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Abstrakt 
 Spaľovanie komunálneho odpadu je prezentované ako proces majúci vplyv na životné 
prostredie, zdravie a bezpečnosť obyvateľstva posilnené ešte faktom, že väčšina spaľovní 
odpadu je situovaná v blízkosti obytných sídiel. Ešte stále však existuje priestor pre vývoj v 
oblasti riadenia procesu s cieľom zabezpečiť jeho stabilitu a zlepšiť účinnosť spaľovania, čo 
vyústi v efektívnu výrobu a spotrebu energie.  
 Vposledných rokoch je čoraz viac evidentné, že klíma Zeme je narúšaná tvorbou 
skleníkových plynov ako dôsledku ľudskej činnosti a dosiahnutého stupňa technickej vyspelosti. 
Spaľovanie komunálneho odpadu, ako proces čiastočne neutrálny z hľadiska tvorby 
skleníkových plynov, môže prispieť k celkovej redukcii vypúšťaných nežiadúcich emissií. Preto 
nakladanie s odpadom hraje dôležitú úlohu pri splení cieľov pre globálne znižovanie emisií, 
vytýčených Konvenciou Spojených Národov o klimatických zmenách. V neposlednom rade, 
dosiahnúť pozitívnu reakciu verejnosti akceptovaním spaľovania ako vhodného spôsobu 
nakladania s komunálnym odpadom znamená významnú výzvu.  
 Autori v príspevku prinášajú prehľad o aktuálnej situácii zneškodňovania 
kumunálneho odpadu spaľovaním v európskych krajinách s očakávaným budúcim trendom v 
tejto oblasti. Charakterizujú proces z hľadiska vypúšťaných nežiadúcich látok, sumarizujú 
existujúcu legislatívu pre tepelné spracovanie odpadov v Európskej únii. Nakoniec autori 
analyzujú možné riešenia pre redukciu emisií a perspektívy zneškodňovania komunálneho 
odpadu spaľovaním v Európe s cieľom ukázať existujúci potenciál prispieť k trvalo 
udržateľnému rozvoju v oblasti výroby energie a ochrany životného prostredia.  
 
Abstract 
 Municipal solid waste incineration is presented as a process having impact on 
environment, citizen health and safety, strengthened by the fact that most of the incineration 
plants are located close to urban sites. There is still potential for development of the process 
control aiming the improvement of combustion efficiency of incineration through a more stable 
process resulting in the cost-effective production and the sustainable use of energy.  
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 In recent years, the statistical and scientific evidence has shown that the climate is 
being disrupted by the build-up of greenhouse gases as result of degree of development. Solid 
waste incineration can contribute to reduction of local and global environment degrading 
emissions as it is partially neutral in terms of fossil-based carbon dioxide formation. Therefore 
waste management policy will play a part in achieving the objectives of emission reduction 
established under the United Nations Convention on Climate Change. In addition, there is a 
challenge to create a positive reaction from the public sector by accepting municipal solid waste 
incineration.  
 In the present paper the authors intend to bring overview on the actual situation in 
municipal solid waste incineration in European countries with the expected future trends in the 
field. They characterise the process from the emitted pollutants point of view, summarise the 
existing legislation on emissions related to the thermal treatment of waste in European Union. 
Finally, solutions for emissions reduction and future perspectives of municipal solid waste 
incineration in Europe are presented aiming to show its potential to contribute to sustainability 
of energy and environment.  
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1. Introduction 
 The global climate is changing and evidence of it, global warming, points to human 
activities as the cause. These human activities generate approximately seven billion tons of 
carbon per year. Economic, technological and social trends, as well as global population will 
dictate future greenhouse gas emissions. It is presently clear that it can no longer be affordable 
to proceed along with the business-as-usual emissions trend. The environmental, economic and 
social consequences of climate change are too dire to go unheeded. Municipal solid waste 
(MSW) can contribute to reduction of local and global environment degrading emissions as it is 
partially neutral in terms of fossil-based carbon dioxide formation. Therefore waste management 
policy and the properly directed process have a role to play in achieving abatement of 
greenhouse gases. 
 A sustainable development approach requires an emphasis both on waste as a 
resource and on the conservation of energy and materials, viewing less energy consumption and 
the decrease emissions to air, water and land. Administrative arrangements, economic incentives 
and disincentives, education and social change are all key drivers that can bring about this 
change in our mindsets and its practical implementation. Sustainability approaches demand that 
decisions made on the processing of waste consider which technologies will maximise the useful 
recovery of both materials and energy from waste prior to any disposal.  
 In this context, incineration as a way of MSW valorisation has a significant 
importance in resources recovery within an integrated waste management system including also 
combinations of source reduction, separation, reuse, recycling, composting and landfill.  
 
 
2. Municipal solid waste incineration 
 Total environmental impacts associated with incineration are generally proportional to 
the quantity of waste [1]. Based on analysis of current trends, total MSW generation in the 
European Union (EU) is supposed to continue increasing in the period up to 2010. According to 
the European Energy Agency (EEA) analysis, the proportion of MSW in the EU that is 
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transported directly to landfill (67 % in 1995) is unchanged since the mid-1980s, despite efforts 
to increase recycling levels, incineration, and waste minimisation, because the total amount of 
MSW generated is increasing. As an example, estimated MSW quantities, number of 
incineration plants and energy production in EU member countries in 1999 are presented in 
Table 1. 
 
 Table 1  MSW quantities, number of plants and energy production in the old EU member countries 

Energy production 
(TJ) Country Amounts per capita 

(kg/capita) 

Total amounts  
generated 
(ktons) 

Number of 
plants** 

Heat Electricity 
Austria* 510 4100 2 3053 131 
Belgium* 480 4852 18 0 0 
Denmark 560 2951 34 10543 3472 
Finland 410 2100 NA NA NA 
France 480 28800 120 32303 2164 
Germany 460 36976 60 27190 12042 
Greece 370 3900 0 0 0 
Ireland 560 2032 0 0 0 
Italy* 460 26605 62 3354 2338 
Luxembourg 460 193 NA NA NA 
Netherlands 560 8716 11 0 9130 
Portugal 380 3800 2 1 558 
Spain 390 15307 8 0 1934 
Sweden 360 3200 19 22996 4360 
UK* 480 28000 3 1 1895 

NA: not available 
* The national data are not complete. 

 ** Normal MSW incineration plants with a capacity of more than 15 tons/day or 10000 tons/year. 
 
 

 Environmental impacts of incineration and disposal are influenced by the waste 
composition. The percentages can vary with location, e.g., between households, regions, and 
countries, as well as with time, e.g., seasonal and yearly variations. The estimated mean 
composition for MSW in the EU 15 countries is shown in Fig. 1.  
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Fig.1 Estimated mean MSW composition in the EU 15 countries. 

 
 

 The number of incineration plants and the amount of MSW incinerated varies 
considerably between European countries [2]. Greece and Ireland have no incineration plants 
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whereas in Denmark, where it is restricted by the law the landfill of combustible waste, about 
half of all MSW is incinerated. In comparison, the amount of waste incinerated in the new EU 
member countries is generally low: while Estonia, Poland, and Slovenia have no incineration 
plants, Hungary and Slovakia incinerate a relatively small amount of waste compared to the 
amount landfilled. Regarding to energy recovery, most countries have started recovering energy 
from waste [3]. However, the extent of energy recovery varies between countries and there is a 
significant variation in the overall energy recovered (heat or electricity or both). Quality of the 
waste incinirators is related to the amount of energy recovered, as well as the flue gas cleaning 
technologies used.  
 
 
2.1 Thermal treatment of municipal solid waste  
 To briefly characterise the process of MSW mass burning on the grate, it is a 
controlled oxidation of mainly solid combustible wastes to carbon dioxide (CO2), water (H2O) 
and ash accompanied with heat releasing. In the case that heat recovery is included the flue 
gases released from the burning waste flow through a boiler, where their energy is converted 
into hot water or steam. The energy produced from incinerating waste can be recovered either in 
the form of electricity, heat or both. The exhaust gases leaving the boiler carry noxious 
emissions and have to be cleaned before being discharged to the atmosphere passing through the 
flue gas cleaning system, usually comprising several facilities to remove different pollutants. 
Finally, the captured residues from the cleaning equipment are disposed or upgraded for further 
utilisation. The bottom ash leaving the incineration furnace is disposed, upgraded or used, in for 
example, road building construction. The specific sequence of unit processes can differ between 
incineration plants, but the overall inputs and outputs are similar, Fig. 2.  
 

 
Fig.2  Inputs and outputs of an incineration plant. 

 
 
 Outputs include emissions to air, water and soil, as well as the energy recovered 
during combustion. Flue gas treatment technologies used to reduce atmospheric emissions at an 
incineration plant can include: electrostatic precipitator or bag filter for particulates, dry, 
semidry or wet scrubber processes for acid gases such as sulphur dioxide (SO2), hydrogen 
chloride (HCl) and hydrogen fluoride (HF), recirculation of the flue gases and/or use of 
Selective Non-Catalytic Reduction (SNCR) or Selective Catalytic Reduction (SCR) technology 
for nitrogen oxides (NOx) emissions, and activated carbon injection for dioxins and heavy 
metals.  
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3. Emissions from MSW incineration and its effects  
 The main differences in terms of environmental impacts between incineration plants 
result from the flue gas treatment process and energy recovery methods employed. The impacts 
of incinerating municipal solid waste are related to emissions of specific contaminants in the flue 
gas, waste water, if wet treatment is included, residual solid waste, energy recovery and the 
operation of the plant itself. Substances that are presented in the flue gas of incinerated wastes 
are those typically presented in the flue gas of conventional energy sources. 
 There are particulates, which amount depends on how the incoming waste is burnt, 
and how the ashes on the grate are treated and handled. 
 Combustion is never complete for a small fraction of the waste (it is physically 
impossible to achieve ideal conditions), thus the flue gases contain not only CO2 and H2O, but 
also CO and various hydrocarbons. This can be the consequence of insufficient mixing of the 
flue gases with the secondary air in the post-combustion chamber, or too low incineration 
temperatures due to too much excess air, or strong and sudden variations in the waste calorific 
value, due to its random origin nature.  
 The flue gases also contain acid components as SO2, SO3, HCl, HF and NOx and 
MSW contains all the basic elements needed to form these acid components.  Their presence in 
the flue gases is inevitable and flue gas treatment is required to remove them. NOx are formed 
during combustion in the presence of O2. Conversion through the thermal mechanism starts at 
temperatures above 1300 °C and increases markedly with rising temperature or as the result of 
the volatilisation and subsequent oxidation of the nitrogen contained in the waste.  
 In addition to this the flue gas can consist of other matters according to the origin of 
the wastes including dioxins, heavy metals and their compounds (including Cadmium (Cd), 
Thallium (Tl), Mercury (Hg), and volatile organic compounds (VOCs). Dioxins are organo-
chlorine compounds that are present in the waste in small amounts. Their oxidation at 
temperatures above 850 °C results in complete destruction of toxic components. Unfortunately, 
as the flue gases are cooled down in the boiler before entering the flue gas cleaning system, the 
formation reaction (de-novo synthesis) starts again in the presence of dust, as a carrier for the 
catalysts, and oxygen as one of the building blocks for dioxins. 
 Heavy metals are always present in typical municipal waste. As such, there is no way 
to prevent their presence in the flue gases. The majority of the metals are collected in the fly ash, 
mostly as metal oxides or metal chlorides. The most volatile ones, however, will not be captured 
and need to be removed during the further flue gas cleaning.  
 
 
3.1 Climate effect 
 Emissions of CO2 give rise to climate effects, which occur because of a build up of 
CO2 in the atmosphere adding to the naturally occurring shield of “greenhouse gases” (GHG) 
necessary to maintain the present temperature on the earth. However, there is a growing 
consensus that the increase in the amount of CO2 in the atmosphere will cause a general rise in 
temperature, so-called “global warming”, resulting in major environmental changes. The 
greenhouse gases that are making the largest contribution to global warming are, besides CO2, 
methane (CH4) and nitrous oxide (N2O). All three are also produced during the management and 
disposal of wastes.  
 Comparing ability of the gases to trap heat in the atmosphere, methane is 21 times and 
N2O is 310 times more potent than the same mass of CO2 (over a 100-year horizon), what is 
known as a Global Warming Potential [4].  
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 CO2 emissions from incineration form only a small part of the total emissions. As the 
impacts of CO2 emissions are global, the evaluation of impacts of incineration facilities does not 
depend on the facilities themselves. The impact of CO2 emitted from an incineration plant 
depends instead on the carbon content of the waste. CO2 from “fossil” carbon resources 
increases the net amount of CO2 in the atmosphere, whereas CO2 emissions from “biogenic” 
carbon sources can be considered as neutral emissions. Non-renewable carbon includes plastics 
and other oil based wastes, and renewable carbon is all biodegradable organic waste such as 
food and garden waste, while methane is especially releasing from landfills during the waste 
decay. 
 
 
4. Emission limits for municipal solid wastes 
 There are emissions standards regulating the incineration of municipal solid waste in 
the Directives 89/369/EEC and 89/429/EEC. More stringent emission standards, than the 
standards mentioned above, were adopted in the Directive 2000/76/EC of the European 
Parliament and of the Council on the incineration of waste. Table 2 [5] - [7] shows the 
comparison of emission limits of the old and new adopted Directives on waste incineration with 
average emission values for a typical incineration installation.  
 
   Table 2  Emission limits of the old and new directives on waste incineration [5 - 7] 

EU Directive EU Directive Average value outlet furnace 

89/369/EEC 2000/76/EC Without flue cleaning 

(daily average) (daily average)  

Emissions 

(mg/Nm3) (mg/Nm3) (mg/Nm3) 

CO2 - -  
Total dust* 30 10 4500 

CO 1 100 50 25 
SO2 300 50 300 
NO2 - 200 350 
HCl 50 10 1000 
HF 2 1 5 

Cd + Ti, Hg - 0,05 2 1 
Cd + Hg 0,2 -  

Other heavy 
metals 6 ** 0,5 *** 10 

Dioxins - 0,1 ng/ Nm3  3 5 ng/ Nm3 
VOCs (TOC) 20 10 8 

* Total dust includes particulates (PM10) 
** Sum of Pb, Cr, Cu, and Mn is 5 mg/Nm3; and Ni + As is 1 mg/Nm3 
*** Sum of Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V, and Sn 
1 hourly average 
2 average value over sample time 
3 average value over sample time 

 
 

 All members of the European Community have to meet the directives imposed by the 
European Parliament in their own legislation on environment, but each country is free to restrict 
these directives even more. It may also be relevant to impose new requirements on the 
installation, if these are necessary to comply with any environmental quality valuations. 
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Moreover, local environmental authorities define individual emissions intervals for each utility 
during its commissioning. Additional emissions to air from incineration plants occur, although 
no emission limits exist. Among these emissions are carbon dioxide, noise and odour. Limits for 
the latter two emissions are often set in plant licences by national environmental authorities, and 
are mainly considered as dissamenity effects.  
 Since implementation of the new EU Directive that requires for flue gases a residence 
time of at least 2 seconds at temperatures above 850 °C, and the extensive use of residual MSW 
and other high calorific problematic waste fuels having a heterogeneous nature, the conditions 
for achieving complete combustion in the furnace are now more demanding. A large number of 
the existing incineration plants in Europe facing problems to keep emission compliance with the 
Directive standards as the MSW incineration process is very complex particularly because the 
composition of waste is not stable.  
 
 
5. Achievable improvements of MSW incineration  
 The basic problem of the MSW thermal treatment is instability of the process due to 
the waste composition and its considerable fluctuation. Consequently, incineration plants face, 
besides emission restrictions, operational problems like corrosion, slagging and fouling in the 
furnace and in the flue gas pass. To eliminate these drawback features as much as possible, 
improving control of the process is crucial for further operation of the incineration facilities. 
Although, the waste combustion process is not fully understood and described some technical 
achievements and developments have been already demonstrated for a conventional MSW 
incineration plant with a grate firing system. It includes firing grates cooling, modified furnace 
geometries, optimised combustion air supply and more suitable wall materials [8]. In this 
context mathematical modelling and simulation, computational fluid dynamic (CFD) 
calculations and the fuzzy logic theory, are tools of the high interest and have potential to 
contribute to the finding solutions of the above mentioned problems, like some of them 
mentioned in [9] -[12].  
 New advanced control systems that can improve the combustion efficiency of the 
incineration process have been developed [13] - [14]. Achieving improvements of the process 
control will result in reduction of emissions and energy efficiency increase. Moreover, the 
utilisation of energy potential of municipal solid waste can replace energy that would have been 
otherwise produced by other sources, especially based on fossil fuels.   
 Increasing efficiency on site and in processes is the first way of reducing emissions. 
Moreover, increase in energy efficiency makes room for disposal more municipal solid wastes 
by incineration instead of its landfilling, and thus to stabilise the number of landfills which is 
limited. 
 Power generation from waste could be a significant contribution to the reduction in 
overall emissions. Modern MSW incinerators are required to recover energy released by the 
combustion process, either as heat, electricity or both in combined heat and power (CHP) 
applications. It will replace the need for an equivalent amount of heat or power to be generated 
from other sources elsewhere in the energy system. The net climate change impacts of 
incineration depend on how much fossil-fuel CO2 is released – both at the incinerator itself and 
in savings of fossil fuel from conventional energy sources displaced by incineration. Then, the 
greater the CO2 emission factor (amount of CO2 emissions generated per unit of a combusted 
fuel) of the replaced generation source, the greater the emission saved due to its replacement by 



Acta Metallurgica Slovaca, 11, 2005, 4  (450 - 459)                                                                                                        457
 

incineration. For example, replacement of coal-fired electricity generating plant by mass-burn 
incineration would result in a net negative greenhouse gas flux (i.e. saved emissions) of almost 
400 kg CO2 equivalent per ton of MSW. With all incinerators in CHP mode, mass-burn 
incineration would be the best overall option in terms of displaced pollution [15].   
Furthermore, another way to reduce emissions of greenhouse gases for the energy sector has 
generally been open under tools of the United Nations Framework Convention on Climate 
Change, known as the Kyoto Protocol.  
 
 
5.1 Kyoto Protocol commitments 
 The developed countries have agreed, under the UNFCCC, to reduce emissions of 
greenhouse gases to the atmosphere [16]. The Kyoto Protocol as the Convention for climate 
change represents commitments of the developed countries, countries with economies in 
transition (EIT) and developing countries (according to the definition in the Protocol), for 
stabilisation of greenhouse gas concentrations in the atmosphere at a level that would prevent 
dangerous anthropogenic interference with the climate system. As a party of the Convention, the 
European Community has undertaken the commitment to cut GHG emissions by 8 % between 
years 2008 and 2012 compared to the 1990 level, and under the EU burden-sharing agreement, it 
has been transformed to commitments to be undertaken by the individual member states at EU-
level, (see Fig. 3.).  
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Fig.3  CO2 emissions and agreed Kyoto commitments – Burden sharing. 

 
 
 The latest inventories show that 10 of the old 15 EU member states are heading 
towards exceeding the agreed share of the GHG emissions target. Luxemburg has made the 
biggest cut and Germany has achieved the deepest reduction among the member states [17].  
 The Kyoto Protocol adopted tools, so called “flexible mechanisms” that allow 
countries to meet their obligations by exchanging emission reductions. The mechanisms are 
Joint Implementation (JI), Clean Development Mechanism (CDM) and Emission Trading (ET). 
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The JI and ET mechanisms are open to countries that have assumed emission reduction 
obligations under the Kyoto Protocol. The CDM mechanism is likely to be appropriate for 
developing countries. 
 
 
6. Conclusions 
 Amount of MSW generated is continuously increasing following trends in 
development of economies and population. Therefore, incineration as a way of MSW 
valorisation has a significant importance in resources recovery within the integrated waste 
management.  
 Cost of waste thermal treatment is not favourable in comparison with cost for landfill. 
In Europe the cost for incineration varies from 100 to 250 € per ton while the cost for landfill 
deposition is around 20 € per ton of treated waste. This is mostly due to the present legislation 
for landfill, but starting in 2005 higher restrictions will be applied for deposition of 
biodegradable waste according to the Landfill Directive (1999/31/EC).  
 The impacts of incinerating MSW on environment and citizen health are related to 
emissions in the flue gas, waste water and residual reflecting the waste composition, and 
moreover to the operation of the incineration plant itself. The complex character of the MSW 
incineration process is in addition strengthened by its instability due to a heterogeneous nature 
and considerable fluctuation in the waste composition. Although some improvement has already 
been achieved it is clear that there is still a considerable scope for more. Mathematical modelling 
and simulations are getting more attractive and useful to optimise plant operation. Techniques 
like fuzzy logic and neural networks can be also applied to this kind of systems with success. In 
fact, improving control of the process it is significant for further operation of the incineration 
facilities and for keeping compliance with the more strict emissions standards adopted in the 
new directive on the incineration of waste. 
 Moreover, new advanced control systems that can improve the combustion efficiency 
of the incineration process have been developed. This will contribute to the reduction of local 
and global environment degrading emissions, to the increase of the cost-effectiveness and the 
increase of the energy efficiency.  
 Also, power generation from waste could be a significant contribution to the reduction 
in overall emissions. Therefore a demand for increasing amount of MSW incinerated is 
reasonable and means possibility to displace energy produced from fossil fuels. 
 Sustainable waste management requires a good integrated waste management system 
and government policies that encourage waste prevention, reuse and both materials and thermal 
recycling. Eventually, landfills will only be used for stabilised materials. Suitable legislation is 
necessary with incentives and raise of public awareness, to maximise the valorisation of waste 
materials. 
 MSW incineration represents a considerable potential for reduction in reactivity of 
any residual landfilled material. This, associated with heat recovery, efficient flue gas cleaning 
systems and significant greenhouse gas abatement capacity makes municipal solid waste 
incineration an attractive environmentally sound option. 
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