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Executive Summary 

Introduction 

On 13 and 14 May 2019 delegates to the IEA Experts’ Group on R&D Priority Setting (EGRD) organized a 
meeting to gain further knowledge of the research and innovation needs associated to system resiliency and 
flexibility. International technology experts from academia, research entities and leading agencies offered a 
wide range of perspectives and insights. The event was hosted by the Federal Ministry for Transport, 
Innovation and Technology, Vienna, Austria. 

Rationale and Background 

In the World Energy Outlook 2018, primary energy consumption is expected to increase by 27% by 2040. In 
2017, energy-related CO2 emissions rose by 1.6 % for the first time in three years. These forecasts point to a 
further increase by 2040 (+10 % compared to 2017).  

Complementarily the Intergovernmental Panel on Climate Change (IPCC) special report Global Warming of 
1.5°C states that CO2 emissions have to decline by about 45 % by 2030 (from 2010 levels) in order to reach net 
zero emissions by 2050.  

This leads to one of the questions that are currently of utmost importance: How do we design energy systems, 
to reach climate and energy objectives globally? An intelligent linking of generation, distribution and 
consumption is required. Connecting different parts and sectors of the energy system will play a crucial role. 
Sector coupling is considered as a guiding principle. Furthermore, also energy storage and ‘power-to-x’ 
technologies will play a key role. 

At present the main options for balancing supply and demand in the electricity system beside (fossil) power 
plants are transmission grids between countries/regions, energy storage, demand side management, power 
to-x technologies and curtailment of RES. 

The integration of variable RES requires flexibility in order to be able to compensate for possible imbalances 
between supply and demand in the future energy system. The high share of renewable energy sources in 
electrical power and district heating grids will force the transition from a purely demand-oriented energy 
production to a production-oriented demand. 

The use of the storage capacity in electric vehicles will depend on attractive business models for car owners. 
The potential for energy flexibility in buildings is determined by a number of factors such as heat storage 
capacity of building components, quantities and sizes of thermal storage or the type of electrical devices like 
heat pumps. 

Issues Addressed 

• What will the future energy system look like? What are the key challenges and main risks for energy 
systems with a high share of variable energy sources? 

• New technologies and new business models: where are we heading? 

• Best practice examples: Which lessons have we learned so far? 

• What are the resilient transformation paths for the future? 

• Which are the main factors to be considered regarding R&D policies and decision making? 
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Flexibility: a key to reach the worldwide goals in CO2-reduction 
Nowadays a lot of small decentralized volatile power plants are producing renewable energy. In the future the 
share of renewable energy is growing constantly. A 100 % renewable energy system needs flexibility to deal 
with the huge amount of volatile power in the system. Flexibility can be defined as the ability of the power 
system to respond to variability and uncertainty with an adequate production.  

Measures to reach flexibility 
Innovative market models and measures like sector coupling, demand side management, energy storage, 
investments in grid infrastructure, digital solutions and cross-border harmonisation are essential to reach 
flexibility.  

Risk assessment the way to a resilient energy system 
In the last 10 years the risk assessment of natural gas supply has greatly evolved. The focus should particularly 
be on extreme events because they have an immediate impact on the energy system. Also cyber attacks will 
increase in the future and energy system cannot be protected by the traditional methods. Therefore an 
integrated, holistic resilience planning is the key to reduce the impact and recover the system quickly. Tools, 
analysis, technical assistance and research are available and should be implemented.  

Recommendations 

• Flexibility is the key to the integration of renewable energy and decarbonisation and must 
be considered along the energy value chain. 

• Building sector: Flexibility helps to stabilize the energy grid and depends on the building, the 
users and the conditions in the grids. 

• Flexibility allows the power system to manage changes. 

• Sector coupling: Fluctuations on the power supply side require a stronger link to other energy 
sectors, especially mobility and heat. 

• More research is needed: Living labs and large-scale demonstration projects are needed. 

• Lessons learned: The experiences that are currently made in other parts of the world such as 
Austria, Italy and the Nordic countries provide valuable insights how to gain more flexibility. 

• Need for common definition and understanding of resiliency. This particularly includes 
resiliency in the light of extreme events, being accidentally or intentionally, having an 
immediate impact on the energy system 

• An integrated, holistic resilience planning is the key. Tools, analysis, technical assistance and 
research are available but there is no model to implement it. 

• Modern energy systems are complex cyber-physical systems that are vulnerable to targeted 
attacks and dynamic failures and cannot be protected by the traditional methods. 

• We need to reaffirm that the resilience of the energy system affects not only the energy 
system but the whole society. 

 

All presentations are available on the workshop webpage. 

https://www.iea.org/workshops/egrd-workshop-on-system-resiliency-and-flexibility.html
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Outline

I. Developments and challenges related to the 
increased use of RES

II. Why flexibility?

III. Possible contributions of the heating sector

IV. Practical insides of flexibility measures in Austria: 
The flagship project - ThermaFLEX

V. Large-scale demonstrators of ThermaFLEX
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Developments in renewable energy – EU 
projections

• Dependend on the assumptions: more or less invetsments.
 However: Huge increase in RE generation unevitable!
 Will lead to high shares of RE (power, heat, cold), especially at „end nodes“ of the 

grids.

Investments into RES in the EU – conservative assumptions!

Source: Bointner, R.; Pezzutto, S.; Grilli, G.; Sparber, W. Financing Innovations for the Renewable Energy Transition in Europe. Energies 2016, 9, 990
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Challenges involved with high shares of RE 
– The Duck Curve

• Higher shares of PV change 
peak and base load production

 Hence, with current consumer 
loads, residual loads increase 
massivly!

 More „flexible“ generation 
needed to compensate 
(increase or decrease) power 
generation (Flexibility services)

Duck Curve (residual loads) for a network in California, current values and 
projections 2020

Source: http://large.stanford.edu/courses/2015/ph240/burnett2/docs/flexible.pdf

• This situation leads to a need for more conventional capacity 
(fossil, especially gas-fired), in order to compensate fluctating 
and highly volatile RE generation

• True for the power, but also for the heating and colling sector 
(solar thermal generation etc., waste heat recovery etc.)
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Flexibility: An example from the power 
sector on household level

!!! Flexibility services better when power and heating sector is integrated !!!

min(Netzbezugsleistung)
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(1) Strom

(2) Strom & Wärme

Fleischhacker, A., Lettner, G., et al., 2018. UrbanEnergyCells - Anforderungen zur Umsetzung von Energiezellen in zukünftigen Energiesystemdesigns
[WWW Document]. URL https://nachhaltigwirtschaften.at/de/sdz/projekte/urban-energy-cells.php.

Status Quo

https://nachhaltigwirtschaften.at/de/sdz/projekte/urban-energy-cells.php
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Contribution of the heating sector for 
flexibility services

https://www.nordicenergy.org/flagship/flex4res/

Heating sector, especially thermal grids, can provide 3 types of flexibility:
1. Spatial flexibility – through the grid itself
2. Temporal flexibility – through the grid as storage+external storages
3. Acceptance of various energy vectors – power, waste heat, solar thermal, P2X

 Flexibility of thermal networks is inherety integrated but can also be extended through different 
measures, such as thermal storage, smart control, heat pumps etc.

Elements of flexibility of a given energy system
„Typical“ possibilities to increase flexibility
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The flagship project ThermaFLEX –
factsheet

Consortium – 27 Partners (Research – Industry – Tech)
AEE INTEC, FH Joanneum, Bioenergy 2020+, StadtLABOR, TU-Graz, Stadtwerke 
Gleisdorf, S.O.L.I.D., Wien Energie, TU-Wien, Feistritzwerke, Joanneum Research, AIT, 
Salzburg AG, Rotreat Abwasserreinigung, SIR, Alois Haselbach GmbH, Energie Steiermark, 
Horn Consult, ENAS, Pink GmbH, GREENoneTEC Solarindustrie, STM Schweißtechnik
Green Tech Cluster, FRIGOPOL, Abwasserverband Gleisdorfer Becken, Schneid GmbH, 
Nahwärme Tillmitsch

Funding regime :
− Energy Model Region, Flagship and Demonstrators

Project Budget:
− 4,6 M€ + 5 M€ additional funding for demonstrators

− => Largest (budget-wise) project of the call

Key aspects of the project:
− Duration: November 2018 – October 2022

− 8 Work Packages 

− Multiple departments involved (TES + IP) 

− Subproject of Green Energy Lab
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Scope of ThermaFLEX

Objective: 

− Define, plan, implement, evaluate and roll-out measures for increased flexibility in 
thermal systems using large scale industrial demonstrators to decarbonize the 
heating sector

Why?

− Decarbonization of heating sector towards 100 % renewables necessary

− Thermal networks provide >25 % of Austrian households

− Fluctuating, volatile renewables + waste heat need a flexible and smart energy 
system for integration!

− Thermal networks can be flexible and smart, due to their ability to balance on 
temporal and spatial scale and accept different energy vectors
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Concept and project outline

How?
Combining technology, smart operation and innovation!

1. Technologies
2. System concepts
3. New Business Models
=> Smart Thermal Networks
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Demonstrator – Flexibility Matrix
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100% renewable district heating Leibnitz

 Demonstration of a smart renewable energy 
and waste-heat based municipal DH system 

− Merge of 3 currently independent DH 
systems with >8 supply units

− Multi-stage industrial waste heat extraction

− Bi-directional heat exchange

− Cascade heat supply

− Thermal storage 

− App and IoT interface development for both 
customers and system operators

 Connections: 104 (2017) / 196 (> 2019)
 Heat sold: 7117 MWh/a (2017) / 24968 MWh/a 

(>2019)
 Innovation: Two players, 1 network => sandbox 

for thermal energy market.
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Demonstrator Salzburg – Big Solar

Flexibility and RE measures:
 Large-scale solar thermal generation
 Absorption heat pump
 Large-scale seasonal storage
 Waste heat utilization at low 

temperatures

 Innovative part: combination of large-
scale storage with absorption heat 
pump and waste heat utilization!

 Absorption heat pumps decreases 
temperature of return flow => low-
temp waste heat recovery possible

Energy system and elements in demo Big Solar Salzburg

Source: Vernetzungsworkshop Projekte 3. Ausschreibung „Stadt der Zukunft“ & „Smart City Demo“; PlanEnergi

Large-scale seasonal storage
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Demonstrator Gleisdorf - Virtual Heating 
Plant 

 Implementation of a Virtual Heating 
Plant concept

− Large-scale and small-storage 
water and sorption storage

− Sector coupling 
 Integration WWTP
 Heat pump solutions

− Low-temperature heat supply

− Advancing monitoring and control

− Central and decentral renewable 
heat supply

− Integrated planning process with 
user integration

 Innovation: Distributed renewable 
generation is managed through virtual 
plant approach.
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Demonstrator Vienna – Flue gas recovery 
Spittelau

 Implementation of high-temperature heat 
pump for heat recovery from flue gas heat 

− 110°C output at normal operation

− thermal capacity: 16 MWth

− COP heat pump system > 3.4
 Integration in unit commitment DH heat 

supply
 Provided heat supply appr. 95 GWh / a 

− heat demand of around 16,000 
households 

 11 further W2E plants in Austria

− Potential of 118 MWth
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Recap

Fluctuating RE generation will lead higher residual loads

Both demand side measures and flexibility services are 
important measures to tackle the challenges

Heating sector, both on household as well as on network 
level can significantly contribute

Major players in Austria are implementing flexibility 
measures to prepare for a decarbonized future

ThermaFLEX roll-out plans will be available for future 
projects on EU level



Thank you!



Austria‘s biggest innovation lab for a 
sustainable energy future.

This project is supported with the funds from the Climate 
and Energy Fund and implemented in the framework of 
the FTI-initiative “Flagship region Energy”. 

IEA Experts' Group on R&D Priority Setting and Evaluation 
(EGRD): Workshop on System Resiliency and Flexibility
May 13th and 14th, Vienna

Demonstration projects and 
innovation paths 

for the flexible, 
customer-oriented 

energy system of tomorrow



Video clip

With our customer-oriented 
solutions, we create integrated 
energy systems for a sustainable 
future.

Green Vision – link between research and market



Green Energy Lab - Region

Core region with 5 million people: 
Federal States of Vienna, Lower Austria, 
Burgenland and Styria

By far the highest share of renewable 
energy generation in this region today:
• 98% of the Austrian wind energy 

generation
• 64% of the Austrian PV production

Test region with a variety of demographic, 
topographical and economic structures
• Metropolitan areas with urban 

agglomerations (Vienna, Graz)
• Numerous small and medium-sized 

cities
• Large-scale rural areas



20
New solutions for integrated 
energy systems are applied in 
Green Energy Lab projects.

10.000
Customers are directly integrated into 
Green Energy Lab projects.

50 New projects are part of 
Green Energy Lab.

100.000
Visits generated on the sites 
of Green Energy Lab 
demonstration projects.

30
New technologies, products and 
services are developed and 
launched in Green Energy Lab 
projects.

Green Targets 2025



Green Energy Lab – energy profile

Installed capacities of RES-E in Green Energy Lab projects and their 
share in total installed capacities in Austria:

Wind 2.4 GW (98%)
Run-of-river 2.0 GW (35%)
PV      0.5 GW (64%)
Biomass 0.3 GW (54%)
(Pump-) Hydro-storage 0.3 GW (4%)

Electricity demand
Connected distric heating units
Wind capacitiy
PV capacity
Run-of-river capacity
Pumped hydro capacity

Regional energy profile: 
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Challenge: energy trade balance
Required: Compensation and flexibility measures

E.g. the generation of renewable electricity and the energy trade 
balance in 2030 for the Green Energy Lab region, data: ENTOS-
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Green Energy Lab projects: building blocks for an integrated energy system

ThermaFlex

Hybrid DH
Demo

Heat Water
Storage Pooling

Spatial Energy
Planning

SecondLife
Batteries

Blockchain
Grid

Open Data
Platform

BEYOND

Integrated, scalable 
energy system 



Blockchain Grid
Retrieval of flexible capacities in distribution grids

KEY DATA
Duration: 11/18 – 10/20
Funding Programm: Flagship 
Region Energy
Budget: € 1.2 Mio. 
Lead: 
• Energienetze Steiermark 

GmbH
Partners: 
• AIT Austrian Institute of

Technology GmbH
• Siemens AG Österreich
• Energie Burgenland GmbH

Project tasks and goals
• Optimization of the integration of renewable energies by analyzing different 

uses of free grid resources 
• Experimental implementation of a blockchain-based platform to allow 

prosumers to make use of free grid resources
• Elaboration of recommendations based on the results of the abovementioned 

platform and the analysis of the regulatory framework

Expected results
• Analysis of technical and organizational requirements for a testbed in 

Heimschuh, Styria
• Recommendations for an adapted regulatory framework
• Analysis of the scalability and reproducibility 



Blockchain Grid
Blockchain pilot in a nutshell

Blockchain Grid use-cases:
Energy storage marketability
P2P Trading
Grid capacity marketability

12 Households

Via 3G Internet, VPN

Energy management
system

Energy management
software

1. Storage capacity enquiry based
on prognosis

2. Price formation,allocation
conclusion of contract

3. Delivery, clearing, accounting, 
documentation

Source: AIT Austrian Institute of Technology GmbH 
and Energienetze Steiermark GmbH
Green Energy Lab-Partner

Data Logger

Smart meter



Heat Water Storage Pooling
Optimized management and enhanced flexibility through DHW pooling

KEY DATA
Duration: 09/19 – 08/22
Funding Program: Energy 
research
Budget: € 1.4 Mio. 
Lead: 
• Forschung Burgenland GmbH
Partners: 
• Energie Burgenland AG
• 4ward Energy Research 

GmbH
• energy & meteo systems

GmbH
• Pink GmbH

Project tasks and goals
• Minimization of costs for customers and suppliers due to optimized storage 

operations
• Facilitation of the integration of renewable energies by shifting to power-to-heat 

operations during production peaks
• Improvement of the interaction between different water storage systems
• Avoidance of shutdown of wind facilities
Expected results
• Optimization of the energy system through scalability and reproducibility with a 

potential nationwide application
• Market integration of wind energy
• Medium / long-term vision: energy hub for wind energy



• At least 30 individual customers and 5 multi-storey residential complexes as well as a district heating system will be connected 
to the control room of a wind farm operator: 

Heat Water Storage Pooling
Experimental implementation of innovative storage management in Burgenland
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Source: Forschung Burgenland GmbH, 
Green Energy Lab-Partner



Hybrid DH Demo
“Energy hub“ business models bring a breath of fresh air to Neusiedl
am See

KEY DATA
Duration: 04/19 – 03/22
Funding Program: SmartCities
Demo
Budget: € 1.3 Mio. 
Lead: 
• 4ward Energy Research 

GmbH
Partners: 
• Energie Burgenland AG
• ENERCON Service Austria 

GmbH
• Forschung Burgenland GmbH
• TBH Ingenieurbüro GmbH

Project tasks and goals
• Reduction of shutdowns of Energie Burgenland wind turbines by 20%
• Increase of the share of renewables in the energy mix (excluding fuels) in 

Neusiedl by 5%
• Optimization of the district heating network to reduce losses by 2%

Expected results
• “Energy hub” business models based on the open innovation approach
• Economic, technical, and ecological optimization of the energy flows within the 

“energy hub”
• Stabilizing the cost of district heating in comparison to the production cost of 

alternative projects



Hybrid DH Demo
“Energy hub“ business models bring a breath of fresh air to Neusiedl am See

Windpower

Business models
Stakeholder involvement
Optimization
Management

Electrical grid

Electricity
Power 2 heat

Regional supply

H2 or CH4 H2 or CH4

CH4 CH4Electricity

Major clients

Major clients

Power 2 
gas (H2)

Gas pipeline

Stakeholder

N
eu

si
ed

l a
m

 S
ee

District heating

Energy hub

Source: 4ward Energy Research GmbH, 
Green Energy Lab-Partner



Open Innovation Process
Process of Implementing the Innovation Journey

Subject Area 01: 
Digitization enables customer-oriented
solutions

Subject Area 03: 
Demo projects for the systemic integration of 
fluctuating renewable energy, including waste 
heat

Subject Area 02: 
Future-oriented energy services for a defined 
target group in the field of generating renewable 
energy, energy use and energy efficiency

Quick  
CheckOPEN CALL

for Ideas

Submit new, 
bold ideas for a 
sustainable
energy future.

Selection of projects
and definition of the
implementation
paths

Collect
feedback

Steering  
Group

EXPLORE
Identify challenges
and opportunities.

IDEATE & CREATE
Generate ideas and 
define innovation

projects.

DEMONSTRATE
Developing and testing
innovative solutions .

LAUNCH
Market introduction
and consolidation of
innovative solutions



More than 100 partners today 
generate innovative ideas and 
generate impulses for their 
implementation.

Open platform for institutions that 
want to actively shape the energy 
future: companies, research 
institutions, startups, cities and 
municipalities, associations etc.

Actively shaping 
the future of 

energy!

Innovator Circle and Stakeholder Circle

Innovator Circle Stakeholder Circle

Networking and exchange of 
experience on international level. 

Feedback and strategic advice on 
the long-term development of Green 

Energy Lab. 

Comprising of around 20 international 
high-level research and innovation 

experts.

Be part of the
STAKEHOLDER CIRCLE!

welcome@greenenergylab.at



Key findings
Shaping the energy system of tomorrow

• Increasing system flexibility is not a purely technical topic: it requires stakeholder integration and 
end-user involvement.

• A multi-level approach is necessary when analysing complex systems with multiple stakeholders. 
All levels need to be taken into account and coordinated: from the level of the individual budget to 
questions relating to the network connection.

• Open innovation is the key to facing the comprehensive and interdisciplinary task of bringing 
together different actors and overcoming challenges when implementing cutting edge 
technological solutions to real life problems. 



DI Susanne Supper | Cluster Manager of Green Energy Lab
T: +43 676 471 81 77 | E: Susanne.supper@greenenergylab.at

INNOVATOR 
CIRCLE

WITH CUSTOMER-ORIENTED 
SOLUTIONS, WE CREATE AN 
INTEGRATED ENERGY 
SYSTEM FOR A SUSTAINABLE 
FUTURE. 

www.greenenergylab.at
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