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ABSTRACT: For an effective implementation of highly flexible, sustainable and re-
newable driven district heating (DH) systems a combination of research and demon-
stration was chosen to implement a broad share of flexibility measures with an increased 
share of renewables. The research needs addressed based on several demonstration 
cases, which provide the background for developing, implementing and optimising 
both, innovative system as well as technical solutions. The expected results will lead to 
more efficient and effective demonstrators due to close cooperation between district 
heating operators, technology and know-how providers as well as research institutions 
during the whole innovation and implementation process. The demonstrators will be 
used to showcase, validate and optimise the developed measures. The outcomes and 
experiences from implementation and operation will be used to derive best-practice so-
lutions, develop promising concepts and pathways and show quantitatively technical, 
economic and ecological benefits and impacts for the district heating sector. 

1. INTRODUCTION AND BACKGROUND 

District heating (DH) systems plays a major role to cover the energy demand in different 
sectors (e.g. spatial heating, warm water supply, cooling, thermal processes in industry, 
etc.) in Austria as well as all over Europe (Fleiter et al., 2016). For example, in 2016 
roughly 25% of the space heating requirement (87 TWh) was covered by grid-connected 
district heating solutions (BMWFW, 2017) in Austria. The achievement of mid- and 
long-term international and national climate goals such as the Paris Climate Agreement 
is a major challenge, in which consequently flexible and sustainable DH systems play a 
central role (Connolly et al.,2014).  

The current heat supply and the supply quality as well as robustness of DH systems is 
guaranteed by the versatility and ease-of-use of fossil fuels. In order to decarbonise the 
energy supply as a whole, an in-depth integration of renewables is mandatory. This 
poses major challenges for today's energy systems. In a future sustainable and mainly 
renewable driven district heating sector (decarbonised DH system), the current stand-
ards must be maintained in an affordable way, but in an even more complex system 
(storage, renewables, volatility, prosumers, etc.) without fossil fuels. This can only be 
achieved by increased flexibility of the overall system and a smart interaction of all its 
technical (e.g. supply units, storage, control, etc.) and non-technical (e.g. business mod-
els, user integration approaches, etc.) components. 



In general, DH systems enable the intelligent integration and combination of renewable 
energies, waste heat, storage systems, heat consumers and the coupling with different 
sectors and infrastructure (e.g. electricity, gas, waste water, etc.). Especially in urban 
areas, thermal networks will become even more important, as they can be used to col-
lect, store and transport industrial waste heat or renewable energy and thus actively 
balance both temporal and spatial demand-supply mismatch. A major requirement nev-
ertheless is to provide an affordable, secure and (resilient) energy supply suitable for 
current and future boundary conditions while being technically, economically and eco-
logically sustainable. To fulfil this demand of requirements, a high degree of flexibility 
from future systems including smart operation and control in combination with a re-
duction of environmental impacts, security of supply and affordable energy costs for 
end customers is necessary. 

Therefore, a research project (Thermal demand and supply as flexible elements of future 
sustainable energy systems - ThermaFLEX)) was launched focussing on increasing en-
ergy flexibility in the district heating sector. A trans-disciplinary team of in total 27 pro-
ject partners, consisting of DH network operators, technology and know-how providers 
as well as research institutes, under the leadership of AEE –Institute for Sustainable 
Technologies is planning, implementing and evaluating specific flexibility measures us-
ing different demonstrators to showcase, validate and optimise the developed measures. 
The project with a duration of in total 4 years lasts from November 2018 to October 
2022. 

2. METHODOLOGY 

2.1 OVERVIEW 

The applied methodology (depicted in Figure 1) within the research project is to increase 
the flexibility of the entire system through technical components (e.g. biomass, solar 
thermal, heat pumps, etc.), systemic approaches (e.g. sector coupling, smart control, 
low-exergy grids, etc.) as well as non-technical measures (e.g. user and stakeholder inte-
gration, business model innovation, etc.). This quite unique approach should allow to 
feed-in more renewables into the district heating sector and offers decarbonised heating 
service to customers as well as form highly flexible, sustainable and renewable driven 
DH heating systems.  



 

Figure 1: Methodology applied within the research project 

2.2 CHALLENGES AND GOALS 

The major challenges as well as research needs will be addressed on base of several 
demonstration cases, so called demonstrators (see section 2.3) focussing on the follow-
ing technical, economic and scientific goals: 

• Development of a comprehensive overview of flexibility options and evaluate 
flexibility potential in urban DH systems 

• Development of innovative single-technology concepts with system-wide im-
plications and/or interventions as well as development of system-wide 
measures for increased flexibility 

• Support the demonstrators with scientific/technical/organisational know-
how during the implementation and operation phase 

• Development of monitoring concepts that allow technical and scientific eval-
uation of the measures and evaluation of the monitoring data for further opti-
misation and system evaluation 

• Derive Best Practices from the problem definition phase, concept develop-
ment, the implementation and monitoring operation phase for later replica-
tion and roll-out projects in Austria, European Union and worldwide 

• Show pathways for enhanced user and stakeholder integration in DH sector 

• Evaluation of the overall potential of the proposed and demonstrated flexibil-
ity measures and determination of their environmental, ecological and eco-
nomic impact 



2.3 DEMONSTRATORS TO SHOWCASE FLEXIBILTY 

The applied methodology within the research project leads to scientific, technical and 
organisational support for the demonstrators throughout the whole innovation and im-
plementation process. The entire process covers the idea & concept development via 
planning and implementation to commissioning, start-up & operation as well as moni-
toring with evaluation and optimisation steps. 

On the other hand, the involved demonstrators provide the basis for developing, im-
plementing and optimising innovative concepts and technical solutions in the real envi-
ronment of the respective DH system. Results and experiences gained from the demon-
strator sites derives in best practices, highlight promising concepts and pathways and 
show quantitatively technical, economic and ecological benefits and impacts of the de-
monstrators (see Figure 2). 

 

Figure 2: Link between demonstrator and research project to showcase flexibility 

The involved demonstrators differ largely in scale and complexity. Therefore, it is ex-
pected that the results will generate highly efficient and effective demonstrators and 
consequently lead to sustainable roll-out projects and best-practice measures with high 
scalability potential and transferability. The derived outcomes deliver a substantial con-
tribution to form a sustainable and renewable driven district heating sector. In the fol-
lowing the demonstrators are described briefly: 

Demonstrator - Virtual heating plant Gleisdorf: Key element of the future concept of 
the existing DH system for the city of Gleisdorf is the implementation of a virtual heat-
ing plant approach for an intelligent and predictive control, based on a fully digitised 
system. The approach consists of technical measures such as storage solutions, sector 
coupling with wastewater treatment plant, low-temperature heat supply, advanced mon-
itoring and control, central and decentral renewable heat supply under one umbrella. 

Demonstrator - 100% renewable district heating Leibnitz: Demonstration of a smart, 
renewable energy and waste-heat based municipal DH system as result of a merge of 
three currently independent DH systems. The measures covering distributed energy 
conversion facilities, multi-stage industrial waste heat extraction, cascade heat supply, 
bidirectional heat transport, data integration, thermal storage and smart control. 



Demonstrator - High-temperature heat pump Spittelau: In this demonstration project 
the approach of so-called sector coupling, i.e. the merging of various previously separate 
infrastructures, is followed. The waste heat from the flue gas condensation (use of latent 
energy from flue gas) of the waste incineration plant located in Vienna - Spittelau, will 
be used as energy source for a high temperature heat pump implementation. Taking 
into account the findings from the evaluation of different operating strategies, a direct 
feed into the primary district heating network of the City of Vienna shall be realised. 

Demonstrator - Heat recovery from waste water: Concepts for the realisation of a 
demonstration plant for the utilisation of waste heat from sewage in the Liesing district 
of Vienna to feed heat continuously into the secondary district heating network shall be 
developed and demonstrated. The technical concept based on the use of sewage from 
the main sewer (heat source) represents a new and innovative form of heat recovery for 
low-temperature systems and urban development areas. 

Demonstrator Big Solar Salzburg: A proof of feasibility as well as demonstration of a 
large solar-thermal system in combination with seasonal storage for the DH system of 
Salzburg will be developed within this demonstrator. The essential elements of the con-
cept (a central solar collector field in connection with a large pit thermal energy storage 
in direct coupling with a large heat pump) targeting in the decarbonisation of the energy 
supply mix and the decrease of dependency on energy imports. 

Demonstrator Eco-energy park Salzburg-Süd: The overall aim is to demonstrate a large-
scale absorption heat pump implementation for increased waste heat recovery in the 
DH system of the city of Salzburg. A conceptual design of a so-called eco-energy park 
as well as the implementation of currently unusable low-temperature waste heat from 
an industrial site in the South of Salzburg will be demonstrated. 

Starting point and rate of progress for the implementation of the developed flexibility 
measures of the linked demonstration cases are quite varying. Within some demonstra-
tors first implementations of the developed flexibility measures have been started within 
2019 and 2020 (e.g. Leibnitz, Gleisdorf, Eco-Energy park). Within other demonstrators 
the final concepts (including start-up and operation plan, monitoring concepts, etc.) for 
the implementations will be available and implementations will start within 2021.  

3. RESULTS SO FAR AND DISCUSSION 

3.1 FLEXIBILITY AS A MAIN INFLUENCING PARAMETER 

To evaluate the flexibility potential and identify main influencing parameters as well as 
relevant boundary conditions an evaluation of the flexibility potential as well as the cre-
ation of an overview of flexibility options in urban DH systems was investigated as a 
first step. The methods applied based on literature studies, questionnaires, workshops 
and meetings. The main results were i) a definition of flexibility within the project con-
text, 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 flexibility of DH systems. 

3.1.1 Flexibility definition in the district heating sector 

For a common understanding of flexibility, a project derived term was developed as a 
uniform definition of flexibility in the energy system does not exist (Paiho et al., 2018) 
as well as available definitions (e.g. Lund et al., 2015; Sneum et al., 2017; Spiller et al., 
2015; Vandermeulen et al., 2018, etc.) does not fit in the content of the addressed re-
search needs respectively. The definition of flexibility in the DH sector in the frame-
work of the research questions within the research project was defined as “Flexibility of 
the overall system is the ability of a system to keep balance between supply and demand 
of heat (and cold) at each point of time.”  

Based on this more general definition of flexibility, finally various types of flexibility 
were specified to cover different perspectives, namely flexibility of the overall system, 
flexibility of the supply side, flexibility of the distribution infrastructure, flexibility of the 
demand side as well as flexibility in planning and design. 

Combined with the goals and challenges of the DH operators as well as energy service 
companies to transform existing DH system towards to a 100 % renewable energy sys-
tem, it builds the basis for the proposed flexibility indicators and the developed flexibil-
ity concepts. 

3.1.2 Key performance indicators for flexibility and evaluation criteria 

Considering the only limited literature on evaluation criteria and KPIs in this content 
and the overall complexity of the investigated DH systems (e.g. Clauß et al., 2017; Van-
dermeulen et al., 2018, etc.), the approach applied was to define a pool of various indi-
cators, 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. This KPIs are able to define flexibility mainly qualitatively and gives a first 
indication, which impact various concepts may have on flexibility.  

To measure flexibility quantitively, KPIs within the following categories were identified 
and developed: 

• Category - minimisation of short &. long-term fluctuation of the load profile  
KPIs – load factor, peak/low load hours or number of load peaks/valleys, 
ramp rate, volatility ratio 

• Category - increase in energy efficiency 
KPIs - simultaneity factor, capacity factor, heat losses 



• Category - reduction of blackouts and shortages 
KPIs - duration and frequency of shortages, restricted user comfort, customer 
flexibility 

To additionally quantify the flexibility, a set of well-established standard KPIs like 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. 

3.1.3 Proposed concepts and technical solutions to increase flexibility 

Based on pre-concepts within the developed flexibility concepts a broad range of system 
solutions and individual technologies were identified to increase flexibility and decar-
bonise DH systems. 

The developed individual technologies (single - technology concepts) for increased flex-
ibility and decarbonisation of DH systems covers the integration of i) compression and 
absorption heat pumps for better low -exergy/waste heat utilisation, ii) of compact and 
decentral sorption storage and iii) of alternative heat supply concepts for buildings.  

Besides of individual technology solutions also system solutions were investigated and 
suitable concepts were identified. The developed system solutions focussed on the in-
tegration of multiple previously separated DH systems in one main DH system as well 
as the integration of different infrastructures as heat/energy consumer, supplier and 
producer in DH systems. Moreover, the development of i) smart control strategies and 
unit commitment procedures, ii) large-scale solar thermal supply systems with combined 
seasonal storage, iii) a Virtual Heating Plant approach and iv) low-temperature system 
solutions in combination with urban redevelopment was included. 

Within the developments, simulations and evaluations of different flexibility options for 
DH systems with different boundary and operation conditions were included. Finally, 
the most suitable concepts (individual technologies as well as system solutions) for a 
later implementation within a linked demonstrator were selected and a specific devel-
opment for the respective demonstrator case was realised. 

In parallel, relevant user groups and strategic stakeholders were identified. For the stake-
holder analysis a three-step approach was performed aiming in a detailed stakeholder 
matrix. In order to inform end customers (e.g. private households, trade and industry, 
etc.) transparently and comprehensively about the innovative solutions within the DH 
system and ultimately to win new customers, suitable tools and concepts for user inte-
gration were established. 



4. SUMMARY AND OUTLOOK 

It is obvious that flexibility is one of the main influencing parameters for a sustainable 
and renewable driven district heating (DH) sector as well as to enable the transfor-
mation towards a 100% renewable energy supply. A major requirement for current and 
future DH systems is to provide an affordable, secure and (resilient) energy supply while 
being technically, economically and ecologically sustainable. To fulfil this demand a high 
degree of flexibility in future DH systems is necessary. Within the research project Ther-
maFLEX (Thermal demand and supply as flexible elements of future sustainable energy 
systems) an effective implementation of highly flexible, sustainable and renewable 
driven DH systems will be realised using different so-called demonstrators. 

Due to a lack of information as well as missing definitions dealing with this topic in the 
DH sector a common definition of flexibility was developed. Besides of this, suitable 
flexibility indicators, so called key performance indicators (KPIs) for flexibility and eval-
uation criteria were identified as a first step. Furthermore, a comprehensive overview 
of flexibility solutions on component (individual technologies) and system level (system 
solutions) for increased flexibility and decarbonisation of DH systems were compiled. 
After evaluation of their suitability in the context of so-called demonstrators, specific 
flexibility solutions for the implementation in the real environment of the respective 
DH system of the demonstrators (different sizes of DH networks in Austria) were de-
veloped. 

After the support of implementation and operation a detailed monitoring for evaluation 
and analysis of the flexibility potentials of the different measures is planned. Results and 
experiences gained from the demonstrator will derive in best practices, highlight prom-
ising concepts and pathways and show quantitatively technical, economic and ecological 
benefits and impacts of the demonstrators. 
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Approach for more flexibility and renewables
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Source: AGFW, 2016

Alternative heat supply integration

Integration of individual technologies

Integration of sorption storage

Heat pump integration

(compression/absorption)

Source: Schöffmann, 2015

Source: Rechberger, 2009



AEE - INSTITUTE FOR SUSTAINABLE TECHNOLOGIESwww.aee-intec.at International conference e·nova 2020 | 27.11.2020

Integration of individual technologies

Heat pump integration

(compression/absorption)
Alternative heat supply integration



AEE - INSTITUTE FOR SUSTAINABLE TECHNOLOGIESwww.aee-intec.at International conference e·nova 2020 | 27.11.2020

Development of system solutions -
Integration of waste water treatment plants (WWTP)



AEE - INSTITUTE FOR SUSTAINABLE TECHNOLOGIESwww.aee-intec.at International conference e·nova 2020 | 27.11.2020

Development of system solutions -
Virtual Heating Plant approach

 

Step 1

wood chips

solar

natural gas

pellets

biogas

heat pump
Step 3

S
te

p
2



AEE - INSTITUTE FOR SUSTAINABLE TECHNOLOGIESwww.aee-intec.at International conference e·nova 2020 | 27.11.2020

Link to demonstrators to showcase flexibility
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Demo Virtual Heating Plant Gleisdorf

Quelle: Stadtwerke Gleisdorf
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