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Abstract 

Incineration of mixed municipal waste is gaining increasing importance in many European countries. This is also the case in several 
European Union member states such as Estonia, where waste-to-energy technology provides a relatively fast option to meet the demanding 
EU waste management targets regarding municipal waste recovery and landfilling. Furthermore, the biomass fraction of municipal solid 
waste, when used as a fuel for energy production, is recognised as a renewable energy source and is therefore eligible for government 
subsidy under Estonian legislation. Also CO2 emissions are accounted for according to their source, either as biogenic (resulting from the 
biomass fraction of the waste), and thus climate neutral, or as fossil, and thus liable for CO2 charges. Therefore, it is crucial that operators 
of waste incineration plants are able to determine the ratio of biogenic and fossil carbon in combustible waste. This paper summarises the 
results of the research conducted in the first waste incineration plant in Estonia and the Baltic States to determine the material composition 
(incl. biomass content) and the proportion of fossil CO2 emission from combusted mixed municipal solid waste. The results of a one year 
long manual waste sorting study and laboratory analysis show that the share of the biomass fraction is approximately 52 % in the combusted 
municipal solid waste (on a dry weight basis) and that fossil carbon accounts for about 40 % of the total carbon (on a wet weight bases). 
The associated annual average fossil CO2 emissions are about 429 kg per ton of combusted municipal waste. 
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1. Introduction 

In many countries, energy recovery from municipal solid waste (MSW) is becoming an important part of both 
waste as well as energy sector developments [1]. Waste incineration provides a relatively fast option to meet the 
demanding European Union (EU) waste management targets regarding municipal waste recovery and landfilling. 
Therefore, several EU member states, including Estonia, that have mainly relied on landfilling, have recently invested 
in new waste incineration capacity [2]. Heat and electricity produced from municipal waste are replacing the energy 
generated by conventional power plants, which often still use fossil fuels [2].  

Mixed MSW typically represents a mixture of fossil organic (e.g. plastics) and biogenic materials (e.g. food, paper, 
wood) [3]. The biodegradable fraction (biogenic materials) of MSW constitutes as biomass by definition, and thus 
counts as a renewable energy source. The renewable bio-based energy component is eligible for subsidy under 
Estonian legislation and thus of importance for operators of waste incinerators. A direct scheme for supporting the use 
of renewable-based energy for electricity generation is stipulated in the Electricity Market Act [4]. The scheme 
includes a purchase obligation for the network operator and the relevant feed-in tariff. Other support measures include 
investment subsidies and support for technological investments by the European Union and from the national budget. 

In Estonia, a pollution charge (tax) for releasing carbon dioxide (CO2) into the ambient air was introduced in 2000. 
Currently, the Environmental Charges Act [5] obliges the operator of a waste incinerator to pay a charge for the CO2 

emitted into the atmosphere. CO2 emissions are accounted for according to their source either as biogenic (resulting 
from the biomass or biodegradable fraction of the waste), and thus climate neutral, or as fossil, and thus relevant for 
CO2 charge. Therefore, it is important that waste incineration plants are able to determine the ratio of biogenic and 
fossil carbon in combustible waste.  

Several methods have been developed to determine the biomass content of waste, and thus the proportion of 
renewable energy and fossil CO2 emission from waste combustion [6–9]. A more detailed description of these methods 
is given in Staber et al. [10] and the European standard EN 15440:2011 [11]. However, the results of previous studies 
show that the content of biomass in the combusted waste, as well as CO2 emission factors can vary significantly 
between different countries and incineration plants [12–15]. The variability is caused by differences in operating 
conditions as well as in waste composition for the waste received at the incinerators. The waste composition is 
influenced mainly by the selection of major waste types in the input waste stream and the level of source segregation 
of municipal waste in the region [3, 16]. This clearly indicates that the determination of the biomass content and fossil 
CO2 emissions should preferably be based on reliable data gathered from a plant-specific analysis using internationally 
accepted standardised analysis methods. 

In Estonia, the data about biogenic and fossil content in combustible MSW has been uncertain. Some MSW sorting 
studies have been carried out [17–19], but there were no data available about the waste combusted in the waste 
incineration plant. So far, generic data and default values from various literature sources [20] were used to calculate 
fossil CO2 emissions from municipal waste incineration processes in Estonia. 

The present paper summarizes the results of the research conducted in the first waste incineration plant in Estonia 
and the Baltics, to determine the material composition (incl. biomass content) and the proportion of fossil CO2 

emissions from combusted MSW. The MSW composition and other relevant properties (moisture, ash content, 
calorific value and chemical element composition - carbon, hydrogen, nitrogen, sulphur and oxygen content) were 
analysed in the Iru incineration plant during a one year period (July 2014–May 2015). Based on results obtained during 
the waste analysis, the share of biogenic and fossil carbon as well as the associated CO2 emissions were calculated. 

The study also contributed to the development of the national methodology and procedures for waste incineration 
plants to measure and report the fossil CO2 emissions in combustible waste used as a fuel for energy and heat 
production in Estonia. 

2. Incineration of municipal solid waste in Estonia 

In order to comply with the principles and targets of EU waste policy and directives, Estonia has to transform its 
municipal waste management system. Until 2013, landfilling was the main option for treatment of mixed MSW in 
Estonia. As this conflicts with the waste hierarchy promoted by EU policies, there was an urgent need for action. 
Based on the experiences of several other EU countries, incineration was considered to be a realistic way to reach the 
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