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1. Introduction  
The perception of waste and how the world treats waste is currently changing. New trends are 

emerging and the economy should increasingly be seen as circular. Resources should no longer be 

wasted after they have been used. Instead, waste is a resource which should be recycled, reused or 

recovered for energy and not disposed on landfills. These new trends will have a strong impact on the 

development of the waste-to-energy field in the years to come. 

Since the turn of the millennia resource prices have been on the rise, and there has been a growing 

concern that some valuable resources, such as phosphorous and some metals will be depleted. 

Eventually a lot of these resources end up in waste streams. Modern waste treatment technologies 

make it possible to extract these and other resources from waste and reintroduce them into the 

economy. There is even a potential for modern technologies to up-cycle waste into high value 

products. This combination of technical capability and increasing resource costs makes waste a 

valuable resource. One important application of waste as a resource is energy recovery from waste for 

biogas, fuels, heat or power.  

EU is globally leading within the waste-to-energy field and European companies provide world-

leading technologies for energy recovery from waste. Nevertheless, this report illustrates that there 

are substantial differences across Europe and even across the six COOLSWEEP partner regions when it 

comes to waste-to-energy. What are the important factors driv ing these differences across the regions, 

and what are the strengths and weaknesses of each of the COOLSWEEP partner regions within waste-

to-energy? These are some of the main questions which will be addressed in the analyses in this 

report.  

The analyses demonstrate that a number of factors have major impacts on the development of the 

waste-to-energy field. One important factor is regulation. Waste management and climate change 

policies at European, National and Regional levels are important driver s for the development of the 

waste-to-energy field in the COOLSWEEP partner regions. Regulation has a major impact on how the 

waste management systems in the regions have evolved over time and this evolution has shown to be 

of great importance for the current state of the waste-to-energy field in the regions.  

Other factors such as new emerging trends, economic instruments, new technological possibilities, 

access to talent, financing and public perception are also important drivers which can provide new 

opportunities for  ɀ or even hinder ɀ the expansion of energy recovery from waste in the COOLSWEEP 

partner regions. In this report, the factors that have the most significant impact on waste-to-energy in 

the six COOLSWEEP partner regions are reviewed.  

1.1. Structure of the report  
The overall aim of this report is to provide in-depth knowledge of the six regions involved in the 

COOLSWEEP consortium: Austria (the Styria region), Denmark, Italy (the Lombardy region), Norway 
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(the Oslo region), Spain (the Basque country) and Latvia1, The report is structured around these six in-

depth analyses of the partner regions.  

Chapter 2 gives an overview of the methodology used in the report. In chapter 3, a business model 

analysis is presented. The chapter provides insights into three emerging trends which will affect the 

development of existing and future business models in the waste-to-energy field. Furthermore, the 

chapter gives a presentation of the business model methodology which is applied throughout the in-

depth analyses in order to get an understanding of the most advanced waste-to-energy business model 

in each region. Finally, ÔÈÅ ÂÕÓÉÎÅÓÓ ÍÏÄÅÌ ÏÆ -ÁÁÂÊÅÒÇ %ÎÅÒÇÙ #ÏÎÃÅÐÔȭÓ ςnd generation biorefinery is 

presented.  

In chapters 4 to 9, in-depth analyses of the waste-to-energy field in each of the COOLSWEEP partner 

regions are presented; chapter 4) in-depth analysis of the Styria region in Austria; chapter 5) in-depth 

analysis of Denmark; chapter 6) in-depth analysis of the Lombardy region in Italy; chapter 7) in-depth 

analysis of the Oslo region; chapter 8) in-depth analysis of the Basque country in Spain; and chapter 9) 

an in-depth analysis of the waste-to-energy field in Latvia.  

The analyses are guided by the same structure, which relies on the analytical framework presented in 

the methodology chapter. The structure is as follows:  

1. Introduction. 

2. A mapping of the waste-to-energy field.  

This section includes a review of the waste management system and an identification of the 

relevant actors in the waste-to-energy field in each region. The section also provides an 

indication on the collaboration structure within the waste-to-energy field in the region, 

based on qualitative data2:  

3. A waste-to-energy business model.  

The third section reviews the most advanced business model for waste-to-energy in each 

region, based on the methodology presented in the business model analysis in chapter 3. 

4. Push factors driving the waste-to-energy field.  

In this section, five push factors influencing the waste-to-energy field in the region are 

reviewed. The push factors are: 1) waste; 2) Technology; 3) Finance and Funding; 4) 

Access to talent; 5) Entrepreneurship.  

5. Pull factors driving the waste-to-energy field.  

In this section, five pull factors influencing the development of the waste-to-energy field in 

the region are discussed. The pull factors are: 1) Regulation; 2) Taxes and subsidies; 3) 

Public-private partnerships; 4) Public perception; and 5) Global trends3.  

6. Concluding Remarks.  

  

                                                           
1 The in-depth analysis of Latvia is made by Riga Technical University, whereas the other analyses are made by FORA. 
2 A more thorough analysis of the collaboration structure in each region will be provided by LEC in WP2. 
3 Deliverable 1.2, delivered by LEC, presents a global analysis of the waste-to-energy field, where global trends are presented. 
Therefore the pull factor presenting the global trends influencing the waste-to-energy field is covered by the global analysis 
report in deliverable 1.2. 



3 
 

Coolsweep is funded by the European Union under the 7th Framework Programme  
 

2. Methodology  
The in-depth analyses are guided by a common analytical framework presented in the figure below, cf. 

figure 1.  

 
Figure 1: Analytical framework for in -depth analyses 

The first section of the in-depth analyses provides a characterization and mapping of the waste-to-

energy field in each partner region. This section includes a review of the waste management system 

and a mapping of the different types of cluster actors in the waste-to-energy field. This is done to give 

an overall understanding of the waste-to-energy field in the regions.  

The other three sections are based on the analytical framework presented above: 

1. A review of the most advanced business model for waste-to-energy in each partner region. 

2. A review of the push factors driving the waste-to-energy field in each region. 

3. A review of the pull factors driving the waste-to-energy field in each region. 

The analyses are based on in-depth knowledge of each partner region which has been collected 

through five steps of data collection activities: 1) survey; 2) desk research 3) focus groups; 4) 

interviews; and 5) field trips. Below, each step of the data collection process is described.  

2.1. Survey 
In task 1.3 a survey with the aim of identifying cluster actors in the waste-to-energy field in each 

partner region has been completed. The data collected in the survey have provided key input for the 

mapping and identification of different types of cluster actors in the waste-to-energy field within each 

region in the in-depth analyses.  

4ÈÅ ÑÕÅÓÔÉÏÎÓ ÉÎ ÔÈÅ ÓÕÒÖÅÙ ×ÅÒÅ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ ÃÌÕÓÔÅÒ ÁÃÔÏÒÓȭ engagement in the waste-to-energy field 

and their role in the waste-to-energy value chain. 355 cluster actors across all the partner regions have 

answered the questionnaire. 

2.2. Desk research 
Desk research has involved collection of statistical data as well as more qualitative data from strategy 

documents, reports and so forth on each of the partner regions involved in the project. Furthermore, 

participation in conferences has been an important part of the desk research phase. The data collected 

as part of the desk research has been analysed and applied in the in-depth analyses. Furthermore, the 

knowledge has provided important input  for the preparation of focus group discussions and expert 

interviews.  
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2.2.1. Drivers for waste -to-energy in Europe  

A first step in the development of the in-depth analysis has been the development of the Ȱ$ÒÉÖÅÒÓ ÆÏÒ 

waste-to-ÅÎÅÒÇÙ ÉÎ %ÕÒÏÐÅȱȢ 4ÈÅ ÒÅÐÏÒÔ developed by FORA gives an overview of the drivers affecting 

the development of the waste-to-energy field in the 27 EU member states and Norway, with a special 

focus on the six COOLSWEEP partner countries. The report reviews available statistics to uncover 

differences in key factors such as waste streams, waste treatment and energy systems in order to 

assess their effecÔ ÏÎ ÅÁÃÈ ÃÏÕÎÔÒÙȭÓ ÉÎÃÅÎÔÉÖÅ ÔÏ ÉÎÖÅÓÔ ÉÎ ×ÁÓÔÅ-to-energy. One of the key findings 

from the report is that these fundamental drivers are very different across the EU and even across the 

six COOLSWEEP partner countries. This report provided key input to the development of the in-depth 

analyses.  

2.2.2. Patent analysis  

The desk research phase has also contributed to an analysis of patent activity with in waste-to-energy 

technologies in the partner regions. The patent analysis has provided input to the mapping of the 

ÔÅÃÈÎÏÌÏÇÙ ÐÒÏÖÉÄÅÒÓȭ ÐÁÔÅÎÔ ÁÃÔÉÖÉÔÙ ÉÎ ÅÁÃÈ ÒÅÇÉÏÎ.  

The patent data used in the in-depth analyses are EPO (European Patent Office) data delivered by the 

Danish Patent and trademark Office on relevant technology codes. The relevant technology codes have 

been selected by FORA according to the Cooperative Patent Classification (CPC) codes, which is an 

international patent classification system. &/2! ÈÁÓ ÕÓÅÄ /%#$ȭÓ ÌÉÓÔ ÏÆ ÅÎÖÉÒÏÎÍÅÎÔ-related 

technologies to identify the relevant CPC classes4.  

In the selection of CPC codes, FORA has focused on selecting core technologies within the waste-to-

energy field. The relevant CPC codes identified by FORA are technologies related to energy recovery 

from waste, i.e. incineration technologies and technologies related to biofuel and biogas production. 

These technology codes have provided the foundation for the patent analysis in each region5.  

2.3. Focus groups 
On the basis of desk research, a focus group has been conducted in five of the six partner regions 

involved in the project. The focus group discussions have provided key input for the development of 

the in-depth analyses.  

In the focus groups, a semi-structured interview guide was followed. The interview guide secured that 

all push and pull factors from the analytical framework were covered and discussed in order to be able 

to evaluate their impact in the analyses.  

In order to get a representative picture of the waste-to-energy field in each region, the focus group 

consisted of different  types of cluster actors in the region, i.e. technology providers, consulting 

engineering companies, research organisations, operators, public authorities and industry 

associations. The participants in the focus groups were selected in close collaboration with the 

COOLSWEEP partners according to their relevance and expertise in the waste-to-energy field in the 

partner regions6. The focus group discussions were facilitated by FORA and the partners.  

                                                           
4 /%#$ȭÓ ÌÉÓÔ ÏÆ ÅÎÖÉÒÏÎÍÅÎÔ-related technologies can be found here: http://www.oecd.org/env/consumption -
innovation/ENV-tech%20search%20strategies%20for%20OECDstat%20(2013).pdf   
5 In ANNEX 1 the methodology used in the patent analysis is described more thoroughly and a list of CPC codes is provided. 
6 A list of focus groups participants can be found in ANNEX 2. 

http://www.oecd.org/env/consumption-innovation/ENV-tech%20search%20strategies%20for%20OECDstat%20(2013).pdf
http://www.oecd.org/env/consumption-innovation/ENV-tech%20search%20strategies%20for%20OECDstat%20(2013).pdf


5 
 

Coolsweep is funded by the European Union under the 7th Framework Programme  
 

2.4. Interviews  
As a supplement to the focus groups, individual interviews with waste-to-energy experts in each 

partner region have been conducted7. The interviews focused on the subjects that were not covered in 

the focus groups discussions.  

The interviews have followed a semi-structured interview guide developed on the basis of the findings 

from the desk research and the focus groups discussions. The interviewees include e.g. public 

authorities, operators and research organisations. The interviewees were selected in close 

collaboration with the COOLSWEEP partners according to their relevance and expertise in the waste-

to-energy field in the partner regions. The interviews were conducted by FORA. 

2.5. Field trips  
Field trips to waste-to-energy plants have been crucial to get a technological understanding of the 

different  waste treatment technologies. Furthermore, it has provided input for an understanding of 

how the most advanced business model for waste-to-energy in each region works and how that model 

may be influenced by the push and pull factors. 

The field trips have been arranged in close collaboration with the COOLSWEEP partners who has 

assisted FORA in selecting the waste-to-energy plants which represent the most advanced business 

model in the region8. 

  

                                                           
7 A list of interviewed experts is provided in ANNEX 3. 
8 A list of field trips is provided in ANNEX 4. 
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3. New business models for waste -to-energy 
The perception of waste and how the world treats waste is changing. Waste is increasingly seen as a 

resource which can be recovered and Europe is leading the way. European companies in the waste-to-

energy field have managed to develop effective and sustainable business models which create value 

through energy recovery from waste.  

In recent years, there has been an increasing interest in green business model innovation and new 

ÔÒÅÎÄÓ ÌÉËÅ ȰÉÎÄÕÓÔÒÉÁÌ ÓÙÍÂÉÏÓÉÓȱ with relevance to the waste-to-energy field have emerged. Below, 

three trends influencing the waste-to-energy field are presented.  

3.1. Emerging trends influencing waste -to-energy business models  
A number of emerging trends will have a strong impact on the development of the waste-to-energy 

field in the years to come and the companies need to take these trends into consideration when 

developing the business model. The trends highlighted here are: 1) circular economy; 2) industrial 

symbiosis; and 3) a bio-based economy9. 

3.1.1. Circular e conomy 

Today, the global economy is following a linear process, where resources in many instances are 

wasted after they have been used. This perception is changing. The economy should increasingly be 

seen as circular, where waste is recycled. The Ellen MacArthur Foundation (EMF) is a strong advocate 

for the circular economy. EMF defines circular economy as:  

Ȱȣ Á ÇÅÎÅÒÉÃ ÔÅÒÍ ÆÏÒ ÁÎ ÉÎÄÕÓÔÒÉÁÌ ÅÃÏÎÏÍÙ ÔÈÁÔ ÉÓȟ ÂÙ ÄÅÓÉÇÎ ÏÒ ÉÎÔÅÎÔÉÏÎȟ ÒÅÓÔÏÒÁÔÉÖÅ ÁÎÄ ÉÎ ×ÈÉÃÈ 

materials flows are of two types: 1) biological nutrients, designed to re-enter the biosphere safely; and 

2) technical nutrients, which are designed to circulate at high quality without entering the 

ÂÉÏÓÐÈÅÒÅȢȱ10 

Circular economy is about making producers and manufacturers create products that involve less 

waste and make consumers integrate recycling into their daily habits. Below, cf. figure 3.3., is an 

illustration of the circular economy, energy recovery from waste should be seen as an integral part of 

the circular economy, as residual waste not applicable for recycling should be recovered for energy.  

 

                                                           
9 The global analysis of the waste-to-energy field presented in deliverable 1.2 also highlights some of these trends. For more 
informations on this, see the report on www.coolsweep.org  
10 The Ellen MacArthur Foundation 

http://www.coolsweep.org/
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Figure 2: Illustration of the Circular Economy.  
Source: Ellen MacArthur Foundation 

Below, a business case illustrating the use of the circular economy concept in a carpet manufacturer 

company is exemplified. 

Circular Economy Case: Desso  

An example of a company that has adopted the concept of circular economy into its business model is 

Desso, a Dutch carpet manufacturer. In 2008, Desso started to select materials according to 19 criteria 

based on the Cradle to Cradle certification scheme11. By doing this, Desso aims at being able to recycle 

100 pct. of its materials in 2020. At the same time, Desso launched a take-back-system in 2010, where 

they retrieve old carpets from both customers and competitors for recycling through its newly 

ÄÅÖÅÌÏÐÅÄ ÐÒÏÐÒÉÅÔÙ ÓÙÓÔÅÍȟ Ȱ2ÅÆÉÎÉÔÙȱȢ 

4ÏÄÁÙȟ ÏÖÅÒ υπ ÐÃÔȢ ÏÆ $ÅÓÓÏȭÓ ÃÁÒÐÅÔ ÔÉÌÅ ÒÁÎÇÅ ÉÓ ÁÖÁÉÌÁÂÌÅ ×ÉÔÈ ρππ ÐÃÔȢ ÒÅÇÅÎÅÒÁÔÅÄ ÙÁÒÎ ÆÒÏÍ ÔÈÅ 

take-back-system. Desso has received multiple awards for their sustainable path, which they have 

used to brand the company and their products. This model is not only sustainable but it has also 

shown to be very economic beneficial as Desso has increased its European market shares in business 

carpet tiles by 8 pct. between 2007 and 2011. Moreover, whereas the European carpet market 

decreased by 30 pct. during the financial crisis, Desso still saw substantial growth rates.  

Source: www.desso.com  

3.1.2. Industrial s ymbiosis  

A second trend emerging is industrial symbiosis. An industrial symbiosis is collaboration between two 

or more companies, where one company uses residuals from another company in its production. 

Another type of industrial symbiosis is through the market where the exchange of resources goes 

through companies that are specialized in collecting and refining residuals with the purpose of resale.  

Industrial symbioses are also becoming a salient topic on the political agenda ɀ both on national and 

international level. Countries like Finland, England and Denmark now run programs that underpin the 

formation of industrial symbioses and are ɀ to a large extent ɀ a result of an emerging resource 

ÅÆÆÉÃÉÅÎÃÙ ÁÇÅÎÄÁȢ )ÎÄÕÓÔÒÉÁÌ ÓÙÍÂÉÏÓÅÓ ÁÒÅ ÁÌÓÏ ÍÅÎÔÉÏÎÅÄ ÉÎ ÔÈÅ %5 #ÏÍÍÉÓÓÉÏÎȭÓ ÎÅ× ÓÔÒÁÔÅÇÙ Ȱ! 

                                                           
11 http://www.c2ccertified.org/   

http://www.desso.com/
http://www.c2ccertified.org/
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2ÅÓÏÕÒÃÅ %ÆÆÉÃÉÅÎÔ %ÕÒÏÐÅȱ ÁÓ ÏÎÅ ÏÆ ÍÁÎÙ ÔÏÏÌÓ ÔÏ ÓÔÒÅÎÇÔÈÅÎ ÒÅÓÏÕÒÃÅ ÅÆÆÉÃÉÅÎÃÙȟ ÍÉÎÉÍÉÚÅ ×ÁÓÔÅ ÁÎÄ 

increase the competitiveness of European companies. In November 2013, The European Industrial 

Symbioses Association was launched with the aim of facilitating dialogue and collaboration between 

the respective national programs12.  

Below, a business case illustrating an industrial symbiosis between a floor company and a Danish 

utility company is described. 

Industrial Symbiosis Case: Galaxe Floors and Holbæk utility company  

A partnership on exchange of polystyrene between the Danish floor company, Galaxe Floors and the 

Danish utility company Holbæk utility is an example of an industrial symbiosis. 

Galaxe Floors produces Thermozell ɀ a mixed product of concrete, water and polystyrene ɀ which is 

ÕÓÅÄ ÉÎ ÔÈÅ ÍÁËÉÎÇ ÏÆ ÆÌÏÏÒÓȢ 'ÁÌÁØÅ &ÌÏÏÒÓ ÃÏÌÌÅÃÔÓ ÐÏÌÙÓÔÙÒÅÎÅ ÆÒÏÍ (ÏÌÂåËȭÓ ÒÅÃÙÃÌÉÎÇ ÓÔÁÔÉÏÎ ÁÎÄ 

uses it as input in their production of Thermozell.  

In that way, Galaxe Floors uses a residual product which otherwise would have gone to the incinerator. 

Incinerating polystyrene is not the best way to recover polystyrene, as the energy recovery from 

incinerating polystyrene is very low (26 Mj/kg) compared to the 89 Mj/kg used in the production of 

polystyrene. Furthermore, keep down the production costs as they collect the polystyrene for free. 

Moreover, Holbæk utility company saves transport costs which are very high as polystyrene has a high 

volume and the gate fees they pay to the operator of the incinerator.  

Source: www.groenomstilling.erhvervsstyrelsen.dk    

3.1.3. Bio-based economy 

A third emerging trend is the bio-based economy. The bio-based economy is about the transition from 

an economy based on fossil fuels to an economy based on biomass as a raw material: from fossil-based 

to bio-based. In a bio-based economy biomass is used for chemicals, materials, transportation fuels 

and electricity and heat.  

Cascade use of biomass is an example of a technological trend in the bio-based economy. This means 

that the biomass is used where it has the highest added value. An example is a biorefinery, where the 

sugars, oils and proteins from renewable biomass are converted into multiple products such as 

biofuels, chemicals and materials such as plastics and polymers. As such, the objective is to develop as 

many products and value streams as possible from the biomass and thereby maximise the value 

extracted.  

There are already a number of laws and initiatives, both on national and EU level, that promote a bio-

ÂÁÓÅÄ ÅÃÏÎÏÍÙȟ ÁÎÄ ÔÈÅ %ÕÒÏÐÅÁÎ #ÏÍÍÉÓÓÉÏÎȭÓ ÓÔÒÁÔÅÇÙ ÐÕÂÌÉÓÈÅÄ ÉÎ ςπρςȟ Ȱ)ÎÎÏÖÁÔÉÎÇ ÆÏÒ 

sÕÓÔÁÉÎÁÂÌÅ ÇÒÏ×ÔÈȡ ! ÂÉÏ ÅÃÏÎÏÍÙ ÆÏÒ %ÕÒÏÐÅȱ13 seeks to promote a bio-based economy across Europe. 

Most relevant to the waste-to-ÅÎÅÒÇÙ ÓÅÃÔÏÒ ÉÓ ÔÈÅ ÓÔÒÁÔÅÇÙȭÓ ÅÍÐÈÁÓÉÓ ÏÎ ÂÉÏ ÒÅÆÉÎÅÒÉÅÓ ×ÈÉÃÈ ÕÓÅÓ 

cascading technologies. The Commission underscores that it will be necessary to support refineries, 

e.g. by promoting pilot and demonstration plants through public-private partnerships, regional funds 

                                                           
12 http://eur -isa.org/  
13 http://ec.europa.eu/research/bioeconomy/pdf/201202_innovating_sustainable_growth.pdf  

http://www.groenomstilling.erhvervsstyrelsen.dk/
http://eur-isa.org/
http://ec.europa.eu/research/bioeconomy/pdf/201202_innovating_sustainable_growth.pdf


9 
 

Coolsweep is funded by the European Union under the 7th Framework Programme  
 

and other financial instruments. Maabjerg Energy Concept in Denmark is an example of a biorefinery 

business model. The business model will be described below, but first a review of the business model 

methodology will be provided. 

3.2. The business model methodology  
A business model explains how a company is doing its business. It explains how a company creates and 

delivers value to its customers and how that value is captured for the company. A better 

understanding of the business model gives the company the ability to compare its business model with 

other companies and to understand what can advantageously be changed to keep its competitive 

advantage on the market and ensure future growth. 

In !ÌÅØÁÎÄÅÒ /ÓÔÅÒ×ÁÌÄÅÒȭÓ book on business models: ȰBusiness Model Generationȱ, a business model 

is defined as: Ȱthe rationale of how an organization creates, delivers, and captures valueȱ14. 

Osterwalder has developed a business model approach which is useful in this analysis to understand 

how business models in the waste-to-energy field are working.  

/ÓÔÅÒ×ÁÌÄÅÒȭÓ ÁÐÐÒÏÁÃÈ ÔÏ ÂÕÓÉÎÅÓÓ ÍÏÄÅÌÓ ÉÓ ÂÕÉÌÔ ÁÒÏÕÎÄ Á ÂÕÓÉÎÅÓÓ ÍÏÄÅÌ ÃÁÎÖÁÓ ×ÈÉÃÈ ÃÏÎÓÉÓÔÓ ÏÆ 

nine building blocks that one needs to go through in order to understand the different elements of a 

ÃÏÍÐÁÎÙȭÓ ÂÕÓÉÎÅÓÓ ÍÏÄÅÌ. In addition to the nine building blocks, IDEO has introduced two building 

blocks which aim to capture the dynamics of a business model; 1) Growth strategy and 2) Comparative 

strategy15. We however argue that it is important to consider all the building blocks of the business 

model as dynamic. In real life the business models are neither static nor linear. Instead important 

interdependencies exist between the building blocks and any change in one building block may 

influence the other building blocks. The 11 building blocks of the business model are illustrated in the 

canvas below (cf. Figure 3). 

In order to understand the business model canvas, one should start with the customer segments . The 

customer segments are all the persons and organisations for which you are creating value. For these 

customers the company has a bundle of services and products which create value for the customers. 

4ÈÉÓ ÉÓ ÔÈÅ ÃÏÍÐÁÎÙȭÓ value proposition . The channels  describe through which channels the 

company is interacting with customers and delivering value. The customer relationships  outline the 

relationships the company is establishing with the customers and the revenue streams  make clear 

how and through which price mechanism ÔÈÅ ÃÏÍÐÁÎÙȭÓ business model is capturing value. Looking at 

the other side of the business model canvas, the key resources  illustrate which assets are 

indispensable in ÔÈÅ ÃÏÍÐÁÎÙȭÓ business model. The key activities  show which activities the company 

needs to be able to perform in order to create, deliver and capture value, and the key partnerships  

give an indication of who from the outside can help the company leverage the business model. When 

these understandings are in place, the company can get an understanding of the cost structure  and 

what costs are related to the operation of the business model. Finally, the company needs to 

understand how it is differs from its competitors by looking at its compar ati ve strategy and to 

consider how the company will growth in the future, by establishing a future growth strategy .  

                                                           
14 Osterwalder, A., Pigneur, Y. 2010: Business Model Generation. John Wiley & Sons, New Jersey. 
15 IDEO, 2011 
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Growth Strategy  

The dynamic part of the business model in the sense, that in order to have a sustainable business, the 
company needs a future growth strategy 

Key partners  

The network of 
suppliers and 
partners that 

make the 
business model 

work  

Key Activities  

The most important 
activities a company 
must do to make its 

business model 
work  

Value 
Proposition  

The bundle of 
products and 
services that 

create value for 
specific 

customer 
segments 

Customer 
Relationships  

The types of 
relationships a 

company establishes 
with specific 

customer segments 
 

Customer 
segments 

 
The different 

groups of people 
or organizations 

the company aims 
to reach and serve 
by its products or 

services Key Resources 

The most important 
assets required to 
make a business 

model work 

Channels 

How a company 
communicates with 

and reaches (via 
distribution 
channels) its 

customers segments 
to deliver a value 

proposition  
Cost Structure  

All costs incurred to operate a business 
model 

Revenue Streams 

The revenues a company generate from the 
customer segments 

Comparative Strategy  

How is the offering of the company different from its competitors? 

Figure 3: The business model canvas 

3.3. The business model of Maabjerg Energy Concept  
Maabjerg Energy Concept in Denmark is an example of a business model representing all three 

identified trends above through an integrated biorefinery. Maabjerg Energy Concept is still in a stage 

of development. It is expected to be fully established and in operation by 201716.  

Maabjerg Energy Concept is developing a business model which integrates different types of waste-to-

energy technologies in one business model. The technologies include energy recovery through 

incineration, biogas production and bioethanol production. The aim is to create synergies across these 

three waste-to-energy solutions and make an integrated system (i.e. industrial symbiosis), where 

residuals from one process is used as input into another process. As a result the concept will produce 

several outputs: heat, electricity, biogas, bioethanol as well as fertilizer . 

Today, Maabjerg Energy Concept consists of two plants, which have had great impact on the 

development of the project. The plants are; 1) Maabjerg combined heat and power (CHP) plant; and 2) 

Maabjerg BioEnergy.  

                                                           
16 http://www.maabjergenergyconcept.dk/  

http://www.maabjergenergyconcept.dk/
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Maabjerg CHP plant was established in 1993 and produces electricity and district heating through 

incinerating straw, wood chips, waste, sewage sludge and biogas from Maabjerg BioEnergy.  

Maabjerg BioEnergy is a biogas plant producing biogas from liquid manure and waste from the food 

industry. Maabjerg BioEnergy opened as a full scale biogas production plant in 2012. The plant yearly 

converts 850.000 tonnes of biomass to biogas.  

The final step in realizing Maabjerg Energy Concept will include the building of the 2nd generation 

bioethanol plant next to Maabjerg BioEnergy, where straw will be used as feedstock in producing 

bioethanol through the use of enzymes. The residues from the bioethanol production will be used as 

feedstock in the two other plants; i.e. the vinasse ɀ a liquid sugary residue ɀ will be used as feedstock 

in Maabjerg BioEnergy, whereas the lignin ɀ the straw when the sugar has been taken out and used in 

the bioethanol plant ɀ will be incinerated in the CHP plant. Furthermore, the CHP plant will also use 

fibers from the biogas production and waste as feedstock. The residual products from the bioethanol 

production will replace a significant amount of waste which today is imported from London and used 

as feedstock in the CHP plant. At the same time, the CHP plant should be able to deliver steam for the 

bioethanol production; conversely the heat from the bioethanol production will be used in the district 

heating system through the CHP plant. Finally fertilizer and nutrients will be available for the 

agriculture.  

The final decision to build the 2nd generation bioethanol plant is however contingent on regulations 

which create better framework conditions for 2nd generation bioethanol in Denmark and in EU and 

thus create a market for bioethanol. Today, regulations in the EU demands that 10 pct. of the energy 

consumption in the transport sector should come from renewable energy by 2020. Gasoline entails at 

the moment approximately 5,75 pct. 1st generation bioethanol. The difference between 1st and 2nd 

generation bioethanol is that 1st generation bioethanol is produced using e.g. corns which can also be 

used as food, whereas 2nd generation bioethanol is produced on the basis of residues, e.g. straw. In 

2013, the European Parliament decided that 2,5 pct. of the bioethanol should be 2nd generation 

bioethanol by 2020. The agreement was however not carried on in the cabinet and the decision was 

therefore not implemented. As a result, investments in 2nd generation bioethanol plants are currently 

in a waiting position. It is expected that the European Commission will decide on future goals for 2nd 

generation bioethanol in 2014. When the decision is made, the consortium around Maabjerg Energy 

Concept will decide whether the 2nd generation bioethanol plants should be build or not.  

In order to realise all parts of the Maabjerg energy concept business model, investments of 

approximately 293 million EUR are required. 240 million EUR will be invested in the building of a 2nd 

generation bioethanol plant.  

The consortium behind Maabjerg Energy Concept was established in August 2011 and consists of two 

private companies and three companies owned by municipalities. The consortium is established 

around two consortia: 1) A local consortium and 2) a national consortium. The consortia own each 50 

pct. The owners in the local consortium are: 1a) Vestforsyning A/S (A utility company owned by 

Holstebro municipality); 1b) Struer utility company A/S owned by the municipality of Struer; and 1c) 

Nomi I/S, owned by three municipalities (Struer, Holstebro and Lemvig). The owners in the national 
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consortium are DONG Energy A/S and Novozymes A/S which provide the crucial technologies for 

development of the concept.  

In addition to the owners, Maabjerg Energy Concept also has a large range of partners which are 

important to the development of the business model. These partners are among others: Inbicon A/S, 

REnescience A/S, Envidan A/S, Technical University of Denmark and Aarhus University, which have all 

contributed to the technological development of the business model. The Inbicon technology converts 

residues from the agriculture to 2nd generation bioethanol and is thus a crucial technology for the 

ÆÕÎÃÔÉÏÎ ÏÆ -ÁÁÂÊÅÒÇ %ÎÅÒÇÙ #ÏÎÃÅÐÔȭÓ ÂÕÓÉÎÅÓÓ model.  

Maabjerg Energy Concept also relies heavily on farms in the local area to supply straw and liquid 

manure, which are used as feedstock in the production process. Furthermore, the farmers can also be 

classified as customers as they will receive fertilizer and nutrients from the production process. 

The key activities in Maabjerg Energy Concept are conversions of straw, biomass, primarily liquid 

manure and waste into different types of products through the integration of three plants: 

 A bioethanol plant, which is expected to produce 80 million litres of bioethanol from straw; 

 A biogas plant, which is expected to produce 50 million cubic metres of biogas out of liquid manure 

and melasse from the bioethanol;  

 A combined heat and power plant which burns the by-products produced in the other two plants 

and delivers electricity and heat for approximately 25.000 households. 

Below (next page), a canvas explaining the different elements of the business model for Maabjerg 

Energy Concept is illustrated.  
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17 Costs and revenues are uncertain as Maabjerg Energy Concept is still in a development phase.  

Growth Strategy  

The growth strategy of MEC is dependent on whether it will be possible to find investors for the building of the 2nd generation bioethanol plant. The ability to find investors depends on future regulations on 2nd generation bioethanol.  If the plant 
will be a reality, the consortium behind MEC is planning to sell the concept (or parts hereof) (mainly the 2nd generation biorefinery) as a turnkey solutions. Therefore, the project will also serve as a full-scale demonstration site. Furthermore, the 
biorefinery can be extended to also produce heavy fuels for e.g. shipping. 

Key partners  

The key partners are divided into 2 overall groups: 
1. Owners, divided in two consortia: 
 A local consortium (50 pct.) 

o Vestforsyning A/S 
o Struer utility company 
o Nomi I/S 

 A national consortium (50 pct.) 
o DONG Energy A/S 
o Novozymes A/S 

2. Partnerships: 
 Inbicon A/S 
 REnescience A/S 
 Maabjerg BioEnergy A/S 
 Plan & Project A/S 
 Envidan A/S 
 Technical University of Denmark 
 Aarhus University  
 HMN I/S 
 Danish agriculture and food council 
 Central Denmark region 
 Local farmers which supply liquid manure and 

straw 
 Arla A/S which supplies organic industrial waste to 

biogas production 

Key Activities  

-%#ȭÓ σ ËÅÙ ÁÃÔÉÖÉÔÉÅÓ ÁÒÅ ÁÌÌ ÒÅÌÁÔÅÄ ÔÏ ÅÎÅÒÇÙ 
production: 
 Energy recovery (heat and electricity) 

through incineration 
 Production of biogas from liquid manure 

and melasse 
 Production of 2nd generation bioethanol 

for transport (not in operation yet)  

Value Proposition  

-%#ȭÓ ÖÁÌÕÅ ÐÒÏÐÏÓÉÔÉÏÎ ɉ×ÈÅÎ ÆÉÎÉÓÈÅÄɊ 
will be a cost-efficient 2nd generation 
biorefinery. 
Their overall value proposition entails a 
combination of the value propositions listed 
below: 
 Receives and treats 100.000 tonnes of 

waste, 800.000 tonnes of biomass (e.g. 
liquid manure) and 300.000 tonnes of 
straw per year. 

 Delivering district heating and 
electricity for 25.000 households. 

 Delivering fertilizer and nutrients for 
farms 

 Delivering biogas for the natural gas 
grid 

 Delivering 80 million liters of 2nd 
generation bioethanol for transport 
fuels. 

 A reduction of 400.000 tonnes CO2 
per year through replacing fossil fuels 
with bio -based fuel 

Customer Relationships  

-%#ȭÓ ÒÅÌÁÔÉÏÎÓÈÉps with customers are 
characterised as follows: 
 The households are not allowed to deliver 

their waste to other plants. They cannot 
disclaim the waste management services 
imputed by the municipality 

 A close and trustful relationship with local 
farmers is important. They are customers 
both in a supplier sense (supplying liquid 
manure and straw) but also as customers 
buying the fertilizer and nutrients. 

Customer segments 

-%#ȭÓ ÃÕÓÔÏÍÅÒÓ ÁÒÅ ÇÒÏÕÐÅÄ 
into four groups: 
 
1. Local farmers: buyers of 

fertilizers and nutrients 
 

2. The oil and transportation 
sector: buyers of the 2nd 
generation bioethanol 

 
3. Energy companies buying 

heat and electricity 
(including the natural gas 
grid)  

 
4. Households in the three 

owner municipalities in 
the local consortium 

Key Resources 

-%#ȭÓ key resource is an integration of three 
plants and technologies: 
 A power plant delivering electricity and 

heat for households.  
 A biogas plant with a capacity to 

produce 50 million cubic metres of 
biogas 

 A bioethanol plant (not built yet) which 
expectedly will produce 80 million litres 
of bioethanol 

Channels 

-%#ȭÓ ÄÉÓÔÒÉÂÕÔÉÏÎ ÃÈÁÎÎÅÌÓ ÁÒÅȡ 
 Delivery of heat and electricity from the 

incineration process through a central grid 
 Delivery of biogas through a natural gas 

grid 
 Bioethanol will be sold to oil companies 
 Direct delivery of nutrients and fertilizer to 

local farmers  

Cost Structure 17 

The overall investment budget is 480 million EUR. The budget is  allocated to different posts: 
 293 million EUR is related to investments in new plants 

o 240 million EUR for setting up the 2nd generation bioethanol plant 
o 53 million EUR covers a rebuilding of the power plant and an expansion of the storage 

capacity in the biogas plant.  
 187 million EUR is related to other investment costs: 

o Project planning, starting up the project, setting up a construction site, interest rates on 
loans, unforeseen costs, taxes etc. 

The operating costs are expected to be approximately 100 million EUR per year. 

Revenue Streams 

The revenue streams related to the investments are divided between different revenue streams: 
 Funding programmes: 

o 1,3 million EUR from the energy technology development and demonstration programme (EUDP) and 726 
thousand EUR from the fund for green growth. 

o Funding from EU funding programmes (NER300 programme and EU biobased Industries Public Private Partner 
programme)  

 Private investors (not available) 
 Other revenues (subsidies, gate fees, sales of fertilizer and nutrients, district heating, electricity, sales of upgraded biogas 

to the natural gas grid, sales of bioethanol) 
The operating profits are expected to be 29 million EUR in the first year and after the running-in period (from 2020 and 
forward), profits are expected to increase to 33 million EUR.  

Comparative Strategy  

MEC differentiate itself from its competitors through an integration of three different types of waste-to-energy technologies in one business model. The business model is expected to be cost-effective in the long run, It is a business model 
representing new trends within the waste management field and it makes a holistic system where residues from one process is used as input in another process.  
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In -depth analysis of the waste -to-energy field in the Styria region in Austria  

1. Introduction  
The Styrian waste-to-energy field has developed under the influence of a waste management system 

focused on diverting waste from landfills. Today, Styria has a well-developed separate collection and 

recycling system, where large part of the municipal waste is either recycled or recovered for energy 

through incineration or co-incineration.  

The region has a long tradition in using mechanical-biological and splitting treatment plants through 

which the residual municipal waste, the fraction of the municipal waste which is not separately 

collected for recycling, is sorted and treated.  

Co-incineration of residual municipal and industrial waste has become state-of-the-art in energy-

intensive industries in Styria (e.g. cement and paper industries) and is now a necessary part of the 

Styrian waste management system. This evolution was especially favored by the implementation of the 

landfill tax in the beginning of the 1990s and the landfill ban introduced in 2004 for untreated waste. 

The technology for co-incineration in Styria has developed for several years and is currently maturing. 

Now, technology development in this field is focused on optimising the technology and making it more 

efficient in order to increase the substitution rate and expand the fields of solid recovered fuels 

application.18  

The waste-to-energy field in the Styria region is not characterised as being specialised in one particular 

waste-to-energy technology. Instead, the region has technology providers specialised in different 

waste-to-energy technologies, ranging from decentralised biomass incineration and gasification units to 

biogas and biofuel production plants for different types of biogenic feedstock, as well as technologies 

for waste collection, sorting and shredding.  

Companies like BioEnergy International which provides multi -feedstock technology for biogas and 

biodiesel production, Binder&Co which is specialised in opto-electronical sorting, Komptech which 

provides shredding and composting technology and Thermo Team which produces high calorific solid 

recovered fuels are only a number of the many companies operating in different technology areas of the 

waste-to-energy field in the Styria region. Today, these companies are international providers of waste-

to-energy technologies and many of them have export quota of over 80 pct.  

The public authorities at national level in Austria and in the Styria region have played an important role 

in the development of the field through regulative initiatives. This is reflected in a large number of 

companies providing different technological solutions for the waste-to-energy field. 

  

  

                                                           
18 Pomberger R. & Sarc R., 2012: The Future of Solid Recovered Fuels; European Mineral Resources Conference   
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2. Mapping of the waste -to-energy field in Styria  

The Styrian waste-to-energy field is mainly driven by three types of actors: 1) technology providers, 2) 

consulting engineering companies and 3) operators.  

The historical evolution of the waste management system in Styria sets the framework for 

developments within  the waste-to-energy field, reason why the point of departure for the analysis of 

the cluster is a description of the Styrian waste management system.   

2.1. The waste management system in Styria  
Being located in a country which today has the highest recycling rate amongst all the EU states, Styria 

has defined its legal framework regarding waste management for the first time in 1995 through the 

Ȭ,Á× ÏÎ ÔÈÅ ÐÒÅÖÅÎÔÉÏÎȟ ÃÏÌÌÅÃÔÉÏÎ ÁÎÄ ÒÅÃÙÃÌÉÎÇ ÏÆ ×ÁÓÔÅȭȢ19 The law required the development of a 

management model for the creation of basic conditions for municipal waste collection and treatment.20 

4ÈÅ ÍÏÄÅÌ ÂÅÃÁÍÅ ËÎÏ×Î ÁÓ ÔÈÅ Ȭ3ÔÙÒÉÁÎ 7ÁÓÔÅ -ÁÎÁÇÅÍÅÎÔ #ÏÎÃÅÐÔȭ ÏÒ 3Ô!7)+/ ωυȢ 

Even though the higher valorisation of waste 15-20 years ago primarily was determined by 

environmental and human health concerns, regulation for a better waste management system was the 

first trigger towards a market for innovative technologies which could offer an alternative to landfills. 

The economic instruments used to push the extensive adoption of recycling practices also provided 

long term security for investments. The planning of a waste treatment facility and securing the 

necessary funding is an extensive process, which usually takes between 5-8 years21, therefore 

predictable and stable legal and economic frameworks have been important drivers for the 

development of the Styrian waste management system. 

Currently the waste management system in the region includes recycling of a major part of source 

separated fractions, collected both through pick-up collection systems and bring-it -yourself systems by 

operation of 383 waste material collection centres. Residual waste is treated through mechanical-

biological processes, which allows the extraction of high calorific value materials. These are used 

afterwards as fuel mainly for co-incineration in regional energy-intensive sectors, especially the cement 

industry.  

Treatment of residual waste in mechanical-biological treatment (MBT) plants has a long tradition in 

Styria. Between 1975 and 1980, so called waste sanitation facilities and waste splitting plants were 

established, and they represented the first step in the development towards the MBT infrastructure 

used today.22 

Planning related to waste management is included in provincial waste management plans which need 

to be developed every 5 years by the provincial government.23 Early policy focus on the recovery of a 

wide range of waste material fractions influenced the development of different types of technology 

solutions within waste collection and treatment.24  

 

                                                           
19 Gesetz über die umweltgerechte und wirtschaftliche Vermeidung, Sammlung und Verwertung von Müll 
20 Municipal waste  is defined in the Styria Provincial Waste Management Plan 2010 as waste from private households and 
other waste types which are similar to waste from private households due to their nature and composition.  
21 Austrian Federal Ministry of Agriculture, Forestry, Environment and Water Management, 2010: White Paper on Waste-to-
Energy in Austria 
22 Provincial Waste Management Plan 
23 According to the Styrian Waste Management Act 2004 
24 According to discussions during COOLSWEEP focus group and interviews 
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2.1.1. Energy recovery from waste  

When the landfill ban for untreated waste was introduced25 in Austria in 2004, the capacity of 

municipal waste incineration available at the time in Styria was insufficient to treat the total amount of 

residual waste which could not be sent to landfills anymore.  

Already available infrastructure for waste splitting in combination with the Austrian tradition to use 

waste-based fuels for co-incineration in cement kilns (e.g. used tires), formed a favorable setting to 

increase the use of the high calorific fraction as fuel for cement production.  

Furthermore, unlike other countries (e.g. Denmark), Austria did not have strong driver s to use waste 

for either district heating or power generation. On the one side, only 23 pct.26 of the heating 

technologies used in Austrian households are based on district heating because grids are mainly 

developed around bigger urban agglomerations, especially the cities of Linz, Vienna and Klagenfurt. On 

the other side, approximately 60 pct. of the electricity in Austria is already generated from a renewable 

energy source ɀ hydropower ɀ with  only 8 pct. generated from solid fossil fuels.27 

Figure 1 below illustrates the process of residual waste treatment in Styria (which also applies to 

Austria overall). Residual waste is either incinerated or mechanically treated followed by co-

incineration. Mechanical treatment infrastructure which supports this process includes 6 MBT facilities 

and 6 residual waste splitting facilities (only mechanical separation processes). These facilities provide 

high calorific value materials for the 2 cement plants which co-incinerate Solid Recovered Fuels (SRF): 

Lafarge Perlmooser in Retznei and Wietersdorfer und Peggauer in Peggau. 

 
Figure 1: Illustration of the steps in residual waste treatment in Styria28  

Regarding direct incineration, Styria has one thermal plant which, according to the Provincial Waste 

Management Plan published in 2010, incinerates residual materials resulting from the recycling of 

household, commercial and industrial waste fractions, as well as sewage sludge. The incinerator is 

located in Niklasdorf (Leoben district) and provides steam exclusively to the Brigl & Bergmeister paper 

factory nearby. In 2012, B&B bought the plant from the public company ENAGES (Energie- und 

Abfallverwertungsgesellschaft mbH). Sewage sludge is also incinerated in the paper factory owned and 

operated by the company Sappi, located in Gratkom.  

Styria also has a combined heat and power incineration plant (capacity of 832 MW) which opened in 

2012 in Mellach and was delivered as a turn-key project by the German company Siemens.29 The plant 

ÉÓ ÏÐÅÒÁÔÅÄ ÂÙ !ÕÓÔÒÉÁȭÓ main power provider Verbund, and co-incinerates natural gas and sewage 

                                                           
25 Through the Landfill Ordinance 
26 Austrian Energy Agency: Basic Data Bioenergy 
27 Svensk Fjarrvarme, 2009: An international comparison of district heating markets  
28 Inspired from Sarc, R. 2012: The importance of SRF in developed Waste Management in Austria 
29 http://www.siemens.com/press/en/pressrelease/?press=/en/pressrelease/2012/energy/fossil -power-
generation/efp201206056.htm 

http://www.siemens.com/press/en/pressrelease/?press=/en/pressrelease/2012/energy/fossil-power-generation/efp201206056.htm
http://www.siemens.com/press/en/pressrelease/?press=/en/pressrelease/2012/energy/fossil-power-generation/efp201206056.htm
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sludge from Graz. The used amount of sewage sludge equals 22.000 tonnes annually30, which is a small 

part of the total quantity of fuel needed in the plant. The new plant replaced five older CHP units in 

southern Austria which used coal or oil as fuels. Heat is distributed  only though the district heating grid 

of Graz.  

SRF produced from waste contributes to a decreasing level of conventional fossil fuel dependency in the 

cement industry, which makes great financial sense for the sector. Currently all nine Austrian cement 

plants use waste to a certain degree, and some of them developed partnerships with waste 

management companies for the production of SRF which can meet the quality criteria for cement 

kilns.31  

Figure 2 shows that fossil fuels substitution  rate in Austrian cement industry reached a level of 65 pct. 

by 2011, and the total amount of used SRF was approximately 400.000 tonnes.32 

 
Figure 2: Distribution of energy sources in Austrian cement industry33  

It should be noted that there is a distinction between Solid Recovered Fuels (SRF) and Refuse Derived 

Fuels (RDF). While the preparation of RDF implies a basic level of treatment to extract recyclable 

materials usually from a municipal solid waste stream, and is used into waste incineration facilities, SRF 

requires higher production standards to become a suitable fuel for cement kilns (or to be used in other 

industries) as an alternative to fossil fuels.34 

2.1.2. Biogas production  

Source separated biogenic municipal waste does not play a role as feedstock for the production of 

energy in Styria. This fraction is almost entirely treated within  the 70 composting facilities for biogenic 

waste and sewage sludge, out of which 24 are municipal composting facilities and 46 are agricultural 

                                                           
30 Sarc, R, 2013: Report on Austrian Waste to Energy. University of Leoben, Chair of Waste Treatment Technologies and 
Landfilling 
31 CEMBUREAU, 2009: Sustainable Cement Production. Co-processing of Alternative Fuels and Raw Materials in the European 
Cement Industry. Brussels  
32 Mauschitz, G., 2012: Emissions from plants of the Austrian cement industry, TU Vienna, Austria   
33 University of Leoben, 2013: Report on Austrian Waste to Energy  
34 AMEC Environment & Infrastructure UK Limited, 2013:Research into SRF and RDF Exports to Other EU Countries 
http://www.ciwm.co.uk/web/FILES/Technical/Research_into_SRF_and_RDF_Exports_to_Other_EU_JULY_2013.pdf 

52% 54% 49% 43% 37% 35% 

48% 46% 51% 57% 63% 65% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

2006 2007 2008 2009 2010 2011 

conventional fuels SRF 

http://www.ciwm.co.uk/web/FILES/Technical/Research_into_SRF_and_RDF_Exports_to_Other_EU_JULY_2013.pdf


18 
 

Coolsweep is funded by the European Union under the 7th Framework Programme 
 

composting plants, integrated within farms.35 There are also examples of private composting sites 

owned by households. 

Biogas production in the region uses energy crops, agricultural residues, pig manure, sewage sludge 

and to a small degree industrial  and household biogenic waste as feedstock. The infrastructure is 

composed of 42 (in 2012) plants which use the obtained biogas in decentralised CHP units. The 

generated electricity  is delivered to the national grid with special feed-in tariffs, and the heat is, in some 

cases, distributed through small local district heating grids.36 Out of the total of 42 plants, 10 use 

household and industrial biogenic waste to different degrees.37  

Biomethane injection into the national gas grid has received increased attention in the last years, and 

the biogas plant in Leoben is the first and only project for biogas upgrade in Styria. The biogas 

upgrading plant started its operation in 2009 and was planned to cover 10 pct. of the total gas demand 

in Leoben, but according to the Austrian Compost and Biogas Consortium this is not currently in 

use.38,39 

Organic and green waste collected in the city of Graz are composted in the mechanical-biological plant 

in Frohnleiten and landfilled afterwards. Even if landfill gas is extracted and used in two CHP plants for 

electricity and heat generation, the energy potential of the organic waste is not fully used in Graz. In this 

regard, the municipality together with the local energy supplier and the waste management companies 

discuss the feasibility of a centralised biogas plant near Graz. The goal is to produce biomethane to feed 

into the natural gas grid, but until now no written agreement has been made about the collaboration. 40 

2.1.3. Biodiesel production  

By 2005 all buses in Graz were using biodiesel produced from used cooking oil collected at municipal 

level. This initÉÁÔÉÖÅ ÈÁÓ ÉÔÓ ÒÏÏÔÓ ÉÎ ÔÈÅ ÐÉÌÏÔ ÐÒÏÊÅÃÔ ȬÖËÏÄÒÉÖÅȭ ×ÈÉÃÈ ÓÔÁÒÔÅÄ ÉÎ ρωωω ÁÎÄ ×ÁÓ ÆÉÎÁÎÃÅÄ 

by the City of Graz. The company BDI BioEnergy International was the one who developed the 

technology for the production process in collaboration with Graz Technical University and Karl-

Franzens-University Graz. 

Used cooking oil is collected in some parts of Styria, but this practice is extensively adopted primarily in 

Graz. The amount of used cooking oil collected reaches approximately 1000 tonnes annually and is used 

for biodiesel production.  

Currently 115 buses out of the total of 150 in Graz use biodiesel produced from used cooking oil in the 

SEEG Mureck facilities. However, starting with 2014 exhaust gases from the public transportation fleet 

have to be minimised in order to reach EURO 6 level. Since this is not possible when using biodiesel 

fuel, public administration (e.g. Holding Graz) is analysing cleaner options, and biogas is one of them.41 

2.2. Cluster actors in the Styrian waste -to-energy field  
The mapping of the waste-to-energy cluster in Styria is in addition to the survey also based on input 

from companies located in the region, the cluster organisation Eco World Styria and through extensive 

                                                           
35Styria Government, 2010: Provincial Waste Management Plan  
36 Styria Government, 2010: Provincial Waste Management Plan 
37 Bio-methane Regions, 2012: Biogas Roadmap for Styria 2013 to 2025 
38 Regional Energy Agency of Styria & Local Energy Agency of Eastern Styria, 2009: Biogas in Styria 
39 http://www.kompost -biogas.info/index.php?option=com_content&task=view&id=205&Itemid=229 
40 Urban Biogas, 2013: Biogas & Biomethane Production in Graz, Draft V2 
http://www.urbanbiogas.eu/images/pdf/2PR/ANNEX_2_16_D4_3_GEA_Biogas-Concept-Graz_PU.pdf 
41 Input from EcoWorld Styria 

http://www.kompost-biogas.info/index.php?option=com_content&task=view&id=205&Itemid=229
http://www.urbanbiogas.eu/images/pdf/2PR/ANNEX_2_16_D4_3_GEA_Biogas-Concept-Graz_PU.pdf
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desk research. This resulted in the identification of 49 organisations which are part of the waste-to-

energy field, out of which 42 are private companies. No regional public authorities have been identified 

as cluster actors, but it should be noted that the list is not exhaustive and there might be other relevant 

organisations located in Styria. According to the mapping, the cluster is mainly formed of three types of 

actors: 1) technology providers, 2) consulting engineering companies and 3) operators. 

Figure 3 below shows the classification of the 49 organisations based on their business focus42. The 

cluster does not have a particular focus towards one specific domain, but it can be observed that there 

is an increased activity in the sectors of biogas production or utilisation, thermal or CHP units which 

use biomass (mostly wood) as feedstock, and waste collection, sorting and shredding (pre-treatment).  

 
Figure 3: Specialised technology domains in the waste-to-energy field in Styria 

Based on the fact that Styria is an important wood producer and overall it does not have a well 

developed district heating grid, there are many companies which focus on the development and 

implementation of decentralised systems which use biomass. These are mainly combined heat and 

power units or only thermal systems, which use wood pallets, wood chips, shredded recycled wood, etc. 

as feedstock for combustion or gasification. The mapping indicates that these companies consider 

themselves as part of the waste-to-energy cluster, and the same applies to the companies involved in 

biogas production and utilisation, regardless of the feedstock in focus.  

The waste collection, sorting and shredding sector comprises 13 organisations which are either waste 

management companies that focus mainly on waste collection, operators of splitting or MBT plants that 

also produce SRF or providers of sorting and shredding technologies. 

                                                           
42 It should be noted that companies may be active within several areas. 
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Styrian companies have lower interest within the sectors of pyrolysis, landfill gas recovery and waste 

incineration/co -incineration of waste. Activity within these areas is mainly based on research, and only 

one company has been identified as a technology provider. Andritz Energy and Environment GmbH 

provides a wide variety of systems for e.g. heat and power generation. The product range includes 

steam generators and fluidized bed boilers to generate energy from coal, biomass and other biogenic 

residues and waste. The company also provides black liquor boilers for the pulp and paper industry, 

and air pollution control systems. 

Limited interest in the landfill gas recovery sector is explained by the early focus of Austrian authorities 

on the remediation of contaminated sites (including landfills) and the ban on the landfill of materials 

with high organic content. These measures minimised the numbers of landfills in Austria, and implicitly 

the need for landfill gas recovery.  

The next sections describe the different types of actors indentified in the Styrian waste-to-energy field 

and give an indication of the collaboration relations between them.  

Figure 4 illustrates the different types of actors and their relative importance to the waste-to-energy 

field in Styria, based on the size of the individual circles. The size of the circles is defined according to 

the number of actors in that group. The figure indicates that there are especially 3 types of 

organisations which drive the field: technology providers, operators and consulting engineering 

companies.  

 
Figure 4: Cluster actors in the Styrian waste-to-energy cluster 

2.2.1. Technology providers  

Technology providers are among the actors which drive the waste-to-energy field in Styria. As 

discussed in the previous section, there are three primary areas of development in the region: biogas 

production and utilisation, biomass decentralised combustion and gasification systems, and waste 

collection, sorting and shredding. These are also the areas which include the majority of the technology 

providers in the region. 

Figure 5 below shows the number of technology providers within each specialisation domain in the 

field.  



21 
 

Coolsweep is funded by the European Union under the 7th Framework Programme 
 

 
Figure 5: Number of technology providers in specialised technology domains in the waste-to-energy field in Styria 

Within the biogas production and utilisation sector, the 5 identified technology providers are: CTB 

Automatisierungstechnik GmbH - which provides measuring and control systems for biogas plants, 

Nahtec GmbH, which provides biogas plants with CHP units, BDI BioEnergy International ɀ provides 

multi -feedstock industrial biogas plants, Komptech GmbH ɀ shredding technology for feedstock 

preparation and Sattler AG ɀ which provides membranes for biogas storage tanks. 

It is important to mention that CTB Automatisierungstechnik GmbH and Nahtec GmbH also offer 

technologies for biomass combustion units, and are two of five identified technology providers in that 

sector.  

Komptech provides a wide variety of shredding technologies for different industries (among which SRF 

production) and composting technologies for biogenic municipal waste. Komptech is also one of the 5 

waste sorting/shredding technology providers, together with Binder&Co Ag, EVK DI Kerschhaggl 

GmbH, Redwave and Starchl.  Binder&Co, for example, is specialised in opto-electronical sorting, and is 

an international supplier of machines and turnkey solutions for glass, paper and plastic sorting and 

processing. In the process of SRF production, these types of technologies play a very important role in 

the extraction of contaminants like PVC pieces, which are chlorine carriers and problematic for cement 

production. 

2.2.1.1. Patent activity in the Styrian waste -to-energy sector 
In comparison with the other COOLSWEEP partners, Austria is second after Denmark regarding the 

number of patent applications pr. mio. inhabitants both within waste-to-energy technologies, but also 

within biogas and biofuel technologies.            

Austria has registered a total of 15,3 patent applications within the sector of waste-to-energy between 

2005 and 2011.  Figure 6 below illustrates the number of patent applications per million inhabitants in 
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the period 2005-2011. Austria lies behind countries like Switzerland and Luxembourg, which is not 

surprising since these countries have favorable tax benefits on intellectual property rights. 

Furthermore the indicator also favors to a certain degree smaller countries (e.g. Luxembourg) which 

have small population compared to their economic activity.  

 
Figure 6: Patent applications pr. million inhabitants within waste-to-energy (incineration -related technologies)   

From the total number of applications within waste-to-energy, 3 of them have been registered by 

companies located in Styria. These are listed in table 1 below. 

Patenting firms in Styria within waste -to-energy 
technologies, 2005 -2011  

No. of 
patents  

CTP Chemisch Thermische Prozesstechnik GmbH 1 

Porzellanfabrik Frauenthal GmbH 1 

Zuser Umweltservice GmbH 1 
Table 1: Patenting firms within waste-to-energy technologies in Styria 

CTP Chemisch Thermische Prozesstechnik GmbH is located in Graz, and is an international provider of 

air pollution control technologies for industrial applications. Porzellanfabrik Frauenthal GmbH is 

located in Frauental and provides industrial ceramics and catalysts used in thermal exhaust gas 

cleaning units. Zuser Umweltservice GmbH is based in Peggau and provides waste management 

services and produces waste-based fuels.   

Austria maintains approximately the same position (cf. figure 7) when it comes to the number of patent 

applications pr. million inhabitants registered within biogas and biofuel technologies.  
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Figure 7: Patent applications pr. million inhabitants (technologies for biogas and biofuels)  

Out of the total of 10 applications between 2005 and 2011, 3 of them have been registered by 

companies based in Styria. These are listed in table 2 below. 

Patenting firms in Styria in biogas and biofuel 
technologies, 2005 -2011  

No. of 
patents.  

Enbasys Gmbh 1 
IPUS Industrie-Produktions- und Umwelttechnisches Service 
GmbH 1 

Röhren- und Pumpenwerk Bauer Gesellschaft mbH 1 
Table 2: Patenting firms within biogas and biofuel technologies in Styria 

Enbasys Gmbh has joined the BDI Group in 2010 and is based in Grambach. The company has patented 

its ENBAFERM multi-feedstock biogas technology suitable for industrial waste feedstock. IPUS 

Industrie-Produktions- und Umwelttechnisches Service GmbH is located in Rottenmann, and provides 

mineral bioregulators for the control of biological processes. Röhren- und Pumpenwerk Bauer 

Gesellschaft mbH is a company located in Voitsberg and provides irrigation and slurry technologies. The 

slurry technology consists of agitation technology, pumping and separation technology, as well as slurry 

tanks.  

2.2.2. Operators  

Operators in the Styrian waste-to-energy field can be divided into 3 groups according to their main 

focus: 1) operators which provide waste collection services, 2) operators of waste treatment plants and 

3) operators of energy generation plants. 
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2.2.2.1. Waste collection 

According to the Styrian Waste Management Act, municipal waste collection and transport is the 

responsibility of municipalities in the region. The majority o f the Styrian municipalities fulfill their 

obligations of providing public waste removal services by employing  authorised private disposal 

companies, which are selected through calls for tenders.  

Only in 16 of the 542 Styrian municipalities, the collection of municipal waste is performed by either 

public enterprises or by Public Private Partnerships (PPP). The municipalities which have formed PPPs 

with private waste disposal companies, taking over the tasks of municipal waste disposal are: Graz, 

Hartberg, Kapfenberg, Voitsberg, Köflach, Bärnbach, Rosental, Maria Lankowitz and Ban Gleichenberg.43  

Among the biggest private waste collection operators present in the region are Saubermacher AG and 

A.S.A. Abfall Service AG, which provide waste management services in most countries of central and 

Eastern Europe.  

Industries which generate high amounts of waste are obliged to arrange their own waste collection 

through agreements with a private disposal company. 

2.2.2.2. Waste treatment  

The treatment of municipal solid waste fractions falls under the duties of waste management 

associations, which consist of representatives from each municipally within a district. This means there 

are 17 waste management associations in Styria, some of which, similarly to municipalities, fulfill their 

waste treatment responsibility by contracting private waste management companies. 

As shown in tables 3 and 4 below, four of the MBT plants are owned and operated by waste associations 

(AWV), one is operated by the private company A.S.A and one is operated by Servus Abfall which is a 

PPP.   

 
Table 3: MBT plants in Styria and their operators (2010)44 

Four of the waste splitting plants are owned and operated by private companies, while the other 2 are 

operated by a waste association and by Holding Graz, a public company owned by the city of Graz.45 

It is important to mention that three of the private operators, Mayer, Mullex and Zuser also produce 

alternative fuel from residual waste, which afterwards is sold as fossil fuel replacement to industries in 

the region. It is though not clear what is the exact quality of the prepared fuel, or who are the clients. 

 

                                                           
43 Styrian Provincial Government, 2010: Provincial Waste Management Plan  
44 Styrian Provincial Government, 2010: Provincial Waste Management Plan  
45 Holding Graz acquired AEVG 
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Table 4: Residual waste splitting plants in Styria and their operators (2010)46 

2.2.2.3. Energy Generation 
Styrian operators of energy generation plants differ in size, and are both private and public 

organisations. A short description of each of the identified operators illustrates the characteristics of 

these cluster actors. 

Verbund GmbH&CO.KG (formerly known as Österreichische Elektrizitätswirtschafts AG) ÉÓ !ÕÓÔÒÉÁȭÓ 

leading electricity company and one of the largest producers of electricity from hydropower in Europe. 

The company, which is headquartered in Vienna and owned 51 pct. by the Republic of Austria, is active 

in the areas of electricity generation, trade, transmission and sales. Austrian Thermal Power 

GmbH&CO.KG is a subsidiary of Verbund with headquarters in Graz, and is the owner and operator of 

the CHP plant in Mellach. The plant delivers electricity into the national grid, and covers half of the 

demand for district heating in the city of Graz, by using natural gas and sewage sludge as feedstock.47 

Biokraft Hartberg Energieproduktions GmbH  is a subsidy of Stadtwerke-Hartberg company and the 

operator of two biogas plants which use sewage sludge and organic waste (mostly dairy sludge and fat) 

as feedstock. Both plants are located in Hartberg and a part of the generated electricity is used to power 

the waste water treatment plant, while the rest is fed into the public grid. Generated heat is used in the 

halls of the sewage plant, the processing plant and for hygienisation.48 

The majority of the biogas plants in Styria are operated by farms which mostly use liquid manure and 

energy crops for biogas generation. The biogas is used in CHP units for electricity and heat generation. 

The operators SEEG Mureck, Nahwärme Mureck and Ökostrom Mureck are all gathered under the 

umbrella association Bioenergie Mureck , to give energetic independence to the small region of 

Mureck.  

The South Styrian Cooperative for Energy and Protein Production  (SEEG Reg. Mureck) is an 

agricultural cooperative based on the production of biodiesel from used cooking oil, rape seed and 

animal fat, and it belongs to 600 owners. The obtained biodiesel is distributed, among others, to those 

who provided the raw materials for its production.  

District Heating Mureck (Nahwärme Mureck GmbH)  is the operator of a biomass incineration plant, 

which supplies district heating through the local grid to 200 buildings. All the biomass fuel is provided 

by the surrounding farms and sawmills. 

                                                           
46 Styrian Provincial Government, 2010: Provincial Waste Management Plan 
47 http://www.power -technology.com/projects/mellachchp/  
48 http://www.biogasregions.org/doc/shining_examples/4.pdf  

http://www.power-technology.com/projects/mellachchp/
http://www.biogasregions.org/doc/shining_examples/4.pdf
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Ökostrom M ureck  is a company owned by Nahwärme and seven farms in Southern Styria region, and 

operates a biogas plant for electricity and heat production. The feedstock for the plant is composed of 

liquid manure, energy crops and by-products from the biodiesel production of SEEG Mureck.   

2.2.3. Public authorities  

Considering that waste management is a highly regulated sector starting with EU level and descending 

to regional level, it is only reasonable to say that public authorities have a considerable influence on the 

developments taking place in waste-to-energy in Styria.  

Even if is not perceived as a cluster actor, the Office of Styrian Provincial Government represents the 

public authority in Styria, and influences the waste-to-energy cluster through targets for waste 

management, as well as strategies for waste prevention and waste treatment. All these are included in 

Provincial Waste Management Plans prepared by the Specialised Division 19D (Waste and Material 

Flow Management) every five years. The plans have to be considered by all the municipalities for the 

management of the local waste sector.   

Furthermore, the Provincial Government is the one who implements all the national legislation at 

regional level, and which also has a strong effect on the local conditions for the cluster.  

Regulation and regulatory stability have been mentioned several times during the data collection 

process for this analysis as triggers for cluster development, therefore public authorities are indicated 

here as important actors of the waste-to-energy cluster. 

Furthermore, municipalities and waste associations are also important since they contribute to creating 

demand for waste collection services and waste treatment plants. 

2.2.4. Consulting engineering companies  

As previously showed in figure 5 in the beginning of this subchapter, identified consulting engineering 

companies represent a considerable share of the total number of cluster actors in Styria.  

Waste-to-energy related consulting engineering services are provided by companies which in general 

also focus on other types of alternative energy sources as well, or have an even broader focus like 

mechanical and process engineering.  

The high number of such companies is influenced by the number of universities located in the region 

which prepare highly skilled professionals, in combination with the general interest in the region 

towards renewable energy sources. To be noted that this groups also includes consulting companies 

which provide management consulting services related to overall environmental and resource 

efficiency aspects. 

Among the identified companies are Bios Bioenergiesysteme GmbH which works within the fields of 

biomass energy production and industrial waste heat utilisation, Enertec Naftz & Partner OG which is 

active in the area of thermal power engineering, Envicare Engineering GmbH which is focused on biogas 

technology, co-fermentation processes and bio-mechanical waste treatment processes. Furthermore, 

UTC Umweltlabor GmbH provides a broad range of analysis and engineering services related to 

environmental parameters measurement, landfill deposits and waste recovery processes. 

Specialised waste-to-energy consulting engineering services are often provided by the companies 

which also provide waste-to-energy technologies (analysed in this report as technology providers), and 
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often involve upgrading and retrofitting services. Examples include Christof Holding AG and BDI 

BioEnergy International.    

2.2.5. Research organisations  

4ÈÅ ÂÒÏÁÄ ÃÏÎÓÅÎÓÕÓ ÉÓ ÔÈÁÔ 3ÔÙÒÉÁȭÓ ÒÅÓÅÁÒÃÈ ÓÔÒÅÎÇÔÈÓ are within engineering and technology related 

disciplines, and this is also illustrated by the fact that 55 pct. of the Austrian technical university 

ÒÅÓÅÁÒÃÈÅÒÓ ×ÏÒË ÁÎÄ ÔÅÁÃÈ ÉÎ 3ÔÙÒÉÁȢ %ÖÅÎ ÉÆ Á ÂÉÇ ÐÁÒÔ ÏÆ ÔÈÅÍ ÁÒÅ ÁÃÔÉÖÅ ÉÎ ÔÈÅ ÒÅÇÉÏÎȭÓ ÃÏÒÅ ÓÅÃÔÏÒÓȟ 

which are mechanical and automotive engineering, metallurgy and material science and industrial 

chemistry,49 it is considered that this has a spillover effect for the waste management and waste-to-

energy sector as well.  

Joanneum Research is the main research organisation in Styria with focus on applied research and 

technological development. Joanneum Research has five units, and the research for energy and 

materials is taking place within the Institute for Water, Energy and Sustainability. The group on energy 

research is working with energy technologies development, especially incineration, gasification and 

pyrolysis. 

Bioenergy 2020+  centre is involved in research, development and demonstration projects within the 

biomass-to-energy sector. Its projects are spread across the areas of biomass combustion, thermal 

gasification, biogas and biofuels. The research centre has its headquarters in Graz, and the funding 

agencies are Austrian Research Promotion Agency, Province of Lower Austria, Province of Styria and 

PrÏÖÉÎÃÅ ÏÆ "ÕÒÇÅÎÌÁÎÄȢ !ÍÏÎÇ ÔÈÅ ÏÒÇÁÎÉÓÁÔÉÏÎȭÓ ÐÁÒÔÎÅÒÓ ÁÒÅ 'ÒÁÚ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 4ÅÃÈÎÏÌÏÇÙȟ 6ÉÅÎÎÁ 

University of Technology, University of Natural Resources and Applied Life Sciences in Vienna, 

Joanneum Reseach, etc.  

FibagɀHans Höllwart  is a privately owned research centre which started its operation in 2007 and 

which offers services as a research capacity, a think-thank and as a testing centre. The main area of 

expertise of the centre is the integration of energy efficiency, energy generation and air conditioning 

concepts into design and construction stages of a building.   

The five universities and the two universities of applied science in Styria are among the largest 

employers in the region. University of Leoben , Graz University of Technology and Karl -Franzens 

University  have programs related to the overall environment and renewable energy areas. University 

of Leoben has a specific focus on energy recovery from waste, but Graz University of Technology also 

offers programs which are relevant for the sector (e.g. Energy Systems Analysis, Energetic Use of 

Biomass, Practical Thermal Engineering, etc.) 

Leoben University undertakes through the Institute for Sustainable Waste Management and Technology 

a variety of research projects on recovery and disposal of waste. A substantial part is focused around 

the use of SRF for energy production or as substitute fuel in industrial sectors. 

2.2.6. Industry associations  

Styria does not have an industry association with a specific focus on the broad spectrum of waste-to-

energy technologies and processes, but it has many associations and networks which cover certain 

parts of this sector. These associations help their members to spot the development potentials in their 

area of expertise, while keeping a close collaboration relationship with other national and international 

bodies.   

                                                           
49 Strategy of the Province of Styria for the Promotion of Science and Research  
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Even though the list is longer than the one given below, these examples will help create an image of how 

these organisations work and which are their primary objectives. 

Between 1998 and 2004, ECO & CoɀStyrian Network for Environmental Technology, the precursor 

ÐÒÏÊÅÃÔ ÏÆ ÔÏÄÁÙȭÓ ECO World Styria, has been developed with financial support from the City of Graz, 

the Province of Styria and the Styrian Agency for the Promotion of Trade and Industry. 

In 2005, the network was upgraded by establishing the ECO WORLD Styria cluster organisation which 

currently has 180 members active in the area of environmental technologies. The cluster organisation 

×ÏÎ ÔÈÅ ÐÏÓÉÔÉÏÎÓ ÁÓ ÔÈÅ ×ÏÒÌÄȭÓ ÂÅÓÔ ÃÌÅÁÎÔÅÃÈ ÃÌÕÓÔÅÒ ÉÎ 2010 and was awarded with the EU-

RegioStars Award, the Hidden Champions Award and the Cluster Management of Excellence label in 

gold.  

4ÈÅ ÃÌÕÓÔÅÒ ÏÒÇÁÎÉÓÁÔÉÏÎȭÓ ÓÕÃÃÅÓÓ ÃÏÎÔÒÉÂÕÔÅÄ ÔÏ ÔÈÅ ÌÅÖÅÌ ÏÆ ÓÅÌÆ-financing, which increased from close 

to 0 in the beginning of the project, to around 40 pct. of the overall budget today. The income represents 

annual fees paid by member companies and different service charges.50 

ECO WORLD Styria was formed as a PPP driven by a research-industry-government cooperation model 

(triple -helix), and is financially supported by the Provincial Government. The organisation is currently 

owned by the Styrian Business Promotion Agency, the Province of Styria, the City of Graz, as well as four 

private companies: Binder+Co, e2 Group, Fibag and KWB.51 

4ÈÅ ÏÒÇÁÎÉÓÁÔÉÏÎȭÓ ÍÅÍÂÅÒÓ ÈÁÖÅ ÂÅÅÎ ÄÉÖÉÄÅÄ ÉÎÔÏ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÇÒÏÕÐÓ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅÉÒ ÁÒÅÁ ÏÆ 

activity:  

 Bioenergy (Biomass/ Biogas/ Biodiesel); 

 Solar energy and photovoltaics; 

 Waste and resource management; 

 Hydropower and waste water; 

 Other. 

NOEST ɀ The Styrian Eco-Energy Network is a platform and facilitator for research and innovation in 

the field of renewable energy sources and energy efficiency in Styria. It was founded in 2002 as an 

initiative of several units of the Styrian Provincial Government. Among its objectives are acceleration 

and simplification of the access to R&D funding, networking opportunities for Styrian companies, 

guidance of the Styrian eco-energy research towards the targets set in the national and regional 

strategic documents, etc. 

The Styrian Internationalisation Centre  was founded by the Chamber of Commerce of Styria, the 

&ÅÄÅÒÁÌ 0ÒÏÖÉÎÃÅ ÏÆ 3ÔÙÒÉÁ ÁÎÄ ÔÈÅ )ÎÄÕÓÔÒÉÁÌÉÓÔȭÓ !ÓÓÏÃÉÁÔÉÏÎ ÔÏ ÆÁÃÉÌÉÔÁÔÅ ÔÈÅ 3ÔÙÒÉÁÎ ÃÏÍÐÁÎÉÅÓȭ ÍÁÒËÅÔ 

entry into new international markets. Some of the companies which have been identified in the waste-

to-ÅÎÅÒÇÙ ÃÌÕÓÔÅÒ ÈÁÖÅ Á ÖÅÒÙ ÈÉÇÈ ÅØÐÏÒÔ ÑÕÏÔÁȟ ÁÎÄ ÔÈÉÓ ×ÁÓ ÁÌÓÏ ÉÎÆÌÕÅÎÃÅÄ ÂÙ ÔÈÅ ÒÅÇÉÏÎȭÓ ÈÉÇÈ 

interest for internationalisation. 

Austrian Compost  and Biogas Association represents the interests of plant operators, and has 

regional representations in five of the provinces among which Styria is one. The Association currently 

has 490 members in Austria, and is a part of several networks within its field at European level.  
                                                           
50http://ec.europa.eu/regional_policy/projects/stories/details_new.cfm?pay=AT&the=45&sto=2400&lan=7&region=ALL&obj
=ALL&per=2&defL=EN 
51 http://www.eco.at/cms/259/Shareholders%20and%20Boards/  

http://ec.europa.eu/regional_policy/projects/stories/details_new.cfm?pay=AT&the=45&sto=2400&lan=7&region=ALL&obj=ALL&per=2&defL=EN
http://ec.europa.eu/regional_policy/projects/stories/details_new.cfm?pay=AT&the=45&sto=2400&lan=7&region=ALL&obj=ALL&per=2&defL=EN
http://www.eco.at/cms/259/Shareholders%20and%20Boards/
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Austrian Biomass Association  is an independent body which works as an information source for 

business and political environments, but also science and private consumers regarding the use of all 

types of biomass for renewable energy production.  

The Association of Austrian Waste Disposal Companies  (VÖEB) represents the interests of 

companies within the waste management industry within all the 9 provinces. 

2.3. Collaboration in the Styrian waste -to-energy field  
4ÈÅ ÒÅÇÉÏÎȭÓ ÃÕÌÔÕÒÅ ÏÆ ÃÏÏÐÅÒÁÔÉÏÎ ÃÁÎ ÂÅ ÎÏÔÉÃÅÄ ÉÎ Á ÖÁÒÉÅÔÙ ÏÆ ÉÎÆÏÒÍÁÌ ÁÎÄ ÉÎÓÔÉÔÕÔÉÏÎÁÌised 

collaboration activities. This section will explain the strongest collaboration links between the actors 

involved in the Styrian waste-to-energy sector. The level of collaboration between the cluster actors 

represents an important trigger for the evolution of the cluster.  

Technology providers ɀ Research Organisations 

An important  competitive advantage outlined by the Styrian companies which are part of cluster52 is 

their collaboration with the universities regarding technology development and process optimisation.  

Some of the technology providers in the region invest resources in extensive collaborations with 

students during their education (through master thesis or PhD research programs), an aspect which 

gives them access to specialists which already have specific knowledge about the companies and their   

technologies. Furthermore, hiring an unknown person on a long term contract is considered a high risk 

for many of the Styrian small and medium sized companies. Close collaboration with the universities is 

also important to cover the short term employment needs regarding different research projects within 

companies.  

Besides the recruiting opportunity, these collaborations allow private companies to influence the 

agenda for ongoing applied research within universities.  

Research Organisation ɀ Research Organisation  

! ÔÙÐÅ ÏÆ ÓÔÁËÅÈÏÌÄÅÒ ÒÅÌÁÔÉÏÎ ×ÈÉÃÈ ÉÓ ÃÏÎÓÉÄÅÒÅÄ ÔÏ ÂÅ ÔÙÐÉÃÁÌ ÆÏÒ 3ÔÙÒÉÁȭÓ ×ÁÓÔÅ-to-energy cluster is 

the research collaboration between different universities. There are successful examples of applied 

research projects in the field of renewable energy which developed in a cross-institutional setting, but 

only one focused on waste-to-energy. 

The previously mentioned biodiesel production process for multiple types of waste feedstock now 

owned by BDI BioEnergy International was developed together with the University of Graz and the 

University of Technology. The core concept of the process and the laboratory research were made by 

University of Graz (Department of Chemistry), after which the University of Technology (Department of 

Chemical Engineering) took over the results and scaled up the processes in collaboration with the 

company.  

Technology providers ɀTechnology providers  

Styria has many companies which specialise in specific parts of the waste-to-energy value system. 

Despite their fragmentation in terms of a company specific product or service offer, the cluster 

members consider it easy to also provide integrated customised solutions to final customers which 

prefer turn -key plants.  

                                                           
52 During the COOLSWEEP focus group 
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This collaborative mindset is enabled by geographic proximity and high level of trust between 

companies. Geographic proximity is recognised as an enabler also in other types of collaborations, e.g. 

ÉÎÄÕÓÔÒÉÁÌ ÓÙÍÂÉÏÓÉÓȟ ÉÎ ×ÈÉÃÈ Á ÃÏÍÐÁÎÙȭÓ ÂÙ-product becomes inÐÕÔ ÆÏÒ ÁÎÏÔÈÅÒ ÃÏÍÐÁÎÙȭÓ 

processes.53   

Public authorities ɀ Operators  

The link between public authorities and operators is strong, especially in the case of waste treatment 

and energy generation, which include examples of public authorities that own operating plants.  

Waste associations own many of the MBT and waste splitting plants in Styria (cf. tables 3 and 4), while 

energy generation plants operated by public authorities include the CHP in Mellach or the centralised 

biogas plant in Hartberg.  

Research Organisations ɀ Public Authorities  

Styrian Provincial Government provides important support to research organisations present in the 

region and in the same time influences their research focus according to objectives included in regional 

planning strategies. Support is based both on financial aids as well as the promotion of collaboration 

between research institutions and private actors.  

Industry Associations  

Industry associations play a role as information and networking platforms in Styria, and are focused on 

keeping a constant dialogue with their members, which cover all actor types in the cluster. In the same 

time associations represent the interests of their members in different forums, and have as an objective 

the creation of growth conditions for them in the region. 

Figure 8 below illustrates the collaboration structure through the lines between the different actors in 

the cluster. The bolder the lines are the more frequent is the collaboration between the actors. 

Naturally, there are many collaboration links between all the cluster actors as Styria has a dynamic 

business and research environment, but only the ones which have been identified as being the strongest 

in relation to waste-to-energy are described here.  

                                                           
53 #ÈÅÒÔÏ×ȟ -Ȣ 2ȟ ςππχȡ Ȭ5ÎÃÏÖÅÒÉÎÇȭ )ÎÄÕÓÔÒÉÁÌ 3ÙÍÂÉÏÓÉÓȠ MIT and Yale University 
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Figure 8: Collaboration structure between the actors in the waste-to-energy field in Styria 

3. The business model of Thermo Team  
Thermo Team is an example of an advanced waste-to-energy business model in Styria. The company 

processes the high-calorific fraction of residual waste into SRF to be used in the cement industry. 

Co-incineration of SRF has become state of the art in energy-intensive industries in Styria, and is now a 

necessary part of the Styrian waste management system. This evolution was not triggered by a single 

factor, but rather by combination of several factors which complemented each other. However, it is 

reasonable to say that primarily waste management regulation combined with the regional presence of 

energy-intensive industries determined the Styrian waste-to-energy cluster to adopt co-incineration as 

a solution for residual waste treatment. Given the risks and high requirements associated with the use 

of SRF in co-incineration, the cement industry in collaboration with the waste management sector took 

a step forward, and created a solution for the provision of a reliable, high-quality and constant supply of 

this fuel. 

Legal compliance, security of supply and assured quality54 are the three most important prerequisite 

conditions which favor the increase of fossil fuels substitution rate in a cement plant, and Thermo Team 

has been created to fulfill these prerequisites for the cement kilns owned by Lafarge Perlmooser.  

The ambition of Lafarge Perlmooser is to reach a 100 pct. replacement rate in the cement kiln located 

nearby the Thermo Team plant in Retznei, southern Styria, which will make it the first cement plant in 

                                                           
54 Lorber et al, 2012: Design and quality assurance for solid recovered fuel 



32 
 

Coolsweep is funded by the European Union under the 7th Framework Programme 
 

Austria to do so. The SRF is directly supplied to the cement kiln through a 360 m long conveyor belt 

ÆÒÏÍ 4ÈÅÒÍÏ 4ÅÁÍȭÓ ÐÒÏÄÕÃÔÉÏÎ ÐÌÁÎÔȢ  

Lafarge Zement will also implement 100 pct. fossil fuel replacement rate in its cement kiln located in 

Wössingen, Germany55. Besides these two examples, no other cement factories which only use SRF in 

production have been identified at global level. 

Figure 9 shows the evolution of fossil fuel substitution rates in Austria, as well as in Germany, EU 27 

and at global level. The figure also shows that the cement plant located in Retznei already has a very 

high substitution rate in comparison with the adopted rates around the world.  

 
Figure 9: Share of fossil fuel substitution in cement kilns around the world56 

Although the Styrian waste-to-energy cluster has also fostered the development of a broad range of 

other business models which are relevant for the field, the focus on Thermo Team as a representative 

example is partly  based on its simplicity and transferability as a waste-to-energy solution. Such a 

business model enables cost savings since the required capital investment in an already existing 

combustion unit (the cement kiln) is substantially lower than for a new waste-to-energy facility, and at 

the same time it enables a high valorisation of the residual waste. The European Cement Association 

considers co-incineration of waste an important waste treatment capacity which does not need public 

funding.57 

The next section will dÅÓÃÒÉÂÅ ÔÈÅ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ 4ÈÅÒÍÏ 4ÅÁÍȭÓ ÂÕÓÉÎÅÓÓ ÍÏÄÅÌȟ ÂÙ ÕÓÉÎÇ ÔÈÅ 
Business Model Canvas as an analytical tool.58 

3.1. The business model canvas for Thermo Team  
Thermo Team is a joint venture between Saubermacher Dienstleistungs GmbH59 (waste management 

company) and Lafarge Perlmooser GmbH (cement manufacturer), in which Saubermacher holds 75 pct. 

of shares.  

                                                           
55 http://www.baden -tv.com/zementwerk-in-woessingen-darf-bis-zu-100-ersatzbrennstoffe-verbrennen-20675/#.Ux2--
T9dXAk 
56 Sarc, 2012: The Importance of Solid Recovered Fuels (SRF) in developed Waste Management in Austria (ppt) 
57 http://www.cembureau.eu/topics/resource -efficiency-cement-industry/co -processing-cement-industry -using-waste-
resource 
58 See the methodology section for more info on the business model canvas. 
59 GmbH stands for Limited liability company 

http://www.baden-tv.com/zementwerk-in-woessingen-darf-bis-zu-100-ersatzbrennstoffe-verbrennen-20675/#.Ux2--T9dXAk
http://www.baden-tv.com/zementwerk-in-woessingen-darf-bis-zu-100-ersatzbrennstoffe-verbrennen-20675/#.Ux2--T9dXAk
http://www.cembureau.eu/topics/resource-efficiency-cement-industry/co-processing-cement-industry-using-waste-resource
http://www.cembureau.eu/topics/resource-efficiency-cement-industry/co-processing-cement-industry-using-waste-resource
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The joint venture is based on a supplier-user relationship between the two shareholders and both have 

had a strong motivation to get involved. For Saubermacher, which is the exclusive waste provider for 

Thermo Team, the company came to represent the most important channel for residual waste 

treatment and disposal. Lafarge 0ÅÒÌÍÏÏÓÅÒȭÓ ÉÎÔÅÒÅÓÔ has been the reduction of cement production 

costs by replacing a higher share of fossil fuels in its cement kilns. SRF has gained economic relevance 

primarily because of its potential to substitute primary resources and implicitly cutting costs.  

4ÈÅÒÍÏ 4ÅÁÍȭÓ ËÅÙ ÁÃÔÉÖÉÔÉÅÓ focus on the production of SRF from pre-treated residual household 

waste, as well as commercial and industrial waste with a high calorific value. The company started with 

a capacity of 30.000 tonnes waste per year in 2003, and evolved to a capacity of 100.000 tonnes per 

year. The first driver  to create Thermo Team was the need to pay a landfill tax for waste landfilling, 

while capacity increase was triggered by the landfill ban through which it was no longer possible to 

landfill waste which has more than 5 pct. total organic carbon (TOC) or with a calorific value higher 

than 6600 KJ per kg.60  

Besides the cement plant in Retznei, Thermo Team also provides SRF to other Lafarge cement kilns in 

Austria, as well as Slovenia, Slovakia and the Czech Republic. According to the joint venture contract, 

Thermo Team has to primarily cover the demand coming from the Lafarge cement plants, but beyond 

that it is allowed to supply alternative fuels to other cements factories as well. Even so, the only current 

customer for SRF is Lafarge.  

Saubermacher provides municipal and industrial waste which originates from Styria as well as other 

regions in Austria. Furthermore it imports high calorific industrial waste from Slovenia and Italy. Before 

ÒÅÁÃÈÉÎÇ 4ÈÅÒÍÏ 4ÅÁÍȭÓ ÐÒÏÃÅÓÓÉÎÇ ÌÉÎÅȟ ÓÏÍÅ ÏÆ ÔÈÅ ×ÁÓÔÅ ÉÓ ÍÅÃÈÁÎÉÃÁÌÌÙ ÐÒÅ-treated. The Thermo 

Team production plant comprises a two-step shredding line provided by the company Lindner61, an 

extraction step for PVC/PET materials, ferrous and non-ferrous metals as well as inert materials, input 

and storage halls and a track loading station. 

The revenue streams of the business model include gate fees for waste intake, and the income from 

selling SRF and recyclable materials. The cost structure for the plant operation is formed of 21 pct. 

labour costs, 23 pct. depreciation, 17 pct. energy costs, 29 pct. maintenance costs, 4 pct. selling, general 

and administrative costs and 6pct. other costs. 

The cement plant in Retznei receives light packaging plastic waste also from Altstoff Recycling Austria 

association62, which is the leading Austrian organisation for collection and recycling of packaging waste. 

ARA considers the cement plant a partner in the process of plastic packaging waste thermal recovery.   

!ÌÌ ÔÈÅ ÄÉÆÆÅÒÅÎÔ ÅÌÅÍÅÎÔÓ ÏÆ 4ÈÅÒÍÏ 4ÅÁÍȭÓ ÂÕÓÉÎÅÓÓ ÍÏÄÅÌ ÁÒÅ ÉÎÃÌÕÄÅÄ ÉÎ ÔÈÅ ÂÕÓÉÎÅÓÓ ÍÏÄÅÌ ÃÁÎÖÁÓ 

below.  

                                                           
60 Further details on regulation pull factors are discussed in chapter 5 
61 http://www.l -rt.com/en/  
62 http://www.ara.at/e/home.html  

http://www.l-rt.com/en/
http://www.ara.at/e/home.html
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Growth Strategy  

Thermo Team started with an annual waste intake capacity of 30.000 tonnes in 2003 and currently has an annual capacity of 100.000 tonnes. Its growth strategy is to produce SRF with higher quality tailored according 
to the needs of the cement factories and to extract more recyclable materials from the waste streams it intakes. 

Key partners  

 

The key partners of Thermo Team 

are divided into 2 groups: 

 

1. Owners: 

 Saubermacher 

Dienstleistungsges.m.b.H 

 Lafarge Zementwerke GmbH 

 
2. Partnerships: 
 Leoben University provides 
research capacity for process 
optimisation and monitoring of 
the SRF quality in the Retznei 
plant. 

Key Activities  

4ÈÅÒÍÏ 4ÅÁÍȭÓ ËÅÙ ÁÃÔÉÖÉÔÙ ÉÓ ÔÈÅ ÐÒÏÄÕÃÔÉÏÎ ÏÆ 

SRF from pre-treated residual waste 

 

Value Proposition  

 

 

4ÈÅÒÍÏ 4ÅÁÍȭÓ ÖÁÌÕÅ ÐÒÏÐÏÓÉÔÉÏÎ 

can be divided in three parts: 

 Disposal channel for residual 

waste fraction which cannot be 

landfilled 

 Further extraction of recyclable 

materials e.g. metals and PET 

 Production of high-calorific 

value SRF 

 

 

 

 

 

Customer Relationships  

4ÈÅÒÍÏ 4ÅÁÍȭÓ ÒÅÌÁÔÉÏÎÓÈÉÐÓ ×ÉÔÈ ÉÔÓ Ô×Ï 

main customers are characterised by the 

following: 

 Saubermacher delivers residual 

waste directly to ThermoTeam, and 

pays a gate fee 

 Lafarge buys SRF  directly from 

Thermo Team 

Customer segments 
 
4ÈÅÒÍÏ 4ÅÁÍȭÓ ÃÕÓÔÏÍÅÒÓ ÁÒÅ ÉÔÓ Ô×Ï 

shareholders: 

 Thermo Team only treats waste 

for Saubermacher 

 Thermo Team has an obligation 

to primarily cover the demand 

for SRF of Lafarge cement 

factories  

 
Key Resources 

The key resource of Thermo Team is represented 

by its SRF production plant which includes: 

 2 step shredding line  

 PVC and PET extraction technology 

 ferrous and non-ferrous metals extraction 

technology  

 input and storage halls 

 a truck loading station 

Channels 

 

Pre-treated residual waste is delivered by 

trucks owned by Saubermacher  

 

SRF is transported by trucks owned by 

Lafarge  

 

Cost Structure  

The cost structure at Thermo Team consists of:  

1. labour  costs: 21% 

2. depreciation: 23% 

3. energy costs: 17 % 

4. maintenance costs:  29% 

5. other costs: 6% 

6. SG&A costs: 4 % 

Revenue Streams 

Revenue streams are generated through: 
 

1.Gate fees 
2. Sales of recyclable materials 
3. Sales of SRF 

 

Comparative Strategy  

The competitors of Thermo Team are the waste management companies which also produce SRF, e.g. the company Zuser. Thermo TeamȭÓ ÃÏÍÐÁÒÁÔÉÖÅ ÓÔÒÁÔÅÇÙ ÉÓ ÔÈÁÔ ÉÔ ÈÁÓ ÏÎÅ ÓÉÎÇÌÅ ÃÕÓÔÏÍÅÒ ÆÏÒ 32& ×ÈÉÃÈ ÉÓ ÁÌÓÏ ÏÎÅ 
of the owners, and which can control product quality. Furthermore, this setting assures security of SRF supply for the main customer.  
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4. Push factors driving the waste -to-energy field in Styria  
This section provides a description of the different push factors which have an influence on waste-to-

energy business models in Styria. The different push factors are included in the analytical framework 

for waste-to-energy (cf. figure 10). 

 
Figure 10: Push factors driving the waste-to-energy business models in Styria 

4.1. Waste  
In 2010, the total population of Styria has generated approximately 520.000 tonnes of municipal 

waste, which is equivalent to 430 kg. per capita.  The biggest part of this quantity was represented by 

source separated recyclable materials which reached in 2010 the total amount of approx. 324.000 

tonnes. 63 

As previously discussed, residual waste is the main municipal solid waste fraction used as feedstock 

for waste-to-energy in Styria. Per capita residual waste levels have been slowly increasing from 109 kg 

per capita in 1994 to 130 kg per capita in 2010. These levels include only waste collected through 

municipal services, as private companies which generate higher amounts of waste need to individually 

arrange for collection services. However, data collected from MBT and splitting plants in the region 

show that approximately 254.000 tonnes of residual waste are received and processed annually.64 

SRF production processes use only the high calorific fractions of residual waste such as plastic, paper 

and cardboard or textiles, while the organic and the remaining fractions are composted or sent to 

landfills. Figure 11 illustrates the approximate shares of each waste fraction in the residual municipal 

waste collected by municipal collection services, based on a study undertaken in Styria in the years 

1998, 2003 and 2008.65 

                                                           
63 Province of Styria, Division 19D ɀ Waste and Material Flow Management: Annual report 2010 ɀ Waste Management in 
Styria 
64 Styrian Provincial Government, 2010: Provincial Waste Management Plan 
65 Styrian Provincial Government, 2010: Provincial Waste Management Plan 
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Figure 11: Composition of residual waste in Styria66,67 

Besides the high calorific fraction of residual municipal waste (which represents up to 40 pct.), 

residual materials resulted from recycling processes (e.g. of packaging waste) are also used for co-

incineration. Data is though not available for these waste streams.  

Besides waste produced in Styria, Saubermacher imports residual waste from other provinces, as well 

as from outside the Austrian borders, from Slovenia and Italy. This situation can be assessed as an 

indicator of the increased added value of waste fuels in the cement industry, since the high standards 

and implicitly high costs of waste treatment in Austria would normally lead to more waste export and 

not import. 

4.2. Technology  
Recovered fuels produced from solid waste fractions can be challenging fuels that have different 

processing requirements according to the type of final energy extraction technology.68 

Given the heterogeneity of residual waste influenced by regional and seasonal factors, the evolution of 

waste sorting, shredding and contaminant extraction technologies has a direct positive impact on the 

possibility to customise the chemical, mechanical, calorific and reaction properties of the waste-based 

fuels.   

Waste processing technology for SRF production normally includes extraction of metals and 

contaminants e.g. plastic fractions which contain PVC69 or elements such as chlorine, lead, cadmium, 

etc. that can affect the functioning of cement production plant or the quality of the final product.  

Providers of sorting and shredding technology in Styria form one of the dominant technology domains 

in the waste-to-energy cluster. Examples include Komptech, Binder&CO Ag, EVK DI Kerschhaggl GmbH 

and Redwave.  

                                                           
66 Styrian Provincial Government, 2010: Provincial Waste Management Plan 
67 The fraction < 20mm is mainly composed of organic materials and is treated in MBT plants before landfilling 
68 Regulation has different requirement for SRF when used in cement kilns, power stations or other co-incineration plants 
69 Polyvinyl chloride 
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Technology for the Thermo Team plant was provided by the company Lindner, located in the 

neighboring province of Carinthia. The company provides compact plants for the production of waste-

based fuels, as well as primary, secondary and universal shredders, conveyor and separation 

technology.  

According to cluster actors interviewed during data collection process waste co-incineration capacity 

in Styria will increase in the next 5 to 10 years within energy intensive industries, enabled by different 

actor collaborations. This will also determine an increased demand and competition for waste streams 

suitable for SRF production. 

Advanced technology solutions provided by the cluster for all types of waste-to-energy processes has 

been assessed by the interviewed actors as very good, with the addition that more public initiatives 

could trigger further developments within this sector. 

Access to knowledge  

The universities in the region are considered valuable collaboration partners in R&D projects within 

waste-to-energy. The University of Leoben for example is the main source of knowledge regarding co-

incineration optimisation processes for waste-based fuels within energy intensive industries in Styria. 

Access to knowledge is also facilitated by the presence of many consulting engineering companies 

which, as discussed previously, are among the dominant actors in the cluster. These cover a broad 

range of consulting and planning services for different parts of the waste-to-energy value chain from 

waste collection to energy distribution systems. 

4.3. Finance and funding  
The field of waste-to-energy implies high capital costs and high risks, and therefore the assembly of 

the needed financing packages can be a big challenge, allowing usually larger companies with a strong 

and stable financial situation to get involved in new projects by using their available resources. 

Even though funding programs are available at federal level for projects focused on renewable energy 

generation70 and there are investment funds which offer the possibility of financing new industrial 

facilities, capital costs required by waste-to-energy projects, business models or technologies in Styria 

are usually covered through capital owned by the companies involved.  

The available national programs focus on offering financial support (in general up to 25 pct. of 

investment costs) for investments to incinerate biogenic raw materials and residual materials with 

high biogenic content, and for measures to substitute fossil fuels with biogenic materials and 

residues.71 The waste streams in focus are the ones which contribute to the formation of methane (e.g. 

sewage sludge). 

The capital costs required by the Thermo Team plant, which reached approximately EUR 10 million72, 

were covered entirely by Saubermacher and Lafarge Perlmooser. 

                                                           
70 See annex I for list of Austrian funds available for research projects focused on renewable energy production 
71 EC, 2013: Energy Research in Europe ɀ A guide to European, national and international energy research programmes and 
organizations. Energy Research Knowledge Centre  
72 Ecker, A, 2008: Integrated Plastics Waste Management System ɀ Austria. Recycling Magazine, no.10  
http://www.recyclingmagazin.de/PDF/rm0029.pdf  

http://www.recyclingmagazin.de/PDF/rm0029.pdf



























































































































































































































































































































