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Abstract  

To reduce the disposed amount of bio-waste (BW) by 2020 is the issue of vital importance for 
the Baltic States (BS). The authors analyse the differences in waste management (WM) in Estonia, 
Latvia and Lithuania. The environmental impact assessment and variety of factors favouring or 
hindering the diversion of biodegradable municipal waste (BMW) from landfill show that to improve 
national WM strategies effective legislative and economic instruments are needed.  

The results evidence that BS – though having similar economic and historical background – 
have different WM systems, defined mostly by political ability and efficiency. Comparison of measures 
taken in each country shows possible solutions for improvement of the national WM systems.  
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1. Introduction  
 
Municipal solid WM is an integrated process that requires considering such aspects as 

environmental effectiveness, social acceptability, economic affordability [1;2].Therefore, mathematical 
models, comparative methods and approaches were developed so that the decision-makers could 
choose and implement a sound WM strategy. Decisions based on the results of modelling and /or 
describing WM systems as a logical process-chain may have an impact not only on the existing 
systems, but also on background ones [3]. 

The disposal of waste into or on land (despite efforts to reduce and recover it) is the most used 
WM method in the world. The EU waste policy and Landfill Directive are the key factors affecting the 
closure of low-standard disposal sites. This facilitates implementation of new sanitary landfills, setting 
a minimum for standards and permissible configurations of the landfill systems with the strict BW 
diversion targets and landfill bans. 
 The authors, via comparison of WM strategies in the Baltic States (BS), analyse the policies 
and arrangements introduced, and show the most effective as to the impact on WM. The findings could 
be of help to local authorities in developing the own integrated WM systems at the municipal or 
regional level taking into account the ecological and economic considerations. 
 To examine the municipal waste management (MWM) development strategies and the factors 
influencing the effectiveness of a policy of diverting BMW from landfill, for the case study Estonia, 
Latvia and Lithuania (the neighbouring countries located in the same geographical area, see Table 1) 
were chosen. The MW definition is there the same: household and assimilated (i.e. of similar origin and 
composition) wastes, including most of the commercial and institutional wastes collected in 
municipalities.  
 
Table 1.  The Baltic States factsheet [4;5;6;7]  
 
Facts and indicators Estonia Latvia 

 
Lithuania 

Total area, thousands 
km2 

45, 100 64, 559 65, 300 

Population in 2013, 
million 

1, 325 
 

2, 013 
 

2, 956 
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Population density, 
capita km-2 

30 
~ 69 % of total urban 
population in 2010 

35 
~ 68 % of total urban  
population in 2010 

51 
~ 67 % of total urban 
population in 2010 

A number of persons 
per household 

2.4 2.6 2.5 

GNI per capita in 
2013, Atlas method 
(US$)   

$17,690 
 

$15,280 
 

$14,900  

Income level  High income: OECD* High income: non-
OECD 

High income: non-
OECD 

Life expectancy at 
birth in 2012, total 
(years) 

76  74  74  

*OECD - Convention on the Organisation for Economic Cooperation and Development 
 
 

 
Figure 1. Basic bio-waste treatment technologies in BS, 1995-2013 [8]  

   

In 1995, going to become the EU Member States, all the BS were in a similar position – the disposed 
mass of solid waste exceeded there 95% of the total collected. In Figure 1 it is seen that, according to 
the Eurostat Structural Indicators (ESI), today the WM treatment results differ: Estonia now deposits at 
landfills only 44%, Lithuania – 79 %, while Latvia – 84% [8]. 
 

2. Materials and methods 
 
 The primary data on the current situation in BS were collected based on publicly available 
information. For this purpose the WM statistics databases of Latvia, Estonia and Eurostat were used as 
well as the WM reports and results of RECO Baltic 21 Tech project “Towards Sustainable Waste 
Management in the Baltic Sea Region” in which the authors were involved (2010-2013), with support 
provided by J. Kruopienė,  Associate Professor at the Institute of Environmental Engineering of the 
Kaunas University of Technology and Lithuanian Association of Regional Waste Management Centres 
(Lithuania), and by J. Põldnurk, Doctor of Philosophy at the Tallinn University of Technology, 
Department of Environmental Engineering (Estonia).   
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 To gain insights into the WM strategies in BS, mixed methods are used which involve 
combining and integration of qualitative and quantitative research [9]. The main WM evaluation 
method (elaborated by European Environment Agency (EEA)) presents analysis of the factors 
favouring or hindering the BMW diversion from landfill. This EEA method was used – particularly in 
the context of Landfill Directive [10] – for evaluation of approaches and policy instruments.  
 For studying the national WM strategies we used the computer model of WM system based on 
the life cycle assessment (LCA) approach. The relevant waste management planning system (WAMPS) 
software designed by the Swedish Environmental Research Institute (IVL) was employed for 
assessment of WM performance.  The WAMPS tool calculates emissions, energy and turnover of waste 
streams for processes within the WM system, e.g., waste collection and transportation, composting, 
anaerobic digestion, and final disposal – landfilling or incineration [11]. In the program, as the most 
negative environmental processes the following are mentioned: climate changes, eutrophication, 
acidification, and photo-chemical oxidation. The corresponding greenhouse gas (GHG) potentials are 
characterised by the equivalents: CO2 for climate changes, O2 for eutrophication, SO2 for acidification, 
and C2H4 for photo-chemical oxidation [12]. The net emissions from the studied WM systems were 
calculated as     
 
  Enet =Ewaste – EBackground,       (1) 

where Enet – the net emissions, tonnes (kg) year-1, Ewaste – emissions from  waste treatment process, 
tonnes (kg) year-1, and  EBackground – emission from the same amount of alternative virgin production in 
the background system, tonnes (kg) year-1 . 
 The environmental impact of a national WM system was calculated taking the data of the 
operational and planned WM facilities of each country (Tables 3-7). In 2013 the treated waste amount 
was: Estonia 376 300 tonnes, Latvia 613 000 tonnes, and Lithuania 1 368 000 tonnes [8]. 
 

3. Results and Discussion 

The results of the work evidence that the EU WM systems have already affected the national practices. 
The effectiveness and progress of WM strategies are shown to depend on the existing WM facilities, 
infrastructure, governance structures and waste policy instruments for determination of the potential 
outcomes. Below, the most influential factors of further WM development are discussed. 
 
Landfill capacity  

Municipal waste disposal at landfills was chosen also in BS as the main WM treatment 
method due to its being more familiar historically and cheaper technologically. In compliance with 
Landfill Directive, in Lithuania it was planned to close more than 700 illegal dumps and replace them 
with 10 new regional landfills by 2012 (Miliute & Staniškis, 2010). As concerns Latvia, its territory 
was divided into ten WM planning regions with a sanitary landfill in each of them. This allowed 
closing more than 550 waste dumps [13]. Due to economic conditions in Estonia only 5 regional 
landfills were built and 350 low-standard disposal sites recovered [11]. 

The composition of disposed MW is affected by various factors: economy of the regional 
territory; habits and incomes of households; types of separate waste collected at source and pre-
treatment methods used before disposal [14]. In the landfill refuse, apart from fast decomposing 
materials – kitchen waste, paper and cardboard, garden and green waste – there are also low-degradable 
materials, such as natural textile, leather and wood. These latter contain biogenic carbon whose natural 
degradation causes a long-lasting (up to 100 years) methane (CH4) emission [15]. Influential factors 
are also climatic conditions (temperature, moisture, etc.), which affect the anaerobic digestion process.   

The data gathered on the landfill bio-waste content (Figure 2) show a minor difference among 
three BS: 59% in Estonia, 56% in Latvia, and 53% in Lithuania (2008 -2012). However, the waste 
diversion strategy of Estonia in the last five years has been strongly focused on setting up separate 
collection for MBW in order to reduce waste disposal at landfills (Figure 1).  
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Figure 2. Composition of waste landfilled in BS: a) Estonia, 2008; b) Latvia, 2012; c) Lithuania, 2010 
[17; 11; 18]  
 

The progress of Estonian WM strategy is reflected in the Climate Change Convention 
(UNFCCC) annual GHG reports of 2012. Diverting waste (especially BMW) from disposal at landfills 
leads to significant GHG reduction in the WM sector [16]. According to these reports, in the time span 
2000-2012 Estonia reduced the total CH4 emission by 32.50 % (from 18.30 Gg to 12.36 Gg), Lithuania 
– by 19.60 % (from 52.92 Gg to 42.47 Gg), while in Latvia CH4 emission increased by 4.40% (from 
25.06 Gg to 26.16 Gg). 

The Landfill Directive provides that all landfill operators have to lay emphasis on 
implementation of the technologies aimed at reducing, collecting and treating the landfill gases (LFG). 
The landfill technologies have developed dramatically during the last decades. Nevertheless, nowadays 
WM common strategy is diversion of MBW from disposal and development of low-organic waste 
landfills, also seeking for more alternatives of waste recycling, composting and recovery [19].  

For WAMPS modelling we took into account different effectiveness of LFG recovery in BS.  
The authors estimated that emitted CH4 was collected and treated up to 34% of the total LFG in Latvia 
[20]. In Lithuania [18] the LFG collection and treatment effectiveness was 50%, while in Estonia this 
was assumed to be 75% [21]. However, since WAMPS does not calculate figures ≤ 50%, for the 
modelling purposes the LFG recovery effectiveness in Estonia was taken 50%. The collected gas 
recovery was 40 % for electricity production and 50 % for district heating. 

One of the main economic instruments that contributed much to the MW landfilling reduction 
in the last years is the landfill tax (or the pollution charge). The BS introduced the pollution charge for 
MW disposal already in early 1990-s, which was then very low: €0.10–0.20 tonne-1 in Estonia until 
2005. Since 2006 this has been increasing every year, with planned €29.84 tonne-1 in 2015 [11]. The 
same approach existed in Latvia until 2009, but nowadays the landfill tax is still low: €12 tonne-1. 
Lithuania is going to introduce a significant landfill tax: €21.72 tonne-1 from 2016 on. In order to 
support the BMW diversion from landfill, Estonia has also introduced a ban on the landfilling of 
untreated waste (mixed MW included), whereas in Latvia and Lithuania such a ban is still in the 
legislation adoption process. 
 
Recycling 

The availability and quality of the data on MW generation and composition in BS are quite 
poor. Therefore, often composition and amount of collected MW in the reports are reflected also as 
generated MW amount. Recently Estonia introduced the annual and seasonal estimation of MW 
composition in its largest cities. 

The EU Packaging Directive is an important driver for development of a separate waste 
collection and recycling system. However, the possibilities to recycle waste materials in BS are limited. 
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In Estonia, all metal waste and most of the collected paper and cardboard as well as plastic waste are 
sent for recycling outside. Glass packing is recycled mainly locally [11]. Also from Latvia, 64% of 
waste packages was exported in 2013, and only 28% of the totally collected was locally recycled.  The 
main recycling capacity is for plastic waste, and it exceeds local needs. Recently, the local paper and 
cardboard recycling factory was closed, and 95% of the collected paper and cardboard as well as glass 
waste was sent outside [22]. More recycling facilities are in Lithuania, with the annual capacity of 450 
tonnes for paper and cardboard, plastic, glass and metal [11]. The producer’s responsibility principle is 
applied in BS to certain products: packages, waste electric and electronic equipment, end-of-life 
vehicles, spent oils, taxable products (tyres, batteries, accumulators, etc.).  
  The target towards BMW diversion from landfills is highly challenging for BS. The lack of a 
harmonised method for BMW measurement is also a common problem, since the amount of separate 
collected waste fractions, e.g. bio-waste, paper, cardboard, etc., can be measured directly by volume or 
weight, while the share of BMW in the residual waste is to be estimated [10]. The first Estonian 
experience in organising collection of organic waste in several regions (e.g. Tallinn City and Central 
Estonian WM region) was not very satisfactory. Results obtained at producing compost from 
household organic waste show that the quality of such compost is low; another limiting factor – like in 
neighbouring countries – is a very low market demand for use of compost. The home composting has 
been very popular in countryside, but the statistics do not cover and evaluate this amount, and the 
produced compost is used for own needs only, e.g. gardening or landscaping. Individual composting is 
well stimulated in Lithuania (Table 3). First attempts have been made also in Latvia.  

Owing to the implemented facilities of mechanical biological treatment  (MBT) and separate 
collection systems of municipal recycling factory, most of the MBW is separated at landfills, then 
composted and used e.g. as a filling material at landfills [11]. Another reason for implementation of 
these infrastructure objects is production of refuse derived fuel (RDF) material.  

 
Incineration 

The Waste-to-Energy (WtE) option and production of electricity and heat from MW is an 
alternative to landfilling in Estonia (WtE plants in Tallinn, Tartu) and Lithuania (WtE plants in Kaunas, 
Vilnius, Klaipeda). This is supported by the governments (the incineration tax is not applicable in BS). 
However, it is expected that due to stricter EU waste recovery targets, both the countries need to seek 
for future alternatives to fossil fuels.  

The alternative fuel used for cement production at Broceni Factory, "CEMEX", Latvia [22] 
makes up 70% of the total required. In Latvia, two facilities for solid recovered fuel production are 
functioning; also, a local option exists to co-incinerate MW at the cement production plant and use as 
fuel, but so far the RDF quality is rather low. 

It should be noted th 
at the moisture content in the MW fractions is rather high, and in the separated coarse fraction 

(<25 %) of the waste to be used for fuel production is adequate for spring only: the Latvian climate is 
drier in spring as compared with other seasons (Table 2). 
 
Table 2. The average parameters of waste fractions after mechanical pre-treatment and requirements 
for alternative fuels used for cement production [23]  
 

Fractions Moisture, 
% Qnet*, MJ*kg-1 Ash, % Cl, % S, 

% 
N, 
% 

C, 
% 

H, 
% 

After mechanical separation by disc screener 
Coarse   
Summer 
Autumn 
Winter 
Spring 

 
43 
36 
36  
24 

 
13 
13 
20 
14  

 
17 
19 
8 
9  

 
1.1 
2.2 
0.2 
0.3 

 
0.2 
0.2 
0.1 
0.3 

 
0.2 
0.3 
0.2 
0.2 

 
52.5 
40.8 
49.9 
56.1 

 
6.0 
5.9 
7.6 
8.7 

Medium  
Summer 
Autumn 
Winter 
Spring 

 
49 
48 
43  
30 

 
11 
8 

11 
15  

 
15 
32 
33 
12  

 
4.1 
0.7 
1.7 
0.5 

 
0.3 
0.2 
0.3 
0.9 

 
0.3 
0.4 
0.3 
0.3 

 
49.0 
52.3 
69.2 
60.3 

 
6.1 
7.2 
4.7 
7.3 

Fine 
Summer 
Autumn 
Winter 

 
49  
44 
49 

 
7 
3 
5 

 
46 
63 
65 

 
2.0 
0.2 
0.3 

 
0.2 
0.2 
0.2 

 
1.8 
1.4 
1.4 

 
33.7 
33.7 
30.0 

 
4.9 
4.6 
4.2 
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Spring 26 7  79  0.1 0.2 1.4 35.0 5.7 
After mechanical separation by drum screener (in summer) 

Coarse 33 14 13 0.7 0.4 0.3 46.1 5.9 
Fine-1  43 4 63 0.5 0.3 1.8 34.5 10.0 
Fine-2   50 6 29 0.4 0.3 2.7 31.7 5.5 
Requirements  < 25  >16  < 15  <0.8 <1 - - - 

*Qnet- net calorific value 
 

As shown by fraction analyses, none of the fractions of mechanically separated waste comply with the 
requirements for fuel used in the cement production. Therefore, extra separation, drying and additives 
are needed.  
 
National WM strategies 
 The level of WM plan (WMP) development is different in BS – from the national to the 
municipal. The revision of national WMP is organised in each five years in Lithuania and Estonia, and 
each seven years in Latvia. The WMP envisages the analysis of the current WM situation in the 
geographical entity concerned, the environmentally-sound measures to be taken for re-use, recycling, 
recovery and disposal of waste, and the evaluation of the support scheme for realising the targets of 
Directives. The national WMPs allow municipalities to build own WMPs, which should be done in 
coordination with other municipalities to form a regional WMP. The regional WM approach in BS 
gives more responsibilities to the municipalities and stimulates them to share their technical, human 
and financial resources for better WM treatment. The factors influencing the effectiveness of BS 
policies of diverting BMW from landfill are summarised in Tables 3-7 [4; 5; 6; 10; 11; 17; 24; 25; 26]. 
 
Table 3. Factors related to the BMW landfill policy 
 
Favouring / hindering 
factors 

Estonia Latvia 
 

 Lithuania 
 

Landfill Directive 
1999/31/EC transposed 

WM Act adopted in 2004, 
last amendments 2015 

WM Law adopted in 
2001, last amendments 
2010 

Law on WM adopted in 
1998, last amendments 
2011 

WM plans (WMPs) 
National /regional / 
municipal 

National and municipal 
WMPs (can be done on a 
regional basis in 
cooperation with local 
governments). 213 
municipalities. 

National WMP (regional 
WMP was until 2013).  
10 WM regions, 119 
municipalities.  
 

National WMP, regional 
and municipal level 
WMPs. 
10 regional WM centres, 
60 municipalities.  

Landfill tariffs / gate 
fees for MSW in 2015 
(incl. VAT and taxes), 
(euro tonne waste-1) 

74.51  23.69– 53.43  
 

25.62  

 
Landfill tax on MSW in 
2015, (euro tonne waste-

1) 
 

 
Introduced in 2005  
29.84  

 
Introduced in 2009 
12.00  

 
21.72, introduction 
from 2016 

Prohibition of  untreated 
waste disposal at landfill 

The ban of landfilling the 
unsorted MW since 2008. 

The ban of untreated 
waste; planned start 2015; 
(not yet defined for 
practice) 

The ban of untreated 
waste starting 2013;  
(not yet defined for 
practice) 

Selective ban on MBW Landfilled MW must not 
exceed the following limits 
for MBW: 
• 45% by weight from 

2010; 
• 30% by weight from 

2013; 
• 20% by weight from 

2020.  

The ban for disposing  
sludge of waste water 
treatment plants with water 
content > 80 % and waste 
of food and timber 
industry if not intended for 
composting or biogas 
generation 
 

The ban of landfilling  
MBW from gardens, 
parks and greeneries 
since 2003. 
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Table 4. Factors related to waste production and collection 
 
Favouring / hindering 
factors 

Estonia Latvia 
 

   Lithuania 

MSW generation per 
capita, (kg year-1  

311 367 381 

Separate collection for 
BMW: 
• paper and cardboard 

(incl. newspapers 
etc.);  

• kitchen, garden and 
wood waste 

Mostly all municipalities 
provide separate collection  

Separate collection not 
widely provided  

157,899 composing 
containers (boxes) 
for home 
composting 
(distributed until 
2012) 

‘Full cost’ collection 
tariffs or charges, bio-
waste (excl. VAT), (euro 
per volume) 

6.12 -7.14  1.1 m-3 for 
MWM (in Tallinn) 
3.19   0.24 l-1 for MBW (in 
Tallinn) 

3.29 – 20.00  1 m-3 for 
MWM 
7.93 -11.4 1 m-3 for MBW  
 

9,51 – 14,28; 1 m-3 
for MWM 
(Lithuania) 
2.8 -8.38; 1 m-3 for 
MBW 

 
 
Table 5.  Factors related to the landfill sector 
 

Favouring / 
hindering factors 

Estonia Latvia    Lithuania 

Share of MSW 
landfilled in 2012 
(ESI), %  

44 84 79 

Landfilled MW (non-
hazardous waste) in 
2013 ( thousand 
tonnes year-1) 

286 504 1 208 

Landfills for non-
hazardous waste  

5 regional landfills 11 regional landfills 10 regional landfills 

 
 
Table 6.       Factors related to the incineration sector 
 
Favouring / hindering 
factors 

Estonia Latvia 
 

   Lithuania 

Share of MSW 
incinerated in 2012 
(ESI), %  

19 0 1 

Incineration capacity, 
(thousand tonnes year-1) 

220 (O), 1 WfE plant 
(Tallinn) 
100  (P), 1 WfE plant 
(Tartu) 

250 (O), waste is co-
incinerated at cement 
production plant (Brocēni) 

420 (P), 2 WfE 
plants (Vilnius and 
Klaipėda) 

Incineration gate fees 
for MSW (excl. VAT, 
incineration tax no 
applicable), (euro per 
waste tonne-1) 

16-40 

 
14 18.8  

 
Table 7.       Factors related to the material recycling and recovery sector 
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Favouring / 
hindering factors 

Estonia Latvia 
 

   Lithuania 

Packages and 
packaging waste 
policy 

Obligatory deposit on 
refillable and non-refillable 
beverage packaging since 
2005 

Voluntary deposit 
(introduced in 2004 but not 
practised) 

Deposit system for 
disposable packaging 
(to be introduced in 
2016) 

MBT capacity, 
thousand tonnes 
year-1 

300 (O), 4 MBT facilities 70 (O), 2 MBT facilities 
400 (P), 2 MBT facilities 

  331,3 (O) MW sorting   
stations 

1 036 (P), 9 MBT 
facilities 

 

Compost capacity 
(i.e. input of bio-
waste), thousand 
tonnes year-1 

16, 50 (O) 
several green waste 
composting sites, 1 
composting site equipped 
for the kitchen waste  

29,88 (O) 
6 green waste composting 
sites (5 of them at landfills) 

150 (P) 
54 green waste 
collection sites  
 

O- Operational 
P - Planned 
   

The comparative WAMPS estimation and projection of environmental impact (by treated MW 
tonne) of the total currently operated and planned waste management infrastructure of each national 
WM strategy shows the savings on global warming: tonnes CO2 eqv. 0.31 treated MW tonne-¹ in 
Estonia, tonnes CO2 eqv. 0.07- treated MW tonne -¹ in Latvia, and tonnes CO2 eqv. 0.09 treated MW 
tonne-¹ in Lithuania. The high environmental impact in the case of Latvia is due to the poor separated 
waste collection at source for such materials as paper, cardboard, plastic and glass as well as metal 
packaging, whose collection does not stimulate treatment of mixed MW and reduction in the landfill 
costs.  
 

4. Conclusions 
 
 The research findings are not favourable for Latvia, corresponding to the situation when the 
WM development proceeds not in line with Directive demands. Comparison of the environmental 
impact and factors favouring BMW diverting from landfills is based on the information that reaches the 
authors in the last turn and is rated only as WM development trend among countries, e.g. waste 
separation at source is linked to the total capacity of mixed/unsorted waste, while it is obvious that the 
mixed waste pre-treatment capacity by far exceeds the demand in Latvia; in practice, this allows 
increasing significantly the waste separate collection at source; also, the composting capacity does not 
include the existing potential of home composting, etc. 
 It is of the utmost importance for Latvia to improve the situation with BMW treatment at 
source, mainly using the municipal and household local capacities. This latter means first of all the 
home composting where compost is used for own needs, since the existing compost market is a failure 
factor not only in Latvia, but also in Estonia and Lithuania. This strategy allows MW disposal in 
neighbouring countries at WfE incineration plants with high enough incineration capacity. To 
gain radical changes, Latvia has to implement WMP also at the municipal level in order to improve the 
municipal governance of WM system and organise it in a more efficient way, e.g. using for decision 
making the LCA approach. Although Estonia reduced BMW composting and waste material recycling 
capacity choosing MW incineration as the disposal technology alternative to landfilling and recycling, 
this does not allow fulfilling the Waste Framework and Landfill Directives demands. As concerns 
Lithuania, the effectiveness of its national WM strategy should be evaluated after a couple of years 
when the first results become more visible. 
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