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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 CO, 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.



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 1V).
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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).

= 700
S 600
<
& 500
S 400
é 300
s 200 Material
z 100 ‘l recycling
0 T T ) 23%
2004 2006 2008 2010 2012

=== | andfilled Recycled === Generated

tho

Figure 1: MSW amounts landfilled, recyclec Figure 2: The share of MSW treatment in
generated (2004-2011) in Estonia (Source. Estoniain 2011 (Source: Environmental
Environment Information Centre, 2012) Information Centre, 2012)

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 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 Jirmann (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 Jiirmann (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:

e Boundaries between the techmological 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.

e 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).

e 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:
e 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).
e 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.).
e 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 (Bjorklund, 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

17



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
E,.: Net emission (tonnes/year or kg/year)

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

EBackgrouna: 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):

e Global warming: All emissions are expressed as CO,-equivalents: 1 kg of
methane (CHy) is equal to 25 kg of fossil carbon dioxide (CO,) and 1 kg of
nitrous oxide (N,O) is equal to 310 kg of fossil CO,.

e Eutrophication of water: All emissions are expressed as phosphate (PO,’")
equivalents: 1 kg of phosphorus (P) is equal 3.06 kg of PO,>, 1 kg of nitrogen
(N) is equal to 0.42 kg of PO,>", 1 kg of NH3/NH, is equal to 0.34 of PO,
and 1 kg of COD is equal to 0.022 kg of PO,

e Acidification: All emissions are expressed as SO,-equivalents: 1 kg NOy is
equal to 0.7 kg SO,, 1 kg of NH; is equal to 20.88 kg SO,, and 1 kg of HCI is
equal to 0.88 kg of SO..

e Photooxidant formation: Photooxidant formers have been divided into
volatile organic compounds (VOC) and NO,. CHy is included in the VOC, but
with a relatively low factor: 1 kg of CHy is equal to 0.006 kg ethane (C,Hy),
CO is equal to 0.03 kg C,H,4, and non-methane volatile organic compounds
(NMVOC) is equal to 0.416 kg of C,H,4,

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).

18



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.

Precipitation Landfill eas to air E‘missions from vehicles
y

Substituted .
district heat He

i

| _: Emissions
: Landfilled waste Gas f
Waste J
— . .
4 @ \ \ Electricity | Emissions
: production :

Leachate h
Top cover of soil collection and Flares |— Emissions
r treatment P
I e
Emissions Leachate to .. System
. Emissions
from  soil groundwater boundary

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 (Sundgvist, 1999):

CH,=(l-yp)x(I-¢)xaxpfx099x16/12 kgCH, kgCi, )
CO,=(l-¢)x(1-p)xax099x44/12 +
+yx(l—¢e)xaxfx099x44/12 kgCO, kgC;, 2)

o — degradation yield kg degr.C kg C;,

S — molar (or volume) ration kmol CH, kmol (CO,— CH,)

y — oxidation yield of CHy in soil cover kg oxidised CH, kg CH, transported through
soil
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& — part formed methane that is recovered kg recovered CH, kg formed CH,

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):

e 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.

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

Output from landfill

Kg/year

Organic material

Metals

Surveyable time
period

Years

>
Hvpothetical infinite time

<
«

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 Borjeson 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).
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Table 1:Summarised scenarios of MSW management and landfillin

Scenario Material Biological Incineration Landfilled | Remarks
recycling recycling waste
(composting)
2000 Papers I,
Base scenario 4% 4% 0 92% I
2020 Papers 1,
Scenario I 27% 15% 45% 13% I
Recycling +
Incineration
2020 Papers I,
Scenario 11 27% 37%* 0 36% I
Recycling +
Composting
Landfill gas Option 1 Option 2 Option 3 Option 4 Paper 11
management Flaring Flaring Heat/electricity | Electricity
generation generation
Collection (% 8,5% 75% 75% 75% Paper 11
of generated)
Flared (% of 100% 100% 0% 0% Paper 11
collected)
Utilized (% of 0% 0% Electricity Only Paper 11
collected) 35% electricity
Heat 60% production
39%
Leachate BOD, COD Piotar Niotal Paper 11
treatment
Treatment efficiency - removal rate of main pollutants (%)
Option 1 — no 0 0 0 0 Paper I1
treatment of
leachate
Option 2 - 63% 37% 17% 30% Paper II
aerobic
treatment  with
activated sludge
Option 3 - 96% 90% 90% 95% Paper 11
reverse 0smosis

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 Biological Incineration Landfilled
recycling recycling waste
(composting),
MBT
Scenario 2010 23% 12% 0% 57%
Scenario 2015 25% 10% 55% 10%
Scenario 2020 25% 10% 60% 5%
Landfill gas Collection (% Flared (% of Utilized (% of Utilized (% of
management of generated) collected) collected) in collected) in
gas-drived boilers
motors

Option 1 50% 20% 30% 50%
Leachate BOD;, COD Piotar Niotal
treatment
option

Treatment efficiency - removal rate of main pollutants (%)
Option 2 — 98% 96% 67% 85%
treatment with
municipal
sewage waters

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.
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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.

25



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 7': 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

' The impact of life cycle contains four impacts expressed as carbon dioxide equivalents (global
warming),SO, equivalents (acidification), PO, 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 107 to 107 of the total annual impacts in different
scenarios.
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or ammonium (NH3/NH,) 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 CO,/eq when following the scenario
for 2010. Saved emissions from mass-burn incineration of MSW were 4770 tonnes
COy/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;
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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.
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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.
(i1) 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 (Ca*"), magnesium (Mg*"), sodium
(Na"), potassium (K), ammonium (NH,"), iron (Fe’"), manganese (Mn®"), chloride
(CI), sulfate ( SO, %) and hydrogen carbonate (HCO; ); heavy metals, e.g., cadmium
(Cd*), chromium (Cr’"), copper (Cu®"), lead (Pb*"), nickel (Ni*"), and zinc (Zn*");
xenobiotic organic compounds (XOCs) such as aromatic hydrocarbons, phenols,
chlorinated aliphatics, pesticides, and plasticisers.

Leachate generation was analysed in the three studied landfills (Joeldthme, Uikala
and Viitsa) 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
I1. 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 €/m’ 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.

32



5. CONCLUSIONS AND RECOMMENDATIONS

The study aimed to assess:

e  Environmental impacts of landfilling of MSW in terms of GHG emissions,

landfill gas options and leachate treatment technologies;

e  Perspectives for MSW incineration; and

e  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 m’® 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
WIE 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.
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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 Joeldhtme landfill (serves Tallinn
city and its surroundings), Vaitsa 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 CO,/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 (Vééitsa, Uikala, Joeldhtme) 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% BOD-, 90% COD, 90% Py and 95% Niotal,
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 CO,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.

42



KOKKUVOTE

Ténapdeva jddtmemajandus on viga kiiresti muutuv valdkond. Range seadusandlus
sunnib tdiustama kasutatavaid jddtmekaitlustehnoloogiad ja testima uusi meetodeid.
Balti riikides, sh Eestis oli kuni 2013. aastani olmejddtmete ladestamine priigilasse
koige valdavam kéitlusmeetod. Jargneb jddtmete masspoletamine. SeetOttu oli
kéesoleva doktoritdoo eesmérgiks olmejédtme priigilate keskkonnamdju hindamine ning
parima vdimaliku alternatiivi pakkumine priigilagaasi utiliseerimiseks ja nodrgvee
puhastamiseks. Ka vdrreldi olmejddtmete ladestamise ja Iru elektrijaamas toimuva
jadtmete masspoletuse keskkonnamdju ning hinnati voimalusi olemjdidtmete tekke
vihendamiseks majapidamistes.

Keskkonnamdju hindamisel kasutati olelusringi meetodit, mis on valdav toote voi
teenuse keskkonnamdju hindamisel alates toorme kaevandamisest kuni toote
utiliseerimiseni. Viimastel aegadel on olelusringi hindamine leidnud kasutamist ka
jaddtmemajanduse planeerimisel. Selleks on vilja tootatud erinevad mudelid, sh
jaatmekditluse planeerimise mudel — WAMPS. Kéesolevas doktoritods rakendati
WAMPSI priigila moodulit Eesti oludes.

To6 viidi 14bi, tuginedes erinevatele 2009.-2013. aasta juhtumiuuringutele. Esimese
juhtumiuuringu kdigus hinnati Joeldhtme (teenindab Tallinna linna ja selle {imbrust),
Viéidtsa (teenindab Ladne-Eestit) ja Uikala priigila (teenindab Ida-Eestit)
keskkonnamdju. Uuringu tulemused néitavad, et priigilagaasi utiliseerimine energia-
kasutuses vdoimaldab vihendada gaasi emissiooni ning véltida seeldbi mdju globaalsele
soojenemisele. Valditud heitgaaside kogus on kuni 4040 tonni/CO,ekv aastas virreldes
siisteemiga, kus priigilagaasi ei koguta. Seetottu tuleks kasvuhoonegaaside vihenda-
mise eesmérgil priigilagaasi poletamisele eelistada meetmeid, mis on suunatud
priigilagaasi kogumisele ja sellest energia tootmisele. NoOrgvete puhastamise
tehnoloogiate vordlus ja olelusringi hindamise modelleerimise tulemused Eesti
priigilates (Vaitsa, Uikala, Joeldhtme) néitasid, et ndrgvee puhastamine pé6rdosmoo-
siga on osutunud teiste ndrgvee puhastamise tehnoloogiatega vdorreldes keskkonna-
sadstlikumaks. Norgvee puhastuse efektiivsus ulatub vastavalt 96% BHT, 90% KHT,
90% P{j]d, 95% NuldJargl

Teise juhtumiuuringu eesmérgiks oli hinnata olmejidtmete poletamise perspektiivi
Iru elektrijaamas. Tulemused nditavad, et jadtmepodletus koos toodetud energia kasu-
tamisega vOib vidhendada kasvuhoonegaaside emissioone kuni 4770 tonniCO,ekv
aastas vorrelduna olukorraga, kus kogu energia toodetakse fossiilsetest kiitustest.
Seega on tegemist olulise aspektiga kliima muutuste kontekstis, arvestades kédeoleval
ajal kasutatavat polevkivi pdletamise tehnoloogiat, mille kdigus emiteeritakse suures
koguses kasvuhoonegaase. Seega tuleb olmejddtmete ladustamisele eelistada stsenaa-
riumi, kus suur osa korduvkasutatavast jadtmematerjalist suunatakse taaskasutusse
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ning maksimaalne kogus iilejadnud jadtmetest pdletatakse ning toodetud energia leiab
kasutamist.

Olmejadtmete tekke vihendamise vOimalusi hinnati Eesti omavalitsustes PAYTi
skeemi (draantavate jddtmete maksustamine koguse jargi) vdimaliku rakendamise
kaudu. Analiiiisitulemused néitavad, et pooled kiisitlusele vastanud omavalitsustest
pooldavad PAYTi juurutamist, pidades seda iiheks vOimaluseks jadtmekaitluse
edasiarendamisel koost6d ja kommunikatsiooni parandamiseks iihiskonnaga. Skeemi
juurutamise oluliseks takistuseks on rahapuudus ning vajadus jadtmemajandusealase
seadusandluse muutmiseks.

Olmejadtmete priigilasse ladestamise keskkonnamdju on suur, kuid doktorit6o
tulemused néitavad, et priigilagaasi kogumine edasise kasutamisega energia tootmiseks
ja norgvee puhastuse optimeerimine aitavad sdédsta heitkoguseid vorreldes
taustsiisteemiga, kus elektri tootmiseks kasutatakse pdlevkivi. Teiseks keskkonnamdju
vdhendamise vOimaluseks pakuti priigilasse ladestatavate jddtmete koguse mini-
meerimist ja nende koostise muutmist, rakendades alternatiivina jadtmete masspoletust.
Téiendava jddtmekoguse vdhenemise majapidamistes voib tagada PAYTi siisteemi
juurutamine.
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Chapter 15

The Impact of Municipal Solid Waste Management on
Greenhouse Gas Emissions in Estonia

Harri Moora, Viktoria Voronova, Alvina Reihan

Abstract

Waste management has an influence on the greenhouse gas (GHG) formation. The
emissions of greenhouse gases vary between the EU countries depending on waste
treatment practices and other regional factors such us composition of waste. The
aim of this paper was to examine, from a life-cycle perspective, Municipal Solid
Waste (MSW) management in the context of greenhouse gas formation and to
evaluate the possible reduction of climate change potential of alternative waste
management options in Estonia. Air temperature as the main climatic parameter is
analysed in the context of climate change. The paper summarises the results of a
case study in Estonia, assessing the climate change impact by 2020 in terms of net
greenhouse gas emissions from two possible management scenarios. The paper
also provides updated information on the composition and generation of MSW in
Estonia. As aresult it can be concluded that better management of municipal waste
and diversion of municipal waste away from landfills could significantly reduce
the emissions of GHG and, if high rates of recycling and incineration with en-
ergy recovery are attained, the net greenhouse gas emissions may even become
negative.

1. Introduction

It is emphasised worldwide that the main climatic parameters such as air tem-
perature, precipitation, etc. have changed and the changes are related to the in-
crease of greenhouse gases (IPCC 2007). Estimation of climate change impacts
on different ecosystems is based on different rates of GHG emissions. There-
fore, it is necessary to minimise the GHG emissions resulting from waste man-
agement, in order to enhance the use of low carbon economy and adaptation
measures to ensure ecosystem sustainability. GHG emissions represent a consid-
erable environmental effect from the management of municipal solid waste. The
GHG emissions from the waste sector depend on a number of factors including
waste generation, waste composition and used waste management practices.

The generation of MSW in the European Union (EU) has increased steadily. The
MSW generation and treatment options vary significantly in the old Member




312 Harri Moora, Viktoria Voronova, Alvina Reihan

States (EU-15) and the new Member States (EU-12). The EU-15 landfilled less
than 60% of the municipal waste in 2005, while the majority of the EU-12 land-
filled most of the MSW (more than 80%) (ETC/RWM 2008). The new EU
Member States undergo currently a rapid economic development, resulting in a
significant increase of waste quantities, while their waste management systems
still require much effort to be adjusted to the European state-of-the-art. There-
fore, in the context of climate change the diversion of municipal waste away
from landfills and choosing optimal waste recovery practices is especially im-
portant in the new Member States including Estonia.

Through iterative examination of various waste management technologies and
treatment alternatives, life cycle based methodologies can help to identify opti-
mal environmental solutions for managing the waste. Life-cycle information can
also help to identify the benefits and trade-offs of different waste management
options in terms of direct GHG emissions (from landfills, incineration plants, re-
cycling and collection of the waste) and indirect GHG emissions that are associ-
ated with the extraction and processing of primary resources or fossil fuels ver-
sus those associated with recycling or incineration operations. In the new Mem-
ber States the life-cycle assessment (LCA) models are not widely used for waste
management planning and calculation of GHG emissions. The major limitation
of using LCA in waste management planning in these countries is the lack of
relevant data and knowledge of the analysed systems. Also it is difficult to com-
pare specific local waste management information and data with the data used
by LCA models developed for other countries.

The main aim of this paper is to examine the climate change impact in Estonia
in terms of GHG emissions from MSW management between years 2000 and
2020. Two most feasible waste management options for Estonia, material recy-
cling with biological recycling in terms of composting and material recycling
with intensive incineration, were compared in terms of their possible contribu-
tion to climate change. The paper also provides information on MSW quantities
and composition in Estonia.

Most of the earlier studies have focused on the calculation of direct GHG re-
leases associated with municipal waste management. In this paper calculations
are based on life-cycle information and the calculated emission levels include
not only direct emissions from MSW management, but also the ‘avoided’ emis-
sions from material recycling and energy recovery. The study is based on the
LCA model for waste management planning — WAMPS (Moora et al. 2006).

As such the results of the study also provide additional country specific back-
ground information and data for an ongoing discussion about the implementa-
tion of waste hierarchy and provisions of the EU Waste Framework Directive.
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2. Climate change aspects in Estonia

Investigations of climate features in Estonia have a long tradition (Kant 1927;
Kirde 1940). While earlier investigations were focused mainly on climate im-
pacts on agricultural production, the present climatological studies are focused
on the environmental and human impact aspects. Recent studies show different
variations in climate parameters, such as increase in air temperature and precipi-
tation in autumn and winter, decrease of snow and ice duration (Jaagus 1998)
and a decrease in reflected radiation in spring (Russak 1998), increase of fre-
quency of extreme events such as storms, inundations, droughts, etc. The most
intensive warming (figure 1) took place in the winter and spring seasons during
the last forty years with significant growth in the continental part of Estonia
(Reihan 2008). All these changes are in good agreement with those reported by
the Intergovernmental Panel on Climate Change (IPCC 2007) and are of a great
importance for the development of any ecological management plans including
waste management.

Fig. 1:  Variation of the long-term air temperature with 5 years moving average in
Parnu MS (South-West Estonia); the straight line indicates the long-term
mean value
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Estonia has signed and ratified the Kyoto Protocol, according to which emis-
sions of GHG must be reduced by 8% in 2008-2012, compared to the baseline
year 1990. All EU Member States report regularly their direct and projected
GHG emissions in order to apply policies and measures to reach this target. The
methodology used for the estimation of GHG emissions follows so called IPCC
guidelines (IPPC 2006) produced by international expert groups for the IPCC
and are followed also by Estonia to calculate the national yearly GHG emis-
sions. These calculations focus mainly on direct GHG emissions of different
sectors. According to the latest GHG emission calculations, which were made
for the 4" National Communication under the United Nations Framework Con-
vention on Climate Change (UNFCCC) in 2006, the total emission level in 2005
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was 20.7 Mt of CO, equivalents. The main contributors to GHG emissions in
Estonia are energy supply and use together with transport (88%) (figure 2). The
electricity production in Estonia is mainly based on an Estonian specific fossil
fuel — oil shale. The production of electricity from oil shale entails higher emis-
sions of CO, than most of the other fossil fuels used in EU (OSELCA 2006).
The share of waste management (mainly CH, emissions from landfills and waste
water sludge treatment) is only 3% of the total GHG emissions. However, waste
management is an important source of GHG reductions. Modern waste man-
agement is very closely linked to energy production, therefore, when planning
waste management systems the context of climate change should be taken into
account, since it contributes to the meeting of the Kyoto targets.

Fig.2:  Greenhouse gas emission by sectors in Estonia
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3. Greenhouse gas emissions from waste management

The GHG emissions from the MSW management are sum of the direct emissions
(from landfills, incineration plants, recycling operations and collection of the waste)
and indirect emissions. Indirect emissions arise from the energy and secondary
products produced when incinerating and recycling waste replace energy produc-
tion from fossil fuels and the use of raw materials for plastic, paper, metals, etc

Direct emissions from the waste management sector in the EU-15 contributed by
2,6% of the total GHG emissions in 2005 (EEA 2007a). The key sources of
waste-related greenhouse gas emissions are illustrated in Figure 3.

As shown in Figure 3, the main sources of direct GHG emissions from waste
management are /andfills. It could be estimated that GHG emissions from land-
fills are larger in new Member States including Estonia due to a bigger share of
landfilling in these countries. The landfilling of biodegradable waste results in
the formation of landfill gas which contains mainly methane (CH,). In addition
to CHy, landfills also produce carbon dioxide (CO,), non-methane volatile or-
ganic compounds (NMVOC) and a small amount of nitrous oxide N,O, nitrogen
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oxide NOy and carbon monoxide CO (IPPC 2006). The origin of CHj in landfill
gas is the degradation of organic waste under anaerobic conditions. Compared
with CO,, the global warming potential of CHy is 21 times higher over a time
horizon of 100 years. In the modern landfills the landfill gas is partly (usually
10-50%) collected and either disposed by flaring or used as a fuel for energy
production. Contrary to GHG emissions from other waste management practices
(e.g incineration or recycling), landfill GHG emissions are characterised by the
large time lag of emissions (Sundqvist 1999).

Fig.3:  Main sources of GHG emissions from the waste management sector in
EU-15, 2005
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The most widely practised alternative to landfilling is mass-burn incineration
where MSW is burnt with little or no pre-treatment. The modern MSW incinera-
tors are required to recover energy released by the combustion process. Incinera-
tion is a source of GHG emissions like other types of combustion process. GHG
emissions are estimated by the carbon content of the incinerated waste material.
The carbon content contributes mainly to CO, emissions and less to CO, CH,
and NMVOC emissions. Exhaust gas cleaning or incineration technology does
not influence CO, emissions. Emissions of CO, from incineration of biological
waste material do not contribute to net GHG emissions and should therefore not
be taken into account. Calculation of net CO, emissions from waste incineration
is based on the fossil carbon content of the MSW. The net climate change im-
pact of incineration depends on how much fossil carbon CO, is released — both
at the incinerator itself (direct emissions) and in savings of fossil fuel from mar-
ginal energy sources displaced by incineration.

Recycling diverts components of the waste stream for reusing the materials. If
the GHG emissions resulting from the separating and processing of the recycled
material into new products are less than those generated while manufacturing
the products from primary material, net savings of GHG emissions results.
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Composting is an aerobic process and a large fraction of the degradable organic
carbon (DOC) in the waste material is converted into CO,. CH, is formed in an-
aerobic sections of the compost, but it is oxidised to a large extent in the aerobic
sections of the compost. The estimated CHj released into the atmosphere ranges
from less than 1 percent to a few per cent of the initial carbon content in the mate-
rial (Beck-Friis 2001; Detzel et al. 2003; Arnold 2005). Composting can also pro-
duce emissions of N,O. The range of the estimated emissions varies from less
than 0.5 percent to 5 percent of the initial nitrogen content of the material (Peter-
sen et al. 1998; Hellebrand 1998; Vesterinen 1996; Beck-Friis 2001; Detzel et al.
2003). Poorly working composts are likely to produce more both of CH; and N,O
(e.g., Vesterinen 1996). This is the reason why the so-called home composting
could have a relatively high climate change impact in terms of CH, emissions.

There are several other waste management options available. One of the most
common practices is mechanical-biological treatment (MBT), which is a combina-
tion of mechanical and biological steps to reduce the amount and biological activity
of the processed MSW. Pre-treatment of MBT prior to landfilling significantly
reduces CH, emissions from the landfilled waste, compared with untreated MSW.

A common link between different waste management practices is the need for
collection and transport from the source of the waste to the waste treat-
ment/disposal facilities. It all has GHG impacts, mostly through the use of fossil
fuels and associated emissions of CO,. N,O is also emitted from vehicle en-
gines, but this has a minor impact (EC 2001).

4. Methodology

To calculate the GHG emissions from MSW management the important input
data in terms of waste composition and generation in Estonia were studied. Also
a review of possible future waste management technologies and practices was
conducted. Based on collected information two possible waste management sce-
narios by 2020 were developed. As a basis for determination of GHG emissions
from municipal waste management the LCA model for waste management plan-
ning WAMPS was applied. WAMPS model is intended to be applied during the
waste management planning process to find optimal solutions and alternatives for
waste management systems (Moora et al. 2006). WAMPS presents the environ-
mental and economic consequences of different waste management scenarios in a
life cycle perspective. WAMPS was developed by the Swedish Environmental
Research Institute and is based on a more in-depth LCA model ORWARE
(Sundqvistet al. 2002; Bjérklund 2000; Eriksson 2000).

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
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produced from virgin origin. When a product is produced from waste, it substi-
tutes 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 as-
sessed. 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 biogas and landfill gas), ve-
hicle fuel production (alternative to biogas), fertilizer 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:
Enc( :Ewastc - El}ackgmund

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

Evuste: Emission from a waste process that produces a certain amount of product (ton-
nes/year or kg/year).

Epackgroma:  Emission from the same amount of alternative virgin production in the back-
ground system (tonnes/year or kg/year).

This calculation can give negative net emissions. This means that the recycling
method will give lower emissions or energy consumption than the corresponding
virgin production. The global warming impact is calculated as CO,-eqivivalent
emissions. The basic functional unit in WAMPS is the waste generated within a
specific region.

5. Case study
5.1 Waste composition and generation

The contribution made by the waste management sector to climate change is
primarily determined by the volume and composition of municipal solid waste
as well as the waste management options chosen.

The amount of MSW generated per person and its composition varies signifi-
cantly in different Member States. Figures from different data sources cover dif-
ferent time periods and geographical locations and are rarely comparable. Most
of the waste studies rely on official databases such us Eurostat. However, in
most cases, especially in the EU-12, these data are notoriously unreliable. Since
the lack of information on actual waste composition is one of the main barriers
for waste management planning in Estonia, the composition of mixed municipal
waste was explored by a countrywide sorting analysis of MSW in 2007/2008.
The waste analysis was carried out as a part of the current study. Based on the
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results of the sorting analysis and the corrected statistical data, the most recent
and accurate composition of MSW in Estonia was compiled (figure 4). The bio-
degradable fraction (organic waste, paper and cardboard, wood and textiles),
which is the main source of GHG emissions, makes up a considerable share of
municipal waste in Estonia (63%). The packaging waste amounts to 27% and
the share of combustible waste to 80% of total MSW.

Fig. 4:  The average composition of MSW for Estonia

Non-combustible waste

Other combustible waste Clothes, shoes, 7%
8% textiles, leather .

2% Plastic
9%

Glass

6%

Electric and
clectronic waste
2%
Steel and metal
Hazardous waste 4%
1%
Wood
3% Paper and cardboard
20%
Garden waste
12%
Biodegredable material
Kitchen waste (mixed)
23% 3%

The generation of MSW relates mainly to a number of economic activities and the
size of the population. In general there is a strong link between GDP and waste
generation. The quantity of municipal waste in Estonia has rapidly risen in line
with the economic growth and growing consumption. According to specified sta-
tistical data, approximately 435000 tonnes of municipal waste (302 kg per person)
were generated in 2000. In recent years the amount of municipal waste has been
growing by 6% per year and reached 542000 tonnes in 2007 (402 kg per person).
MSW volumes are expected to grow even more. Since the number of population
is expected to remain roughly the same, economic growth or specifically private
final consumption will be the key driving force behind the growing waste vol-
umes in Estonia. The forecast of the municipal waste generation in this study is
based on the future estimations of final consumption by households expressed in
Purchasing Power Standard (PPS). The growth rate of municipal waste genera-
tion is expected to decrease in the coming years (average growth 3% per year) due
to the slowdown of economic growth. It is expected that waste generation will sta-
bilise after 2015 (average growth 1% per year). During the period 2000 to 2020 the
generation of municipal waste is projected to increase by approximately 58% (fig-
ure 5). In 2020, the generation of municipal waste per person is estimated to be 509
kg (690000 tonnes). In general, this is in line with the projections made by the EEA
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— in the new Member States, the generation of MSW is projected to increase by
approximately 50% from 2005 to 2020 (ETC/RWM 2007).

Fig. 5: Projected growth in MSW generation between years 2000 and 2020
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5.2 Scenarios

For the GHG emission calculation the waste management situation in 2000 was
taken as a starting point or a base scenario. Two waste management scenarios
were developed to analyse possible future alternative waste treatment options
and their climate protection potential by 2020. Estonia, similarly to other new
EU Member States, has to comply with the EU legal requirements and recovery
targets for waste management. Since the pros and cons of waste incineration as a
possible MSW management option were recently discussed in Estonia, the in-
cineration-based scenario was compared with the scenario where legal targets
are achieved with intensive biological recycling (composting) (see also table 1).
Both alternative future scenarios are in compliance with the requirements and
recycling targets of the following legal acts:

1. European Packaging Directive 2004/12/EC — minimum packaging recovery
target 60% for packaging waste.

2. Landfill Directive 1999/31/EC — target amount of biodegradable municipal
waste going to landfills must be reduced to 35% by 2020 (baseline 1995).

Base scenario (scenario ()

In 2000, waste management in Estonia primarily involved landfilling of MSW
(92% of the total MSW). There was no landfill gas collection in landfills at that
time. Only a small amount of packaging waste (mainly PET-bottles and card-
board) was collected separately and sent to recycling. There was no centralised
collection system for biodegradable waste. Approximately 17000 tonnes of bio-
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degradable waste (mainly garden waste) were composted in the households (4%
of the total MSW). It is assumed that the share of home composting will remain
the same till 2020.

Material recycling with intensive incineration (scenario I)

Scenario [ is a projection for 2020, where the dominant option of MSW manage-
ment in Estonia is incineration. 45% of MSW is incinerated in the mass-burn in-
cineration plant. This assumption is based on the plans to build an incinerator close
to the capital of Estonia, Tallinn. The incineration plant is expected to start its op-
eration in 2012. The incinerator complies with all the EU requirements and it is
assumed that the gross efficiency of energy recovery from the incineration proc-
ess will be relatively high (80%). A large amount of the heat could be utilised
since Tallinn has large dwelling areas with district heating system. In this sce-
nario increased amounts of recyclable materials (mainly packaging, paper, card-
board and metals) are separately collected and recycled to fulfil the recycling
targets of the EU Packaging Directive. The recycling of material is expected to
be 30%. As incineration is already contributing to the reduction of biodegrad-
able waste, the share of biological recycling is not expected to exceed 15% of
the total MSW. The centrally collected kitchen waste is composted using static
composting method with forced aeration. Collected garden waste is composted
in open windrows. Intensive material recycling and incineration leads to a rela-
tively small amount of rest waste, which is landfilled (13% of the total MSW).

Material recycling with biological recycling in terms of composting (scenario I1)
Scenario [T is a projection for 2020, where the legal targets are archived by mate-
rial and biological recycling. Also in this scenario material recycling is expected
to amount to up to 30% of the total MSW. The Landfill Directive requirement to
divert biodegradable waste away from landfilling, is fulfilled by increasing com-
posting to 37% of the total MSW. An increased amount of wet biodegradable
waste is composted using centralised reactor-composting method (without gas
collection and energy recovery). It is assumed that the remaining waste will be
deposited in a landfill.

The predictions about the future MSW generation presented in the earlier chap-
ter were considered when developing the alternative future scenarios. It is as-
sumed that waste composition remains the same during the studied period.

For both future scenarios it is also assumed that all landfills will be equipped
with a landfill gas collection system at the latest by 2010 and the landfill gas re-
covery rate will increase up to 50% by 2020. Before 2010 the collected gas is
flared and after 2010 it is used for electricity and heat production, which is sub-
stituting oil shale based electricity and natural gas based heat used for district
heating. The energy produced in waste incineration is also substituting the elec-
tricity produced from oil shale and heat from natural gas.
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Tab. 1: Municipal Solid Waste management scenarios

Material Biological recycling Rest waste
Scenario recycling (composting) Incineration | (landfilling)
I . 4% 4% 0 92%
Base scenario
2020
Scenario [ 27% 15% 45% 13%
Recycl + Incin
2020
Scenario 11 27% 37%* 0 36%
Recycl + Comp

*Landfill Directive: compliance with the target for 2020

6. Results

The results of the scenario analysis in terms of net GHG emissions are shown in
Figures 6 and 7. The diagrams show the net GHG emissions from the waste
management system minus saved emissions in the background system. When
the emissions from the studied waste management scenario or waste manage-
ment practice are less than the saved emissions in the background system then
net result is negative.

Fig. 6: Emissions of net GHG from studied waste management scenarios, 2000-2020
(tonnes CO,-equivalents)
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The results of the case study indicate that net GHG emissions from the manage-
ment of municipal waste in Estonia are projected to decline significantly by
2020 from a peak of around 1.1 million tonnes CO,-equivivalents per year in
2000, largely because of increased recovery of MSW and the diversion of waste
away from landfills.
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Fig. 7. Emissions of GHG from studied waste management practices and scenarios
(tonnes CO,-equivalents)
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When comparing the two studied scenarios we can see that the incineration sce-
nario (scenario 1) has a higher climate protection potential than the alternative
composting scenario (scenario I1). In scenario I where high rates of recycling and
incineration with energy recovery are attained, the net emissions of CO,-equiv-
ivalents are even negative. The reason for the negative net GHG emissions is a
relatively low amount of waste sent to landfills as well as a high share of material
recycling (avoided primary production of materials) and recovered energy in in-
cineration plants (avoided emissions as a result of substituting heat and electric-
ity produced from natural gas and oil shale in the background system). Incinera-
tion gives approx. 75% and recycling almost 25% of the total avoided emissions.
In scenario I1 sources of GHG savings are mainly material recycling and the
avoided emissions from landfilling. As in this scenario composting without en-
ergy recovery is applied, the net GHG emissions are higher than in scenario I1.

Direct emissions from landfills continue to be a major source of GHG emissions
till 2020 despite of the fact that the landfilling rate will degrease significantly
and a relatively high share of landfill gas is recovered in both studied scenarios.
The GHG emissions from waste collection and transport will increase by 2020
due to increased recycling. In scenario II a higher collection rate of biodegrad-
able waste causes slightly more emissions of CO,-equivivalents. In spite of that,
the collection and transport of waste accounts for a relatively small amount of
estimated net GHG emissions in both future scenarios.
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7. Conclusions

As a result of the case study in Estonia it can be concluded that better management
of municipal waste and especially diversion of municipal waste away from landfills
could significantly reduce the emissions of GHG despite an almost 60% increase in
waste generation by 2020. This is valid even if landfill gas is recovered at a high
rate. Material recycling and incineration with high rates of energy recovery should
be favoured compared to other waste management options where energy is not re-
covered (e.g. composting). It is important to stress that if high rates of recycling
and incineration with energy recovery are attained, the net GHG emissions may
even become negative, which means that these waste management options can
partly offset the emissions that occurred when the products were manufactured
from virgin materials and energy was produced from fossil fuel/oil shale. Inten-
sive recycling and incineration of MSW usually also lead to a lower landfilling
rate of MSW compared to other possible waste management scenarios. Overall,
emissions of GHG associated with the collection and transport of the waste and
recovered materials are small in comparison with other waste management prac-
tices. However, along the increased recycling rate (especially additional collection
of biodegradables) the collection system and transport distances could have con-
siderable impact on the overall GHG emissions of the waste management options.

In general, the conclusions of the study concur with other recent LCA studies (Ger-
man Federal Environmental Agency 2005; ETC/RWM 2008; Sander 2008), but
due to the fact that in Estonia energy produced from waste substitutes oil shale
based electricity which has high climate change impact in terms of CO, emissions,
incineration and other waste management options (e.g anaerobic digestion) where
energy is produced, should be preferred to other waste management practices.

The aim of this study was to evaluate the climate change impact of the possible
future waste management options in Estonia and not to predict the exact GHG
emissions generated in the waste sector. The total emissions of GHG from MSW
management depend on several factors. The waste composition was assumed to
be the same throughout the studied period. In reality, it may be expected that
certain waste fractions (e.g plastic packaging) will probably grow compared to
other fractions. It would be good to study the possible change in the composition
of waste and its possible impact on the results. Also the future energy source in
Estonia is assumed to change including more renewable and nuclear energy
while the share of oil shale is assumed to decline. Thus, it would be interesting
to analyse how a possible change of the marginal energy source would affect the
net GHG emissions, especially the relative effects of waste incineration. Waste
management has a wide variety of impacts on the environment apart from those
associated with climate change. Therefore, in the future also life cycle data and
other parameters should be collected in order to evaluate such environmental
impacts as acidification, eutrophication, toxicity, social impacts, etc.
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Abstract

Purpose — The purpose of this paper is to compare various landfill gas (LFG) and leachate treatment
technologies in a life-cycle perspective.

Design/methodology/approach — Since a landfill causes emissions for a very long-time period,
life-cycle-based environmental assessment was carried out to compare different technological options
for sustainable leachate treatment and LFG collection and utilization. WAMPS, the life-cycle
assessment (LCA) model for waste management planning, was used for the environmental assessment
of selected leachate and LFG treatment technologies.

Findings — Results of both direct measurements in the studied landfills and LCA support the fact
that leachate treatment with reverse osmosis has the best environmental performance compared to
aerobic-activated sludge treatment. Recently, the collection efficiency of LFG in the studied landfills is
relatively low. In order to improve the overall environmental performance of LFG management the gas
collection rate should be improved. LFG utilisation for energy recovery is an essential part of the
system. The results of the study show that the avoided impacts of energy recovery can be even greater
than direct impacts of greenhouse gas emissions from landfills. Therefore, measures which combine
LFG collection with energy generation should be preferred to treatment in flare.

Research limitations/implications — It should be noted that the results of this study do not
express the total environmental impacts of the entire landfill system, but only the eutrophicating
impacts and global warming related to the studied leachate and LFG management options. Therefore,
it is recommended that further LCAs investigate also other relevant impact categories.

Practical implications — The results of LCA modelling show that it is important to ensure the
highest collection and treatment efficiency of leachate and LFG, since poor capture compromises the
overall environmental performance of a landfill.

Originality/value — The paper provides a site-specific data on sustainable leachate and LFG
management in selected Estonian conventional municipal solid waste landfills. As such, the paper
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1. Introduction

The new EU Member States including Estonia have recently experienced a rapid
economic growth, resulting in a significant increase of waste quantities, while their
waste management systems still require much effort to be adjusted to the European
state of the art. Despite its low position in the waste hierarchy, landfilling has been the
predominant method for municipal solid waste (MSW) management in Estonia.
Approximately 76 percent of MSW was landfilled in 2007 (Moora, 2009).

Therefore, the implementation of EU waste legislation demands comprehensive
research on solid waste landfill management issues to define a more sustainable
landfilling approach (Philips et al., 1999; Bovea and Powell, 2006; Seadon, 2010; Wagner,
2011) in Estonia.

The EU Landfill Directive 99/31/EC (EC, 1999), which was transposed into the
Estonian legislation through the Waste Act (2004) and through the Regulation of the
Minister of Environment No. 38, sets out provisions covering the location of landfills
and establishes more stringent technical and engineering requirements for aspects
such as water control and leachate management, protection of soil and water and
landfill gas (LFG) emissions control. The landfill directive defines also progressive
targets for the diversion of biodegradable fraction of MSW away from landfills.

In Estonia, all old landfills for depositing MSW were closed by 16 July 2009. After
that date only five new landfills that comply with the technical requirements of the EU
landfill directive remained operational.

Quantity, type and duration of the emissions from landfills depend largely on local
factors such as the amount and composition of waste, the technical design of landfill
and choice of effluent treatment technologies, and the location of landfill. Owing to the
high share of biodegradable fraction of landfilled waste in Estonia (average 56 percent
of total MSW) (Moora and Jirmann, 2008) and relatively humid weather, LFG and
leachate are the main environmental impacts of landfilling.

The experience with new landfills in Estonia indicates that there are problems in
assuring compliance with technical requirements (e.g. leachate treatment and gas
collection systems). Especially, leachate treatment has necessitated additional efforts
in terms of technology and related financial resources, since the initially designed
treatment capacity has been insufficient for the load of leachate. Operators of new
landfills in Estonia still lack knowledge about the key design parameters of emission
treatment technologies such as leachate production rate and composition as well as
LFG potential.

Wastes deposited to a landfill will cause emissions for a very long time. A landfill
may give emissions for hundreds or even thousands of years. Therefore, it is important
to take into account the life-cycle impact when assessing various technological options
for leachate treatment as well as LFG collection and utilization.

The aim of this paper is to compare various LFG and leachate treatment technologies
in a life-cycle perspective. WAMPS, the life-cycle assessment (LCA) model for waste
management planning (Moora, 2009), was used for the environmental assessment of
selected leachate and LFG treatment technologies.

The paper also presents site-specific data on sustainable leachate and LFG
management in selected Estonian conventional MSW landfills. As such, the paper
contributes to the development of the regional reference input data for LCA in waste
management. The results of the research are based on a study carried out in three



conventional landfills, undertaken in 2007-2009 by the Institute of Environmental Estonian
Engineering at Tallinn University of Technology (Loigu, 2010). municipal waste

2. MSW landfills in Estonia landfills

Until the 1990s almost each larger settlement and company had a landfill which, in most

cases, lacked any kind of environmental supervision. All old landfills for depositing

MSW in Estonia were closed by 16 July 2009. Out of ca 350 landfills that did not meet the 789
requirements of the EU landfill directive only five new landfills remained operational
(Table I).

3. Description of the studied landfills and landfilled waste

As the aim of the paper was to analyse and compare different LFG and leachate
treatment technologies that have been implemented in Estonian conventional landfills,
three most representative landfills — Joelihtme, Uikala and Vaatsa — were chosen for
the assessment.

Joelahtme landfill is the biggest landfill located close to Tallinn City (capital area).
More than half of the total MSW generated in Estonia is deposited in this landfill
(Table II). Vaitsa and Uikala landfills represent typical regional landfills. The studied
landfills have implemented different measures for leachate and LFG management.

Since the waste quantity and composition play an important role in the leachate
and LFG formation, the fractional composition of landfilled MSW was analysed

Name Start of operation year Description

Joeldhtme 2003 The biggest MSW landfill in Estonia. Located in the
Northern part of Estonia (Harju County), 10 km from
Tallinn. An area of appr. 9 ha has been covered by
800,000 m® of landfilled waste

Uikala 2002 Located in the Northeastern part of Estonia (Ida-Viru
County). An area of appr. 2.2 ha has been covered by
750,000 m® of landfilled waste

Viitsa 2000 Located in the Central part of Estonia (Jarva County),
13 km from Paide city. An area of appr. 1.2ha area
has been covered by landfilled waste

Paikre 2006 Located in the Southwestern part of Estonia (Parnu
County), 15km from Parnu city. An area of appr.
1.02 ha has been completed by covered waste

Torma 2001 Located in the Eastern part of Estonia (Jogeva
County). An area of appr. 1.76 ha has been covered Table 1.
by 122,000 m® of landfilled waste MSW landfills in Estonia

Amount of MSW landfilled (t)
Landfill 2000 2001 2002 2003 2004 2005 2006 2007 2008 Total

Table II.
Viitsa 37 4377 6177 15616 16474 16,710 18678 27,062 24,029 132,160 Amounts of MSW
Uikala - - 23375 37,362 41,267 52901 42740 48106 36272 282,023 landfilled in the studied

Joelahtme - - — 80466 177,132 179581 185675 206,146 182,314 1,011,314 landfills (2000-2008)
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Table III.

Share of biodegradable
waste fractions in
landfilled MSW at the
studied landfills
2007/2008

in a separate sorting study (Moora and Jirmann, 2008). The focus was on the analysis
of content of biodegradable waste fractions (organic waste, paper and cardboard, wood
and textiles). Results of the sorting study show that the biodegradable fraction makes
up a considerable share of MSW in all three studied landfills (Table III).

The amount of landfilled MSW showed an increase till 2007 (Table II). Since 2008,
due to the economic decline, MSW depositing decreased in all landfills. In the coming
years a higher waste recovery rate and MSW incineration (a waste incineration plant
will start to operate in 2012 in the Tallinn area) will significantly influence the amount
of deposited MSW. It may be assumed that the amount of MSW to be directed to
landfills will drop from the current 76 percent to ca 5 percent by 2015.

4. Characterization of leachate and LFG formation

4.1 Landfill leachate

Landfill leachate formation is the result of the removal of soluble compounds by the
non-uniform and intermittent percolation of water through the waste mass. Leachate
contains organic and inorganic contaminants including humic acids, ammonia nitrogen,
heavy metals and inorganic salts, and need to be treated before discharge to the
environment due to the toxicity or unfavourable affect on the environment. The quantity
of leachate generated is site specific and a function of water availability and weather
conditions as well as the landfill geometry, surface and landfill engineering (Binner,
2003). Leachate composition is highly dependent upon the age (stage of fermentation) of
the landfill and composition of landfilled waste.

Leachate generation was studied in the three studied landfills based on
measurements obtained from field works in 2007 (Loigu, 2010). In parallel, the annual
leachate generation was calculated based on Estonian long-term annual average
precipitation and evaporation data (precipitations 6560 mm and evaporation 450 mm)
(Table IV).

Category

Kitchen waste 57 55 53
Garden waste 5.19 9 9
Textile 3.2 1.3 33
Paper and cardboard 32 31 31
Wood 1 1.2 1
Other organic waste 1.61 25 27
Share of biodegradable waste in landfilled MSW 52 60 55

Note: In percentage by mass
Source: Moora and Jirmann (2008)

Table IV.

Measured and calculated
leachate generation at the

studied landfills

Landfill Measured leachate amount (m®/daily) Calculated leachate amount (m®/daily)

Joeldhtme 347 329
Uikala 259 16.4
Viitsa 132 12.8




The difference between the measured and calculated amounts of leachate generation at
Uikala landfill can be explained by major rainfalls at Ida-Viru Region in 2007 in
comparison with the Estonian average.

Normally, the amount of leachate is given as a percentage of rainfall. It can be
assumed that the amount of leachate generated in Estonian conventional landfills is ca
30 percent of rainfall. This figure is in accordance with reports of other authors
(Krimpelbeck, 2000; Plinke et al, 2000; Wallmann, 1999) who showed the amounts of
leachate in a range from 25 to 60 percent of rainfall.

Taking into account the basic parameters that characterise leachate all the studied
landfills can be classified as stabilised old landfills (Table V).

As landfill age increases, organics concentration (COD) in leachate usually
decreases and ammonia nitrogen concentration increases (Abbas et al, 2009). The
existing relationship between the age of the landfill and the organic matter composition
should be taken into account when selecting a suitable leachate treatment technology.

A more detailed composition of leachate at the studied landfills is presented in
Table VI. High concentrations of BOD, COD and nitrogen were found in leachates
(exceeding the Estonian legal limit values). Concentration of phosphorus was within the
limits or showed slight fluctuations exceeding the limits. Concentrations of heavy metals
were relatively low. One of the reasons could be a very high content of sulphur in landfill
and also high conductivity that makes it sufficient to precipitate metals from leachate
water. Additionally, a toxicity test was carried out. Results showed that phenols in
Uikala and Joeldhtme landfills are on an extremely high level. Such high-phenols content
can be explained by the fact that in both landfills a significant amount of ash or residues
from incineration have been used for covering the waste layers.

4.2 Landfill gas
The decomposition of organic waste under anaerobic conditions results in the formation
of LFG which contains mainly methane (CH,) and carbon dioxide (COs). The LFG
contains also numerous other constituents, e.g. non-CH, volatile organic compounds and
a small amount of nitrous oxide (N»O), nitrogen oxide (NO,) and carbon monoxide. LFGs,
and especially CH,, contribute significantly to global warming effect (IPCC, 2006).
The predicted amount of gas emissions from landfills can be estimated by the
content of organic matter in waste. Different calculation methodologies are used on
LFG estimations (Scharff and Jacobs, 2006). The gas potential related to the disposed
waste (fresh matter, FM) is of importance in calculations.

Young Medium Old Joeldhtme Vidtsa Uikala
Age (year) <1 15 >5 6 9 7
pH <6.5 6.5-7.5 >75 7181 76-78 75-82
BOD/COD 0.5-1.0 0.1-0.5 <0.1 0.2-0.3 0.2-0.3 0.3
CoD (g/) >15 315 <3 <91 <23 <48
NH;—N (mg/l) <400 NA >400 <974* <332% <864*
TOC/COD <03 0.3-0.5 >05 0.2-0.7 0.3-0.5 0.2-0.6
Niot (/) 0.1-2 NA NA 0.2-1.3 0.1-0.4 0.7-1.1

Note: *Calculated as a sum of NHs + NH, per nitrogen
Source: Hector et al. (2004)
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Table V.

Landfill leachate
classification based on
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Table VI.
Composition of leachate
at the studied landfills

Name Unit Viitsa Joeldhtme Uikala Legal limit value®
pH 76-78 7.1-81 7.5-8.2 6.0-9.0
El conductivity mS/ecm  5,500-9,600 4,000-16,000  11,200-16,800  —
Floating substance ~ mg/1 280-690 280-870 270-520 15
BOD; mgOy/1  300-1,663 100-5,500 500-1,800 15
COD mgO/1 580-7,900 600-9,000 2,800-4,800 125
TOC mgC/1 140-680 150-2,500 800-1,300 -
NH, mgN/1 50-330 100-980 440-680 -
Niot mgN/1 130-470 150-1,350 720-920 75
Piot mgP/1 2-7 3-10 3-6 2
HCO4 mg/l 2,000-4,700 1,300-7,900 4,700-8,200 -
SO, mg/l 500-700 150-480 150-650 -
Cl mg/l 200-550 300-1,760 1,500-1,730 -
1-phenols mg/l 0.0025-0.125  0.004-67 1.25-39 0.1
2-phenols mg/l <0,01-0.48 <0.01-5.8 0.175-3.6 15
Oil prod. mg/l <0.02-0.067  <0.02-4.5 <0.02 1
Fe(I) val. mg/l 1.6-2.6 1.6-6.6 1112 -
Fe(IIl) val. mg/1 1512 45-26 8.0-21 -
Hg mg/l <0.05-0.25 <0.05-0.13 <0.05 50
Ag mg/l <0.01-0.01 <0.01 <0.01 0.2
Cd mg/l <0.02 <0.02 <0.02 0.2
Cr mg/l 0.03-0.3 0.05-0.5 0.2-0.3 0.5
Mg mg/l 98117 60-240 220-360 -
Mn mg/l 0.25-0.3 0.5-1.0 0.1-0.6 -
Na mg/l 450-800 300-1,300 1,200-1,600 -
Ni mg/l 0.07-0.1 0.04-0.2 0.05-0.08 1.0
Pb mg/l <0.04 <0.04 <0.04 0.5
Zn mg/l <0.1 <0.1 <0.1 20
Cu mg/l 0.03-0.1 <0.02-0.2 <0.02 2.0

Note: “Estonian legal limit values are in line with EU values based on Directive 91/271/EEC

For estimating the LFG generation in the studied landfills the following calculation model
was used (Tabasaran and Rettenberger, 1987). Mathematically, it can be described as
an empirical equation, where the share of CH, is 55 percent, CO5 35 percent and air
10 percent:

G = 1.868 X Corg (0.014d + 0.28) (1 — 107K, Q)
where:
G specific LFG production until time t (m>/t).
Corg total organic carbon (kg/t).
d temperature inside the landfill (°C).

k — 0.035 degradation coefficient.
t the landfill operation time.

Table VII presents the calculated LFG potential of the studied landfills. LFG potential
varies from 220 to 280 m®/t of FM. It is in a range with the reports of other authors
(Tabasaran and Rettenberger, 1987; Plinke et al., 2000) estimations of LFG generation



rates (120-300 m*/t FM). However, as such the LFG generation in Estonian landfills is
twice as much as that in average modern conventional landfills in Western-European
countries (Obersteiner et al., 2007). Such high gas potential can be explained by high
content of organic matter in deposited MSW.

Additionally, the distribution of CH, generation in time was calculated for the studied
landfills (Figure 1). The calculation takes into account the amount of MSW that is
deposited during the most active period of landfilling from the opening of the landfill till
2015. It can be assumed that the amount of MSW directed to all Estonian landfills will
drop significantly by 2015 (Section 3). Based on these assumptions it can be expected
that the peak of the LFG generation in terms of CH, will be achieved around 2012.

5. Leachate and LFG treatment
5.1 Leachate treatment technologies
Landfill leachate needs to be pre-treated on site to meet the limit values for its
discharge into the sewer or direct disposal into surface water. Various leachate
treatment processes have been used in different landfills in Estonia.

There are three most common approaches for leachate treatment:

(1) Combined treatment with municipal wastewater. Collected leachate is piped out
into the municipal sewer system to be treated with domestic sewage. This
treatment option is used in Joelihtme landfill. It is preferred for its easy
maintenance and low operating costs. However, this option has been increasingly
questioned due to the presence in the leachate of organic inhibitory compounds of
low biodegradability and heavy metals that may reduce treatment efficiency and
increase the effluent concentrations (Cecen and Aktas, 2004).

Landfill Gas potential (m%t FM)

Joeldhtme 221
Uikala 255
Viitsa 281
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Table VII.
Calculated LFG potential
at the studied landfills
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studied landfills through
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Table VIII.
Comparison of efficiency
of leachate treatment
technologies

(2) Aerobic treatment based on activated sludge processes. This treatment method

©)

allows partial abatement of biodegradable organic pollutants and also achieves
ammonium nitrogen nitrification. This treatment option is used in Viitsa
landfill. It is seen as a low-cost method for removing pathogens, organic and
inorganic matter. However, aerobic treatment based on activated sludge process
has proved to be inadequate for handling landfill leachate treatment. This
method is ineffective due to high concentrations of contaminants whose removal
1s ineffective in the case of one stage cleaning by activated sludge. This is very
well illustrated by the results of tests made at Vditsa landfill (Table VIII).

Membrane processes based on reverse osmosis (RO). RO is a high-pressure
membrane separation process that is one of the most efficient methods for
landfill leachate treatment. This method is applied in Uikala landfill. Based on
test results made in Uikala, it can be concluded that RO method allows to
achieve very high removal rates of different pollutants (COD removal rate in
Uikala varies between 90 and 96 percent) (Table VIII).

The results of a comparative analysis of efficiencies of aerobic treatment and RO
membrane technology in Viitsa and Uikala landfills are presented in Table VIII. The
efficiency of heavy metal removal is not taken into account due to their very low

BOD7 COD Ptotal Ntotal

Leachate treatment option Sample (mgOo4/1) (mgO4/1) (mgP/1) (mgN/1)

Aerobic-activated sludge (Vidtsa landfill)

Before treatment 1 March 2007 250 1,800 5 603
1 May 2007 150 1,600 8.3 420
23 September 2007 1,663 8,730 45 200
18 October 2007 366 988 4.66 394

After treatment 1 March 2007 75 1,960 49 4247
1 May 2007 45 630 38 200
23 September 2007 525 1,009 39 395
18 October 2007 209 956 513 246

Effectiveness of leachate treatment (%) 63 37 17 30

RO (Uikala landfill)

Before treatment 15 January 2007 220 960 2.7 430
4 April 2007 171 130 0.15 45
8 October 2007 1,851 4,840 6.06 720
22 October 2007 541 2,870 2.89 920

After treatment 15 January 2007 6.5 60 0.21 23
4 April 2007 11 40 0.04 0.71
8 October 2007 73 80.5 0.187 79
22 October 2007 13 30.6 0.029 16

Effectiveness of leachate treatment® %

(aerobic activates ludge) 63 37 17 30

Effectiveness of leachate treatment® (%)

(reverse osmosis) 96 90 90 95

Note: “Effectiveness of leachate treatment accounted relating to the Estonian normative for landfill

water




concentrations in leachate water. It is difficult to estimate the efficiency of leachate
treatment in Joeldhtme landfill because leachate is treated together with municipal
wastewater.

5.2 LFG management technologies

According to the landfill directive LFG shall be collected from all landfills receiving
biodegradable waste and the LFG must be treated and used. If the LFG collected
cannot be used to produce energy, it must be flared.

All operational Estonian MSW landfills have installed gas collection and flaring
systems. LFG is extracted from landfills through extraction wells. Two most common
types of LFG collection systems are used — vertical wells (Joeldhtme) and horizontal
pipe system (Védtsa, Uikala). As experience with Estonian landfills shows that vertical
wells are less expensive and suitable for installation in active filling areas. Horizontal
collector wells could be used to improve the efficiency of LFG extraction systems from
low yielding, shallow and laterally extensive landfill sites.

LFG is extracted and piped to a main collection header, where it is sent to be flared
in open high-temperature flares. There is scarce information about gas collection
efficiency in the studied landfills. According to the measurements made in Viditsa
landfill, collected and flared LFG amount was about 350,000 m® in 2008, which makes
only 8.5 percent of the total estimated LFG generation. It may be expected that gas
collection will improve in the future. According to the literature, the LFG collection rate
with efficient LFG collection system can vary between 50 and 75 percent of the total
LFG generation (Sundqvist, 1999; Niskanen et al., 2009; Del Borghi et al., 2009).

All three studied landfills have started to develop LFG utilisation projects for
producing electricity from LFG by using gas engines (planned capacity in Joeldhtme
landfill 1.9 MW, Uikala landfill 0.3 MW, Vaitsa landfill 0.35 MWy,).

6. Environmental assessment of leachate and LFG management options
6.1 Methodology

To evaluate and compare the environmental performance of installed or future leachate
and LFG treatment technologies a special landfill version of LCA model for waste
management planning WAMPS (Moora, 2009) was applied. This model allows scenario
analysis of different waste management technologies and systems. It enables to learn
how changes in the system affect its environmental and economic impacts. This model
has been adjusted to the Estonian conditions.

This LCA model was developed by the Swedish Environmental Research Institute
and is based on a more in-depth LCA model ORWARE (Bjérklund, 2000; Eriksson et al.,
2000; Sundqvist et al., 2002).

WAMPS landfill model calculates emissions during a surveyable time period of
about 100 years until the most active processes (especially, LFG generation) in landfill
have ended (Sundqvist, 1999).

The main processes in the studied landfill system (LCA boundaries) are waste
disposal at landfill site, on-site operations, gas collection, gas treatment by flaring, gas
utilisation for energy production, leachate collection and treatment.

The LCA assessment takes into account the two most relevant impact categories
for MSW landfilling: global warming and eutrophication of water. For each impact
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category emissions are weighted together with characterization factors (Sundqvist
et al., 2002; Hejungs et al., 1992):

1) Global warming. All emissions are expressed as CO, equivalents: 1 kg of CH, is
equal to 25kg of fossil CO and 1kg of N,O is equal to 310kg of fossil COs.
(2) Eutrophication of water. All emissions are expressed as POi_ equivalents: 1 kg of
phosphorus (P) is equal 3.06 kg of phosphate POi_ , 1kg of nitrogen (N) is
equal to 0.42kg of (POi_) , 1 kg of NH3/NHy, is equal to 0.34 of (POi_g> , 1 kg of
COD is equal to 0.022 kg of (POif).
Toxicity-related impacts were neglected in this study because there are still many

uncertainties in modelling toxicological impacts (Reap et al, 2008).
The net emissions from the studied system are calculated according to:

Enet = Ewaste - EBackround (2)
E,. net emission (t/year or kg/year).
E,puste emission from a waste process that produces a certain amount of

product (t/year or kg/year).

Epackgrouna  €mission from the same amount of alternative virgin production in the
background system (t/year or kg/year).

This calculation can give negative emissions. This means for example that energy
produced from LFG substitutes energy production in the background system.

The landfill system studied reflects the main parameters of Vidtsa landfill. The
total long-term leachate generation and LFG emissions (on the basis of a time horizon
of 100 years) were calculated based on MSW amount and composition deposited at
Viitsa landfill in 2000-2015. Taking into account the future developments of MSW
management in Estonia it can be assumed that after 2015 only a very small amount of
MSW will be landfilled (Section 3).

The local site-specific data on leachate and LFG generation and management that
were collected during the research in Estonian conventional landfills was used to
develop the core features of alternative treatment options.

It was assumed that partial oxidation of the uncollected LFG in the final soil cover
not more than 15 percent (Sundqvist, 1999; Niskanen et al., 2009; Manfredi et al., 2009).

Emissions of CH, and CO, were calculated according to the carbon balance of a
conventional MSW landfill (Sundqvist, 1999):

CHy = (1 — p*(1 — e)*a*B*0.99%16/12 kg CHy kg Gy, 3)
COz=(1 - &y*(1 — B)*a*0.99%44 /12 + y*(1 — e)*a**0.99%44 /12kg CO. kg G,  (4)
degradation yield kg °C kg C;,.
molar (or volume) ration kmol CH, kmol (CO,—CHy,).

v oxidation yield of CHy in soil cover kg oxidised CH, kg CH, transported through
soil.

e part formed CH, that is recovered kg recovered CH, kg formed CH,.



6.2 Comparison of treatment options Estonian
6.2..1 Leachate treatment. The environmental performance of three leachate treatment municipal waste
options were assessed and compared (Table IX). The worse case or reference situation
(option 1) presents the typical landfilling situation before year 2000 where no treatment landfills
of landfill leachate was applied. Option 2 presents the situation where one-stage
aerobic treatment based on activated sludge process is used. In option 3, leachate is
treated by membrane technology based on RO. 797
6.2.2 LFG treatment. The environmental performance of four options for LFG
management was assessed and compared (Table X). Reference option characterises the
earlier situation in Estonian MSW landfills without any collection and utilization of
LFG, where emissions of LFG were primary directed to the atmosphere. The current
LFG management (option 1) in Estonian landfills is based on a rather moderate LFG
collection (8.5 percent according to the data from Véaitsa landfill) with further flaring.
The current gas management situation is compared with three potential future options.
An assumption was made that the gas collection rate will reach its maximum
(75 percent). In option 2, flaring has been continued as the only treatment option.
In option 3, the collected gas will be utilised for combined heat and power generation
(electricity production efficiency is 35 percent and that of heat 60 percent). In option 3,
only electricity is produced from the collected gas (electricity production efficiency is
39 percent).

6.3 Results

The results of life-cycle-based environmental impact assessment are shown in
Figures 2 and 3. It should be kept in mind that the results are based on the chosen
sample landfill (Védtsa landfill). Moreover, the results do not express the total
environmental impact of the entire landfill system, but only the potential impacts
related to the studied leachate and LFG management options.

Treatment efficiency — removal rate of
main pollutants (%)

Leachate treatment option BOD; COD Piotal Niotal
Option 1 — no treatment of leachate 0 0 0 0 Table IX.
Option 2 — aerobic treatment with activated sludge 63 37 17 30 Compared leachate
Option 3 — RO 96 90 90 95 treatment options
Option 3 Option 4
Reference  Option 1 Option 2 (heat/electricity (electricity
LFG management conditions (flaring) (flaring) generation) generation)
Collection (% of generated) 0 85 75 75 75
Flared (% of collected) 0 100 100 0 0
Only Table X.
Electricity 35/ electricity Comparison of LFG

Utilized (% of collected) 0 0 0 heat 60 production 39 management options
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Figure 2.

Emissions of selected
eutrophicating substances
of studied leachate
treatment options

Figure 3.

Emissions of GHGs of the
studied LFG management
options

6.3.1 Envirommental impact of leachate tratment. Figure 2 shows the results of LCA
with a focus on the main leachate parameters (pollutants) emitted to the environment.
Untreated leachate (option 1) can be taken as a reference for evaluating the efficiency
(environmental impact) of the studied leachate treatment options. Aerobic treatment
with activated sludge reactor (option 2) minimises the emissions of nitrogen,
ammonium and phosphorus, however, the total long-term environmental impact in
terms of eutrophication is only less than half smaller than in the case of no treatment.

The results of LCA support the fact that leachate treatment with RO has the best
environmental performance compared to other leachate tratment technologies. The
long-term environmental impact when using RO is very small in case of nitrogen,
ammonium and other pollutants.

6.3.2 Environmental impact of LFG management. Figure 3 shows emissions of main
greenhouse gases (GHGs) in LFG expressed in kg of CO,-ekv. As the results show, the
current LFG management system with a relatively low gas collection rate (option 1)
does not lead to a significant reduction of GHG emissions from landfill. If we assume
that gas collection will be improved and the collection rate will reach the maximum of
the total potential generation (75 percent), all the compared gas management options
(flaring — option 2, electricity and heat generation — option 3, electricity production —
option 4) lead to a substantial reduction of GHG emissions. However, the flaring option
has a lower environmental performance, as no LFG is here utilised for energy
generation. LFG utilisation for energy recovery leads to saved emissions and avoided
global warming impact potential. The produced heat and electricity substitute the heat
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and electricity produced from fossil fuels — natural gas and oil shale — in the
background system and thus result in the negative impact (avoided impact). The net
benefit is proportional to the energy recovery efficiency achieved. As the results show
the best result is achieved when LFG is used for heat and electricity production
(option 3). Then the avoided impact from energy recovery is greater than direct
impacts of GHG emissions from landfill.

7. Discussion and conclusions

The environmental impact of the emissions from landfills depend largely on local
factors such as the location of landfill, the amount and composition of waste landfilled,
the technical design of landfill and the choice of technologies for LFG collection and
treatment of leachate. Owing to the very high share of biodegradable fraction in the
landfilled waste and relatively humid weather, the Estonian conventional MSW
landfills generate a significant amount of leachate and LFG rich in CH,.

Taking into account the basic parameters that characterise leachate all the studied
landfills can be classified as stabilised old landfills. Very high concentrations of BOD,
COD and nitrogen were found in the leachate of the studied landfills. In addition to age
(stage of fermentation) and waste composition, the co-disposal of certain industrial
waste could influence the composition of leachate. The extremely high level of phenols
can be explained by the fact that a significant amount of ash or residues from
incineration have been used in landfills to cover the waste layers.

Results of both direct measurements in the studied landfills and LCA modelling
support the fact that leachate treatment with RO has the best environmental
performance compared to other leachate treatment technologies. This fact is supported
by several studies of other authors (Renou et al, 2008; Li et al., 2009). However, when
designing the treatment technology it should be taken into account that leachate
should be collected and treated properly for a relatively long-time period (up to
40 years). Here also the economic aspects of different treatment technologies should be
considered.

LFG potential in Estonian MSW landfills varies from 220 to 280 m*/t FM. As such it
is twice higher than in average modern conventional landfills in Western-European
countries. It can be assumed that the amount of MSW directed to Estonian landfills will
drop significantly by 2015 due to increasing recovery and opening of a waste
incineration plant. Based on these developments it can be expected that the peak of
LFG generation in terms of CH, will be achieved in all operational MSW landfills at
around 2012. Therefore, in the coming years much focus has to be put to improving the
LFG collection and treatments systems.

As the available data show the collection efficiency of LFG in the studied landfills is
currently relatively low. In order to improve the overall environmental performance of
the current LFG management (based on flaring), the LFG collection rate should be
improved.

The results of LCA show that when the gas collection rate is increased to the
maximum (75 percent), all the compared gas management options (flaring, electricity
and heat generation and electricity production) lead to a substantial reduction of GHG
emissions. LFG utilisation for energy recovery is an essential part of the treatment
system since it leads to saved emissions and avoided global warming impact potential.
The results of the study show that avoided impact from energy recovery can be even
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greater than direct impacts of GHG emissions from landfills. Therefore, the measures
which combine LFG collection with energy generation should be preferred to treatment
in flare. The environmental as well as economic benefits multiply when utilising LFG
for both heat and electricity production. However, the possibility to utilise produced
heat is rather limited, since landfills are located far from potential users of heat. Results
of the study are inline with similar investigations of other authors (Bovea and Powell,
2006; Niskanen et al., 2009; Manfredi et al., 2009; Moora et al., 2009). It should be noted
that the results of this study do not express the total environmental impacts of the
entire landfill system, but only the eutrophicating impacts and global warming related
to the studied leachate and LFG management options. Therefore, it is recommended
that further LCAs investigate also other relevant impact categories. 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 over
a longer period.

It can be expected that due to the increasing recovery and waste incineration, the
amount and composition of waste will change dramatically in the near future. Thus, it
is necessary to study how these changes will influence the potential environmental
impact and sustainable management options of Estonian landfills.
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management systems since they have to comply with the principles and targets of the
European Union waste policy and directives. Over the past years, thermal treatment
of municipal waste has been discussed more intensely in these countries as one of the
waste management option that could help to reach the legal targets in a relatively
short time. In general, the Baltic States have similar socio-economic characteristics,
waste and energy sector developments and geographical conditions that form similar
frameworks for the development of a waste management infrastructure, including
possible waste-to-energy options. However, as experience from recent studies and
projects shows, there are several local and regional factors that could significantly
influence the economic success of large scale waste incineration. The paper attempts
to identify and discuss these main influencing factors and perspectives for MSW
incineration in the Baltic States. The main focus is on conventional mass-burn
incineration. The specific issues in terms of technical, economic and environmental
aspects are presented in the form of an illustrative case study based on the design and
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1 Introduction

The three Baltic States—Estonia, Latvia and Lithuania—have recently experi-
enced rapid economic growth, resulting in a significant increase of municipal solid
waste (MSW) quantities, while their waste management systems still require much
effort to be adjusted to the European state-of-the-art. A wide variety of techno-
logical options, increasingly diverse waste fractions, environmental restrictions
and European Union (EU)-wide recovery targets require the decision makers to
well consider the steps to be made. The solutions to municipal waste management
should not only be environmentally sustainable but also cost-efficient and socially
accepted. Therefore, waste management has become one of the key issues in
governments, in the waste management sector as well as among the general public
in all new EU Member States including the three Baltic States.

In spite of its lowest priority in the European waste management hierarchy,
landfilling has been the predominant method for municipal waste management in
all the Baltic States. The fact that landfilling is the worst option for MSW treat-
ment is generally accepted. However, the choice of the most optimal waste
management solution has been under heavy discussion.

Over the past years, thermal treatment of MSW has been discussed more
intensely in the Baltic States. There exist several plans to build waste to energy
(WtE) facilities in the Baltic States. At least one mass burn incineration is under
construction in Estonia and the construction of the first incineration facility in
Lithuania will start soon. Several other projects are in the preparatory phase.

Even though the 27 EU Member States are directly governed by the same
overall legislation, including that on waste management, disposal or incineration,
the importance of incineration differs widely from one EU member state to another
[24, 25]. This is because the issue of waste incineration is complex and the success
of this MSW treatment option depends largely on the framework conditions
characteristic for a specific country or region [23, 26].

Energy recovery by waste incineration has a double function as a waste treat-
ment method and a supplier of electricity and/or heat, thereby linking the systems
of energy and waste management. Both systems are undergoing great changes in
the Baltic States. There are also several other influencing factors (e.g. waste
generation and content, waste and energy sector/market developments, environ-
mental impacts and public opinion) that have to be studied carefully before starting
to develop any plans for MSW incineration [26]. The Baltic States waste sector/
market is relatively small in size. Therefore the already existing plans to build
large-scale WtE facilities have resulted in many discussions and debates among
other waste management actors. As the experiences from other European countries
have shown, waste incineration could have a significant impact on the existing
waste management system [1, 13, 14, 22-24].

This paper attempts to identify and discuss the main influencing factors and
perspectives for MSW incineration in the Baltic States. The main focus is on
conventional mass-burn incineration as it is probably the most suitable large-scale
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WIE technology for the management of mixed municipal waste under the
conditions in the Baltic States.

The specific issues in terms of technical, economic and environmental aspects
related to large scale mass-burn incineration of MSW are presented in the form of
an illustrative case study based on the design and performance data of the first WtE
facility in Estonia. The environmental impacts of the new WtE facility were
assessed by using the life cycle assessment (LCA) software tool WAMPS [17].

The information contained in this paper was derived from a series of earlier
research projects, the aim of which was to analyse the environmental impacts and
economic costs of planned WtE projects as well as evaluating possible alternative
scenarios for MSW management in the Baltic States [1, 16, 17, 28, 31, 32].

The discussion on influencing factors of MSW incineration in this paper focuses
mainly on the Estonian context. This is because of availability of data and a more
established waste management system. However, most of the examples and discus-
sions are also relevant for the other Baltic States which have a similar socio-economic
structure and waste management and energy sector development as Estonia.

2 Plans for MSW Incineration

There is no experience in large scale MSW incineration in the Baltic States.
However, for some years now, cement factories in the Baltic States have used
refuse derived fuel (RDF) imported from other EU Member States and on a
smaller scale produced in the first local mechanical-biological treatment (MBT)
facilities.

All three Baltic countries have developed national waste management plans that
foresee a place for possible municipal waste incineration. However, concrete
projects to build waste incinerators are in very different stages of development in
these countries (Table 1).

The construction of the first mass-burn incineration facility in the Baltic States
started in 2010 and the new waste incineration unit of the Iru power plant close to
the Estonian capital Tallinn is expected to begin generating electricity and heat
from MSW in 2013. This WtE facility with annual capacity of 220,000 tons is
supposed to incinerate MSW from all Estonia. Furthermore, plans for a second
waste incineration plant in Tartu (central part of Estonia) with a 100,000 t/a
capacity are under discussion. The city of Tartu initiated discussions about this
plant because the regional landfill was closed in 2009. However, the project has
been postponed due to uncertainties related to financing and the waste market.

There have been discussions for many years to build a waste incinerator in
Riga, the capital of Latvia. However, currently there are no concrete plans for
municipal waste incineration projects in Latvia.

There exist two projects to build mass-burn waste incineration plants in Lith-
uania. The Klaipeda region municipal waste management plan for 2010-2019
foresees that the mixed municipal waste collected from the Klaipeda waste




240 H. Moora et al.

Table 1 Plans for WtE facilities in the Baltic States

Country Number of projects/plants Capacity (t/a) Status

Estonia Iru WtE unit 220,000 Under construction
Tartu WtE plant 100,000 Planned

Latvia - -

Lithuania Klaipeda WtE plant 245,000 Construction will start in 2011
Vilnius WtE plant 250,000 Planned

management region (7 municipalities) will be incinerated. The construction of
Klaipeda WtE plant at the Lypkiai local boiler house area will start in 2011 and it
is expected to be completed by 2013. The total capacity of this plant is 245,000 t/a
including up to 130,000 tonnes of MSW, 75,000 of biofuel and 50,000 of indus-
trial waste. Klaipeda WtE plant is a co-operation project between the Finnish
energy company Fortum and the local energy company Klaipédos energija, mainly
controlled by the Klaipeda city municipality.

A second WE plant is planned to be constructed in Vilnius, the capital of
Lithuania. A private company Regioniné komunaliniy atliecku deginimo gamykla
(Regional Municipal Waste Incineration Plant) had an intention to build a WtE plant
in Vilnius (next to the current combined heat and power plant CHP-3 in Vilnius).
The local people strictly opposed to this project. As a result of the Environmental
Impact Assessment (EIA) process, the Vilnius Region Environmental Protection
Department did not allow to build the plant, because the involvement of Vilnius
municipality, especially in relation to the engagement of the public, was considered
not sufficient. After this experience, the municipalities of Vilnius waste management
region (8 municipalities) have decided to start a new a tendering process for the
construction and operation of a waste incineration plant.

3 Factors Influencing MSW Incineration

Experiences in other EU Member States show that the role of waste incineration
differs widely from one EU member state to another. This is because waste
incineration is a highly complex waste treatment option, which involves large
investments and that depends largely on the framework conditions characteristic
for a specific country or region. In the EU both waste management and energy
production are subject to extensive regulations. The legislation aims to set a
suitable policy framework at the EU level, with specific targets, while leaving the
choice of pathways and technological development to the individual players in the
Member States (authorities and private sector).

In addition to the legal framework that is based on the same general require-
ments the three Baltic States have similar socio-economic characteristics, waste
and energy sector developments and geographical conditions that form similar
framework for the development of waste management infrastructure including
possible WtE options. However, as the experiences from feasibility studies and
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Fig. 1 Main influencing factors for municipal waste incineration

first WtE projects in these countries indicate, there are several local and regional
factors that could significantly influence the success of waste incineration. Also the
possible future trends and developments of these influencing factors have to be
carefully studied. Given a service life of over 30 years, a waste incineration
technology must also be able to function efficiently under the changing conditions
in the future. The main framework factors that could influence the economic
success of the new WtE facilities in the Baltic States are presented in Fig. 1.

3.1 Legal Framework and Economic Instruments

National waste policy and legislation in the Baltic States, as in all other EU-27
Member States, is governed by the EU policy and legislation.

The EU legislation on waste management is based on the Waste Framework
Directive 2008/98/EC [8], which among others provides a definition of waste and
sets out a general ranking of waste management methods, the so-called waste
hierarchy. According to waste hierarchy waste generation should be prevented or
reduced, and what is generated should be recovered by means of reuse, recycling
and other recovery operations, thus reducing disposal/landfilling. A strong driver
for improving the energy performance of waste-to-energy facilities is the Waste
Framework Directive’s new provision that allows high efficiency installations to
benefit from a status of “recovery” rather than “disposal”.

Recognising that not all waste can be prevented or recycled, the EU has also
adopted directives on waste incineration and landfilling: Waste Incineration
Directive 2000/76/EC [7] and Landfill Directive 1999/31/EC [6].

The Landfill Directive is arguably one of the most influential documents of the
portfolio of the EU waste management regulations with direct influence on the
development of waste recovery (including WtE) options [2, 10, 21, 29]. It sets
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Table 2 Landfill taxes and bans (2010)

Average gate fee for landfilling Landfill tax in euro/ Ban of landfill of
euro/tonne tonne unsorted MSW
Estonia 45 12 Yes
Latvia 242 4.27 -
Lithuania 17.5 Planned in 2013, 22 -
euro/tonne

progressive targets for the reduction of the biodegradable fraction of MSW going
to landfills to 75% of their 1995 baseline levels by 2006, 50% by 2009 and 35% by
2016. The Baltic States as other new Member States that rely heavily on land-
filling, have made use of the allowance to postpone these targets by 4 years.
Therefore they need to meet the respective diversion targets by 2010, 2013 and
2020.

The diversion of the biodegradable fraction of MSW places major challenges on
all new EU Member States. Taking into account the current situation in the MSW
management, it can be expected that the biodegradable waste diversion targets
(especially the targets for 2013 and 2020) will be very challenging for the Baltic
States. Consequently, there is an urgent need for action. Municipal waste incineration
is one of the most realistic options that could help to reach these targets.

Many EU Member States with high waste recovery rates have facilitated the EU
waste policy implementation by taxes on waste landfilling and landfill bans.
Estonia introduced a pollution charge for municipal waste disposal (landfill tax)
already in 1990. Until 2005, the rate was very low at EUR 0.10-0.20 per tonne. In
2006 it rose to EUR 7.8 per tonne and increases every year, reaching EUR 29.84 in
2015. Due to the landfill tax the landfilling fee has increased considerably over

- recent years. Estonia has also introduced a ban on the landfilling of untreated waste
(including mixed municipal waste) (see Table 2).

Latvia has also introduced a landfill tax, applied as a natural resource tax.
Lithuania intends to introduce a landfill tax in 2013. A ban on the landfilling of
untreated waste has not yet been implemented in Latvia and Lithuania, due to lack
of an alternative waste treatment capacity.

Based on the experience of Estonia, the legal requirements together with
economic instruments such us landfill tax have resulted in favourable conditions
for the development of new recovery facilities including waste incineration.

3.2 Municipal Waste Generation and Composition

The economic success of waste incineration depends directly on the available
waste amount and waste composition. Investments in waste incineration presume a
steady fixed stream of waste to ensure financial viability. The waste supply should
be fairly stable in the whole life span of a WtE facility (up to 30 years).
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The energy content of waste, the so-called calorific value, depends on the
composition of the waste and preferred to be as high as possible.

However, waste composition may change in time because of either additional
recycling or changes in the socio-economic situation in the collection area. Both
changes can significantly alter the amount of waste and its calorific value.
Therefore, data on waste generation and composition as well as forecasting these
waste trends are essential for the planning and development of a waste incineration
project.

The availability and quality of data on MSW generation and composition in the
Baltic States have been quite poor. To specify and validate the mixed municipal
waste composition data in Estonia, a country-wide sorting analysis of mixed
municipal waste was carried out in 2008 [18].

The results of the sorting study indicate that even at a relatively high rate of
recycling the landfilled mixed municipal waste has a relatively high calorific value
(10.5 MJ/kg) due to the high share of combustible materials such as plastic and
paper (see Fig. 2).

The quantity of MSW in the Baltic States has rapidly risen as a result of
economic growth and increasing consumption. In Estonia approximately
540,000 tonnes of municipal waste (400 kg per person) were generated in 2008.
The respective figures in Latvia and Lithuania 1.2 million tonnes (407 kg
per person). Earlier forecasts show that MSW will continue to grow rapidly;
generation of waste was projected to increase by approximately 50% from 2005
to 2020 [12].
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However, fluctuations in the economic situation could lead to changes in waste
generation. This is well illustrated by the impact of the unexpectedly serious global
economic decline that has significantly influenced the municipal waste generation
rate and made earlier waste generation forecasts questionable. Recent indicators
show that MSW generation in Estonia dropped during 2008 and 2009 in corre-
lation with the Gross Domestic Product (GDP) by almost 25%. It can be antici-
pated that municipal waste generation in Estonia and in the other Baltic States will
start to grow along with the recovery of economy. However, it is very difficult to
predict the growth rate and time line. Since the number of population is expected
to remain roughly the same in all Baltic States, a possible economic development
will be the key driving force for changes in waste volumes in the next decade.

Since earlier waste generation forecasts cannot be used anymore, the smaller
amount of available mixed municipal waste may significantly influence the
number, capacity and financial costs of the possible waste incineration projects in
all three Baltic States.

3.3 Waste Management Sector Developments

The success of waste incineration depends largely on the development of the waste
management sector including the commercial competition with other waste
management options. Here the interest and ability of public sector waste man-
agement authorities to control and regulate the local waste management market
plays important role.

Landfilling has traditionally represented the easiest and the cheapest option for
MSW management. This is the reason why landfilling is still dominating MSW
treatment option in the three Baltic States (see Fig. 3). In 2008, the lowest share of
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municipal waste landfilled was in Estonia (57%) and the highest in Lithuania
(91%). Most of the new landfills in the Baltic States are owned by the local
municipalities or Regional Waste Management Centres (RWMCs) established by
municipalities. All new regional landfills that are established have received
financial support in terms of EU funding.

Since the municipal waste management system must comply with the principles
and targets of the European waste policy and directives, the role of landfilling will
decrease significantly in coming years. Estonia has already achieved a relatively
high share of MSW recycling. The main driver for the development of a separate
waste collection and recycling systems have been the recovery targets of the EU
Directive on Packaging and Packaging Waste 94/62/EC [5] and increasing land-
filling gate fees driven by the growing landfill tax [11].

As the Estonian experiences show, the material recycling has been also influ-
enced by the recent fluctuations of market prices of virgin and recycled materials.
The high share of impurities in the source separated waste is another limiting
factor of an efficient recycling system. The same aspects influence the recycling of
collected organic waste. The experiences of composting of organic waste from
households show that the quality of compost is low [17]. Another limitation for
environmentally beneficial use of compost is the very low market demand for such
product. In Estonia, today most of the municipal biodegradable waste based
compost is used as a filling material and for landscaping the landfills.

Mechanical-biological treatment as an alternative treatment option for mixed
municipal waste has gained recently a lot of attention in the Baltic States. Since
there are many problems in running separate collection systems of different
municipal waste streams, the MBT is seen as a relatively easy and low cost
alternative for treatment of mixed municipal waste. Many private waste man-
agement companies as well as municipalities have started to invest into new MBT
facilities. However, as the experiences of the first simple and low-cost MBT
facilities in Estonia show, the quality of the produced RDF is relatively low. The
remaining residual fraction contains significant amount of heavy metals and other
harmful or disturbing substances and therefore this should be landfilled.

MBT facilities and conventional mass burn WtE plants compete for the same
mixed municipal waste that is available in the region. In Estonia MBT facilities
planned or under construction alone already exceed the available municipal waste
amount. In Lithuania and Latvia investments to MBT are also a subject of State
support that disturbs a fair competition on the waste management market.

In this new situation the public authorities play crucial role. In all three Baltic
States the local municipalities are responsible in planning waste management
system and organising the waste collection and treatment. Compared to Latvia and
Lithuania majority of the municipalities in Estonia are small and therefore they are
not able to manage the waste treatment tasks that have been imposed on them. The
increased liberalisation and free competition pressure from the government has
lead to the situation where the waste management market in Estonia is in a high
content controlled by the private sector. Municipalities have very limited ability to
direct the waste to certain waste treatment facilities. This has occasionally caused
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legal problems regarding the ownership of the waste. The extremely liberal waste
management market has lead to intense commercial competition between different
waste recovery facilities and companies. This also could influence the economy of
the possible waste incineration. The WtE facility under the development in Estonia
have not managed to sign any waste delivery contracts with municipalities.

In Latvia and Lithuania the municipalities have formed regional waste man-
agement centres that plan and develop the waste management on the regional
level. They also participate directly in the MSW management by delegating
certain functions of waste management, e.g. planning of new waste management
infrastructure, operation of regional landfills, civic amenity sites, green waste
composting sites, organising tenders for municipal waste collection, collection of
fees from waste holders etc. [32]. Therefore, they have stronger waste flow control
and general influence over the waste management sector.

3.4 Energy Sector Developments

Large scale WtE facilities, such as municipal waste incineration in combined heat
and power plants, could generate significant amounts of energy and are therefore
important players in the local energy markets—especially in small countries. It is
thus important to establish whether an incineration facility can be integrated into
the local legal framework and infrastructure of energy sector. The potential for
heat utilisation, defined by the availability and accessibility to the district heating
network, is also a very important aspect.

The Baltic energy markets are all undergoing a transition towards new sources
of energy and significant changes will take place in the coming years [19]. The
biodegradable fraction of MSW is a part of biomass definition, thus it counts 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 CO, emissions
agreed upon at the EU level. Heat and electricity from waste are replacing the
energy generated by conventional power plants which still predominantly use
fossil fuels.

The Baltic States have all committed themselves to the EU energy goals of
20-20-20 by 2020 (goals which commit EU countries to reduce their energy
consumption and emissions of greenhouse gases by 20% and ensure that 20% of
energy consumption is covered by renewable energy by 2020) [3]. Twenty percent
is the European average but individual goals have been set for each country in
order to reach this total average of 20%. By 2020, the percentages of renewable
energy in final energy consumption for the Baltic countries should be 25% for
Estonia (currently 18%), 23% for Lithuania (currently 15%), and 42% for Latvia
(currently 31.4%) [15]. All three countries have introduced policy instruments and
support schemes to promote renewable energy generation.

In Estonia, the development within the renewable energy sector is mainly
focused on wind energy and biomass/waste based CHP. As a support scheme,
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producers of renewable energy can sell electricity to a state owned energy
company at a fixed high feed-in tariff. There is also support available for CHP and
heat production to switch to renewable fuels.

Like the other Baltic countries, Latvia is also obliged to increase the proportion
of renewable energy, which could be achieved by installing more biomass/waste
based energy production. Several projects are outlined for the modernization of the
district heating segment and for making changes in the composition of the fuel
utilised there. The emphasis is on the implementation of renewable energy based
technologies, especially biomass/waste type solutions.

The Lithuanian energy sector is already in the reorganization stage in order to
cope with the shutdown of the Ignalina NPP. The government has launched several
initiatives such as the liberalization of the energy market, increasing energy effi-
ciency, broader use of renewable energy sources and promotion of small
energy producers. Promotion of renewable energy is one of the main goals of
the energy policy in Lithuania. Particular focus is laid on the generation of thermal
energy, and 48 million Euros have been allocated for the construction and reno-
vation of bio-fuel/waste boilers and CHP power plants until 2013. In addition, the
government has approved a special policy to buy green electricity. The price is by
50-60% higher for biomass energy compared to the current average level of
traditional resources, and these prices are state guaranteed until 2020. It is
obligatory to buy the supplied green energy and there is a possibility to receive a
40% tax advantage for connecting to the electricity grid.

To have high energy efficiency, waste incineration in a large-scale CHP should
take place in large district heating networks where the WtE facilities can function
as base load heat providers with both diurinal and seasonal variations.

As in many other Eastern European countries, district heating has a relatively
large share in the Baltic States. Most major cities have big district heating
networks dating back to the Soviet time. For example in Estonia the share of
district heating in heat consumption is approximately 70% [17]. Most of the
district heating systems are, however, small and heat is supplied from relatively
small-scale boilers (in Estonia 80% of the boilers are less than 1 MW). The largest
district heating networks in the Baltic States are located in larger cities
(e.g. Tallinn, Riga, Vilnius, Klaipeda, Kaunas), where the share of district heating is
close to 90%. The predominant fuels used in district heating systems vary.
However, most of the large scale power plants still use fossil fuels (oil, natural gas).

Energy policy and the increasing costs of fossil fuels have given an impetus to
local heat producers to transfer from their sometimes rather old and inefficient
production technology to the modern CHP technology fuelled by renewable fuels
including waste.

3.5 Public Perception

Changes in waste management arrangements in local areas are gaining more
attention in media. As a result of greater publicity and higher awareness, many
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people and organisations are opposing the new waste management facilities. In
areas of no public awareness of waste incineration plants, there is usually
resentment and distrust towards the environmental and technical performance of
such a facility. The experiences in the Baltic States show that the distrust to
decision makers and developers may lead to a situation where new waste man-
agement facilities of any type are rarely welcomed by the residents close to where
the facility is to be located. Public opinion on waste management issues is widely
varied and can often be at the extreme ends of the scale. The public opposition to
the development of a waste incinerator in Vilnius is a good example of this. Due to
the failure to discuss with the public, the project was turned down.

Waste incinerators are still generally perceived as great pollutant sources.
Public perception may not be so strong when the WtE facilities are planned to
be built in the territory of already existing energy facilities. However, if the
same plant has caused environmental problems earlier, the opposition could even
stronger.

Therefore, it is important to communicate the waste incineration technology, as
well as local and global environmental/health impacts, in a trustworthy and
detailed manner. Here the development of the Iru WtE unit could be taken as a
positive example. The public, especially the people living in the neighbourhood,
was involved in an early stage by using public information meetings and hearings.
In addition to EIA, several other studies were ordered from independent institu-
tions to provide comprehensive and independent information about the impacts of
the planned WtE unit. This all ensured that the opposition to the Iru WtE was low
among the public.

4 The Case of Iru Waste-to-Energy Unit in Estonia

In 2006, the Estonian state owned Energy Company Eesti Energia AS started
preparations for the construction of a waste-to-energy unit located in the outskirts
of Tallinn, the capital of Estonia.

The main aim was to diversify the production portfolio of Eesti Energia as the
company currently produces most of its energy from fossil fuels with rather high
CO, emissions. In addition there was a need to replace and add to the rather old
and oversized energy production units that are not flexible enough to meet the
needs of the changing heat and electricity market.

The WtE unit is an extension of the existing Iru CHP plant which has generated
electricity and heat in the same location for over 30 years. This CHP plant
has been one of the main suppliers of district heat for Tallinn and the city of
Maardu. It currently uses natural gas as its main fuel and oil as a reserve fuel.

The new unit will annually burn up to 220,000 tonnes of the mixed municipal
waste currently deposited in landfills. This will replace nearly 70 million m> of
natural gas currently used each year. The facility will use municipal waste mainly
from the Tallinn region (the city of Tallinn and the surrounding municipalities).
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Table 3 Main parameters of 0o oo m

the Iru WtE unit

Mass burn—MARTIN
grates

Number of units
Capacity

Energy efficiency (R))
Heat

Electricity

1 x 2.7 tonnes per hour
220,000 t/a

1.28

50 MW

17 MW

More than 50% of the total municipal solid waste in Estonia is generated in this
region. However, since the territory of Estonia is small (45,226 km?), waste can
also be collected from other parts of the country.

The construction of the waste incineration unit of the CHP plant started in 2010
and the unit will start to generate electricity and heat from waste in 2013. As the first
plant for the thermal utilisation of municipal waste in the Baltic States, the Iru WtE
facility can be considered as a pilot project for similar WtE projects in the region.

4.1 Incineration Technology

Modern mass burn waste incineration technology was chosen for the WtE unit as the
most reliable, economically feasible and proven technology for commercial use.
This type of incineration technology is flexible enough to burn different waste
streams without pre-treatment and for producing heat and electricity at a price that is
acceptable and competitive in the market. The mass burn technology is the most
common commercially used waste incineration solution in the neighbouring Scan-
dinavian countries and there are over 400 similar plants around Europe [9, 27].
A WtE unit that runs on technology similar to that of Iru will soon be completed in the
Finnish capital Helsinki.

The available mixed municipal waste with the average calorific value of
10.5 MJ/kg and ranging from 8 to 15 MJ/kg will be incinerated on a modern air-
cooled moving grate. At a waste throughput of 27.5 tons per hour (220,000 t/a) it
converts about 82% of the energy in the waste into electricity and heat. The
thermal energy capacity of the WtE plant will be 50 MW, while the electricity
generating capacity is planned to be 17.3 MW. This should complement and partly
replace the existing capacities of the Iru CHP plant.

According to the new Waste Framework Directive energy efficiency calculation
formula R, the energy efficiency of the Iru WtE unit is as high as 1.28. As such the
WHE unit complies with the energy efficiency criteria of the directive and can be
considered as a R recovery operation of waste (Table 3).

The main components of the energy block are as follows:

e Waste receiving hall and storage bunker
e Automatic feeding and mixing system (crane and waste feed hopper)
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Fig. 4 The main components of the energy unit of the Iru WtE facility [35]

e Combustion unit (MARTIN type reverse-acting grate)

e Vertical heat recovery boiler (CNIM)

e Steam turbine and generator

e Pollution control system including flu gas treatment plant (CNIM/LAB semidry
system) (Fig. 4).

The MARTIN reverse-acting grate is the key component of the combustion
system. It consists of several parallel runs inclined at an angle of 26°. Each grate
run has its own drive and feeding device. Grate bars made from a wear and
temperature-resistant chromium-steel alloy are assembled to form grate steps.
Alternating fixed and moving grate steps make up a grate run.

The reverse-acting movement ensures that the grate surface is always covered
by a protective layer of waste or ash. Thermal wear due to heat irradiation from the
furnace does not occur, and consequently grate bar life times are long. Water
cooling is not needed, even with very high waste heating values.

The combustion air is divided into underfire air, which passes the grate surface,
and overfire air, which is injected into the furnace above the grate. Each grate run
is divided into several under grate air zones. The underfire air is distributed as
needed locally—it is not required to cool the grate bars.

There is a defined pressure drop as the underfire air passes through the grate
surface, providing a uniform distribution within each zone. The air gaps between
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the grate bars are constantly kept clean by means of a relative movement of the
grate bars with regard to their adjacent bars at the end of each stroke.

The heat released from the combustion of waste is recovered in a water tube
boiler which forms an integrated unit with the grate. The boiler is of the vertical
type, top-supported, and includes one steam drum and five vertical passes. The
superheated steam produced by the boiler feeds a turbo-generator set of the back
pressure type. Three steam bleeds are provided to ensure both the feeding of the
district heating network and the feeding of internal consumers (air pre-heater,
deaerator, etc.)

Many of the fittings of the new unit will be installed in the existing plant. The
unit will use the 202.4 m chimney of the Iru plant. The turbine and the generator
will be installed in the existing building and the existing office buildings and other
auxiliary rooms will be used as well.

The pollution control system of this incinerator includes a flue gas cleaning
process, a wastewater treatment unit, an odour and noise control system and an ash
management system.

Waste management will be conducted in sealed rooms to prevent the spread of
offensive odours beyond the unit. Trucks will drive into the building and dump
their loads directly into a deep bunker. The air needed for combustion of the waste
will be drawn from the waste unloading room and the waste bunker. This will
ensure that there will constantly be a low air pressure in these rooms and that an
inward draught will be created when the door is opened.

The flue gas cleaning process comprises an active carbon and semi-dry lime
scrubbing process followed by particle removal in a fabric filter followed by a
two-stage wet scrubbing process. The waste scrubbing process will remove a vast
majority of HF, HCI, SO, and Hg left from the semidry stage. In order to avoid
wastewater from the flue gas cleaning process, the small amount of wastewater
from the wet process is evaporated in the boiler.

Reduction of dioxin takes place by adding activated carbon to the flue gas prior
to the fabric filter, where dioxin and activated carbon are collected together with
fly ash and FGT-residues.

Reduction of NOy from the combustion process will take place in a selective
non-catalytic reduction (SNCR) process by injecting ammonia water (NH,OH)
into the first pass of the boiler, thus securing compliance with the Waste Incin-
eration Directive 2000/76/EEC.

Since the facility will utilise a semi-dry flue gas cleaning system, it is designed
with zero wastewater discharge. This is accomplished via reuse of wastewater
produced by the facility.

Separate systems will be implemented for the drainage, treatment and discharge
of rainwater, including roof water, so that it does not mix with the potentially or
actually contaminated wastewater streams. Surplus rainwater which cannot be
stored on site, will be discharged to the public sewer.

The facility will utilise water from the Pirita River and to a lesser extent ground
water. Under normal operating conditions, the water consumption is approxi-
mately 6.5 m*/hour.
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The main solid waste streams generated by the WtE unit are bottom ash, fly ash
and flue gas treatment residue.

Bottom ash constitutes the largest percentage of solid waste resulting from the
combustion process. After burnout of the waste at the end of the grate, the com-
bustion bottom ash falls down the bottom ash chute into the water bath of the wet
ash extractor. Bottom ash consists of inert materials from the combustion process
such as glass, metal, earth and other fractions. The bottom ash is magnetically
screened to recover ferrous metal. Separated metallic scrap will be sent to recy-
cling. Ash is stored in a separate bottom ash bunker with sealed surfaces. The
bottom ash bunker offers a temporary storage capacity of approximately
900 tonnes. This is equivalent to the amount of bottom ash produced over a period
of approximately 4 days. It is planned to dispose of bottom ash at a landfill. Also
possibilities to use it as a construction aggregate substitute are studied.

The flue gas treatment residue containing fly ash, calcium-based salts, lime and
activated carbon (or coke) is collected in the hopper(s) of fabric filters. The flue gas
treatment residue is transported pneumatically to two fully enclosed silos/steel
tanks. It is planned to send the flue gas treatment residue either to a special
hazardous waste landfill or to Germany for filling up old coal mines.

4.2 Economic Aspects

The economic cost of a WtE facility is influenced by local circumstances related to
the size and design of the factory, legal aspects, labour cost, the cost of consumables,
potential for heat utilisation, market price for energy, etc.

The total investment costs of the Iru WtE unit are approximately 98 million
euros. Although the technology supplier carries out all the engineering, procure-
ment and construction works (EPC contract) providing a fully-equipped facility
ready for operation (“turn of the key”), the capital costs are relatively low—445
euros per tonne of installed capacity. Based on the experience of other similar WtE
facilities the capital costs are generally 600-900 per tonne of installed capacity
[17, 30]. The low investment costs have been attained mainly by integrating the
new energy unit tightly with the existing power plant. Capital costs lower than that
have been achieved in Europe only by very experienced energy companies who
already own or operate several plants and have the in-house competence for
construction and management of waste incineration plants.

The capital costs can be split into different components. In Table 4 the total
capital costs are split into four main components. For each main component, the
percentage of the total capital costs related to the specific component is shown.

It is difficult to estimate the operational costs of the WtE unit since they depend
on several variable cost items such as cost for residue disposal, maintenance,
salaries, etc. It could be expected that the operational costs will be about 50-70
euros per tonne of waste. The European average operational costs per tonne fall
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Table 4 General distribution of the total capital costs of Iru WtE unit

Component Percentage of capital
costs (%)
Thermal processing equipment and flue gas treatment (grate, 60
boiler, etc.)
Energy production equipment and electrification (steam turbine, 15
generator transformers, etc.)
Civil works 10-15
Miscellaneous 10-15

Table 5 General distribution of the operational costs of Iru WtE unit

Component Percentage of operational costs (%)
Labour and consumables 25-35
Maintenance 20-30
Residues (management and disposal) 40-50

into the same range (45-70 euros per tonne of installed capacity) [17, 30]. The
operational costs can be split into different components as indicated in Table 5.

Sale of energy is a significant element in the economy of waste incineration.
The potential energy production and income from energy sale depend heavily on
waste composition (calorific value), the potential for heat utilisation and market
price for energy (heat and energy).

The average market price for electricity (Nord Pool) was about 45 euros/MWh
in 2010 and the competitive heat price was about 30-35 euros/MWh. Additionally,
there is a subsidy for electricity produced in CHP (32 euros/MWh).

The estimated income from energy sale covers up to 80% of the total costs.
In Europe, the average is about 40% [26].

Net treatment costs can be calculated based on the estimates of costs and
potential income from sale of energy. Using the costs presented above a rough
estimation of the net costs of waste incineration shows that the gate fee for MSW
treatment at the Iru WtE unit is approximately the same as the current average
landfill gate fee in Estonia (45 euros/tonne). In the case of higher energy prices in
the future and other favourable conditions the gate fee for MSW incineration could
be even lower (ca 20%). However, if one or more of the critical preconditions fail
(especially waste supply, calorific value of waste or energy prices), the actual net
treatment costs may be severely influenced.

4.3 Environmental Impacts

A number of environmental impacts are linked to the incineration of waste.
In addition to site- specific impacts that are studied usually in the frame of EIA,
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indirect impacts/emissions should be taken into account when assessing the net
impacts of WIE facilities. As incineration of municipal waste should fit into the
overall waste management system of the region, it should be compared with
alternative waste management options. Life cycle based environmental assessment
methodologies can help to identify an overall, optimal environmental solution for
managing MSW, without risking that the decision (e.g. to build an incineration
plant) will result in a more negative overall impact [4, 33, 34].

Since the Iru WtE unit will be built as an extension to the already existing plant,
the local site-specific environmental impacts will be relatively small. The sum-
mary of an EIA report indicates that the potential increase in direct air emissions is
0.01-1%. However, the indirect atmospheric emissions will notably fall. This is
because municipal waste will replace the current fossil fuels such as natural gas
and oil. Waste incineration with energy production will partly offset the emissions
that occur when energy (both electricity and heat) is produced from fossil fuels.
This is especially important concerning the climate change impact in terms
of greenhouse gas emissions.

Large scale municipal waste incineration has to be discussed within the context
of the overall waste management strategy. As part of the environmental impact
assessment an additional Life Cycle Assessment study was carried out [20]. The
aim of this study was to evaluate on how MSW incineration in the Iru WtE unit
will influence the life-cycle based environmental impacts of the Estonian muni-
cipal waste management system. The incineration-based scenario was compared
with an alternative scenario where legal waste management targets in Estonia are
achieved by intensive material and biological recycling of municipal waste. For
the environmental impact assessment the waste management situation in 2000 was
taken as a starting point or a base scenario. The LCA model for waste management
planning WAMPS was applied for assessing the environmental impacts of the
studied waste management scenarios [17]. In this paper the results of the LCA
study are expressed in terms of a climate change impact (GHG emissions) as the
most important global environmental impact category of waste management.

Both studied scenarios are in compliance with the legal requirements and
recycling targets of the relevant EU directives. It was assumed that waste com-
position remains the same during the studied period (2000-2020). It was also
assumed that after the economic crisis the amount of MSW will continue to
increase. For both scenarios it is also assumed that all landfills in Estonia will be
equipped with a landfill gas collection system by 2010 at the latest and the landfill
gas recovery rate will increase by up to 50% by 2020. Before 2010 the collected
gas is flared and after 2010 it is used for electricity and heat production, which is
substituting oil shale based electricity and natural gas based heat used for district
heating. The energy produced in waste incineration will replace the electricity
produced from oil shale that has a very high climate change impact in terms of
CO, emissions, and heat from natural gas.

Base scenario (scenario 0)—In 2000, waste management in Estonia primarily
involved landfilling of MSW (92% of the total MSW). There was no landfill gas
collection in landfills at that time. Only a small amount of packaging waste
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Table 6 Municipal Solid Waste management scenarios

Scenario Material Biological recycling Incineration Rest waste
recycling (%)  (composting) (%) (%) (landfilling) (%)

2000 4 4 0 92

Base scenario

2020 27 15 45 13

Scenario 1

2020 27 37 0 36

Scenario 2

(mainly PET-bottles and cardboard) was collected separately and sent to recycling.
There was no centralised collection system for biodegradable waste. Approxi-
mately 17,000 tonnes of biodegradable waste (mainly garden waste) were com-
posted by the households (4% of the total MSW). It is assumed that the share of
home composting will remain the same till 2020.

Material recycling with intensive incineration (scenario 1)—This scenario is a
projection for 2020, where the dominant option of MSW management in Estonia is
incineration. 45% of total MSW generated in Estonia is incinerated in the Iru WtE
unit. A large amount of the generated heat could be utilised since Tallinn has large
dwelling areas with district heating system. In this scenario increased amounts of
recyclable materials (mainly packaging, paper, cardboard and metals) are collected
separately and recycled to meet the recycling targets of the EU Packaging
Directive. About 30% of the waste material is expected to be recycled. As
incineration is already contributing to the reduction of biodegradable waste, the
share of biological recycling is not expected to exceed 15% of the total MSW.
Centrally collected kitchen waste is composted by using the static composting
method with forced aeration. Collected garden waste is composted in open
windrows. Intensive material recycling and incineration leads to a relatively small
amount of rest waste, which is landfilled (13% of the total MSW).

Material recycling with biological recycling by composting (scenario 2)—This
scenario is a projection for 2020, where the legal targets are achieved by material
and biological recycling. Also in this scenario material recycling is expected to
amount to up to 30% of the total MSW. The Landfill Directive requirement to
divert biodegradable waste away from landfilling is met by increasing composting
to 37% of the total MSW. An increased amount of wet biodegradable waste is
composted by using the centralised reactor-composting method (without gas
collection and energy recovery). It is assumed that the remaining waste will be
deposited in a landfill (Table 6).

The results of the scenario analysis regarding net GHG emissions are shown in
Fig. 5. The diagram shows net GHG emissions from the waste management
system minus saved emissions in the background system. When the emissions from
the studied waste management scenario or waste management practice are lower than
the saved emissions in the background system then net result is negative.
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Fig. 5 Emissions of net 1200000
GHG from the studied waste
management practices and
scenarios, 2000-2020
(CO,-equivalents, tonnes)
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When comparing the two scenarios we can see that the incineration scenario
(scenario 1) has a higher climate protection potential than the alternative scenario
(scenario 2). In the incineration scenario where high rates of recycling and incin-
eration with energy recovery are attained, the net emissions of CO,-equivalents are
even negative. The reason for the negative net GHG emissions is a relatively low
amount of waste sent to landfills as well as a high share of material recycling (avoided
primary production of materials) and the recovered energy in Iru WtE unit (avoided
emissions as a result of replacing heat and electricity produced from natural gas and
oil shale in the background system). In Estonia electricity produced from waste
replaces oil shale based electricity which has a high climate change impact in terms
of CO, emissions.

Incineration gives approx. 75% and recycling almost 25% of the total avoided
emissions. In scenario 2 GHG savings are attained mainly due to material recy-
cling and the avoided emissions from landfilling. As in this scenario composting
without energy recovery is applied, the net GHG emissions are higher than in the
incineration scenario.

Direct emissions from landfills continue to be a major source of GHG emissions
till 2020 despite of the fact that the landfilling rate will significantly decrease and a
relatively high share of landfill gas is recovered in both studied scenarios. GHG
emissions from waste collection and transport will increase until 2020 due to
increased recycling. In scenario 2 a higher collection rate of biodegradable waste
causes slightly more emissions of CO,-equivalents. However, collection and
transport of waste accounts for a relatively small amount of the estimated net GHG
emissions in both future scenarios.
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5 Conclusions

The three Baltic States are in the stage of changing their municipal waste man-
agement systems since they have to comply with the principles and targets of the
European waste policy and directives. Over the past years, thermal treatment of
MSW has been discussed more intensely in these countries as one of the waste
management options that could help to reach the legal targets in a relatively short
time.

In general, the Baltic States have similar socio-economic characteristics, waste
and energy sector developments and geographical conditions that form similar
frameworks for the development of a waste management infrastructure, including
possible WtE options. However, as experience from feasibility studies and the first
WIE projects shows, there are several local and regional factors that could
significantly influence the economic success of waste incineration. Since the ser-
vice life of a waste incinerator is usually over 30 years, the possible future trends
and developments of these influencing factors have to be carefully studied before a
decision for waste incineration is made.

The legal framework on waste management in the three Baltic States is based
on the same general requirements. However, it is important how the policy
implementation is facilitated. Estonian experience shows that a relatively high
landfill tax together with a ban for landfilling of unsorted MSW have resulted in
favourable conditions for the development of new recovery facilities, including
waste incineration. Calculations of the economic costs of the new Iru WtE unit in
Estonia indicate that incineration of waste has already today a competitive
advantage in terms of a lower gate fee compared to landfilling and other new
mixed waste recovery options such us MBT.

Investments in waste incineration presume a steady fixed stream of waste with
high calorific value, to ensure financial viability. The results of recent sorting
studies show that mixed municipal waste in the Baltic States has a relatively high
calorific value due to the high share of combustible materials. However, municipal
waste composition as well as the amount may change in time because of either
additional recycling or changes in the socio-economic situation in the region. This
is well illustrated by the impact of the recent economic crisis that significantly
reduced the mixed municipal waste generation rate and made earlier waste gen-
eration forecasts questionable. This has lead to the situation that there might be not
enough mixed municipal waste for all the planned waste recovery facilities. For
example, the planned Iru WtE unit will treat most of the mixed municipal waste
that today is landfilled (approximately half of the total municipal waste generated
per year). As such it will significantly influence the economic performance of all
other municipal waste management options. However, conventional mass-burn
incineration plants have a competitor in the form of MBT facilities, because they
compete for the same mixed municipal waste that is available in the region.

In this new situation with a more liberal waste market and the ever increasing
commercial competition between different recovery facilities, the ability and
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willingness of public authorities to regulate and control the waste sector plays a
crucial role. In Estonia, local municipalities have less control over the waste
market than in Latvia and Lithuania where municipalities have formed regional
waste management centres that participate directly in MSW treatment services and
infrastructure projects.

Due to the EU energy policy goals the Baltic energy markets are undergoing a
transition towards new sources of energy. Municipal waste contains a large amount
of biological and renewable materials, and is therefore a promising source of
renewable energy. As a consequence, WtE option is becoming more interesting as
a potential contributor to energy security and diversification and matches the
growing demand for renewable energy. All three Baltic States have introduced
policy instruments and support schemes to promote renewable energy generation.
Another favouring factor is the high potential for heat utilisation of WtE facilities
due to rather cold climate and existing big district heating networks in larger cities.
As the studied Iru WtE unit show, the relatively high value of district heat and
support schemes for RES make the average energy revenues much higher in the
Baltic States than in many other European countries.

Public perception is an important factor that should be taken into account when
developing WE facilities. The experience in the Baltic States shows that distrust
of decision makers and developers may lead to a situation where new waste
management facilities of any type are not welcomed by the residents close to
where the facility is to be located. Waste incinerators are still generally perceived
as great polluters and it is very difficult to convince the public that health and
environmental risks are under control. Therefore, it is important to well plan and
conduct the public involvement process and to communicate the technology
related, as well as the environmental and health impacts, in a trustworthy and
detailed manner.

From the decision-makers perspective, when developing sustainable waste
management plans at the national or regional level, it is also important to take into
account the full Jife-cycle and the related environmental and economic
benefits/trade-offs associated with alternative waste management options for
achieving the targets. As the results of the LCA study of Iru WtE unit show, waste
incineration with energy recovery can partly offset the emissions 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 the
municipal waste management scenario where a high share of recyclable waste
fractions are sent to material recycling and the maximum amount of rest waste is
incinerated with energy recovery should be preferred from the environmental impact
point of view.

In general, it can be concluded that thermal treatment of MSW in large scale
WLE 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 the WtE facilities to treat municipal waste at a relatively low cost.
Therefore, it can be expected that WtE provides an environmentally and
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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.
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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.



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



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.

Natural systems

Socio-economic, political
and cultural system

Waste
management
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,



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 12004, 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 Description
municipalities
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.

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




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 IT) 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 km?. 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 km’. 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;

e second level — public containers for mixed packaging, glass, paper and
cardboard ;

e 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;

e 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



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.



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).
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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).



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).
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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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The results of linear regression analysis showed no correlation between the amounts of
MSW generated and separately collected (Fig. 6). The coefficient of determination R*
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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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 Ieaflets,
involvement, and the participation of local residents in thematic seminars and

education.
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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)
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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

Priceat ~ Weight Investment Price per
Size of the per needed per Price now Price per container Price
container, moment, container, kg, per kg, kg for for PAYT, increase,
m’ € kg € € PAYT, € € %

0.08 1.60 11.2 0.03 0.14 0.17 1.92 20.04
0.14 241 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

14



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/km” 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/km®
— 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

Biodegradable
Paper and wastes (mainly
Size of bin, Place Mixed MSW, cardboard, kitchen wastes),
1 € € €
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.

16



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 €/m” 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 €/m” 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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