disposal of e-waste in landfills or illegal sites can lead to its
release into the environment, including soil and groundwater, with long-
term ecological consequences.

Environmental pollution: When e-waste is improperly handled, such as burned or
landfilled, the chemicals in it can seep into the soil, groundwater and air, causing
long-term contamination. Environmental pollution resulting from e-waste includes:

v" Groundwater contamination: Chemicals can seep into groundwater,

threatening water resources used for drinking and irrigating plants.
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v" Soil pollution: Heavy metals such as lead, cadmium, and mercury can
accumulate in the soil, leading to soil degradation and affecting plant and
animal health.

v Air pollution: The release of toxic gases (e.qg., dioxin, furan) during improper
processing of e-waste in processes such as burning can lead to air pollution
and serious health problems for humans and animals.

lllegal trade in e-waste: In many cases, e-waste ends up in developing countries,
where it is processed under unsafe conditions. In such places, there are inadequate
environmental regulations, and recovery processes may take place without adequate
safety measures, leading to:

v lllegal export of e-waste to countries with poor environmental protection.
v' Exposure of workers to toxic substances and lack of adequate health
protection procedures.

E-waste presents huge challenges, but also offers benefits, especially in terms of
recovering valuable raw materials. However, without proper management and
recycling, they can become a serious threat to human health and the environment. It
is therefore crucial to develop effective recycling strategies, appropriate regulations,
and raise awareness of the dangers of improperly handling this waste.

15. e-Waste management processes

E-waste management is a key component of environmental protection and
sustainable development. E-waste, which is waste electronic equipment, contains
both valuable raw materials and hazardous substances that require appropriate
treatment. E-waste management processes include segregation, processing and
disposal of hazardous substances, while recovering raw materials. | discuss the
various stages of this process in detail below.

Segregation of e-waste

The first step in effective e-waste management is segregation. This involves
separating waste into different categories so that it can be properly processed and
recycled. In general, e-waste can be divided into several main groups:

Devices containing precious metals:
This category includes devices that contain precious metals such as gold, silver,
platinum or palladium. These usually include electronic components such as
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motherboards, integrated circuits, memory cards and processors. Recovering these
metals is one of the main goals of e-waste recycling, as precious metals are
expensive and difficult to extract by traditional means.

Devices containing plastics:

Many electronic devices contain plastic components, such as cases, keyboards, and
cables. This waste can be mechanically recycled to recover material for reuse.
Plastics are particularly difficult to recycle, but their recovery reduces the use of
natural resources.

Hazardous materials:

E-waste also contains hazardous substances such as mercury, lead, cadmium,
brominated compounds or PCBs (polychlorinated biphenyls). These materials must
be carefully separated to avoid their release into the environment. There are special
methods for safe disposal and storage of these substances.

Rechargeable batteries and batteries:

Batteries and rechargeable batteries are often part of electronic devices such as
smartphones, laptops, and household appliances. Due to the presence of chemicals
such as acids, lithium and cadmium, batteries require specialized processing. They
must be separated and sent to appropriate recycling facilities.

15.1. e-Waste processing

After segregation, the next step is to process e-waste, which can be done by various
methods. The choice of the appropriate method depends on the type of waste and
the purpose of processing.

Mechanical recycling:

Mechanical recycling is one of the most common and effective ways to process e-
waste. It involves physically shredding and sorting materials to recover valuable raw
materials.

- Shredding: Electronic devices are first shredded into smaller pieces to separate
components made of different materials, such as metal, plastic, glass and ceramic.

Strona 45 z 58

Projekt ,Dostosowanie ksztatcenia w Politechnice Swietokrzyskiej do potrzeb wspofczesnej

8 Politechnika Swigtokrzyska gospodarki”
Kielce University of Technology nr FERS.01.05-1P.08-0234/23



Fundusze Europejskie Rzeczpospolita Dofinansowane przez * ) *
dla Rozwoju Spotecznego - Polska Unie Europejska "

- Sorting: After shredding, materials are sorted using machines such as magnetic
separators to separate ferromagnetic metals (e.g., iron), and vibrating sorting
systems to separate other materials such as non-ferrous metals (copper, aluminum).

- Recovering metals and plastics: Recovered metals, such as copper, aluminum and
iron, are used to create new materials that can be used in the manufacture of new
electronic devices. Plastic, on the other hand, is cleaned and prepared for reuse.

Chemical recycling:

Chemical recycling is a more advanced method, used mainly to recover valuable
precious metals and other hard-to-recover substances. This process uses chemical
reactions to separate metals from other electronic components.

- Recovery of precious metals: For equipment containing precious metals (e.g., gold,
silver, platinum), chemical extraction methods such as electrolytic processes or the
use of solvents are used to separate the metals from the rest of the materials. These
processes are effective, but require great precision and control to avoid
environmental contamination.

Disposal of hazardous substances:

Hazardous substances such as mercury, lead, cadmium and brominated compounds
must be handled with extreme care. Special technologies exist for their disposal and
storage.

- Mercury disposal: Mercury, which is found in some fluorescent lamps, LCD panels
or batteries, is one of the most dangerous materials in e-waste. Processes such as
chemical neutralization of mercury or its collection with special adsorbents allow for
the safe removal of this element.

- Removal of other toxic substances: In the case of lead or cadmium, the waste is
subjected to appropriate chemical processes, such as neutralization or stabilization,
which prevents its release into the environment. These wastes are often stored in
special containers or destined for further processing.

Strona 46 z 58

: Projekt ,Dostosowanie ksztatcenia w Politechnice Swietokrzyskiej do potrzeb wspofczesnej
Politechnika Swietokrzyska gospodarki”
Kielce University of Technology nr FERS.01.05-1P.08-0234/23



Fundusze Europejskie Rzeczpospolita Dofinansowane przez * ) *
dla Rozwoju Spotecznego - Polska Unie Europejska "

16. Technological changes in e-waste recycling

New technologies in e-waste recycling enable more efficient, safer and less costly
processing of waste electronic equipment. Innovations in this area include:

v Decomposition of materials using artificial intelligence:
Artificial intelligence (Al) is finding applications in e-waste recycling, particularly in the
process of selecting and sorting materials. Thanks to advanced algorithms, Al-based
systems can accurately recognize different materials in e-waste and separate them for
appropriate recycling processes. Such solutions can significantly improve the efficiency
of recycling, reducing the time required for sorting and increasing the accuracy of the
process.

v" Using robots to select components:
The e-waste recycling industry is increasingly using robots to help accurately and
quickly separate electronic device components. Robots equipped with advanced
sensors and algorithms can recognize materials, separate components such as
processors, batteries, and cables, and then transfer them to the appropriate treatment
processes. These technologies allow for increased efficiency and reduced human error
in the selection process.

v' Sustainable recycling using nanotechnology:
Nanotechnology in e-waste recycling aims to improve the process of recovering raw
materials from electronic devices. Thanks to nanomaterials, it is possible to recover
precious metals like gold and platinum more efficiently from very small amounts of
materials. Nanotechnology also makes it possible to better select and purify materials
from toxic substances, leading to greener processing.

Managing e-waste requires complex processes that involve segregation, recycling and
disposal of hazardous substances. Modern technologies, such as Al, robotics and
nanotechnology, offer innovative solutions to process e-waste more efficiently and
safely. Proper e-waste management is crucial from both an environmental perspective
and the recovery of valuable raw materials, contributing to sustainable development.

17. e-Waste recycling: Benefits and Challenges
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Recycling e-waste is one of the key components of the circular economy, recovering
valuable raw materials, reducing the environmental impact of waste, and creating
new jobs. While e-waste recycling has many benefits, it also faces numerous
challenges that hinder its widespread implementation around the world. Below |
provide a detailed analysis of both the benefits and challenges of e-waste recycling.

Benefits associated with e-waste recycling:

Saving on natural resources:

v

E-waste contains valuable raw materials, such as precious metals (gold, silver,
platinum), non-ferrous metals (copper, aluminum), as well as materials that
can be reused, such as plastics, glass and ceramics. The process of recycling
these materials allows them to be recovered and reused, reducing the need
for natural resources.

The extraction of precious metals from e-waste is much less energy-intensive
and costly than extracting them from mines, and has less impact on the
environment. An example is the recovery of gold from computer
motherboards, which reduces the need to mine new deposits.

Reducing environmental pollution:

v

E-waste, if not properly treated, can contain toxic substances such as mercury,
lead, cadmium or brominated compounds. These substances can contaminate
soil, water and air, adversely affecting human and animal health.

E-waste recycling effectively removes and neutralizes these harmful
substances, preventing their release into the environment. Through
appropriate processes, such as chemical disposal of hazardous materials,
recycling helps protect ecosystems and public health.

Creating new jobs in the recycling industry:

v

The e-waste recycling industry is one of the sectors of the economy that
generates new jobs. From collection to sorting to processing and recovery of
valuable raw materials, each of these phases requires human labor.
Particularly in developed countries, where the recycling industry is growing,
new e-waste circuit companies are being established, and specialized
positions in engineering, technology, environmental protection and waste
management are being created. This can contribute to economic growth and
reduce unemployment in a region.

Challenges of e-waste recycling
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Low recycling rate:

- Although e-waste contains valuable materials, recycling is still not efficient
enough. Globally, only about 20% of e-waste is recycled properly, with the rest
ending up in landfills or illegally exported to developing countries.

- The main reasons for this low recycling rate are the lack of adequate collection
systems, difficulties associated with waste segregation, and low levels of
environmental awareness among consumers. In addition, electronic devices
are becoming increasingly complex, making them more difficult to process and
recover.

Lack of infrastructure:
- In many countries, especially in developing regions, there is a lack of
adequate collection and treatment systems for e-waste. These countries do
not have a well-developed network of collection points and lack facilities for
treating e-waste in an environmentally safe manner.
- This problem is particularly evident in African or Asian countries, where e-
waste often ends up in informal recycling sectors, where it is treated in unsafe
conditions, posing a risk to human health and the environment.

lllegal e-waste trade:

- Low efficiency in recycling and lack of adequate regulation lead to the growth
of the illegal e-waste trade. Many developed countries send their e-waste to
developing countries, where it is processed under illegal and unsafe
conditions.

- In countries such as Ghana, Niger, and India, workers in informal recycling
sectors are engaged in manual separation of e-waste, often without adequate
personal protective equipment. Such practices expose people to toxic
substances and also lead to environmental pollution through the improper
disposal of hazardous materials such as mercury and lead.

In addition, the illegal trade in e-waste increases pressure on waste management
systems in developed countries, which become responsible for waste generated by
other countries. The recycling of e-waste has numerous benefits, such as savings in
natural resources, reduced pollution and the creation of new jobs. However, despite
these benefits, there are a number of challenges that hinder the effective
management of e-waste. Low recycling rates, lack of infrastructure and illegal e-
waste trade are the main problems that need to be addressed at a global level.
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In order to improve the situation, investment in recycling infrastructure, the
introduction of more effective regulations for e-waste management and educational
activities to raise public awareness about the risks of improper e-waste treatment are
needed. Only through global action, both at the individual and institutional level, will it
be possible to effectively address the negative effects of e-waste.

18. Legislation and regulations on e-waste

E-waste management requires the application of appropriate laws and regulations
that ensure the effective collection, treatment, recycling and disposal of e-waste. In
an effort to combat the problem of e-waste, various standards and regulations have
been developed around the world to minimise the impact of this waste on the
environment and human health. Below | outline the key e-waste regulations at EU,
national and international level.

WEEE (Waste Electrical and Electronic Equipment) Directive

The WEEE (Waste Electrical and Electronic Equipment) Directive is one of the key
EU regulations that governs how e-waste is managed in European Union countries. It
was first introduced in 2003 and aims to improve the collection, treatment, recycling
and recovery of valuable raw materials from electrical and electronic equipment.

Basic principles of the WEEE Directive:

1) Collection of e-waste: Under the WEEE Directive, producers of
electrical and electronic equipment are required to provide collection
points for e-waste, both for consumers and businesses. E-waste should
be collected responsibly to ensure that it is properly treated afterwards.

2) Recycling and recovery: The Directive requires e-waste to be treated in
a way that allows for the recovery of as many secondary raw materials
as possible, such as precious metals, copper, aluminium, as well as
plastics and glass. It also sets minimum recycling levels that must be
achieved in individual EU countries.

3) Producer obligations: Manufacturers of electrical and electronic
equipment must ensure that their products are collected and recycled at
the end of their life cycle. They must therefore register their products
with the relevant national schemes and fund collection and treatment
systems.
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4) Consumer education: The WEEE Directive also places a strong
emphasis on consumer education to raise public awareness of e-waste
and promote its proper segregation and return to collection points.

5) Producer responsibility: The Directive introduces the principles of
producer responsibility for the entire life cycle of electrical and
electronic equipment, from manufacture to use to disposal. The
producer must take responsibility for his products, even after they have
been sold, by financing the collection and treatment processes.

The WEEE Directive has been updated several times, and the latest version,
Directive 2012/19/EU, introduces, among other things, increased recycling targets,
an extension of the scope of regulated appliances and a broader inclusion of
producers in the responsibility for e-waste.

National regulations:

Every country, including Poland, has legislation on e-waste management that
implements EU regulations but also responds to local e-waste challenges.

In Poland, e-waste management regulations stem primarily from the Waste Act,
which implements EU directives, including the WEEE Directive. Here are some of the
key national regulations:

1) Waste Act: According to this Act, electrical and electronic waste is treated as
special waste, which must be collected and treated in a manner consistent
with environmental protection requirements. In Poland, both businesses and
consumers are obliged to comply with the recycling and recovery of e-waste.

2) Producer Obligations: Producers of electrical and electronic equipment must
register their devices in the system, ensure proper labelling of products and
finance collection and recycling systems. In addition, they must also inform
consumers on how to dispose of the appliances at the end of their life cycle.

3) e-Waste collection points: Poland has a system of e-waste collection points
where consumers can return used electrical and electronic equipment.
Appropriate collection points and collection points in the municipal system or
points of sale of electronic equipment accept waste equipment and hand it
over for further processing.

4) Monitoring and enforcement: In Poland, relevant authorities, such as the
Inspectorate for Environmental Protection and other state services, are
involved in monitoring and enforcement of e-waste regulations. Professional
waste treatment companies must comply with certain environmental
requirements.
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Recycling and e-waste management are key to environmental protection and public
health. Legislation such as the WEEE Directive in the EU, national regulations and
international cooperation through the UN and other organisations provide the basis
for efforts to effectively manage e-waste. However, further investment in
infrastructure, education and technology development is required for effective
implementation of these regulations.

19. Sustainability and education

Public education: What actions should be taken to raise awareness of e-waste
recycling, e.g. educational campaigns, exchange programmes for old electronic
devices. Cooperation with industry: How electronics manufacturing companies can
contribute to solving the e-waste problem (e.g. designing products that are easier to
recycle, introducing take-back schemes).Zero waste initiatives: Promoting the
concept of zero waste in the context of e-waste.

The future of e-waste management

E-waste management faces many challenges, but also huge opportunities that can
help solve the problems associated with the growing volume of e-waste. As
technology evolves, new innovations are emerging to improve the efficiency of
recycling processes, reduce the environmental impact of e-waste and support the
transformation towards a closed loop economy. Below | discuss anticipated
innovations in e-waste recycling technology and the role of the circular economy in
the future of e-waste management.

New e-waste recycling technologies:

1) Automation of recycling processes:
Robots and automation are becoming increasingly popular in the e-waste recycling
industry. Robot technology can significantly improve the efficiency of segregation,
material separation and recovery. Robots are able to identify and select individual
components of e-waste, such as precious metals, non-ferrous metals or plastics, with
greater precision and speed than humans.

Example: Robots equipped with artificial intelligence (Al) can analyse the shapes and
materials of electronic devices and separate them into appropriate fractions,
facilitating further processing.
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2) Artificial intelligence (Al) in waste analysis:

Al can help analyse and classify e-waste based on its composition. Thanks to
machine learning algorithms, Al systems can detect not only metal and plastic
components, but also identify toxic substances in waste, such as mercury or lead,
and segregate them accordingly.

Example: Al can support predictive algorithms that predict which devices are most
valuable to recycle at any given time and which will be more difficult to recover, thus
optimising recycling processes and increasing efficiency.

3) Nanotechnology in recycling:
Nanotechnology can play a key role in the future of e-waste recycling, especially in
the context of recovering rare metals such as gold or platinum. The use of
nanoparticles can help decompose materials at the molecular level and enable the
precise extraction of valuable raw materials from waste.

Example: Nanoparticles can be used to selectively remove precious metals such as
gold from computer motherboards without damaging other components, thereby
increasing recovery efficiency.

4) Eco-friendly processing methods:
In the future, we will see further development of ‘green recycling’ technologies that
are more environmentally friendly and allow e-waste to be processed without the use
of toxic chemicals. Technologies such as biodegradation or physical separation
processes can help minimise environmental impact by eliminating the need for
harmful chemicals.

Example: The development of methods using plants and micro-organisms to remove
heavy metals from e-waste (known as bioremediation) may represent the future in
safe and sustainable recycling.

20. The circular economy and e-waste

The circular economy (CSE) is a concept in which resources are used efficiently and
waste is reintegrated into the production cycle, reducing the need for new raw
materials and minimising waste generation. The circular economy model is becoming
increasingly central in the context of e-waste management, where recycling, material
reuse and waste reduction play a central role.

Designing products with recycling in mind:
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The future of e-waste management is also changing the approach to the design of
electronic devices. Manufacturers will increasingly focus on products that are easy to
disassemble, made of recyclable materials. Products that are designed with
component reuse in mind allow for easier recovery of valuable raw materials.

Example: Equipment that can be easily disassembled, where plastic components are
easily separated from metals, making the recycling process more efficient.

Collecting and reusing components:

As part of a circular economy, instead of treating old devices as waste, they can
become a source of component reuse. Replacing and reusing parts such as
processors, RAM, LCD screens, batteries or other components can reduce the need
for new raw materials and reduce waste.

Example: Computers that still have value can be “refurbished” or “refabricated” and
their components can be used to manufacture new devices, reducing the need to
source new materials.

New business models: Products as services:

As part of the circular economy, it is also possible to introduce business models that
offer products as services. For example, companies can offer rental or leasing
services for electronic devices instead of selling them. In such a model, when the
devices become obsolete, the company takes responsibility for recycling and reusing
raw materials.

Example: Leasing smartphones or laptops, where the device at the end of its useful
life is returned to the manufacturer, who recycles it accordingly and recovers valuable
raw materials.

Closed production loops:

In a closed loop economy, recycling of materials from e-waste becomes part of
closed production loops, where raw materials such as metals, plastics and glass can
be used to produce new electronic devices. In this way, waste becomes part of the
value chain and production processes become more sustainable and less resource-
intensive.

The future of e-waste management is promising, with innovative technologies and
the concept of a circular economy playing a key role in addressing the increasing
amount of e-waste. Automation, artificial intelligence, nanotechnology and new
methods of designing devices with recycling in mind have the potential to make
recycling processes more efficient and environmentally friendly. The future also lies
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in business models based on material reuse, recycling and waste minimisation to
reduce the negative effects of e-waste on the planet.

21. Summary

E-waste management is one of the key challenges of the modern world due to the
exponential growth of electronic devices in our daily lives. E-waste is not only an
environmental problem, but also a social and economic one. The amount of e-waste
is increasing worldwide and its improper treatment leads to serious health,
environmental and economic consequences. While e-waste recycling has great
potential to recover valuable raw materials and reduce environmental impacts, there
are many challenges that hinder its effective implementation.

The main challenges to e-waste management are:

Low recycling rates: Only about 20 per cent of e-waste is recycled properly, which
means that a large part of the waste ends up in landfills or is illegally exported to
developing countries.

Lack of adequate infrastructure: Many countries, especially in developing
countries, lack adequate systems for the collection, transport and treatment of e-
waste. As a result, this waste does not reach legitimate recycling facilities and is
processed in unsafe conditions.

The complexity of materials in electronic devices: E-waste contains a variety of
materials, including precious metals, plastics, electronic components and toxic
substances, making it difficult and expensive to separate and treat.

lllegal trade in e-waste: Regardless of international regulations, the illegal trade in
e-waste is a serious problem. This waste is transported to countries where there is a
lack of adequate legislation and technology to treat it safely, exposing people and the
environment to serious risks.

On the other hand, there is a huge potential for e-waste recycling. Thanks to
modern technologies such as automation, artificial intelligence, nanotechnology and
growing environmental awareness, it is possible to significantly increase the
efficiency of recycling and the recovery of valuable raw materials such as gold, silver,
copper or rare metals.

Also, increased international cooperation and regulatory development can help
to solve many of these challenges. The WEEE (Waste Electrical and Electronic
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Equipment) Directive in the European Union and actions taken by international
organisations such as the UN are a step in the right direction, but further initiatives
are still needed to ensure effective e-waste management worldwide.

The role of public and industry education: Public education plays a key role in
improving the e-waste situation. Many people are unaware of the environmental
impact of their actions, both in the use and disposal of electronic devices.
Educational programmes should therefore be introduced to raise public awareness of
the need for responsible e-waste management, segregation and recycling.

Industry also plays an important role in this process. Companies that manufacture
electronic devices should adapt their production processes to allow for easier
recycling and reuse of raw materials. Designing products with longevity, ease of
repair and recycling in mind is key in the fight against e-waste.

Recommendations:
Actions at individual level:

v" Consumer education: Raising awareness among consumers on proper e-
waste management, e.g. by promoting actions such as: donating old devices
to recycling points, avoiding illegal ways of waste disposal (e.g. throwing them
in the rubbish).

v Buying durable and repairable products: Choosing appliances that have a
longer lifetime and are easily repairable, rather than products with a short life
cycle.

Action at industry level:

- Designing recycling-friendly products: Companies involved in the production of
electronic devices should introduce eco-design principles, i.e. designing devices with
a view to their subsequent recycling. Products must be easy to disassemble and
composed of materials that can be efficiently recycled.

- Creating take-back and reuse systems: Introduce take-back schemes for used
appliances to recycle or reuse components. This could include, for example, a take-
back service for old mobile phones, computers or other electronic devices in
exchange for discounts on new products.

- Increasing transparency and accountability in the supply chain: Industry should take
responsibility for the entire life cycle of a product and recyclers should take
responsibility for the correct treatment of e-waste. Transparency in recycling
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procedures and control of the origin of waste can help combat the illegal trade in e-
waste.

Action at government level:

v’ Strengthen legislation: Governments should introduce and enforce legislation
that holds producers and consumers responsible for e-waste management.
Directives such as WEEE in Europe, which promote responsible collection,
recycling and disposal of e-waste, must be fully implemented and controlled.

v Investment in infrastructure: It is necessary to invest in the development of e-
waste collection and treatment infrastructure, especially in developing
countries where there is a lack of appropriate collection points and e-waste
treatment technologies.

v Supporting international cooperation: Governments should support
international initiatives, such as e-waste trade regulations, to ensure safe
treatment of waste in developing countries, which often lack appropriate
technology and environmental regulations.

To improve e-waste management and increase recycling rates, action is needed at all
levels: individual, industry and government. Only through proper public education,
implementation of effective regulations, investment in technological innovation and a
responsible industry approach will we be able to effectively manage e-waste, recover
valuable raw materials and protect the environment from further pollution.
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