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Abstract 

 

This Master thesis connects two interrelated environmental issues – climate change and waste management. Both 
have been under discussion for few decades and are currently two of the top priorities on EU’s environmental 
agenda. The goal of this thesis is to find out in what ways waste management in Lithuania and Sweden can 
contribute towards reducing global warming and how the release of greenhouse gases could be reduced. Four 
different material flows – food, metal, plastic, and paper and cardboard – are examined and greenhouse gas 
reduction potentials are calculated, using data found in various reports. The case studies of Lithuania and 
Sweden help to find out the strong and the weak points of waste management systems in the two countries by 
comparing their differences. The results show that in Lithuania significant greenhouse gas reductions can be 
achieved by improving waste sorting and decreasing disposal rates, whereas in Sweden waste management is 
well-developed, but still could be upgraded by switching to more efficient waste treatment practices. The thesis 
is concluded by indicating the pros and cons of waste management in Lithuania and Sweden.  
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Summary 

 

Research shows that even though the waste sector is accountable for a relatively small share of greenhouse gas 
(GHG) emissions, there is a huge potential to decrease the emissions and thereby reduce their contribution to 
global warming through waste prevention, recycling and other recovery. Recycling reduces the release of GHGs 
by replacing raw materials with recyclates, thus avoiding emissions resulting from the extraction and processing 
of virgin resources. When waste is recovered in other ways, it also serves a purpose and substitutes a different 
material that would have to be used instead.  

Considering the potential of the waste sector to help reduce global warming, this Master thesis seeks to find out 
in what ways and how much GHGs could be avoided by improving waste management in Lithuania and Sweden. 
The approach used is the comparative analysis of Lithuania and Sweden in terms of their waste management 
systems and how they handle four distinct resource flows – food, metal, plastic, and paper and cardboard. The 
two countries were chosen for this research because their waste management practices are quite different and 
their comparison can provide better research results.   

The main findings regarding Lithuania show that waste recovery rates here are much lower than those in 
Sweden, especially when it comes to municipal solid waste (MSW). The majority of this waste is taken to 
landfills where the biodegradable matter becomes a source of methane. Disposal of other types of waste, such as 
plastic, paper and metal, means that potential resources are buried inside the landfills instead of being recycled or 
used in some other way. When it comes to sorted waste that was generated by households and economic 
activities, recycling rates are higher. Also, waste that cannot be dealt with in Lithuania is exported to other 
countries for recycling or recovery. 

In Sweden several instruments are used to divert waste from landfills and currently disposal rates are very low 
for all types of waste. Moreover, there are many waste-to-energy plants all around the country. A considerable 
amount of food, metal, plastic, and paper and cardboard waste is recycled, but the largest share is incinerated to 
produce energy. However, waste-to-energy is not as advantageous as recycling in terms of GHG emissions. 

As for specific GHG savings, Lithuania could benefit most by diverting MSW from landfills to recyclers. The 
highest amounts of GHGs could be avoided by recycling plastic, then metal, paper and cardboard and lastly food 
waste that are currently landfilled with other mixed MSW. When it comes to waste from economic activities 
(manufacturing industry, services, mining activities, energy, construction, waste and water management, and 
agriculture) and waste that is sorted at households, their disposal rates are much lower in both countries and 
therefore GHG savings would be very modest, compared to those from mixed MSW in Lithuania.  
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1.  Introduction 

1.1  Rationale of the project 
 

The international community has recognized that climate change is one of the most serious global problems 
today and that at least partly it is caused by increasing GHG emissions from anthropogenic sources. Adverse 
impacts of climate change include rising average global temperatures, changing precipitation patterns, extreme 
weather events, such as floods and droughts, melting of ice caps and rising sea levels, increasing ocean 
acidification and others, all of which have a number of direct and indirect impacts to humans and biodiversity. 

The first 11 years of this century were found to be among the 13 hottest years since 1880 (DG Clima, 2013a). 
When 400 ppm CO2 threshold was crossed on 13 May, 2013, Executive Secretary of the UNFCCC announced 
that humanity had entered a new danger zone and that a “greatly stepped-up response” is required to “stave off 
the worst effects of climate change” (UN Climate Change Secretariat, 2013).  

Another environmental issue that currently receives a lot of attention is waste management. The common 
perception that waste is nothing but trash and should be discarded is being replaced with the idea that waste is 
also a resource, which must be used in the most efficient way. As today we are facing the era of dwindling 
natural resources and environmental degradation, resource efficiency is a highly promoted initiative on the EU 
level (EC, 2005; EC, 2011b; EC, 2011c). 

“A resource-efficient Europe – Flagship initiative under the Europe 2020 Strategy” opens by saying that natural 
resources support global economy and our lives, yet present consumption patterns cannot be sustained for much 
longer (EC, 2011b). It is argued that increasing resource efficiency, among other things, will lead to higher 
employment, growth, technological innovation, optimized production processes, and increased competitiveness, 
as well as bring about positive changes from the environmental and social points of view – it will secure the 
supply of raw materials, reduce food insecurity in developing countries, decrease GHG emissions, and make 
EU’s economy more resilient to increasing prices of energy and commodities (EC, 2011b). 

Waste management has large possibilities to contribute towards resource efficiency and decreased GHG 
emissions. Even though the waste sector is accountable for a relatively small share of total GHG emissions 
(2.8% in 2008 in EU-27 (Eurostat, 2011)), the release of waste-related GHGs dropped by 22.5% from 1999 to 
2008 in the EU. Such change was by far the highest compared to other sectors, while the overall decrease was 
2.4%. It is important to note that waste generation in fact increased by 9 kg per capita during that period of time 
(Eurostat, 2011), thus the decrease in emissions is the result of better waste management and improving waste 
treatment technologies. 

What is more, the above-mentioned numbers do not include GHG savings through different waste management 
options. Thus, if waste prevention, product re-use, waste recycling and other recovery are taken into account, the 
picture would be completely different. Such waste management practices bring about environmental benefits that 
include saving of resources, reducing pollution, using less land as dumping ground, and decreasing GHG 
emissions. As UNEP (2010) points out, the waste sector is “in a unique position to move from being a minor 
source of global emissions to becoming a major saver of emissions”. 

Recycled materials currently constitute a large part of resources used in EU’s manufacturing industry – for 
example, 50% of paper and steel, 43% of glass and 40% of non-ferrous metal are produced by using waste (EC, 
2005). Recycling of metals, for example, can reduce energy consumption significantly – up to 30 times, in the 
case of copper (Klemmensen, et al., 2007, p. 150). Plastics, in turn, are accountable for 8% of global oil 
consumption, thus highly efficient recycling rates could reduce oil input substantially (EC, 2013). Another 
example of the possibilities to reduce GHG emissions considerably is food waste – EU’s food and drink value 
chain is accountable for 17% of direct GHG emissions (EC, 2011c).  

Despite all the opportunities that different waste management options have to offer, it should be noted that it is 
impossible to recycle all waste completely because of material losses. Some of them are inevitable and are 
caused by the natural laws, while others depend on the type of waste and technologies used. Recycling of some 
materials results in great energy and resource gains, whereas in other cases recycling does not offer high savings 
and thus, it is not economically attractive. As a result, GHG emissions are reduced only if the use of resources in 
the recycling process is lower than during the extraction and processing of virgin materials. What is more, 
UKERC (2007) argues that higher resource efficiency, in fact, stimulates consumption. The overall outcome 
varies from one case to another, but sometimes the result is a net increase in resource use. Such aftermath is 
called the “rebound effect”. 
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Waste management poses further concern, because waste generation keeps increasing, waste prevention and 
recycling rates have not reached their full potential, and European legislation on waste is sometimes poorly 
implemented, which deprives Member States of all the environmental, social, and economical opportunities (EC, 
2005). Lithuania and Sweden are two EU Member States that, despite their equal obligation to comply with EU 
requirements and attain targets, have quite different waste management practices. Sweden has long been 
concerned with environmental issues and waste sector here has been developing for decades. Lithuania, on the 
other hand, only started making progress around the time of joining the EU in 2004. Eurostat data clearly show 
large differences between the two countries in this regard. For instance, almost all of MSW in Sweden is 
recycled (including biological treatment) or incinerated to produce energy, whereas in Lithuania most of it is still 
landfilled. 

 

1.2  The aim and structure of the thesis 
 

Given the observed decreases in GHG emissions from waste management in recent years and the differences 
between Lithuania and Sweden in terms of their waste management practices, the aim of this thesis is, firstly, to 
identify how emissions of GHGs could be reduced in the two countries by improving their waste management 
and secondly, to estimate how much GHGs could potentially be avoided. The analysis includes food, plastic, 
metal, and paper and cardboard flows in both countries and possible emission reductions through waste recycling 
and other recovery. Waste prevention and re-use, however, are excluded from the scope of this thesis due to the 
lack of appropriate data. 

The thesis starts with some background information on GHG emissions from waste sectors in Lithuania and 
Sweden and the international agreements regarding climate change. The discussion will then move to the issue of 
linear waste flows and how the situation would be different in an ideal closed-loop economy. A review of waste 
management systems in Lithuania and Sweden will follow after that and Eurostat data will be used to analyse 
current waste generation and treatment patterns in both countries. Finally, the fifth chapter contains analysis of 
food, metal, plastic, and paper and cardboard flows in the two countries. This part includes calculations of 
possible GHG reductions, mainly based on Eurostat (2013), Bio Intelligence Service (2010), and Prognos et al. 
(2008) data. The thesis will end with a discussion and conclusions on the findings.  

 

1.3  Delimitations 
 

One of the main constraints is the difficulty to find new and accurate data. Calculations of GHG savings through 
waste recycling were partly based on the data found in the study carried out by Prognos et al. (2008), which 
explored CO2 reduction potentials in Europe. More recent data and studies focused precisely on Lithuania and 
Sweden could have provided even more accurate results. However, neither such data, nor reports that would 
confirm or question the results of Prognos et al. were found. Furthermore, the latest data on waste generation and 
treatment in Member States, provided by Eurostat, is from 2010 and 2011. 

Waste prevention and preparing for re-use are considered to be the best options for waste management. Analysis 
of these two alternatives could have given a much better understanding about the true potential of waste 
management in terms of GHG savings. Regrettably, waste prevention and preparing for re-use were left out 
because this was beyond the scope of this study. In addition, it is obvious that making quantitative analysis on 
the option of non-action is per se difficult.  
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2.  Greenhouse gas emissions 

2.1  Global effort to reduce emissions 
 

2.1.1  The UNFCCC and Kyoto Protocol 
 

Climate change was brought up on the political agenda during the 80’s after a number of scientific findings 
indicated that anthropogenic activities have adverse impact on climate due to the use of fossil fuels and the 
resulting GHG emissions (SEPA, 2006). The United Nations took the leading role in joining global efforts to 
mitigate this process as soon as possible. The United Nations Framework Convention on Climate Change 
(UNFCCC) was adopted in 1992 during the “Rio Earth Summit” and entered into force on 24 March, 1994. It 
was ratified by 195 countries who acknowledged the fact that human activities have a substantial effect on 
climate change through the emissions of GHGs and recognized the necessity to take immediate action. The 
ultimate goal of the Convention is to reach such concentration of GHGs in the atmosphere that would prevent 
anthropogenic interference with the climate system. This goal is to be achieved within a time frame that would 
allow ecosystems to naturally adapt to changing environmental conditions, ensure sustainable economic 
development, and ensure food production. 

Since the Convention only encourages the Parties to reduce their GHG emissions, more stringent action was 
needed. Consequently, the third Conference of the Parties (COP) held in Kyoto, Japan, in 1997 resulted in the 
establishment of the Kyoto Protocol that entered into force on 16 February, 2005. The Protocol set binding 
obligations for developed countries to reduce their GHG emissions in two commitment periods: 2008 – 2012 and 
2013 – 2020. GHGs covered by the Treaty are:  

1. carbon dioxide (CO2) 
2. methane (CH4) 
3. nitrous oxide (N2O) 
4. hydrofluorocarbons (HFCs) 
5. perfluorocarbons (PFCs) 
6. sulphur hexafluoride (SF6) 

Parties must monitor their GHG emissions and submit annual emission inventories and national reports to the 
UNFCCC secretariat. A compliance system has been established to make sure countries are meeting their 
commitments. The Protocol also includes three market-based mechanisms that promote green investments in 
order to help countries attain their targets in a cost-effective way: International emissions trading, Clean 
development mechanism and Joint implementation.  

The International emissions trading mechanism considers GHG emission removals as a commodity which can be 
traded by countries to help them comply with the Protocol. The GHG reduction targets are expressed in amounts 
of gases that each country is allowed to emit, and since it is not so important where in the world GHGs are 
released, some countries can attain higher savings, whereas others can pollute more, as long as the overall target 
is achieved.  

During the first period, 37 developed countries, including the EU, committed to reducing their overall emissions 
by 5% below 1990 levels. The EU-15 were obligated to reduce their total emissions by 8%, but the individual 
targets for each Member State were set by the Council Decision 2002/358/CE. Sweden’s emissions were limited 
to 104% (i.e. a 4% increase allowed), while Lithuania committed to 8% reductions.  

On 8 December, 2012, the Doha Amendment to the Kyoto Protocol was adopted. This amendment includes the 
seventh GHG – Nitrogen trifluoride (NF3), as well as a new list of Parties and their targets for the second 
commitment period from 2013 to 2020. For this next period Parties will commit to reduce their overall GHG 
emissions by at least 18% below 1990 levels. The Doha Amendment will enter into force once it is ratified by at 
least ¾ of the Parties. 
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2.1.2  The EU Emissions Trading System 
 

Directive 2003/87/EC created the EU Emissions Trading System (ETS), which in principle is analogous to the 
Kyoto Protocol International emissions trading mechanism and its aim is to ensure GHG savings at the lowest 
costs. This scheme applies to activities that are listed in Annex I of the Directive 2003/87/EC. The EU ETS 
includes 31 countries (EU-28, Iceland, Lichtenstein and Norway) and more than 11 000 installations – power 
stations, oil refineries, metal smelters, airlines, producers of cement, lime, glass, pulp and paper, etc., that are 
responsible for approximately 45% of GHG emissions in the EU (DG Clima, 2013b). 

The EU ETS established a market for buying and selling the so-called “right to pollute” during three trading 
periods: 2005 – 2007, 2008 – 2012, and 2013 – 2020. Installations that are not able to save GHGs at reasonable 
costs can buy emission allowances from other installations that can reduce their emissions more than they are 
obliged to. The scheme determines the “cap” (limit) of total GHG emissions and it is lowered from time to time 
to ensure progressive GHG reductions. Individual caps for every installation are distributed by the National 
Allocation Plans that must be approved by the EU Commission. The main condition is to allocate caps so that 
each country can attain its target set by the Kyoto Protocol (Klemmensen, et al., 2007, p. 152). 

The system has been receiving criticism for not being very effective. During the first trading period governments 
were accused of setting caps that were too high. As a result, industries were not encouraged to reduce their 
emissions and furthermore, carbon price dropped significantly. After reaching a peak of around 30 euro per 
tonne of CO2 equivalents in April, 2006, carbon price plummeted to 1.2 euro in March, 2007. Consequently, 
governments received pressure to set strict limits during the next period (Klemmensen, et al., 2007, p. 154).  

In the beginning of the second trading phase the cap was thought to be ambitious, but this period clashed with 
the economic recession, which caused a decrease in the emissions. The amount of allowances issued by the end 
of 2011 reached 8 720 million tonnes of CO2 equivalents, whereas the demand amounted to only 7 765 million. 
As a result, there was a surplus of 955 million tonnes of CO2 equivalents that caused carbon prices to drop again. 
These imbalances can undermine further carbon trading and the achievement of related EU targets (EC, 2012). 

 

2.1.3  EU climate policy 
 

The EU has adopted the so-called “20-20-20” targets which mean that the EU is committed to reducing its GHG 
emissions by 20% compared to the 1990 levels, raising the share of energy produced from renewable resources 
to 20% and improving EU’s energy efficiency by 20%, all of which are to be reached by 2020. Four different 
measures were taken to ensure the achievement of these targets. Firstly, specific GHG emission targets for each 
Member State were established with the Commission Decision 2013/162/EU (targets for Lithuania and Sweden 
are shown in Table 1). Secondly, the Renewable Energy Directive 2009/28/EC established national targets for 
the share of energy derived from renewable sources and the common framework for the promotion of such 
energy. Then the EU ETS was revised and the main change was the introduction of the single EU-wide cap for 
emission allowances and its gradual reduction on a yearly basis. Lastly, EU established a legal framework on the 
permanent geological storage of CO2 (Directive 2009/31/EC) so as to take further action towards reducing the 
amount of carbon dioxide in the atmosphere and ensure that such approach does not have negative effects on 
human health and environment. 

 

Table 1. Annual emission allocations (million tonnes of CO2 eq.) for Lithuania and Sweden from 2013 to 2020 
based on the global warming potential values from the second IPCC assessment report. 

 2013 2014 2015 2016 2017 2018 2019 2020 
Lithuania 16.66 16.94 17.22 17.5 17.78 18.06 18.34 18.62 
Sweden 42.53 41.86 41.2 40.54 39.87 39.21 38.55 37.88 

Source: Commission Decision 2013/162/EU of 26 March 2013. 

 

What is more, EU is currently aiming at reducing its GHG emissions by 80% – 95% (compared to 1990) by 
2050. As explained in the “Roadmap for moving to a competitive low carbon economy in 2050”, this goal could 
be achieved by reducing emissions by 1% every year during the second decade of this century, then by 1.5% 
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during the next, and by around 2% from 2030 up until 2050, as improving technologies would allow higher 
savings in the course of time. Also, this document suggests that such an ambitious target would be more 
reasonable from the economical point of view, as a “less ambitious pathway could lock in carbon intensive 
investments, resulting in higher carbon prices later on and significantly higher overall costs over the entire 
period” (EC, 2011a). Consequently, it is necessary to adopt new efficient technologies as soon as possible in 
order to ensure their cost-effectiveness and diffusion. 

 

2.2  Greenhouse gas emissions from the waste sector in Lithuania and 
Sweden 
 

Countries committed to reducing their GHG emissions according to the Kyoto Protocol are obligated to submit 
their national reports and GHG inventories showing the progress towards achieving their targets. In line with the 
adopted guidelines, Parties report their GHG emissions/removals from the following sources/sinks: 

1. energy 
2. industrial processes 
3. solvent and other product use 
4. agriculture 
5. land use, land-use change and forestry (LULUCF) 
6. waste 

All above-mentioned sectors are GHG sources, while LULUCF is the only sink (in the tables negative values for 
this category show GHG removals). Waste-related GHG emissions are grouped by three major activities: 

1. solid waste disposal on land 
2. wastewater handling 
3. waste incineration 

According to the reports, waste sectors in Sweden and Lithuania are accountable for the emissions of three 
GHGs: nitrous oxide (mostly from wastewater handling), methane (mainly from solid waste disposal and 
wastewater handling) and carbon dioxide (from waste incineration). It should be noted that in accordance with 
the IPCC guidelines on reporting, emissions from waste sectors do not include GHGs related to transportation, 
waste incineration with energy recovery (both are accounted under energy category), waste recycling or CO2 
emissions from biological waste (only fossil-based). For example, reported landfill gas emissions only include 
methane, but not carbon dioxide, since it results from the decomposition of organic matter in landfills. Emissions 
from wastewater handling include GHGs from industrial, domestic and commercial wastewater. 

Data from national GHG inventories (UNFCCC, 2013) will be discussed below. Tables A-1 to A-4 in the 
appendix summarize the most relevant data concerning GHG emissions in Lithuania and Sweden from 1990 to 
2011.  

 

 
Figure 1. Share of GHG emissions (%) by sector in Lithuania in 2011. 

Source: UNFCCC, 2013. 
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From 1990 to 2011 total GHG emissions (excluding LULUCF values) from all reported sectors in Lithuania 
dropped by almost 56%. Most of this dramatic decrease took place during the first few years and can be 
explained by the blockade of the economy in 1991 – 1993 when energy and other supplies were significantly 
restrained by the Soviet Union (Ministry of Environment of Lithuania, 2007). Waste sector, compared to the 
total emissions (excluding LULUCF values), constitutes a relatively small share of GHG emissions. Figures 
fluctuate from around 2.3% in 1990 to more than 6% in 2000 and 4.6% in 2011 (see Figure 1). Total waste-
related GHG emissions decreased by approximately 12% – from 1.123 million tonnes of CO2 equivalents in 
1990 to 0.99 million in 2011 (Table A-1, appendix). 

In Lithuania solid waste disposal is responsible for the largest share of waste-related GHGs. In 1990 this activity 
accounted for 41 thousand tonnes of methane (864 thousand tonnes of CO2 equivalents). Emissions kept growing 
until 2003, then started decreasing and reached 807.8 thousand tonnes of CO2 equivalents in 2011. Wastewater 
handling was responsible for 8.3 thousand tonnes of methane (174 thousand tonnes of CO2 equivalents) and 0.26 
thousand tonnes of nitrous oxide (80 thousand tonnes of CO2 equivalents) in 1990 and almost 5 thousand tonnes 
of methane and 0.24 thousand tonnes of nitrous oxide in 2011 (a total of 175 thousand tonnes of CO2 equivalents 
that year). 

Waste combustion has only been carried out on a very small scale in Lithuania – only certain types of wastes, 
such as oils and medicinal waste were incinerated at industrial plants or hospitals without energy recovery. As a 
result, waste incineration accounted for merely 0.7% of waste-related GHGs in 2011, while solid waste disposal 
and wastewater handling constituted 81.6% and 17.7% respectively (Table A-3, appendix). 

Waste-related emissions of methane are by far the largest compared to the other two gases, as it is generated by 
wastewater treatment activities, as well as during waste disposal. In Lithuania waste-related methane makes up 
on average 93% of the GHGs from this sector and when compared to other sources, waste management activities 
were responsible for 30% of all methane emissions in 2011 (agriculture and energy categories accounted for 
55% and 15% respectively).  

 

 
Figure 2. Share of GHG emissions (%) by sector in Sweden in 2011. 

Source: UNFCCC, 2013. 

 

Total GHG emissions in Sweden decreased by 15.5% from 1990 to 2011, while waste-related emissions dropped 
by almost 50% – from 3.4 million tonnes of CO2 equivalents to 1.7 (Table A-2, appendix). In comparison with 
total amount of GHGs, the share of waste-related emissions constituted 4.7% in 1990 and around 2.8% in 2011 
(see Figure 2). 

The amount of methane released from solid waste disposal in Sweden dropped from close to 3 million tonnes of 
CO2 equivalents to 1.2 million tonnes (decreased more than 2.4 times). This has been achieved partly due to the 
highly successful reduction of biodegradable waste in landfills and collection of landfill gas. The first plant for 
biogas extraction from landfills was opened in 1983. Within 10 years 70 of such plants started operating and the 
amount of gas recovered reached 30 135 tonnes in 2004. Landfill gas recovery increased three times from 1990 
to 2003 and it was used for heating, road transportation, and electricity production (SEPA, 2006). However, after 
the dramatic reduction of biodegradable waste in landfills, generation of landfill gas decreased. 
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In Sweden methane also takes up the largest share of GHGs from the waste sector. In 1990 it accounted for 
92.5% of total waste-related GHGs and by 2011 its share decreased to 87%. Compared to other GHG sources, 
waste sector accounted for almost 30% of total methane emissions in 2011. 

From 1990 to 2011 release of carbon dioxide from waste incineration increased from 44 thousand tonnes to 60 
thousand tonnes. During the same period of time emissions of nitrogen oxide fell from 211.6 thousand tonnes to 
161 thousand tonnes of CO2 equivalents (Table A-4, appendix).  
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3.  Waste management 

3.1  A wasteful society 
 

Basic human needs, such as food, clothing, and shelter, have been replaced by a number of wants. Today people 
desire a huge variety of goods and services, many of which are used to demonstrate our wealth and success. In 
order to satisfy these wants, resources are extracted and transformed into products, causing environmental 
distress. According to Spangenberg (2006, p. 18), every production process starts with waste generation and only 
a small part of all materials are processed into goods (which could even be seen as by-products due to their 
relatively small physical volumes) that eventually become waste too. Thus, as Spangenberg (2006, p. 18) puts it, 
“the main product of our productive processes is waste”. However, waste reduction and prevention require 
complex measures, as in most cases waste generation cannot be avoided easily. 

It has been estimated that current material flows exceed our planet’s carrying capacity by 35% and in Western 
Europe resource flows are as high as 60 – 80 tonnes per capita per year (Zbicinski, et al., 2006, p. 40). A major 
issue is that these material streams are linear, meaning that they start with resource extraction and end with waste 
disposal (from cradle to grave). One of the materials management strategies is to close the flow, i.e. to use 
materials again (from cradle to cradle), which includes reuse of products, recycling of resources in production 
processes and in consumer goods, as well as down-cycling (recycling that is subject to the loss of material 
quality) (Zbicinski, et al., 2006, p. 42). 

Closed material flows are a part of the so-called circular economy (or closed-loop economy) which, in the words 
of Hislop and Hill (2011), “represents a development strategy that maximizes resource efficiency and minimizes 
waste production, within the context of sustainable economic and social development”. The aim of circular 
economy is not to just decouple resource use from growth, but to optimize all material flows, eliminate waste, 
create abundance, and restore social, as well as natural capital (Wallace and Raingold, 2012). 

Material recycling is the step that connects the end of one material flow to the beginning of the other, thus 
creating the “circle” or the “loop”. Circular economy considers the entire life-cycle of a product, promotes 
innovation throughout the whole value chain (for example, product remanufacturing, refurbishment, and 
reselling), and encourages changes in consumer behaviour (Wallace and Raingold, 2012). In fact, society’s 
consumption patterns and lifestyles contribute towards shaping the whole economy. Consumer influence on the 
market includes such factors as desire to possess certain types of goods, willingness to sort waste, product 
quality expectations and attitude towards recycled materials. 

 

 
Figure 3. Share of waste generation (%) by economic activities (NACE) and households in EU-27 in 2010. 

Source: Eurostat, 2013. 

 



9 
 

More than 2.5 billion tonnes of waste were generated by the EU-27 in 2010 (Eurostat, 2013). Construction sector 
and mining activities constitute the largest amounts of waste – around 34% and 27% respectively (see Figure 3). 
Households are accountable for almost 9%, waste and water management – 8% and manufacturing – 11% of 
total waste, whereas energy sector, services, and agriculture, forestry and fishing generate least waste.  

From all waste generated in 2010 in EU-27 (2.5 billion tonnes) around 1.14 billion tonnes were recovered, 
around 90 million tonnes were incinerated to produce energy, while approximately 1.1 billion tonnes were 
disposed of (including incineration without energy recovery) (Eurostat, 2013).  

The most common recyclable materials are metals, plastic, glass, paper and cardboard. According to Zbicinski et 
al. (2006, p. 163), 100% recycled aluminium and copper can reduce environmental impact 10 and 4 times 
respectively, 100% recycled plastic, iron, and paper and cardboard can reduce the impact around 2.5 times, 
whereas the appropriate figure for glass is 1.25 times. 

Unfortunately, it is impossible to recycle all types of waste over and over and recycling efficiency varies from 
one material to another. Paper, for example, can be recycled up to six times, as the quality of cellulose fibre 
worsens every time (Klemmensen, et al., 2007, p. 150). Metals, on the other hand, can be recycled repeatedly 
with almost no loss in material quality. For example, recycling rate for lead can be as high as 99.9% (Zbicinski, 
et al., 2006, p. 49). What is more, metal extraction is a very energy intensive process, which at the same time 
generates a lot of mining waste. For instance, copper can be extracted from ores that only contain around 0.3% 
of this metal (Zbicinski, et al., 2006, p. 64). The smaller the grade of the ore, the more mining waste is generated. 
Consequently, metal recycling can save a lot of energy and reduce material flows significantly. For instance, use 
of recycled iron and copper decreases resource consumption by 6 times and 30 times respectively (Klemmensen, 
et al., 2007, p. 150). 

Despite the very ambitious goals, circular economy cannot solve all resource depletion problems, nor can it 
decouple resource use from growth completely. Even though recycling is much more efficient than product 
manufacturing from virgin resources, still energy and other materials are necessary to turn waste into product 
again. Also, in most cases material quality degrades during its recycling process to a certain extent depending on 
its physical characteristics. Thus, the final resource and GHG savings depend on the differences between 
recycling and extraction of raw materials. In addition, resource efficiency stimulates consumption and further 
use of resources and can even lead to an overall increase in resource use. 

Even if perfect recycling was possible, other actions have to be taken as well to reduce environmental pollution 
and resource depletion. One of the very important means to do that is to alter consumption patterns and 
encourage waste prevention. In the words of Spangenberg (2006, p. 26), our society should start changing the 
attitude from “to buy is to be” towards “to be is to have”. However, the problem of consumerism is only one side 
of the coin. It is also highly debated whether economic growth can lead to a sustainable future. According to Tim 
Jackson, economic growth brings about environmental degradation, resource depletion and does not deliver its 
benefits to those who need them the most. In order to stay within the limits of our planet, it is necessary to 
achieve absolute decoupling which means that resource impacts should decline in absolute terms compared to 
the GDP. Jackson argues that under present conditions it is neither possible to attain growth with absolute 
decoupling, nor a stable de-growth. Instead, it is proposed to strive for a non-growth economy, i.e. to improve 
wellbeing without increasing material throughput (Jackson, 2009).  

 

3.2  EU waste policy 
 

The EU has developed a number of environmental programs, legislation, and strategies on waste to ensure 
efficient waste management on the European level and to reduce as much as possible related risks to the 
environment and human health. 

The Sixth Environmental Action Program, covering the period from 2002 to 2012, has established four priority 
areas, two of which are climate change and natural resources and wastes. The latter area aims at decoupling 
economic growth from the use of resources and generation of waste. Firstly, this is pursued by reducing the total 
amount of waste – hazardous, as well as non-hazardous – through different prevention initiatives. Secondly, the 
amount of waste taken to disposal sites should be decreased as much as possible, at the same time ensuring that 
emissions to air, water, and soil are minimal. And thirdly, re-use and recycling of waste are the two most 
prioritized waste treatment methods. 

The next EAP will continue to regard waste prevention and sustainable waste management as one of the areas of 
high importance. As Janez Potočnik, European Commissioner for Environment, has stated in his speech on the 
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7th EAP (2012), the core of the green economy should be putting in place the right conditions for a resource 
efficient, low-carbon growth which means, among other things, reducing the overall environmental impact of 
consumption by developing the recycling sector, turning waste into a resource, and thus increasing growth. 

The Waste Framework Directive (2008/98/EC) (WFD) together with other appropriate legislation forms the 
current EU waste policy based on three main principles: 

1. waste prevention 
2. recycling and reuse 
3. improving final disposal and monitoring 

EU directives set various targets, establish rules and procedures to be followed, but this type of legislation is not 
directly applicable. Every Member State within certain period of time must transpose directives into its national 
law and choose individually how the targets are going to be reached. The role of the European Commission is 
then to supervise implementation and the attainment of targets. 

WFD established a priority order for waste management options – the so-called “waste hierarchy” which reflects 
the three main principles of the EU waste policy. According to the hierarchy, waste prevention is the most 
favourable option, followed by preparing for re-use, then recycling, and other recovery (for example, waste-to-
energy), while waste disposal is seen as the last resort for waste management. 

The term “waste prevention” means that measures have to be taken even before a product is produced. The goal 
is to reduce waste generation, and consequently, lessen the adverse effects waste has on the environment and 
human health. According to Article 29 of the Waste Framework Directive, by 12 December, 2013, Member 
States shall establish waste prevention programmes that will be integrated into their waste management plans or 
other environmental policy programmes. 

Preparing for re-use is understood as checking, cleaning or repairing discarded products in order to use them 
again without any further processing. WFD describes recycling as any recovery operation that is used to 
reprocess waste back into products, materials or substances for the original or other purposes. Recovery, in turn, 
means such treatment operations that transform waste into a material which serves a purpose and thus, the use of 
another material is avoided. Recovery operations include waste incineration to produce energy, regeneration of 
acids or bases, purification of waste oils, reclamation of organic or inorganic waste, etc. And lastly, disposal, 
according to the WFD, is any operation other than recovery, for example, waste deposit into or onto land, deep 
injection into wells, repositories, surface impoundment, release into water bodies, incineration (without energy 
recovery), and permanent storage. 

WFD also introduced the extended producer responsibility (EPR), which is based on the idea that the producer is 
to some extent accountable for the environmental impacts caused by his product during its whole life-cycle. The 
Directive does not specify how Member States should implement this principle, but measures may include 
collection of used products and waste; further waste treatment; disseminating information on the re-usability and 
recyclability of the waste; promotion of environmentally friendly product design; and encouragement of 
development, manufacturing, and marketing of products that are durable, can be used multiple times, and are 
suitable for environmentally safe recycling or disposal at the end of their life-cycle. The extended producer 
responsibility applies to “any natural or legal person who professionally develops, manufactures, processes, 
treats, sells or imports products (producer of the product)”. 

WFD encourages Member States to organize separate collection of waste with different properties in order to 
facilitate or improve their recovery and recycling. Special emphasis is placed on waste oils and bio-waste, as 
well as paper, plastic, glass, and metal. In addition, WFD established targets for the re-use and recycling of 
household waste (at least 50% by weight by 2020) and non-hazardous construction and demolition waste (at 
least 70% by weight by 2020). A number of targets were set by other EU directives as well. They are 
summarized in Table A-6 in the appendix.  

 

3.3  Waste management in Lithuania 
 

3.3.1  The system 
 

Ministry of Environment of Lithuania is the main institution whose responsibilities include initiation of 
legislation on waste and organization of waste management control. The Ministry has established 8 regional 
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environment protection departments that are responsible for the supervision of certain facilities established in 
their territories. Supervision includes registration of undertakings, issuing of permits, inspections, etc. Another 
governmental body involved in waste management control is Environmental Protection Agency, which 
coordinates the activities of regional departments and provides them with methodical assistance. 

Lithuania is divided into 10 counties and further into 60 municipalities. Every county has its Regional Waste 
Management Centre – a legal entity responsible for the MSW management system, which includes development 
of waste management plans on a county level and supervision of municipalities. In turn, municipalities are 
responsible for the organization of collection, transportation, recovery and disposal of municipal waste. In 
addition, they must ensure that different fractions of waste (paper, glass, metal, and plastic) are collected 
separately and that sites for bulky, hazardous, and green waste are managed properly (BIPRO, 2012). 

In 2012 approximately 94% of population was covered by the municipal waste collection scheme (Ministry of 
Environment of Lithuania, 2013). Lithuania used to have nearly 800 landfills (sometimes referred to as 
“dumpsites” due to the lack of adherence to environmental requirements) that stopped operating in 2009 and 
were replaced by 11 new landfills in compliance with EU requirements (Government of Lithuania, 2010). To 
this day disposal is the main MSW management option – in 2011 approximately 79% (1.034 million tonnes) of 
MSW was landfilled (Eurostat, 2013). 

Currently, there are 77 sites for bulky and hazardous waste, as well as around 20000 containers for recyclables 
around the country (ETC/SCP, 2013a). Apart from plastic, glass, paper, and metal, these sites also accept 
hazardous waste (such as fluorescent lamps, batteries and accumulators, filters from vehicles, lubricants, acids, 
paints and dyes, expired pharmaceutical waste, etc.) and bulky waste (for instance old furniture, household 
appliances, tyres, construction waste, etc.). Generally, citizens can deliver the above-mentioned waste free of 
charge, unless their quantities exceed certain limits. 

Moreover, every region has a few green waste sites for the collection and composting of biodegradable waste. 
They receive waste mostly from olericulture and horticulture in the form of grass, leaves, branches, fruit and 
vegetable waste, wood waste and sawdust, etc. Additionally, in most of the regions individual houses are 
supplied with composting containers that are free of charge and available on demand (Ministry of Environment 
of Lithuania, 2012). However, collection of other biodegradable municipal waste, for instance kitchen waste, has 
not been foreseen. 

One of the means to improve collection and recycling of certain types of waste is to apply the Extended Producer 
Responsibility (EPR) principle established by the WFD. The EPR in Lithuania applies to waste oils, packaging 
waste, ELVs, WEEE, tyres, batteries and accumulators, air, oil and fuel filters for internal-combustion engines, 
and hydraulic shock-absorbers. Tax revenue received from the EPR system is used to finance the establishment, 
development and functioning of the program designed for the management of the above-mentioned waste and 
related education of the society and public servants. Instead of paying taxes, producers can opt to manage the 
waste of their products or packaging themselves or have other undertakings do it on their behalf. They also have 
the right to establish organizations in order to develop additional waste collection systems (Government of 
Lithuania, 2010). 

The waste recycling sector has been expanding and the number of waste management facilities in Lithuania has 
grown significantly during the last decade. However, a lot of them are engaged in such activities as waste 
collection, sorting, storage, trading (including international markets). There are quite a few plastic recyclers and 
two large paper mills – AB “Grigiskes” and AB “Klaipedos kartonas” – that have been operating for more than a 
century and today they are the main paper and cardboard recycling facilities in Lithuania. More than half of 
plastic, and paper and cardboard waste is recycled in Lithuania (LEPA, 2013b), but when it comes to metals, 
most of the scrap is shipped to other countries for smelting, due to the insufficient domestic recycling capacity. 

As for biodegradable waste, recycling rates are relatively low and the targets established by the EU Landfill 
Directive were not attained. Lithuania was anticipated to reduce disposal of biodegradable municipal waste to 
75% compared to 2000 levels by July, 2010, and to 50% by July, 2013. In 2010 the amount of biodegradable 
waste disposed of in landfills was only reduced to 85% (BIPRO, 2012), but the share dropped to 70% the next 
year (Ministry of Environment of Lithuania, 2012). In the National Strategic Waste Management Plan (2007 – 
2012) it was foreseen to introduce mechanical-biological treatment (MBT) by 2010, but not even a single facility 
has been built yet due to prolonged public procurement procedures. According to the Ministry of environment 
(2012), it is expected to open 9 of such plants by 2015. Currently, the main measures to improve the collection 
and recycling of biodegradable municipal waste are the ban on landfilling biodegradable waste from parks, 
gardens and greeneries, distribution of composting containers to individual houses, and the establishment of 
green waste collection sites. It is planned to open more of such sites so that there would be 53 in total and their 
combined capacity would reach 140 thousand tonnes of waste per year (Ministry of Environment of Lithuania, 
2012). 
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Waste-to-energy is quite a novelty in Lithuania. Construction of the first waste and biofuel combined heat and 
power plant (“Fortum Klaipeda”) was finished in 2012 and it started operating in 2013. It was erected in 
Lithuania’s harbour Klaipeda and is designed to incinerate biofuel, pre-sorted MSW, and other (industrial, 
agricultural, construction and demolition) waste collected from Klaipeda region. The plant can incinerate 34 
tonnes of waste and biofuel mix per hour (around 24 and 10 tonnes respectively). The annual waste input can 
reach 180 000 tonnes, while the output is expected to be 110 GWh of electricity and 400 GWh of heat supplied 
to the city of Klaipeda (KLRAAD, 2013). 

Waste recycling in Lithuania is not very efficient so far due to the slow development of MSW collection systems 
and poor sorting in households. What is more, most of the municipal biodegradable waste is still landfilled, 
which leads to high GHG emissions. On the other hand, many improvements have been made – new landfills 
replaced the old ones, most of the bulky and green waste sites were established, the number of containers for 
recyclables is increasing, and the foundation for the EPR principle has been laid. However, one of the 
weaknesses pointed out in the National Strategic Waste Management Plan is that poor cooperation among 
producers, their associations and municipalities in Lithuania leads to inadequate implementation of the EPR. 
Furthermore, there are very little waste prevention initiatives, even though it is the most prioritized management 
option by the EU policy. 

 

3.3.2  Waste generation and treatment 
 

In Lithuania total waste generation reached 5.58 million tonnes in 2010 (1 700 kg per capita). Close to half of the 
waste is generated by the manufacturing industry (47.5%), while households are the second largest source of 
waste, accounting for approximately 22.6% (see Figure 4) (Eurostat, 2013).  

 

 
Figure 4. Share of waste generation (%) by economic activities (NACE) and households in Lithuania in 2010. 

Source: Eurostat, 2013. 

 

From the total of 5.58 million tonnes of waste, recyclable materials constituted almost 1.125 million tonnes. 
More than a half of it (53%) was metal waste, around 27% – wood, 9% – paper and cardboard, 5% – glass, 3.6% 
– plastic, 2% – rubber, and 0.4% – textile. 

Only 42% of all recyclable materials were treated (31% were recovered, 10% were incinerated for energy 
recovery, and 0.7% were disposed of). The share of recovered material varies quite a lot. Highest total recovery 
rates (including energy recovery and other recovery) were achieved for glass and wood waste (95% and 96% 
respectively), then – rubber and paper and cardboard (approximately two thirds), plastic (46%), and textile 
(27%). And when it comes to metal waste, recovery reached merely 2.3%, because most of it was exported (see 
Table 2).  
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Table 2. Generation, total treatment* (thousand tonnes), and share of different treatment options (%) for 
recyclable waste in Lithuania in 2010. 

 Metal Glass Paper and 
cardboard Rubber Plastic Wood Textile 

Generation 595.6 55.8 104.7 23.9 40 300.3 4.8 
Total treatment 13.7 53.5 68.1 16.1 21.5 290.3 4.5 
Share of incineration with 
energy recovery (%) 0.00 0.00 0.1 30.5 0.00 33.6 0.00 

Share of other recovery (%) 2.3 95.4 64.9 36.9 46.3 62.8 27.3 
Share of disposal (%) 0.00 0.6 0.01 0.00 7.5 0.3 66.1 

* Total treatment includes waste disposal and all types of recovery. 

Source: Eurostat, 2013. 

 

Generation of MSW reached a peak in 1998 amounting to 1.58 million tonnes. The following year the number 
dropped to 1.24 million tonnes, but this decrease can be explained by the fact that waste sites were renovated and 
started weighing waste instead of estimating the weight of the waste according to its volume. In 2009 generation 
of MSW reached its lowest level due to the global economic crisis and in 2011 the amount constituted 1.339 
million tonnes or 442 kg per capita (Eurostat, 2013).  

Table 3 shows the overview of MSW generation and treatment from 2004 to 2011. In 2004 98% of all treated 
waste was landfilled. To this day disposal is the main MSW treatment option, but its share decreased to 79% in 
2011. From 2004 to 2006 recycling and composting rates remained almost constant. This could be explained by 
the need for waste collection system and treatment facilities to adapt to the new requirements after joining the 
EU (changes in legislation, data reporting, etc.) (ETC/SCP, 2013a). However, in 2011 material recycling reached 
18.64%, whereas composting and digestion only increased slightly over the years – from 0.85% in 2004 to 
1.76% in 2011 of the total MSW treated. 

The dramatic increase in material recycling is due to the fact that, unlike previously, data for 2011 included 
municipal packaging waste, waste tyres, and waste that was shipped to other countries for recycling (around 10% 
of MSW collected) (LEPA, 2013a). Yet, recycling rates are still relatively low. ETC/SCP (2013a) points out that 
the main reasons behind that are the absence of landfill tax and low landfilling fees.  

 

Table 3. Generation and treatment of MSW from 2004 to 2011 in Lithuania (million tonnes). 

 2004 2005 2006 2007 2008 2009 2010 2011 
Waste generated 1.26 1.29 1.33 1.35 1.37 1.21 1.25 1.34 
Total treatment* 1.18 1.2 1.24 1.3 1.29 1.15 1.14 1.31 
Deposit onto or into land 1.15 1.17 1.21 1.25 1.24 1.09 1.08 1.03 
Incineration with energy recovery 0.00 0.00 0.00 0.00 0.00 0.00 0.001 0.006 
Incineration without energy recovery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.002 
Recycling 0.014 0.014 0.014 0.029 0.04 0.037 0.043 0.24 
Composting and digestion 0.01 0.01 0.011 0.022 0.015 0.016 0.019 0.023 

* Total treatment includes waste disposal and all types of recovery. 

Source: Eurostat, 2013. 

 

The amount of waste incinerated in 2011 was trivial, but the opening of the first waste and biofuel combined 
heat and power plant in 2013 will change these figures considerably. “Fortum Klaipeda” is capable of 
combusting up to 180 thousand tonnes of municipal and other waste each year. 

Other kind of waste-related energy comes in the form of landfill gas. In Lithuania methane recovery for energy 
purposes started in 2008 at two closed landfills and two years later – at another three. While in 2008 only 0.34 
thousand tonnes of methane were recovered, in 2011 the amount increased more than 14 times and constituted 
almost 5 thousand tonnes (Ministry of Environment of Lithuania and LEPA, 2013). 
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3.4  Waste management in Sweden 
 

3.4.1  The system 
 

Swedish waste management system is steered by the Ministry of Environment (Regeringskansliet) whose main 
function is to form country’s environmental policy and to issue legislation. One of its subordinate institutions is 
Swedish Environmental Protection Agency (SEPA) that is responsible for the proposition and implementation of 
environmental policies, including those related to waste management. 

As in Lithuania, Swedish municipalities are responsible for the collection and disposal of household waste. 
Depending on each municipality, waste is sorted into 10 – 15 fractions: burnable, biodegradable, bulky waste, 
plastic, metal, glass, and paper packaging, newspapers, WEEE, batteries, medicines, other hazardous waste, 
bottles and jars. However, certain types of household waste are covered by the EPR system. That includes 
packaging, tyres, news and pams (graphic papers), cars, electrical and electronic products, batteries, 
pharmaceuticals, radioactive products and unclaimed radioactive sources. EPR for packaging waste involves 
waste collection system and recycling centres that are financed by the money received from producers in the 
form of packaging taxes. Instead of affiliating with companies that take care of waste collection and treatment, 
producers can choose to do it themselves. In addition, producers are obliged to inform companies on what has to 
be done with the packaging and municipalities have to provide relative information to households (SEPA, 2012). 

One example of the implementation of the EPR in Sweden is the deposit-refund system for aluminium cans 
(since 1982) and PET bottles (since 1991). 92% of the cans and 84% of PET bottles were collected and recycled 
in 2008 owing to this scheme (compared to the amount put on the market that year) (Tojo, 2011). Some of the 
success factors indicated by Tojo (2011) are the convenience of returning cans and bottles (collection points are 
usually situated next to the retailers where customers shop repeatedly and the containers can be taken back to 
any of them) and the habit of doing so (Swedes used to take back refillable glass bottles before the establishment 
of this system). Other very important reasons are the fact that the system was introduced by law, but 
implemented by the industry and operated on a non-profit basis.  

Waste recycling rates in Sweden are quite high, compared to other EU countries. For example, material recycling 
of MSW was around 33% in Sweden and 25% in EU-27 in 2011. The same year around 15% of MSW was 
composted and digested, which is slightly above the EU-27 average (14.5%) (Eurostat, 2013). According to 
SEPA (2005), the country has more than 10 facilities that carry out anaerobic digesting and over 20 that compost 
waste. Their combined annual capacity is around 244 thousand tonnes and 274 thousand tonnes of biodegradable 
waste respectively.  

Landfilling of biodegradable waste in Sweden is banned since the beginning of 2005. Moreover, the landfill tax 
was introduced in 2000 and the taxation level was raised in 2002, 2003 and 2006 (ETC/SCP, 2013b). These 
economic instruments are the main reason for high recycling and recovery rates. Also, according to SEPA 
(2012), implementation of the EPR has increased collection and recycling rates of packaging waste, ELVs, tyres, 
WEEE, and waste batteries and accumulators.  

As for waste incineration, Sweden has the highest rate of energy recovery from waste, compared to other 
European countries. The main reasons behind that are the ban on landfilling combustible waste (it has been 
prohibited since 1 January, 2002), tens of incinerators all around the country, well developed infrastructure, and 
years of experience in waste combustion (Avfall Sverige, 2012).  

When the bans on landfilling combustible and biodegradable waste were introduced, waste treatment facilities 
were not able to cope with all the resulting waste and some exceptions were made, but as the capacities increased 
there was no need to landfill burnable or biodegradable waste anymore (SEPA, 2012). In 2009 half of Sweden’s 
landfills were closed due to incompliance with environmental requirements (ETC/SCP, 2013b). During the 
economic recession in 2008 – 2010 generation of waste decreased, waste-to-energy facilities started lacking 
waste and the shortage was consequently covered by waste imports from Norway (SEPA, 2012).  

Waste incineration with energy recovery has its pros and cons. Firstly, it can be applied to a variety of waste and 
it is a quick way to reduce waste volumes to a great extent. Secondly, it is much more advantageous than waste 
disposal in landfills. On the other hand, incinerators are interested in maintaining high waste generation levels 
and can deter the development of waste prevention strategies. Furthermore, since combustion is an easy way to 
get rid of refuse, it discourages waste sorting, recycling and other recovery which are more acceptable waste 
management options, according to the waste hierarchy. 
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Sweden has already experienced dependency on refuse derived fuel during the economic recession and the 
expansion of WtE infrastructure can deepen this problem. Also, if the country improves resource efficiency and 
successfully implements its waste prevention program, incinerators might experience a downturn again. That 
would give rise to two major problems – the necessity of additional energy sources and the excess capacity of 
incineration plants. 

 

3.4.2  Waste generation and treatment 
 

In 2010 waste generation in Sweden reached 117.65 million tonnes (approximately 12 545 kg per capita) and ¾ 
of that was produced by the mining activities (Eurostat, 2013), which includes extraction of copper, iron, zinc, 
graphite, molybdenum, nickel and zirconium. Most of the waste generated by the extraction industry is dumped 
close to the mines, as possibilities to use it are very limited – most mining activities are carried out in the north 
of the country, while the demand for the waste is mainly in the south (SEPA, 2012). 

If mining and quarrying are excluded from the picture, the amount of waste in 2010 was 28.6 million tonnes. 
One third was generated by the construction sector, around 27% – by the manufacturing industry, while 
households and waste and water management were accountable for 14% and 13% respectively (see Figure 5). 

 

 
Figure 5. Share of waste generation (%) by economic activities (excluding mining and quarrying) and households in Sweden 
in 2010. 

Source: Eurostat, 2013. 

 

Recyclables (metals, plastic, paper and cardboard, wood, glass, rubber, and textiles) constituted around 22% 
(6.34 million tonnes) of the total waste (mining waste excluded). From all recyclables, metals amounted to more 
than 41%, wood – close to 30%, paper and cardboard – over 20%. Overall recovery rate, including waste-to-
energy, was quite high – 87.5% of the total recyclable waste (Eurostat, 2013). 

Total recovery rate for metal waste reached almost 69%, for glass – 49%, plastic – almost 60%, and wood – 79% 
(see Table 4). When it comes to paper and cardboard and rubber, the amount of waste recovered exceeded the 
quantity of waste that was generated that year in Sweden (around 150% and 216% respectively). This could 
possibly be explained by waste imports, as well as waste leftovers from previous years. Data show no form of 
treatment of textile waste (Eurostat, 2013).  

 

Table 4. Generation, total treatment* (million tonnes), and share of different treatment options (%) for 
recyclable waste in Sweden in 2010. 

 Metal Glass Paper and 
cardboard Rubber Plastic Wood Textile 

Generation 2.62 0.3 1.28 0.045 0.22 1.86 0.019 
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Total treatment* 1.8 0.15 1.91 0.1 0.13 1.47 0.00 
Share of incineration with 
energy recovery (%) 0.00 0.00 0.96 139.9 38.7 73.7 0.00 

Share of other recovery (%) 68.8 49 148.34 76.45 20.7 5 0.00 
Share of disposal (%) 0.01 0.13 0.04 0.00 0.19 0.09 0.00 

* Total treatment includes waste disposal and all types of recovery. 

Source: Eurostat, 2013. 

 

Table 5 shows the overview of how much MSW was generated in Sweden from 2004 to 2011 and what share of 
it was disposed of, recycled, incinerated and composted. According to Eurostat (2013), generation of MSW in 
Sweden increased by almost 39% from 1995 to 2008, but during the next 3 years it started decreasing due to the 
economic downturn. In 2011 the amount constituted 4.35 million tonnes (460 kg per capita). During the same 
year more than a half of MSW was incinerated to produce energy, around a third was recycled and 15% was 
composted or digested (Eurostat, 2013). 

 

Table 5. Generation and treatment of MSW from 2004 to 2011 in Sweden (million tonnes). 

  2004 2005 2006 2007 2008 2009 2010 2011 
Waste generated 4.17 4.35 4.5 4.72 4.73 4.49 4.36 4.35 
Total treatment* 4.21 4.45 4.55 4.68 4.69 4.44 4.31 4.35 
Deposit onto or into land 0.38 0.21 0.23 0.19 0.14 0.063 0.042 0.038 
Incineration with energy recovery 1.94 2.18 2.11 2.19 2.29 2.17 2.12 2.24 
Incineration without energy recovery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Recycling 1.46 1.57 1.68 1.74 1.66 1.59 1.56 1.43 
Composting and digestion 0.43 0.49 0.54 0.56 0.6 0.62 0.59 0.65 

* Total treatment includes waste disposal and all types of recovery. 

Source: Eurostat, 2013. 

 

Clearly, the main MSW treatment option at the moment is incineration with energy recovery. Compared to other 
European countries, Sweden has the highest rate of energy recovery from waste through incineration. The 
country has around 30 plants for the incineration of household waste. In 2011 2.24 million tonnes of MSW 
(51.4%) and 3.05 million tonnes of other waste were incinerated to produce energy and it resulted in the 
production of 15.5 TWh of energy. 13.5 TWh were used for heating purposes, while the rest were transformed 
into electricity (these figures include incineration of imported waste) (Avfall Sverige, 2012). 

In total, more than 555 thousand tonnes of biodegradable were digested and 690 thousand tonnes were 
composted in 2011. Biological treatment that year resulted in the production of 349 430 MWh of energy in the 
form of biogas. 92% of that energy was employed as vehicle gas, while the rest was used to generate electricity, 
heating and some of it was flared (Avfall Sverige, 2012). Also, the same year more than 594 thousand tonnes of 
digestate was produced, and since it is an excellent fertilizer, 90% of it was used for agricultural purposes 
(Avfall Sverige, 2012).  

From all waste treatment options, disposal is seen as the last resort in Sweden. In 1995 only around 35% of 
MSW was landfilled. The share of landfilled waste decreased even more during the next 15 years and reached 38 
thousand tonnes in 2011 (less than 1% of the total MSW). At present such waste disposal is mostly used for 
waste that cannot be treated in other ways, for example, crushed concrete, porcelain, tiles, etc. (Avfall Sverige, 
2012). Due to strict EU requirements, around half of Sweden’s landfills were closed in recent years, but gas and 
leachate are still collected from those sites because of the gradual decay of organic matter. In 2011 270 GWh of 
gas were recovered from landfills. 221 GWh were used for heating, 16 GWh – for electricity, and the rest were 
flared (Avfall Sverige, 2012). 
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4.  Methods 

The aim of this thesis was to identify how the release of GHGs could be reduced in Lithuania and Sweden by 
improving their waste management and to estimate how much carbon dioxide equivalents could potentially be 
avoided. Consequently, the approach used is a comparative analysis of the two countries in terms of their 
potential to decrease GHG emissions through waste recovery. The research includes the analysis of quantitative 
data on waste-related GHGs, waste generation, recovery, and disposal in Lithuania and Sweden, as well as the 
qualitative analysis of the current situation in both countries and their waste management systems. This data has 
been presented in chapters 2 and 3. 

This desk study analysed secondary data from various sources, especially reports from Lithuanian, Swedish, and 
EU institutions, as well as from Eurostat that also collects most of the figures from national agencies. The 
essential results of this thesis were obtained by using the findings of the study carried out by the Switzerland-
based consultancy firm Prognos in association with the Institute for Energy and Environmental Research (IFEU) 
and the Institute of Environmental Research (INFU) at Dortmund University (“Resource savings and CO2 
reduction potential in waste management in Europe and the possible contribution to the CO2 reduction target in 
2020”). Considering the fact that all the data used in this thesis is secondary, the information might not be 
completely accurate. On the other hand, collection of primary data for this type of study would not be practically 
feasible because the necessary figures cover two different states, a span of several years, and countrywide 
statistical records. Furthermore, all sources of information entail the risk of being biased, which might 
compromise the reliability of the data. For example, the public sector (which is the main source of data for this 
thesis) might provide figures that would make the situation in the country look better than it actually is. 

In addition, this thesis includes calculations of GHG reduction potentials in Lithuania and Sweden based on their 
waste disposal rates and estimations of GHG savings when recycled materials are used instead of virgin 
resources. The latter was found in the above-mentioned report (Prognos, et al., 2008), while waste disposal rates 
were retrieved from Eurostat database. Also, regional waste management centres in Lithuania carried out studies 
on the composition of MSW taken to landfills in 2012. The average numbers, representing the composition of 
MSW on the country level, were calculated using the figures found in those reports. 

It should be reminded that GHG emissions are mainly caused by the consumption of fossil fuels. Every country 
uses diverse energy sources and requires different amounts of energy for different production processes. Thus, 
the amount of GHGs released to the atmosphere varies from one country to another. However, in this thesis 
GHG savings resulting from the use of recycled materials instead of virgin resources are not differentiated on a 
country-by-country basis. Instead, they are based on the average situation in the EU-27. It should also be noted 
that waste management has very limited possibilities of reducing GHG emissions. The final outcome depends on 
the use of renewable energy resources instead of fossil fuels.  

Furthermore, one of the tables shows how much GHG emissions are attributable to the whole life-cycle of food 
in Lithuania, Sweden and EU-27, based on the figures found in “Preparatory study on food waste across EU 27” 
by Bio Intelligence Service (2010). Thus, even though waste prevention was excluded from the research, it was 
estimated how much carbon dioxide equivalents could approximately be avoided if food waste was not 
generated. 

The results of the research are presented in chapter 5 that is divided into sections according to different resource 
flows: food, metal, plastic, and paper and cardboard. Every sub-chapter contains tables with calculations that 
were carried out by this study. The last part of the chapter provides an overview of the findings. 
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5.  Resource flows 

5.1  Food waste 
 

5.1.1  Reasons for food waste 
 

Food waste can be categorized as edible and inedible (for example, potato peels and coffee grounds are not 
usually consumed). SEPA (2012) has estimated that around 65% of household food waste in Sweden is 
unavoidable, but the rest can be used. When edible food is wasted, it firstly means that the products were made 
in vain and all the resources used in the production process (energy, water, seeds, land, fertilizers, pesticides, 
etc.) served no purpose. Secondly, the GHGs that were emitted during food production were emitted in vain and 
GHGs released during waste treatment or decomposition could have been avoided if the food was consumed 
(SIK and FAO, 2011).  

At the manufacturing sector food is wasted due to overproduction, product or packaging damage, and misshapen 
products. Also, this sector includes waste that is largely unavoidable – for example, animal carcasses, organs and 
bones. Food waste in other sectors (wholesale, retail and food service) is wasted due to the inefficiencies of 
supply chain, different marketing strategies and stock management, large portion sizes, negative attitude towards 
taking leftovers home, etc. (Bio Intelligence Service, 2010). 

Households also discard food for a number of reasons and very often waste can be avoided. Firstly, improper 
food packaging, storage, and misinterpretation of labelling are reasons why some products expire and are 
subsequently thrown away. Secondly, large portion sizes, personal eating preferences (e.g. discarding of apple 
peels or bread crust), the habit of buying too much food, and lack of knowledge how to use leftovers result in 
food waste as well. Other reasons include the unawareness of environmental problems caused by waste and lack 
of appreciation of food (Bio Intelligence Service, 2010).  

 

5.1.2  Food waste treatment options 
 

As discussed previously, solid waste disposal is accountable for the largest share of waste-related GHG 
emissions in Lithuania and Sweden and this is mostly due to the decomposition of organic matter. In controlled 
landfills layers of waste and material of low permeability create anaerobic internal environment that favours 
methane-producing bacteria. By decomposing organic matter these microbes form landfill gas that consists of 
approximately 50% carbon dioxide, 50% methane and traces of other compounds. The amount of gas depends on 
the composition of waste and the environment inside the landfill (moisture, pH level, temperature, etc.) and as 
the carbon stock decays gradually, gas is emitted over a period of years (UNEP, 2010). If landfill gas is captured, 
it can be recovered to produce energy (heat and/or electricity) or flared. In both cases methane is converted to 
carbon dioxide which is a less potent greenhouse gas. Landfills also generate leachate, which should be collected 
and treated to minimize negative environmental effects (JRC, 2011).  

Composting is one of the management options for biodegradable waste. It is a process when matter is degraded 
by microorganisms under aerobic conditions. Compost can save GHGs firstly by replacing mineral fertilizers 
(their production is energy-intensive), by reducing erosion and improving soil structure, and by reducing the 
need for pesticides and irrigation (UNEP, 2010). Furthermore, compost can potentially store carbon in soil, as 
organic compounds are gradually mineralized to biogenic CO2, but such properties depend highly on soil 
management techniques (UNEP, 2010). On the other hand, carbon sequestration is limited and usually 
temporary, plus agricultural benefits can sometimes be counteracted by the risk of soil pollution (for example by 
heavy metals) when using contaminated compost (EC, 2008b). Composting biodegradable waste at home is 
often seen as the best way to manage such waste. Benefits include raising awareness, reduction of transport 
emissions, and better sorting (EC, 2008b). 

During anaerobic digestion organic matter is broken down by microorganisms under anaerobic conditions. This 
technology can be applied to various organic waste streams, e.g. sewage sludge, industrial, agricultural or 
municipal biodegradable (including food) waste, but material that is high in lignin, like woody garden waste, is 
generally not suitable for such treatment (JRC, 2011). The output is gas that consists of a large share of methane, 
which has high energy content and can replace fossil fuels, for example, in transportation (UNEP, 2010). 
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Efficiency of this technology varies from 100 to 200 m3 of biogas per tonne of waste and since anaerobic 
digestion is carried out in closed reactors, GHG emissions are considerably lower compared to composting (EC, 
2008b). Gas recovery combined with the fact that the remaining material – digestate – can also be used for soil 
improvement purposes make anaerobic digestion the most beneficial way of treatment for biodegradable waste; 
but, composting remains the most common alternative in the EU (EC, 2008b). 

In case of mixed waste which is enriched with biodegradable materials, mechanical-biological treatment can be 
applied. This technology involves mechanical separation of recyclable materials and subsequent aerobic or 
anaerobic treatment of biodegradable waste. The output can be compost or compost-like material (which is in 
most cases landfilled, because it cannot be used for soil improvement purposes due to contamination), recyclable 
materials, biogas (if anaerobic digestion is applied) and refuse-derived fuel to be used for energy recovery (JRC, 
2011). The main advantage of MBT is the reduction of biodegradable waste to an inert stabilized compost 
residue which significantly decreases methane forming potential in landfills, compared to untreated waste (AEA 
Technology, 2001).  

 

5.1.3  GHG savings through food waste treatment in Lithuania and Sweden 
 

EU’s food and drink value chain is accountable for 17% of direct GHG emissions and 28% of material resource 
use (EC, 2011c). A large proportion of bio-waste in the EU is constituted by food waste, which includes food 
loss during manufacturing, distribution, retail and food service activities, as well as in households before, during 
or after meal preparation (Bio Intelligence Service, 2010).  

Households, food manufacturing and other sectors (excluding agriculture) are responsible for roughly 111, 222 
and 248 thousand tonnes respectively in Lithuania and 905, 601 and 547 thousand tonnes respectively in Sweden 
(based on Eurostat and national data for 2006) (Bio Intelligence Service, 2010). On average, one tonne of food 
waste is accountable for at least 1.9 tonnes of CO2 equivalents during its whole life-cycle, including agricultural 
steps, food processing, transportation, storage, consumption, and end-of-life impacts (Bio Intelligence Service, 
2010). Largest amounts of GHG emissions are attributable to food that is discarded in households – 2.07 tonnes 
of CO2 equivalents per tonne of waste, while manufacturing and other sectors are accountable for 1.71 and 1.94 
tonnes of CO2 equivalents respectively. These figures can be used to estimate GHG emissions resulting from 
food waste (see Table 6).  

 

Table 6. GHG emissions from food waste in Lithuania, Sweden and EU-27 in kg per capita. 

  

EU-27 Lithuania Sweden 

Total, 
million 
tonnes 

Kg / 
capita 

GHG 
emissions 
(million 
tonnes of 
CO2 eq.) 

Total, 
million 
tonnes 

Kg / 
capita 

GHG 
emissions 
(million 
tonnes of 
CO2 eq.) 

Total, 
million 
tonnes 

Kg / 
capita 

GHG 
emissions 
(million 
tonnes of 
CO2 eq.) 

Households 37.7 76 78 0.111 33 0.23 0.905 100 1.87 
Food 
manufacturing 
industry 

34.8 70 59 0.222 65 0.38 0.601 66 1.03 

Other sectors 16.8 34 33 0.25 73 0.48 0.547 60 1.06 
Total 89.3 181 170 0.58 171 1.09 2.05 227 3.96 

Source: Bio Intelligence Service, 2010, Eurostat, 2013. 

 

To sum up, total food waste in 2006 resulted in the emissions of almost 4 million tonnes of CO2 equivalents in 
Sweden and 1.09 million tonnes in Lithuania. The corresponding emissions in the EU-27 exceeded 170 million 
tonnes. Also, the average amount of food waste per person per year is 171 kg in Lithuania and 227 kg in 
Sweden, while the EU average is 181 kg per capita.  
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Furthermore, Prognos et al. (2008) researched how much GHG emissions could be reduced if certain types of 
waste are recycled and used to substitute virgin materials. The results show that if biodegradable waste is 
composted and the resulting output is used to substitute mineral fertilizers or peat, then from 8 to 60 kg of CO2 
equivalents can be avoided, depending on the rate of carbon storage in soil. Furthermore, if biodegradable waste 
is digested, GHG savings are higher, as it results in the production of biogas and mature compost. Assuming that 
the biogas methane content is 62% and it is used to produce heat and electricity and the compost is used for soil 
improvement purposes, the amount of CO2 equivalents saved can vary from 81 to 146 kg (see Table 7). These 
numbers also include emissions from waste collection, transport, and sorting. Full table containing a range of 
different waste streams and possible emission savings can be found in the appendix (Table A-5). 

 

Table 7. GHG savings (kg of CO2 eq.) per tonne of biodegradable waste used instead of primary materials. 

Biodegradable waste management options GHG savings 
(kg of CO2 eq.) 

Compost production and application 8 
Compost production and application (carbon sink allocated)* 60 
Anaerobic digestion, energy generation and compost production 81 
Anaerobic digestion, energy generation and compost production 
(carbon sink allocated)* 146 

* 24% carbon storage in soils is assumed. 

Source: Prognos et al., 2008. 

 

In Lithuania regional waste management centres analysed the composition of MSW that was brought to landfills 
in 2012. The results show that food waste accounted for 15.3% and total biodegradable waste (wood, paper and 
cardboard, green waste, food waste and textile from natural fabric) constituted around 45% of all landfilled 
refuse by weight (see Table 8).  

 

Table 8. Composition of MSW brought to landfills in Lithuania in 2012. 

Material Share (%) 
Paper and cardboard, including packaging 8.62 
Green waste 7.7 
Wood waste, including packaging 2.29 
Food waste 15.3 
Textile from natural fabric 4.94 
Other biodegradable waste 5.82 
Plastic waste, including packaging 13.75 
Composite packaging 1.68 
Metal waste, including packaging 2.35 
Glass waste, including packaging 5.71 
Inert waste 6.96 
Other non-hazardous waste 5.67 
WEEE 0.49 
Batteries and accumulators 0.07 
Other hazardous waste 0.35 
Other waste 18.28 

Source: Vilniaus AATC, 2012, Kauno RATC, 2012, Klaipedos RATC, 2012, Panevezio RATC, 2012, Siauliu RATC, 2012, 
Marijampoles AATC, 2012, Utenos RATC, 2012, Alytaus RATC, 2012, Taurages RATC, 2012, Telsiu RATC, 2012. 

 

Based on the figures in the two tables above, it can be estimated how much GHGs it was possible to save in 2011 
in Lithuania if food waste from households was not landfilled, but composted or digested instead. Calculations 
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show that biological recycling could have saved from 1.3 thousand tonnes to 12.8 thousand tonnes of CO2 
equivalents under normal conditions and from 9.5 thousand tonnes to 23 thousand tonnes if 24% carbon storage 
rate is assumed (see Table 9). However, if the whole life-cycle of food is taken into account (including waste 
management), 158 thousand tonnes of food waste landfilled in Lithuania in 2011 were responsible for the 
emissions of approximately 327.5 thousand tonnes of CO2 equivalents. 

 

Table 9. Amount (million tonnes) of municipal food waste landfilled in 2011 in Lithuania and possible GHG 
savings (thousand tonnes of CO2 eq.) through waste composting and anaerobic digestion. 

  Share (%) Amount (million tonnes) 

MSW generated 100 1.339 
MSW landfilled 77.22 1.034 
Food waste landfilled 15.3 0.158 

  Average GHG savings per tonne 
of waste (tonnes of CO2 eq.) 

Total GHG savings 
(thousand tonnes of CO2 eq.) 

Food waste composting 0.008 1.27 

Food waste composting 
(24% carbon sink) 0.06 9.5 

Food waste anaerobic digestion 0.081 12.8 

Food waste anaerobic digestion 
(24% carbon sink) 0.146 23.1 

 

In Sweden the rate of biological treatment of food waste is not very high. Around 10% of food waste from 
households, restaurants, catering facilities and shops was digested and 13% was composted, including 
composting by households in 2010. Almost all digestion residues are used as biological fertilizer in agriculture, 
while biogas mostly serves as fuel for transportation and some is used for electricity and heat generation. 
However, the rest of the food waste was incinerated. The main reasons for that are lower collection costs and 
reduced gate fees by incinerators. Separate collection of waste to be sent for digestion or composting would 
imply higher transportation costs. Furthermore, it is relatively expensive to distribute digestion residues, as they 
are high in water content, and withdrawal of tax on artificial fertilizers makes it difficult to sell digestate as an 
alternative fertilizer. Also, in some regions availability of animal manure or lack of agricultural land pose 
additional problems (SEPA, 2012). 

 

5.1.4  Measures to reduce food waste 
 

Food waste in EU-27 resulted in the emissions of more than 170 million tonnes of CO2 equivalents in 2006. For 
the sake of comparison, this amount of GHGs is two times larger than combined GHG emissions from all sectors 
in Lithuania and Sweden in 2011. In the “Roadmap to a Resource Efficient Europe” European Commission set a 
milestone to reduce resource inputs to the food chain by 20% through healthier and more sustainable food 
production and consumption and to halve disposal of edible food by 2020.  

Sweden addressed the food waste issue by adopting a goal to sort and apply biological treatment (composting or 
digestion) to at least half of food waste resulting from households, restaurants, stores, etc. in order to recover 
plant nutrients and energy (biogas) by 2018. However, food waste recycling provides much less benefits 
compared to waste prevention – biogas recovery can compensate only around 10% of the impact on climate 
change caused by food production (SEPA, 2012). 

In Lithuania, on the other hand, food waste issue does not receive so much attention. One of the measures to 
increase biological recycling of household food waste (as well as other biodegradable waste) is the distribution 
of composting containers. However, such containers are only provided to individual houses on demand and no 
monetary or other incentives are used to promote composting. In 2012 around 48 thousand of these containers 
were supplied. Their number is expected to increase to more than 200 thousand and around 100 thousand tonnes 
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of biodegradable waste should be composted in this way by the end of 2013 (Ministry of Environment of 
Lithuania, 2012). In the next two years it also planned to open several MBT facilities that are going to sort 
biodegradable and recyclable waste, produce compost, biogas and other output to be used for various purposes.  

 

5.2  Metal waste 
 

5.2.1  Challenges of metal recycling  
 

As mentioned earlier, metal extraction produces a lot of mining waste. In addition, it is a highly energy-intensive 
process which emits a lot of GHGs due to the use of fossil fuels. Furthermore, metal waste can release toxic 
substances to the environment if it is not handled properly. On the positive side, metals can usually be recycled 
over and over again with virtually no loss of material quality. One tonne of recycled aluminium, for example, 
could save, among other things, 1.3 tonnes of bauxite residues, 37 barrels of oil, 2 tonnes of carbon dioxide and 
11 kg of SO2 (UNEP, 2011).  

According to UNEP (2013), the success of metal (and other waste, for that matter) recycling is determined by 
three factors – product design and physical properties, waste sorting and collection, and finally, the actual 
recycling process which, among other things, must also be economically viable. 

Recycling of things like beverage cans or foil is a relatively easy process, as they are only made of one metal, but 
in most cases products used in everyday life are very complex – some contain not only a mixture of different 
materials, but also a range of metals, their compounds, and alloys that cannot be easily separated from the 
product. For example, a mobile phone can contain 40 different materials, including a number of metals; 
production of fluorescent lamps requires use of rare earth elements; and a modern car can have almost all types 
of metals inside it (UNEP, 2013). On a global scale, recycling rates of ferrous metals is around 70% – 90%, of 
non-ferrous – more than 50%, and when it comes to precious metals, up to 70% is recycled, depending on the 
type. However, specialty metals – the largest group of all – are recovered on a very small scale. Recycling rates 
for the majority of them is less than 1% (UNEP, 2011). 

As a result, one of the major problems associated with metal recycling is the difficulty of separating metal 
components from end-of-life products due to their complexity. That is why it is necessary to optimize recycling 
of the whole product, not just one of its components. As UNEP (2013) points out, sustainable metals 
management needs to shift the focus from material-centric to a product-centric approach, and that requires the 
involvement of the whole value chain – from resource extraction, product designers and producers to consumers, 
waste collectors and recyclers.  

 

5.2.2  Metals in end-of-life vehicles 
 

One example of highly complex products that are used on a large scale is motor vehicles. Bio Intelligence 
Service (2011b) estimated that around 74 – 80% of the total vehicle weight is metal that can be recovered. 
Considering these figures, it is highly important to properly dismantle ELVs and recycle as much of their 
components as possible. The goal of the EU Directive 2000/53/EC on end-of-life vehicles is to improve 
prevention, re-use, recycling and recovery of ELVs and their parts. Member States must establish collection 
system for ELVs and ensure that new vehicles are designed in such a way as to facilitate their dismantling, re-
use, recycling and recovery, limit the use of hazardous substances and increase the use of recycled materials. 
Furthermore, the Directive obliged Member States to achieve the following: 

1. re-use and recovery of 85% and re-use and recycling of 80% by an average weight per vehicle per year by 
2006 
2. re-use and recovery of 95% and re-use and recycling of 85% by an average weight per vehicle per year by 
2015 

Table 10 shows the appropriate ELV treatment rates in Lithuania and Sweden. Both countries reached the 
required rates in 2006, but in order to attain the 2015 targets, the re-use and recovery rate should increase by a 
few percentage points in both Member States. 
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Table 10. Total recovery and re-use and total recycling and re-use of ELVs (%) from 2006 to 2010 in Lithuania 
and Sweden. 

 2006 2007 2008 2009 2010 
Lithuania  
Total recycling and re-use (%) 88 86.4 85 86 88.1 
Total recovery and re-use (%) 92 86.7 85 86 88.5 
Sweden      
Total recycling and re-use (%) 83.4 83 83 86 84.4 
Total recovery and re-use (%) 85 90 91 90 91.1 

Source: Eurostat, 2013. 

 

Total re-use, recycling and recovery rates for ELVs are quite high in both countries. However, the Directive does 
not specify how much of what material should be recovered – the targets are based on the total weight of a 
vehicle. Consequently, it is not encouraged to recover materials that are present in small amounts and that are 
rather difficult to separate from the whole (for example, rare and precious metals). 

 

5.2.3  Generation and recovery of metal waste in Lithuania and Sweden 
 

The use of metals is constantly increasing, and UNEP (2013) predicts that as the lifestyles in emerging 
economies are shifting towards the ones prevailing in developed countries, the global demand for metals should 
increase from 3 to 9 times. Currently, around 40% – 60% of EU’s metal production input is recycled materials; 
however, the availability of metal scrap in the EU is declining due to higher exports and drop in imports, and as a 
result, prices are increasing. Another reason for the loss of valuable resources is illegal shipments of end-of-life 
products to developing countries, where waste recovery is not as environmentally sound as in the EU, if it takes 
place at all (EC, 2008a). 

Figure 6 provides an overview of metal waste quantities in 2010, based on Eurostat (2013) data. In Lithuania 244 
thousand tonnes of metal waste were generated by all economic activities and 351.5 thousand tonnes by 
households. From the total of 595.6 thousand tonnes of metal scrap, more than 81% was ferrous metals, almost 
16% – mixed metals and around 3% – non-ferrous metals. In Sweden the amount of metal waste reached more 
than 2.6 million tonnes during the same year (only 6.6% was generated by households). 56% of that was ferrous 
metals, 39% – mixed and 5% – non-ferrous metals (Eurostat, 2013).  

The major share of metal waste (more than 86%) in Sweden was generated by manufacturing and waste and 
water management sectors – 1.12 and 1.14 million tonnes respectively. Households were accountable for 
approximately 6.6%, i.e. 0.17 million tonnes. In Lithuania, on the other hand, manufacturing, waste and water 
management and services generated around 12% of metal waste each, whereas the majority (59%) came from 
households (Eurostat, 2013).  

 

 
Figure 6. Generation of ferrous, non-ferrous and mixed metal waste (tonnes) by economic activities and households in 
Lithuania and Sweden in 2010. 

Source: Eurostat, 2013. 
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Recycling rate in Sweden reached almost 69% in 2010. In Lithuania, however, the situation is quite different – 
only around 2.3% of all metal waste was recovered during the same year (Eurostat, 2013). The reason behind 
that is low domestic capacity to recycle metal waste, which triggers metal scrap exports. In 2011 more than 98% 
of metal waste was shipped from Lithuania to other countries for recovery (LEPA, 2013b). 

Metal disposal reached 3 tonnes (0.0005% of total metal waste generated) in Lithuania and 187 tonnes (0.007%) 
in Sweden in 2010 (non-hazardous metal in both cases). It is not clear if such waste disposal could have been 
avoided, but material losses are inevitable even during the recovery of metals. For example, difficulties in 
separating metals from other materials can lead to metal disposal. Also, metallurgical recycling technologies 
vary from one element to another; therefore recovery of metals from alloys or metal compounds generates 
additional waste, such as sludges, slags, mixed alloys, etc. (UNEP, 2013). 

 

5.2.4  GHG savings through metal recycling in Lithuania and Sweden 
 

According to the study carried out by Prognos et al. (2008), use of recycled steel instead of primary material can 
save around 1000 kg of CO2 equivalents per tonne of waste. The appropriate figure for copper is 1 180 kg, while 
for aluminium GHG savings can be as high as 11 100 kg of CO2 equivalents (see Table 11). On average, 4.43 
tonnes of GHGs can be avoided when one tonne of metal scrap is recycled. This is assuming equal shares of each 
metal in the waste stream. 

 

Table 11. GHG savings (kg of CO2 eq.) per tonne of waste used instead of primary materials. 

Waste stream Waste management options GHG savings 
(kg of CO2 eq.) 

Steel Production of steel from electric arc furnace route 1 000 
Aluminium Production of aluminium 11 100 
Copper Production of copper 1 180 

Source: Prognos et al., 2008. 

 

As discussed in the previous sub-chapter, metal waste disposal in 2010 was equal to 3 tonnes in Lithuania and 
187 tonnes in Sweden. If it is assumed that the loss of these resources could have been avoided, possible GHG 
savings can be calculated using the estimations of Prognos et al. (2008). As a result, almost 828 tonnes of CO2 
equivalents could have been avoided in Sweden, but only around 13 tonnes in Lithuania (see Table 12).  

 

Table 12. Amount (tonnes) of metal waste landfilled in 2010 in Lithuania and Sweden and possible GHG 
savings (tonnes of CO2 eq.) through metal recycling. 

  Lithuania Sweden 

Metal waste disposal (tonnes) 3 187 

Average GHG savings per tonne of waste 
(tonnes of CO2 eq.) 4.427 

Total GHG savings 
(tonnes of CO2 eq.) 13.28 827.85 

 

It was mentioned previously that in Lithuania a large share of MSW is taken to landfills. The mixture of waste 
that is disposed of also contains metals (although their types are not known). Given that metals constituted 
2.35% of MSW that was landfilled in Lithuania in 2012, the amount of metal scrap was around 24.3 thousand 
tonnes. Consequently, 107.75 thousand tonnes of CO2 equivalents could have been avoided if that metal scrap 
was recovered and used instead of raw materials (see Table 13).  
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Table 13. Amount (tonnes) of municipal metal waste landfilled in 2011 in Lithuania and possible GHG savings 
(tonnes of CO2 equivalents) through metal recycling. 

  Share (%) Amount (million tonnes) 

MSW generated 100 1.339 
MSW landfilled 77.22 1.034 
Metal waste landfilled 2.35 0.024 

 

Average GHG savings per tonne of 
waste (tonnes of CO2 eq.) 

Total GHG savings 
(thousand tonnes of CO2 eq.) 

Metal recycling 4.43 107.75 

 

As for Sweden, the majority of metal scrap from households is recycled. It is still possible that some metals are 
taken to landfills together with other mixed waste, but since less than 1% of total MSW is landfilled, loss of 
metal resources in this way is extremely small. And in case some of it ends up in waste incinerators, it is 
separated from the slag after the combustion and taken to recyclers (Avfall Sverige, 2012). 

 

5.3  Plastic waste 
 

5.3.1  Use of plastics 
 

Plastics are some of the most widely used materials. Their global production is expected to triple by 2050 (EC, 
2013). Plastics have been used massively around the world due to their durability, versatility, light weight, 
imperviousness to water and relatively low price. But these physical properties that make them so widely 
applicable are also the reasons why plastic waste pollutes the environment and poses threat to wildlife. Plastics 
can travel long distances by water due to their light weight and start leaching toxins into water and soil, even 
though they do not degrade for many years because of their durability. In addition, animals sometimes get 
trapped in plastic waste or mistake plastics for food and can choke to death or die of indigestion (EC, 2013). 
Another matter of great concern is microplastics. However, their effects on the environment are not well known 
yet and need to be further researched.  

Plastics are manufactured almost exclusively from oil. Their production is accountable for around 8% of global 
oil production, which includes oil as a raw material, as well as a source of energy (EC, 2013). There are also 
biodegradable plastics that are made, for example, from rice or corn starch or contain additives that accelerate 
the degradation of a plastic product under certain conditions. However, 99% of plastics on the market are 
petroleum-based (EC, 2013). Growing demand for such plastics is putting even more pressure on already scarce 
oil resources. Their depletion would compromise the production of plastics in the future and therefore recycling 
of this type of waste is becoming increasingly important for the preservation of oil stocks.  

Plastics are used for a variety of products, including packaging, electronic equipment, vehicles, plumbing, 
windows, toys, textiles, etc. 63% of plastic waste in the EU is constituted by plastic packaging, 6% – 
construction and demolition waste, while WEEE, ELVs and agriculture are accountable for 5% each (Bio 
Intelligence Service, 2011b).  

Plastics most used in packaging are polypropylene (PP), polyethylene terephthalate (PET), high density 
polyethylene (HDPE) and low density polyethylene (LDPE). They constitute around 37.5%, 15%, 27.5% and 
16% of all plastic packaging respectively (by weight). When it comes to WEEE, around 30% of all plastic is 
acrylonitrile butadiene styrene (ABS), 29% – polystyrene (PS), 15% – polyurethane (PU) and approximately 
10% is PP (Bio Intelligence Service, 2011b). 

In automotive vehicles a number of parts are made of plastics, for instance dashboards, seat foam, bumpers, door 
handles, etc. On average, cars contain 150 – 180 kg of plastics (from 9% to 12% of their weight), of which one 
fifth is composites – plastics mixed with other materials. Around 31% of car plastics is constituted by PP, 20% – 
PU, 15% – ABS and 12% – polyvinyl chloride (PVC) (Bio Intelligence Service, 2011b).  
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Other uses of plastics include agricultural and construction sectors. Most common agricultural plastics are LDPE 
and PVC. They make up around 62% and 20% of all agricultural plastic waste respectively. PVC is also used a 
lot in construction sector. It constitutes 50 – 55% of all plastics in construction and demolition waste. Other 
plastics are HDPE (6%), PS (16%) and PU (5%) (Bio Intelligence Service, 2011b). 

 

5.3.2  Plastics in waste electrical and electronic equipment 
 

The demand for electronic equipment is rising in the EU. It is expected that the amount of WEEE will increase 
by 11% from 2008 to 2014 (Beck, 2012). As mentioned before, electronic equipment contains a lot of plastics 
and what makes these products different from many others is their complexity. Since WEEE usually comprises 
of a range of materials, including various plastics, metals and their alloys, their recycling is very difficult. The 
same applies to ELVs, but their recovery was discussed previously. 

In order to increase the collection and recycling of WEEE, Directive 2002/96/EC was adopted and later replaced 
by Directive 2012/19/EU. It is required that Member States encourage the collaboration between producers and 
recyclers towards a better product design in terms of the re-use of EEE1, and dismantling and recovery of 
WEEE. Also, separate collection of WEEE must be organized so that end-users can return end-of-life products 
free of charge. Furthermore, producers of EEE must provide appropriate waste treatment facilities with the 
information about every new EEE placed on the European market with regard to the maintenance, upgrade, 
refurbishment, preparation for re-use and proper recycling of WEEE. Directive 2012/19/EU also established 
specific targets for the collection, recovery and recycling of WEEE (see Table 14). 

 

Table 14. Overview of the targets set by Directive 2012/19/EU. 

Targets 
Deadline for 
target 
attainment 

Concessions for 
Lithuania 

Annual separate collection of 4 kg per capita of WEEE from 
households 

31 Dec 2015 No 

Annual collection of 45% of WEEE (based on the average weight of 
EEE placed on the market during three preceding years) 

From 2016 Collection of 40 – 45% 
from 14 Aug 2016 

Annual collection of 65% of WEEE (based on the average weight of 
EEE placed on the market in the three preceding years or 85% of 
WEEE generated on the territory of the Member State) 

From 2019 From 14 Aug 2021 

Recycling of 50 – 80% and recovery of 70 – 80% of WEEE, 
depending on the category of EEE 

13 Aug 2012 – 
14 Aug 2015 

No 

Preparing for re-use and recycling of 55 – 80% and recovery of 75 – 
85% of WEEE, depending on the category 

15 Aug 2015 – 
14 Aug 2018 

No 

Preparing for re-use and recycling of 55 – 80% and recovery of 75 – 
85% of WEEE, depending on the category 

From 15 Aug 
2018 

No 

Source: Directive 2012/19/EU. 

 

Collection of WEEE in Lithuania reached 3.5 kg per capita in 2007 and 2008, but dropped to 2.7 in 2010. 
Directive 2012/19/EU, however, requires collection rate of minimum 4 kg, but a couple of years are still left 
until the deadline. Also, in 2010 close to 9 thousand tonnes of WEEE were collected and that equals to 
approximately 37% of the total EEE put on the market that year. Sweden, on the other hand, has attained a very 

                                                           
1 In accordance with the Directive 2012/19/EU, EEE is “equipment which is dependent on electric currents or electromagnetic fields in order 
to work properly and equipment for the generation, transfer and measurement of such currents and fields and designed for use with a voltage 
rating not exceeding 1 000 volts for alternating current and 1 500 volts for direct current”. 



27 
 

high WEEE collection rate. In 2005 it was 5.4 kg per capita, but in 2010 it was as high as 17.2 kg. In total, 
almost 70% of the EEE put on the market that year. 

 

5.3.3  Plastic waste treatment options 
 

The usual treatment options for plastic waste are landfilling, recycling and incineration with energy recovery. 
Plastics in landfills are not a source of methane or other GHGs, however, they are subject to a slow degradation 
process during which toxins are leached into the soil and groundwater. In addition, waste disposal represents a 
loss of valuable materials that could have served a purpose if another treatment option was chosen instead. 

Incineration with energy recovery of plastic waste is a much more acceptable alternative than disposal. The main 
advantages of waste combustion include energy recovery, volume reduction and destruction or capture of 
harmful substances. Energy is recovered by using the heat to produce steam, hot water and electricity and 
approximately 10% of the energy produced is consumed by the process itself. Other waste combustion output 
includes bottom ash (it can be used, for instance, as an aggregate in asphalt or concrete) and solid residue 
separated from flue gas – fly ash, boiler ash, activated coal, etc. (JRC, 2011).  

Environmental benefits of waste combustion depend a lot on the technology and energy efficiency of the 
installation, while the amount of GHGs saved depends on what type of energy is substituted by waste 
incineration. WtE plants are subject to the requirements of the Directive on the incineration of waste 
(2000/76/EC), as well as the Directive concerning integrated pollution prevention and control (2008/1/EC). It is 
considered that installations which are in compliance with these requirements do not have significant impacts on 
the environment. However, energy recovery from waste incineration can sometimes lead to a net increase of 
GHGs if alternative sources are more environmentally friendly (Bio Intelligence Service, 2011b).  

Despite the benefits of energy recovery from plastic waste, recycling is seen as the best overall treatment option. 
However, in most cases plastics undergo down-cycling, i.e. material quality worsens every time and the waste is 
used to manufacture different products, except for PET bottles that can be recycled back into their former state 
(Bio Intelligence Service, 2011c). 

Plastic recycling is often impaired by various obstacles. First of all, one of the most common uses of plastic is 
food packaging and that involves specific hygiene and other health-related standards that the recycled material 
cannot always meet (Bio Intelligence Service, 2011b). Secondly, recycling process is aggravated when waste 
consists of a mixture of materials or different types of plastics that need to be separated from each other. 
Additives, such as flame retardants, plasticizers and UV stabilizers, can also cause major problems for plastic 
recycling (EC, 2013). Another barrier is the difficulty of eliminating colours during plastic recycling. Moreover, 
for every manufacturing process there are specific requirements regarding the quality and physical characteristics 
of the material. The fact that there is a wide variety of plastics makes it difficult to collect, separate and use the 
right waste for the right purpose (Bio Intelligence Service, 2011b).  

 

5.3.4  Generation and recovery of plastic waste in Lithuania and Sweden 
 

Generation of plastic waste in Lithuania reached almost 40 thousand tonnes in total in 2010, of which 18.5 
thousand tonnes were recovered (excluding incineration with energy recovery) and 3 thousand tonnes (7.5%) 
were disposed of (Eurostat, 2013). Thus, only 46.3% were recovered in Lithuania that year, but a major share of 
plastic waste is exported annually for recovery. Figure 7 shows what share of plastic waste is attributable to 
different economic activities and households. Clearly, households, manufacturing industry and services are the 
major sources of this type of waste, accounting for 35%, 31% and 19% respectively (Eurostat, 2013).  
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Figure 7. Generation of plastic waste (%) by economic activities (NACE) and households in Lithuania in 2010. 

Source: Eurostat, 2013. 

 

In Sweden, plastic waste constituted close to 219 thousand tonnes in 2010. 21% of it were recovered and 39% 
were incinerated to produce energy (Eurostat, 2013). The share of disposal is only 0.2% (406 tonnes). 
Distribution of this waste among economic activities and households is quite similar to the one in Lithuania, 
except that services only generate 0.33% of plastic waste in Sweden and the relative shares of agriculture and 
manufacturing industry are larger (see Figure 8). 

 

 
Figure 8. Generation of plastic waste (%) by economic activities (NACE) and households in Sweden in 2010. 

Source: Eurostat, 2013. 

 

To sum up, the amount of plastic waste generated by all economic activities and households together in Sweden 
is around 5.5 times larger than that in Lithuania. On a per capita basis, the former country generates almost 23.5 
kg per person and the latter – 12 kg. 

 

5.3.5  GHG savings through plastic recovery in Lithuania and Sweden 
 

Prognos et al. (2008) have estimated that energy recovery from plastics can save around 520 kg of CO2 
equivalents, while use of recycled plastics instead of virgin materials can save from 160 to 1 700 kg of CO2 
equivalents per tonne of waste (see Table 15). Assuming equal shares of each type of plastic in the waste stream, 
on average, 1 060 kg of CO2 equivalents can be avoided if one tonne of plastic waste is recycled. Since not all 
waste is suitable for recycling, it was assumed that after sorting 30% of PET and 20% of other plastics are 
incinerated with energy recovery. These figures show that effective waste management is not sufficient. In order 
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to ensure a continuous supply of plastics and a substantial decline in GHG emissions, other materials should also 
be used to replace petroleum-based plastics. 

 

Table 15. GHG savings (kg of CO2 eq.) per tonne of plastic waste used instead of primary materials. 

Plastic waste management options GHG savings 
(kg of CO2 eq.) 

Production of polyolefins (mixture of PE and PP) and energy 160 
Production of PET and energy 1640 
Production of PS and energy 1700 
Production of PVC and energy 740 
Co-incineration of mixed plastic waste in cement kiln 520 

Source: Prognos et al., 2008. 

 

If plastic waste that was landfilled in Lithuania and Sweden in 2010 was recovered, possible GHG savings 
would be around 3.2 thousand tonnes of CO2 equivalents in Lithuania and 430 tonnes in Sweden (see Table 16). 
Alternatively, incineration of plastics in cement kiln can save two times less gases.  

 

Table 16. Amount (thousand tonnes) of plastic waste landfilled in 2010 in Lithuania and Sweden and possible 
GHG savings (thousand tonnes of CO2 eq.) through plastic recycling. 

  Lithuania Sweden 

Plastic waste disposal (thousand tonnes) 3 0.406 

Average GHG savings per tonne of waste 
(tonnes of CO2 eq.) 1.06 

Total GHG savings 
(thousand tonnes of CO2 eq.) 3.187 0.43 

 

MSW analysis in Lithuania showed that 13.75% of waste that was landfilled in 2012 consisted of plastics (see 
Table 8). Assuming that the share was approximately the same the year before, then it can be estimated that the 
amount of plastics taken to landfills in 2011 was 142 thousand tonnes and around 151 thousand tonnes of CO2 
equivalents could have been avoided if the waste was recycled (see Table 17). In case the waste was incinerated 
in cement kiln with energy recovery, GHG savings would have been approximately two times lower (almost 74 
thousand tonnes of CO2 equivalents). 

 

Table 17. Amount (million tonnes) of municipal plastic waste landfilled in 2011 in Lithuania and possible GHG 
savings (thousand tonnes of CO2 eq.) through plastic recycling and incineration with energy recovery. 

  Share (%) Amount (million tonnes) 

MSW generated 100 1.339 
MSW landfilled 77.22 1.034 
Plastic waste landfilled 13.75 0.142 

 

Average GHG savings per tonne of 
waste (tonnes of CO2 eq.) 

Total GHG savings 
(thousand tonnes of CO2 eq.) 

Plastic recycling 1.06 150.74 

Plastic incineration in cement 
kiln (with energy recovery) 0.52 73.95 
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Waste landfilling rates in Sweden are so low that loss of resources through waste disposal will not be discussed. 
However, waste incineration is carried out on a large scale. In fact, it is currently the main MSW treatment 
option, even though not the most desirable one in terms of resource efficiency. If material recycling in Sweden 
improved, more GHG emissions could be avoided. Other European countries (e.g. Germany and Switzerland) 
have achieved higher recycling rates and that serves as an example of even better waste management 
possibilities.  

 

5.4  Paper and cardboard waste 
 

5.4.1  Paper and cardboard waste treatment options 
 

Paper and cardboard are biodegradable materials and this type of waste is a source of GHGs if buried in landfills. 
On the other hand, these materials are not very suitable for biological treatment, such as composting and 
digestion, due to the relatively high lignin content and lack of moisture. Consequently, they can be recycled or 
incinerated to produce energy. 

Recycling of paper and cardboard waste is the most acceptable form of treatment. It requires two times less 
energy than the production of paper from raw materials and incineration with energy recovery of the resulting 
paper waste (UNEP, 2010). In addition, it saves GHG emissions and virgin resources (mostly wood and energy 
that is necessary for such activities as logging, wood processing, transportation, production of pulp, etc.). Since 
forests are natural carbon sinks, their preservation can reduce the amount of CO2 in the atmosphere even further. 
Bio Intelligence Service (2011c) notes that recycling of wood, paper, and cardboard contributes the most to 
forest preservation. One tonne of recycled paper can save around 17 trees (UNEP, 2011). 

In order to recycle paper and cardboard waste, it needs to be broken down into fibres, screened, cleaned and 
deinked. Material quality degrades each time, thus recycled fibres have to be mixed with higher quality ones to 
produce better paper or cardboard (Bio Intelligence Service, 2011c). In Europe, on average, paper fibre was 
recycled 3.4 times in 2011 (ERPC, 2011). Also, EU is one of the world regions where paper recycling rates are 
the highest – in 2011 it reached more than 70%. 16% of the material recycled was imported from third countries 
(ERPC, 2011).  

 

5.4.2  Generation and recovery of paper and cardboard waste in Lithuania and 
Sweden 
 

Generation of paper and cardboard waste by all economic activities and households in Sweden reached 1.28 
million tonnes in 2010 (see Figure 9). This number is 12 times higher than that in Lithuania and constitutes 
around 137 kg per capita (31.5 kg per inhabitant in Lithuania). The amount of paper and cardboard waste makes 
up around 20% of all recyclables in Sweden and 9% in Lithuania (Eurostat, 2013).  

In Sweden the highest share of paper and cardboard waste was generated by manufacturing industry – almost 
49%, whereas households were responsible for 36% and services – for 13%. The main sources of paper and 
cardboard waste in Lithuania were households (47%), services (25%) and manufacturing sector (19%) (Eurostat, 
2013). 
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Figure 9. Generation and treatment (tonnes) of paper and cardboard waste in Lithuania and Sweden in 2010. 

Source: Eurostat, 2013. 

 

From the total of 104.75 thousand tonnes of paper and cardboard waste, around 65% were recovered and 
Lithuania in 2010. In Sweden around 12 thousand tonnes (1%) of this waste were incinerated for energy 
production and recovery reached almost 2 million tonnes, which is equal to 148% of the waste generated in the 
country (Eurostat, 2013). Waste imports are possibly the main reason why waste recovery exceeded generation 
by more than 0.6 million tonnes. 

 

5.4.3  GHG savings through paper and cardboard recycling in Lithuania and Sweden 
 

When it comes to GHG emissions, possible savings through paper and cardboard recycling can reach 0.82 tonnes 
of CO2 equivalents per tonne of waste (Prognos, et al., 2008). The study assumed 1% loss of material after 
sorting and 5.3% residues and sludge after the deinking process, all of which are considered to be incinerated 
with energy recovery at municipal and industrial WtE plants. If around 8.6% of MSW landfilled in Lithuania in 
2010 was constituted by paper and cardboard, the amount of GHG avoided could exceed 73 thousand tonnes of 
CO2 equivalents (see Table 18). 

 

Table 18. Amount (million tonnes) of municipal paper and cardboard waste landfilled in 2011 in Lithuania and 
possible GHG savings (thousand tonnes of CO2 eq.) through waste recycling. 

  Share (%) Amount (million tonnes) 

MSW generated 100 1.339 
MSW landfilled 77.22 1.034 
Paper and cardboard 
waste landfilled 8.62 0.089 

  GHG savings per tonne of 
waste (tonnes of CO2 eq.) 

Total GHG savings 
(thousand tonnes of CO2 eq.) 

 Paper and 
cardboard recycling 0.82 73.067 

 

In Sweden recycling of paper and cardboard waste exceeds generation almost 1.5 times. Still, 557 tonnes of 
paper and cardboard were disposed of in 2011. Estimations show that recycling of this amount of paper waste 
could save around 450 tonnes of GHGs; however, it must be noted that material losses are inevitable in every 
resource flow and it is very likely that disposal of this amount of paper waste was unavoidable. 
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5.5  Overview 
 

Figure 10 and Figure 11 show what share of recyclable materials was attributable to different economic activities 
and households. In Lithuania the main source of all three types of waste – plastic, metal, and paper and 
cardboard – is households, followed by manufacturing industry, services, and waste and water management 
sector. In Sweden, on the other hand, manufacturing activities are the major waste generators, whereas 
households are accountable for a large share of plastic and paper and cardboard waste. Interestingly, waste and 
water management sector is accountable for the largest share of metal waste (44%). 

 

 
Figure 10. Plastic, metal, and paper and cardboard waste generation (%) by economic activities and households in Lithuania 
in 2010. 

Source: Eurostat, 2013. 

 

 
Figure 11. Plastic, metal, and paper and cardboard waste generation (%) by economic activities and households in Sweden in 
2010. 

Source: Eurostat, 2013. 

 

As for GHG emissions, Table 19 provides a summary of possible GHG savings discussed in previous chapters. 
Waste streams included in the analysis were food, metal, plastic, and paper and cardboard. Calculations were 
based on the composition of landfilled MSW in Lithuania in 2012, and the rates of disposal of MSW in 
Lithuania in 2011 and of recyclable waste generated by economic activities and households in Lithuania and 
Sweden in 2010.  
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Table 19. Summary of possible GHG savings (tonnes of CO2 eq.) in Lithuania and Sweden through higher 
recycling rates of waste from economic activities and households. 

Waste stream 

GHG savings 
(tonnes of CO2 eq.) 

Lithuania Sweden 

From mixed MSW that 
was landfilled in 2011 

From recyclable waste 
generated by economic 
activities and 
households in 2010 

From recyclable waste 
generated by economic 
activities and 
households in 2010 

Food 1 266 – 23 097 – – 

Paper and cardboard 73 067 5 457 

Plastic 73 949 – 150 743 3 187 430 

Metal 107 749 13 828 

Total 256 031 – 354 656 3 205 1 715 

 

The results show that in Lithuania highest reductions of GHG emissions can be achieved through better sorting 
of MSW and recycling of the resulting waste (from 256 to 355 thousand tonnes of CO2 equivalents in total). The 
highest savings from this waste stream are attributable to metal and plastic recycling (approximately 108 and 112 
thousand tonnes on average). Recycling of paper and cardboard, in turn, could save around 73 thousand tonnes. 
Biological treatment of household food waste is the least beneficial – savings could amount up to 23 thousand 
tonnes. However, estimations based on the whole life-cycle of food products (including appropriate agricultural 
steps, processing, transportation, storage, consumption, and end-of-life impacts) show that one tonne of food 
waste is accountable for 1.9 tonnes of CO2 equivalents on average. As a result, food waste from households, 
food manufacturing industry and other sectors (excluding agriculture) is responsible for the emissions of 1.1 
million tonnes of CO2 equivalents in Lithuania and almost 4 million tonnes in Sweden (based on data for 2006). 
Food waste that was landfilled in Lithuania in 2011, in turn, is accountable for 327.5 thousand tonnes of CO2 
equivalents during the whole life-cycle. 

When it comes to recyclable waste collected separately from households and economic activities, their recovery 
rates are quite high. Of course, not all of such waste is treated in the country of generation – today waste is seen 
as a commodity and is traded on the global markets. However, this thesis does not seek to identify to what 
countries Lithuanian or Swedish waste is shipped and recycled and where related GHGs are emitted or avoided. 
Hence, potential emission savings were estimated based on the assumption that the waste disposed of in 
Lithuania and Sweden could have been recycled instead. The resulting numbers of GHG savings are also shown 
in Table 19. In Lithuania recycling of plastic, metal, and paper and cardboard could have avoided 3 187, 13 and 
5 tonnes of CO2 equivalents and in Sweden – 430, 828 and 457 tonnes respectively. 

To sum up, the maximum amount of GHG emissions that could have been saved in Lithuania is almost 358 
thousand tonnes of CO2 equivalents, which represents 36% of the total GHG emissions from its waste sector 
(990 thousand tonnes of CO2 equivalents) in 2011, as reported to the UNFCCC (Table A-1, appendix). For 
Sweden the appropriate number is only 1.7 thousand tonnes of CO2 equivalents, since MSW disposal rate was 
less than 1% in 2011. GHG emissions from its waste sector in 2011 amounted to 1.7 million tonnes of CO2 
equivalents. 
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6.  Discussion and conclusions 

6.1  Material flows 
 

Very recently material flows in our society were mainly linear, starting with resource extraction and ending with 
dumping of waste into the environment. Such flows represent the idea that nature is capable of providing for all 
human wants and needs and of assimilating all waste. These assumptions gave rise to the resource and waste 
crises that have urged us to rethink our economy, consumption patterns and move towards a recycling society. 

When raw materials are substituted with recycled ones, extraction and processing of virgin resources is avoided 
and as a result, emissions of GHGs are saved. Closed-loop recycling is the most efficient one – waste is used to 
make the same or a very similar product and recyclates replace an almost equal amount of raw materials. When 
the loss of material quality is inevitable, waste is reprocessed into different products and such recovery is defined 
as an open-loop recycling or down-cycling. Other waste treatment options include other types of recovery when 
waste substitutes a different type of material – for example, it can be incinerated to generate energy. The net 
effect of GHG emissions from waste combustion with energy recovery depends on the efficiency of the plant and 
the source of energy that is replaced. 

The basic reason why increased recycling leads to reduced GHG emissions is that resource extraction and 
manufacturing use large amounts of fossil energy sources. These amounts are reduced with increased recycling 
as shown by this study. Cutting emissions even further would require resource extraction and manufacturing to 
rely on renewable energy. This important aspect of resource flows in our societies is not covered in the present 
investigation. Despite the source of energy, however, increased recycling will lead to reduced resource flow and 
even be independent of non-renewable resources, necessary for sustainable development.  

According to the waste hierarchy, established in the WFD, disposal is the least desirable option in waste 
management, because it results in the loss of resources, use of land, and environmental damage through GHG 
emissions, release of toxic substances and other pollutants. Efficient gas capture and recovery at landfills can 
save a great deal of direct GHGs, but this is only an end-of-pipe solution and the waste that could potentially 
serve a purpose and decrease emissions even more remains in landfills.  

The concept of closed-loop economy suggests that circular material flows and high resource efficiency can 
minimize waste generation and decouple resource use from growth. Despite the fact that waste management is 
receiving more and more attention, recycling rates are increasing and resource efficiency is improving, there are 
several major obstacles in the pathway to the closed-loop economy. Firstly, material and energy savings gained 
through the efficient use of resources are often consumed in other ways due to the rebound effect. Secondly, 
recycling cannot ensure the endless use of the same materials, since losses occur during almost every production 
and recycling process. Consequently, additional resources are needed to support them. Furthermore, energy is 
necessary for every such process and as long as fossil fuels are used, GHGs will continue to be emitted.  

Nevertheless, the vision of circular material flows is spreading. Climate change and waste management were two 
of the four priority areas of the EU’s Sixth Environmental Action Program (EAP) and resource efficient and low-
carbon growth is one of the three cornerstones for the next EAP. Furthermore, Resource efficiency has been 
adopted as one of the flagship initiatives of Europe 2020 Strategy and in the long-run EU’s vision is to become a 
recycling society.  

However, there are opinions that economic growth cannot continue indefinitely due to the biophysical limits of 
our planet. Advocates of a non-growth economy suggest that increasing material throughput does not ensure 
prosperity and that current perception of wellbeing, mainly based on the quantity of material possessions, is 
flawed. It is argued that the dilemma of growth might be solved by a non-growth economy where stable levels of 
consumption could help our society to remain within ecological limits. 

 

6.2  Potential greenhouse gas savings in Lithuania and Sweden 
 

In 2011 waste sectors in Lithuania and Sweden were accountable for 0.99 million and 1.7 million tonnes of CO2 
equivalents, which constituted 4.6% and 2.8% of the total GHG emissions respectively that year. These figures 
include emissions from wastewater handling activities, waste incineration and solid waste disposal on land. The 
latter generates the largest share of GHGs in the sector – around 82% in Lithuania and 70% in Sweden.  
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Apart from being a source of emissions, waste management in general has a big potential to save GHG emissions 
in different ways and this statement is confirmed by the findings of this thesis. Results show that in Lithuania it 
would be possible to save up to 358 thousand tonnes of CO2 equivalents in total if current recycling rates of 
food, plastic, metal, and paper and cardboard waste generated by households and economic activities would 
increase significantly. That would also require much better sorting of MSW, as more than 77% of mixed MSW 
was landfilled in 2011. 

Furthermore, improved MSW management alone could achieve the majority of above-mentioned savings (from 
256 to 355 thousand tonnes of CO2 equivalents). Recycling of metal and plastic waste could contribute the most 
(108 and 112 thousand tonnes of CO2 equivalents on average). Biological treatment of food waste, however, 
does not offer very high savings (from 1.3 to 23 thousand tonnes of CO2 equivalents) even though its share is the 
highest among all other waste (15.3%). Clearly, prevention of food waste could deliver much more significant 
results. It was estimated that, based on the whole life-cycle, food waste from households, food manufacturing 
industry and other sectors in Lithuania (excluding agriculture) is accountable for roughly 1.09 million tonnes of 
CO2 equivalents. Unfortunately, these numbers cannot be compared with corresponding figures for other waste 
streams, as further calculations were not possible due to the lack of data.  

Also, it should be pointed out that in Lithuania households are responsible for the largest share of total metal, 
plastic, and paper and cardboard waste (60%, 35% and 47% respectively), hence improved MSW management 
for these waste streams would result in highest GHG savings, compared to waste from economic activities. 
Manufacturing industry and services are also accountable for quite a large proportion of metal (12% each), 
plastic (31% and 19%), and paper and cardboard waste (19% and 25%).  

As for Sweden, it is possible to decrease GHG emissions through improved waste management, but GHG 
savings would not be as high as in Lithuania. If less waste was disposed of and recycling rates were higher, 
Sweden could reduce emissions by 1.7 thousand tonnes of CO2 equivalents. GHG savings from metal waste 
could reach 828 tonnes, from plastic – 430, and from paper and cardboard – 457. The majority of these wastes 
came from the manufacturing industry, then households, and waste and water management sector. Consequently, 
these waste generators also have the potential of delivering highest results in terms of waste management and 
GHG savings. 

 

6.3  Pros and cons of waste management in Lithuania and Sweden 
 

Sweden is known for its attentiveness to environmental protection and its achievements in terms of waste 
management are very high compared to Lithuania. After acceding the EU on 1 January, 1995, Sweden faced 
even more stringent requirements for waste management. Substantial improvements were made due to the 
introduction of the EPR, landfill taxes, prohibitions on landfilling combustible and biodegradable waste, higher 
targets for recovery and recycling of waste. 

From 1995 to 2011 disposal of MSW in landfills plummeted from 1.2 million tonnes to 38 thousand tonnes, 
energy recovery from MSW increased by 70% (but emissions from waste incineration decreased), whereas other 
forms of waste recovery increased 2.3 times (Eurostat, 2013). And when it comes to the implementation of 
Landfill Directive, Sweden has surpassed the final target (landfilling not more than 35% of biodegradable 
municipal waste compared to 1995 levels) in 1998 (SEPA, 2005) and by 2009 the share dropped to 2% 
(ETC/SCP, 2013b). 

Even though waste management in Sweden is well-developed, compared to Lithuania, there is still room for 
improvements. Waste incineration with energy recovery is in many cases carried out on a larger scale than 
recycling or biological recovery. Waste-to-energy is a great solution for many situations, for example, when 
waste is unsorted, contaminated, or does not meet quality requirements in order to be recycled. However, 
presence of WtE plants discourages waste sorting and prevention and can encourage combustion of valuable 
refuse as a quick and easy way to get rid of them. Similar situation has occurred in Sweden – waste incineration 
is currently the main treatment option for MSW, plastic and food waste, which leads to lower GHG savings. 
Unfortunately, it was not possible to estimate emission savings in the case when more waste is recycled rather 
than incinerated.  

As for Lithuania, findings suggest that MSW management is one of the main weaknesses, since the major share 
of this waste is still taken to landfills. On the one hand, all old landfills were closed and waste disposal was 
shifted to 11 new ones that are more or less in compliance with the EU requirements. Moreover, sites for bulky, 
hazardous and green waste have been established and households were provided with a good deal of containers 



36 
 

for plastic, glass, paper and metal waste. In addition, the first WtE plant has started operating and it is planned to 
open 9 MBTs within the next two years.  

On the other hand, MSW sorting levels are low and it is still relied heavily on waste disposal. Even though 
material recycling rate increased from 1.2% in 2004 to 18% in 2011, it is still well below the EU-27 average 
(25%). Moreover, biological treatment of waste (composting and digestion) is carried out only on a very small 
scale. The Landfill Directive established that in Lithuania not more than 75% of municipal biodegradable waste 
should be landfilled in 2010 (compared to the levels in 2000), not more than 50% in 2013, and not more than 
35% in 2020. The amount of biodegradable waste disposed of in landfills in 2011 was reduced to 70% (Ministry 
of Environment of Lithuania, 2012). Bearing in mind that it is the main source of waste-related methane, 
Lithuania has a big potential to reduce its GHG emissions by better sorting and treatment of biodegradable 
waste. 

Calculations show that improvements in this area can lead to high GHG savings. However, mechanical-
biological treatment is not the best technology for several reasons. Firstly, sorting of waste at MBT plants is not 
as efficient as sorting at source. Secondly, the resulting compost cannot be employed as a biological fertilizer 
due to impurities and its overall use is quite limited. Lastly, the quality of other materials is often poor as well 
and their recycling potential is therefore lower. 

When it comes to recycling facilities in Lithuania, their combined capacity is not always sufficient to handle 
country’s waste, but their number has been increasing. In addition, expanding global waste market provides big 
opportunities for efficient and environmentally sound waste treatment outside the country. Likewise, waste can 
be imported when Lithuanian recyclers are experiencing waste deficit. 
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8.  Appendix 

Table A-1. Total GHG emissions (thousand tonnes of CO2 eq.) in Lithuania by source and sink categories and 
waste sector share (%) compared to total emissions (excluding LULUCF values) from 1990 to 2011. 

Year Energy Industrial 
processes 

Solvent 
and 
other 
product 
use 

Agriculture 

Land use, 
land-use 
change 
and 
forestry 

Waste 
Total, 
excluding 
LULUCF 

Waste 
share (%), 
excluding 
LULUCF 

1990 32 744.95 4 396.79 197.52 10 292.09 -4 286.58 1 122.51 48 753.86 2.3 
1991 34 883.84 4 434.17 195.83 9 464.70 -4 204.40 1 143.96 50 122.50 2.28 
1992 19 646.13 2 561.62 193.87 6 651.94 -4 166.96 1 158.36 30 211.92 3.83 
1993 15 789.18 1 642.78 191.53 5 530.83 -5 523.22 1 175.92 24 330.24 4.83 
1994 14 849.86 1 827.47 188.98 4 866.13 -4 355.65 1 176.21 22 908.65 5.13 
1995 13 903.45 2 111.50 186.36 4 680.76 -3 375.69 1 178.88 22 060.95 5.34 
1996 14 407.93 2 525.83 183.75 5 046.05 1 823.18 1 181.41 23 344.97 5.06 
1997 13 963.72 2 484.35 181.17 5 221.04 207.24 1 186.69 23 036.97 5.15 
1998 14 676.63 2 910.30 178.61 4 848.59 -7 659.21 1 188.91 23 803.04 4.99 
1999 12 331.85 2 856.09 176.07 4 704.95 -7 699.94 1 186.56 21 255.52 5.58 
2000 10 807.37 3 018.96 173.54 4 457.30 -9 240.01 1 190.58 19 647.75 6.06 
2001 11 461.38 3 265.63 170. 87 4 599.14 -12 713.88 1 216.25 20 542.40 5.92 
2002 11 551.44 3 445 168.22 4 862.90 -5 343.31 1 220.74 21 248.30 5.75 
2003 11 544.79 3 528.66 165.58 4 987.46 -9 755.72 1 224.69 21 451.18 5.71 
2004 12 164.11 3 724.08 162.64 4 993.67 -6 598.59 1 196.99 22 241.49 5.38 
2005 12 858.95 4 088.94 159.22 5 062.77 -4 745.58 1 173.40 23 343.28 5.03 
2006 13 049.23 4 341 127.72 5 086.29 -4 712.91 1 143.73 23 747.97 4.82 
2007 13 283.25 6 195.16 117.56 5 439.91 -3 504.75 1 121.50 26 157.38 4.29 
2008 13 132.81 5 525.20 90.95 5 057.12 -8 435.51 1 113.19 24 919.27 4.47 
2009 11 861.22 2 367.15 95.38 5 008.98 -10 629.82 1 090.37 20 423.10 5.34 
2010 12 757.79 2 227.99 87.41 4 984.65 -10 397.49 1 062.74 21 120.58 5.03 
2011 11 820.46 3 735.01 85.95 4 979.97 -10 483.49 990.31 21 611.70 4.58 

Source: UNFCCC, 2013. 
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Table A-2. Total GHG emissions (thousand tonnes of CO2 eq.) in Sweden by source and sink categories and 
waste sector share (%) compared to total emissions (excluding LULUCF values) from 1990 to 2011. 

Year Energy  Industrial 
processes 

Solvent 
and 
other 
product 
use 

Agriculture  

Land use, 
land-use 
change and 
forestry 

Waste  
Total, 
excluding 
LULUCF 

Waste 
share 
(%), 
excluding 
LULUCF 

1990 53 669.62 6 329.78 332.49 8 997.22 -37 184.46 3 421.27 72 750.39 4.70 
1991 54 224.97 6 162.15 320.18 8 750.97 -38 132.25 3 466.64 72 924.91 4.75 
1992 54 306.66 5 702.78 326.29 8 715.42 -35 943.15 3 466.69 72 517.83 4.78 
1993 54 124.28 5 838.91 315.14 8 878.28 -32 153.19 3 358.07 72 514.67 4.63 
1994 56 234.27 6 285.73 292.91 8 947.67 -32 155.99 3 242.64 75 003.22 4.32 
1995 55 463.51 6 644.15 308.55 8 721.62 -31 576.11 3 233.47 74 371.31 4.35 
1996 59 721.79 6 435.11 311.81 8 658.57 -33 035.59 3 208.18 78 335.46 4.10 
1997 54 580.48 6 411.50 320.87 8 775.51 -35 432.88 3 175.39 73 263.75 4.33 
1998 55 060.50 6 598.43 317.67 8 648.51 -34 528.81 3 122.95 73 748.07 4.23 
1999 52 072.27 6 614.39 298.92 8 419.21 -34 014.14 3 003.09 70 407.88 4.27 
2000 50 583.57 6 811.84 277.54 8 313.10 -35 541.44 2 915.69 68 901.73 4.23 
2001 51 460.43 6 809.64 268.55 8 260.08 -35 669.35 2 871.33 69 670.03 4.12 
2002 52 242.43 6 950.80 275.59 8 170.84 -35 670.33 2 726.27 70 365.92 3.87 
2003 53 179.43 6 678.76 292.41 8 060.33 -32 587.13 2 586.15 70 797.08 3.65 
2004 51 960.47 7 071.08 311.03 8 094.47 -29 408.26 2 571.80 70 008.86 3.67 
2005 49 604.01 6 975.84 302.79 7 954.47 -27 090.60 2 431.16 67 268.27 3.61 
2006 49 608.06 6 969.45 298.98 7 931.60 -34 337.12 2 355.91 67 164 3.51 
2007 48 249.36 6 921.67 281.43 7 855.86 -31 255.50 2 197.29 65 505.6 3.35 
2008 46 400.66 6 804.30 287.76 7 914.90 -32 826.30 1 999.58 63 407.21 3.15 
2009 44 507.88 4 985.56 269.97 7 682.79 -32 891.41 1 891.59 59 337.79 3.19 
2010 48 804.42 6 810.30 288.93 7 785.58 -30 700.61 1 798.17 65 487.39 2.75 
2011 45 014.72 6 660.58 288.93 7 772.13 -35 231.66 1 712.58 61 448.94 2.79 

Source: UNFCCC, 2013. 
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Table A-3. Emissions of carbon dioxide, methane and nitrous oxide (thousand tonnes of CO2 eq.) from solid 
waste disposal, wastewater handling and waste incineration in Lithuania from 1990 to 2011. 

Year 

Solid waste 
disposal on 

land 

Wastewater 
handling Waste incineration 

CH4 CH4 N2O CO2 N2O 

1990 864.23 173.86 79.91 4.33 0.19 
1991 885.06 174.15 80.24 4.33 0.19 
1992 903.91 172.83 80.34 1.21 0.07 
1993 920.14 171.87 80.15 3.59 0.18 
1994 924.87 170.39 79.78 1.11 0.05 
1995 926.28 168.99 79.35 4.08 0.17 
1996 933.26 167.77 78.94 1.38 0.06 
1997 939.92 166.81 78.54 1.37 0.06 
1998 943.44 165.81 78.15 1.44 0.07 
1999 945.83 162.29 77.78 0.62 0.03 
2000 954.25 156.99 77.42 1.84 0.08 
2001 985.25 151.52 76.94 2.44 0.11 
2002 994.97 146.96 76.47 2.24 0.10 
2003 1 004.12 137.74 76.56 6.02 0.26 
2004 986.14 131.24 76.40 3.09 0.13 
2005 967.53 124.12 75.81 5.69 0.25 
2006 951.04 111.98 75.26 5.23 0.23 
2007 935.85 109.80 75.06 0.73 0.05 
2008 919.43 118.09 75.01 0.61 0.05 
2009 903.57 111.18 74.92 0.64 0.05 
2010 883.91 102.68 74.12 1.93 0.11 
2011 807.75 102.04 73.23 6.99 0.31 

Source: UNFCCC, 2013. 
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Table A-4. Emissions of carbon dioxide, methane and nitrous oxide (thousand tonnes of CO2 eq.) from solid 
waste disposal, wastewater handling and waste incineration in Sweden from 1990 to 2011. 

Year 

Solid waste 
disposal on 

land 

Wastewater 
handling Waste incineration 

CH4 CH4 N2O CO2 CH4 N2O 

1990 2 874.22 291.60 210.56 43.85 0.00 1.03 
1991 2 918.01 291.60 203.62 52.20 0.01 1.20 
1992 2 918.88 291.60 196.68 58.33 0.01 1.20 
1993 2 820.61 291.60 196.76 48.02 0.01 1.07 
1994 2 703.96 291.60 196.83 49.08 0.01 1.15 
1995 2 696.91 291.60 201.10 42.74 0.01 1.12 
1996 2 673.76 291.60 192.86 49.12 0.00 0.84 
1997 2 647.59 291.60 184.61 50.60 0.00 0.98 
1998 2 604.43 291.60 176.76 49.16 0.00 0.99 
1999 2 492.93 291.60 169.36 48.20 0.00 0.99 
2000 2 414.46 291.60 164.23 44.44 0.00 0.96 
2001 2 370.61 291.60 160.58 47.47 0.01 1.06 
2002 2 214.01 291.60 158.80 60.73 0.01 1.12 
2003 2 087.77 291.60 158.34 44.75 0.02 3.67 
2004 2 066.97 291.60 157.20 51.91 0.02 4.10 
2005 1 922.62 291.60 159.61 52.20 0.02 5.11 
2006 1 846.70 293.97 162.12 48.90 0.02 4.19 
2007 1 681.60 295.65 161.56 54.21 0.02 4.25 
2008 1 474.97 299.68 162.85 56.53 0.02 5.53 
2009 1 372.08 297.77 158.14 58.44 0.02 5.15 
2010 1 282.13 299.46 155.61 56.27 0.02 4.68 
2011 1 192.53 299.46 155.17 59.68 0.02 5.72 

Source: UNFCCC, 2013. 
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Table A-5. GHG savings (kg of CO2 eq.) per tonne of waste recovered and used instead of primary materials2. 

Waste stream Waste management options GHG savings 
(kg of CO2 eq.) 

Paper Production of deinking pulp and energy 820 

Plastics 

Production of polyolefins (mixture of PE and PP) and 
energy 160 

Production of PET and energy 1 640 
Production of PS and energy 1 700 
Production of PVC and energy 740 
Co-incineration of mixed plastic waste in cement kiln 520 

Glass Provision of waste glass3 180 
Steel Production of steel from electric arc furnace route 1 000 
Aluminium Production of aluminium 11 100 
Copper Production of copper 1 180 

Wood 
Production of press board (use in dry environment) 58 
Production of press board (use in moist environment) 65 
Energy recovery of wood 920 

Textiles Ship transport of textiles4 2 818 
Co-incineration of textiles 1 570 

Rubber Recovery of used tyres for asphalt and other uses 1 800 
Co-incineration of waste tyres 1 000 

Biodegradable waste 

Compost production and application 8 
Compost production and application (carbon sink 
allocated)5 60 

Anaerobic digestion, energy generation and compost 
production 81 

Anaerobic digestion, energy generation and compost 
production (carbon sink allocated) 146 

Solid fuel waste6 
Co-incineration in a cement kiln 1 040 
Co-incineration in an optimised municipal WtE plant 460 
Co-incineration in a coal power plant 1 060 

Mineral demolition waste7 Shredding, crushing by mobile devices 0 

Residual waste 
Incineration of residual waste 70 – 2408 
Biological stabilization and co-incineration in a 
cement kiln 70 

Source: Prognos et al., 2008. 

                                                           
2 Calculations include all relevant waste management steps, such as waste collection, transport, sorting, recycling/recovery. Residues, left 
after waste sorting (from 1% to 20%, depending on the type of waste), are assumed to be incinerated with energy recovery and the resulting 
GHG savings are also taken into account. 
3 Glass factories usually use both, primary material and waste glass, thus waste management activity is only expressed as “provision”. 
4 The most probable option for textile waste is re-use outside the EU, therefore calculations here include GHG emissions from ships. 
5 24% carbon storage in soils is assumed. 
6 Solid fuel waste is considered to be the residue from plastic, textile or other waste sorting plants. 
7 Mineral demolition waste is the residue of construction and demolition waste after the separation of wood, metal, plastics and other 
fractions. 
8 GHG savings from the incineration of residual waste depend on whether electricity and heat is alternatively produced in an average WtE 
plant or in an optimised WtE plant. 
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Table A-6. Overview of the targets set by EU waste directives. 

Directive Targets Deadline for 
attainment 

Concessions 
for Lithuania 

Waste 
Framework 
Directive 

Preparing for re-use and recycling of 50% (by weight) of 
household and similar waste 2020 No 

Preparing for re-use and recycling of 70% (by weight) of non-
hazardous construction and demolition waste 2020 No 

Directive on 
packaging and 
packaging waste 

Recovery (including incineration with energy recovery) of 60% 
(by weight) of packaging waste 31 Dec 2008 31 Dec 2012 

Recycling of 55 – 80% (by weight) of packaging waste 31 Dec 2008 31 Dec 2012 
Recycling (by weight) of: 

•60% of glass 
•60% of paper and board 
•50% of metals 
•22.5% of plastics (recycled back into plastics) 
•15% of wood 

31 Dec 2008 31 Dec 2012 

Directive on the 
landfill of waste 

Landfilling not more than 75% of biodegradable municipal waste 
compared to 1995 levels9 16 Jul 2006 16 Jul 2010 

Landfilling not more than 50% of biodegradable municipal waste 
compared to 1995 levels 16 Jul 2009 16 Jul 2013 

Landfilling not more than 35% of biodegradable municipal waste 
compared to 1995 levels 16 Jul 2016 16 Jul 2020 

Directive on 
waste electrical 
and electronic 
equipment 

Annual separate collection of 4 kg per capita of WEEE from 
households 31 Dec 2015 No 

Annual collection of 45% of WEEE (based on the average weight 
of EEE placed on the market during three preceding years) From 2016 

Collection of 
40 – 45% of 
WEEE from 14 
Aug 2016 

Annual collection of 65% of WEEE (based on the average weight 
of EEE placed on the market in the three preceding years or 85% 
of WEEE generated on the territory of the Member State) 

From 2019 From 14 Aug 
2021 

Recycling of 50 – 80% and recovery of 70 – 80% of WEEE, 
depending on the category of EEE 

13 Aug 2012 – 
14 Aug 2015 No 

Preparing for re-use and recycling of 55 – 80% and recovery of 75 
– 85% of WEEE, depending on the category 

15 Aug 2015 – 
14 Aug 2018 No 

Preparing for re-use and recycling of 55 – 80% and recovery of 75 
– 85% of WEEE, depending on the category 

From 15 Aug 
2018 No 

Directive on 
batteries and 
accumulators 
and waste 
batteries and 
accumulators 

Collection rate of 25% 26 Sep 2012 No 

Collection rate of 45%10 26 Sep 2016 No 
Recycling of 65% by average weight of lead-acid batteries and 
accumulators 26 Sep 2011 No 

Recycling of 75% by average weight of nickel – cadmium batteries 
and accumulators 26 Sep 2011 No 

Recycling of 50% by average weight of other waste batteries and 
accumulators 26 Sep 2011 No 

Directive on 
end-of-life 
vehicles 

Re-use and recovery of 85% and re-use and recycling of 80% by 
an average weight per vehicle per year 1 Jan 2006 No 

Re-use and recovery of 95% and re-use and recycling of 85% by 
an average weight per vehicle per year 1 Jan 2015 No 

Source: Directive 2008/98/EC, Directive 94/62/EC, Directive 1999/31/EC, Directive 2012/19/EU, Directive 2006/66/EC, 
Directive 2000/53/EC.  

                                                           
9 For Lithuania base year is 2000. 
10 Collection rate here means “for a given Member State in a given calendar year, the percentage obtained by dividing the weight of waste 
portable batteries and accumulators collected in accordance with Article 8(1) of this Directive or with Directive 2002/96/EC in that calendar 
year by the average weight of portable batteries and accumulators that producers either sell directly to end-users or deliver to third parties in 
order to sell them to end-users in that Member State during that calendar year and the preceding two calendar years” (Directive 2006/66/EC). 
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