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1. Introduction

The perception of waste and how the world treats waste is cuently 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 isr@source which should be recycledreused or
recovered for energy andnot disposed on landfills These new trends will have a strong impact on the
development of the wasteto-energy field in the years to come.

Since the turn of the millennia resource pries 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. Modewaste treatment technologies
make it possble to extract these and other resources from waste and reintroduce them into the
economy. There is even a potential for modern technologies to tgycle waste into high value
products. This combination of technical capability and increasing resource cost®akes waste a
valuable resource. One important application of waste as a resource is energy recovery from waste for
biogas, fuels, heat or powe

EU is globally leading withinthe waste-to-energy field and European companies provide world
leading technologies for energy recovery from waste. Nevertheless, this repoiflustrates that there

are substantial differences across Europe and even across tsig COOLSWEEP partner regionghen it
comes to wasteto-energy. Whatare theimportant factors driving these diferences 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 questionghich will be addressed in tre analyses in tls
report.

The analysesdemonstrate 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 levelare important driver s for the developmert of the
waste-to-energy field in the COOLSWEEP partner regionRegulation has a major impact on how the
waste management systems in the regions haver@ved over time and this evolution has shown to be
of great importance for the current state of the wastéo-energy field in the regions.

Other factors such asnew emerging trends,economic instruments, new technological mssibilities,
access to talent, financing and public perception are also inportant drivers which can provide new
opportunities for z or even hinder z the expansion of energyrecovery from waste in the COOLSWEEP
partner regions. In this report, the factors that havethe most significant impact onwaste-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 indepth knowledge of the six regions involved in the
COOLSWEEP consortium: Austria (the Styria region), eark, Italy (the Lombardy region), Norway
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(the Osloregion), Spain (the Basque country) and Latvia 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 futurebusiness models inthe 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 theost advancedwaste-to-energy business model

in each region. Finally, OEA AOOET AOGO 11T AAl 1T £ «oddeAchafioh Digtefirédry i& OC U
presented.

In chapters 4 to 9, indepth analyses of the wastdo-energy field in each of the COOLSWEEP partner
regions are presented; chapter 4)n-depth analysis of the Styria region in Austrig chapter 5)in-depth
analysis ofDenmark; chapter 6) in-depth analysis of the Lombardy region in Italychapter 7)in-depth
analysis of the Oslaegion; chapter 8)in-depth analysis of the Basque country in Spajand chapter 9

an in-depth analysis of the wasteto-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 thevaste-to-energy field
This section includes a review of the waste management system and an identification of the
relevant actors in the wasteto-energy field in each region. The section also provides an
indication on the collaboration structure within the wasteto-energy field in the region,
based on qualitative data:

3. A wasteto-energy business model
The third section reviews the most advancedusiness model for wasteto-energy in each
region, based on the methodology presented in the business modeladysis in chapter 3.

4. Push factors driving the wastén-energy field
In this section, five push factors influencing the wast¢o-energy field in the region are
reviewed. The push factors are: 1) waste; 2) Technology; 3) Finance and Funding; 4)
Access taalent; 5) Entrepreneurship.

5. Pull factors driving the wasteo-energy field
In this section, five pull factors influencing the development of the wast-energy field in
the region are discussed. The pull factors are: 1) Regulation; 2) Taxes and subesd 3)
Public-private partnerships; 4) Public perception; and 5) Global trends

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 LEQpresents a global analysis of the wast®-energy field, where global trends are presented.
Therefore the pull factor presenting the global trends influencing the wastéo-energy field is covered by the global analysis
report in deliverable 1.2.
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2. Methodology

The in-depth analyses are guided by a common analytical framewogtesented in the figure below, cf.
figure 1.

Waste Regulation
Technology Taxes and Subsidies
Waste-to-energy
Finance and Fundlng PUSH business models PULL PPP
Access to Talent Public Perception
Entrepreneurship Global Trends

Figure 1: Analytical framework for in-depth analyses

The first section of the indepth analyses provides a characterization and mapping of the waste-
energy field in each partner region. This section includes a review of the waste management system
and a mapping of the diffeent types of cluster actors in the wasteto-energy field. This is done to give
an overall understanding of the wasteo-energy field in the regions.

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

1. A review of the mostadvanced business moddior waste-to-energyin each partner region.
2. Areview of the push factors driving the wasteto-energy field in each region.
3. Areview ofthe pull factors driving the wasteto-energy field in each region.

The analyses are based oin-depth knowledge of each partner region whibh has been collected
through five steps of data collection activities: 1) survey; 2) desk research3) focus groups 4)
interviews; and 5) field trips. Below, each step of the data collection process describal.

2.1. Survey

In task 1.3 a survey with the aim of identifying cluster actors in the wast&-energy field in each
partner region has been completed. Théata collected in tre survey have provided key input for the
mapping and identification of different types of cluster actors in the wastd¢o-energy field within each
region in the in-depth analyses.

4EA NOAOGOGEIT 1T O ET OEA 000O0A Uengadedeht n Ddwasicdeherg) field O E A
and their role in the wasteto-energy value chain355 cluster actors acrossll the partner regions have
answered the questionnaire.

2.2. Deskresearch

Desk research has involved collection of statistical data as well as more quative data from strategy
documents, reports and so forth on each of the partner regions involved in the projed¢turthermore,
participation in conferences has been an important part of the desk research phadée data collected
as part of the desk researt has beenmanalysed andapplied in the in-depth analyses. Furthermore, the
knowledge has provided inportant input for the preparation of focus groupdiscussiors 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 indepth analysis has beerthe development of theO$ OE OA OO A
wasteto-AT AOCU ET %0 O debeloped byFERivesfaD dvévizw of the drivers affecting

the development of the wasteto-energy field in the 27EU 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 theireffe®@ 11 AAAE Al O1T OOUB8 O Etb-dndriyOdnd 8f th©key fiadingsA OO E
from the report is that these fundamental drivers are very different across the EU and even across the

six COOLSWEEP partner countries. Thigport provided key input to the development of the indepth

analyses.

2.2.2. Patent analysis

The desk research phaskas alsocontributed to an analysis of patent activitywith in waste-to-energy
technologiesin the partner regions. The patent analysis has provided input to themapping of the
OAAETTI1TCU POI OEAAOOG DPAOAT O AAOEOEOU ET AAAE OAcC
The patent data used in the irdepth analyses are EPO (European Patent Office) data delivered by the
Danish Patent and trademark Office on relevant technology codes. The relevant tecluyy codes have

been selected by FORA according to the Cooperative Patent Classification (CPC) codes, which is an
international patent classification system. &/ 2 ! EAO OOAA | %# $ 08 GrelaleE OO0 |
technologies to identify the relevant CPC classes

In the seledion of CPC codes, FORA héxused on selecting core technologies within the wast-
energy field. The relevant CPC codes identified by FORA are technologies related to energy recovery
from waste, i.e. incineration technologies and techrogies related to biofuel and biogas production.
These technology codes have provided the foundation for the patent analysis in each region

2.3. Focus groups

On the basis of desk research, a focus groupshbeen conducted in five of the siypartner regions
involved in the project. The focus group discussions have provideley input for the development of
the in-depth analyses.

In the focus groups, a semstructured 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 wastdo-energy field in each regionthe focus group
consisted of different types of cluster actors in the regioni.e. technology providers, consulting
engineering companies, research organisations, operators, public authorities and industry
associations. The participants in the focus groups were selected in close collaboratiowith the
COOLSWEEP partners according to their relevance and expertise in the watsteenergy field in the
partner regionse. The focus group discussions were facilitated bfORA and the partners

4 %#3$860 1 EOO -reldred fethBofbgids tah Belfolind herenttp://www.oecd.org/env/iconsumption -

innovation/ENV -tech%20search%Dstrategies%20for%200ECDstat%20(2013).pdf

5In 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.
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2.4. Interviews

As a supplement to the focus groups, individuainterviews with waste-to-energy experts in each
partner region have been conducted The interviews focused on the subjects that were not covered in
the focus groups discussions.

The interviews have followed a semsstructured interview guide developed onthe basis of the findings

from the desk researchand the focus groups discussionsThe interviewees include e.g. public
authorities, operators and research organisations. The interviewees wereselected in close
collaboration with the COOLSWEEP partners amaing to their relevance and expertise in the waste

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

2.5. Field trips

Field trips to waste-to-energy plants have been cruciato get a technological understanding ofthe
different waste treatment technologies.Furthermore, it has provided input for an understanding of
how the most advanced business moddbr waste-to-energy in each regiorworks and how that model
may be influenced bythe push and pull factors.

The field trips have been arranged in close collaboration with the COOLSWEEP partnewho has
assisted FORA in selecting the waste-energy plants which represent themost advancedbusiness
model in the regiors.

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 wase and how the world treats waste is changing. Waste is increasingly seen as a
resource which can be recovered and Europe is leading the wdguropean companiesn the waste-to-
energy field have managed to develop effective and sustainable business modelsich create value
through energy recovery from waste.

In recent years, there has been an increasing interest in green business model innovatimd new
OO0OAT A0 1T EEA OEI wid®léanEehtd theQuddtefo lerie@yEfi@ld have emerged Below,
three trends influencing the wasteto-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-energy
field in the years to come and tB companies need to take these trends into consideration when
developing the business model. The trends highlighted here ar&) circular economy; 2) industrial
symbiosis; and3) a bio-based econom.

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 MacArthisoundation (EMF) is a strong advocate
for the circular economy. EMF defines circular economy as:

08 A CATAOEA OAOI & O AT ET AOOOOEAIT AAT1T1TiU OEAO
materials flows are of two types: 1) biological nutriens, designed to reenter the biosphere safely; and

2) technical nutrients, which are designed to circulate at high quality without entering the
AET OPEBEAOAS8S

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 faecycling should be recovered for energy.

9 The global analysis of the wast¢o-energy field presented in deliverable 1.2 also highlights some of these trends. For more
informations on this, seethe report on www.coolsweep.org
10 The Ellen MacArthur Foundation
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Figure 2: lllustration 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 tcCradle certification schemé!. By doing this, Desso aims at being able to recygle
100 pct. of its materials in 2020. At the same time, Desso launched a tddack-system in 2010, where
they retrieve old carpets from both customers and competitors for recyahg through its newly
AAOAT T PAA POI POEAOU OUOOAI h O2AZET EOUOGS

41T AAUR T OAO uvn PAO8 1T £ $A00I 80 AAOPAO OEI A QAT CA
take-back-system. Desso has received multiple awards for their sustainable path, which théave
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. Moreovervhereas 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 symbiosisAn 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 symbiosesare also becoming a salient topic on the political agendaboth on national and
international level. Countries like Finland, England and Denmark now run programs that underpin the
formation of industrial symbioses and arez to a large extentz a result of an emerging resource
AEFEAEAT AU ACAT AA8 )T AOOOOEAI OUI AET 6GAOG AOA Al Oi

11 http://www.c2ccertified.org/
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2A01 OOAA wAEAEAEAT O %OOiI PAd AO TTA T &£ T ATU O1TT10 O
increase the competitiveness of BEwwpean companies. In November 2013, The European Industrial
Symbioses Association was launched with the aim of facilitating dialogue and collaboration between

the respective national programs2.

Below, a business case illustrating an industrial symbiosisetween a floor company and a Danish
utility company is described.

Industrial Symbiosis Case: Galaxe Floors and Holbaek utility company

A partnership on exchange of polystyrene between the Danish floor company, Galaxe Floors and |the
Danish utility company Hdbaek utility is an example of an industrial symbiosis.

Galaxe Floors produces Thermozeft a mixed product of concrete, water and polystyreng which is
OOAA ET OEA 1T AEETC T &£ A110068 ' Al AgA &I 1100 |AT 11
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 fre
Moreover, Holbaek utility company saves transport costs which arvery high as polystyrene has a higl|
volume and the gate fees they pay to the operator of the incinerator.

= O

Sourcewww.groenomstilling.erhvervsstyrelsen.dk

3.1.3. Bio-based economy

A third emerging trend is the biebased economy. The bitbased economy is about the transition from
an economy based on fossil fuels to an economy based on biomass as a raw material: from fbssiéd
to bio-based. In a biebased economy biomass is used rfahemicals, materials, transportation fuels
and electricity and heat.

Cascade use of biomass is an example of a technological trend in thelidged economy. This means
that the biomass is used where it has the highest added value. An example is a bioexy, 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 podde 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
AAOCAA AATTTiURh AT A OEA %dOOI PAAI #1 1 OEOOEDAGBIT QO
SOOOAET AAT A COl xOE(d 13sekKs fo prAnfoie b bidbdded Aoromyadrass Fube.

cascading technologies. The Commission underscores thatwtll be necessary to support refineries,
e.g. by promoting pilot and demonstration plants through publigprivate partnerships, regional funds

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

Coolsweep is funded by the European Unioidler the 7th Framework Programme


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

and other financial instruments. Maabjerg Energy Concept in Denmark is an example of a biorefinery
business model The business modeWill 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 businesseXplainshow 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 teek its competitive
advantage on the market and ensure future growth.

Int 1T AGAT AAO | tdékArOousinkss ddddsBusiness Model Generatiod a business model
is defined as: Ghe rationale of how an organization creates, delivers, and capturesalued4.
Osterwalder has developed a business modelpproach which is useful in this analysis to understand
how business models in the wastdo-energy field are working.

| OOAOx Al AAOSO APPOT AAE OiF AOGOET AOGO 11T AAIT O EO AOQEI
nine building blocks that one needs to go through in order to understanthe different elements of a

AT T PAT US O AOIDEddiflod © thé rind Bullding blocks, IDEO has introduced two building

blocks which aim to capture the dynamics of @usiness model; 1) Growth strategy and 2) Comparative
strategy!s. 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 neitheragic nor linear. Instead important
interdependencies exist between the building blocks and any change in ormiilding block may

influence the otherbuilding 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 withe 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.
4EEO EO OE falueAdropditioh U §h@ channels describe through which channels the
company is interacting with customers and delivering valueThe customer relationships outline the
relationships the company isestablishing with the customers and therevenue streams make clear
how and through which price mecharsmOE A AT [b@sikdssIndodel is capturingzalue.Looking at
the other side of the business model canvas, ¢hkey resources illustrate which assets are
indispensable inOE A AT [bésikdssindodel. Theéey activities show which activities the company
needs to be able to perform in order to create, deliver and capture valuand the key partnerships

give an indication of who from the outsidecan helpthe companyleveragethe business modelWhen
these understandings are in place, the company can get an understanding of twst structure and
what costs are related to the operation of the business modeFinally, the company needs to
understand how it is differs from its competitors by lookingat its compar ative strategy and to
consider how the company will growth in the future, by establishing a futurgrowth strategy .

14 Oderwalder, A., Pigneur, Y. 201MBusiness Model Generation. John Wile& Sons, New Jersey.
15|DEO, 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, th
compary 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

Key Resources

The most important
assets required to
make a business

Value
Proposition

The bundle of
products and
services that
create value for
specific
customer

Customer
Relationships

The types of
relationships a
company establishes
with specific
customer segments

segments

Channels

How a company
communicates with
and reaches (via

Customer
segments

The different
groups of people
or organizations

the company aims

to reach and serve

by its products or
services

10

distribution
channels) its
customers segments
to deliver a value
proposition

model work

Cost Structure Revenue Streams

All costs incurred to operate a business
model

The revenuesa company generate from the
customer segments

Comparative Strategy

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

Figure 3 Thebusiness model canvas

3.3. The business model of Maabjerg Energy Concept

Maabjerg Energy Conceptni Denmark i an example of a businessmodel representing all three
identified trends abovethrough an integrated biorefinery. Maabjerg Energy Concept is still in a stage
of development. It is expected to béully establishedand in operation by 20178,

Maabjerg Energy Concept is developing a business model which integrates different types of wetste
energy technologiesin one business model The technologies include energy recovery through
incineration, biogas production and bioethanol productionThe aim is to create synergies acroghese

three waste-to-energy solutions andmake an integrated system (i.e. industrial ymbiosis), where

residuals from one procesdss usedas input into another processAs a result the conceptill produce

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

Today, Maabjerg Energy Concept consists of two plants, whi have had great impact on the
development of the project. The plants are; 1Maabjerg combined heat and power (CHP) plant; and 2)
Maabjerg BioEnergy.

16 http://www.maabjergenergyconcept.dk/
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Maabjerg GHP plant was established in 1993 and produces electricity and district heating through
incinerating straw, wood chips, waste, sewage sludge and biogasm Maabjerg BioEnergy

Maabjerg BioEnergyis 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 biomasdo biogas.

The final step in realizing Madjerg Energy Concept will include the building of the '2 generation
bioethanol plant next to Maabjerg BioEnergy, where straw will be used as feedstock in producing
bioethanol through the use of enzymes. Theesidues from the bioethanol production will be used as
feedstock in the two other plants i.e. thevinassez a liquid sugary residuez will be used as feedstock
in Maabjerg BioEnergy, whereas théignin z the straw when the sugar has been taken out and used in
the bioethanol plantz will be incinerated in the CHP plant.Furthermore, the CHP plant will also use
fibers from the biogas production and waste as feedstocKhe residual products from the bioethanol
production will replace a significant amount of waste which today is imported from Londomand used
as feedstock in the CHP plantt the same time, the CHP plant should be able to deliver steam for the
bioethanol production; converselythe heat from the bioethanol production will be used in the district
heating system through the CHP plantFinally fertilizer and nutrients will be available for the
agriculture.

The final decision to build the 2d generation bioethanol plantis however contingent on regulations
which create better framework conditions for 2d generation bioethanol in Denmark and in Eland
thus create a market for bioethanolToday, regulations in the EU demands th&tO pct. of the energy
consumption in the transport sector should come from renewable energy by 202@Gasoline entailsat
the moment approximately 5,75 pct. ¥ generation hioethanol. The difference between & and 2
generation bioethanol is that ®t generation bioethanol is produced using e.g. corns which can also be
used as food, whereas 1 generation bioethanol is produced on the basis of residis, e.g. straw. In
2013, the European Parliament decided that 2,5 pct. of the bioethanol should bed2yeneration
bioethanol by 2020. The agreement washowever not carried onin the cabinetand the decision was
therefore not implemented. As a result, investments in "2 generation bioethanol plants are currently

in a waiting position. It is expected thatthe European Commission will decide on future goalfor 2nd
generation bioethanol in 2014.When the decision is made, the consortium around Maabjerg Energy
Concept will decide whetler the 2nd generation bioethanol plants should be build or not.

In order to realise all parts of the Maabjerg energy conceptbusiness model, investments of
approximately 293 million EURare required. 240 million EUR will be invested in the building of a &
generation bioethanol plant.

The consortium behind Maabjerg Energy Conceptas established in August 2011 and consists of two
private companies and three companies owned by municipalities. The consortiuns established
around two consortia: 1) A localconsortium 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; ad 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, Mabjerg 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, whielve all
contributed to the technological development of the business model. The Inbicon technology conwert
residues from the agriculture to 29 generation bioethanol and is thus a crucial technology for the
AOT AGETT 1T &£ - AAAEAOC motleROCU #11 AADOSO AOOET AOGO

Maabjerg Energy Concept also relies heavily on farms in the local area to supply straw and liquid
manure, which are used afeedstock in the production process. Furthermore, the farmers can also be
classified as customers as they will receive felikzer and nutrients from the production process.

The key activities in Maabjerg Energy Concept are conversions daftraw, biomass, primarily liquid
manure and waste into different types of products through the integration of three plants:

¢ A bioethanolplant, 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;

e A combined heat and power plant whictburns 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 Maabijerg
Energy Concept is illustrated.
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Growth Strategy

The growth strategy of MEC is dependent on whether it will be possible to find investors for the building of thed2jeneration bioethanol plant. The ability to find investors depends on future regulations on"2generation bioethanol. If the plant
will be a reality, the consortium behind MEC is planning to sell the concept (or parts hereof) (mainly thedZjeneration biorefinery) as a turnkey solutions. Therefore, the project will also serve as a ftdcale 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 2overall groups:

1.

® o o 0 0 0 0 0 0 0 o

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
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

-%#860 o EAU AAOEOEOE

production:

. Energy recovery (heat and electricity)
through incineration

. Production of biogas from liquid manure
and melasse

. Production of 2'd generation bioethanol
for transport (not in operation yet)

Key Resources

- %# Keyresource 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
expectedlywill produce 80 million litres
of bioethanol

Value Proposition

-%# 80 OAl OA DPOI BT OEQ(
will be a cost-efficient 2nd generation
biorefinery.

Their overall value proposition entails a

combination of the value propositions listel

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.

Customer Relationships

- %# 6 O O Mk viitddistdmérgake

characterisedas 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 isimportant. They are customers
both in a supplier sense (supplying liquid
manure and straw) but also as customers
buying the fertilizer and nutrients.

. 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

Channels
%# 80 AEOOOEAOOEIT AEA
. 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 commnies
. Direct delivery of nutrients and fertilizer to
local farmers

Customer segments

-%#80 AOOOITAO
into four groups:

1.  Local farmers: buyers of
fertilizers and nutrients

2. The oil and transportation
sector: buyers of the 2d
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

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
0 240 million EUR forsetting up the 24 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 theproject, setting up a construction site, interest rateson | e
loans, unforeseen costs, taxes etc.

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

. Funding programmes:

programme)
Private investors (not available)

Revenue Streams

The revenue streams related to the investments are divided betweaddifferent revenue streams:

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 biated Industries Public Private Partner

. Other revenues (subsidies, gate fees, sales of fertilizer and nutrients, district heating, electricity, sales of upgradedso

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

Comparative Strategy

MECdifferentiate itself from its competitors through an integration of three different types of wasteto-energy technologies in one business model. The business model is expected to be-effsttive 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 ith@ng@rocess.

17 Costs and revenues are uncertain as Maabjerg Energy Concept is still in a development phase.
Coolsweep is funded by the European Unioler the 7th Framework Programme
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In-depth analysis of the waste -to-energy field in the Styria region in Austria

1. Introduction

The Styrian wasteto-energy field has developed under the influence of a waste management system
focused on diverting waste from landfills. Today, Styria haa well-developed separate collection and
recycling system, where large part of the mmnicipal waste is either recycled or recovered for energy
through incineration or co-incineration.

The region has a long tradition in using mechanicadiological and splitting treatment plants through
which the residual municipal waste, the fraction of tle municipal waste which is not separately
collected for recycling, is sorted and treated.

Coincineration of residual municipal and industrial waste has become statef-the-art in energy-

intensive industries in Styria (e.g. cement and paper industriesand is now a necessary part of the
Styrian waste management systemThis evolution was especially favored byhe implementation of the

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

The technology forco-incineration in Styria has developed for several years and is currently maturing.
Now, technology development irthis field is focused on optimisng the technology and making it more
efficient in order to increase the substitution rate and expand the dlds of solid recovered fuels
application.18

The wasteto-energy field in the Styria region is not characterised as being speciaéigl in one particular
waste-to-energy technology. Instead, the region & technology providers specialied in different
waste-to-energy techndogies, ranging from decentralied 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 BioEnery International which provides multi-feedstock technology for biogas and
biodiesel production, Binder&Co which is specialised in optelectronical sorting, Komptech which
provides shredding and composting technology and Thermo Team which pdaces 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 technolodes and many of them haveexport 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 nuper of
companies providing different technological solutions for the wastdgo-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 wasteto-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 setthe framework for
developmerts 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 whichtoday has the highest ecycling rate amongst all the EU stateStyria
has defined its legal framework regarding waste management for the first time in 1995 through the

O, Ax 11 OEA DOAOAT OEI T h AleiTheAalv @flirdd thd Hedelonkdt ofAl ET C
managementmodel for the creation of basic conditions for municipal waste collection and treatmens.
AEA T 1TAAT AAAAT A ETIT x1T AO OEA O3OUOEAT 7AO00A -ATA

Even though the higher valorisation of waste 120 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 between85years!, therefore
predictable and stable legal and economic frameworkshave been important drivers for the
development ofthe Styrianwaste management system.

Currently the waste management system in the region includes recycling of a major part of source
separated fractions, collected both throughpick-up collection systens and bring-it-yourself systens by
operation of 383 waste material collection centres. Residual waste is treated through mechanical
biological processes, which allows the extraction of high calorifiwalue materials. These are used
afterwards as fuel mainly for ceincineration in regional energyintensive sectors, especially the cement
industry.

Treatment of residual waste in mechanicabiological 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 tley represented the first step inthe development towards the MBT infrastructure
used today?2

Planning related to waste management is includeih provincial waste management plans which need

to be developed every 5 years by the provincial governmegt.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 treatment4

19 Gesetz Uber die umweltgerechte und wirtschaftliche Vermeidung, Sammlung und Verwertung von Mull

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-
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

Coolsweep is funded by the European Unioder the 7" Framework Programme
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2.1.1. Energy recovery from waste

When the landfill ban for untreated waste was introduced® in Austria in 2004, the capacity of
municipal waste incineration available at thetime 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 ceincineration in cement kilns (e.g. wsed tires), formed a favorable setting to
increase theuse ofthe high calorific fraction as fuel forcement production.

Furthermore, unlike other countries (e.g.Denmark), Austria did not havestrong drivers to use waste
for either district heating or power generation. On the one side, only 23ct26 of the heating
technologies used inAustrian households are based on district heating because grids are mainly
developed around bigger urban agigmerations, especially the citiesof Linz, Vienna and KlagenfurtOn
the other side, approximately60 pct. of the electricity in Austria is already generated froma renewable
energy sourcez hydropower z with only 8 pct.generatedfrom solid fossil fuels.2?

Figure 1 below illustrates the pocess of residual waste treatment in Styria (which also applies to
Austria overall). Residual waste is either incinerated or mechanically treated followed by €o
incineration. Mechanical treatment nfrastructure which supports this processincludes 6 MBT &cilities
and 6 residual waste splitting facilities (only mechanical separation processes}hese facilitiesprovide
high calorific value materials for the 2 cement plants which cincinerate Slid RecoveredFuels (SRF):
Lafarge Perlmooser in Retznei antlVietersdorfer und Peggauelin Peggau.

lightweight

fraction SRF

A

Treatment %
> Biological
Residual waste heawywelght | Treatment
A4
e’ | )
Incineration |« =|—Landfilling

Figure 1: lllustration of the steps in residual waste treatment in Styri&é

Regarding direct incineration, Styria has one thermaplant which, according to the Provincial Waste
Management Plan published in 2010incinerates residual materials resulting from the recycling of
household, commercial and industrial waste fractions, as well asewage sludge. The incineratois
located in Niklasdorf (Leoben district) and provides steam exclusively to theBrigl & Bergmeider paper
factory nearby. In 2012, B&B bought the plant from the public company ENAGE&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 acombined heat and powerincineration plant (capacity of 832 MW) which opened in
2012 in Mellachand was delivered as a turrkey project bythe German companySiemens?® The plant

~ oA N oz =

EO 1 PAOAOA Amak power Provialé B/éfud, and ceincinerates natural gas ad 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
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sludge from Graz The used amount ofewage sludgesquals 22.000 bnnesannuallys®, which is a small
part of the total quantity of fuel needed in the plant. The new plant replaced five oldéZHPunits in
southern Austria which used coal or oil as fuels. Heat 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 sectoCurrently all nine Austrian cement
plants use wasteto a certain degree, andsome of them developed partnerships with waste
management companies for the production of SRRvhich can meet the quality criteria fo cement
kilns 31

Figure 2 shows thatfossil fuels substitution rate in Austrian cement industry reacheda level of 65 pct.
by 2011, and the total amount of used SRF was appimately 400.000 tonnes32

100%
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70% +— —
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50% -

40% - B
30% -

0, .
igoﬁ; | 52% 54% | 149% | |43% 37% | 35%
0% - . ' ' ' '
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48% 46% 51% 57%  63% 65%

m conventional fuels SRF

Figure 2: Distribution of energy sources in Austrian cement industry3

It should be noted that there is a distinctionbetween Solid Recovered Fuels (SRF) and Refuse Derived
Fuels (RDF). While the preparation of RDF implies a basic level of treatment to extract relaple
materials usually from a municipal solid waste stream, and is used into wasigcineration facilities, SRF
requires higher production standards to become auitable fuel for cement kilns (or to be used in other
industries) as an alternative to fosdifuels 34

2.1.2. Biogas production

Source separatedbiogenic municipal waste does not play a role as feedstock for the production of
energy in Styria. This fraction isalmost entirely treated within the 70 composting facilities for biogenic
waste and sewage sludge, out of whicB4 are municipal composting facilities and46 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-pocessing of Alternative Fuels and Raw Materials in the European
Cementindustry. 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 SRRd 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
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composting plants, integrated within farms3s There are also examples of private composting sites
owned by households.

Biogas production in the region uses energy crops, agricultural residues, pig manursewage sludge
and to a small degreeindustrial and household biogenic waste as feedstock. Th@frastructure is
composed of 42 (in 2012)plants which use the obtainedbiogas in decentralised CHP units. The
generated electricity is delivered to the national grid with special feedn tariffs, and the heatis, in some
cases, distributed through small local district heating gridgé Out of the total of 42 plants, 10 use
household and industrial biogenic waste to different degree#’

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. Théodas
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
usess 39

Organic and green waste collected in the city of Graz are composted in the mechanhialogical 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 pential 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 bétimane to feed
into the natural gas grid, but until now no written agreement has been made about the collaboratiof.

2.1.3. Biodiesel production

By 2005 all buses in Graz were using biodiesel produced from used cooking oil collected at municipal
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 Techni¢aUniversity and Kark
FranzensUniversity 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 edus
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 minimisal 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 thHém.

2.2. Cluster actors in the Styrian waste -to-energy field
The mapping of he wasteto-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 Rocal 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_Biog&onceptGraz_PUhdf

41 Input from EcoWorld Styria
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desk research. This resulted in the identification of 49 organisatits which are part of the wasteto-
energy field, out of which 42are private companiesNo 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 @meir business focug2. 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 (mostlywood) as feedstock, and waste collection, sorting and shredding (pteeatment).

25
20 +—
15 +—
10 +—
5 1
0
5 & 2 S
5 o & & S @ & o & & &
S & S N Q\ N & & @ 3 S
A N & Q K S ) & ﬁﬁ
N > O & J 3 X N < <
> 2 S N © & 2> 9 Q)
\ & > S ¢ & @ & of
& < & & > > X %
xS S S > & > o D
& O (\oo (’}f\ Q O (& \0 é
& & S > <& N 2 N e
& & 8 N < XS i
Q@ » N <O %c\& O 75’% {50 Y
S d X O
& & Sl S & s 5
O C X o N > &
) ¥ o\\, Q& © 2
.{v\ o’ & < Q;_)&
S & <0 N
N @’b <O
$ &
) &
> o
& <
Q}O @%

Figure 3: Speciali®ed technology domains in the wastdo-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. Theseeamainly 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 wastto-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
managementcompanies that focus mainly on waste collection, operators of splitting or MBT plants that
also produce SRF or providers of sorting and shredding technologies.

42 |t 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 dnvaste
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. heaind 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 mimised 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-energy field
and give an indication of the collaboration relatios between them.

Figure 4 illustrates the different types of actors and their relative importance to the wastéo-energy
field in Styria, based on the size of the individual circlesThe size of the circles is defined according to
the number of actors in hat group. The figure indicates that there are especially 3 types of
organisations which drive the field: technology providers, operators and consulting engineering
companies.

Consulting
Operators Engineering
Companies

Technology

Providers

Figure 4: Cluster actors in the Styrian wasteto-energy cluster

2.2.1. Technology providers

Technology providers are among the actors which drive the wastw-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 decentralisedcombustion 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 specialisan domain in the
field.

Coolsweep is funded by the European Unioder the 7" Framework Programme
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Biomass thermal gasification

Biofuel production from waste

Management of byproducts from waste-to-
energy

m Other

Area of activity

Technology providers
Production of RDF/SRF

Waste collection, sorting and shredding

Biomass CHP/ decentralised thermal
systems

Biogas production/ utilisation

0 2 4 6 8 10 12 14 16
Number of companies

Figure 5: Number of technology providers inspecialised technology domains in the wastéo-energy field in Styria

Within the biogas production and utilisation sector, the 5 identified technology providers areCTB
Automatisierungstechnik GmbH- which provides measuring and control systems for biogas plants,
Nahtec GmbH, which provides biogas plants with CHP units, BDI BioEnergy Internatiogaprovides
multi -feedstock industrial biogas plants, Komptech GmbH shredding technolog/ for feedstock
preparation and Sattler AG; which provides membranes for biogas storage tanks.

It is important to mention that CTB Automatisierungstechnik GmbHand Nahtec GmbH also offer
technologies for biomass combustion units, and are two of five ideified 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 epkectronical sorting, and is

an international supplier of machines and turnkey solutions for glasspaper 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 wasteto-energy technologies, but also
within biogas and biofuel technologies.

Austria hasregistered a total of 153 patent applications within the sector of wasteto-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 counts (e.g. Luxembourg) which

have small population compared to their economic activity.

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

From the total number of applications within wasteto-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 No. of
technologies, 2005 -2011 patents
CTP Chemisch Thermische Prozesstechnik GmbH 1
Porzellanfabrik Frauenthal GmbH 1
Zuser Umweltservice GmbH 1

Table1: Patenting firms within waste-to-energy technologies in Styria

CTP Chemisch Thermische Prozesstechnik GmigHocated in Graz, and is an international provider of
air pollution control technologies for industrial applications. Porzellanfabrik Frauenthal GmbH is
located in Frauental andprovides industrial ceramics and catalysts used in thermal exhaust gas
cleaning units. Zuser Umweltservice GmbHis based in Peggau angrovides waste management
services andproduces wastebased 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.

Coolsweep is funded by the European Unioder the 7" Framework Programme



23

Patent applications
pr. mio inhabitants
04 20052011
03
03 +
2 -HHHTHTT
02+ H H H
oo 4 H P ]
oL HH1HH H H H H
OO T T T T T T T 1 T T I“IHIHIDIDIDIDI
FI CH NL DK DE SE AT IE NO CA BE FR US GB IT JP AU PL ES

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 No. of
technologies, 2005 -2011 patents.
Enbasys Gmbh 1
IPUS Industrie Produktions- und Umwelttechnisches Service

GmbH 1
Rohren und PumpenwerkBauer Gesellschaft mbH 1

Table 2 Patenting firms within biogas and biofuel technologies in Styria

Enbasys Gmblhas joined the BDI Group in 2010 and is based in Grambach. The company has patented
its ENBAFERM multfeedstock biogas technology suitable for industrial waste feedstocklPUS
Industrie -Produktions- und Umwelttechnisches Service GmbH is located Rottenmann, and provides
mineral bioregulators for the control of biological processes.R6hren- und Pumpenwerk Bauer
Gesellschaft mbH is a compangcated in Voitsberg and provides irrigation and slurry technologies. The
slurry technology consists of agiation technology, pumping and separation technology, as well as slurry
tanks.

2.2.2. Operators

Operators in the Styrian wasteto-energy field can be divided into 3 groups according to their main
focus: 1) operators which provide waste collection services, 2)perators 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 majaity of 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 collectin 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, Kflach, Birnbach, Rosental, Maria Lankowitz and Ban Gleichenbety.

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 ofwaste 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 represgtatives 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.

Site Capacity in t/a Operator
Graz/Frohnleiten 76,000 AEVG/Servus Abrfall (biological step)
Halbenrain 70,000 A S A Halbenrain

Liezen 25,000 AWV Liezen
Allerheiligen im Marztal 17,000 AWV Mirzverband
Frojach-Katsch 14,000 AWV Murau
Alch-Assach 10,000 AWV Schiadming

Total capacity: 212,000

Table3: MBT plants in Styria and their operators (2010}

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.

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 exactuglity 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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Site Capacity in t/a Operator
St. Johann in der Haide 10,000 AWV Hartberg
St. Michael 65,000 Fa. Mayer/Saumel
Graz 75,000 AEVG

St. Margareten an der Raab 45,000 Fa. Miillex
Peggau 40,000 Fa. Zuser
Fisching 34,900 Fa. Trigler
Total capacity: 269,900

Table4: Residual waste splitting plants in Styria and their operators (2010%

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 Osterreichische Elektrizitatswirtschafts AGEO | OOOOE A
leading electricity company andone of the largest producers of electricity from hydropower in Europe.

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

in the areas of electricity generation, trade, transmission and sales. Austrian Theal 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 ofGraz, by using natural gas and sewage sludge as feedsté&ck.

Biokraft Hartberg Energieproduktions GmbH is a subsidy of StadtwerkeHartberg company and the
operator of two biogas plants which use sewage sludge and organic wastedstly dairy sludge and fat)
as feedstock. Both plantsire located in Hartbergand a part ofthe 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 processingant and for hygienisation4s

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 Meck, Nahwarme Mureck and Okostrom 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)s 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 astributed, among others,to those
who provided the raw materials for its production.

District Heating Mureck (Nahwérme 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
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Okostrom M ureck is a company owned byNahwarme and seven farms irBouthern 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 byproducts from the biodieselproduction 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 orth
developments taking place in wastdo-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 wastdo-energy cluster through targets for wate
management, as well as strategies for waste prevention and waste treatment. All these are included in
Provincial Waste Management Plans prepared by th8pecialised Division 19D (Waste and Material
Flow Management) every five years. The plans have to bensidered 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 condit®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 vaste-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 figue 5 in the beginning of this subchapter, identified consulting engineering
companies represent a considerable share of the total number of cluster actors in Styria.

Wasteto-energy related consulting engineering services are provided by companies which 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 wironmental 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 thearea of thermal power engineering, Envicare Engineering GmbH which is focused on biogas
technology, cefermentation processes and biemechanical waste treatment processes. Furthermore,
UTC Umweltlabor GmbHprovides a broad range of analysis and engineerin services related to
environmental parameters measurement, landfill deposits and waste recovery processes.

Specialised wastgo-energy consulting engineering services are often provided by the companies
which also provide wasteto-energy technologies (an§sed 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

A4EA AOT AA Al T OAT 000 EO OadvithiBeddiheeling ard techdoddy AeatddE O O C
disciplines, and this is also illustrated by the fact that 55 pct. of the Austrian technical university
OAOAAOAEAOO x1 OE AT A OAAAE ET 30OUOEA8 %OAT EAZE A A
which are mechanical and automotive engineering, metallurgy and material science and industrial
chemistry,# it is considered that this has a spillover effect for the waste management and wagte

energy sector as well.

Joanneum Research is the main reseach 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 erwr
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
biomassto-energy sector. Its projects are gread 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

Pi OET AA T &£ "OOCATI1 AT A8 ''i11¢c OEA 1T OCATEOAQOEI T80 b
University of Technology, University of Natural Resources and Applied Life Sciences in Vienna,
Joanneum Reseach, etc.

FibagzHans Hollwart is a privately owned research centre which started its operation in 2007 and
which offers services as a research capacity, a thiktkank and as a testing centre. The main area of
expertise of the centre is the integration of energy efficiency, energy generation and air cotidhing
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 tke 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 disposaf 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 havean industry association with a specific focus on the broad spectrum of waste-
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 collaboratiorelationship 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, EC@& CqStyrian Network for Environmental Technology, the precursor
POl EAAO HCE WOorld Suvjrid, 1483 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 netwoik was upgraded by establishinghe ECO WORLD Styrialuster organisation which
currently has 180 members active in the area of environmental technologies. The cluster organisation

xI'T OEA DPIOEOETTO AO OEA x2000 aAdwas @&wAr@ed wikh ithd £ OAAE
RegioStars Award, the Hidden Champions Award and the Cluster Management of Excellence label in
gold.

4EA Al OOOAO 1T OCAT EOAOQEIT 60 OfhandidgOndichAncreaSed Eon@IGs& A O
to 0 in the baginning of the project, to around 40 pct. of the overall budget today. The income represents
annual fees paid by member companies and different service chargés.

ECO WORLD Styria was formed as a PPP driven by a reseanduastry -government cooperation modé
(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, e2r@up, Fibag and KWB!

A4EA T OCAT EOAOQCET T80 1 Ai AROO EAOGA AAAT AEOEAAA ET O
activity:

e Bioenergy (Biomass/ Biogas/ Biodiesel);
e Solar energy and photovoltaics;

e Waste and resource management;

e Hydropower and waste water;

e Other.

NOESTz 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 Provirtial Government. Among its objectives are acceleration
and simplification of the access to R&D funding, networking opportunities for Styrian companies,
guidance of the Styrian eceenergy 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
&AAARAOAT 0071 OET AA T £ 30O0UOEA AT A OEA )T AOOOOEAI EOOS
entry into new international markets. Some of the companies which have been identified in tleaste-

to-AT AOcU Al OOOAO EAOA A OAOU EECE Agbpi 0O NOIT OAh /
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.

SOhttp://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/
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Austrian Biomass Association is an independent body which works as an informi@on 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 (VOEB) 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

4EA OACEI T80 AOI OOOA 1T &£ AT T DPAOGAOGETT AAT Aided 11 OE.
collaboration activities. This section will explain the strongest collaboration links between the actors
involved in the Styrian wasteto-energy sector. The level of collaboration between the cluster actors
represents an important trigger for the evolution of the cluster.

Technology providers z Research Organisations
An important competitive advantageoutlined by the Styrian companies which are part otlusters? is
their collaboration with the universities regarding technology development and process optimisation.

Some of the tebnology 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 abthé 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 coverthe short term employment needs regarding different research projects within
companies.

Besides the recruiting opportunity, thesecollaborations allow private companies to influence the
agenda for ongoing applied research within universities.

Research Oganisation z Research Organisation

I OUDPA T &£ OOAEAET 1 AAO OAI AGET 1T xEEA Ho-ekefyy dustér BE A A O/
the research collaboration between different universities. There are successful examples of applied
research projeds in the field of renewable energy which developed in a crossstitutional setting, but

only one focused on wastdo-energy.

The previously mentioned biodiesel production process for multiple types of waste feedstock now
owned by BDI BioEnergy Internatimal 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 (Depanent of
Chemical Engineering) took over the results and scaled up the processes in collaboration with the
company.

Technology providers zTechnology providers

Styria has many companies which speciaksin specific parts of thewaste-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 ollaborative 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.

ET AOOOOEAI OUi AET OEOhNh -pbotluct vdedn@E i AO AJEI ©OATAUG DEAOD
processes?

Public authorities z Operators

The link between public authorities and operatorsis strong, especially in the case of waste treatment
and energy generation, which include examples of public authorities that own opating plants.

Waste associations own many of the MBT and waste splitti plants in Styria (cf. tables 3 and ¥ while
energy generation plants operated by public authorities include the CHP in Mellach or the centralised
biogas plant in Hartberg.

ResearchOrganisations z 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 strateges. 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 afecused 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 fa 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 collaloration 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.

3#EAOOT xh -8 2h ¢mnxd O57 WM &daEUNSdsity | AOOOOEAT 3UiI AET OEON
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Figure 8: Collaborationstructure between the actors in the wasteto-energy fieldin Styria

3. The business model of Thermo Team
Thermo Team is an example of an advanced waste-energy business model in Styria. The company
processes the higkcalorific fraction of residual waste into SRF to be used in the cement industry.

Coincineration of SRF has become state of that in energy-intensive industries in Styria, and is nowa
necessary part of theStyrian 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 thaprimarily waste managementregulation combined with the regional presence of
energy-intensive industries determined the Styrian wasteto-energy cluster to adopt coincineration as

a solution for residual waste treatment.Given the risks and high requirements assoated with the use
of SRHAnN 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, highuality and constant supplyof
this fuel.

Legal compliance, security of supply andassured qualitys# 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 Perimooser.

The ambition of Lafarge Perlmooser is to reach a 100 pateplacementrate in the cement kilnlocated
nearby the Thermo Team plantin 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
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Austria to do sa The SRF is directly supplied to the cemetkiln through a 360 m long conveyor belt
AOT 1 4EAOCIT 4AAIT 80 POI AOGAOETT bl Al O8
Lafarge Zement will also implement 100 pct. fossil fuel replacement rate in its cement kiln located in

Wadssingen, Germardp. Besides these two examples, no other cement factoriedich 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 adgted rates around the world.
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Figure 9: Share of fossil fuel substitution in cement kilns around the worlg

Although the Styrian wasteto-energy cluster has also fostered the development of a broad range of
other business models which are relevant for th field, the focus on Thermo Team as a representative
example is partly based on its simplicity and transferability as awaste-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 wasteo-energy facility, and at
the same time it enables a high valor&ion of the residual waste The European Cement Association
considers coincineration of waste an important waste treatment capacity which does not need public
funding 57

The next section wil AOAOEAA OEA AEAOAAOAOEOOEAO 1 £ 4EAOIT
Business Model Canvas as an analytical t#8l.

3.1. The business model canvas for Thermo Team

Thermo Teamis a joint venture between Saubermacher Dienstleistungs GmbHwaste management
company) and Lafarge Perlmooser Gnth (cement manufacturer), in which Saubermacher holds 75 pct.

of shares.

55 http://www.baden -tv.com/zementwerk-in-woessingendarf-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-cementindustry/co -processingcementindustry -using-waste-
resource

58 See the methodology section for more info on the business model canvas.

59 GmbH stands for Limited liability company
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The joint venture is based on a supplieuser relationship betweenthe two shareholdersand both have
had astrong motivation to get involved. For Saubrmacher, which is the exclusivevaste provider for
Thermo Team, the company came to represent the most important channel for residual waste
treatment and disposal. Lafarged A Ol | T T O A Ora®bednihedrdddokich ©f cement production
costsby replacing a higher share of fossil fuels iits cement kilns. SRF has gained economic relevance
primarily because of its potential to substitute primary resources and implicitly ctting costs.

4EAOIT 4AAT 6O folud bhthd prédictive OFESREIrom pre-treated residual household
waste, as well as commercial and industrial wastaith a high calorific value The companystarted with
a capacity of 30.000 tones wasteper year in 2003 and evolved to a capacity of 100.000 tares per
year. The first driver to create Thermo Teamwas the need to pay a landfill tax for wastéandfilling,
while capacity increase was triggered by thdandfill ban through which it was no longer possible to
landfill waste which has more than 5 pct. total organic carbon (TOQ@y with a calorific value higher
than 6600 KJ perkg 80

Besides the cement plant in Retznei, Thermo Team also provid8&®Fto other Lafarge cement kilns in
Austria, as wellas 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 factorigas well.Even so, the only current
customer for SRF is Lafarge.

Saubermacherprovides 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
OAAAEET ¢ 4EAOIT 4AAT 60 DPOI AAOOET ¢ I-tkehtddhThelthdrdo 1 £ (
Team production plant comprises a twestep shredding line provided by the company Lindnet, an
extraction step for PVC/PET materials, ferrousind nonferrous metals as well as inert materialsinput

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 struce 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 Retznereceives light packagng plastic wastealso from Altstoff Recycling Austria
associatiorf2, 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 resrgv

i1 OEA AEEEAOAT O AT AT AT OO 1T &£ 4EAOIT 4AAI 80 AOOEI
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
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Thermo Team started withan annual waste intake capacity of 30.000 tonnes in 2003 and currently has an annual capacity of 100.000 tonnes. Its growttegy is to produce SRF with higher quality tailored according

Growth Strategy

to the needs of the cement factories and to extract more recyclabinaterials from the waste streams it intakes.

Key partners

The key partners of Thermo Team
are divided into 2 groups:

1. Owners:

e Saubermacher
Dienstleistungsges.m.b.H

o Lafarge Zementwerke GmbH

2. Partnerships:

¢ Leoben University provides
research capacity forprocess
optimisation and monitoring of
the SRF quality in the Retznei
plant.

Key Activities
4EAOIT 4AAT 80 EAU AAOQGE
SRF from pretreated residual waste

Key Resources

The key resource of Thermo Team is represented

by its SRF production plant which includes:

e 2 step shredding line

e PVC and PET extraction technology

e ferrous and nonferrous metals extraction
technology

e input and storage halls

e atruck loading station

Value Proposition

4EAOI T

can be divided in threeparts:
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

4AAT 80 OAI

Customer Relationships

4EAOIT 4AAT 830 OAI AQ
main customers are characterised by the
following:

e  Saubermacher delivers residual
waste directly to ThermoTeam, and
pays a gate fee

e Lafarge buys SRF directly from
Thermo Team

Channels

Pre-treated residual waste is delivered by
trucks owned by Saubermacher

SRF is tranported by trucks owned by
Lafarge

Customer segments
4EAOIT 4AAT 80 ADOC
shareholders:

e  Thermo Team onlytreats waste
for Saubermacher

e  Thermo Team has an obligation
to primarily cover the demand
for SRF of Lafarge cement
factories

Cost Structure

The cost structure at Thermo Team consists of:

1. labour costs: 21%

Revenue Streams

Revenue streams argenerated through:

2. depreciation: 23% 1.Gate fees _
3. energy costs: 17 % 2. Sa:es 011: recyclable materials
4. maintenance costs: 29% 3. Sales of SRF
5. other costs: 6%
6. SG&A costs: 4 %
Comparative Strategy
The competitors of Thermo Team are the waste management companies which also produce SRF, e.g. the company Zuser. Thermd Tearh i | PAOAOEOA OOOAOACU EO OEAO EO §H

of the owners, and which can control product gality. Furthermore, this setting assures security of SRF supply for the main customer.

Coolsweep is funded by the European Unioder the 7" Framework Programme
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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 danfluence on wasteto-
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 wasteto-energy business models irStyria

4.1. Waste

In 2010, the total population of Styria has generatedapproximately 520.000 tonnes of municipal
waste, which is equivalent to430 kg. per capita The biggest partof this quantity was represented by
source separated recyclable materials which reached in 2010 thiotal amount of approx. 324.000
tonnes.&3

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, dataollected from MBTand splitting plants in the region
show that approximately 254000 tonnesof residual waste are received and processeshnually.64

SRF production processes use only the high calorific fractions of residual waste such as plastic, paper
and cardboard or texiles, 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 undeken in Styria in the years
1998, 2003 and 20085

63 Province of Styria, Division 190y Waste and Material Flow Management: Annual report 2019 Waste Management in
Styria

64 Styrian Provincial Government, 2010: Provincial Waste Manageent Plan

65 Styrian Provincial Government, 2010: Provincial Waste Management Plan
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Figure 11: Composition of residual waste in Styrié6,67

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 waststreams.

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 wde 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 challengingefa that have different
processing requirements according to the type of final energy extraction technology.

Given the heterogeneity of residual waste influenced by regional and seasonal factors, the evolution of
waste sorting, shredding and contaminant xtraction technologies has a direct positive impact on the
possibility to customise the chemical, mechanical, calorific and reaction properties of the wadt@sed
fuels.

Waste processing technology for SRF production normally includes extraction of metaland
contaminants e.g. plastic fractions which contain P\¥€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 irStyria form one of the dominant technology domains
in the wasteto-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 < 20mmis 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-icineration 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 coktction process waste cancineration 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 tchnologysolutions provided by the clusterfor all types of wasteto-energy processes has
been assessedby the interviewed actors as very good, with the addition thatmore 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 regardicy
incineration optimisation processes for wastebased 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 domintactors in the cluster. These cover a broad
range of consulting and planning services for different parts of the wast®-energy value chain from
waste collection to energy distribution systems.

4.3. Finance and funding

The field of wasteto-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 resarces.

Even though funding programs are available at federal level for projects focused on renewable energy
generation”® and there are investment funds which offer the possibility of financing new industrial
facilities, capital costs required by wastgo-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 2pct. 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?! The waste streans in focus are the ones whiclgontribute to the formation of methane (e.g.
sewage sludge).

The capital costs required bythe Thermo Team plant which reached approximately EUR 10 milliof?,
were covered entirely by Saubermacher and Lafarge Perlmooser

70 See annex | for list of Austrian funds available for research projects focused on renewable energy production

71 EC, 2013: Energy Research in EurogeA guide to European, national and international energy research programmes and
organizations. Energy Resarch Knowledge Centre

72 Ecker, A, 2008: Integrated Plastics Waste Management Systerustria. Recycling Magazine, no.10

http://www.recyclingmagazin.de/PDF/rm0029.pdf
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