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1

INTRODUCTION

Climate change [1] is a global problem, whose
consequences are already manifesting in our
lives. The cause of climate change is emissions of greenhouse gases (GHG) [2] from human activities. To solve this problem, almost
all countries of the world, including Russia,
agreed to reduce the impact on the climate
system and signed the Paris Climate Agreement [3] in 2015. The countries participating
in the agreement have undertaken to prevent

4

global warming by more than 2 °С and to make
efforts to ensure that warming does not exceed 1.5 °С.
Often when mentioning the climate change,
contribution of the waste sector is not taken
into account, although it is significant. Excessive and unjustified consumption has become
one of the biggest problems of our planet,
provoking excessive energy consumption for

production of goods that become garbage soon
after consumption. This has led and continues
to lead to depletion of non-renewable resources (such as metals and fossil fuels), as well as
degrades the state of renewable resources, including water, forests and land, creates a huge
mass of waste that pollutes the environment
and additionally impacts the climate.
The climate impact of waste occurs not only
at the stage of energy production for sometimes unnecessary things, but also at the
stage of storage or disposal of waste using ineffective technologies. According to
the United Nations Environment Program
(UNEP), the waste sector as a whole accounted for about 700 million tons of CO2equivalent (a conventional unit for estimating GHG emissions) in 2010 [4].
Methane from decomposing organic waste
disposed of in an oxygen-limited environment
such as landfills is the largest source of greenhouse gas emissions in the solid waste sector. At the same time, methane is many times

more powerful than CO2, it retains more heat
in the atmosphere. Food production and losses account for about a quarter, 26 % of global
greenhouse gas emissions [5].
The uncontrolled production of plastic goods
threatens not only by littering the oceans and
ubiquity of plastic microparticles, but also by
the climate impact. Global greenhouse gas
emissions over the life cycle of plastics were
1.7 Gt CO2-eq in 2015, which at the current trajectory will grow to 6.5 Gt CO2-eq by
2050 [6].
Waste management should be carried out in
accordance with the hierarchy approved both
in Russia [7] and throughout the world, where
the first and most important steps are prevention and reduction of waste generation. Waste
management is one of the real ways to reduce
the effects of climate change. Zero Waste [8],
a sustainable lifestyle and a circular economy [9] are some of the fastest and most effective steps to reduce greenhouse gas emissions
from the waste sector.
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HOW ARE WASTE AND CLIMATE
RELATED? CONSUMPTION AND
CIRCULAR ECONOMY

The relationship between waste and greenhouse gas emissions was noted by the Intergovernmental Panel on Climate Change (IPCC)
in its 2001 report. According to the document,
landfill gas consists of 50–60 % methane
and 40-45 % CO2. Methane emissions from
a square meter of an open landfill can range
from 0.003 to 3000 g per day [10]. And this is
only landfills.
In fact, the influence of consumption of goods
and waste from their use on the climate occurs at all stages of the life cycle of products.
At each stage of the life of goods, energy is expended, which means that greenhouse gases
are emitted — at extraction of raw materials,
production, transportation, use and disposal.
Detailed and multi-year research on the links
between the waste sector and greenhouse gas
emissions is being conducted by the US Environmental Protection Agency. Back in 1999,
the agency released the Wastewise: Climate
Benefits From Reducing Waste report. According to the report, approximately 42 % of all
greenhouse gas emissions are associated with
circulation and use of goods (food, packaging,
waste) [11].
Accordingly, reducing the impact of waste on
the climate must be approached in an integrated manner. One of these complex solutions
is circular economy. The circular economy (or
closed-loop economy) based on circulation of
material resources is an alternative to the tra-
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ditional linear economy, in which minerals are
first extracted, then used to produce material
values, which at the end of their existence are
thrown away as waste in landfills.
Despite the fact that the waste reform in Russia has been going on for several years, we are
still at the beginning of building effective work
in the field of waste management. In December 2020, President Vladimir Putin noted [13]:
“Building a circular economy is one of the main
tasks for today.”
The essence of the circular economy is that
any resulting waste should become a raw material for production of new goods, remaining
as much as possible in the material cycle. But
not all materials used today can be recycled.
And even if it is possible, each new recycling
cycle degrades the properties of materials,
and, in one way or another, they are approaching the point of no return. Only 8.4 billion tons
or 9.1 % of the total amount of materials used
in the EU end up in a closed cycle [14], while
the rest is incinerated, disposed of in landfills
or dispersed in the environment.
Meanwhile, the trend towards the circular
economy is no longer in the centre of attention
of environmental organisations only. Examples
of successful practices that promote the circular economy apply to both government agencies and large business players. For example,
the US Environmental Protection Agency and
the Chicago Board of Trade have created an

Fig. 1. Linear and circular economy [12]

online exchange [15] that helps develop recyclable markets, thereby diverting more material from the waste stream.
For the circular economy, the actions and
contributions of each person are important.
Environmentally friendly consumption is an
integral part of sustainable development. It
makes it possible to meet the needs of life effectively and carefully using natural resources
and preserving nature for humanity today and

for the future. In total, the world generates
about 17.5 billion tons of waste per year, that
is, 2.3 tons of waste for every inhabitant of the
planet. This is mainly waste from the mining,
chemical, metallurgical industry, agro-industrial complex, as well as household waste. In
2019, Russia generated 65 million tons of solid
household waste, or 450 kg per person [16].
Therefore, prevention and reduction of waste
generation at the individual level will greatly
contribute to solving the overall problem.
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THE CLIMATIC CONTEXT
OF THE WASTE MANAGEMENT
HIERARCHY

UNEP experts have calculated that improved
waste management practices can reduce
emissions by at least 20 % [4]. Waste management should be based on a hierarchy. The
hierarchy of waste management is the golden
rule of attitude to waste, the basis of “garbage”
sections in legislation, the basis for creating
the circular economy. In Russia, this hierarchy is enshrined in paragraph 2 of Article 3
of Federal Law No. 89-FZ “On Wastes of Production and Consumption,” where it is designated as “directions of state policy in the field

Fig. 2. Hierarchy of waste management
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of waste management,” and in the European
Union — in the Directive of the European Parliament and the Council of the European Union
2008/98 EC of 19.11.2008.
In Federal Law No. 89 [7], the hierarchy is fixed
as follows:
• maximum use of raw materials and materials;
• prevention of waste generation;
• reduction of waste generation and reduction of waste hazard class in the sources of
their generation;

•
•
•

waste treatment;
waste recycling;
waste neutralisation.

To calculate greenhouse gas emissions from various waste management methods, the IPCC has
developed special methods [17]. They are actively used in assessments of all levels (for example,
in the climate plans of cities under the Covenant
of Mayors [18]). In particular, Methodological
Recommendations have been developed on
their basis for conducting voluntary inventories
of greenhouse gas emissions in the constituent
entities of the Russian Federation [19].

Recycling is not enough
The first and most effective and climate friendly steps in waste management are prevention
and reduction of waste generation. Calculations prove this: back in 2008, independent
organisations calculated that a significant reduction in the amount of waste disposed of in
landfills and incinerators would reduce greenhouse gas emissions so much that it would be
equivalent to the closure of 21 % of coal-fired
power plants [20]. The Zero Waste approach is
one of the fastest, cheapest and most effective
climate protection strategies.
The European Zero Waste Alliance [21] promotes zero waste, circular economy and low
carbon economy programs at local, municipal
[22] and business levels. The main thesis is
“a hierarchy of zero waste in a circular economy.” That means that only a cyclical, zero-waste
product can have the right to exist. If products
and materials cannot be reused, refurbished or
recycled, they will negatively impact our efforts
to combat and mitigate climate change and are
therefore not worthy of investment. Redesigning business models is proposed: the business
needs to rethink its operations so that products have an extended lifespan and remain
a valuable material longer, so that they can be
reused, shared, or repaired with ease.
“Zero waste” is an ideal that modern society
should strive for, but there are already exam-

ples of activities in different countries tending to zero waste (read more in section 6).
Nevertheless, in modern realities it is impossible right now to switch to a circular economy.
Therefore, incineration and disposal are still
actively used in waste management, and all
efforts are directed not at preventing waste
generation, but at recycling.

Recycling alone won’t save
Different approaches are used for sorting and
recycling waste. In Russia, for example, there
are quite a few waste sorting stations that sort
mixed waste, that is, everything that goes into
the garbage can. But the sorting efficiency at
such stations is no more than 10 %, usually 5 %. Only this percentage of relatively uncontaminated recyclable materials can be recovered. At the same time, when sorting waste
at the source, it is possible to extract from
50 to 100 % of recyclable materials (taking
into account the rejection of non-recyclable
packaging and disposal of food waste separately). Separation of solid household waste
(SHW) sources with subsequent processing
and composting gives the lowest level of GHG
emissions compared to other options for SHW
management. With optimal application, the
reduction in greenhouse gas emissions due to
recycling and composting is from 50 to 280 kg
of CO2-equivalent per ton of waste [23].
The benefits of waste recycling for the climate
as opposed to waste disposal can be observed
in the already achieved results. According to Eurostat, the total amount of recycled household
waste increased by 13 % from 1995 to 2017,
while greenhouse gas emissions from the waste
sector in the EU fell by 42 % [24]. Emissions from
solid waste landfills are being reduced largely
due to the mandatory installation of biogas utilisation systems and landfill gas utilisation.
At the same time, recycling alone will not help
solve either the garbage or climate crisis. Recycling is an energy and resource intensive
process. Raw materials need to be transported
from the collection point to the processing
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Separate waste collection tanks
Photo: Pawel Czerwinski on Unsplash

plant, sorted, crushed, washed and dried or
melted into granulate. All these processes require time and human resources, water and
electricity, whose production results in greenhouse gas emissions.

Waste incineration
is not a climate-friendly solution

0.7–1.7 tonnes of CO2 [25]. Experts emphasize that the amounts of fossil CO2 emitted by
burning 1 ton of waste also depends on what
is burned. For example, electricity generated
from waste incineration is related to significantly higher greenhouse gas emissions than
electricity generated by traditional methods
such as fossil gas, so incineration of waste is
obviously an environmentally hazardous alternative.

With the beginning of the waste reform in Russia,
active promotion of waste incineration technology with energy production began as a contribution to the circular economy and an effective
method of waste management. In 2018, RT-Invest, part of the Rostech state corporation, began
construction of five new incineration plants; their
launching is expected in 2022–2024. Waste incinerators are presented to Russians as an economically sustainable and climate-friendly solution, and incinerated waste is presented as a
renewable energy source. But rich world experience shows that this is not the case.

In addition, waste cannot be considered
a source of renewable energy. The Federal
Law “On Electricity” No. 35-FZ [26] states that
waste produced from hydrocarbons cannot be
considered as renewable energy source. Also,
it is written in the EU Directive on Renewable
Energy [27] that only energy from non-fossil
sources is considered renewable. Mixed consumer waste supplied for incineration contains plastic, rubber, synthetic textiles, for the
production of which oil and gas were used —
the same hydrocarbon fossil raw materials.

Incineration of 1 ton of solid household waste
is associated with the emission of about

European incinerators emit significant amounts
of direct CO2 emissions (580 g CO2-eq/kWh),
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which is double the current average intensity of
a conventional electricity grid in the EU (298 g
CO2-eq/kWh) [25]. In addition, support for the
waste-to-energy incineration concept is hampering an urgent transition to a less carbonintensive power generation.

Waste disposal:
It is time to improve technology
Solid household waste landfills are the third
largest source of methane emissions associated with human activities. In the United
States, for example, landfills accounted for
approximately 15.1 % of methane emissions
in 2019 [28] (see Fig. 3).
In Russia, the main part of waste — more than
90 % of waste — is sent to deposit in landfills [16, 29]. Russian landfills emit annually
1.5 million tons of methane and 21.5 million
tons of CO2 into the atmosphere [30].
Deposition in landfills is the main waste management measure around the world, while re-

cycling makes only 13.5 % (see Fig. 4). Global
estimates show that 33 % of waste is still disposed of in open landfills [31]. In most cases,
such landfills appear spontaneously and lack
necessary isolation, on-site personnel and
environmental controls. To these, one can
add another 25 % of landfills, whose format
is not specified. Due to the lack of isolation
at such facilities, hazardous substances that
pollute soil and water enter the environment
with the filtrate.
Controlled landfills are much better than open
landfills. Their area is fenced off and the waste is
covered with soil at the end of each day. The supervised landfill has staff and some equipment
(e. g. a tractor) to spread, compact and cover the
waste with soil. Nevertheless, 4 % of such disposal sites also make a large contribution to climate change, because methane is not captured
there, but is freely released into the atmosphere.
The best are sanitary landfills, which make
7.7 % of landfills in the world today. This is
an engineering facility for waste disposal,
where environmental control measures are
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Note: All emission estimates from the Inventory
of U.S. Greenhouse Gas Emissions and Sinks: 1990-2019. U.S. EPA. 2021.
Source: US Environmental Protection Agency, 2021

Fig. 3. 2019 U.S. methane emissions, by source

introduced, a system for collecting and treating filtrate, improved gas disposal and landfill
gas capture systems are in place. There are
also successful examples of introducing capture technologies at landfills that are already
closed for waste reception. The landfill in the

Norwegian municipality of Asker has received
mixed waste for 40 years [33]. Today the landfill has been reclaimed, the site now functions
as a sorting station, and the methane still emitted from the spent landfill is used to supply the
station with power.

Source: World Bank, 2018

Fig. 4. World practices of waste treatment and disposal [31]
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СLIMATE IMPACT
OF DIFFERENT WASTE CATEGORIES

In addition to its climate impact, waste has
a number of other negative consequences. Irresponsible waste management leads to littering of territories. Marine debris, which is
dominated by synthetic polymers (plastics),
can kill animals. And when the same polymers
are burned, dioxins, strong carcinogens, are
released into the air. Hazardous waste that is
not properly disposed of can lead to release
of hazardous substances into the environment
(for example, mercury from mercury lamps or
chemicals from paints and varnishes). In addition, useful resources, like water and energy
are spent for production of items that will become garbage.

The average global morphological composition
of waste is presented in the diagram below (see
Fig. 5). Remains of food waste predominate,
making 44 % of the total amount [31]. The second place is occupied by paper and cardboard
(17 %), which are also biodegradable materials that contribute to release of methane from
landfills. The third place among certain types
of waste is occupied by plastic, 12 % of the
total volume. At the same time, according to
the World Bank Group, the percentage of food
residues in waste decreases as income levels
rises. Consumed goods in higher income countries include more materials such as paper and
plastic than in lower income countries.

Source: World Bank, 2018

Fig. 5. Global waste morphological composition [31]
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Food waste
Photo: Wikimedia commons

Let us consider these categories of waste that
prevail in the morphological composition in
more detail. This refers to food waste, biodegradable paper, and plastic waste.

Food waste as a source of methane

occurs during production and post-harvest
stages. In low-income countries, the lack of infrastructure and knowledge of proper storage
and handling of food, combined with unfavorable climatic conditions, contributes to food
spoilage. In higher income countries, aesthetic
preferences and arbitrary sale dates are factors that contribute to increased food waste.

Waste is the third largest anthropogenic source
of methane [34], the greenhouse gas that
has the climate impact 72 times higher than
CO2 [35]. Organic and especially food waste
makes a big contribution to this. The food waste
sector accounts for about 4.5 Gt of greenhouse
gas emissions per year [36]. Globally, one third
of food is lost or thrown away, which amounts to
1.3 billion tons per year. If food loss and waste
were a separate country, it would be the third
largest emitter in the world, following only China and the United States [37].

In general, like the ecological footprint, the
“food waste” footprint of residents in different
countries correlates with the level of well-being in these countries. For example, the footprint of a European inhabitant is 620 kg of CO2
per year, which is less than 860 kg for an inhabitant in North America, but three times more
than 210 kg for an inhabitant of Africa [36].
Russians, according to 2019 estimates, throw
away 17 million tons of food [39], and 94 % of
this waste go to landfills [40].

Food losses occur at all stages of the food supply chain. The causes of losses are highly dependent on the local conditions in each country. There is a pattern at the global level: in
high-income regions, food waste is higher during processing, distribution and consumption,
while in low-income countries food wastage

Reducing food losses and waste, which account for 8 % of all greenhouse gas emissions,
could reduce emissions globally by 4.5 Gt CO2equivalent per year [41]. This requires systemic changes in the approach to food waste
management. Experts believe that incorporating the food waste sector into climate plans
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Fig. 6. Food recovery hierarchy

will increase the impact of climate change mitigation and adaptation programs by 25 % [37].
In food waste management, as well as in solid
municipal waste management, hierarchy is
important. Let us consider in more detail the
hierarchy developed by the US Environmental
Protection Agency [42] (see Fig. 6).
The first and most important step in the hierarchy is to reduce generation of food waste.
One of success examples of such actions is
the EcoHoReCa project in St. Petersburg. According to the project, at least 100 kg of food
waste is generated in every restaurant in the
city every day. Considering that there are more
than 8000 catering establishments in St. Petersburg, the HoReCa sector (restaurants, cafes, hotels) generates about 826 tons of such
waste every day. If they are sent to landfills
instead of being recycled, soil and water are

polluted and the climate is affected. By changing the menu, adjusting the procurement list,
recalculating the kitchen logistics and working
with suppliers, the project participants were
able to reduce the costs of purchasing food and
goods necessary for the functioning of the restaurant, and waste management. While before
the introduction of a separate waste collection
system, including food waste, the costs for one
of the participating restaurants were within
136 thousand rubles, after they amounted to
about 86 thousand rubles [40].
The next most important step is donating food
for people suffering from hunger. This can be
done with the help of food banks at the state
level or establishing food-sharing system by
civil society. There are examples of successful functioning of both systems in the world.
Food banks operate on the B2B (business to
business) principle [43]. By and large, it is an
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Plastic is a product
of processing fossil fuels

Food sharing in Sigmaringen, Germany
Photo: Wikimedia commons

intermediary between retailers, citizens, manufacturers and charities that distribute food.
In 2018 and a part of 2019, the French Association of Food Banks managed to collect 113
thousand tons of food in the form of donations,
save 73 thousand tons of food from destruction
and 2 million people from hunger [44]. There are
grassroots initiatives in Russia, the participants
of which are doing everything possible to reduce
the amount of food wasted. For example, there
is food sharing [45] and catering “Food will save
the world” [46] in St. Petersburg.
The third point in the hierarchy is sending
products for livestock feed. The leaders in this
direction are Japan and South Korea: they recycle about 40 % of food waste into livestock
feed [47].
Waste unsuitable for food should be sent for
composting. As a result of this process, biogas
and fertilisers can be produced without using
additional raw materials. The Nordic countries
are actively developing composting. An example of this is the Romerike biogas plant, which
processes food waste from the city of Oslo [33].
The thermal hydrolysis process converts waste
into biogas and biofertilisers. The produced gas
consists of 60 % methane and 40 % carbon dioxide. Methane is separated from CO2 and used
in a liquefied state as a bus fuel. The station can
also fully supply 100 medium-sized farms with
fertilizers: liquid biofertiliser, bioconcentrate
and solid material are saturated with phosphorus, nitrogen and potassium.
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Almost all plastic, 99 % of it, is produced from
fossil fuels and generates huge amounts of
greenhouse gas emissions throughout its entire life cycle. Plastic is one of the least studied sources of greenhouse gas emissions and
a blind spot in climate impact studies. Nevertheless, we know that production of plastics is
developing at a breakneck speed: in 65 years,
the world production of plastic and synthetic
fibers has increased 190 times, from 2 million tons per year in 1950 to 407 million tons
per year in 2015. More than half of all plastics were manufactured after 2005. In total,
from 1950 to 2017, about 9.2 billion tons of
plastic were produced, and only 10 % of them
were recycled [48]. Most of the plastic goods
are disposable products and packaging. For
example, the share of packaging for plastics
produced in the European Union is 40 % [49]
(see Fig. 7).
In 2019 alone, the production and combustion
of plastic added more than 850 million tonnes
of greenhouse gases to the atmosphere, equivalent to the pollution from 189 new 500-megawatt coal-fired power plants. If the production
and use of plastic continues to grow at the current rate, emissions could reach 1.34 Gt per
year by 2030, which is the equivalent of more
than 295 coal-fired power plants. By 2050,
manufacturing and recycling of plastic could
add 56 Gt of emissions, which is 14 % of the
Earth’s remaining carbon budget.
Carbon dioxide is also generated when handling plastic waste. Burning plastic in incinerators generates the most CO2 emissions compared to other methods of handling plastic
waste. Waste incineration (Waste-to-Energy
approach) is the main source of greenhouse
gas emissions from plastic waste management, even though there is electricity as benefit. Emissions from this process are 2.9 tonnes
of CO2 per tonne of plastic burned [50].
By comparison, every tonne of recycled plastic packaging waste eliminates more than

Source: European Parliament, 2018

Fig. 7. Plastic production by type in the European union

one tonne of CO2 emissions, while reducing
the need for raw materials and the associated
energy consumption. Meanwhile, no more than
30 % of the plastic produced annually is recycled in the European Union, which has long
made a bet on recycling [49] (see Fig. 8).
Even ending up in the environment, plastic
continues to impact the climate. Plastics can
interfere with the ocean’s natural ability to
absorb and bind carbon dioxide. Polyethylene, when exposed to solar radiation, pro-

duces greenhouse gases (methane and ethylene) [51].
Obviously, the best solution would be to prevent
and reduce formation of plastic waste. The main
measure that should be implemented everywhere is a ban on production and sale of containers, packaging and disposable plastic items
for non-medical purposes. This process has already begun: about 150 countries have passed
laws aimed at phasing out the use of specific
types of single-use plastic products [52].

Source: European Parliament, 2018

Fig. 8. Plastic waste treatment in the European Union [49]
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5

LEGISLATIVE REGULATION
OF CLIMATE-ORIENTED
WASTE MANAGEMENT
IN THE EUROPEAN UNION

The whole range of approaches related to
waste and climate change is determined in directives of the European Union. This section
presents the main regulatory documents and
their key aspects.
Waste Framework Directive 2018/851 [53]
establishes basic concepts related to waste
management. It determined the polluter
pays principle and extended producer responsibility.
Disposable Plastics Directive 2019/904 [54]
reinforces the intention to reduce consumption of single-use plastics, stipulates producer
responsibility and urges Member States to ensure separate collection.
Plastic Bags Directive 2015/720 [55] emphasizes the close relationship between waste
management and circular economy.
The European Green Deal [56] presents the
EU’s overall strategy to achieve efficient use of
resources by moving from a linear to a circular
economy model.
The Circular Economy Action Plan 2.0 [57]
introduces specific strategies for moving from
a conventional to a circular model for a wide
range of materials (plastics, textiles, food, batteries, construction, etc.). It sets goals to reduce waste, as well as actions to promote reuse, repair and recycling.
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The EU Methane Strategy [58] aims to reduce
anthropogenic methane emissions from the
energy, agriculture and waste disposal sectors. It highlights advantages of producing
biogas, digestate (an advanced form of fertilizers) and biomaterials from household waste,
agricultural waste, and manure, as well as advantages of composting and anaerobic waste
processing.
The Critical Raw Materials Strategy [59] aims
to support research into the recovery and recycling of strategically important substances
from waste (for example, chemicals in limited
quantities used in precision engineering).
The European Sustainable Investment Plan
[60] is the investment backbone of the European Green Deal, which should attract at least
€ 1 trillion in sustainable investment over the
next decade. It is intended to facilitate and
stimulate the public and private investment
required for transition to a climate-neutral,
green economy.
The Eighth Environmental Action Program
[61] determines the European environmental
policy until 2030. It sets 6 priorities related to
transition to the circular economy, the pursuit
of zero pollution, restoration of biodiversity
and climate neutrality by 2050.
The Pan-European Circular Initiative for Cities and Regions [62] is part of the Circular

Economy Action Plan 2.0 [57] and also contributes to implementation of the European
Green Deal [60] and the EU Bioeconomy Strategy [64]. The participants in the initiative say

they will act as ambassadors for the low-carbon circular economy. It is stated that 48 % of
global CO2 emissions can be reduced by 2030
through the transition to a circular economy.

Photo: Christian Lue on Unsplash
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6

GOALS AND ACTIONS
OF COUNTRIES IN THE FIELD
OF REDUCING GHG EMISSIONS
FROM THE WASTE SECTOR

The fight against climate change is already
under way around the world. National governments are beginning to take waste into account
and fight climate change by setting targets and
reducing greenhouse gas emissions from this
sector. Below we provide examples of country
commitments and actions as well as business
projects to reduce climate impact through
waste management.

Great Britain
The UK passed the Climate Change Act in
2008 [65], which sets legally binding targets
to reduce greenhouse gas emissions to zero
by 2050. The law determines measures for
biofuels and elements of pilot schemes for
financial incentives to reduce generation of
household waste. Statistics released in 2018
(10 years after Climate Change Act came into
force) showed that the country had reduced its
food loss and waste by 27 % [66]. A study by
the United Kingdom Environment Agency [67]
showed that reuse is the key factor for reducing GHG emissions.

France
France has adopted the Waste Control and Circular Economy Act [68]. It integrates the provisions of the EU Circular Economy Package
and the EU Plastic Pollution Directive into the
national legislation. One of the articles of the
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law states that the use of food waste for energy production should be encouraged only if it
meets the criteria for sustainability and reduction of greenhouse gas emissions.
The French startup Phenix [69] is implementing a low-carbon strategy through waste reduction measures. Technological solutions
are used. The company makes money by reducing the share of products sent to waste
and saves on payment for them. Through the
use of an innovative digital application and
a range of tools, the second life is provided
for goods and products: in-kind donations
to charity, production of animal feed (from
food not suitable for human consumption),
compost or materials for biogas production.
The concern has retained 30,000 tonnes of
food and distributed 60 million meals across
France, proving that food waste can be prevented and jobs can be created while saving
money.

Slovenia
Over the past 10 years, the Slovenian capital Ljubljana has reduced garbage collection
by 59 % [70]. The state-owned waste disposal company Voka Snaga has implemented
a door-to-door collection system and a strong
communication strategy aimed at preventing
waste and reusing things. In 2012, roadside
containers were withdrawn and waste collection began directly from consumers’ homes

Reusable alternatives for reuse
Photo: RikaC from Pixabay

and less frequently than before. At first, this
caused a storm of indignation. Voka Snaga ran
a campaign explaining how to avoid overfilling the trash can, teaching how to sort and
compost. Within a few months, the amount
of garbage fell by 29 %, and the share of recycling increased threefold. Households actively sorting out garbage saved 50 euros per
month. A campaign was launched with a call
to reuse things and household items and not
buy disposable goods. Reuse centers have
been opened. There is a workshop in the
building where people fix things. Vending machines selling food products without packaging in malls became popular. There people
can bring reusable containers to fill them with
their favorite foods.

Lithuania
In its Fourth Biennial Report to the UNFCCC
(United Nations Framework Convention on Cli-

mate Change) [71], Lithuania has set National
targets to reduce methane emissions from solid waste disposal and adopted a Waste Management Plan. Projections of greenhouse gas
emissions were calculated taking into account
the goals of reducing the amount of landfill
waste, increasing the amount of biodegradable
waste, composting, and increasing the use of
recovered gas for energy production. The actions are planned to result in emission reductions of 204 thousand tonnes of CO2 equivalent by 2040.

Norway
The Fourth Biennial Report to the UNFCCC
[72] by Norway indicates that the Climate
Plan in the waste sector is expected to reduce emissions from 2,243 Kt CO2-equivalent in 1990 to 762 in 2030. The Pollution
Control Act encourages municipalities to
apply differentiated waste charges as this
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helps to reduce waste and increases recycling. In 2014, the government presented
the National Cross-Sectoral Biogas Strategy,
under which funding has been allocated for
pilot biogas plants.

the Swedish government created a dedicated advisory group tasked with making the
circular economy a key part of public policy.
At the forefront of this movement is the Beteendelabbet design startup [74], which introduces innovative solutions for sustainable,
waste-free lifestyles.

Sweden
In its national climate commitment, Sweden
notes that, by converting waste to energy
since 2003, the country has reduced its carbon dioxide emissions by 2.2 million tonnes
per year [73]. The country has a recycling
policy that directs all energy generated from
waste incineration into the national heating
network. However, the policy pursued by the
state in recent years shows that incineration
is not the best policy, while the best option
for waste management is preventing waste
generation (Zero Waste concept). In 2018,

Biogas plant in the municipality of Asker, Norway
Photo from the personal archive of the authors
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Moldova
Moldova’s national contribution to the UNFCCC
indicates that the waste sector is responsible
for over 12 % of emissions [75]. The country
reports that the revised targets include a 70 %
reduction in greenhouse gas emissions from
1990 levels by 2030. The National Waste Management Strategy of the Republic of Moldova
[76] was developed “taking into account protection of the environment, human health and
interests of climate protection.” Chisinau has

Waste sorting
Foto: Jasmin Sessler on Unsplash

launched a project to recycle solid waste and
promote ecological transition of the Moldova
capital [77].

Singapore
Famous for its green strategy [78], Singapore
has transformed the Semakau landfill [79] into
an idyllic island that is home to mangroves,
coral reefs, birds and marine life. However, the
practice of high-tech waste incineration has
shown that this way of waste management
is far from ideal. By 2035, the ash generated
during combustion will have nowhere to go,
according to representatives of the municipality [80]. Singapore has set ambitious emission targets, adopted the Climate Change Action Plan [81] and the Zero Waste Master Plan
[82], key activities that move the city-state
“towards a resource efficient and climate resilient nation.” Singapore’s transition to a circular economy aims to increase the share of
recycled waste to 70 % in 2030, as well as to
reduce greenhouse gas emissions.

Indonesia
The largest economy and source of greenhouse gas emissions in Southeast Asia, Indonesia has pledged to cut greenhouse gas
emissions by 29–41 % by 2030 [83]. The government has adopted the Climate Roadmap for
the Waste Sector [84], which is also seen as
part of a “plan to fight poverty and waste in the
country” where more than 10 % of population
live below the poverty line. Garbage Health Insurance is a project of the Indonesian Medical
Company [85]. The scheme encourages lowincome families to sort and compost waste.
The clinic accepts sorted waste from people
and sells it to recyclers. The money received
from the processors is used to provide people
with basic health insurance.

Senegal
In its report on the national climate contribution, the African state of Senegal noted that
the waste sector is responsible for 10 % of
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Composting
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greenhouse gas emissions [86]. The country
is infamous throughout the world for its huge
amounts of plastic waste [87]. Senegal has
pledged to cut emissions by 31 % by 2030.
The Climate Action Plan includes biogas production, methane capture, and improved infrastructure for sustainable waste management. New President Maki Salla’s speech
at the inauguration was called a “no waste”
speech. Some of the first measures taken
by the presidential administration were the
Great Green Wall reforestation initiative [88]
and a bill banning the use of most types of
plastics [89].
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Peru
The Peruvian government has developed national climate change mitigation measures (NAMAs)
for various sectors. The description of the national contribution under the Paris Agreement
noted that “the waste sector has the greatest
potential for private sector investment” [90].
One of the measures is a new methodology for
calculating municipal taxes on organisations
and citizens for cleaning and waste disposal
services. The country has several solid waste
management projects, and initiatives on composting, recycling, methane capture and energy.

7

CONCLUSIONS

In addition to pollution and depletion of natural resources, unsustainable consumption and
waste management contribute significantly to
climate change. It is time to change outdated
and ineffective production technologies and
waste management methods. Incineration
(including power generation) and landfills are
not climate friendly solutions. Recycling alone
is not enough to stop neither the garbage nor
the climate crisis. It is necessary to work with
the source of the problem, not with its consequences. The production and consumption
systems should focus on prevention and reduction of waste generation — the world’s top
priority in waste management — and be based
on the following principles [91]:

•
•
•
•
•
•

reduction of resource consumption;
preservation of resources in the material
cycle;
less resource-intensive and more efficient
product design;
government incentives to prevent waste
generation;
ban on production and use of disposable
items and encouragement of reusable and
durable items and packaging;
formation of the appropriate legal framework.

All of these principles are in line with the concept of the circular economy, which today appears to be the most effective approach to reducing greenhouse gas emissions from waste.
There are examples of successful climate action
in the waste sector around the world. This is legislative restrictions on production of disposable
plastic goods [54], development of infrastructure for reusing products [70] and packaging
[92], and measures to stimulate the population
to recycle and prevent waste generation (differentiated tariffs for waste disposal) [72].
Due to public initiatives, education and awareness of citizens, the environmentally friendly
lifestyle is a trend and continues to develop.
This is an important contribution to solving
the problem, because it is consumers who
set the demand for environmentally responsible goods and services, civil society helps
to change the attitude of business. However,
actions by governments are also important.
Without government measures, changes will
be implemented too slowly. To meet the Paris
Agreement commitments [3] and prevent the
climate catastrophe, governments of all countries must share experiences, set ambitious
goals, implement the most effective solutions
and improve approaches right now.
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