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Abstract

The amounts of waste generated in Europe are constantly increasing. And so is the energy demand for various human activities. In this situation, the use of (non-recyclable) waste for the generation of energy seems to be an idea worthy of discussion to alleviate both the problem of too much waste and too little energy. 

By means of a review of literature and secondary data from statistics and various national and EU-wide documentations and legislation, this paper gives an overview, compares and critically assesses the use and approach towards energy from waste incineration in Austria and the Czech Republic.

Whereas Austria is considered to be more or less saturated regarding energy from waste incineration, a significant potential for its increased use was detected for the Czech Republic. It seems likely that this potential will actually be used in the near future, as economic and legal barriers that slowed down the development in the past have recently been removed. 

Waste incineration has some convincing advantages, including its benefits regarding greenhouse gas emissions, the substitution of fossil fuels, and the availability of waste as a resource. These advantages are considered to more than compensate for negative aspects such as emission of harmful substances or the inflexibility of energy production.

However, methods other than waste incineration, that are not covered in this paper, have to be considered as well in order to find an appropriate solution for the issue of waste management.   

1.  Introduction / Motivation 

The energy demand in Europe is constantly increasing (European Environment Agency 2010a). In addition, the rates of energy dependency are very high (about 55% in the EU-27 in 2008), thus European countries are highly dependent on imported fossil fuels (Eurostat 2010a, p.26f). In order to reduce this dependency and to cut down the amount of greenhouse gases severely affecting our climate, the European Union, among other measures and policies, set the overall target of using at least 20% energy from renewable sources by 2020 (EC 2009). 

Another trend still observable in Europe, despite all efforts against this, are the still increasing amounts of waste generated (European Environment Agency 2010b). In the field of waste management, EU legislation states that landfilling of waste should be reduced and alternative ways to deal with waste in order to minimise its negative impacts on people and environment need to be found (EC 2008). 

Against this background, the use of (non-recyclable) waste for the generation of energy seems to be an idea worthy of discussion to alleviate both the problem of too much waste and too little energy. This goes along with the general agreement on the need for sustainable development and clean, affordable renewable energy sources (Kothari, Tyagi & Pathak 2010; Münster & Lund 2009). 

In general, there are various methods and technologies to gain energy from waste. These include waste incineration plants, biogas & hydrogen facilities, gas extraction from landfills (e.g. EPA 2011) and others. Dealing with all of them would go beyond the scope of this paper. This is why we decided to restrict our work to the field of energy recovery through the incineration of waste, as this is a very common and practicable method and features most data available. 

With our paper, we give an overview, compare and critically assess the use and approach towards energy from waste incineration in Austria and the Czech Republic. The main research question we intend to answer is the following: “What are the trends and current state of use of energy of waste in Austria and the Czech Republic?” Additionally, we aim to find out what implications and effects practices in the two countries have for the goal of GHG emission reduction and to give a critical reflection on the advantages and disadvantages of waste incineration. 

As a method, we conducted a literature review and collected secondary data through statistics and various national and EU-wide documentations and legislation. 

The paper proceeds as follows: Section 2 gives an overview on the waste and energy-recovery related legislation in the European Union and both Austria and the Czech Republic. This is followed by a short description of the waste sector in the two countries, with a special focus on waste incineration plants and capacities. Section 4 shows the current state of energy production from waste incineration and tries to identify the future potential and the barriers slowing down its development in the Czech Republic. In addition, some points regarding the greenhouse gas emissions from waste incineration are made. The final section 5 discusses and critically reflects the use of waste incineration, as compared to other methods of waste-to-energy. Section 6 concludes. 

2.  Legislation 

2.1. EU

This chapter gives an overview on the most important pieces of legislation of the European Union in the context of waste. 
The first directive giving a clear definition of “waste” was the Council Directive 75/442/EEC of 15 July 1975 on waste (EEC 1975). It recommended to support the reduction of wastes, as well as to increase recycling and using waste for energy production. Importantly, it first introduced the principle of "polluter pays".

The most recent Directive 2008/98/EC (“Waste Framework Directive”, EC 2008) is more specific than the original from 1975. It puts an emphasis on recovery and recycling, by providing that waste should be collected separately if it is technically, environmentally and economically appropriate. The most important goal is that harmful effects of waste generation and management on human health and the environment should be reduced. 

Most importantly, the directive defines a waste hierarchy, listing treatment options in their order of priority: (1) prevention
; (2) preparing for reuse; (3) recycling
; (4) other recovery
 (especially energy recovery); (5) disposal. 

Additionally, waste has to be used in the nearest possible facility of appropriate technologies, regardless of national borders.

The European Parliament and Council Directive 94/62/EC of 20 December 1994 on packaging and packaging waste deals with packaging, prevention of packaging, their use and recycling take-back schemes, collection and followed use. It also regulates the concentration levels of heavy metals present in packaging.
Finally, the Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste categorizes landfills. Various ways of waste management and necessary action resulting from this activity are defined in this directive. It includes as well methods of verifying and monitoring of existing landfills.  
All these directives are implemented into the laws of Member States.

2.2. Austria

In Austria, both the national government and the nine provinces (“Bundesländer”) have different competences and responsibilities in the field of waste management. In general, the national government is concerned with hazardous wastes. If there is the need for uniform regulations regarding non-hazardous wastes, the national government can also get active in this field, otherwise this belongs to the individual provinces (BAWP 2011a, p.28; B-VG 2011, Art.10, §1, subparagraph 12). All the national provisions are laid down in the “Abfallwirtschaftsgesetz” (AWG 2002), its amendments and various related regulations. 

As the details of the law are not of big relevance for the purpose of this paper, just some selected aspects are mentioned here. Based on the precautionary principle and the principle of sustainability, the aims of Austrian waste management and the AWG 2002 are the protection of all living organisms (humans, animals, plants) and the natural environment; the restriction and reduction of emissions of greenhouse gases and air pollutants; the protection of resources (raw materials, water, energy, landscape, volume of landfills); the reduction of threats from waste treatment and the safe deposition of wastes from treatment across generations. (§1 Abs. 1 AWG 2002). The achievement of this aims is to be based on the “waste hierarchy” (see section 2.1 EU) (§ 1 Abs. 2 AWG 2002, considering its most recent amending law (AWG-Novelle 2010)). 

Another important aspect of the national provisions is that they establish comprehensive systems for the (separate) collection and treatment of waste on different levels (households, enterprises & industry, municipalities) with strict requirements concerning transparency, risk minimisation etc.  (BAWP 2011a, p. 28)

The Austrian regulation on landfills 2004 (Deponieverordnung DepV 2004) set a strict ban on the deposition of waste with high organic content.  

The thermal treatment of waste is regulated in the Austrian regulation on the incineration of waste (Abfallverbrennungsverordnung AVV 2002, most recent amendment 2010) implementing the EU directive 2000/76/EC. The act covers hazardous and non-hazardous wastes in incineration sites (with and without the recovery of energy), and industrial co-incineration plants. It sets limits for emissions to the air, as well as pollutants in the waste. In addition, it provides for the accomplishment of standards for the best available techniques and for an efficient use of energy from waste incineration. (AVV 2002; BAWP 2011b, p. 77f)

Environmental state funding in Austria is intended to promote environmentally friendly and resource-efficient investments and to increase the rate of innovation. In the area of waste management, the basic aims are to avoid (hazardous) waste and to increase the energetic use of biogenic waste, as well as to substitute fossil fuels through the thermal treatment of waste. Here, Austria offers various state funding possibilities (BAWP 2011b, p.104). 

2.3. Czech Republic

By 30 June 2010 the law contained a definition of waste energy utilization and further declared that the burning of waste can be regarded as the energy use under certain technical conditions that the current Czech municipal waste incineration plants easily meet.

The conditions are:
- The waste serves a useful purpose. 
- The waste replaced fossil fuels that would otherwise have been used.
The whole process is conditioned by a high level of energy efficiency. It includes only such plants for the treatment of municipal waste (by 98/2008/ES), whose energy efficiency is equal to or greater than the values ​​that are in the annex to the law. According to the laws č. 86/2002 Sb., č. 354/2002 SB., č. 206/2006 Sb., facilities for energy utilization of municipal waste are sources of air pollution. Very strict and more stringent emission limits than for power and heating plants are applied on these facilities. The limits are based on directive 2000/76/EC.

3.  Waste sector in Austria and the Czech Republic

For a good waste management, a reasonable balance of different waste treatment options is required. While there is general agreement that landfilling/depositing should be minimised (see e.g. waste hierarchy, EC 2008), a combination of recycling, biological treatment and Waste-to-Energy seems to make sense (ISWA 2008). Choices for treatment options should in principle be based on the waste hierarchy, but also consider environmental and economic efficiency. Thus, in line with European and national policy, separate collection and recycling have the highest priority, but if that is not possible, another efficient way of treatment should be found (recovering, substituting other resources) instead of just disposing. (ISWA 2008)

While there is a wide range of different waste types and fractions, we concentrate largely on municipal waste in this paper, as there is most data available for this type.

In general, more municipal waste per capita
 is produced in Austria (about 600 kg/capita in 2008, which represents a 13 % increase as compared to 1998) than in Czech Republic (about 300 kg/capita in 2008, 4.4 % increase as compared to 1998, lowest value in EU-27). The EU average in 2008 was at 524 kg/capita (5.6 % increase as compared to 1998).  (Eurostat 2010a, p.148). Table 1 shows the development of the amount of municipal waste generation by population in Czech Republic and Austria from 1998 onwards.

	
	
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009

	Czech Republic
	kg/person
	293
	327
	334
	273
	279
	280
	278
	289
	296
	293
	305
	316

	Austria
	kg/person
	532
	563
	580
	576
	608
	607
	618
	618
	653
	596
	599
	591


Table 1: Production of Municipal Waste. Source: Eurostat 2010c; Authors´ design

However, while there is more municipal waste generated in Austria than in the Czech Republic, the rates for recycling, composting and burning are significantly higher in Austria as well. The Czech Republic, however, still has a very high rate of landfilling. This indicates a high potential for a shift in waste management (see as well section 4.2. - Possible future potential ). 

Table 2 shows an overview of municipal waste management in the year 2008.
	
	
	
	Landfilling
	Burning
	Recycling
	Composting

	EU-27
	[%]
	40
	20
	23
	17

	Czech Republic
	[%]
	83
	13
	2
	2

	Austria
	[%]
	3
	27
	29
	40


Table 2: Municipal Waste Management 2008. Source: Eurostat 2010b, p.120; Authors´ design

3.1. Austria

While the amount of waste from households in Austria has increased over the last five years (by about 13.9%), the separate collection has also increased (+ 24%). Industrial and commercial waste is also collected at a very high rate. (BAWP 2011a, p.15f)

In 2010, there were about 2200 facilities for the recovery and disposal of waste operating in Austria, including internal facilities of enterprises. Among them there are incineration plants and thermal treatment facilities, chemical treatment plants, composting plants, biogas plants, various sorting and preparation installations and waste landfills. (BAWP 2011a, p.20f)

Regarding the burning of waste, there are 11 plants incinerating municipal solid waste (mainly residual waste and bulk trash, but also sewage sludge and other fractions with high heating values). While the capacities of the individual plants range from 75 000 tons per year to 525 000 tons per year, the total capacity of all 11 plants amounts to 2.3 million tons per year. (BAWP 2011a, p.141) This represents an additional capacity of 600 000 tons/year as compared to 2006. Three additional plants have been permitted and will start operation in the future. (BAWP 2011b, p.80)
The other 96 installations, to a great extent industrial co-combustion plants with a total capacity of another 2.2 million tons per year, mainly burn fractions with high heating values from mechanical treatment, residuals from forest industry, (sewage) sludges, plastics and packaging material, old tyres, hazardous wastes and others (BAWP 2011a, p.143f).

However, these capacities do not give any information on the actual amounts of waste incinerated, as these amounts are varying. In addition, there is no information on the actual amount of energy generated either.   

3.2. Czech Republic

In the Czech Republic there are 28 incinerators of industrial and medical waste, which together in 2008 burned about 63 000 tons of waste. The energy content in the fuel amounted to about 995 TJ. In 2010, there were around 73 000 tons of waste. (Český hydrometeorologický ústav 2011).

Regarding municipal waste, there are only three operable incinerators in the Czech Republic – SAKO Brno a.s., Termizo a.s. in Liberec and Pražské služby a.s. in Praha-Malešice. These three facilities are performing very well in present. In the next paragraphs the reader will find some detailed information to the each incinerator plant. 

Pražské služby a.s. 

This is the facility for energy utilization of municipal waste in Malešice. It is the largest municipal incinerator in the Czech Republi, with a total capacity of 310 000 tons of waste per year. This capacity is not fully used, only around 70% of total capacity is used per year. (Ministerstvo průmyslu a obchodu 2010, p12). 
As of October 2010, the incinerator plant in Prague Malešice is operated in heat and power combined mode, thanks to the newly installed turbine, which now allows the production of electricity together with heat supply (Jarmila Šťastná 2011). 

Sako Brno a.s.

This incinerator plant of the company SAKO Brno a.s. passed a general reconstruction in the last years and currently is in operation.
In 2009, 54 601 tons of waste was energy used, that is about 31% less than in 2008. Because of the reconstruction of the incinerator, 41 158 tons of mixed municipal waste were diverted into landfills. It produced 454 404 GJ of heat energy in the form of steam. These numbers are closely related to long-term outages and the average calorific wastes, which in 2009 reached 11.10 MJ/kg. In 2010, 149 751 tons of waste were burnt. (Ministerstvo průmyslu a obchodu 2010, p.12).

Termizo a.s. in Liberec

The last modern municipal waste incinerator in Czech Republic was put into operation in Liberec. Its construction was started on 1st July 1997, trial operation began on 15 July 1999. It is designed for a capacity of 96 000 tons of waste per year. The produced superheated steam through the back pressure turbine (2.5 MW) supplies the local district heating system. (Ministerstvo průmyslu a obchodu 2010, p.12). Recently, the company TERMIZO s.r.o. has carried out a modernization of the incinerator plant. A new condensing steam turbine with an installed output of 1 MWe was installed. Simultaneously, a modern control system of the combustion process was implemented. These modifications allowed to increase the production of electricity and the amount of recovered waste. This project was partially financed from the ECO-ENERGY Operational Programme Enterprise and Innovation Ministry of Industry and Trade. (Jarmila Šťastná 2011).
4.  Incineration of waste 

Again, the waste hierarchy comes into play when looking at energy production from waste incineration. Whereas, as already mentioned, reuse and recycling have the highest priority, waste fractions that can not be reused, recycled or recovered otherwise for various reasons should serve as resources for energy recovery. 

Especially for paper, cardboard, plastics and metals, substance recycling in general is more (energy) efficient than incineration and thus the appropriate way of treatment. In spite of that, some very small or dirty waste paper and plastic fractions might be inapplicable for recycling and should therefore be used for energy production (Fricke et al. 2010, p.645). Regarding biowaste, Fricke et al. (2010, p.646) recommend substance-related recycling (composting) in combination with anaerobic digestion. 

It is worth noticing that frequently it is distinguished between the terms “energy recovery” and “thermal treatment”. Whereas the main purpose of energy recovery is to use waste as an energy resource, thermal treatment is aimed to reduce or eliminate the pollution potential of waste (Fricke et al. 2010, p.645). However, for the purpose of this paper, thermal treatment is used as a comprehensive term, including energy recovery. 

This chapter tries to identify the current production of energy from waste incineration in Austria and the Czech Republic. It estimates the possible future potential of this waste-to-energy method, and identifies barriers slowing down its development in the Czech Republic. Finally, it reflects on the greenhouse gas emissions related to waste incineration. 

4.1. Current Energy production from waste incineration 

While there is information on the number and the approximate capacity of waste incineration plants (see chapter 3 – Waste sector), it was not possible to gain detailed insights into the actual amounts of energy (heat and electricity) production from the burning of waste in Austria and the Czech Republic. 

However, there are some statistics provided by Eurostat (2010a), giving valuable insights into the situation on an EU-wide level and allowing for comparisons between the two countries. 

Table 3 shows some figures concerning the main waste management options. While there are significant differences among EU Member States (for more details see Annex 1), Austria and the Czech Republic show largely similar characteristics. For both countries, recovery is around 70 % and thus above EU average, and the share of depositing is significantly below average. However, regarding energy recovery, Austria’s share is more than double the one from the Czech Republic. According to this, Austria produces more energy from waste both in relative and in absolute terms, as the amount of waste generated is bigger in Austria, too.  

	Waste Management 2008 (thousand tons)

	
	Total
	Recovery
	Energy recovery
	Incineration
	Deposit onto or into land

	EU-27
	2 332 040
	1 090 570 
	81 870
	48 370
	1 111 230

	
	100 %
	47 %
	4 %
	2 %
	48 %

	Czech Republic
	18 859
	13 442
	556
	69
	4 792

	
	100 % 
	71 %
	3 %
	< 1 %
	25 %

	Austria
	48 354
	32 150
	3 904
	1 594 
	10 706

	
	100 %
	67 %
	8 %
	3 %
	22 % 


Table 3: Waste Management 2008. Source: Eurostat 2010a, p.146; Authors' design

This is reinforced by other figures from Eurostat (2010a, p. 152), indicating 100 000 tons of oil equivalents (toe)
 from municipal waste incineration generated in the Czech Republic in 2008, and 207 000 tons in Austria. However, it seems that the Czech Republic started very late to generate energy from waste: Whereas there was no energy production from waste incineration registered for the Czech Republic in 1998, Austria by that time already produced 114 000 tons oil equivalent (Eurostat 2010a, p.150).

Figure 1 gives an overview on the development on energy production from municipal waste incineration in the EU, which more than doubled from 1998 to 2008, but did not exceed 1.4% of total energy production in the EU (Eurostat 2010a, p.151). 
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Figure 1: Energy production from municipal waste incineration (thousand tons oil equivalent). Source: Eurostat 2010a, p. 151. 

4.2. Possible future potential 

Regarding the potential of waste-to-energy, we can not give exact numbers, but just qualitative considerations, as there is very few data available.

In any case, however, one has to be careful with the statistics. While the figures above (Table 3) indicated similar characteristics for waste management in general for both Austria and the Czech Republic, this picture might differ when looking at particular fractions of waste. 

Regarding municipal waste treatment, for instance, Figure 2 shows significantly different results: Here, the rate of landfilling for the Czech Republic amounts to more than 80%, while the same number for Austria is below 5%. 
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Figure 2: Municipal waste treatment, 2008 (% of total municipal waste treated). Source: Eurostat 2010b, p.121. 

This indicates that especially municipal waste incinerators in the Czech Republic offer great potential. However, because of the barriers described in chapter 4.3., the development of this sector has slowed down considerably. In general, cement factories are interested in the utilization of municipal waste, because there is not enough suitable industrial waste on the market which can be used for the production of alternative fuels. However, without new facilities, no rapid growth in the amount of utilization of waste to energy production can be expected in the Czech Republic. (Jarmila Šťastná 2011). 

As for Austria, it currently reaches a high level of self-sufficiency of waste disposal. The capacities for the treatment of municipal waste are sufficient, while for the treatment of commercial waste and other special fractions bound to be thermally or mechanical-biologically treated, there is still the need and potential for additional facilities. (BAWP 2011b, p.80) Altogether, the potential for an even further increased use of waste incineration seems limited. 

4.3. Barriers slowing down the development of energy utilization of municipal waste in the Czech Republic

Whereas Austria seems to be saturated regarding municipal waste incineration, there is still a significant potential for its increased use in the Czech Republic. However, development does not proceed as fast as it could. This chapter tries to identify barriers slowing down the development in the Czech Republic. All information has been taken from Odpadové fórum (2010). 
Economic barriers 

These barriers are related to the high price of investment in new equipment for energy utilization of municipal waste. It is also related to the cost of any investment in existing operations and the price for which the facility for energy recovery can offer its activities. In the current conditions of the Czech Republic, energy utilization of waste is an economic disadvantage due to the increasingly low-cost landfill. Other influences on the economic parameters of potential future facilities also are local operating conditions. Primary there has to be source of waste suitable for long-term operations and demand for output products. Long-term economic sustainability of a facility for energy utilization of waste is unthinkable without a clear strategic decision from the state to create the conditions for a long-term stable development. It is related mainly to the necessary change in charges for landfilling, the support of the proposed investment from public sources or by adding the waste incineration plants to supported sources of energy.

We want to mention a few words to barriers at the investors. The main problem is, that the investment plan is not prepared for a long time and is not included in the basic strategic document for the development of the area. The public is not adequately and timely informed about intention of the investor and there are no pre-defined real barriers and obstacles. 
Legal Barriers 

Due to Government Regulation č. 197/2003 Sb. about Waste Management Plan, it was practically impossible to build waste incineration plants in the Czech Republic. The policy of the Ministry of Environment was literally "not to support the construction of new municipal waste incinerators from state funds”. The Waste Management Plan also meant that it was not possible to use EU funds from which facilities can be financed, until the end of 2009. However, the situation changed in mid 2010 Government Regulation č. 473/2009 Sb., which amended the original regulation (č. 197/2003 Sb.)

4.4. Greenhouse gas emissions

This section is intended to provide an insight into the amounts of greenhouse gas emissions related to the treatment of waste. 

Although decreasing, a big share of greenhouse gases emitted in the European Union (79% in 2008) is energy-related (Eurostat 2010a, p.140). This is largely due to the high level of fossil fuels used to create energy. In order to meet the Kyoto Targets to fight global warming, but also to increase energy self supply, the trend towards renewable resources is continuing. As waste from biogenic origin (large parts of municipal and residual waste) is considered a renewable resource, the CO2 emissions from its burning can be seen as climate neutral. In UBA (2008, p. 11), some average emission factors are indicated. Hard coal causes on average 94 tons of CO2 per TJ, Diesel 74 t CO2/TJ, petroleum coke 101 t CO2/TJ and natural gas 56 t CO2/TJ. In contrast, municipal and industrial waste on average causes only 18 t CO2/TJ, and sewage and landfill gases as well as sewage sludges are not accountable for any CO2 emissions at all. 
Back in 1997, Hackl & Mauschitz compared different kinds of waste treatment scenarios (landfilling, incineration and mechanical-biological treatment options) with regard to following criteria: resource-efficiency, greenhouse gas emissions, emissions of pollutants, necessary after-care measures and landfill capacities. Here it is important to notice that CO2 emissions from biogenic origin are usually considered as climate-neutral. Based on this assumption, CO2 emissions from the thermal and biological treatment of waste, as well as the CO2 fraction of landfill gases were labelled climate-neutral in their study, while CO2 emissions from the incineration of plastics and fossil fuels as well as all CH4 (methane) emissions were considered as actual greenhouse gases affecting the climate. (Hackl & Mauschitz 1997, p.14)

As for the actual greenhouse gas emissions, they distinguish three different kinds (Hackl & Mauschitz 1997, p.15): 

(1) Direct emissions: These are mainly CH4 emissions that emerge through the different treatment options, plus CO2-Emissions from the burning of plastics.

(2) Avoided emissions: As compared to the maximum of emissions resulting from the deposition of untreated residual waste, some of these emissions can be avoided through the application of other treatment options. 
(3) Indirect emissions: If the energy content of waste is not used, an equivalent amount of energy will be needed to be produced from other sources, which are often fossil fuels. The respective greenhouse gas emissions have to be considered in the evaluation of non-energetic treatment options. 
For the results of their evaluation, Hackl & Mauschitz (1997) added the direct and indirect emissions and subtracted the avoided emissions from this sum. Thus, they were able to establish a ranking of different treatment options, indicating whether there is an additional burden or an avoidance of greenhouse gases related to them. 

They identified the highest potential for avoiding of greenhouse gases in the burning of residual waste in combined heat and power plants, followed by certain forms of mechanical-biological treatment and the burning of waste with power production only. The biggest additional burdens of greenhouse gases were observed in the deposition of residual waste without landfill gas burning or capture. This was found to be in the same order of magnitude as the possible avoidance of greenhouse gases with combined heat and power plants. Other additional burdens are caused by simple incineration of waste without energy recovery as well as simple burning of landfill gases. (Hackl & Mauschitz 1997)

This is also illustrated by the European Environment Agency (2010c, p. 30, see figure below): In total, both recycling and waste incineration do not cause greenhouse gas emissions, but do feature a net avoidance of emissions.  
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Figure 3: Emissions from municipal waste management in the EU-27, excluding Cyprus, plus Norway and Switzerland, 1995 and 2008, CO2-equivalents. Source: European Environment Agency 2010c, p. 30.  

Whereas we can not give recent and detailed figures for both Austria and the Czech Republic regarding actual avoidance of greenhouse gases through waste-to-energy operations, the study of Hackl & Mauschitz (1997) certainly gives an idea of the issue and provides an argument in favour of energy recovery through the incineration of waste.
Eurostat (2010a, p.152) however, provides an overview of greenhouse gases affiliated to waste treatment in general, but does not allow for a comparison of greenhouse gases to energy recovery, as it does not reveal figures for the same categories as in Table 3. Still, some trends can be detected: In general, all waste treatment options decreased greenhouse gas emissions in the last years, due to less waste being deposited on landfills and more recycling and incineration with energy recovery. On EU average, 75% of emissions were due to landfilling of solid waste, and both Austria and the Czech Republic are in line with this. Incineration of waste accounted for 3% of waste treatment emissions on EU average, and for less than 1% in Austria, but for more than 13% in the Czech Republic. This is of particular interest, since Austria shows both higher percentages for the incineration and the energy recovery of waste (see section 4.1.). A possible explanation for this significantly lower level of emissions from Austria might be that there are more effective technologies in place (e.g. filters, avoidance technologies etc.), although no evidence can be given for this speculation.  

	Greenhouse gas emissions from waste treatment, 2008 

(thousand tons of CO2 equivalent)

	
	Total
	Solid waste disposal on land
	Wastewater handling
	Waste incineration
	other

	EU-27
	138 949
	104 142
	27 992
	4 054
	2 761

	
	100 %
	75 %
	20 %
	3 %
	2 %

	Czech Republic
	3 605
	2 430 
	718
	456 
	-

	
	100 %
	67 %
	20 %
	13%
	

	Austria
	2 024
	1 557 
	291 
	12 
	163 

	
	100 %
	77 %
	14 %
	<1 %
	8 %


Table 4: GHG emissions from waste treatment 2008. Source: Eurostat 2010a, p.152; Authors' design

5.  Critical Reflection & Discussion

Many papers and studies are trying to find out how to optimally treat and use waste (e.g. Fricke et al. 2010; Grosso, Motta & Rigamonti 2010; Kothari, Tyagi, & Pathak 2010; Münster & Lund 2009). In general, it can be stated that the “optimal” decision depends on the kind of waste. According to the waste hierarchy, the prevention of waste, followed by the reuse and recycling, should always have priority over other treatment methods. However, when this is not possible due to economic, ecological or other reasons, energy recovery from waste is the next best option. 

5.1. Comparison with other methods

While we only discussed the thermal treatment of waste, there are also various other ways to recover energy from waste. Münster & Lund (2009), for instance, conducted energy system analyses in Denmark in order to compare different waste-to-energy technologies, especially focusing on the aspects of fuel efficiency, CO2 reductions and costs. They come to the conclusion that the production of transport fuels from waste (e.g. through biogas and thermal gasification technologies) makes sense for about one third of the waste that is currently incinerated. The authors recommend that research in these fields should be supported, while the remaining parts of waste should still be incinerated, preferably in highly efficient combined heat and power plants. (Münster & Lund 2009) 

However, not all types of waste can be used in all plants and for all technologies. Münster & Lund (2009, p.1254) state that the major part of waste currently incinerated is to be still incinerated in the future, but some fractions can be sorted out for a use in different, more flexible technologies. 

In addition, it is important to realize that the choice for one option or another might also depend on the choice of criteria applied in the analysis. We can not state an overall “best option”, as usually individual situations will have to be evaluated, and detailed analyses and studies will have to be done. 

5.2. Positive aspects of waste-to-energy incineration

Security of energy supply
Through energy generation from waste, fossil fuels can be substituted. As fossil fuels need to be imported to a large extent, waste-to-energy is an interesting option in securing energy supply and reducing the high dependence on (imported) fossil fuels, along with other alternative energy sources like wind, biomass, photovoltaic and others (Grosso, Motta & Rigamonti 2010; ISWA 2008).

Availability

Another positive aspect of energy generation from waste is the fact that waste is widely available and has to be dealt with one way or the other. Thus, it is obvious that using waste that can not be avoided, reused, recycled or recovered elsewhere as a resource for energy generation does make sense (see as well section 3. Waste sector). Additionally, it is worth noticing that recycling and recovering processes also generate residues that ultimately need to be thermally treated (ISWA 2008). 

Technology

The technology available today allows a highly efficient energy recovery and reduces the impact on human health and the environment, as compared to earlier technologies (Grosso, Motta & Rigamonti 2010, p.1238). 

Climate protection

While the incineration of waste itself causes various emissions (see below), it also avoids methane emissions that would occur in the case of landfilling. In addition, waste-to-energy plants substitute fossil fuels from traditional power plants, causing less total CO2 emissions as compared to coal and oil fired power stations (ISWA 2008). In general, waste incineration induces a net avoidance of greenhouse gases as compared to landfilling (see section 4.4 Greenhouse gas emissions). However, these are just general trends, and it is hard to give exact numbers, as this would require a detailed study on its own. In addition, the “climate protection” property of waste incineration only applies if appropriate technologies are used and a high energetic efficiency is reached (BAWP 2011b, p.80). 

Achievement of renewable energy targets

The Directive of the European Parliament and Council 2009/28/EC from 23 April 2009 sets the target of 20% of energy from renewable sources and a 10% share of renewable energy in transport for the European Union as a whole, by 2020. The Czech Republic is bound to achieve a share of 13% of renewable energy in 2020. For Austria, this binding target amounts to 34% by 2020. We believe that especially for the Czech Republic, using waste for energy purposes can be one of the tools to achieve the binding targets. Although we do not know whether additional plants will be built in the near future in the Czech Republic, in the long term new incinerator plants could help to achieve this target.
5.3. Negative aspects of waste-to-energy incineration

Emissions 

Incineration causes emissions of diverse substances (e.g. heavy metals, dioxins, carbon monoxide (CO), dust, total organic carbon (TOC), hydrogen chloride (HCl), hydrogen fluoride (HF), sulphur dioxide (SO2) and the nitrogen oxides (NO and NO2). These substances do have harmful effects on human health and the environment by polluting air, water and soil. The EU and its Member States have put strict rules in force regarding operation conditions, technical requirements and emission limit values of waste incineration, in order to minimise the risks. (EU 2010)

The waste management lobby argues that these regulations, together with improved technology and efficiency, in fact have minimised hazardous emissions to just a tiny fraction of emissions (e.g. only 0.07% of total dioxin emissions in Europe). They also refer to various studies indicating that there are almost no health risks for residents near waste-to-energy plants. (ISWA 2008)

While these results should be scrutinised and discussed, as there will probably always remain a certain risk for humans and the environment, it is illuminating to put the effects of waste-to-energy plants in relation to its alternatives: A study by the Federal Environment Ministry of Germany indicates that there would be more toxicant and particulate matter in the air if the power and heat generated by waste incineration were substituted by traditional power plants (Federal Ministry for the Environment, Nature Conservation and Nuclear Safety 2005). 

waste recycling 
As Grosso, Motta & Rigamonti (2010, p. 1238) indicate, there are some concerns – especially from environmental organisations – that increased waste incineration would have negative impacts on waste recycling and the resulting material recovery. In the light of the European and national legislation and the waste hierarchy that sets a clear priority to waste recycling, however, these concerns do not seem to be valid to a large extent. 

Inflexibility 

Münster & Lund (2009, p. 1252) notice that while waste incineration in combined heat and power plants is efficient and commonly used, the fact that electricity production is connected to heat demand can be a disadvantage. That is why they propose to look at more flexible alternatives of waste-to-energy as well. It is worth mentioning that this is a typical characteristic of all combined sources of electricity and heat production. In the case of large facilities, this disadvantage is partially eliminated with an appropriate combination of back-pressure and extraction turbines. However, the interdependence of electricity and heat is undeniable. It seems obvious that new incineration plants in the future will be constructed as cogeneration facilities in the vast majority, because this is the only way how to achieve economic efficiency of these plants.

6.  Conclusion

Both the Czech Republic and Austria have adopted the multifaceted legislative provisions from the European Union, e.g. regarding the waste hierarchy and its priorities for waste treatment options, or emission limits and requirements for waste incineration plants. However, Austria has stricter rules and a more profound legislation, for instance regarding the separate collection of waste, and the total ban of landfilling of untreated waste. 

This is probably the reason why there are significantly higher rates of recycling, composting and waste incineration in Austria as compared to the Czech Republic. The Czech Republic, whereas generating only half of the amount of municipal waste per capita than Austria, has still a very high rate of landfilling. Currently, Austria has 11 waste incineration plants with a total capacity of 2.3 million tons per year, while there are only three such plants in Czech Republic with significantly lower capacities, burning around 400 000 tons per year. As a result, Austria produces more energy from waste both in relative and absolute terms. 

Based on these considerations, it can be concluded that there is a significant potential for a shift in waste management towards more energy generation in the Czech Republic, while Austria is supposed to be more or less saturated already. It seems very likely that the Czech Republic will be able to use this potential in the near future, as economic and legal barriers that slowed down the development of waste incineration in the past have recently been removed. Czech Republic needs more waste incineration plants and we assume that this might be a good opportunity for investors, because the waste, which is today stored in landfills can be used as a very cheap fuel in the near future. 
An analysis of greenhouse gas emissions from waste management showed that waste incineration with energy recovery, where recycling or reuse is not possible, is beneficial in terms of climate protection: it does not only cause less greenhouse gas emissions as compared to landfilling, but features a net avoidance of such emissions. This is also one of the strongest arguments in favour of energy from waste incineration. Other positive aspects include the possible substitution of fossil fuels, the widespread availability of waste, as well as the highly efficient and modern technology available. Being critical also involves considering possible negative points. These might be, among others, the emissions of substances that have harmful effects on human health and the environment; the danger of a unreflected promotion of this waste management method, causing a shift away from more desirable treatment options such as recycling; or the relative inflexibility regarding the timing of energy production. 

In this paper we analyzed the cases of Austria and the Czech Republic. The significant differences we detected in terms of waste management systems and the current state and approach towards waste incineration might give an indication of the “bigger picture” within the European Union: There are many different countries with individual waste management systems. However, they have a common basis – EU legislation and the general agreement on the need of sustainable development, including waste management. In this situation, exchange of experiences between countries is crucial and should be promoted, as all parties involved would benefit from it. We can say that in waste management, the Czech Republic is relatively underdeveloped in comparison to Austria. But there is a lot of potential for improving the current situation.

What we consider a very important and interesting feature of EU legislation is the fact  that although the EU Member States have a common legislation, this legislation is able reflect the specific conditions of each country. This (benficial) aspect is followed not only in the case of renewable sources of energy, greenhouse gas emissions, but also in waste management.

However, while we focused on waste incineration in this paper, it has to be kept in mind that there is a range of other methods for energy recovery from waste. It is necessary to engage in research and to repeatedly evaluate the options available. This will help to find a good balance of different measures and a reasonable solution for waste management according to the specific situations in European countries. 
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Annex

Annex 1 – Waste management 2008, EU-27

Waste management, 2008 (% of total waste), Source: Eurostat (2010a, p.147). 
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Figure 3.2.3: Waste management, 2008 (% of total waste)
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� Prevention is defined as “measures taken before a substance, material or product has become waste” (EU 2009). 


� Recycling is defined as “any recovery operation by which waste materials are reprocessed into products, materials or substances whether for the original or other purposes” (EU 2009). 


� Recovery is “any operation the principal result of which is waste serving a useful purpose” (EU 2009). 


� „[This indicator] consists of waste collected by or on behalf of municipal authorities and disposed of through the waste management system. The bulk of this waste stream is from households (…). For areas not covered by a municipal waste scheme an estimation has been made on the amount of waste generated.” (Eurostat 2010a, p. 150). 


� 1 toe = 41,868 GJ
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