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Executive Summary 
In the future, Austria's district heating supply infrastructure, which currently spans 5,600 kilometers, 
needs to increasingly rely on renewable heat sources. Presently, district heating is primarily generated in 
centralized plants, with fossil fuels like oil, gas, and coal contributing to half of this energy production. 
Biomass is currently a significant source of renewable energy. However, to rapidly increase the share of 
renewables and overcome the limited availability of biomass in certain regions, it is crucial to integrate 
other energy sources and carriers into the district heating system. This transition and utilization of local 
resources require a decentralized approach for the entire district heating sector. This shift leads to a 
greater number of generation plants and increased complexity due to limited availability and fluctuations 
in energy supply. To maintain the current level of supply reliability, which is based on the flexibility 
provided by fossil fuels, it is necessary to enhance the overall flexibility of energy systems. This flexibility 
will enable the integration of renewable energy sources that fluctuate seasonally and diurnally. Achieving 
this objective requires particular attention to be given to the heating and cooling sector, which accounts 
for approximately 50% of overall energy consumption. 
District heating systems, in general, facilitate the integration and combination of renewable energies, 
waste heat, storage systems, heat consumers, and the coupling with different sectors and infrastructure 
such as electricity, gas, and waste water. This integration can lead to improved overall efficiency, cost-
effectiveness, and reduced emissions in future energy systems. 
However, a significant requirement is to ensure that the energy supply remains affordable, secure, and 
resilient, taking into account present and future conditions, while also being technically, economically, 
and ecologically sustainable. To meet these demands, future systems must exhibit a high degree of 
flexibility, incorporating smart operation and control. This, in combination with minimizing environmental 
impacts, ensuring security of supply, and keeping energy costs affordable for end customers, is 
essential. It has become evident that flexibility is one of the main factors influencing a sustainable and 
renewable-driven district heating sector, as well as enabling the transition towards a 100% renewable 
energy supply. 
Extensive research and testing have been conducted to examine the interaction of various components 
within real heating networks. This research encompassed technical, non-technical, and systemic 
measures implemented on a large scale across eight Austrian district heating networks. Multiple heat 
sources and flexibility elements were employed, with a focus on heat storage, integrating different 
energy sectors and infrastructures, introducing intelligent control concepts, deploying large-scale heat 
pump applications, utilizing solar thermal energy, and leveraging locally available heat and waste heat 
sources.  

• Waste heat utilisation Therme Wien: utilisation of the waste heat available in the thermal water 
using a heat pump concept and integration into the Vienna district heating system. 

• High-temperature heat pump Vienna-Spittelau: Waste heat utilisation from the flue gas 
condensation of the waste incineration plant as a heat source for a high-temperature heat pump. 

• Renewable heat and cooling from wastewater - Wien Kanal: Energy recovery from wastewater 
for heating and cooling with innovative heat exchanger and heat pump system. 

• Virtual heating plant: Coupling district heating with the sewage treatment plant in Gleisdorf for 
heat supply from wastewater and implementing a novel "virtual heating plant" control system. 
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1 Introduction 
Within this chapter a brief introduction into the maint content and challenges is given and the applied 
overall methodology is explained. Furthermore, a first indication and the structure of the work is included. 

1.1 Content and challenges 

Broad consensus exists on national1,2 and on EU-level3 that the utilization of renewable energy sources 
(RES) has to be further increased to reduce greenhouse gas emissions and ultimately decarbonize 
whole energy sectors. This has to be achieved while a) ensuring and increasing efficiencies, b) providing 
an affordable, secure and resilient energy supply suitable for current and future boundary conditions, and 
c) being technically, economically and ecologically sustainable. The increase of fossil fuel prices due to 
increasing energy demand coupled with limited resources as well as changed and precarious boundary 
conditions (e.g., geopolitical changes, CO2 taxes and emission schemes, increased demand for energy 
autarky) is a major driving force towards renewable and locally available energy sources4.  
Countries around the world have defined ambitious targets for the reduction of greenhouse gas 
emissions (by 2030 compared to 2005) and the transformation of their energy systems (DE -38%, FR -
37%, AT -36%, SWE -40%)5. To achieve this goal, special attention must be paid to the long-term 
planning and sustainability of the heat supply: 51% of total energy consumption in Europe is currently 
used for heating and cooling purposes (space heating 26%, hot water preparation 5%, cooling 1%, 
industry 17%, cooking 2%)6, similar ratios apply for Austria. Currently, about 35% of this heat demand in 
Austria is covered by renewable heat sources, the rest is supplied by fossil fuels with natural gas being 
predominant. Achieving these goals thus requires a strong increase in the share of renewable energy 
sources (RES) and efficiency technologies in the heating sector, combined with a reduction in heat 
demand through building renovation (by 2050, the aim is to achieve a building stock in Austria that is as 
CO2-free and energy-efficient as possible)7. 
District heating (DH) systems allow for the integration of renewable energy sources and are highly 
suitable for measures to increase flexibility and sustainability in terms of renewable supply sources, 
sector coupling with other infrastructures and local value creation. While DH already plays a large role in 
the current heat supply in Austria with more than 3,000 operational systems and a share of about 20% of 
the total heat supply, the share of renewables is only 50% here. Thus, further action is needed to 
increase this share and to utilize the described benefits, especially with the necessary extension of DH 
systems and the phase-out of gas and oil. 
To enable the steps for these benefits to be used, system-wide and holistic approaches, as well as 
scientific methods such as simulation and optimization during conceptualization, implementation and 

 
1 https://www.bmk.gv.at/themen/klima_umwelt/energiewende/waermestrategie.html 
2 mission2030 - Die österreichische Klima- und Energiestrategie, BMNT und BMVIT, 2018 
3 REGULATION (EU) 2018/842 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 30 May 2018; https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=uriserv:OJ.L_.2018.156.01.0026.01.ENG 
4 https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/delivering-european-green-deal_en 
5 REGULATION (EU) 2018/842 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 30 May 2018; https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=uriserv:OJ.L_.2018.156.01.0026.01.ENG  
6 Fleiter, T., Steinbach J., Ragwitz, M. et al. (2016): Mapping and analyses for the current and future (2020 - 2030) heating/cooling fuel development 
(fossil/renewables) – Executive Summary. Brussels: European Commission, DG Energy 
7 #mission2030 - Die österreichische Klima- und Energiestrategie, BMNT und BMVIT, 2018 
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operation, next to innovative technical solutions need to be applied. In this context, the following 
challenges, i.e., research needs, for implementation of flexible and sustainable DH systems and 
integration thereof in larger energy supply concepts are present: 

• Integration of high shares of renewables and waste heat 
• The temporal mismatch between heat demand and supply (non-dispatchable sources)  
• Sector-coupling and hybridization 
• New heat supply options for DH systems 
• User integration and business models 
• System operation, monitoring and control and system design 

The Austrian flagship project Thermaflex addressed these challenges and derived solutions along the 
whole value chain. Through demonstration projects in Styria, Salzburg, and Vienna, ThermaFLEX 
showcased the feasibility of these large-scale solutions within a relatively short timeframe.  

1.2 Overall methodology 

ThermaFLEX aims to develop, demonstrate, and evaluate potential concepts for integrating individual 
technologies to address the unique demands and challenges of different district heating (DH) systems. 
Additionally, it includes the development and evaluation of concepts for system solutions, such as 
storage integration and management, and advanced control systems, to meet the demands and 
challenges of DH systems. Initial concepts were used to identify a wide range of individual technologies 
and system solutions that could enhance flexibility and decarbonization in DH systems. Further 
development involved simulations and evaluations of various flexibility options for DH systems under 
different operational and boundary conditions. Subsequently, the most suitable concepts for future 
implementation in a connected demonstrator were selected, and specific concepts for each demonstrator 
case were developed and prepared for implementation. This approach involved two stages: the "general 
concepts" describing suitable concepts for the DH sector as a whole, and the "concept for linked 
demonstrator" focusing on specific concept solutions for later demonstration cases. As vital part of 
ThermaFLEX, the developed solutions were implemented and demonstrated in multiple demonstration 
cases using what we call demonstrators. 
ThermaFLEX explicitly had the ambitions to tackle the challenges and to demonstrate the developed 
solutions together with in total of 28 partners from research and industry in 10 demonstrators. To 
address the challenges, a methodology with three different pillars was applied (see Figure 1): These 
three pillars include i) technical measures, ii) systemic approaches and iii) non-technical measures. 
Through this intelligent combination and holistic approach, it was possible to  

a) adapt and further develop existing district heating networks to meet future requirements (e.g., 
decentralized generation and storage, load changes, different temperature levels, low summer 
load with increased heat losses, necessary enlargement, etc.),  

b) achieve corresponding climate goals,  
c) establish far-reaching user and stakeholder integration and  
d) strengthen economic benefits along the value chain. 
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Figure 1: Methodology applied within ThermaFLEX (Source: AEE INTEC) 

The work was carried out in close collaboration with research partners, energy suppliers, DH operators, 
and technology/know-how providers throughout the entire innovation and implementation process: from 
problem definition to concept development to evaluation and selection to implementation and start-up, 
operation and optimization. 
ThermaFLEX utilized demonstrators to showcase, validate, and optimize the developed concepts. The 
results and experiences gained from the implementation and operation of these demonstrators were 
used to derive best practices, highlight promising concepts and pathways, and quantitatively 
demonstrate the technical, economic, and ecological benefits and impacts of the demonstrators. 
Furthermore, ThermaFLEX provided the means to replicate these concepts and recommendations, 
paving the way for a significant rollout of flexibility options for DH systems in Austria and Europe. 
The demonstrators varied greatly in scale, addressing different types of challenges and demonstrating 
various solutions. The knowledge and experiences gained from these demonstrators, along with the 
associated processes, have broad applicability to district heating systems and can serve as blueprints for 
similar endeavors throughout Austria and Europe. 

1.3 Structure of the work 

Within this publication, the outcomes of the ThermaFLEX project are described concisely. The 
publication is structured as follows. First, in Chapter 2, the broad range of flexibility options for the 
demands of DH operators were summarized. The developed concepts for implementation as well as the 
gained results from the planning, realization, monitoring and evaluation phase including possible roll-out 
scenarios and their market potential were summarised in Chapter 3 for the respective linked 
demonstrators. Chapter 4 includes relevant user and stakeholder integration aspects and Chapter 5 
deals with the roll-out potential and exploitation results while in Chapter 6 the overall conclusions and a 
brief outlook is given.   
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2 Flexibility in the district heating sector 
Chapter 2 summarizes the broad range of flexibility options for the demands of DH operators. Aftern a 
short introduction, the definition of flexibility within the project context and the Key performance 
indicators and evaluation methods were explained. Finally, the individual as well as systemic measures 
of the project are summarized. 
To mitigate climate change, it is crucial that future energy systems move away from relying on fossil 
fuels. This necessitates a transition towards 100% renewable energy sources in the near future. 
However, to maintain the current level of supply reliability, which is based on the flexibility provided by 
fossil fuels, it is necessary to enhance the overall flexibility of energy systems. This flexibility will enable 
the integration of renewable energy sources that fluctuate seasonally and diurnally. Achieving this 
objective requires particular attention to be given to the heating and cooling sector, which accounts for 
approximately 50% of overall energy consumption. 
District heating systems, in general, facilitate the integration and combination of renewable energies, 
waste heat, storage systems, heat consumers, and the coupling with different sectors and infrastructure 
such as electricity, gas, and waste water. This integration can lead to improved overall efficiency, cost-
effectiveness, and reduced emissions in future energy systems. 
However, a significant requirement is to ensure that the energy supply remains affordable, secure, and 
resilient, taking into account present and future conditions, while also being technically, economically, 
and ecologically sustainable. To meet these demands, future systems must exhibit a high degree of 
flexibility, incorporating smart operation and control. This, in combination with minimizing environmental 
impacts, ensuring security of supply, and keeping energy costs affordable for end customers, is 
essential. It has become evident that flexibility is one of the main factors influencing a sustainable and 
renewable-driven district heating (DH) sector, as well as enabling the transition towards a 100% 
renewable energy supply.To evaluate the flexibility potential and identify the main influencing parameters 
as well as relevant boundary conditions an evaluation of the flexibility potential and the creation of an 
overview of flexibility options in urban DH systems was investigated as a first step. The methods applied 
are based on literature studies, questionnaires, workshops and meetings. The main results were 

i. a definition of flexibility within the project context and  
ii. evaluation methods and key performance indicators (KPIs) to evaluate flexibility qualitatively and 

quantitatively as well as  
iii. a systematic categorisation of measures, concepts and technologies, which were identified to 

increase the flexibility of DH systems. 

2.1 Definition of flexibility  

For a common understanding of flexibility, a definition was developed within the project as a uniform 
definition of flexibility in the energy system does not exist in literature as well as available definitions do 
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2.2 Key performance indicators and evaluation methods 

Considering the overall complexity of the investigated DH systems, the approach applied was to define a 
pool of various indicators, to evaluate flexibility measures. One approach from a technological point of 
view, is the evaluation based on the five degrees of freedom, namely temperature, heat load (power), 
heat (energy), time and location. These KPIs can define flexibility mainly qualitatively and gives a first 
indication of which impact various concepts may have on flexibility.  
To measure flexibility quantitively, KPIs within different categories, namely minimisation of short &. long-
term fluctuation of the load pro-file, increase in energy efficiency and reduction of blackouts and 
shortages were identified and developed. To additionally quantify the flexibility, a set of well-established 
standard KPIs like the share of renewable energy, CO2 savings (based on primary energy use), energy 
savings, storage losses, cost savings, etc. can be used for interpretation and evaluation of flexibility (e.g. 
evaluation before and after the implementation of a flexibility measure). To evaluate the flexibility 
measures for the overall DH system a combination of qualitative, quantitative and standard KPIs will lead 
to an overall evaluation criteria. 

2.3 Measures for increased flexibility 

A comprehensive overview and a systematic categorisation of flexibility measures, concepts and 
technologies on component (individual technologies) and system level (system solutions) for increased 
flexibility and decarbonisation of DH systems were compiled. Based on this overview a broad range of 
individual technologies and system solutions were identified to increase flexibility and decarbonise DH 
systems. In the following table (Table I) the investigated flexibility measures and suitable concepts were 
illustrated. 

Table I: Investigated flexibility measures and suitable concepts within ThermaFLEX 

Individual technologies  
Integration of compression heat pumps for better low – exergy / waste heat utilization  
Integration of absorption heat pumps for better low – exergy / waste heat utilization  
Integration of compact and decentral sorption storage 
Alternative heat supply concepts for buildings  
 System solutions  
Integration of multiple previously separated DH systems in one main DH system  
Integration of different infrastructures as heat / energy consumer, supplier and producer in DH systems  
Development of smart control strategies and unit commitment procedures  
Development of large-scale solar thermal supply concepts with combined seasonal storage  
Development of a Virtual Heating Plant approach  
Development of low-temperature system solutions in combination with urban redevelopment 
  

The identified suitable concepts are concepts for the whole DH sector. The further development included 
simulations and evaluations of different flexibility options for DH systems with different boundary and 
operation conditions. Finally, the most suitable concepts for a later implementation within a linked 
demonstrator were selected and a demonstrator-specific concept for the addressed demonstration site 
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and eventually close the N-cycle by using mainly thermal energy. In the energy coupling scheme, MD 
will be a sink for low-temperature heat while the extra biogas production will be used to supply the heat 
generation for the DH network.  
Based on lab results it was decided to install a MD pilot plant at the WWTP in Gleisdorf. With this pilot 
plant, uncertainties regarding the operation and performance of an MD plant on larger-scale can be 
examined more precisely. The optimal process parameters and the achievable recovery rates of 
ammonia as well as the stability and fouling behaviour of the modules (different membrane surface 
sizes) were investigated. Moreover, the quality of the obtained fertilizer was evaluated by approbriate 
chemical analyses and first general distribution channels were identified. The pilot MD plant was realized 
as a container solution and installation was realized by the end of 2020 and long-term performance 
testing was performed14. For the first time in Austrian research, a pilot plant for selective ammonia 
removal from the centrate water of a WWTP was studied for long-term operation. 
Based on the overall findings a specific concept for the WWTP integration in Gleisdorf was developed 
(see Figure 2) and was subsequently realised within the sector coupling concept of the Virtual Heating 
Plant demonstration case (see Chapter 3.2). In dashed lines other key measures are indicated: An 
approbriate PV plant expansion and the MD is integrated as a bypass for demonstrating and researching 
purposes. 

 
Figure 2: Specific concept for the integration of the Gleisdorfer waste water treatment plant into the district 
heating network  

 
14 E. Guillen-Burrieza, E. Moritz, M. Hobisch, B. Muster-Slawitsch, Recovery of ammonia from centrate water in urban waste water treatment plants 
via direct contact membrane distillation: Process performance in long-term pilot-scale operation, Journal of Membrane Science (2022), doi: 
https://doi.org/10.1016/j.memsci.2022.121161  

https://doi.org/10.1016/j.memsci.2022.121161
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Development of smart control strategies and unit commitment procedures  
The research here focused on investigating optimization-based procedures to address the unit 
commitment problem, which involves making real-time decisions on which heat producers should supply 
the required heat to consumers and how to operate thermal storages efficiently. 
To tackle this problem, an optimization approach in the form of a model predictive controller utilizing 
demand and yield forecasts was explored. This approach offers a structured, modular, and scalable 
method for solving the unit commitment problem. Additionally, methods for implementing the results of 
this optimization-based operating strategy using low-level (hydraulic) controllers were examined. 
In addition to optimizing the producer side, there is also the potential to actively influence consumers to 
shift their heat demand from one time period to another. This practice creates a virtual thermal storage 
that helps avoid peak loads. This concept, known as demand-side management, was also investigated. 
Finally, methods for optimization-based supervisory control, specifically an energy management system 
(EMS), as well as demand-side management (DSM), were developed. These approaches aim to provide 
efficient and effective control and management of the overall energy system, considering both the 
producer and consumer sides. 
Overall, the research focused on optimizing the unit commitment problem through an optimization-based 
approach, investigating methods for integrating low-level controllers, exploring demand-side 
management strategies, and developing optimization-based supervisory control systems to ensure 
efficient and sustainable operation of the energy system. 
Mixed-integer linear programs (MILP) based EMS (see Figure 3) solving the unit commitment and 
economic dispatch problem consist of three main parts:  

1. forecast methods which provide estimates of future demand, yield from renewables, and possibly 
also prices for electricity;  

2. the formulation of the optimization problem based on the current state of the system, the forecasts, 
and mathematical models of the system and for evaluating the operating strategy;  

3. a solver for the optimization problem that delivers the optimal operating strategy.  

 
Figure 3: Structure of an optimization-based Energy Management System (Source: BEST) 
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3 Demonstration sites 
In this Chapter, the developed and subsequent realized flexibility measures for the addressed 
demonstration sites (demonstrators) will be described in more detail. The results of the planning, 
realization, monitoring and evaluation phase including possible roll-out scenarios and their market 
potential were summarised for each demonstration case.  
The map of the linked demonstrators is illustrated in Figure 4. The scientific, technical and organisational 
support for the demonstrators takes place throughout the whole innovation and implementation process. 
The entire process covers problem identification, idea & concept development via planning and 
implementation to commissioning, start-up & operation as well as monitoring with evaluation and 
optimisation steps. Consequently, the results led to efficient and effective demonstration cases. 
Therefore, the ideas and concepts demonstrated and realized in the demonstration sites provide the 
background for developing, implementing and optimizing innovative DH concepts and technical solutions 
for a further roll-out. 

 
Figure 4: Map of ThermaFLEX demonstrators (Source: AEE INTEC) 

The demonstrators differed largely in scale and complexity as well as starting point and rate of progress. 
Adaptions and/or adjustments are thus frequently encountered within the dynamic environment of 
demonstration sites. Delays within the implementation and realization of developed flexibility measures 
mainly occur due to external factors (e.g. changing boundary conditions in the real environment of the 
demonstrator, changing strategies of the energy suppliers/investors, Corona pandemic situation, etc.) as 
well as long-lasting decision-making processes in general. Modifications and monitoring of 
implementation progress were continuously made to meet the specific local boundary conditions. Table II 
summarizes the main elements within the demonstration sites.  
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Table II: Main flexibilty measures within the demonstration sites 

Demonstration site Main elements/flexibility measures 

Virtual heating plant 
Gleisdorf 

Sector coupling of DH with WWTP and waste heat utilization concept with a 
heat pump (~800 kW) and biogas burner (~ 100 kW)  
Subordinate control (Virtual heating plant) approach for efficient DH network 
operation including storage management 

100 % Renewable district 
heating Leibnitz 

Use of fluctuating industry waste heat (4 MW) through bidirectional coupling 
of two district heating networks. 
Development of a high-level predictive control of DH network operation and 
heat generation plants. 

Large scale solar integration 
Mürzzuschlag 

Integration of 5,000 m2 solar thermal system with 180 m3 storage tank as well 
as optimization through network simulations  
Simulation based solar yield expansion planning (2,000 m2 solar and 120m³) 

Retrofit and heat pump 
integration Saalfelden 

Two-stage biomass heating plant retrofitting concept. Holistic technical 
modernisation (stage 1, e.g. flue gas condensation 400 kW, 150m³ storage, 
etc.) fully implemented. Heat pump integration (stage 2, ~ 700 kW) 
developed. Implementation planned for autumn 2023. 

Eco-energy park Salzburg 

Implementation of a new industrial large-scale absorption heat pump (8 MW) 
to increase waste heat utilization at a cell manufacturer in Hallein 
Concept for an eco-energy park for the city of Salzburg including a biomass 
boiler (9 MW), biomass CHP (8 MW) as well as absorption heat pump 
(14 MW) developed.  

Renewable heating and 
cooling from wastewater 

Waste heat utilization from wastewater (sewer system) for heating (460 kW) 
and cooling (430 kW) with innovative heat exchanger and heat pump system. 
Monitoring for optimisation of heat pump operation and analysis of the 
influence on the sewer and wastewater treatment plant downstream 

Waste heat utilization spa 
Vienna 

Use of the waste heat from thermal water after internal use in the spa Vienna. 
The waste heat utilization with an heat pump system (2.2 MW) was directly 
integrated into a secondary network of the Vienna district heating system. 

High temperature heat pump 
Spittelau 

Waste heat utilisation (~16 MW) from the flue gas condensation of the waste 
incineration plant as a heat source for a high-temperature heat pump. 

Heat recovery from sewage 
Vienna Liesing 

Concept development for the use of waste water directly from from the sewer 
channel as a heat source for a heat pump (~2 MW) and feeding into a 
secondary network of the district heating Vienna. 

Big Solar Salzburg 
Detailed concept development for a large-scale solar thermal system 
(~30,000 m² collector area), a large storage tank (~20,000 m³) and the  
integration of an absorption heat pump (~14 MW). 

 

Note: The realisation of the developed flexibility measures within the demonstrators “Heat recovery from 
sewage Vienna Liesing” and “Big Solar Salzburg” are currently on hold mainly due economic but also 
due to strategic and political aspects and have not been considered in this report. Contents within these 
demonstrators are covered by other demonstrators, thus no risk given here on failing the goals of 
ThermaFLEX. 
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3.1 Methodology applied 

To transfer the findings and results of generally suitable flexibility measures and to select the most 
suitable concepts to meet the specific local boundary and operation conditions of the demonstration 
sites, further concept developments based on simulations, planning and evaluation methods were 
completed and demonstrator-specific concepts were developed. 
To complete the implementations as well as scientific monitoring concepts successfully and ensure an 
efficient and effective operation of the demonstrators and appropriate data for later evaluation, different 
methods were applied:  

• Development implementation plan and support implementation for each demonstrator including  
o timeline and necessary steps,  
o support in non-standard technical and concept questions and  
o development of potential solutions and support in legal, financial and organizational 

questions to prepare implementation. 
• Development of start-up and operation plan for each demonstrator including potential 

countermeasures and alternatives in case of technical failures or problems. 
• Supervision of start-up and operation for each demonstrator including discussion with 

demonstrator partners on  
o start-up/operational status and  
o support of potentially necessary modifications as well as  
o feedback to partners responsible for the monitoring of each demonstrator. 

• Development of technical and scientific monitoring concepts for each demonstrator to identify 
necessary monitoring data and to be able to derive flexibility KPIs (Key Performance Indicators) 

• Implementation of monitoring concepts by the development of implementation plans for each 
monitoring concept 

• Identification of additionally necessary monitoring equipment to standard monitoring to fulfil 
requirements and setup of a data exchange platform for monitoring data exchange between 
partners and flagship region Green Energy Lab (GEL) 

To analyse and evaluate the monitoring results for further optimization as well as to process and prepare 
monitoring data for system evaluation (results see respective subchapters “Monitoring and system 
evaluation” within the demonstration sites) and exploitation (see Chapter 5) the following different 
measures were completed:  

• Collection, analysis and evaluation of monitoring results to collect monitoring data, check the 
operational status and behaviour, and perform a technical and scientific analysis of monitoring 
data based on different methods (e.g. energy balances, simulation tools, etc.), to evaluate the 
plausibility of monitoring results with partners and experts from the consortium and to prepare the 
evaluation results for later usage. 

• Re-evaluation of developed concepts based on monitoring results and potential concept 
modification. 

To evaluate and compare the effects of the implemented concepts on different levels, the subsequent 
methods for system evaluations were applied: 
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3.2 Virtual Heating Plant Gleisdorf 

3.2.1 Demo description and realized concept 
The local utility companies Stadtwerke Gleisdorf GmbH (heat, water, waste disposal, etc.), Feistritzwerke 
GmbH owned by Stadtwerke Gleisdorf (power production, power grid operator, PV installations, etc.) and 
Abwasserverband Gleisdorfer Becken (wastewater disposal and treatment) have strong ambitions to use 
renewable and locally available energy sources, to increase the efficiency and the flexibility of their 
systems in order to cope with current and future challenges. The main target is to ensure a regional, 
environmental friendly and economic (affordable) energy supply for the region in the long term. Starting 
point of the planed demonstration project is the necessary enlargement of the solar and biomass-based 
district heating system operated by Stadtwerke Gleisdorf and the local wasetwater treatment plant 
operated by Abwasserverband Gleisdorfer Becken. Here, an enlargement of the treatment capacity in 
combination with an overall modernization is necessary in near future. 
At the beginning of the project the main district heating system has a route length of 5.1 km supplying 79 
consumers with a load of 5.7 MWth and a yearly consumption of approx. 6,500 MWh were connected. 
Due to the hydraulic set-up and current operation strategy, natural gas boilers are used for base and 
peak load supply leading to 15 – 19% of the final energy demand being supplied by natural gas while the 
remainder was supplied by biomass and solar thermal (77 – 83% biomass / 2 – 4% solar thermal). The 
values vary depending on the operating period, the therewith related climatic conditions and other 
parameters. Supply capacity of biomass and solar was at its limit before recent implementations. 
The WWTP in Gleisdorf has a capacity of 32,000 PEs (population equivalents) and treats the waste 
water of 7 municipalities in the “Gleisdorfer Becken”. It comprises of an activated sludge treatment with a 
480 m³ digestion tower and no pre-cleaning step. The biogas production at the project start is about 
73 kW (yearly average) due to a short retention time in the digestion tower and the missing pre-cleaning 
step. The WWTP is currently in the pre-planning stage for an expansion to approximately 49,000 PEs, 
which involves a significantly larger digester to increase biogas production. 
The future concept focusses on the so-called “Virtual Heating Plant” control approach, incorporating 
technical measures, sector coupling (e.g. integration of the waste water treatment plant – WWTP), low-
temperature heat use/cascading heat supply) and advanced monitoring and control for central and 
decentral renewable heat supply as innovative elements under one umbrella. 
Overall element is the implementation of the virtual heating plant (VHP) approach based on a fully 
digitised system. Several flexibility and innovative measures were specified and evaluated: 

• Applying a new supervisory control system based on a VHP approach using real-time district 
heating simulations, real time operating data and weather data. The VHP approach is 
operational, further functionality were implemented stepwise. 

• Intelligent utilisation of biogas and low temperature heat from waste water by integrating the local 
waste water treatment plant (WWTP) as a heat source (sector coupling). Therefore, a new 
technology and an innovative concept was realized. 

• Implementation of cascadic heat use for a selected customers by supplying them out of the return 
line. A first implementation was realised end of 2019 and was monitored and optimised while 
further implementations are pursued. 
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3.3 100% Renewable district heating Leibnitz  

3.3.1 Demo description and realized concept 
The district heating supply of the city of Leibnitz and the surrounding communities was massively 
expanded over the last years. It was planned to use nearly 100% renewable energy from biomass 
(heating plants in Tillmitsch and Kaindorf operated by Nahwärme Tillmitsch, NWT) as well as from waste 
heat from a rendering plant (TKV) situated in Gabersdorf (operated by Bioenergie Leibnitzerfeld, BEL). 
At the same time, the efficiency of the district heating network and the energy producers has to be 
increased. In order to achieve these goals, various measures shall be realized to increase the flexibility 
of the district heating system including i) inter-connection of the DH networks of NWT and BEL with a bi-
directional heat transfer station, ii) smart control with an overall energy management system (EMS) for 
both networks including demand side management (DSM) and iii) low-temperature DH supply of a new 
city quarter (see Figure 7). Thus, the cooperation of the district heating operators Nahwärme Tillmitsch 
(NWT) and Bioenergie Leibnitzerfeld (BEL) as well as their flexibility goals grew in importance: Increased 
security of supply and 100% renewable heat supply. 

 
Figure 7: DH network of Leibnitz including realized flexibility measures (Source: Haselbacher) 

The central approach is to interconnect the two separated heating networks in order to enable the mutual 
exchange of heat (bi-directional heat transfer station). This ensures an efficient and resource-saving 
supply, by a maximum utilization of waste heat (excess heat is transferred to NWT) or biomass in 
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3.4 Large scale solar integration Mürzzuschlag 

3.4.1 Demo description and realized concept 
The demonstration of large scale solar integration in the district heating system of Mürzzuschlag aims to 
proof feasibility of a large solar-thermal system in combination with storage, targeting the 
decarbonisation of the energy supply mix and the decrease of dependence on energy imports. Next to 
high solar shares storages will be used for solar and biomass in parallel operation to use synergies. The 
first construction phase with 5,000 m² of solar area and 180 m³ of storage was implemented in 2020 (see 
Figure 9).  

 
Figure 9: Solar plant in Mürzzuschlag (Source: Klimafonds / Krobath) 

The heat producers currently supply the grid in Mürzzuschlag are distributed over 5 locations. Solar and 
biomass capacities will be extended in 2022 and 2023. Therefore, the planed extension of the large 
scale solar plant by another 2,000m² as well as storages (120 m³) was investigated and simulated. The 
expansion of the solar system and part of the new storage tanks near the solar plant have been 
scheduled for 2023. In addition, additional storage facilities in the network centre are foreseen as next 
step.  

3.4.2 Monitoring and system evaluation 
3.4.2.1 Large scale solar system 
The monitoring results served two primary purposes. Firstly, they were used to enhance the accuracy 
and design of simulations by incorporating the collected information. This helped to improve the reliability 
and precision of the simulated models. Secondly, the monitoring data was utilized to optimize the 
operation of both the solar plant itself and the entire system. By analyzing and interpreting data from 
numerous sensors, operators could optimize the operation of the solar plant and make informed 
decisions for the overall system. 
The collected data encompassed various state variables, such as temperatures, pressures, and volume 
flows, which provided insights into the condition of each component within the system. This information 
was crucial in understanding the performance of different parts of the system and identifying any 
potential issues. Furthermore, data from actuators in the system were analyzed to evaluate the 
functionality of the control system, ensuring that all components were operating as intended. 
Moreover, apart from the sensors within the solar plant, communication with the district heating network 
control system was established. This allowed for the exchange of important data between the solar plant 
and the district heating network control system, enabling synchronized operation of all production units. 
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3.5 Retrofit and heat pump Saalfelden 

3.5.1 Demo description and realized concept 
For the comprehensive demonstration and evaluation of a retrofitting concept combined with the 
integration of a heat pump, a 2-step modernization process was started in the DH network of Saalfelden. 
The biomass heating plant Saalfelden was built in 1996/1997 and supplies 50 customer stations via the 
5.3 km long district heating network. The heat in the biomass heating plant is mainly generated by a 2.5 
MW biomass boiler and a 0.3 MW economiser. A 5 MW gas boiler and a 0.4 MW electric instantaneous 
water heater are located in the plant as a failure reserve and to cover peak loads. As an additional failure 
reserve, Salzburg AG operates a gas boiler system in the Saalfelden elementary school with an output of 
0.4 MW. 
During the first stage the existing heating network was comprehensively retrofitted and different 
measures were developed and implemented. These measures cover adaptations to the existing biomass 
furnace incl. performance increase of the flue gas condensation and improved flue gas cleaning, 
implementation/renewal of the control technology, implementation of buffer storage and buffer 
management, implementation of a flue gas cleaning system in combination with the flue gas 
condensation (see Figure 10) as well as in the heating network (targeted network expansion, 
optimization of the network temperatures, renewal of the thermal hydraulics, etc.). 

 
Figure 10: Flue gas condenstation and biomass boiler in Saalfelden (Source Klimafonds / Krobath) 

After implementation the retrofitting measures were monitored and evaluated during the whole operation 
phase. The heat generated of the biomass and gas boiler, the economizer and the flue gas condensation 
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3.6 Eco-energy park Salzburg 

3.6.1 Demo description and realized concept 
The eco energy park Salzburg includes two flexibility measures for the demonstration of the usability of 
an absorption heat pump (AHP) on an industrial scale. The first flexibility measure covers the 
development of a so-called eco-energy park in the south of the city Salzburg which is currently 
postponed and will be re evaluated once the regulative framework conditions are specified. Therefore, 
the developed concept of the eco energy park Salzburg is not described further within this report. 
The second flexibility measure covers the implementation and optimisation of a new absorption heat 
pump to increase the waste heat utilisation of unusable low temperature waste heat of a largescale 
waste heat source at the cellulose manufacturer AustroCel in Hallein. An existing absorption heat pump, 
which was in operation from 2006 to 2018, was taken out of service and replaced by a new absorption 
heat pump after several damages and repairs over the last years. Figure 11 shows the absorption heat 
pump after the implementation phase at AustroCel Hallein GmbH. 

 
Figure 11: Implementation of the new absorption heat pump, Source: Klimafonds / Krobath 

The operating conditions are also similar to the old absorption heat pump with only a difference in the 
heating capacity which is now 8 MW. The installation of the absorption heat pump was started in October 
2019 and finalised during November 2019 and January 2020. After the commissioning phase the 
absorption heat pump started it’s trail operation in February 2020. Final adjustments and parameter 
settings at the absorption heat pump were carried out at the end of 2020. Furthermore, there were some 
challenges with the operation of the absorption heat pump, which were finally solved during the first half 
of 2021. 
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3.7 Renewable heating and cooling from wastewater 

3.7.1 Demo description and realized concept 
The enormous energy potential available in wastewater and especially in wastewater sewers is 
continually available, throughout the year. Energy from wastewater reduces import dependence on fossil 
fuels, such as natural gas. The energetic utilisation of wastewater reduces CO2-emissions. Within the 
project the demonstration of a smart renewable energy, waste water based new system for heating and 
cooling of a new company headquarter of WienKanal located in Vienna-Blumental was realized. The 
unique combination of innovative heat exchangers, smart monitoring, efficient heat pump systems etc. 
guarantees the sustainable energetic supply (heating and cooling) of the headquarter. The following 
highlights and innovative elements were implemented: 

• Identification of appropriate sewage lines, volume/mass flows and temperature profiles 
• Development of a new innovative wastewater based system for heating and cooling. 
• Planning and design, based on the specific requirements of the building and energy system 
• Construction and proper integration of the wastewater heat extraction system based on a heat 

exchanger unit in the sewer and heat pumps for heating and cooling purposes 
o Development and implementation of special heat exchangers (approx.. 80 meters, 

tailored to the respective sewer) for effective hydraulic connection with subsequent 
heating/cooling system (heat exchanger performance of about 160 kW (heating case) and 
530 kW (cooling case)) 

o Two identical heat pumps with a capacity of in total 460 kW for heating and 430 kW for 
cooling  

• Development and demonstration of new, innovative monitoring, remote management and 
operation control in connection with temperature, volume/pressure, filling level etc. management 
to increase the efficiency of the wastewater energy utilisation. 

The installation of the heat exchangers (see Figure 13), specially produced/tailored to meet the needs of 
the existing channel took place by the end of 2020. The heat exchangers are made of high-quality alloys 
and have a special surface configuration for maximum energetic utilization and minimization of biofilm. 
The modules are double-shell pressure vessels made of stainless steel, which is resistant to pitting and 
corrosion and is ideally suited for use in wastewater. 

 
Figure 13:Custom made heat exchangers in the existing sewer (Source: Rabmer) 
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3.8 Waste heat utilisation spa Vienna 

3.8.1 Demo description and realized concept 
The overall system was developed to utilise the waste heat of the thermal (waste)water of “Spa Vienna” 
located in the district “Wien-Oberlaa”. The system is based on two water-cooled compact heat pumps 
that supply the DH network with about 2,2 MW, depending on the temperature and the mass flow of the 
source. Within the concept development phase, the whole system (thermal spa/bathing and energy 
system) was analysed regarding the thermal (waste) water characteristics in terms of availability, 
temperature levels, chemical properties, etc. Due to its variations in temperature and mass flow hydraulic 
separators are used on the cold side of the system. Due to the corrosive thermal water, plate heat 
exchangers made of Titan, separate the heat pumps from the thermal water.  
The heat pumps, illustrated in Figure 14, are designed to get a maximum output temperature of 84°C. An 
additional electrical boiler of 375 kW thermal energy increases the temperature up to 90°C if the outdoor 
temperature is below -5°C (reference is the heating curve of the nearby located secondary district 
heating network). The heat pump system was placed in the underground parking lot and an appropriate 
engine room has been built. The heat pumps were designed as water-cooled compact heat pumps and 
consist of two identical heat pumps (single-stage high-pressure heat pumps based on piston 
compressors) with ammonia (NH3, R717) as refrigerant.  

 
Figure 14: Heat pump system at spa Vienna (Source Klimafonds / Krobath) 

The following innovative aspects were implemented and realized within the whole concept:  
• The refrigerant ammonia was chosen for the heat pumps due to the low GWP and ODP value. 

The leakage of ammonia can be deadly for humans, therefore special safety precautions have to 
be carried out: gas sensors, a special ventilation system and a scrubber. The implementation of 
the scrubber was an additional demand of the local authorities. 
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3.9  High-temperature heat pump Spittelau 

3.9.1 Demo description and realized concept 
The demonstrator aims to build a waste heat recovery system in the waste incineration plant Spittelau 
(see Figure 15). The waste heat from the flue gas and the cooling water will be used as a source for the 
DH network in the city of Vienna. As a result, the thermal capacity of the incineration plant will be 
increased from 60 MW to approximately 76 MW.  

 
Figure 15: Waste incineration plant Spittelau (Source: Wien Energie / Schedl) 

In the following the key functions of the different technical elements were explained briefly: The 
extraction of the latent heat from the flue gas is realized by water vapor condensation in a packed 
column and will be installed directly after the second stage of the SO2 scrubber system within the flue 
gas cleaning section. One packed column is required for each incineration line (of in total two). An 
appropriate heat exchanger transfers the heat from the condensate circuit to an internal intermediate 
circuit which is directly connected to the high-temperature heat pump section. The calculated supply 
temperature is around 52°C and the return temperature to the heat exchanger is approximately 42°C. 
The condensate is partly recirculated into the packed column (as the cooling medium for the flue gas) 
and partly discharged and purified by a multi-stage water treatment plant, including an ultrafiltration, a 
reverse osmosis and an activated carbon filter. The treated condensate will be used within the waste 
incineration processes later on. In addition, the waste heat from the cooling water system, the oil coolers 
and the engine cooling will also be utilised through the high-temperature heat pumps. The simulated 
waste heat capacity of the cooling water system is around 1.5 MW and will be with utilised by another 
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(small) heat pump system within an inlet temperature of about 30°C. The large high temperature 
compression heat pumps have a total thermal capacity of approximately 16 MWth. The output 
temperature (90°C) is further increased by steam generated in the waste incineration plant up to 
temperature levels required for the primary district heating network of about 110°C – 150°C. The main 
benefits and innovations of the demonstration case are summarized below:  

• Increase of the overall efficiency of the incineration plant  
• Integration of waste heat into the district heating network 
• Primary energy reduction for district heating supply 
• CO2 reduction in the heat generation 
• Reduction of heat supply in the cooling water system and the “Donaukanal” 
• Reduction of wastewater mass flow to the subsequent wastewater treatment plant 
• Internal use of the condensate generated 

The current planned main milestones and timelines are summarized in the following: 
• Q3/23: engineering and construction work  
• Q2/23: installation of packed column of the second incineration line during major overhaul  
• Q3/23: installation of first high-temperature heat pump 
• Q2/24: electric and control installations 
• Q2/24: installation of packed column of the first incineration line during major overhaul  
• Q3/24: commissioning, performance test and optimisation 

3.9.2 Monitoring and system evaluation 
As a result, the thermal capacity of the incineration plant will be increased from 60 MW to approximately 
76 MW. Due to the complexity the implementation is still in process and consequently monitoring data for 
this measure is not yet available. The assumed increase in renewable heat production is about 
100 GWh/a with a reduction of about 23,000 to CO2eq/a. 

3.9.3 Roll-out scenarios and market potential 
The complexity and roll-out of this demonstration case yields in a less potential number of reproducers. 
Nevertheless, there are further waste incineration plants in Austria with different latent heat potentials 
that can be used. The total unused latent heat from waste incineration plants in Austria amounts to 
approximately 118 MW.  

3.10 Demonstrator summary 

Within the timeframe of ThermaFLEX, large-scale decarbonization measures and implementations were 
already realized within eight (8) linked demonstrators. These measures showcased the great potential of 
the developed elements and solutions within ThermaFLEX to provide sustainable and flexible district 
heating supply in different Austrian cities and regions. Based on monitoring and simulation data, 
sustainbalbe heat will be generated in the range between 180 and 200 GWh/a in future with the realized 
implementations leading to a yearly substitution of around 45,000 tons of CO2. 
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4 User and stakeholder integration 
Chapter 4 includes an explanation of the role of social acceptance as well as relevant user and 
stakeholder integration aspects realized within ThermaFLEX. For a broad stakeholder integration a 
specific approach was developed for each demonstration site. Furthermore, a mobile application 
“EnergieApp” to establish a connection with userswas developed.  

4.1 The role of social acceptance 

Climate change and its consequences are among the greatest challenges for our society. Social 
acceptance of renewable energy innovation has often been underestimated by energy suppliers, 
authorities or private investors in the past. Following Wüstenhagen et al.19 social acceptance can be 
understood by distinguishing three dimensions: Socio-political acceptance which means acceptance on 
the broadest, most general level by the public, the policymakers or key stakeholders and which very 
often is quite high concerning renewable energy technologies and policies. Community acceptance 
refers to the specific acceptance of renewable energy projects by local stakeholders, local users 
(residents) or local authorities which very often has a time dimension following a U-curve from high 
acceptance before the project to relatively low acceptance during the implementation stage back up to a 
higher acceptance once a project is running. Market acceptance finally can be interpreted as the process 
of market adoption of an innovation and does not focus on end-users alone but also on investors. 
The citizen dialogue “Bürgerdialog. Energiezukunft”20 implemented on behalf of the Austrian Climate and 
Energy Funds has shown that more than half up to two-thirds of the Austrian population knows about the 
classical renewable energy sources (solar, wind, hydro) and renewable energies get significantly higher 
rates than non-renewable energy sources. However, still, there is a lack of knowledge and 
understanding about renewable energy technologies and innovations. Combined with misinformation 
(e.g. higher costs), this fact leads to barriers and a lower acceptance and demand for renewable energy 
technologies in practice. Ideas and suggestions for increasing the acceptance comprise better, user-
specific, transparent, objective and more personal information, usability, user integration, prototyping and 
testing and evaluation as well as simple framework conditions or incentives and funding schemes for 
related projects. The work were closely related to the specific demonstration cases. To show pathways 
for enhanced user integration in DH development plans, different contents were completed: 

• Identification and analysis of relevant user groups and strategic stakeholders in cooperation with 
GEL (Green Energy Lab)-Innovation Lab  

• Establishing user integration labs for selected demonstration cases 
• Defining case specific user integration and stakeholder involvement plans based on the 

stakeholder analysis and relevant project specific framework conditions 
• Providing ongoing transparent, objective and user specific information (via on-/offline 

communication) 

 
19Wüstenhagen, et al. (2007) Social acceptance of renewable energy innovation: An introduction to the concept. In. Energy Policy 35 
(2007) 2683-2691  
20 https://www.klimafonds.gv.at/press/laut-studie-65-prozent-der-bevoelkerung-an-erneuerbaren-energien-interessiert/, 
Zugriff am 01.03.2022 

https://www.klimafonds.gv.at/press/laut-studie-65-prozent-der-bevoelkerung-an-erneuerbaren-energien-interessiert/
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• Accompanying the innovation process applying various open innovation methods (e.g. design 
thinking, co-creation workshops, prototyping) 

• Development of business model proposals, energy service companies (ESCO) and customer 
loyalty concepts for DH operators and heat suppliers on base of ThermaFLEX demonstrators 

• Development of tools such web and mobile applications for increase user integration and 
identification and to supply necessary data for e.g., operators, planners and municipalities 

• Activities Leibnitz as starting point, other demonstrators as follow-ups 
• Supporting of activities in other work packages regarding stakeholder processes 
• Integration of ThermaFLEX results and experiences on user integration in GEL-Innovation Lab 

4.2 Stakeholder integration 

The main objective of this part of ThermaFLEX was to assess the acceptance issues and stakeholder 
structure of the demonstrators in order to evaluate the social feasibility of the planned innovations in 
ThermaFLEX, alongside technical and economic feasibility. It was essential to develop appropriate tools 
for stakeholder engagement to ensure transparent and comprehensive communication with end 
customers (private households, trade, and industry) regarding innovative solutions within the district 
heating networks, with the ultimate aim of attracting new customers. 
In general, stakeholders are individuals, groups, or organizations who are directly or indirectly affected 
by a planned project and have the potential to influence it. For the project, it was crucial to consider 
stakeholders both within the demonstrators (management, technical staff, legal experts, personnel, 
works council, etc.) and outside (local politicians, neighbors, business/cooperation partners, 
associations, interest groups, etc.). The stakeholder analysis for each demonstrator aimed to achieve the 
following objectives: i) identifying relevant stakeholders, ii) assessing their level of involvement and 
attitudes toward the project, iii) understanding their interests, needs, resources, and competencies, and 
iv) providing the project team with an internal strategic basis for deciding whether and how stakeholders 
should be involved in the project's future course. 
By conducting a comprehensive stakeholder analysis, the project team sought to ensure effective 
stakeholder engagement, gain support from key stakeholders, and make informed decisions regarding 
stakeholder involvement throughout the project. This approach aimed to enhance the project's social 
feasibility and maximize stakeholder satisfaction and acceptance of the innovations being implemented 
in the district heating networks. 
In order to obtain an overview of the stakeholder landscape of the individual demonstrators, a quick scan 
and a stakeholder analysis were set up and applied to all demonstrators. 
This analysis is based on a Quickscan with questions and assessments, the results of which flow into a 
stakeholder matrix. The objective of the quick scan is to take stock of the demonstrators in terms of 
acceptance issues and the stakeholder structure in order to check the social feasibility of the (process) 
innovations planned in ThermaFLEX at an early stage, in addition to the technical and economic 
feasibility. The stakeholder analysis template can be found in Appendix B: Stakeholder analysis 
template. 
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sustainability-focused strategies. Balancing and optimizing these motives and approaches for all 
stakeholders remained a significant ongoing challenge. 

4.3 User integration 

To establish a connection with users, the concept for an energy app, called "EnergieApp," was 
developed. This web and mobile application aimed to enhance user integration, identification, and 
provide necessary data to operators, planners, and municipalities. The development of the EnergieApp 
took place in collaboration with another project called "Spatial Energy Planning for Heat Transition" 
under the Green Energy Lab framework. The app's click prototype was created based on workshops and 
offered various calculations and information on all aspects of heat supply. The EnergieApp aimed to 
increase the willingness of potential customers to connect to the district heating network by providing 
valuable information and support. 
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5 Roll-out potential and exploitation results 
Chapter 5 deals with the impact analysis and general roll-out potential (especially for Austria) as well as 
gained exploitation results and dissemination activities.  

5.1 Roll-out potential 

Austria has a rich history of both small and large-scale district heating systems. Several decades ago, 
large Austrian cities began implementing district heating supply based on fossil fuels and combined heat 
and power (CHP) plants. In contrast, the establishment of local heating networks powered by solid 
biomass started in smaller towns and villages during the 1990s. Over the past few decades, district 
heating has undergone extensive expansion and has become a crucial component of Austria's heat 
supply. 
Currently, the total energy production from district heating in Austria amounts to approximately 85 PJ 
(petajoules), with a significant biogenic share of 48% produced by biomass-based district heating 
systems. The primary users of district heating are private households (45%), the commercial sector 
(40%), and the industrial sector (15%). Presently, district heating systems fulfill about 25% of Austria's 
spatial heating and hot water demand, and this share is steadily increasing. 
Based on research findings, it is estimated that Austria is home to approximately 2,500 to 3,000 local 
and district heating networks. This highlights the widespread adoption and significance of district heating 
as a heating solution throughout the country.(see Figure 17).  

 
Figure 17: Distribution of DH Networks throughout Austria (grouped by size, Source: AEE INTEC) 

The intended target market of DH operators is to include consumers (existing and new customer groups) 
connected to heating networks including single and multifamily households, recreational facilities, office 
buildings, industries, etc. The total amount of heat sold in the whole sector in 202021 was around 20 TWh 
and has increased by 73% since 2000 as well as about 2.1 million citizens are served by DH. The total 

 
21 Statistik Austria (2021) Gesamtenergiebilanz Österreich 1970 bis 2021; Statistik Austria, Wien 
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pipe length has doubled since 2000 to currently about 5,800 km22. In 2020, a total of 23 TWh of district 
heating was generated in Austria to cover the respective heat demand (20 TWh). The future heat 
demand will increase up to 27 TWh in 2040 and leads to a heat generation of 31 TWh23. This future 
expansion dynamics will be fostered in combination with the developed flexibility measures and a boost 
in new customers (especially industry) will undergo constant growth in the coming years. This growth is 
assumed to accelerate in the coming years due to increased political ambition to decarbonize the 
Austrian heat supply (e.g. Erneuerbaren-Ausbau-Gesetz – EAG24, Österreichische Wärmestrategie25) 
and the aim of the Federal Government to achieve climate neutrality for Austria by 2040.  
The market potential for the technologies and concepts of ThermaFLEX is thus expected to be much 
higher in the coming decades than at present. The results from ThermaFLEX and the derived Best 
Practices are expected to play an integral role in meeting the set emission reduction targets due to the 
high practical relevance and enable potential market openings for project partners and beyond to initiate 
the rollout of these technologies and concepts. Furthermore, implementations of ThermaFLEX concepts 
into the market may open new markets in the near future. DH networks in neighbouring European 
countries (Germany, Switzerland, Italy) and the overall EU are facing similar challenges to Austria and 
thus represent huge potential for the export of Austrian know-how and technologies26. 

5.2 Scientific and economic exploitation 

Scientific as well as economic exploitation was of high relevance for the scalability and transferability of 
the gained knowledge and outcomes of the project and was continuously carried out during the entire 
project. A professional process for exploiting the results including methods and tools for exploitation 
within the project was developed and carried out. The main goal was an appropriate exploitation plan for 
the whole consortium as well as for individual partners and identified relevant fields and tasks of 
exploitation.  
Energy suppliers and DH operators 
The project provides wide technical and non-technical knowledge to all involved energy suppliers, DH 
operators and infrastructure owners regarding the flexibilization of their systems, planning and operating 
these. The results from the demonstrators provide direct input and ideas for daily business, where 
business models and best practice guides can be directly used. Thus, the operators will be able to 
further apply these results at numerous sites around Austria where deemed suitable, creating many 
potential projects for the operators in the future. 
Technology / Know-How provider 
The knowledge and experience gained from the project support technology/know-how provider in 
increasing the efficiency of their respective products and services and thus help strengthen each 
technology and know-how provider’s position in the market. Due to new or adapted products/services 
and concepts from ThermaFLEX, the technology and know-how providers see a considerable increase 

 
22 FGW (2022): Zahlenspiegel 2022; Fachverband Gas Wärme, Wien, 2022 
23 Österreichische Energieagentur – Austrian Energy Agency (2022): Aktualisierung der Roadmap zur Dekarbonisierung der Fernwärme in Österreich, 
Wien, 2022 
24 https://www.ris.bka.gv.at/GeltendeFassung.wxe?Abfrage=Bundesnormen&Gesetzesnummer=20011619, Zugriff am 27.02.2022 
25 https://www.bmk.gv.at/themen/klima_umwelt/energiewende/waermestrategie.html, Zugriff am 27.02.2022 
26 Euroheat & Power (2023): DHC MarketOutlook Insights &Trends, Brussels, 2023 

https://www.ris.bka.gv.at/GeltendeFassung.wxe?Abfrage=Bundesnormen&Gesetzesnummer=20011619
https://www.bmk.gv.at/themen/klima_umwelt/energiewende/waermestrategie.html
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and user integration processes were carried out, involving governmental organizations, local authorities, 
property developers, landowners, citizens, and end-users (see Section 4.2). Close cooperation with the 
Austrian Climate and Energy Fund was also established, and collaborations with other subprojects within 
GEL were fostered. Workshops and webinars were organized to engage representatives from GEL, 
funding agencies, and ministries, facilitating discussions on relevant topics for flexible district heating 
networks and providing guidance to all ThermaFLEX partners. 
In addition to direct project partners, numerous national and international parties from various sectors, 
cities, and municipalities expressed interest in the project results. These included industry associations, 
energy organizations, international delegations, and cities and municipalities from Austria and beyond. 
ThermaFLEX experiences and results were frequently invited for presentations and discussions at 
events, webinars, and workshops. The project lead and partners actively participated in different GEL-
organized events and workshops, highlighting the achievements and networking activities of the flagship 
project. This extensive engagement with external stakeholders enhanced networking, exploitation, and 
dissemination of the project results, significantly expanding the reach and impact of ThermaFLEX. 

5.3 Public and scientific dissemination 

To showcase the impact of the gained project results as well as the flexibility measures realized within 
the demonstrators and its replication potential, targeted dissemination activities were performed and 
several communication channels were used. The main aim of using different communication channels 
was to reach different target groups (experts, stakeholders, communities, policymakers, etc.) at different 
levels/locations (local, national and international). The dissemination activities were aligned with the 
dissemination activities of the GEL as well as the Climate and Energy Fund and a deep cooperation and 
information exchange was implemented. The dissemination of the project aims, methods, results and 
impacts beyond the scope of the project is vital for increasing the visibility of the project, informing 
stakeholders that are or will be connected or concerned with the issues addressed in the project and for 
the positioning of the individual experts, the research and industry partners and the project consortium 
as a whole. An overview and a brief explanation of the different realized communication channels and 
activities is given in the following: 

• Project website www.thermaflex.greenenergylab.at (with goals, methods, results, literature, etc.) 
• Publications for targeted audiences (professional magazines, workshops, events, webinars) on 

practise oriented, demonstrator specific and/or scientific topics  
• Scientific publications (national and international conferences, peer-reviewed articles, etc.) on 

results, developed methods, concepts and tools, simulation studies, results of monitoring, etc. 
• Participation in different expert networks and international collaboration programmes such as IEA 

DHC, IEA SHC and IEA EBC  
• Workshops to present project results and get feedback from the different stakeholder groups 
• Webinars on the demonstrators and the related activities and results 
• Dissemination via social media platforms (e.g., Twitter, Facebook, LinkedIn, YouTube)  
• Continuous use of results as lecturing material in academic courses and student education 

http://www.thermaflex.greenenergylab.at/
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6 Conclusions and outlook 
Within Chapter 6 the overall conclusions and a brief outlook is given. The ThermaFLEX project focused 
on developing and demonstrating the interaction of different components within real district heating 
networks. Technical, non-technical, and systemic measures were combined and implemented in large-
scale district heating networks across various Austrian cities and regions. The results of the project 
showcased the significant potential of the developed elements and solutions for decarbonizing the heat 
infrastructure. 
Within the timeframe of ThermaFLEX, large-scale decarbonization measures and implementations were 
already realized within 8 linked demonstrators. These measures showcased the great potential of the 
developed elements and solutions within ThermaFLEX to provide sustainable and flexible district heating 
supply in different Austrian cities and regions. Through monitoring and simulation data, it was projected 
that sustainable heat generation in the range of 180 to 200 GWh/a could be achieved in the future, 
leading to a substitution of approximately 45,000 tons of CO2. The project utilized a wide range of heat 
sources and flexibility elements, with a central emphasis on heat storage, energy sector and 
infrastructure coupling, smart control concepts, large-scale heat pumps, solar thermal energy, and the 
utilization of locally available heat and waste heat sources. The project included the following 
demonstrators, each focusing on specific aspects of sustainable heat generation and utilization: 

• Waste heat utilisation Therme Wien: utilisation of the waste heat available in the thermal water 
using a heat pump concept and integration into the Vienna district heating system. 

• High-temperature heat pump Vienna-Spittelau: Waste heat utilisation from the flue gas 
condensation of the waste incineration plant as a heat source for a high-temperature heat pump. 

• Renewable heat and cooling from wastewater - Wien Kanal: Energy recovery from wastewater 
for heating and cooling with innovative heat exchanger and heat pump system. 

• Virtual heating plant: Coupling district heating with the sewage treatment plant in Gleisdorf for 
heat supply from wastewater and implementing a novel "virtual heating plant" control system. 

• Large-scale solar thermal plant Mürzzuschlag: Integration of a solar thermal plant of around 
5,000 square metres in combination with a 180 cubic metre storage tank into the heating 
network.  

• 100 percent renewable district heating for Leibnitz: Using fluctuating industrial waste heat through 
a bidirectional coupling of two heating networks and developing a high-level predictive control of 
network and heat generation units. 

• Biomass heating plant modernisation concept: Developing a two-stage retrofitting concept in 
Saalfelden. Technical modernisation (stage 1) was implemented. A heat pump integration 
(stage 2) was developed and implementation is planned for 2023. 

• Industrial waste heat utilisation: Implement an absorption heat pump to increase waste heat 
utilisation at the AustroCel site in Hallein to be fed into the district heating network of Salzburg. 

The project employed highly integrated planning, implementation, and operational management 
processes. These included innovative spatial energy planning, system evaluations with life cycle 
analyses, methods for user and stakeholder integration, and comprehensive monitoring and data 
analysis. 
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9.2 Appendix B: Stakeholder analysis template 

 
Figure 18: Template (in German) of the stakeholder analysis (Source: StadtLabor)


