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INTRODUCTION 

Municipal solid wastes (MSW) often form a small part of the total annually 
produced wastes varying between 8– 9% in European Union (EU). In Estonia, the 
share of MSW in total waste production is about 2% (Eurostat, 2010). Environmental 
impact of MSW is largely defined by the methods used for handling it as well as 
people’s lifestyle, which determines the amount of produced wastes.  

Landfilling is still a dominant method of MSW handling in Estonia as well as in 
other Baltic countries. However, it can cause serious environmental damage by 
polluting the soil, ground water, and air. Air pollution is mainly caused by formation of 
greenhouse gas (GHG) emissions from landfills and other waste management practices 
such as waste incineration, recycling, and collection of MSW. Moreover, landfilling of 
MSW can contribute to soil and groundwater pollution by forming leachate. Such kind 
of environmental impacts can be significant if the share of biodegradable fraction in 
MSW is high and climate is relatively humid, as in Estonia.  

The EU Landfill Directive (EC, 1999) aims to control environmental impacts by 
landfilled MSW in Europe. In accordance with this Directive, all Member States 
should have reduced the amount of landfilled biodegradable waste to 75% by 2006 
compared to 1995 level, and to 50% and 35% by 2009 and 2015, respectively, with 
derogation period of four years for countries who landfill more than 80%. 

Biodegradable part of landfilled MSW should not exceed 28% by 2020 following 
the requirements of landfill Directive in EU27 (ETC/SCP, 2011). Moreover, the ban to 
landfill the biodegradable fraction of MSW is also under consideration. Thus, 
landfilling remains as an option for handling MSW, but only the inert wastes can be 
landfilled.  

The other alternative to MSW landfilling is the mass-burn incineration technique 
with energy recovery. This alternative has to be weighed, including in Estonia, in terms 
of its cost-effectiveness and sufficiency of MSW to run daily mass-burn incineration 
plants. On the other hand, the Baltic energy markets are undergoing a transition 
towards new sources of energy and significant changes will take place in the coming 
years (Moora and Lahtvee, 2009). The biodegradable fraction is defined as a part of 
MSW biomass, and counted as a renewable energy source. The use of MSW for energy 
production can contribute to achieving the 20% renewable energy goal and the 20% 
reduction in CO2 emissions agreed upon at the EU level. Heat and electricity from 
waste contributes to the energy generated by conventional power plants, which still 
predominantly use fossil fuels. According to the Waste Framework Directive (EC, 
2008), recycling of materials from household wastes should be increased to at least 
50% by weight. Therefore, it would be reasonable to achieve this target by applying 
large-scale incineration of MSW in Estonia. 
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Possible environmental impact from landfilling can also be reduced indirectly by 
minimising the generation of landfilled wastes. Such minimisation can be achieved by 
implementing proper economic instruments, e.g., the variable pricing - pay as you 
throw (PAYT) model into the existing waste management system. Such direct form of 
unit pricing for wastes aims at stimulating households to divert an increased portion of 
their discards away from the traditional means of disposal mainly to recycling. This 
waste management approach ranks highly in the waste management hierarchy and is 
believed to be less hazardous to the environment and cost-efficient in the long run. 

The waste management sector in Baltic States is strictly governed by relevant 
European policies and directives. Since 2004, when Estonia became an EU member, 
considerable changes in waste management have occurred. All old and unsanitary 
landfills were closed in Estonia by 16 July 2009 and only five new technically 
equipped landfills remained operational. Nevertheless, the experience with new 
landfills indicates that there are still problems in assuring compliance with some 
technical requirements, e.g., leachate treatment, gas collection and utilization systems. 
Leachate treatment particularly required additional efforts in terms of technology and 
related financial resources, since the initially designed treatment capacity was 
insufficient for the load of leachate (Loigu, 2010). Operators of new landfills in 
Estonia still lack knowledge about the key design parameters of emission treatment 
technologies, such as leachate production rate, composition, and landfill gas (LFG) 
potential.  

Mass-burn incineration of MSW as an alternative option of waste utilisation was 
well received in Estonia. With regard to mass-burn incineration, economic, social and 
environmental problems have to be considered as a whole. As an economic instrument, 
favourable conditions have to be created to implement the waste-to-energy (WtE) 
concept. For example, a pollution charge for municipal waste disposal (landfill tax) 
was introduced in Estonia in 1990. Until 2005, the rate was very low at €0.10–0.20 per 
tonne. In 2006, it rose to €7.8 and in 2012 to €17.25 per tonne. Further increase will 
elevate the tax to €29.84 in 2015. Such an increase in disposal tax would favour the 
implementation of alternative options, e.g., MSW incineration. Social factors in terms 
of public opinion have to be accounted as well. Positive acceptance by people living in 
the neighbourhood is essential in the early developmental stages of MSW incineration 
unit facility.  

Material recycling as a second alternative option raises the question of how to 
minimise MSW amounts and enhance material recycling rate. Its solution can be found 
through the assessment of possibilities of implementation of variable price models into 
the current waste management system (Billitewski, 2008; Karagiannidis et al., 2008; 
Sauer et al., 2008; Skumatz, 2008; Ventosa, 2008; Zotos et al., 2009; Dahlen and 
Lagerkvist, 2010). This will help significantly to reduce the generated waste amounts 
by enhancing individual sorting ability. 
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Huge investments were made to construct new landfills that are adjusted to recent 
European Regulations, which means that landfilling of MSW will continue at least 
next fifteen years. The question is in which way and what could be alternative options 
to reduce amounts of wastes to be landfilled? Therefore, to the study applied the 
Environmental assessment of MSW landfills from its life cycle perspective with the 
aim to investigate all environmental impacts from the generation and collection as well 
as the use of methane gas and leachate treatment options. Additionally the perspectives 
of mass-burn incineration were identified by this thesis. The results of this evaluation 
can be used in other countries. The separate collection of household wastes started to 
develop in Estonia quite recently. Therefore, the capacity and willingness to implement 
pay-as-you-throw (PAYT) system in Estonian municipalities was assessed. More 
specific objectives of the thesis involve: 

1. assessment of the impact of GHG emissions from MSW management to the 
climate change in Estonia  in 2000 - 2020. 

2. comparison of various landfill gas and leachate treatment technologies from a 
life-cycle perspective. 

3. assessment of the possible environmental impact of inert landfill. 
4. identification and discussion on the main influencing factors and perspectives 

for MSW incineration in Estonia and the other Baltic States. 
To reach the proposed objectives the field data was collected in the frame of projects 
“Research and analyses of various treatment technologies of landfill leachate. 
Development of suitable leachate cleaning technology in Estonian conditions” and 
“Pay as you throw system development in Greece, Cyprus and Estonia”. Collected data 
were analysed and laboratory tests carried out to assess the effectiveness of leachate 
treatment in Estonian landfills. The waste management planning model (WAMPS) was 
applied for environmental impact assessment of MSW landfilling.  

The work was carried out by implementing the studies on environmental 
assessment of management options of leachate and landfill gas treatment in Estonian 
landfills (paper II); assessment of the factors and perspectives of MSW incineration 
and the impact of GHG formation from MSW (papers I and III) and assessment of 
applicability of PAYT system in Estonian municipalities (paper IV).  
 
 
 
 
  



12 

2. MSW MANAGEMENT IN ESTONIA 

MSW management is a rapidly changing field of activity nowadays. Waste handling 
technologies are improved and implemented through EU member states. Therefore, the 
share of landfilled MSW decreased from 66% in 2004 to 57% in Estonia in 2011 
(Figure 1). 

 

 
 

 
 
 
 
 
Recycling rates of MSW are steadily increasing and it formed 35% of the total waste 
generated in 2011 (Environmental Information Centre, 2012). It can be explained by 
the enhancement of the mechanical-biological treatment (MBT) of MSW and 
composting of biodegradable part of wastes that formed 12% of MSW in 2011(Figure 
2). In the Baltic States, landfilling of wastes is still the prevailing treatment method 
(more than 50% of MSW) despite the fact that the EU waste hierarchy considers 
landfilling as the least favourable option compared to prevention and minimisation that 
are the most preferred options. Huge amounts of landfilled wastes require, therefore, 
proper monitoring and environmental assessment of landfills. 

2.1. Waste amounts and composition 

The MSW amount generated depends a lot on the socio-economic conditions of the 
region (Beigl et al., 2004; Moora, 2009). In Estonia, MSW generation was also in-line 
with increasing GDP and reached the maximum in 2007 (Figure 3). After that year, 
both indicators showed a decrease. Further growth of both indicators can be expected, 
but not rapidly. 
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Figure 1: MSW amounts landfilled, recycled 
generated (2004-2011) in Estonia (Source: 
Environment Information Centre, 2012) 

 Figure 2: The share of MSW treatment in 
Estonia in 2011 (Source: Environmental 
Information Centre, 2012) 
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Figure 3: GDP and MSW generation trends in Estonia in 2004-2011 (Source: Estonian 

Statistics) 
 

The second important factor for environmental assessment of MSW streams is the 
composition of wastes. Unfortunately, existing data about the composition of MSW, 
especially their mixed part, is quite poor. In Estonia, the main source of waste data is 
the database of the waste register at the Environment Information Centre of the 
Ministry of Environment, which is based on systematised waste reporting (Moora, 
2009). However, the data sometimes is not complete and cannot be used as an input for 
waste management planning model. To obtain more precise data about mixed MSW, 
sorting analysis was carried out in 2005 and 2008 by Stockholm Environment Institute 
(SEI) and the results are presented in paper I and by Moora and Jürmann (2008). 
Another sorting study was carried out for Tallinn metropolitan area in 2005–2006 by 
Vilms (2006). 

In 2010–2011, a sorting study was carried out in Tartu. Results of this study 
showed significant changes in the amounts of packaging wastes and their share in 
MSW decreased from 34.5% in 2008 to 24.2% in 2010–2011. Lower share of 
packaging material in mixed MSW can be explained by considerably improved sorting 
of packaging material in comparison with 2008. Landfilling of unsorted MSW still 
remains a problem, especially with regard to organic wastes. The amount of bio-waste 
in Tartu formed 38.4% of total MSW composition in 2010, which is 2% more than the 
Estonian average of 2008, which was 36.65% according to Moora and Jürmann (2008).  
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2.2 Requirements for waste collection in Estonia 

Since 2005, all municipalities, where the number of residents exceeds 1500, are 
obliged to implement waste collection system (RT, 2004). The main aim of organised 
waste collection is to link all waste holders into a common waste management system, 
minimising illegal dumping and misuse of waste bins. 

Since January 2008, requirement for separate waste collection came into force in 
Estonia. According to that, municipalities are responsible for providing containers to 
the residents for separate collection of paper and cardboard, mixed packaging, glass, 
biodegradable wastes and mixed municipal wastes.  

According to the organised waste management system, municipalities should 
organise a bidding competition for waste handling companies. In every region, local 
authority should set up a marginal rate for waste handling: a company that suggests the 
lowest price will win a public tender and serve a region during the next five years. All 
residents in this region are obliged to make an agreement only with this company.  
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 3. MATERIAL AND METHODS 

3.1 Life - cycle assessment of landfilling  

Life-cycle assessment (LCA) methodology was applied to assess environmental impact 
from waste management in terms of landfilling (paper II) of MSW and in comparison 
with the option of incineration (papers I and III).  

The definition by SETAC (Society of Environmental Toxicology and Chemistry) 
states that, “Life Cycle Assessment is a process to evaluate the environmental burdens 
associated with a product, process, or activity by identifying and quantifying energy 
and materials used and wastes released to the environment; to assess the impact of 
those energy and materials used and released into the environment; and to identify and 
evaluate opportunities to affect environmental improvements. The assessment includes 
the entire life cycle of the product, process or activity, encompassing, extracting and 
processing raw materials; manufacturing, transportation and distribution; use, re-use, 
maintenance; recycling, and final disposal.” 

A complete LCA consistent with international standards (ISO, 2006) and 
handbooks (e.g., Guinee, 2002) consists of four interrelated phases: 

1. Goal and scope definition explains the reason for carrying out the study, 
selects borders, function, functional unit and allocation technique. 

2. Inventory analysis collects all the data of the unit processes within a product 
system and relates them to the functional unit of the study. 

3. Impact assessment with four sub-phases: classification, characterisation, 
normalisation, and weighting, assesses the impact of the inputs and outputs 
identified in the inventory analysis. 

4. Improvement assessment evaluates the results from the inventory analysis or 
impact assessment and compares them with the goal of the study defined in the 
first phase. 

Correlation among the LCA phases makes LCA an iterative process (Hillary, 
1995) (Figure 4). The calculation and evaluation procedure is repeated until the 
analysis reaches the required level of detail and reliability. 
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Figure 4:Interrelation of LCA phases (redrawn from Hillary, 1995) 

3.1.1 Functional unit and system boundaries 

The definition of the functional unit is very important in the first stage of the life-cycle 
process. The functional unit is a measure of the function of the studied system and it 
provides a reference to which the inputs and outputs can be related. The functional unit 
of the current study was the amount of MSW landfilled in Estonia annually. 

System boundary determines which unit processes should be included in the 
process. Defining system boundaries is partly based on a subjective choice, made 
during the scope phase when the boundaries are initially set. The following boundaries 
can be considered: 

• Boundaries between the technological system and nature. A life-cycle 
usually begins at the extraction point of raw materials and energy carriers from 
nature. Final stages normally include waste generation and/or heat production. 

• Geographical area: Geography plays a crucial role in most LCA studies. For 
example, infrastructures, such as electricity production, waste management 
and transport systems, vary from one region to another. Moreover, 
ecosystems’ sensitivity to environmental impacts differs regionally too 
(Ekvall, 2007). 

• Time horizon: Boundaries must be set not only in space, but also in time. 
Basically, LCAs are carried out to evaluate present impacts and predict future 
scenarios. Limitations to time boundaries are given by technologies involved, 
pollutants lifespan, etc. 
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3.1.2 Data quality requirements 

The data quality requirements have to be met in all LCA studies. Different or non-
reliable data sources would have a great impact on the result of the study. The 
following parameters should be considered: 

• Time-related coverage: age of data and the minimum length of time over 
which data should be collected (i.e., 1 year); the desired age of data (5 years). 

• Geographical coverage: area from which data for unit processes should be 
collected to satisfy the goal of the study (i.e., place, region, country, etc.). 

• Usage of average or marginal data (data resolution, i.e., level of aggregation) 
(Moora, 2009). 

3.2 The waste management planning model (WAMPS) 

A variety of LCA models concerning waste management planning have been 
developed since 1990. A detailed review of the models was provided by Gentil et al. 
(2010). 

The WAMPS model is the waste management planning model that was developed 
based on the more in-depth LCA model ORWARE by the Swedish Environmental 
Research Institute (Björklund, 2000; Eriksson et al., 2000; Sundqvist et al., 2002). The 
WAMPS model was adjusted to the Estonian conditions by calibration, testing and 
generation of regional database by Estonian Institute for Sustainable Development, 
Stockholm Environment Institute (SEI). The WAMPS model consists of different sub-
models, which allow comparing different waste management options such as 
landfilling, incineration, recycling, composting, and anaerobic digestion of MSW in 
terms of environmental assessment of their impacts. A detailed description of each 
sub-model for waste management planning was provided by Moora (2009) in his PhD 
thesis.  

The author of this thesis contributed to the generation of regional database and 
testing of the landfilling sub-model (paper II).  

WAMPS compares a waste management system with a background system. The 
waste management system can produce different products depending on the choice of 
treatment and recycling: heat, steam, electricity, vehicle fuel (biogas), compost, paper, 
plastic, metals, etc. In background system, similar products are produced from virgin 
origin. When a product is produced from waste, it substitutes a product in the 
background system. Each waste product has an alternative in the background system 
with a virgin raw material source and a production process that is included in the 
model. In WAMPS, different recovery options are compared with the background 
system and potentially ‘saved emissions’ are assessed. The background system consists 
of heat production (alternative to waste incineration and combustion of biogas and 
landfill gas), electricity production (alternative to waste incineration and combustion of 
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biogas and landfill gas), vehicle fuel production (alternative to biogas), fertiliser 
production (alternative to compost and digestate), and production of materials (plastic, 
newsprint, paper packages, glass, steel, aluminium, etc). All these products from the 
background system can also be produced by different waste recovery methods. 

The net emissions from the studied system are calculated according to: 

Enet = Ewaste – EBackground 

Enet: Net emission (tonnes/year or kg/year) 

Ewaste: Emission from a waste process that produces a certain amount of product 
(tonnes/year or kg/year). 

EBackground: Emission from the same amount of alternative virgin production in the 
background system (tonnes/year or kg/year). 

Environmental impact is considered in LCA as a consequence of a physical 
interaction between a studied system and the environment. In LCA, all environmental 
impacts are represented by different categories. WAMPS model focuses on four main 
environmental impact categories (Sundqvist et al., 2002): 

• Global warming: All emissions are expressed as CO2-equivalents: 1 kg of 
methane (CH4) is equal to 25 kg of fossil carbon dioxide (CO2) and 1 kg of 
nitrous oxide (N2O) is equal to 310 kg of fossil CO2. 

• Eutrophication of water: All emissions are expressed as phosphate (PO4
3−) 

equivalents: 1 kg of phosphorus (P) is equal 3.06 kg of PO4
3−, 1 kg of nitrogen 

(N) is equal to 0.42 kg of PO4
3−, 1 kg of NH3/NH4 is equal to 0.34 of PO4

3−, 
and 1 kg of COD is equal to 0.022 kg of PO4

3−. 

• Acidification: All emissions are expressed as SO2-equivalents: 1 kg NOx is 
equal to 0.7 kg SO2, 1 kg of NH3 is equal to 20.88 kg SO2, and 1 kg of HCl is 
equal to 0.88 kg of SO2. 

• Photooxidant formation: Photooxidant formers have been divided into 
volatile organic compounds (VOC) and NOx. CH4 is included in the VOC, but 
with a relatively low factor: 1 kg of CH4 is equal to 0.006 kg ethane (C2H4), 
CO is equal to 0.03 kg C2H4, and non-methane volatile organic compounds 
(NMVOC) is equal to 0.416 kg of C2H4. 

Toxicity-related impacts were neglected in this study because there are still 
many uncertainties in modeling toxicological impacts (Finnveden and Lindfors, 
1998; Reap et al, 2008). 
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3.2.1 WAMPS landfill module 

The landfill used in this study is a municipal solid waste landfill (Figure 5) where 
mixed household wastes are deposited (excluding hazardous wastes). The landfill has a 
bottom sealing, e.g., plastic, rubber, betonite or clay, and a top cover of soil. Another 
input is water from precipitation (rain and snow). The precipitated water will 
evaporate, run-off the cover or percolate through the landfilled waste. The model has 
gas and leachate collection possibilities with further treatment options. 
 

 
Figure 5: Schematic illustration of modelled average operating MSW landfill. 

The landfill gas consists mainly of methane and carbon dioxide. Emissions of methane 
and carbon dioxide were calculated according to the carbon balance of a conventional 
MSW landfill (Sundqvist, 1999): 
 
CH4 = (1 – γ)·x (1 – ε) x α x β x 0.99 x 16/12 kgCH4 kgCin   (1) 
CO2 = (1 – ε) x (1 – β) x α x 0.99 x 44/12 + 
+ γ x (1 – ε) x α x β x 0.99 x 44/12 kgCO2 kgCin     (2) 
α – degradation yield kg degr.C kg Cin 
β – molar (or volume) ration kmol CH4 kmol (CO2 – CH4) 
γ – oxidation yield of CH4 in soil cover kg oxidised CH4 kg CH4 transported through 
soil 
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ε – part formed methane that is recovered kg recovered CH4 kg formed CH4 

 

Landfilling of wastes will cause emissions during a long period of time (Sabbas et al., 
1998; Sundqvist et al., 1997; Hellweg, 2000; Doka and Hischier, 2005, Obersteiner et 
al., 2007). WAMPS landfill can evaluate long-term future emissions by separation over 
different time periods. The model integrates emissions between two time periods 
according to Sundqvist (1999): 

• A surveyable period, which is the period until a pseudo steady-state in the 
landfill processes is obtained. This period should usually be of the magnitude 
of one century. 

• A hypothetical, infinite time period, which is the period from the start until the 
landfilled material is completely released in the environment. 
 

 
Figure 6: Schematic illustration of surveyable time and hypothetical infinite time periods 
[redrawn from Sundqvist, 1999] 
The end of a surveyable time period is characterised mainly by full degradation of 
organic material when the methane generation ends (Figure 6). The hypothetical time 
period is the time until the landfilled material is completely released in the 
environment. 
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For characterisation of results, CML-IA database, version 4.1 was used. The 
database was developed by Hejungs et al. (1992) in the Institute of Environmental 
Sciences, Leiden University. Updated version of database presents characterisation 
factors for Problem Oriented Approach and for some other methods, such as Eco-
indicator 99, EPS and USEtox. Normalisation factors were calculated based on the 
annual impacts of relevant pollutants in Estonia provided by the Estonian 
Environmental Information Centre for the year 2010. In this research, the Problem 
Oriented Approach in WAMPS model has been used. 

3.3 Limitations  

The reliability of results of the LCA modelling of waste management can be limited by 
the following factors: data quality, impact categories, emissions, and allocation (Ekvall 
et al., 2007; Ericksson and Bekay, 2010; Clavreul et al., 2012). 
 
3.3.1 Data quality 
 
Data quality largely depends on the source and time frame in any LCA study. The 
primary data (measured) is always preferable than secondary data (literature sources). 
Sometimes, when primary data is not available, the knowledge gaps can be filled in by 
importing data from secondary sources, which creates uncertainty in data quality.  

As for waste management, the data concerning waste composition and amounts are 
essential. According to several authors (Ekvall et al., 2007; Moora, 2009; Ericksson 
and Bekay, 2010; Clavreul et al., 2012), such parameters as waste amount and 
composition are very uncertain in terms of analyses of changes in the quantities of 
waste generated and future prognoses. Therefore, the functional unit has to be specified 
to the annual quantity of waste generated in a geographical area. Different forecasting 
models can be used for defining future waste generation scenarios, e.g., dynamic 
modelling suggested by Börjeson et al. (2006). 

3.3.2 Emissions and impact categories 

During the LCA, emissions occurring in the process are characterised according to the 
impact categories, using the characterisation factors suggested in the database. Usually, 
different pollutants are summarised into one specific category with the loss of the 
spatial information. This will increase the uncertainty of the environmental impacts 
caused by emissions. To solve this problem several impact assessment site-dependent 
models have been developed (e.g., Finnveden and Nilsson, 2005; Mutel and Hellweg, 
2009).  

Another opportunity to reduce uncertainty in impact results is to use the 
normalisation of the results, which link the study to the specific region or country. 
According to Zbicinski et al. (2006), normalisation effect is the percentage of a given 
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emission’s annual contribution to that effect in a certain area. Normalised results can 
be compared among the impact categories and help to understand the significance of 
impacts in a specific region.  

The processes in LCA model of waste management are usually considered as linear 
(Ekvall et al., 2007; Clavreul et al., 2012). If one parameter, e.g., the recycling rate, 
significantly increases, the system will require additional consumption of fuel and the 
linear model will not be able to calculate the optimum of recycling rate. Therefore, the 
non-linear model or linear programming of models that account for boundary 
conditions (Ekvall et al., 2007) have to be used. This makes LCA of waste 
management more complicated due to the need for high quality data. 

3.3.3 Allocation 

Allocation is one way of handling multifunctional processes in LCA (Finnveden et al., 
2009). Waste management processes are usually multifunctional, e.g., landfilling of 
waste has the function of landfill wastes and production of energy by recovering the 
gas. According to ISO (2006), allocation can be avoided by dividing the unit processes 
into several sub processes or through system expansion with the inclusion of additional 
functions related to the co-products. Otherwise, the allocation should be performed. 
The principles of allocation are provided in several studies (e.g., Rebitzer and 
Hunkeler, 2004; Hejungs and Guinee, 2007; Finnveden et al., 2009).  

The multifunctionality in waste management can be solved through the system 
expansion (Finnveden et al., 2009; Moora, 2009; Clavreul et al., 2012) and by 
accounting for the substitution of primary energy and virgin material productions. 
However, system expansion makes the analyses more complicated and sometimes 
allocation is needed. 

Generally, the LCA methodology of waste management is limited by environmental 
impact. According to Ekvall et al. (2007), the methodology can be expanded to include 
the integration of economic model and social aspects. 

3.4 Scenarios 

In the frame of the environmental impact assessment of landfilling, the author 
concentrated on the impact of landfill gas to the air and leachate to water bodies. A 
detailed description of possible emissions of landfill gas and leachate is presented in 
paper II. Two main groups of scenarios were developed: (i) MSW management 
scenarios with the baseline year 2000 and (ii) two forecasted scenarios for the year 
2020 (papers I and III) and scenarios for landfilling of MSW in terms of impact of 
landfill gas and leachate treatment options (paper II). 
 
 
 



23 

Table 1:Summarised scenarios of MSW management and landfilling 
Scenario Material 

recycling 
Biological 
recycling 

(composting) 

Incineration Landfilled  
waste 

Remarks 

2000 
Base scenario 

 
4% 

 
4%  

 
0 

 
92% 

Papers I, 
III 

2020 
Scenario I  

Recycling + 
Incineration 

 
27% 

 
15% 

 
45% 

 
13% 

Papers I, 
III 

2020 
Scenario II 
Recycling + 
Composting 

 
27% 

 
37%* 

 
0 

 
36% 

Papers I, 
III 

Landfill gas 
management 

Option 1 
Flaring 

Option 2 
Flaring 

Option 3 
Heat/electricity 

generation 

Option 4 
Electricity 
generation 

Paper II 

Collection (% 
of generated) 

8,5% 75% 75% 75% Paper II 

Flared (% of 
collected) 

100% 100% 0% 0% Paper II 

Utilized (% of 
collected) 

0% 0% Electricity 
35%  

Heat 60% 

Only 
electricity 
production 

39% 

Paper II 

Leachate 
treatment 

BOD7 COD Ptotal Ntotal Paper II 

 Treatment efficiency - removal rate of main pollutants (%) 

Option 1 – no 
treatment of 
leachate 

0 0 0 0 Paper II 

Option 2 – 
aerobic 
treatment with 
activated sludge 

63% 37% 17% 30% Paper II 

Option 3 – 
reverse osmosis 

96% 90% 90% 95% Paper II 

Two sensitivity scenarios were developed based on the assumptions that mass-burn 
incineration of MSW will replace the major part of landfilling of wastes in near future: 
(i) scenario 2015, where the amount of MSW landfilled was reduced to 10% with the 
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baseline of 2010 and major part of wastes were incinerated and (ii) scenario 2020, 
where only 5% of non-combustible material is assumed to be landfilled (Table 2). 
 
Table 2:Scenarios of MSW mass-burn incineration 
Scenario Material 

recycling 
Biological 
recycling 

(composting), 
MBT 

Incineration Landfilled 
waste 

Scenario 2010 23% 12% 0% 57% 
Scenario 2015 25% 10% 55% 10% 
Scenario 2020 25% 10% 60% 5% 
Landfill gas 
management  

Collection (% 
of generated) 

Flared (% of 
collected) 

Utilized (% of 
collected) in 
gas-drived 
motors

Utilized (% of 
collected) in 
boilers 

Option 1 50% 20% 30% 50% 
Leachate 
treatment 
option 

BOD7 COD Ptotal Ntotal 

 Treatment efficiency - removal rate of main pollutants (%) 
Option 2 – 
treatment with 
municipal 
sewage waters 

98% 96% 67% 85% 

 
Scenario 2010 describes the current situation in Estonian waste management sector. 
Forecast scenarios for 2015 and 2020 were developed following the Regional Waste 
Management Plan and the requirements of EU Directives. As it can be seen from Table 
2, upto 2015, significant reduction of landfilled MSW is awaited, partly due to the 
mass-burn incineration unit that at Iru Power Station that utilises 50–55% of all MSW. 
The part of material recycling, composting, and MBT will remain approximately at the 
same level and will not exceed 35% for MSW.   

Option 1 for landfill gas management was assumed as follows: 50% of the 
generated gas will be collected, which is the maximum collection rate for the MSW 
conventional landfills and much higher rates can be achieved only in biocell 
(Sundqvist, 1999; Finnveden et al., 1992). About 20% of the collected gas will be 
flared, 30% can be used in gas-driven motors for electricity and heat production, and 
50% will be used in boilers for heat production. 

The leachate Option 2 was assumed to be purified with the municipal sewerage at 
wastewater treatment plant. The efficiency of the treatment is presented in Table 2. 



25 

The composition and amounts of landfilled MSW are assumed to be minimised to 
10% in 2015 (scenario 2015). According to that scenario, the landfilled MSW was 
assumed to compose 5% of organic part and 5% of non-combustible wastes. The 
scenario for 2020 predicted that landfilling would consist only 5% of non-combustible 
wastes.  
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 4. RESULTS AND DISCUSSIONS  

The environmental assessment study results showed that intensive incineration 
scenarios with energy recovery should be favoured compared to other waste 
management options where energy is not recovered when aiming to reduce GHG 
emissions (papers I and III).  

The environmental impact of the emissions from landfills was assessed based on 
the LFG potential and leachate treatment technologies (paper II). The best result is 
achieved when LFG is used for heat and electricity production. Then, the avoided 
impact from energy recovery is greater than direct impacts of GHG emissions from 
landfill. The results of LCA support the fact that leachate treatment with reverse 
osmosis has the best environmental performance compared to other leachate treatment 
technologies. The long-term environmental impact when using RO is very small in 
case of nitrogen, ammonium, and other pollutants. 

Developed sensitivity scenarios on the environmental impacts to global warming, 
photo-oxidant formation, acidification and eutrophication for 2015 and 2020 were 
based on the assumption that most of the now landfilled MSW will go for mass-burn 
incineration (Figure 7). 
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Figure 71: Normalised results of impacts from landfilling of MSW in 2010,2015 and 2020  

 
The study results indicate that minimisation of landfilling of MSW significantly 
reduces emissions to the air and water in all of four impact categories as presented in 
Figure 7. The main impact to global warming and eutrophication was found in 2010. 
According to the prognoses made, the environmental impact for 2015 will be reduced 
by ten times equivalents of emitted pollutants per year, and by ten thousand times 
equivalents/year for 2020. It can be explained by the changes in waste composition and 
significant reduction in quantity of landfilled waste for those years.  

Recovery options of landfill gas are described in the methodology section in Tables 
1 and 2. All nitrogen from the organic material is mainly transformed to the ammonia 

                                                            
1 The impact of life cycle contains four impacts expressed as carbon dioxide equivalents (global 
warming),SO2 equivalents (acidification), PO4 equivalents (eutrophication) and ethylene 
equivalents (photooxidant formation). Normalisation consists of the division of these emissions 
with the total emission in each category over an entire year in Estonia. The resulting relative 
sizes of the impacts are in the order of 10-3 to 10-8 of the total annual impacts in different 
scenarios. 
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or ammonium (NH3/NH4) in the leachate water and contributes to eutrophication. The 
photoxidant formation category is presented mainly by NMVOC. The environmental 
impact of operating landfill to the acidification processes is relatively low and the main 
polluting substances are sulphur dioxide, dinitrogen oxide and hydrogen chloride, 
which contribute less than 1% of all other impact categories (Assamoi and Lawryshyn, 
2012). 

Intensive incineration of MSW that is one of the basic assumptions for scenarios 
2015 and 2020 will lead to the generation of rather large amounts of solid and liquid 
residual materials. According to Sabbas et al. (2003), typical residues from MSWs are 
bottom ash with grate sifting (20–30% by mass of the original waste on wet basis), 
particulate matter (15%), and fly ash (1–3%). Bottom ash can be reused, mainly in 
road construction or as aggregate for concrete products (Sabbas et al., 2003; 
Karagiannidis et al., 2013). Fly ash is classified as a hazardous material and has to be 
pre-treated before any use. Another option is landfilling at special hazardous landfill 
sites. The bottom ash can also be used as a landfill cover (Travar et al., 2009).  

4.1 Landfill gas 

Produced landfill gas consists mainly of methane (55%) and carbon dioxide (45%) 
(Assamoi and Lawryshyn, 2012) of which 50–75% can be utilised for energy recovery 
during the operating period of landfill (Sundqvist, 1999; USEPA, 2008). The collection 
rate of landfill gas starts to slow down after the closure of the landfill site (Niskanen et 
al., 2012). In the current study, the landfill gas collection efficiency was assumed to be 
50%. It was also assumed that 30% of the collected gas will be used in gas-driven 
motors for electricity and heat production, 50% in boilers for heat production, and 20% 
will be flared. According to the Estonian Statistics for 2011, 95% of electricity in 
Estonia was produced from oil-shale and 5% from wood. At the same time, 50% of 
heat was produced from wood, 33% from natural gas and 17% from oil-shale.  

The heat and electricity produced by landfill gas utilisation substitutes fossil fuel 
(oil-shale, wood and natural gas) in the background system (paper II). It could save up 
to 4040 tonnes of GHG emissions expressed in CO2/eq when following the scenario 
for 2010. Saved emissions from mass-burn incineration of MSW were 4770 tonnes 
CO2/eq a year. Therefore, it can be concluded that intensive incineration of MSW with 
energy recovery will have a better energetic potential compared to the landfill gas 
utilisation.  

Due to the diversion of wastes from the landfill in scenarios 2015 and 2020, the 
GHG emissions in a hundred year perspective will be negligible (Figure 7). The 
composition of wastes to be landfilled plays a crucial role and the after-care period of 
gas generation will be longer if the organic content of landfilled wastes remains high 
(Niskanen et al., 2012). In the studied case, the composition of landfilled waste in 2015 
was assumed to be 50% of organic fraction and 50% of other non-combustible wastes; 



29 

for 2020, only non-combustible wastes were assumed to be landfilled. Waste amounts 
for the future scenarios were calculated based on the amount of wastes landfilled in 
2010 (267365 tonnes) (Estonian Statistics, 2012). It was assumed that 10% (32084 
tonnes) and 5% (16042 tonnes) of MSW will be landfilled in 2015 and 2020, 
respectively, compared to the baseline in 2010. Such rapid decrease of landfilled 
wastes will probably lead to significantly lower collection efficiencies of the LFG in 
the studied landfills after the year 2020. The LANDGEM software (paper II) was used 
to investigate the total generation potential of LFG, based on the WAMPS model 
scenario of considerably reduced amounts of landfilled wastes by 2020. The results of 
the simulation are presented in Figure 8. 
 

 
Figure 8: Potential landfill gas production, using LANDGEM software. 

 
The graph presents the potential production of landfill gas, taking into account two 
scenarios:  

(i) Scenario 2010 that represents the average Estonian sanitary landfill, which 
started operating in 2004 and will be closed in 2030. Since 2012, the amount 
of landfilled MSW was assumed to be constant and on par with 2011.  

(ii) Scenario 2020 represents the amounts of landfilled MSW from 2004–2011 as 
in previous scenario and prognoses were made for the years 2015 and 2020, 
when the amounts of landfilled wastes assumed to be significantly lower, 
forming only 10% and 5% of the 2010 level, respectively.  

The results showed that, if landfilling still remains the dominant method for waste 
handling, the amounts of LFG will increase until 2032 and slow down after the closure 
of the landfill in 2030. In the scenario of 2020, the peak of the LFG production will be 
achieved in 2015 and then the production rate will drop down. It can be concluded that 
diversion of waste away from landfill will lead to significant (50%) reduction of total 
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LFG generation. Therefore, LFG still has to be managed for at least 30 years after the 
closure of the landfill following the scenario of 2010. Similarly, landfill gas should be 
managed at least till 2040 if significant reduction of landfilled waste occurs (scenario 
2020).  

4.2 Landfill leachate 

The landfill leachate is generated by percolating rainwater through the waste layers in 
the landfill. Main pollutants of leachate include (Kjeldsen et al., 2002): dissolved 
organic matter quantified as Chemical Oxygen Demand (COD) or Total Organic 
Carbon; inorganic macrocomponents, e.g., calcium (Ca2+), magnesium (Mg2+), sodium 
(Na+), potassium (K+), ammonium (NH4

+), iron (Fe2+), manganese (Mn2+), chloride 
(Cl–), sulfate ( SO4 

2–) and hydrogen carbonate (HCO3
–); heavy metals, e.g., cadmium 

(Cd2+), chromium (Cr3+), copper (Cu2+), lead (Pb2+), nickel (Ni2+), and zinc (Zn2+); 
xenobiotic organic compounds (XOCs) such as aromatic hydrocarbons, phenols, 
chlorinated aliphatics, pesticides, and plasticisers. 

Leachate generation was analysed in the three studied landfills (Jõeläthme, Uikala 
and Väätsa) based on field measurements in 2007 (Loigu, 2010). To characterise the 
leachate according to the landfill development phases, BOD/COD ratio should be 
considered (Barlaz and Ham, 1993; Reinhart and Grosh, 1998; Kjeldsen et al., 2002). 
On the studied landfills, BOD/COD ratio was found to be around 0.3, which indicated 
that in the initial methanogenic phase in 2007, Estonian landfills were characterised 
mainly by increasing methane production rate and conversion of acids to methane and 
carbon dioxide. It can be assumed that the next phase will be achieved when the 
BOD/COD ratio drops below 0.1, stable methanogenic phase is attained and the 
methane generation rate reaches its maximum (Kjeldsen et al., 2002).  

The detailed composition of leachate in the studied landfills is presented in paper 
II. The toxicity tests revealed quite interesting results. Concentration of heavy metals 
was relatively low, which can be explained by a very high sulphur content in landfill 
leachate and also high conductivity that leads to precipitation of metals from leachate 
water. At the same time, a high concentration of phenols was found in two landfills. 
The high content of sulphur and phenols can be explained by landfilling of oil-shale 
incineration ashes, which is a by-product of electricity production. 

Once created, landfill leachate has to be pretreated. There are various treatment 
methods for landfill leachate, and some of them are applied in Estonia also. The 
assessment of the leachate treatment methods used in Estonia is provided in paper II. 
The results showed that the highest level of the treatment efficiency was reached by 
using reverse osmosis technology, which is the most expensive option (Loigu, 2010). 
After the leachate is filtrated through the membrane, permeate and concentrate are 
generated. The concentrate was landfilled and the effectiveness of the treatment was 
assessed only from permeate. 
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4.3 PAYT model as a possibility for waste prevention and minimisation 

Application of Pay-as-you-throw (PAYT) model into current waste management 
system in Estonia was assessed in paper IV. Results showed that the implementation 
of PAYT into existing waste management system is not feasible at the moment. The 
main constraints can be considered as follows: 

• The lack of financial resources to invest in the initial stage of PAYT scheme 
development including equipment for the trucks and lockers for the bins. 
Preliminary assessment of the costs for one rural municipality showed that the 
cost for emptying the container would increase by approximately 20–45% 
based on estimated investments over the coming three years and assuming that 
the production of waste would decrease by 20% in the first year and 15% 
thereafter. 

• The lack of interest of municipalities to change the existing scheme. The 
current waste management scheme shows that the rights of local authorities for 
choosing the disposal stage of MSW are limited. After the tendering 
procedure, all administrative work including waste handling is the 
responsibility of the private company that wins the tender. 

• Mass-burn incineration of MSW at Iru power station shows that the scheme of 
incineration of waste does not support a decrease in waste production and 
separate collection. However, the requirements of the EU Packaging Directive 
(EC, 2004) with minimum packaging recovery target 60% for packaging waste 
and the Landfill Directive (EC, 1999) targeting reduction of the amount of 
landfilled biodegradable municipal waste by 35% by 2020 (baseline 1995) 
have to be achieved. 

• The lack of legal support. The legal right of waste transportation companies to 
bill according to the PAYT model must accompany a legally accepted waste 
amount measurement system. 

• Environmental awareness among citizens is still very low. To sufficiently 
inform citizens, local governments should allocate more resources. Achieving 
transparency among the public obviously helps to combat apprehensions about 
PAYT, such as concerns regarding increased illegal dumping, perception that 
the introduction of PAYT will result in an additional financial burden for 
residents, or their natural resistance to change. 

• Economically, people still remain less motivated to change the existing waste 
charge model. In Tallinn, for example, waste management services cost 
annually only 0.02–0.10 €/m2 of apartment, which forms less than 1% of 
family income and only 3–5% of all communal costs.  

• Generally, significant changes are required to create favourable conditions for 
more efficient and sustainable waste management. More in-depth investigation 
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of the options for PAYT system implementation with its practical adoption in 
pilot municipalities is recommended. 
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5. CONCLUSIONS AND RECOMMENDATIONS  

The study aimed to assess: 
• Environmental impacts of landfilling of MSW in terms of GHG emissions, 

landfill gas options and leachate treatment technologies;   
• Perspectives for MSW incineration; and 
• Possibilities for PAYT implementation in Estonia. 

As a result of the case study in Estonia, it can be concluded that better management of 
municipal wastes, especially diversion of municipal wastes away from landfills, could 
significantly reduce the emissions of GHGs. Material recycling and incineration with 
high rates of energy recovery should be favoured compared to other waste 
management options where energy is not recovered (e.g., composting). A MSW mass-
burn incineration plant at Iru power station in Estonia started to operate in 2013 with 
the capacity to incinerate 220,000 tonnes of wastes annually. The planned capacity of 
heat production is about 50 MW and electricity production is 17 MW. Thus, about 70 
million m3 of natural gas could be substituted in the future. 

As a result of environmental assessment of landfilling, it is important to stress that 
the collection rate and proper utilisation of collected gas plays an essential role in 
minimisation of the environmental impact of GHG emissions. The importance of gas 
collection and control measures has been highlighted in several studies (Gheewala and 
Wanichpongpan, 2007; Manfredi et al., 2009; Daamgard et al., 2011; Nikannen et al., 
2012). The leachate treatment technology should be chosen based on leachate 
composition and local conditions. The study results showed that the most efficient 
method for treatment of leachate is reverse osmosis adopted at Uikala landfill. 
However, while designing the treatment technology, proper collection and treatment of 
leachate for a relatively long time period (up to 40 years) should be taken into account. 
Therefore, the economic aspects of different treatment technologies are important and 
should be considered. 

The perspective of incineration of MSW in Estonia was assessed by conducting 
several LCA studies. It can be concluded that thermal treatment of MSW in large-scale 
WtE facilities has a relatively good outlook in the Baltic States. Although, the initial 
investments are relatively high, the favourable conditions in the energy sector allow 
WtE facilities to treat municipal waste at a relatively low cost. Therefore, it can be 
expected that WtE provides an environmentally and economically efficient way to 
meet the stringent EU waste management targets. However, large scale municipal 
waste incineration has to be discussed within the context of an overall waste 
management strategy, rather than as a single option. 

Results showed that the waste management sector does not directly facilitate PAYT 
implementation at the moment. Significant changes are required in the legislation to 
create necessary support from governmental level and to change the collection scheme 
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and charging mechanisms of waste handling. Additional efforts of local authorities are 
needed to enhance the environmental awareness of people. Future work can be directed 
to create the pilot-scale project of PAYT implementation in a selected urban as well as 
rural municipality. 

It should be noted that the results of this study focused only the eutrophicating 
impacts, global warming, acidification and photo-oxidant formation related to the 
studied leachate and LFG management options and thus do not express the total 
environmental impacts of the entire landfill system. Therefore, it is recommended that 
further LCAs investigate other relevant impact categories also. It is especially relevant 
for toxicity-related impacts, since it was found that the content of toxic substances in 
leachate was relatively high. However, this can change significantly in the future. 

It can be expected that due to increasing recovery and waste incineration, the 
amount and composition of waste will change dramatically in the near future. Results 
of the study showed that after such changes, further collection of the landfill gas will 
not be relevant anymore and the environmental impact in terms of methane formation 
will be significantly lower. Incineration of waste generates bottom ash and fly ash. 
Therefore, it is necessary to study the bottom ash utilisation methods and find 
appropriate management options for Estonian conditions. 

 
  



35 

REFERENCES 

Assamoi, B., Lawryshyn, Y. 2012. The Environmental comparison of landfilling vs. 
incineration of MSW accounting for waste diverison. Waste Management 32, p. 1019-
1030. 
Barlaz, M. A,. Ham R. K. 1993. Leachate and gas generation. Geotechnical Practice 
for Waste Disposal, D. E. Daniel, Ed., Chapman and Hall, London, p. 113. 
Beigl, P., Wassermann, G., Schneider, F., Salhofer, S. 2004. Forecasting municipal 
solid waste generation in major European cities. In: Pahl-Wostl, C.,Schnidt, S., 
Jakeman, T. (Eds). iEMSs Int.Congress – Complexity and Integrated Resources 
Management, Osnabrück, Germany. 
Bilitewski, B. 2008. From traditional to modern fee systems. Waste management, Vol. 
28, p. 2760 – 2766.  
Björklund, A. 2000. Environmental systems analysis of waste management – 
experiences from applications of the ORWARE model. PhD thesis TRITA-KEM-IM 
2000:15, ISSN 1402-7615. AFR report 30. Stockholm, Sweden: Royal Institute of 
Technology. 
Björjeson, L., Höjer, M., Dreborg, K.-H., Ekvall, T., Finnveden, G. 2006. Scenario 
types and techniques – towards a user’s guide. Futures 36, p.723–739. 
Clavreul, J., Guyonnet, D., Christensen, T.H. 2012. Quantifying uncertainty in 
LCA-modelling of waste management systems. Waste managment, 32, p. 2484 – 2495. 
Dahlen, L., Lagerkvist, A. 2010. Pay as you throw strengths and weaknesses of 
weight-based billing in household waste collection system in Sweden. Waste 
Management, Vol. 30, p. 23-31. 
Damgaard, A., Manfredi, S., Merrild, H., Stensųe, S., Christensen, T.H. 2011. 
LCA and economic evaluation of landfill leachate and gas technologies. Waste 
management 31, p.1532-1541. 
Doka, G., Hischier, R. 2005. Waste treatment and assessment of longterm emissions. 
Int J LCA 10 (1), p. 77–84. 
EC, 1994. Council Directive 1994/62/EC of 20 December 1994 on packaging and 
packaging waste. Ofiicial Journal, L 365. 
EC, 1999. Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste. 
Ofiicial Journal, L182. 
EC, 2008. Council Directive 2008/98/EC of the European Parliament and the Council 
on waste and repealing certain Directives. Official Journal, L 312/3. 
Ekvall, T., Assefa, G., BjoØrklund, A., Eriksson, O., Finnveden, G. 2007. What 
life cycle assessment does and does not do in assessments of waste management. 
Waste management 27, p.989-996. 
Environmental Information Centre, 2012. Jäätmed. Avalikud päringud.  
https://jats.keskkonnainfo.ee/main.php?page=statquery2public, 25.November 2012. 



36 

Eriksson, O. 2000. A systems perspective of waste and energy. Licentiate thesis 
TRITA-KEM-IM 200:16, ISSN 1402-7615. AFR report 30 Stockholm, Sweden, Royal 
Institute of Technology. 
Eriksson, O., Baky, A. 2010. Identification and testing of potential key parameters in 
system analysis of municipal solid waste management. Resources, Conservation and 
recycling, 54, 1095 – 1099. 
Estonian Statistics, 2011. Electricity generated in Estonia. www.stat.ee, 25 November 
2012. 
Estonian Statistics, 2012. Municipal solid waste generation in Estonia. www.stat.ee, 
25.November 2012. 
ETC/SCP, 2011. Projections of Municipal Waste Management and Greenhouse gases, 
Working paper, Copenhagen. 
Eurostat, 2010. “Waste treatment. Municipal waste generation and treatment, by 
type of treatment method (kg per capita)”, 
http://epp.eurostat.ec.europa.eu/portal/page/portal/waste/data/wastemanagement/waste
_treatment, 11.December 2012. 
Finnveden, G. 1992. Landfilling - a forgotten part of Life Cycle Assessments. In 
Product Life Cycle Assessment - Principles and Methodology. Nord 1992:9; 263-280. 
Nordic Council of Ministers, Copenhagen, Denmark. 
Finnveden, G., Hauschild, M.Z., Ekvall, T., Guinée, J., Heijungs, R., Hellweg, S., 
Koehler, A., Pennington, D., Suh, S. 2009. Recent developments in life cycle 
assessment. Journal of Environmental Management 91, p. 1–21. 
Finnveden, G., Lindfors L.G. 1998. Data quality of life cycle inventory data – rules 
of thumb. International Journal of Life Cycle Assessment, 21, p.191-237. 
Finnveden, G., Nilsson, M. 2005. Site-dependent life-cycle impact assessment in 
Sweden. International Journal of Life Cycle Assessment 10, p. 235–239. 
Gentil, E.C., Damgaard, A., Hauschild, M., Finnveden, G., Eriksson, O., 
Thorneloe, S., Kaplan, P.O., Barlaz, M., Muller, O., Matsui, Y., Ii,R., Christensen, 
T.H. 2010. Models for waste life cycle assessment: Review of technical assumptions. 
Waste management, 30, p.2636-2648. 
Gheewala, S.H., Wanichpongpan, W. 2007. Life cycle assessment as a decision 
support tool for landfill gas to energy projects. Journal of Cleaner Production 15, p. 
1819-1826. 
Guine´e, J.B. (Ed.), 2002. Handbook on Life Cycle Assessment – Operational Guide 
to the ISO Standards. Kluwer Academic Publishers., Dordrecht, The Netherlands. 
Heijungs, R., Guinée, J.B., Huppes, G., Lankreier, R.M., Udo de Haes, H.A., 
Wegener Sleeswijk, A., Ansems, A.M.M., Eggels, P.G., van Duin, R., de Goede, 
H.P. 1992. Environmetal Life Cycle Assessments of products. Guide and 
Backgrounds. CML, Leiden University, Leiden, The Netherlands. 



37 

Hellweg, S. 2000. Time- and Site-Dependent Life-Cycle Assessment of Thermal 
Waste Treatment Processes. Dissertation No. 13999, ETH, ZuØ rich. 
Hillary, R. 1995. Life Cycle Assessment. Centre for Environmental Technology. 
Imperial College of Science and Technology: Great Britain. 
ISO, 2006. Environmental management – Life cycle assessment – Requirements 
and guidelines. EVS-EN ISO 14044:2006. International Organization for 
Standardization. 
Karagiannidis, A., Kontogianni, St., Logothetis, D. 2013. Classification and 
characterization of treatment methods for ash generated by municipal solid waste 
incineration: A case for the 2 greater metropolitan region of Greece. Waste 
management 33, p.363-372. 
Karagiannidis, A., Xirogiannopoulou, A., Tchobanoglous, G. 2008. Full cost 
accounting as a tool for the financial assessment of Pay-As-You-Throw schemes: A 
case study for the Panorama municipality, Greece. Waste Management, Vol. 28, p. 
2801–2808. 
Kjeldsen, P., Barlaz, M.A., Rooker, A.P., Baun, A., Ledin, A., Christensen, A.T. 
2002. Present and Long-term composition of MSW Landfill leachate: a review. 
Critical Reviews in Environmental Science and Technology, 32(4) p.297–336.  
Loigu, E. 2010. Research of landfill leachates and analysis of different treatment 
technologies: Development of appropriate treatment technology of leachates for 
Estonia. Final Report, Institute of Environmental Engineering, Tallinn University of 
Technology, Tallinn, Estonia. 
Manfredi, S., Niskanen, A., Christensen, T.H. 2009. Environmental assessment of 
gas management options at the Old Ämmässuo landfill (Finland) by means of LCA-
modelling (EASYWASTE). Waste management 29, p.1588-1594. 
Moora, H. 2009. Life Cycle Assessment as a Decision Support Tool for System 
Optimisation – the case of Waste Management in Estonia. PhD thesis, TUT Press. 
Moora, H., Jürmann, P. 2008. The analysis of the quantity and composition of mixed 
municipal solid waste in Estonia. Municipal solid waste composition study, Stockholm 
Environment Institute Tallinn Office, Tallinn, Estonia [In Estonian]. 
Moora, H., Lahtvee, V. 2009. Electricity scenarios for the Baltic States and marginal 
energy technology in life cycle assessments--a case study of energy production from 
municipal waste incineration. Oil shale 26 (3 Special), p. 331-346. 
Mutel, C.L., Hellweg, S. 2009. Regionalized life cycle assessment: computational 
methodology and application to inventory databases. Environmental Science & 
Technology 43, p. 5797–5803. 
Niskanen, A., Värri, H., Havukainen, J., Uusitalo, V., Horttanainen, M. 2012. 
Enhancing landfill gas recovery. Journal of Cleaner Production, http://dx.doi.org/ 
10.1016/j.jclepro.2012.05.042. 



38 

Obersteiner, G., Binner, E., Mostbauer, P., Salhofer, S. 2007. Landfill modelling in 
LCA – a contribution based on empirical data. Waste management 27, pp.58-74. 
Reap, J., Roman, F., Duncan, S., Bras, B. 2008. A survey of unresolved problems in 
life cycle assessment. Part 2: impact assessment and interpretation. International 
Journal of Life Cycle Assessment 13, pp.374-388. 
Reinhart, D.R., Grosh, C.J. 1998. Analysis of Florida MSW landfill leachate quality, 
Florida Center for Solid and Hazardous Management, Gainesville. 
RT, 2004. Waste Act [in Estonian]. 
Sabbas, T., Mostbauer, P., Lechner, P. 1998. Deponien – Prozesse und Faktoren 
jenseits der Nachsorge, Proejtkbericht im Auftrag der MA 22 Umweltschutz. 
Sabbas, T., Polettini, A., Pomi, R., Astrup, T., Hjelmar, O., Mostbauer, P., 
Cappai,G., Magel, G., Salhofer, S., Speiser, C., Heuss-Assbichler, S., Klein, R., 
Lechner, P.2003. Management of municipal solid waste incineration residues. Waste 
management 23, p.61-88. 
Sauer, P., Parizkova, L., Hadrabova, A. 2008. Charging systems for municipal solid 
waste: Experience from the Czech Republic. Waste Management, Vol.28, p. 2772 – 
2777.  
Skumatz, L.A. 2008. Pay as you throw in US: implementation, impacts, and 
experience. Waste Management, Vol. 28 (12), p. 2778–2785. 
Sundqvist, J.O. 1999. Life cycle assessments and solid waste – Guidelines for solid 
waste treatment and disposal in LCA. AFR - Report 279. Stckholm, Sweden. 
Sundqvist, J.O., Finnveden, G., Albertsson, A.C., Karlsson, S., Berendson, J., 
HoØglund, L.O. 1997. Life cycle assessment and solid waste – stage 2. AFR-Report 
173; AFR, Stockholm, Sweden. 
Sundqvist, J.O., Granath, J., Reich Carlsson, M. 2002. Hur skall hushållsavfallet tas 
om hand? Utvärdering av olika behandlingsmetoder. IVL Report B1462. Stockholm, 
Sweden. 
Travar, I., Lidelöw, S., Andreas, L., Tham, G., Lagerkvist, A. 2009. Assessing the 
environmental impact of ashes used in a landfill cover construction. Waste 
management 29, p. 1346-1346. 
USEPA, 2008. Background Information Document for Updating AP42 Section 2.4 for 
Estimating Emissions from Municipal Solid Waste Landfills. United States 
Environmental Protection Agency. Report: EPA/600/R-08e116. 
Ventosa, I. 2008. Charging systems and PAYT experiences from waste management 
in Spain. Waste Management, Vol. 28, p. 2767 – 2771.  
Vilms, M. 2006. Tallinna linna kodumajapidamistes tekkivate olmejäätmete koostis ja 
kogus. Master thesis. Tallinn University of Technology, Estonia. 
Zbicinski, I., Stavenuitetr, J.,Kozlowska, B., van de Coevering, H. 2006. Product 
design and Life cycle Assessment. Book 3 in series on Environmental Management, 
Baltic University Press, p.99. 



39 

Zotos, G., Karagiannidis, A .,Zampetoglou, S., Malamakis, A., Antonopoulos, I.-S, 
Kontogianni, S., Tchobanoglous, G. 2009. Developing a holistic strategy for 
integrated waste management within municipal planning: Challenges, policies, 
solutions and perspectives for Hellenic municipalities in the zero-waste, low-cost 
direction. Waste management, Vol.29, p. 1686–1692. 
 
 

  



40 

Acknowledgments 
 
I would like to express my sincere gratitude to my supervisors Professor Enn Loigu 
and Professor Arvo Iital for their guidance on this topic, reading the manuscript 
carefully and expressing their opinions. 
I would like to thank Harri Moora from Institute of Sustainable Development for very 
fruitful cooperation, assistance in data collection and interesting discussions on 
relevant topics.  
My sincere thanks to my colleagues Alvina Reihan, Jelena Lebedeva, Marija Klõga for 
their support and advice on different topics. 
My special thanks to Arina Koroljova for her support which I felt during all the time of 
working under the thesis. 
And at last, I would like to thank my family: husband, parents, and my sister for their 
patience and support, giving me opportunity to finalise my work. 
 
 

  



41 

ABSTRACT 

Nowadays, MSW management is very rapidly changing. Stringent waste management 
laws have forced to improve existing technologies and test new practices. In Baltic 
States, including Estonia, the landfilling has remained the dominant method of MSW 
utilization till now. Therefore, the objectives of this PhD thesis were the environmental 
assessment of impacts from existing landfills with the aim to suggest the best available 
option for landfill gas utilisation and leachate treatment, to assess the alternative 
options for MSW utilisation, e.g., mass-burn incineration of wastes, and evaluate the 
possibilities for reduction of MSW generation at households. 

For environmental assessment, a life-cycle tool was chosen. Life-cycle assessment 
is one of the widely used tools for assessing the environmental impact of a product or 
service during its entire life-cycle, from raw material excavation till disposal stage. 
Recently, the life-cycle assessment has gained recognition in waste management 
planning. For this purpose, different models were developed, such as WAMPS. In this 
research, the landfilling sub-model of WAMPS was adjusted to be used in Estonia. 

Research was conducted in a series of case studies in the period of 2009–2013. The 
first study assessed the environmental impacts from Jõelähtme landfill (serves Tallinn 
city and its surroundings), Väätsa landfill (serves Western region of Estonia) and 
Uikala landfill (serves East region of Estonia). Results of the first study indicate that 
LFG utilisation for energy recovery is an essential part of the treatment system since it 
leads to saved emissions and avoids global warming impact potential. Saved emissions 
were found as 4040 tonnes CO2/eq annually in comparison with the reference system 
without gas collection. Therefore, the measures, which combine LFG collection with 
energy generation, should be preferred to treatment in flare. Among the compared 
treatment options of leachate used by Estonian landfills, results of both direct 
measurements in the studied landfills (Väätsa, Uikala, Jõelähtme) and LCA modeling 
support the fact that leachate treatment with reverse osmosis has the best 
environmental performance compared to other leachate treatment technologies. The 
treatment efficiency of leachate was 96% BOD7, 90% COD, 90% Ptotal and 95% Ntotal, 
respectively. 

Another case study about the perspective of MSW incineration at Iru Power Station 
in Estonia was performed. Results show that waste incineration with energy recovery 
can partly offset the emissions to about 4770 tonnes CO2/eq annually that occurred 
when energy was produced from fossil fuels. This is an important aspect in the context 
of climate change, since the oil shale combustion technology currently used in Estonia 
to generate electricity has a very high climate change impact. This means that in case a 
high share of recyclable waste fractions are sent to material recycling and the 
maximum amount of remaining waste is incinerated with energy recovery, municipal 
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waste management scenario should be preferred from the environmental impact point 
of view. 

The possibility of minimisation of MSW generation by introducing the PAYT 
system (to pay a variable amount depending on the quantity of waste generated) was 
discussed with local authorities in Estonia. The results of the assessment study showed 
that half of the respondents among local municipalities deemed the effective 
implementation of the PAYT system as a possibility through significant explanatory 
work within the community. The lack of financial resources and demand for change in 
the policies concerning the waste management sector could hinder this process. 

The environmental impact from MSW landfilling is significant. The study results 
revealed that optimisation of LFG collection with further usage for energy recovery 
and proper leachate treatment technique can lead to saved emissions when compared to 
the background system where fossil fuels such as oil-shale are used for energy 
production. Another option for minimisation of environmental impact is reduction of 
landfilled wastes amount and changes in their composition through implementation of 
mass-burn incineration of MSW. Further reduction of MSW generation at households 
can be achieved by implementing the PAYT system into current waste management 
process. 
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KOKKUVÕTE 

 
Tänapäeva jäätmemajandus on väga kiiresti muutuv valdkond. Range seadusandlus 
sunnib täiustama kasutatavaid jäätmekäitlustehnoloogiad ja testima uusi meetodeid. 
Balti riikides, sh Eestis oli kuni 2013. aastani olmejäätmete ladestamine prügilasse 
kõige valdavam käitlusmeetod. Järgneb jäätmete masspõletamine. Seetõttu oli 
käesoleva doktoritöö eesmärgiks olmejäätme prügilate keskkonnamõju hindamine ning 
parima võimaliku alternatiivi pakkumine prügilagaasi utiliseerimiseks ja nõrgvee 
puhastamiseks. Ka võrreldi olmejäätmete ladestamise ja Iru elektrijaamas toimuva 
jäätmete masspõletuse keskkonnamõju ning hinnati võimalusi olemjäätmete tekke 
vähendamiseks majapidamistes. 

Keskkonnamõju hindamisel kasutati olelusringi meetodit, mis on valdav toote või 
teenuse keskkonnamõju hindamisel alates toorme kaevandamisest kuni toote 
utiliseerimiseni. Viimastel aegadel on olelusringi hindamine leidnud kasutamist ka 
jäätmemajanduse planeerimisel. Selleks on välja töötatud erinevad mudelid, sh 
jäätmekäitluse planeerimise mudel – WAMPS. Käesolevas doktoritöös rakendati 
WAMPSi prügila moodulit Eesti oludes. 

Töö viidi läbi, tuginedes erinevatele 2009.–2013. aasta juhtumiuuringutele. Esimese 
juhtumiuuringu käigus hinnati Jõelähtme (teenindab Tallinna linna ja selle ümbrust), 
Väätsa (teenindab Lääne-Eestit) ja Uikala prügila (teenindab Ida-Eestit) 
keskkonnamõju. Uuringu tulemused näitavad, et prügilagaasi utiliseerimine energia-
kasutuses võimaldab vähendada gaasi emissiooni ning vältida seeläbi mõju globaalsele 
soojenemisele. Välditud heitgaaside kogus on kuni 4040 tonni/CO2ekv aastas võrreldes 
süsteemiga, kus prügilagaasi ei koguta. Seetõttu tuleks kasvuhoonegaaside vähenda-
mise eesmärgil prügilagaasi põletamisele eelistada meetmeid, mis on suunatud 
prügilagaasi kogumisele ja sellest energia tootmisele. Nõrgvete puhastamise 
tehnoloogiate võrdlus ja olelusringi hindamise modelleerimise tulemused Eesti 
prügilates (Väätsa, Uikala, Jõelähtme) näitasid, et nõrgvee puhastamine pöördosmoo-
siga on osutunud teiste nõrgvee puhastamise tehnoloogiatega võrreldes keskkonna-
säästlikumaks. Nõrgvee puhastuse efektiivsus ulatub vastavalt 96% BHT, 90% KHT, 
90% Püld, 95% Nüld järgi. 

Teise juhtumiuuringu eesmärgiks oli hinnata olmejäätmete põletamise perspektiivi 
Iru elektrijaamas. Tulemused näitavad, et jäätmepõletus koos toodetud energia kasu-
tamisega võib vähendada kasvuhoonegaaside emissioone kuni 4770 tonniCO2/ekv 
aastas võrrelduna olukorraga, kus kogu energia toodetakse fossiilsetest kütustest. 
Seega on tegemist olulise aspektiga kliima muutuste kontekstis, arvestades käeoleval 
ajal kasutatavat põlevkivi põletamise tehnoloogiat, mille käigus emiteeritakse suures 
koguses kasvuhoonegaase. Seega tuleb olmejäätmete ladustamisele eelistada stsenaa-
riumi, kus suur osa korduvkasutatavast jäätmematerjalist suunatakse taaskasutusse 
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ning maksimaalne kogus ülejäänud jäätmetest põletatakse ning toodetud energia leiab 
kasutamist. 

Olmejäätmete tekke vähendamise võimalusi hinnati Eesti omavalitsustes PAYTi 
skeemi (äraantavate jäätmete maksustamine koguse järgi) võimaliku rakendamise 
kaudu. Analüüsitulemused näitavad, et pooled küsitlusele vastanud omavalitsustest 
pooldavad PAYTi juurutamist, pidades seda üheks võimaluseks jäätmekäitluse 
edasiarendamisel koostöö ja kommunikatsiooni parandamiseks ühiskonnaga. Skeemi 
juurutamise oluliseks takistuseks on rahapuudus ning vajadus jäätmemajandusealase 
seadusandluse muutmiseks.  

Olmejäätmete prügilasse ladestamise keskkonnamõju on suur, kuid doktoritöö 
tulemused näitavad, et prügilagaasi kogumine edasise kasutamisega energia tootmiseks 
ja nõrgvee puhastuse optimeerimine aitavad säästa heitkoguseid võrreldes 
taustsüsteemiga, kus elektri tootmiseks kasutatakse põlevkivi. Teiseks keskkonnamõju 
vähendamise võimaluseks pakuti prügilasse ladestatavate jäätmete koguse mini-
meerimist ja nende koostise muutmist, rakendades alternatiivina jäätmete masspõletust. 
Täiendava jäätmekoguse vähenemise majapidamistes võib tagada PAYTi süsteemi 
juurutamine.  

 
  



45 

APPENDIX I ORIGINAL PUBLICATIONS  

  



 



47 

PAPER I 

Moora, H., Voronova, V., Reihan, A., 2009. The impact of Municipal Solid Waste 
Management on Greenhouse Gas Emissions in Estonia. Walter Leal Fihlo (Toim.). 
Interdisciplinary Aspects of Climate Change (311 - 325). Frankfurt am Main: Peter 
Lang Publishers House. 
 
  



 

































 



65 

PAPER II 

Voronova, V., Moora, H., Loigu, E., 2011. Environmental assessment and sustainable 
management options of leachate and landfill gas treatment in Estonian municipal waste 
landfills. Management of Environmental Quality: An International Journal, 22(6), 787 
- 802. 
  



 



����������	
�
��������	
�
���	
��
����
�
�����	��	��������
��
	�
�
�
�
����
�	��
	���	����	���
��������
��
�	��
�
�������������������� !"#$#%#&'()!*$+'!,&!#-.)!/$!&&+$!/01-..$!!2!$*&+"$#3'(1&45!'.'/301-..$!!0)"#'!$-6����7����8#'495'.,)!*$+'!,&!# !"#$#%#&01-..$!!:(;4&01-..$!!0)"#'!$-0-!<=��>��?@ !"#$#%#&'()!*$+'!,&!#-.)!/$!&&+$!/01-..$!!2!$*&+"$#3'(1&45!'.'/301-..$!!0)"#'!$-A��	�
�	B������CDEFG@�G�HF�I�E�HG�GF��H��J�KG��F�����@HL��MNLL?�HO>PQR��MLF�JE��F��F��KF���FJE��L�?�FH���L�IFSJTJLFGF�HGFJ���FUV�����W��	��
����XW
����
��CY��JF�L��MNLLJ�@HFHFK�HH���HI����F�TL��?S��KFGF���MZL�IFSJTJLFS[�HFMF������KF���L�HHFHHKF��\�HJ����FM�@���J�KG��FM�IIF�F���FJE��L�?�J�L�G����HI��H@H�����[LFLF�JE��F��F��KF����M>PQJ�LLFJ������M@��L�]�����Û _7̀ YZ�EFL�IFSJTJLF�HHFHHKF��O>a_RK�MFLI��\�H�FK���?FKF��GL�����?Z\�H@HFMI���EFF������KF���L�HHFHHKF���IHFLFJ�FMLF�JE��F��M>PQ��F��KF���FJE��L�?�FHUb��
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Abstract 
 
Purpose: This paper assesses the current waste management situation in Estonian 
municipalities and outlines the main constraints hindering the implementation of the 
Pay-As-You-Throw (PAYT) system into the existing waste management model. 
Design/methodology/approach: Data pertaining to the treatment methods of 
municipal solid waste (MSW) and the ability to implement the PAYT system were 
gathered from 150 of the 226 local municipalities, whilst statistical data related to the 
amounts of MSW generated and separately collected at a municipal level were 
obtained from the Estonian Environmental Information Centre. 
Findings: The results of the study showed that 39% of the municipalities sort waste 
before landfilling. To increase the sorting ability of inhabitants, 43% of those 
municipalities that responded to the questionnaire suggested enhancing awareness 
among people in regard to waste handling. It was found that people are not 
economically motivated to sort their waste due to the fact that differences in charges 
between separately collected and unsorted waste are negligible. It was estimated that 
implementing the PAYT system in one rural municipality would increase cost of 
emptying containers by approximately 20–45%. 
Practical implications: Results of our study can be used in countries with a 
comparable economic situation to improve their current economic and legislative 
context in the field of sustainable waste management. 
Originality/value: The novelty is that authors aimed to assess the possibility of 
implementation of Pay-As-You-Throw system in practice, using Estonian 
municipalities as a case area, including economic feasibility and willingness of 
stakeholders to apply the system. 
 



2 
 

Keywords: municipal solid waste management; weight-based collection; pay-as-you-
throw. 
 

1. Introduction 
The approach of Pay-As-You-Throw (also known as variable rate pricing, unit pricing, 
and differentiated tariff system) in waste management is to realise the concept of 
sustainable development – “polluter pays principle” – in a fair manner by charging 
people according to the amount of waste they actually generate. In contrast to the 
common, prevailing approach of waste charging whereby collection services are 
invoiced in the form of a fixed recurring fee and/or in association with payments 
calculated on the basis of living space, the number of household members or certain 
other supplies such as water and electricity, households under the PAYT scheme pay a 
variable amount depending on the quantity/quality of waste generated by them and the 
corresponding service they obtained for its disposal. Such a direct form of unit pricing 
for waste primarily aims to stimulate households to divert an increased portion of their 
waste away from traditional means of disposal to recycling, a priority waste 
management approach that is believed to be less harmful to the environment and more 
cost effective in the long run. 
Skumatz (2008) reported that 25% of the population was covered by the PAYT scheme 
in the US in 2006. The system decreased residential municipal solid waste (MSW) 
disposal by about 17% and increased the rate of recycling by 8–11%. 
In Europe, the rate of PAYT implementation varies greatly. For instance, in 2005, in 
Western Europe (excluding new EU member states) the rate varied between ‘largely 
without PAYT experience’ in Spain, Portugal and Greece and ‘area wide 
implementation’ in Sweden, Germany and France (Bilitewski, 2008). In Sweden, 
municipalities with pay-by-weight schemes collected 20% less household waste per 
capita than other municipalities (Dahlen and Lagerkvist, 2010). Similar positive results 
such as an increase in sorting ability and the minimisation of landfilled waste appeared 
in France and Germany (Bilitewski, 2008; Le Bozec, 2008; Reichenbach, 2008). 
Among the new EU Member States, Czech Republic has approved PAYT applicability 
in some municipalities (Sauer et al., 2008). Citizens there separate more waste, while 
producing less residual waste. In Estonia, in 2009–2011, the HEC-PAYT project 
assessed the potential viability of PAYT. Legislation, financial tools, socio-economic 
and cultural aspects and practices, charging and billing mechanisms, and the security 
of cost recovery options were considered along with the current status of solid waste 
management practices. Results showed that the current situation in Estonia does not 
facilitate implementation of the PAYT system. Estonia has just constructed a new 
MSW recovery facility, a mass-burn incineration plant, which will work as the main 
MSW management solution in the near future. Similarly, Lithuania is constructing a 
mass-burn incineration plant, while another is planned. The development of a national 
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waste management policy primarily depends on the choice made by the decision-
makers at national and local level as well as on the type of business. 
The authors assumed that PAYT system implementation for large and small 
municipalities would be different, as it was difficult to find any specific information on 
this issue. In the study, the possibilities of PAYT implementation in a larger city were 
assessed by analysing factors that influence the success of PAYT. The economic 
feasibility of PAYT implementation has been evaluated in a selected rural municipality 
in Estonia. 
Batlewell and Hanf (2008) demonstrated that PAYT characteristics depend on the 
implemented waste management system, which are determined by socio-economic, 
political, and cultural systems, which, in turn, depend on natural systems (Fig. 1). The 
successful implementation of the PAYT model therefore requires the favourable 
conditions of these systems.  

 

 
 

Fig. 1:Contextualisation of PAYT systems (redrawn from Batlewell & Hanf, 2008) 
 
As the PAYT model only charges for the amount of residual waste, it can achieve 
environmental improvement if, in parallel, waste separation, minimisation, recycling 
and reuse programmes are undertaken and effectively implemented (Batlewell & Hanf, 

Natural systems 

Socio-economic, political 
and cultural system 

Waste 
management 
systems PAYT 



4 
 

2008; Bilitewski, 2008; Chowdhury, 2009, Reihenbach, 2008; Zotos et al., 2009). 
Therefore, the main aim of this study was to evaluate the interest of municipalities in 
the implementation of the PAYT system and their practical ability of its application in 
their region. To evaluate the results, we compared the factors of the successful 
implementation of PAYT with those in the city of Dresden, Germany, where an 
electronic bin identification system was implemented in 1995 and its two-component 
charging system (basic fee and service fee) for residual and organic waste collection in 
2003. 
 

2 Study area and methods  
Administratively, Estonia is divided into 15 counties and 226 local municipalities, of 
which 33 are towns and 193 are parishes. 
In Estonia, the volume based municipal solid waste collecting scheme operates in all 
local municipalities. Municipalities were subdivided into size classes, according to the 
number of inhabitants (Table 1). Since 2005, according to the Waste Act (RT I 2004, 9, 
52), every local authority in which the number of residents exceeds 1,500 must 
implement the organised waste collection system. This system aims to link all waste 
holders into a common waste management system to minimise illegal dumping and the 
misuse of waste bins. This volume of inhabitants was taken as a basis for the 
subdivision of municipalities into size classes, probably due to the limited capacity of 
small rural municipalities to implement an organised waste collection scheme. The 
number of smaller rural municipalities (class I) not obliged to join the organised waste 
handling remains high. One solution is to merge municipalities into bigger 
administrative units, which would help reorganise the existing waste management 
system. At present, this merging is a voluntary process; therefore, it is very slow. 
 
Table 1: Size classes of local municipalities according to the population size 

Class Population size No. of 
municipalities 

Description 

I <1,500 90 Rural municipalities that are not 
obliged to join the organised waste 
collection system. 

II >1,500 103 Rural municipalities that are 
obliged to join the organised waste 
collection system. 

III >1,500 33 Cities that are obliged to join the 
organised waste collection system. 

 



5 
 

A more detailed study was conducted in two municipalities. The city of Tallinn was 
chosen as the larger city (class III) and Kuusalu rural municipality as a typical parish 
(class II) with several possible advantages for the implementation of the PAYT system. 
 

2.1 City of Tallinn  
Tallinn is the capital of Estonia, with a total population of about 400,000 inhabitants 
and an area of 159.2 km². The residents of Tallinn produced 142,550 tons (343 kg per 
capita) of municipal solid waste in 2011, which included residual waste, paper and 
cardboard, biodegradable waste, garden waste, packaging, large waste and waste 
electronics (Estonian Environment Information Centre, 2011). The management of 
waste is mainly regulated by the Waste Act, together with Regulation no. 303 of the 
Government of the Republic from 25 September 2001 on the “Procedure For 
Arrangement conducting Of Public Competition For Granting Special or Exclusive 
Rights”. Tallinn’s waste is transported to the collection point by the company who 
wins the public tender that has been organised by the Environmental Office of Tallinn 
(RT I, 2004, 9, 52). The price of waste management services is fixed following the 
bidding competition. However, the city council may amend the reference service prices 
if transportation costs or the cost of constructing, using, closing or continuing the 
maintenance of a waste handling facility increases. Tallinn City Government organises 
the separate waste collection of packaging waste, hazardous waste, used batteries, 
biodegradable waste, used house appliances, used clothing, old tyres, paper and 
cardboard, bulk waste, construction and demolition waste, garden and park waste by 
providing public containers. 
 

2.2 Kuusalu rural municipality 
Kuusalu rural municipality has about 6,880 inhabitants and an area of 708 km2. An 
organised waste handling system is established in three small towns and 58 villages. 
An organised waste collection was initiated in Kuusalu in 2006. The rural municipality 
uses a four-level waste management system:  

• first level – organised collection of MSW and biodegradable waste; 
• second level – public containers for mixed packaging, glass, paper and 

cardboard ; 
• third level – Kuusalu waste station, where hazardous waste, paper and 

cardboard, packaging, electrical and electronic equipment, sheet glass, 
construction and demolition waste and tyres are collected; 

• Fourth level – household waste collection by companies. 
 

2.3 Methodology 
The analysis of the waste management system and the assessment of the main 
obstacles that hinder implementation of the PAYT system in Estonia were based on 
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information collected from 150 of the 226 municipalities in Estonia. The collected 
information included questions about MSW treatment methods (recycling, reuse, 
incineration, composting, and mechanical-biological treatment, landfilling or other) 
and ranked them according to priority as well as the options for enhancing the sorting 
ability in their municipality and to assess possible implementation of the PAYT model. 
Descriptive statistics and regression analysis were used to structure and assess the data. 
In order to limit the number of observations, mean values were used to generate trends 
of MSW production and collection in all municipalities in Estonia. Linear regression 
was applied to assess the correlation between MSW generated and separately collected 
in Estonian municipalities. 
The assessment was based on the methodology suggested by Bilitewski in 2004, which 
was to assess the factors that influence the success of PAYT system implementation 
through the symbiosis of technical, economical, political and social systems (Table 2). 
More detailed analysis of those systems was done in terms of assessment of the 
effectiveness of PAYT implementation in Tallinn.  
 
Table 2: Factors influencing the success of PAYT system implementation (Bilitewski, 
2004) 
Factors Description 
Technical The possibility of waste separation in terms of responsibility 

(who is responsible for the organisation of MSW collection 
and treatment) and administrative capacity (practical 
application of MSW collection and treatment) was assessed. 

  
Political The legal framework in the waste management field was 

evaluated. 
 

Social 
 

Population density and environmental awareness among 
people 
 

Economic Economic issues in terms of costs for households, calculation 
of billing and necessary investments were assessed in the case 
of one rural municipality. 

 
Data concerning amounts of waste generated, recycled, landfilled and eliminated at 
national, county, and municipal levels were provided by the Estonian Environment 
Information Centre (EEIC). At a municipal level, information regarding total volumes 
of generated MSW was obtained for 75% of municipalities, including 136 rural 
municipalities and 33 towns. 
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3 Current situation in waste management in the Baltic States 
3.1 Overview of MSW treatment methods  

In 2010, landfilling remained the dominant treatment method for MSW in Estonia as 
well as in other Baltic states (Fig. 2). This is despite the fact that the majority of the old 
unsanitary landfill sites were closed between 2004 and 2010 in all three states. For 
modern landfill facilities, the need to meet the technical requirements of the European 
Union, such as leachate treatment and gas collection systems, still remains challenging. 
In addition to landfilling, Estonia operates four mechanical biological treatment plants 
(MBT) while Latvia runs five centralised operational composting facilities and one 
anaerobic digestion plant (Moora, 2011). 
 

 
 Fig. 2: MSW treatment methods in the Baltic states in 2010 (Eurostat, 2012) 

 
In 2008, Estonia banned the landfilling of unsorted municipal waste. Municipalities 
must organise source separation of paper and cardboard, green garden waste and 
hazardous waste, as well as packaging waste. A 20% decrease in the landfilling of non-
hazardous waste in 2008 was also due to higher landfill taxes and the economic 
downturn (EEA, 2010). 
Latvia develops polygons and collecting systems for non-hazardous municipal waste as 
well as systems for the collection and treatment of hazardous waste. The country has 
also prioritised biogas collection and use for energy production from biodegradable 
waste and sludge (EEA, 2010). 
Lithuania has banned the disposal of waste at landfill sites that do not comply with EU 
requirements since mid-2009. These sites were closed in 2011. Since 2007, Lithuania 
has mainly invested in the development of a municipal biodegradable waste 
management infrastructure (EEA, 2010). 
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3.2 Organised MSW handling in Estonia 
The amounts of MSW produced in Estonia between 2006 and 2010 fluctuated (Fig. 3), 
most likely due to the rapid economic growth from 2007–2008, followed by the 
economic downturn since 2008 when reduced consumption significantly decreased the 
amounts of MSW. Most waste was produced in Tallinn and its densely populated 
catchment areas in Harju county (Fig. 3). 

 

 
Fig. 3: MSW generation in Estonia by counties  

(Estonian Environment Information Centre, 2012) 
 

Each municipality with more than 1,500 inhabitants must have at least 95% of its 
residents within the organised waste handling system (Ministry of the Environment, 
2012). However, actual involvement remains considerably lower. Moreover, some 
entire municipalities have remained outside of the organised collection system (Fig. 4), 
mainly because the total number of residents remains below the threshold level.  
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Fig. 4: Organised waste handling by local municipalities in 2009 

(Ministry of Environment, 2012) 
 

To facilitate separate waste collection, local Estonian municipalities must provide 
containers to residents for paper and cardboard, mixed packaging, glass, biodegradable 
waste and mixed municipal waste.  
Local municipalities are obliged to organise a bidding competition between waste 
handling companies and set a marginal rate for waste handling. The company that 
offers the lowest price wins the public tender and serves the region for the next five 
years. All residents in this region are obliged to make an agreement only with this 
company. Another factor against PAYT is the shortage of financial resources in the 
budget of local municipalities. Their income depends on pollution tax from MSW 
landfilling. 75% of the pollution tax that is paid for MSW landfilling in the region goes 
towards the further development of waste management by the local municipalities. As 
the landfilling rate is decreasing, municipalities are struggling financially to reform the 
system.  
 

4 Results and discussion  
4.1 Survey among Estonian local municipalities 

Trends for MSW generation and separate collection have been observed since 2004 in 
local municipalities in Estonia (Fig. 5). As is evident from the figure, cities and rural 
municipalities with populations greater than 1,500 people produced more waste 
compared to the smaller sized rural authorities. The separate collection of waste in 
those areas was also more stabilized. This can be explained by an obligation to be 
involved in organised waste collection system, which helps to systemise MSW 
collection and handling.  
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Fig. 5: Trends of MSW generation and separate collection in Estonian municipalitites 

 
The results of linear regression analysis showed no correlation between the amounts of 
MSW generated and separately collected (Fig. 6). The coefficient of determination R2 

was 0.208 for class I and II municipalities and 0.279 for cities, class III. Most likely, 
the sorting rate primarily depends on an organised and operational waste collection 
system. Often, the sorting rate is very low in different municipalities and the 
minimisation of generated MSW amounts, which was observed in the past few years, 
was not reflected in the separately collected waste amounts. 
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Fig. 6: Results of the linear regression between MSW generated and separately 
collected waste in rural municipalities class I and II (A) and cities, class III (B). 
 
With regard to the treatment methods used in municipalities, the order of priority was 
found to be as follows: 1) sorting, 2) recycling, 3) landfilling, 4) mechanical – 
biological treatment (MBT) (Fig. 7A). Study results on the measures that can be used 
to raise the sorting ability of MSW in municipalities revealed that raising awareness 
among people was ranked highly by 43% of respondents (Fig. 7B). Such a high 
percentage indicates that the cost paid for MSW landfilling is marginal. Awareness can 
be raised through active information campaigns, the distribution of leaflets, 
involvement, and the participation of local residents in thematic seminars and 
education. 
 

 
Fig. 7: Results of the study on the treatment methods used in municipalities in Estonia 
(A) and the options for increasing the sorting rate (B) 

A B 
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The results of the study from the municipalities showed that 50% of the respondent 
municipalities had not heard of PAYT systems. Other respondents mentioned that it 
was not yet the appropriate time for the implementation of the PAYT system in 
Estonia. This can be explained by the significant economic interest in constructing a 
mass-burn incineration plant, thereby making it unnecessary to enhance the sorting 
level in municipalities. Some of the respondents who agreed with the necessity of 
PAYT system implementation noted the importance of explanatory work within the 
community, the lack of financial resources, and the demand for change in current 
policies concerning the waste management sector. The main problem in small, sparsely 
populated municipalities when implementing the PAYT system is the small amounts of 
waste generated by local residents, particularly packaging waste and glass. Moreover, 
other types of waste such as paper and cardboard are often incinerated in a furnace and 
biodegradable waste is usually composted at home. The demand for PAYT system 
implementation in such areas is very low due to the high implementation costs and low 
municipal waste management charges in Estonia, if people pay almost the same fee for 
unsorted waste as they do for separately collected waste. 
 

4.2 The case of Kuusalu rural municipality 
New technical installations, additional equipment, and modifications to the collection 
sites are normally required to carry out weight-based waste collection (Bilitewski et al. 
2004). 
According to the building register, there are 3,800 immovable units with a dwelling 
house in Kuusalu rural municipality. Many of the dwellings are summer houses, as 
Kuusalu rural municipality is a popular recreational area. Implementation of the 
weight-based waste collection system for private houses in the municipality requires 
the purchase of new technical equipment. In order to record the weight of all waste, 
bins need to be labelled with radio-frequency identification tags (RFID). In addition, 
an investment in RFID equipment for trucks and an IT system for the office is 
required. Furthermore, on-board weighing systems must be installed, and other costs 
will arise in connection with the introduction of a new system and pay by weight 
business model. The staff will need to be trained and customers will need to be 
informed in various ways regarding the new tariff. The total investment cost for the 
two trucks that would be required to serve the region was estimated to be € 68,500. 
The analysis does not include the estimated cost of building fences around containers 
located by blocks of flats in urban districts, which will significantly increase the cost of 
the implementation of the system in these districts. Taking into account the income-
expenditure of the waste transport service provider, the investments by the company 
would be earned back within 44 months. 
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Considering the average waste generation per capita in Kuusalu rural municipality, the 
total investment of the weight-based measurement system, and the average waste 
disposal fee for a given 140-litre container, the mixed municipal waste disposal fee 
would be 0.14 €/kg on the basis of the PAYT weight system (Table 3). The cost of 
emptying containers would increase by approximately 20–45% based on estimated 
investments over the coming three years, and assuming that the production of waste 
would decrease by 20% in the first year and 15% thereafter.  
 
Table 3: Calculation of weight-based system service fee 

Size of 
container, 

m3 

Price at 
the 

moment, 
€ 

Weight 
per 

container, 
kg 

Investment 
needed per 

kg,  
€ 

Price now 
per kg,  

€ 

Price per 
kg for 

PAYT, €

Price per 
container 

for PAYT,  
€ 

Price 
increase, 

% 
0.08 1.60 11.2 0.03 0.14 0.17 1.92 20.04 
0.14 2.41 19.6 0.03 0.12 0.15 2.97 23.28 
0.24 4.10 33.6 0.03 0.12 0.15 5.06 23.46 
0.26 4.24 36.4 0.03 0.12 0.15 5.28 24.58 
0.37 6.71 51.8 0.03 0.13 0.16 8.19 22.10 
0.60 7.15 84.0 0.03 0.09 0.11 9.55 33.63 
0.80 8.14 112.0 0.03 0.07 0.10 11.35 39.39 
2.50 23.20 350.0 0.03 0.07 0.09 33.22 43.19 
4.50 39.65 630.0 0.03 0.06 0.09 57.69 45.49 

 
4.3 Analysis of factors influencing the success of PAYT implementation in 
the case of Tallinn city. 

On the one hand, Tallinn City Government is responsible for organising MSW 
management, which includes separated waste collection and providing collection 
facilities and services for source separated waste, according to the MSW sorting 
procedures adopted by the Ministry of the Environment in January 2007 (RTL 2007, 9, 
140). On the other hand, the municipality does not have the right to choose the place of 
utilisation of MSW, as it is collected from households by waste handling companies, 
which then decide on further waste treatment. For instance, in most European cities, 
the role of the local municipality is much broader with extended rights to make 
decisions regarding waste management and its powers are not simply limited to 
organisational issues (Karagiannidis et al., 2008, 2006; Reichenbach, 2008; Sauer et 
al., 2008). Such limitation can be viewed as an obstacle for the successful 
implementation of the PAYT system. 
Since 1 June 2010, Tallinn has been divided into 13 waste transport districts (Tallinn 
City Council, 2008). At the beginning of 2010, Tallinn’s waste was transported by six 
companies (Tallinn City Government, 2010). 
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If a waste management company violates contractual obligations, the city of Tallinn 
has the right to collect a contractual penalty or cancel the sole right for transporting the 
waste. To ensure the compensation of possible damage to the environment or a third 
party, transporting companies must have a liability insurance contract. To avoid urban 
air pollution, the Environmental Office also regulates the age and technical conditions 
of vehicles. 
The Waste Act requires that organised municipal waste transport must cover all waste 
holders: private houses, summer houses, apartments, apartment associations, etc. To 
enter into a contract, waste transporters in the particular district must contact waste 
holders. The waste holder can specify the frequency and time for emptying the 
container, conditions of container rent, payments, additional services and other details 
concerning waste management. 
 
Waste holders who reject a waste management contract must still pay the minimum 
service package. For a single family house, assuming that the container holds only 
slowly degradable waste, such a package means emptying a container with a volume of 
at least 140 L once a month. More infrequent emptying of the container, which is seen 
as the exception, requires justification and special agreement with the waste 
transporting company. Therefore, waste holders may utilise such an exception for a 
certain period only. A waste management company may accept such an exception if 
the waste holder is absent from the site of waste origin for a longer period (usually due 
to the dwelling being temporary or the residents travelling) or when a building is under 
construction or is otherwise unsuitable for living. After that period, the waste holder 
must report regarding its waste handling. In contrast to individuals, enterprises may 
handle their waste themselves. 
In Dresden, for example, aside from the services for separate MSW collections, one 
container per 730 inhabitants was distributed for the drop-off of glass, recovered paper 
and other recyclable material (Reichenbach, 2010). 
Tallinn produced 161,557 tons of MSW in 2009, 70% of which was landfilled and only 
30% recycled (Tallinn City Council, 2011). In contrast, Dresden recycled 91% of the 
178,826 tons of MSW it produced (Dresdner Amtsblatt, 2012). 
 

4.3.1 Legal framework 
The PAYT model can only be implemented under favourable legislation (Sauer et al., 
2008). If regulations prevent illegal littering or the random use of waste containers, 
waste producers are forced to use special containers. Waste transportation companies 
need legal rights and motivation to bill according to the PAYT model. Proper 
motivation comes from adequate financial regulations, which either bill waste 
transportation companies according to the provided waste amounts or reimburse their 
costs independently from produced amounts, or combine both of these approaches. The 
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legal right of waste transportation companies to bill according to the PAYT model 
must accompany a legally accepted waste amount measurement system. 
Although waste management policy and practice in EU member states has been 
harmonised to a certain extent, it has had a significant national and local element 
(Bilitewski et al., 2004).  
For example, in Dresden, there is a general legal stipulation on the use of charges by 
municipalities, which has to be respected. Charges must encourage waste 
minimisation. Charge models may calculate volume according to the disposition of the 
household, pick-up frequency, number of household members, the amount or volume 
of waste and the intensity of the service requested as a basis. Waste charges can be 
levied for the sole specific purpose of waste collection and disposal.  
In Tallinn, by contrast, the price of waste management services is fixed in the bidding 
competition (RT I, 2004, 9 52). Instead of encouraging recycling and waste 
minimisation, current legislation facilitates price competition between waste 
transporting companies, who must, in order to win public tenders, bid cheap services. 
In such situations, many people disregard waste transportation expenditure because it 
forms only a small fraction (3–5%) of communal service costs. In the case of only part-
full containers, people tend to add recyclable waste to them. In contrast, containers in 
districts with large buildings often fill over. At the same time, transporting companies 
are interested in transporting higher waste amounts to receive more reimbursement 
from local governments.  
Moreover, degressive pricing motivates citizens to order larger containers and fill 
them. For instance, while the reference price for emptying a 140 L container is € 5.60, 
a 240 L container costs € 6.06. Hence, the next 100 L costs only € 0.46. Such a small 
price difference between containers of different sizes explains well why people still, at 
least in theory, are not being economically punished for producing larger amounts of 
waste. 
 

4.3.2 Social circumstances  
Population density critically affects waste management. Low population density 
challenges cost-effective collection and manufacturing (Ventosa, 2008), while a dense 
population often generates a higher environmental impact, better social control over 
illegal littering, as well as higher public sensitivity and awareness about the issue. 
The population is distributed more or less equally on a larger area such as in Dresden, 
despite the relatively low average population density of 1,594 inhabitants/km2, which 
prevents “deserted” areas nearby and disfavours illegal dumping. The forming of 
solidarity groups (groups of residents who are given joint access to a chargeable waste 
service) has led to better social control and reduced the problem of anonymity of the 
waste generator.  
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By contrast, in Tallinn, the population density is higher – about 2,619 inhabitants/km2 
– and there are many deserted areas nearby, which become areas for illegal dumping. 
This problem seriously challenges the adoption of the PAYT system. 
 

4.3.3 Environmental Awareness 
Informing the public is crucial for acceptance of and participation in the system (e.g. 
Sauer et al.,2008; Ventosa, 2008). A potentially beneficial system will not become 
effective if people doubt its necessity. To sufficiently inform citizens, local 
governments should allocate more resources. Communities that have implemented 
PAYT programmes in Europe are nearly unanimous in listing education and 
community relations as the most important elements in successful implementation 
(Bilitewski, 2004). The information process initiated for this should start early; it 
should be programmed and continuous. Information processes have been found to be 
the single effective way to develop a general consensus among residents on the need 
for a PAYT scheme and community support has proven vital in ensuring the long-term 
success of these schemes. Achieving transparency among the public obviously helps to 
combat apprehensions about PAYT, such as concerns regarding increased illegal 
dumping, the perception that the introduction of PAYT will result in an additional 
financial burden for residents or their natural resistance to change.  
 

4.3.4 Economical aspects 
The marginal rate of MSW handling is established by local municipalities. In Tallinn, 
centralised waste handling and the marginal rate for waste handling companies for 
MSW collection from households had been applied since 2007 by Regulation No. 34 
“Application of centralised waste handling in Tallinn city”. The rate for single 
emptying of mixed MSW in Tallinn is relatively low when comparing for example to 
Dresden, (Table 4). In particular, the difference in the price between sorted and 
unsorted residuals in Tallinn is very small, which does not motivate residents to sort 
their waste. 
 
Table 4: Marginal rates of collection of MSW per single emptying from households 

Size of bin, 
l 

Place 
 

Mixed MSW, 
€ 

Paper and 
cardboard, 

€ 

Biodegradable 
wastes (mainly 
kitchen wastes), 

€ 
240 Tallinn 5.05 2.70 3.80 
240 Dresden 13.30 2.50 5.25 

 
Major differences between the two cities emerge when comparing waste management 
costs with the costs of other services e.g. electricity, water and transport.  
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In Dresden, in 2008, a family paid an average of € 380 for electricity and € 385 for 
water/ wastewater (Reichenbach, 2010). Waste management services cost an average 
of 0.11 €/m2 of apartment, € 58.80 per inhabitant and € 235.20 per family, which 
consisted of 62% of the electricity cost, 61% of the water/wastewater cost, 72% of the 
local transport cost, 109% of the TV and radio cost, 65% of the phone and radio cost, 
and 100% of the daily newspaper cost. Hence, waste management formed a significant 
proportion of all major costs. Therefore, residents are economically highly motivated 
to decrease their waste management costs. 
In Tallinn, waste management services cost annually only 0.02–0.10 €/m2 of 
apartment, which forms less than one per cent of family income and only 3–5% of all 
communal costs. Hence, residents in Tallinn still remain economically little motivated 
to change the existing waste charging model.  
 

5 Conclusions 
 
The results of the assessment study showed that half of the respondents among local 
municipalities deemed the effective implementation of the PAYT system as a 
possibility, through significant explanatory work within the community. The lack of 
financial resources and demand for change in the policies concerning the waste 
management sector could hinder this process. 
The results of the evaluation of the factors influencing the success of the PAYT system 
showed that the current situation in Estonia does not facilitate PAYT system 
implementation in the near future: legislation should create favourable conditions for 
switching to the weight-based collection system, citizens should be economically 
motivated to sort their waste, the social aspect in terms of avoiding illegal dumping 
should be accounted for, and the responsibility and administrative capacity of local 
authorities should be expanded. By analysing the waste management situation in other 
Baltic States, it can be assumed that PAYT system implementation will involve similar 
difficulties. 
Economic feasibility plays a crucial role in implementing innovative techniques into 
the current waste management system. The difference in price between mixed MSW 
and sorted waste is negligible in Estonia where the citizens remain little motivated 
economically to change the existing waste charging model.  
 
Our findings confirm the fact that current implementation of the PAYT system in 
Baltic States is hindered by political, economical and social factors.  
The main obstacles are concluded below: 

1. The need to make major changes in current waste management legislation and 
change the financing mechanism of local municipalities in the field of waste 
management.  
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2. Changes are necessary in MSW charging mechanisms i.e. switching from flat 
rate charges to a variable rate pricing system. The difference in price between 
unsorted MSW and separately collected waste amounts should be increased to 
motivate people to sort their waste. 

3. Awareness of the PAYT system among local authorities is rather low. 
Therefore, more information has to be provided to local authorities. For 
instance, successful experiences from other countries should be disseminated. 

4. Other factors include the high population density in Tallinn while there are 
many deserted areas nearby, which facilitate illegal dumping. To improve the 
situation, better spatial planning can be proposed. 

5. No correlation was found between the total amount of waste generated and 
separately collected waste, which indicates that people in Estonia randomly 
sort their waste and that they are not economically motivated.  

6. The billing mechanisms are not entirely fair at the moment; however, 
according to the calculations on behalf of one rural municipality, significant 
investments were required in order to switch to the weight-based waste 
collection system. 

General trends in the waste management sector show that Estonia is currently mass-
burn incineration orientated and less motivated to increase its recycling rate. In 
comparison, in Dresden, a similar situation was observed in the early 1990s when 
landfill amounts started to be reduced and more attention was paid to increasing 
recycling materials. The current situation in Dresden shows that they have succeeded 
with waste management reforms and they now operate a fair and transparent charging 
mechanism and weight-based collection system. Therefore, significant changes are 
required to create step-by-step favourable conditions for more efficient and sustainable 
waste management. More in depth investigation of the options for PAYT system 
implementation with its practical adoption in a pilot municipality is recommended. 
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