
 

 

 

 

 

International Energy Agency 

Technology Collaboration Programme on Energy Storage 

(ES TCP) 

 

 

 

Annual Report 2025 
 



 

ES TCP Annual Report 2025 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contributors to the Annual Report 2025: 

Seamus Garvey, Bert Gysen, Andreas Hauer, Kevin Ludwig, Christoph Rathgeber,  
Christoph Rohringer, Abhishek Somani, Beatrice Schulz, Wim van Helden, Annelies Vandersickel, and 
many experts from our Tasks. 

 

International Energy Agency, Technology Collaboration Programme 

ES TCP – Energy Storage TCP 

www.iea-es.org  

Information or material of the IEA Technology Collaboration Programmes, or IEA TCPs (formally organised under the auspices of an 
Implementing Agreement), including information or material published on this website, does not necessarily represent the views or 
policies of the IEA Secretariat or of the IEA’s individual Member countries. The IEA does not make any representation or warranty (express 
or implied) in respect of such information (including as to its completeness, accuracy or non-infringement) and shall not be held liable for 
any use of, or reliance on, such information. 

  

http://www.iea-es.org/


 

ES TCP Annual Report 2025 3 

Content 

Chairman’s Report ................................................................................................................................................. 7 

Strategic priorities, ongoing and new Tasks........................................................................................................ 7 
Strategic Plan and Communication ..................................................................................................................... 8 
Policy Priorities .................................................................................................................................................... 8 
Membership ........................................................................................................................................................ 9 
Concluding ........................................................................................................................................................... 9 

ES TCP Contracting Parties and Sponsors (2025) ................................................................................................. 10 

Task Managers ..................................................................................................................................................... 12 

Conferences, Workshops, Events, and Communication ...................................................................................... 13 

Conferences, Workshops, and Events in 2025 .................................................................................................. 13 
Communication Actions in 2025 ....................................................................................................................... 14 

Symposium 50 yrs. ES TCP - “50 Years of Innovation, Unlocking the Potential of Energy Storage ............... 14 
ES TCP Movie ................................................................................................................................................. 16 
Communication Plan for 2026 ...................................................................................................................... 17 

Financing .............................................................................................................................................................. 18 

Ongoing Tasks ...................................................................................................................................................... 19 

Task 41: Economics of Energy Storage .............................................................................................................. 19 

Task Information ........................................................................................................................................... 19 

General ................................................................................................................................................... 19 
Task Manager.......................................................................................................................................... 19 
About Task 41 – Economics of Energy Storage ....................................................................................... 19 
Participating Institutions ......................................................................................................................... 20 

Overview of Scope ........................................................................................................................................ 21 

Subtasks .................................................................................................................................................. 21 

Subtask 1: Methods to evaluate energy storage economics ............................................................. 22 
Subtask 2: Acceptable energy storage costs from application perspective ....................................... 23 
Subtask 3: Success stories and difficult cases of energy storage systems ......................................... 24 
Subtask 4: Energy storage valuation framework ............................................................................... 24 

Activities and Achievements ......................................................................................................................... 25 

Major Activities in 2025 ..................................................................................................................... 25 
6th Experts Meeting @HSLU in Lucerne, Switzerland, May 7 – 9, 2025 ............................................. 26 

Task 42: Medium Duration Energy Storage ...................................................................................................... 27 

Task Information ........................................................................................................................................... 27 

General ................................................................................................................................................... 27 
Task Manager.......................................................................................................................................... 27 
About Task 42 – Medium Duration Energy Storage ............................................................................... 27 
Contracting Parties / Sponsors ............................................................................................................... 28 

Overview of Scope ........................................................................................................................................ 28 
Activities and Achievements ......................................................................................................................... 28 

General elements of progress not specific to particular Subtasks. ........................................................ 28 
Subtasks .................................................................................................................................................. 30 

Subtask #1 .......................................................................................................................................... 30 



 

ES TCP Annual Report 2025 4 

Subtask #2 .......................................................................................................................................... 30 
Subtask #3 .......................................................................................................................................... 30 
Subtask #4 .......................................................................................................................................... 30 
Subtask #5 .......................................................................................................................................... 31 

Task 43: Storage for renewables and flexibility through standardized use of building mass ........................... 32 

Task Information ........................................................................................................................................... 32 

General ................................................................................................................................................... 32 
Task Manager.......................................................................................................................................... 32 
About Task 43 – Storage for renewables and flexibility through standardized use of building mass .... 32 
Contracting Parties / Sponsors ............................................................................................................... 33 

Overview of Scope ........................................................................................................................................ 35 

Subtasks .................................................................................................................................................. 36 

Activities and Achievements ......................................................................................................................... 37 

Subtask A – Construction and Materials ............................................................................................ 40 
Subtask B – System Integration and Control ...................................................................................... 41 
Subtask C – Non-technical challenges ................................................................................................ 43 
Subtask D – Standardisation and KPIs ................................................................................................ 44 

Task 44: Hi CBest–Power-to-Heat and heat integrated Carnot Batteries for Zero-Carbon (industrial) Heat & 
Power supply ..................................................................................................................................................... 46 

Task Information ........................................................................................................................................... 46 

General ................................................................................................................................................... 46 
Task Manager.......................................................................................................................................... 46 
About Task 44 – HiCBest ......................................................................................................................... 46 
Contracting Parties / Sponsors ............................................................................................................... 47 

Overview of Scope ........................................................................................................................................ 48 

Subtasks .................................................................................................................................................. 49 

Subtask A: Modelling and Simulation ................................................................................................ 49 
Subtask B: Technology review ........................................................................................................... 49 
Subtask C: Use case identification & Classification ............................................................................ 50 
Subtask D: Mapping Technologies with use cases / Market Opportunities ....................................... 50 
Subtask E: Roadmap and Policies ....................................................................................................... 50 

Activities and Achievements ......................................................................................................................... 51 

Task 45: Accelerating the uptake of Large Thermal Energy Storages ............................................................... 54 

Task Information ........................................................................................................................................... 54 

General ................................................................................................................................................... 54 
Task Manager.......................................................................................................................................... 54 
About Task 45 – Accelerating the Uptake of Large Thermal Energy Storages ........................................ 54 
Contracting Parties / Sponsors ............................................................................................................... 55 

Overview of Scope ........................................................................................................................................ 55 

Subtasks .................................................................................................................................................. 55 

Subtask Structure ............................................................................................................................... 55 
Work Plan ........................................................................................................................................... 56 

Activities and Achievements ......................................................................................................................... 60 

Task 46: Application-Oriented Energy Storage Selection .................................................................................. 68 



 

ES TCP Annual Report 2025 5 

Task Information ........................................................................................................................................... 68 

General ................................................................................................................................................... 68 
Task Manager.......................................................................................................................................... 68 
About Task 46 – Application-Oriented Energy Storage Selection (AppESS) ........................................... 68 
Participating Institutions ......................................................................................................................... 71 

Overview of Scope ........................................................................................................................................ 72 

Subtasks .................................................................................................................................................. 73 

Subtask 1 – Match-Making Matrix - Structure application requirements and match it with energy 
storage properties .............................................................................................................................. 74 
Subtask 2 - Collection of Best Practice Examples - Examples for existing application-storage matches
 ........................................................................................................................................................... 74 
Subtask 3: Evaluation and Prioritizing – Technical and economic evaluation of application-storage 
matches with respect to their relevance for the energy system ....................................................... 75 
Subtask 4: Communication and Dissemination – Dissemination of key messages, findings, results, 
and method ........................................................................................................................................ 75 
Subtask 5 - Roadmap to close research gaps – Identification of open questions to be addressed 
within research projects and identification of suitable funding opportunities ................................. 76 

Activities and Achievements ......................................................................................................................... 76 

Task Meetings & Expert Meetings ..................................................................................................... 76 

Task 47: Components for Thermal Energy Storage ........................................................................................... 79 

Task Information ........................................................................................................................................... 79 

General ................................................................................................................................................... 79 
Task Manager.......................................................................................................................................... 79 
About Task 47 – Components for Thermal Energy Storage .................................................................... 79 
Collaboration with Other IEA TCPs ......................................................................................................... 79 
Contracting Parties / Sponsors ............................................................................................................... 79 

Overview of Scope ........................................................................................................................................ 80 

Subtasks .................................................................................................................................................. 80 

Subtask A: Applications and Case Studies .......................................................................................... 80 
Subtask B: Design ............................................................................................................................... 81 
Subtask C: State of Charge ................................................................................................................. 81 

Activities and Achievements ......................................................................................................................... 81 

Subtask A: Applications and Case Studies .............................................................................................. 82 

Overview of Subtask A ....................................................................................................................... 82 
Presentations and Initial Work........................................................................................................... 82 
Brainstorming on Classification Criteria and KPIs .............................................................................. 82 
Engagement of Industry and Dissemination Ideas ............................................................................. 83 
Outcome ............................................................................................................................................ 83 

Subtask B: Design .................................................................................................................................... 83 

Overview of Subtask B ....................................................................................................................... 83 
Presentations and Initial Work........................................................................................................... 84 
Outcome ............................................................................................................................................ 85 

Subtask C: State of Charge ...................................................................................................................... 85 

Overview of Subtask C – State of Charge (SoC) Determination ......................................................... 85 
Presentations and Initial Work........................................................................................................... 86 



 

ES TCP Annual Report 2025 6 

Outcome ............................................................................................................................................ 87 

Next expert meetings ............................................................................................................................. 87 

Task 48: Thermal Energy Storage Materials ...................................................................................................... 88 

Task Information ........................................................................................................................................... 88 

General ................................................................................................................................................... 88 
Task Manager.......................................................................................................................................... 88 
About Task 48 –Thermal Energy Storage Materials ................................................................................ 88 
Collaboration with Other IEA TCPs ......................................................................................................... 88 
Contracting Parties / Sponsors ............................................................................................................... 89 

Overview of Scope ........................................................................................................................................ 89 

Subtasks .................................................................................................................................................. 90 

Subtask A: Lessons learnt ................................................................................................................... 90 
Subtask B: Material characterization ................................................................................................. 91 
Subtask C: Material development and production ............................................................................ 91 
Subtask D: TES material database ...................................................................................................... 91 
Planning a continuous activity ........................................................................................................... 91 

Activities and Achievements ......................................................................................................................... 91 

Next expert meetings ............................................................................................................................. 94 

Planned Tasks ....................................................................................................................................................... 95 

APPENDIX ............................................................................................................................................................. 96 

The International Energy Agency (IEA).............................................................................................................. 96 

IEA Standing Groups and Committees .......................................................................................................... 96 
IEA Technology Collaboration Programmes .................................................................................................. 96 

ES TCP (Energy Storage TCP) ............................................................................................................................. 97 

Energy Storage and the Energy Transformation ........................................................................................... 97 
Three Shapes of Energy Storage ................................................................................................................... 97 
Energy Storage in our Energy System ........................................................................................................... 98 
New Innovations for Energy Storage ............................................................................................................ 99 
Background ................................................................................................................................................... 99 

  



 

ES TCP Annual Report 2025 7 

CHAIRMAN’S REPORT 

2025 was a remarkable year for our TCP. And this time, we are not referring to the geopolitical situation 

and its consequences, but rather to two important milestones: 

¶ Our TCP celebrated its 50th anniversary.  

¶ A Request for Extension had to be submitted.  

Fifty years is certainly something to celebrate. Following our 100th ExCo meeting in Rotterdam, we 

held a successful symposium on 13 November titled άрл ¸ŜŀǊǎ ƻŦ LƴƴƻǾŀǘƛƻƴΣ ¦ƴƭƻŎƪƛƴƎ ǘƘŜ tƻǘŜƴǘƛŀƭ 

ƻŦ 9ƴŜǊƎȅ {ǘƻǊŀƎŜΦέ 

In September, we also submitted our Request for Extension (RfE), which has since been approved by 

the CERT. This means we can continue our work over the next five years, guided by the strategy 

outlined in this RfE. It is also the perfect moment to pass on the chairmanship. The new Chair will be 

able to focus on further strengthening our TCP Energy Storage over the coming five years. This is 

particularly important, as creating flexibility is a top priority in the future energy system. 

The importance of energy storage is also reflected in the strong interest in our Tasks.  

Tasks activities progressed well. Three new Tasks started after approval at the 99th ExCo in May 2025, 

and three Tasks were finished (after approval of the final report at the 99th ExCo). This brings the total 

of eight Tasks currently in operation (end 2025).  

Strategic priorities, ongoing and new Tasks  

2025 was again a very productive year. The current mix of Tasks reflect the priorities in our strategic 
plan: 

¶ System Integration (addressed by Tasks 37, 41, 42, 44, 45, 47) 

¶ Electrical Storage (addressed by Tasks 37, 41, 42, 46) 

¶ Thermal Storage (addressed by Tasks 37, 38, 40, 41, 43, 45, 47, 48) 

A total of eight Tasks are in operation end 2025! Three Tasks were officially concluded in 2025 (Task 

37, 38, and 40). A wide and balanced mix of topics are addressed, underlining growing interest and 

need for energy storage. 

¶ Task 37: Smart Design and Control of Energy Storage Systems (final report approved) 

¶ Task 38: Ground Source de-icing for Infrastructure (final report approved) 

¶ Task 40: Compact Thermal Energy Storage (joint Task with SHC TCP’s Task 67) (final report 

approved) 

¶ Task 41: Economics of Energy Storage 

¶ Task 42: System flexibility from Medium-Duration Energy Storage 

¶ Task 43: Standardized use of building mass as storage for renewables and grid flexibility 

¶ Task 44: Hi CBest–Power-to-Heat and Heat integrated Carnot Batteries for Zero-Carbon 

(industrial) Heat & Power supply 

¶ Task 45: Accelerating the uptake of Large Thermal Energy Storages 

https://iea-es.org/tasks/
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¶ Task 46, new: Application oriented energy storage selection 

¶ Task 47, new: Components for Thermal Energy Storage  

¶ Task 48, new: Thermal Energy Storage Materials 

Strategic Plan and Communication 

Our communication activities are quite intensive:  

¶ The ES TCP website is kept up-to-date, with information on our final reports, country reports, 

energy storage factsheets, … General information through our website for a broader audience. 

¶ We have our “Academic exchange platform” where PhD and post-doc topics/vacancies can be 

announced. 

¶ There were 5 OnSeminars presented in 2025. You can find them on our YouTube Channel or 

via ES TCP OnSeminar. 

¶ An animated movie about the role of energy storage and the ES TCP is available via Animated 

movie. 

¶ Four Newsletters were sent out. 

¶ Symposium “50 Years of Innovation in Energy Storage – Unlocking the Potential of Energy 

Storage” to celebrate the 50th anniversary of the ES TCP. The event brought together 

policymakers, researchers, industry leaders, and international experts to reflect on five 

decades of innovation in energy storage and to explore how storage technologies will unlock 

the next phase of the global energy transition. The dominant conclusions were that energy 

storage in any form has become a key technology to enable a decarbonized energy system. 

Without energy storage, the transformation to move away from fossil fuels in the industry, 

built environment, and electricity sector will stagnate. 

 

The ES TCP Communication Working Group guides the implementation of the communication plan. 

Abhishek Somani leads it and we thank Halime Paksoy, Teun Bokhoven, Christian Fink, Stefan Busse-

Gerstengarbe, and the excellent secretariat team at ZAE Bayern for their active participation and 

contributions in the Communication Working Group. 

Policy Priorities 

2025 has been a turbulent year in many respects. Crises often lead to short-term thinking and decision-

making, but we must not lose sight on the long term. The energy transition is essential, and energy 

storage plays a crucial role in making it possible. Our key message, therefore, is: Think long-term ς keep 

the energy transition ongoing.  

Based on the completed Tasks, the following policy messages were put forward: 

¶ Solve economic-regulatory hurdles (market access, permitting, taxation, security of 

investment,…). 

¶ Support knowledge sharing and capacity building (promote international cooperation, 

training, technology transfer for widespread adoption, establishment of shared databases of 

case studies and performance metrics to support global learning and technology scaling) 

https://iea-es.org/
https://iea-es.org/publications/type/final-reports/
https://iea-es.org/publications/type/country-reports/
https://iea-es.org/energy-storage-technologies/
https://iea-es.org/academic-exchange-platform/
https://www.youtube.com/@energystoragetcp4760
https://iea-es.org/events/energy-storage-onseminar/
https://www.youtube.com/watch?v=nFzSgRXQfsw&embeds_referring_euri=https%3A%2F%2Fiea-es.org%2F&source_ve_path=OTY3MTQ
https://www.youtube.com/watch?v=nFzSgRXQfsw&embeds_referring_euri=https%3A%2F%2Fiea-es.org%2F&source_ve_path=OTY3MTQ
https://iea-es.org/energy-storage-symposium-50-years-es-tcp/
https://iea-es.org/energy-storage-symposium-50-years-es-tcp/
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¶ Encourage standardization/guidelines/interoperability. E.g. guidelines for design, installation 

and integration of TES or standards to measure material properties and to evaluate 

components. 

¶ Stimulate cross-sector collaboration to realize more impact 

Membership 

Current membership includes 21 countries, 3 sponsors, and 4 limited sponsors.  

Concluding 

2025 has been a special year. We celebrated our 50th anniversary… 50 years of research and 

development in the field of energy storage. It marks a long history of achievements but the journey 

continues.   

We invite you to move forward together with our TCP and help make the energy transition a reality. 

 

Bert Gysen 

 

Chair ES TCP 
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ES TCP CONTRACTING PARTIES AND SPONSORS (2025) 

Name (Alternate) Delegate/Sponsor Country 

Contracting Partners 

Christian Fink Delegate (Vice Chair) Austria 

Sabine Mitter Alt. Delegate Austria 

Bert Gysen Delegate (Chair) Belgium  

Adam Tuck Delegate Canada 

Darren Jang Alt. Delegate Canada 

Xu Wei Delegate China 

Zhang Shicong Alt. Delegate China 

Vaclav Novotny Delegate Czech Republic 

Jan Spale Alt. Delegate Czech Republic 

Mads Lyngby Petersen Delegate Denmark 

Geoffroy Gauthier Alt. delegate Denmark 

Karin Wikman Delegate Finland 

Paul Kaaijk Delegate France 

Frédéric Kuznik Alt. Delegate France 

Stefan Busse-Gerstengarbe Delegate  Germany 

Norbert Rohde Alt. delegate Germany 

Elad Halfon Delegate Israel 

Yael Harman Alt. Delegate Israel 

Raffaele Liberatore Delegate Italy 

Margherita Moreno Alt. Delegate Italy 

Masaya Okumiya Delegate  Japan 

Takahide Tokuda Alt. delegate Japan 

Yeon Sun-Hwa Delegate Korea 

Hyun-Choon Cho  Alt. delegate Korea 

Sondre Gjengedal Delegate Norway 

Uroš Stritih Delegate Slovenia 

Alenka Ristic Alt. delegate Slovenia 
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Name (Alternate) Delegate/Sponsor Country 

Contracting Partners 

Lina La Fleur Delegate Sweden 

Emina Pasic Alt. delegate Sweden 

Elena-Lavinia Niederhaeuser Delegate Switzerland 

Stephan Mathez Alt. delegate Switzerland 

Robin Horsmans Delegate  The Netherlands 

Teun Bokhoven Alt. delegate The Netherlands 

Halime Paksoy Delegate Turkey 

Gokhan Unlu Alt. Delegate Turkey 

Gill Davies Delegate UK 

Jonathan Radcliffe Alt. delegate UK 

Eric Hsieh Delegate USA 

Abhishek Somani Alt. delegate (Vice Chair) USA 

Sponsors 

Andreas Hauer / BVES Sponsor  Germany 

Urban Windelen / BVES Alt. Sponsor Germany 

Cristina Prieto / University of Seville Sponsor  Spain 

Francisco Javier Pino / University of Seville Alt. Sponsor Spain 

Elena Palomo / CIC energiGUNE Sponsor  Spain 

Stefania Doppiu / CIC energiGUNE Alt. Sponsor Spain 

Limited Sponsors 

Univ. of the Basque Country  To participate in Task 43 Spain 

Univ. of Valladolid To participate in Task 43 Spain 

Centre for Renewable Energy Sources and 
Saving 

To participate in Task 43 Greece 

Univ. of Melbourne To participate in Task 44 Australia 

 

In 2025, the ES TCP has welcomed  

¶ Lina La Fleur as new delegate for Sweden. 

¶ Elena-Lavinia Niederhaeuser as new delegate for Switzerland. 
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TASK MANAGERS 

 Prof. Seamus Garvey 

University of Nottingham 

University Park, Nottingham, NG7 2RD, United Kingdom 

Seamus.Garvey@nottingham.ac.uk  

 

 

Dr. Andreas Hauer 

Bavarian Center for Applied Energy Research, ZAE Bayern 

Walther-Meissner-Str. 6, 85748 Garching, Germany 

Andreas.hauer@zae-bayern.de  

 

 

Dr. Christoph Rathgeber 

Bavarian Center for Applied Energy Research, ZAE Bayern 

Walther-Meissner-Str. 6, 85748 Garching, Germany 

christoph.rathgeber@zae-bayern.de   

 

 

DI Christoph Rohringer 

AEE – Institute for Sustainable Technologies 

Feldgasse 19, 8200 Gleisdorf 

c.rohringer@aee.at  

 

Dr. Wim van Helden 

Division Technology Development, AEE - Institute for Sustainable 
Technologies 

Feldgasse 19, A-8200 Gleisdorf, Austria 

w.vanhelden@aee.at 

 

 

Prof. Annelies Vandersickel 

German Aerospace Centre (DLR e.V.) 

Pfaffenwaldring 38-40, 70569 Stuttgart, Germany 

Annelies.Vandersickel@dlr.de 

  

mailto:Seamus.Garvey@nottingham.ac.uk
mailto:Andreas.hauer@zae-bayern.de
mailto:christoph.rathgeber@zae-bayern.de
mailto:c.rohringer@aee.at
mailto:w.vanhelden@aee.at
mailto:Annelies.Vandersickel@dlr.de
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CONFERENCES, WORKSHOPS, EVENTS, AND 
COMMUNICATION 

Conferences, Workshops, and Events in 2025 

An overview of the ES TCP attended conferences, workshops, and events in 2025: The ES TCP chair, 

vice chairs, delegates, and secretary contributed to a number of events and meetings. 

Date Event 

24 January TCP Building Coordination Group (online) 

18 February Request for Extension Review Panel Meeting (online) 

1 April REWP Meeting (online) 

5 May Meeting with IEA on Energy Storage for Process Heat (online) 

20–22 May 99th ExCo Meeting (Seville & online) 

28 May TCP Coordination Group on Energy System Flexibility (online) 

10 July TCP Coordination Group on Energy System Flexibility (online) 

24 July Meeting with PVPS Chair & Secretary (online) 

10 September Extra ExCo Meeting to approve RfE documents (online) 

19 September TCP Coordination Group on Energy System Flexibility (online) 

24 October 
Meeting with IEA to provide input on ETP Clean Energy Technology Guide 
(online) 

11–12 November 100th ExCo Meeting (Rotterdam & online) 

13 November 
Symposium 50 yrs. ES TCP - “50 Years of Innovation, Unlocking the Potential 
of Energy Storage.” 

Monthly Meetings ES TCP Chair & Secretariat 
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Communication Actions in 2025 

Symposium 50 yrs. ES TCP - “50 Years of Innovation, Unlocking the Potential of 
Energy Storage 

 
To celebrate its 50th anniversary, the Energy Storage TCP co-organized a high-level international 

symposium with the Netherlands Enterprise Agency (RVO). The event brought together policymakers, 

researchers, industry leaders, and international experts to reflect on five decades of innovation in 

energy storage and to explore how storage technologies will unlock the next phase of the global energy 

transition. 

The Energy Storage TCP and the Netherlands Enterprise Agency (RVO) jointly organized a one-day 

symposium focusing on energy storage technologies—thermal, electrical and molecular—to mark the 

50th anniversary of the Energy Storage TCP. This milestone represents half a century of international 

collaboration in research, development, and deployment of energy storage. Under the theme “50 

Years of Innovation in Energy Storage: Unlocking the Potential of Energy Storage”, the symposium 

brought together the global energy storage community to reflect on achievements and future 

ambitions.  

Participants from the Netherlands, France, Belgium, Austria, Germany, Denmark, Italy, Turkey, Japan, 

the United States, Norway, Switzerland, and the United Kingdom attended the event, underlining the 

strong international foundation of the Energy Storage TCP. 
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Today, energy storage has become a key enabling technology for integrating variable renewable 

energy sources and balancing supply and demand. As emphasized by IEA Executive Director Fatih Birol, 

there will be no successful energy transition without energy storage. Against this backdrop, the 

symposium provided a timely and comprehensive overview of the past, present, and future of energy 

storage and its role in delivering urgently needed flexibility across energy systems. 

Find the full program here and download the presentations here. 

 

The symposium opened with an interview with the Dutch Minister of Climate & Green Growth, Sophie 

Hermans, who shared insights on Dutch energy storage policy, the strategic importance of storage for 

the energy transition, and the value of international cooperation. This was followed by a retrospective 

presentation by Halime Paksoy, former Chair of the IEA Energy Storage TCP, reflecting on the early 

days and evolution of the TCP. 

After the coffee break, Andreas Hauer (BVES) and Joris de Groot (Alliander) presented complementary 

international and Dutch perspectives on the role of energy storage within the energy system. The 

morning session concluded with an overview of currently running Energy Storage TCP tasks, presented 

by the current Chair Bert Gysen. 

Throughout the day, the Dutch energy storage association ESNL hosted a lively “storage market” 

during the breaks, showcasing Dutch energy storage companies and creating valuable networking 

opportunities for international experts, sector specialists, policymakers, and industry representatives. 

The afternoon program started with a keynote by Elisa Asmelash (IEA), highlighting ongoing IEA work 

on energy storage and previewing forthcoming publications, including ELECTRIFICATION PATHWAYS 

FOR INDUSTRIAL HEAT. This was followed by an engaging overview of energy storage technologies by 

Joris Koornneef (TNO). 

 

https://iea-es.org/wp-content/uploads/public/Program-Energy-Storage-Symposium-13-nov-Rotterdam-1-1.pdf
https://iea-es.org/energy-storage-symposium-50-years-es-tcp/
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Demand-side perspectives featured prominently in the program. Nienke Homan (VNCI) addressed the 

role of energy storage in industry, while a panel discussion on the built environment brought together 

experts from multiple IEA TCPs: Paul Ramsak (IEA Geothermal TCP), Nicole Kerkhof-Damen (IEA TCP 

ISGAN), and Daniël van Rijn (IEA TCP EBC). Social aspects were explored by Helena Gerard (VITO), and 

the European policy perspective was addressed in a keynote by Balasz Jozsa (DG ENER, European 

Commission). 

A forward-looking panel discussion, moderated by Gerrit-Jan Schaeffer, focused on the actions and 

priorities the Energy Storage TCP can take in the coming years. The symposium concluded with an 

inspiring keynote by Diederik Samsom, former Head of Cabinet of the European Union and the EU 

Green Deal, emphasizing the urgency of accelerating the energy transition through innovation and 

collaboration. 

ES TCP Movie 

 

On 1 September 2025, we released our movie presenting the ES TCP as a global network of experts 

collaborating across disciplines to advance the development, integration, and deployment of energy 

storage technologies. It highlights ES TCP’s role in coordinating international research activities and 

facilitating knowledge exchange to accelerate innovation and system-level implementation. 

The movie emphasizes energy storage as a key enabler of low-carbon energy systems, particularly for 

integrating variable renewable energy sources and enhancing system flexibility. It illustrates the 

diversity of storage technologies—including thermal, electrical, and chemical solutions—and their 

application across sectors and timescales. 

Furthermore, the movie underlines the importance of interdisciplinary collaboration and international 

cooperation to address technical, economic, and policy challenges. By linking research, industry, and 

policy stakeholders, the ES TCP contributes to evidence-based decision-making and supports the 

transition towards more resilient and sustainable energy systems. 

https://www.youtube.com/watch?v=nFzSgRXQfsw
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We produced and published this movie on YouTube to communicate the strategic relevance of energy 

storage to a broad expert audience, to synthesize key messages emerging from its collaborative 

research activities, and to enhance the visibility and uptake of our work. In addition, the movie should 

serve as an outreach and knowledge dissemination tool, supporting stakeholder engagement and 

fostering alignment between research priorities, policy frameworks, and industrial innovation. 

Communication Plan for 2026 

ES TCP plans to further increase its communication and outreach with the following activities. Major 

effort will be devoted to increasing the interest in, and sharing the results of, the ES TCP work in the 

Tasks and to anticipate growing interest in deploying energy storage. 

Ongoing communication activities include: 

¶ Keep the information platform on energy storage based on energy storage technology fact 

sheets up to date. 

¶ Share information about statistics on energy storage markets and R&D funding programmes 

through Country Reports from ES TCP member countries. 

¶ Provide updates related to ongoing and finished Tasks, international events (workshops and 

conferences), and relevant publications from within the IEA ES TCP.  

¶ Extend the contact list for the quarterly ES TCP newsletter. 

¶ Start organization of Enerstock 2027 Conference 10-11 February 2026.  

¶ Continue the OnSeminar series on energy storage topics (recordings available on YouTube). 

¶ Maintain and improve the social media strategy via LinkedIn.  

¶ Increase visibility of ES TCP activities and dissemination of Task results with presentations and 

participation in panel discussions at external events. 

 

  

https://www.youtube.com/watch?v=nFzSgRXQfsw
https://iea-es.org/energy-storage-technologies/
https://iea-es.org/publications/type/country-reports/
https://iea-es.org/events/
https://iea-es.org/news/
https://www.youtube.com/@energystoragetcp4760/
https://www.linkedin.com/company/iea-energy-storage-tcp/
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FINANCING 

All Contracting Parties and Sponsors make an annual financial contribution to the common fund used 

for ES TCP general, administration, and communication matters. The following table outlines the 

budget contributions from participants.  

The overall ES TCP 2025 budget from the common fund was EUR 88,040.  

Contracting Party 
No. of Parties x 
Contribution/ Party (EUR) 

Total (EUR) 

Canada, China, France, Germany, Italy, Japan, 
Norway, Switzerland, UK, USA  

10 x 5,060 50,600 

Austria, Belgium, Czech Republic, Denmark, 
Finland, Korea, Netherlands, Sweden, Israel  

9 x 3,180 28,620 

Slovenia, Turkey 2 x 1,260 2,520 

Sponsors 3 x 1,260 3,780 

Limited Sponsors 4 x 630 2,520 

TOTAL CONTRIBUTIONS 2025 (EUR)  88,040 

 

The ongoing and new Tasks in 2025 were all Task-shared (not cost-shared) activities. The additional 

effort for the co-operation within the IEA is usually 3 person months (PM) per year. The work of the 

respective Task Managers requires funding of about 3–6 PM/year. 
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ONGOING TASKS 

Task 41: Economics of Energy Storage  

Task Information 

General 

Duration: Start: July 2022 – End: June 2025 

Website: https://iea-es.org/task-41/ 

Task Manager 

 

Name of Task Manager 

BVES e. V. / ZAE Bayern  

Oranienburger Str. 15, 10178 Berlin 

Andreas.Hauer@zae-bayern.de 

About Task 41 – Economics of Energy Storage 

What is the value of energy storage in certain applications and how can it be quantified? How can the 

benefits and value of energy storage be translated into promising business cases? In the course of the 

Task EcoEneSto, a coordinated assessment of the economic viability of energy storage in all 

applications relevant to the energy system is being carried out. Different methodological approaches 

and all energy storage technologies (electrical, thermal, and chemical) are considered. The basis is an 

inventory of economically interesting energy storage configurations and the derivation of preferred 

conditions (technical and non-technical) for energy storage operation. 

 

Figure 1: From Benefit to Business Case, ZAE Bayern 

The goal of Task 41 is to define key performance indications to evaluate energy storage economics and 

further develop methods to evaluate the economic viability of energy storage systems including the 

influence of regulatory framework conditions. In doing so, we consider the expertise from literature, 

research, numerous companies and regulatory institutions. 

Further information on the Task can be downloaded here. 

 

https://iea-es.org/task-41/
https://iea-es.org/task-41/wp-content/uploads/sites/25/20220914_02_Task-41-Economic-evaluation-of-Energy-Storage-EcoEneSto.pdf
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Participating Institutions 

Institution Country 

AEE INTEC 

Energieinstitut Linz 

FIB - Wirtschaftsagentur Burgenland 
Forschungs- und Innovations GmbH 

FH Wels 

Austria 

CanmetENERGY Canada 

Tsinghua University China 

BP Europa SE 

BVES                                                                                        

Christ&Company Consulting GmbH 

DIAS 

DLR 

Malta Hochtemperatur Wärmepumpen 
Stromspeicher GmbH 

EDF Renewables                                             
Storage Deutschland GmbH 

Fraunhofer Institute for Solar Energy Systems 
ISE 

MAN Energy Solutions 

Projektträger Jülich 

Rubitherm Technologies GmbH 

ZAE Bayern                                                  

KIT 

Kraftblock GmbH                

Germany 

DTU Technical University of Denmark 

PlanEnergi 

Aalborg CSP 

CIP 

Hyme 

Energinet 

EWII 

Heliac 

Denmark 

INSA Lyon France 

Cartesian 

SINTEF Energy Research 
Norway 

Ricerca sul Sistema Energetico - RSE S.p.A. Italy 

University of Tokyo Japan 



 

ES TCP Annual Report 2025 21 

CE Delft 

Corre Energy 

Dr Ten 

EBN 

Eneco 

Ennatuurlijk Aardwamte 

GIGA Storage 

Greenport West-Holland 

NAM 

Newton Energy Solutions 

Recoy 

RVO 

TNO 

Trecodome 

Utrecht University 

The Netherlands 

KTH Royal Institute of Technology 

Alfa Laval 

Flower SE 

Polestar 

Southernlights 

Vattenfall 

Sweden 

HSLU Switzerland 

Business Lift 

Imperial College London 

University of Birmingham 

SSE Thermal  

Swansea University 

United Kingdom 

Fluence Energy United States of America 

Table 1: Participating Institutions 

Overview of Scope 

The economics of energy storage projects are heavily determined by the application of the energy 

storage system as well as the regulatory situation in a specific market. To obtain as broad a picture as 

possible, all storage technologies (electrical, thermal, chemical) within all relevant energy storage 

applications in the energy system are considered. This includes both centralized and decentralized 

energy storage installations in the manifold applications sectors of electricity, heating/cooling, mobility 

as well as for sector coupling. 

Subtasks 

Task 41 EcoEneSto is divided into four Subtasks that are further described in the following. 
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Figure 2: Overview Subtasks Task 41 "Economics of Energy Storage" 

Subtask 1: Methods to evaluate energy storage economics 

Subtask Lead: Justin Chiu, KTH 

Subtask 1 focused on evaluating methods that investors and other stakeholders can use to assess the 

economic viability of energy storage systems across a wide range of technologies and applications. 

This includes identifying suitable approaches for case-specific evaluations and selecting key 

performance indicators (KPIs) relevant for decision-making. 

In addition to technical specifications such as capacity, power, environmental conditions, and 

applications, economic parameters (e.g., investment budgets, expected returns, payback periods and 

total cost of ownership), regulatory frameworks, and aspects related to risk and uncertainty must be 

considered. 

Besides quantitative indicators, qualitative factors such as system stability, energy autonomy, and 

resilience also play an important role, although they are often difficult to quantify. The concept of 

reference system costs representing a system without energy storage leads to the approach of 

assessing the “cost of no storage.” KPIs should therefore be evaluated for the storage system itself, 

the overall system in which it is implemented, and the reference system without storage. 

Investors generally prefer predictable a cash flow, stable regulatory environments, transparent 

business models, and mature technologies. For many energy storage applications, further knowledge 

transfer is still required among experts, investors, policy makers, and the public. Although analyses 

may be complex, stakeholders require clear and understandable conclusions regarding economic 

viability. Different stakeholders may also prioritize different methods and KPIs as shown in Figure 3 

below. 
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Figure 3: Common Metrics for Energy Storage Evaluation for specific stakeholders (KTH, 2025) 

Subtask 2: Acceptable energy storage costs from application perspective 

Subtask Lead: Dr. Christoph Rathgeber, ZAE Bayern 

The method under investigation in Subtask 2 allows estimating the economic viability by comparing 

the storage capacity costs of realised storage systems with the acceptable costs of installed storage 

capacity for different user types depending on the annual number of full cycles.  

ZAE Bayern first developed this idea within working groups in Annex 29 and Annex 33 of the Energy 

Storage Technology Collaboration Programme and now evaluates how to broaden this approach. For 

better testing and easy use, an excel tool was implemented.  

 

Figure 4: Excel Tool for Evaluation Method developed for Energy Storage, ZAE Bayern, 2024 

In 2025, the tool was further tested with companies from the energy storage industry and different 

storage technologies like Li-Ion batteries, sensible and latent thermal energy storage, compress air 

energy storage as well as a technology mix. Afterwards a final version the tool was compiled. The result 

will also be part of the final report on Task 41 that will be published on the website of the Energy 

Storage TCP. 
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Subtask 3: Success stories and difficult cases of energy storage systems 

Subtask Lead: Jianhua Fan, DTU 

As part of Subtask 3, in addition to a broader literature and market review, a survey was conducted to 

gather example cases. These examples from different energy storage technologies and applications 

were evaluated and the maximum acceptable energy storage cost approach was applied. Especially 

the cases of short-term storages with a larger number of storage cycle showed good economic 

performance.  

Another outcome of Subtask 3 was a comprehensive report on energy storage technologies and 

markets highlighting the global energy storage development as well as challenges for market 

development. Whether an energy storage configuration is economically viable or not depends heavily 

on the underlying market and policy conditions. According to this report, the global energy storage 

capacity increased from 171 GW in 2015 to about 205 GW in 2023, with pumped hydro energy storage 

(PHES) continuing to dominate the installed capacity. Leading countries include China, Japan, and the 

United States, while the United States has experienced particularly strong growth in electrochemical 

battery storage, reaching approximately 19 GW of capacity in 2023. Spain holds a leading position in 

thermal energy storage (TES), mainly due to molten salt storage integrated into concentrated solar 

power plants.  

Energy storage policy priorities vary by country and include power system stability, renewable energy 

integration, and emergency power supply. For electricity storage for example the electricity market 

design, grid fee structure, policies on renewable energy, the possibilities for revenue stacking and 

multi-use applications as well as a potential double taxation with taxes and levies are heavily 

influencing energy storage economics. 

In addition, social acceptance plays an important role in the broader deployment of energy storage 

systems, particularly regarding safety, environmental concerns, and public awareness.  

Subtask 4: Energy storage valuation framework 

Subtask Lead: Joris Koorneef, TNO 

Within Subtask 4, the benefits of energy storage systems from the customer's perspective need to be 

understood deeply. From availability of energy and power, following benefits can be derived: Flexibility 

(Grid services, integration of renewables,…), reliability/security (uninterruptable power supply, …), 

mobility (electric vehicles, mobile phones, …) and autarky (island solutions, self-sufficiency, …). 

Depending on the application, different technology sets can be defined.  

There are many steps and iteration loops to be considered before and after the initial KPI evaluation 

and cost-benefit analysis as shown below. Since energy storage systems perform mostly good in multi-

use-applications, there might be even more iteration steps needed in reality to get to the best 

configuration. In 2025, the findings of Subtask 4 were also integrated into a “Whitepaper on Exploring 

the Value of Electricity Storage”. 

https://www.cleanenergyministerial.org/content/uploads/2025/08/cem-sbs-exploring-the-value-of-electricity-storage-a-comprehensive-international-overview.pdf
https://www.cleanenergyministerial.org/content/uploads/2025/08/cem-sbs-exploring-the-value-of-electricity-storage-a-comprehensive-international-overview.pdf


 

ES TCP Annual Report 2025 25 

 

Figure 5: Value Creation and Business Model Framework, TNO, 2024 

Steps 1ς6: System Definition & Technical Design 

Step 1 defines the project system, objectives, stakeholders, KPIs, and project environment. Step 2 sets 

technical, economic, societal, environmental, legal, and safety boundary conditions using a PESTEL-

based1 approach. Step 3 lists feasible technologies. Step 4 maps services to technologies to identify 

value-stacking opportunities. Step 5 develops the reference configuration, including a situation 

without energy storage. Step 6 derives and sizes candidate configurations using capacity-expansion 

and production-cost modelling. 

Steps 7ς12: Economic Evaluation, Actors & Business Model Development 

Step 7 quantifies financial cash flows and societal benefits for all scenarios. Step 8 performs cost-

benefit analysis using financial and economic indicators. Step 9 selects the most viable configuration 

aligned with objectives defined in Step1. Step 10 defines all project actors, roles, and market 

structures. Step 11 develops business models per actor, including financing, cost structures, revenue 

models, partnerships, contracts, and risk sharing. Step 12 identifies regulatory, technical, market, 

societal, and environmental risks and the associated mitigation measures. At the end of the execution 

of any of the steps from 7 to 12, the analysis might prove the solution selected to be infeasible. When 

that happens, it is advised to repeat the fault-determining step or reiterate the steps leading up to it 

between. 

Activities and Achievements 

Major Activities in 2025 

The Task officially came to its end in 2025. In addition to the last Experts Meeting, the conclusions of 

the Task were presented to the Executive Committee within the Energy Storage TCP. The final report 

will be available on the Website of the Energy Storage TCP. 

                                                           

1 a strategic framework for analyzing the political, economic, social, technological, environmental, and legal 
factors to identify opportunities and threats in an organisation.  
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The sixth and last Experts Meeting was held in Lucerne, Switzerland, hosted by HSLU. Organized as a 

hybrid meeting, it brought together 33 participants and served as a platform for discussing preliminary 

results, the tools developed, and the key messages emerging from the Task. 

6th Experts Meeting @HSLU in Lucerne, Switzerland, May 7 – 9, 2025 

The Lucerne University of Applied Sciences and Arts (HSLU), Switzerland, hosted the sixth Experts 

Meeting from 7–9 May 2025. The hybrid meeting brought together 33 participants from academia and 

industry, providing a platform for in-depth exchange on preliminary results, developed tools, and 

emerging key messages from the Task. 

The meeting began with a session focused on summarizing the current status of all four Subtasks by 

the Subtask Leaders ranging from methods and KPIs to evaluate storage economics to the maximum 

acceptable cost approach, case studies of real-world projects, and a comprehensive valuation 

framework for the economic evaluation of energy storage systems. Detailed Subtask-specific sessions 

allowed participants to discuss findings in detail on the second day. These were underlined by 

presentations with further perspectives and example cases by Carina Seidnitzer-Gallien, AEE Intec on 

perspectives specific on Austria, Janina Hippler-Nettlau, Malta Hochtemperatur Wärmepumpen 

Stromspeicher GmbH on economic evaluation of uses cases for their specific technology, Dr. Andreas 

Hauer, Task Manager, on an example case for the benefit-revenue-cost approach as well as Beatrice 

Schulz, BVES e. V. on the influence of policy and regulations on economic KPIs for energy storage 

systems. 

In addition to the economic and technical discussions, the meeting included a tour of HSLU's 

laboratories and a networking dinner featuring an unconventional use case for hydrogen – as an 

energy source to power a traditional Swiss raclette dinner. 

This final Experts Meeting marked the culmination of nearly three years of collaborative work, during 

which the Task brought together diverse perspectives across technologies, applications, and sectors – 

from research institutions to financial stakeholders. 

 

 

 

 

 

 

Figure 6: Impressions from Experts Meeting in Lucerne, HSLU, 2025 (pictures: BVES) 

The technical tour gave an overview of the lab facilities at HSLU and showed some insights into 

applications that might be translated into viable business cases in the area of thermal energy storage. 
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Task 42: Medium Duration Energy Storage 

Task Information 

General 

Duration: June 2023 – July 2026 

Website: https://iea-es.org/task-42/  

Task Manager 

 

Professor Seamus Garvey 

University of Nottingham 

University Park, Nottingham, NG7 2RD, United Kingdom 

Seamus.Garvey@nottingham.ac.uk 

About Task 42 – Medium Duration Energy Storage 

NOTE: This text has not changed since annual report 2023 because the Task  
  purpose and aims are unchanged. 

Medium Duration Energy Storage (MDES) describes the set of energy storage technologies that offer 

discharge times in a range of times that is between ~4hrs (or wherever the Short Duration Energy 

Storage technologies such as batteries start to become too expensive per unit of energy storage 

capacity) and ~200hrs (or wherever the Long Duration Energy Storage technologies such as hydrogen 

stored in caverns become relatively unattractive due to their combined low roundtrip efficiency and 

relatively high cost per unit of power input or output).  

Intrinsically, the MDES technologies are sandwiched between tranches of technologies that have firmly 

established places. It is technically possible that energy systems can be built without including any 

MDES technologies – by simply stretching those technologies suited to short duration storage upwards 

in time and by calling upon those technologies suited to long duration storage to serve also some 

discharge durations for which they are not best suited. If that happens, two sets of people lose out: 

(1) society as a whole will pay higher costs for their energy systems and (2) all of those who are 

interested in advancing MDES technologies will be denied the satisfaction of having contributed to 

affordable decarbonization.  

There is a very real probability that MDES technologies will not play the part that they would play in 

cost-optimised future systems. This probability arises because of the main characteristics of the MDES 

technologies: 

(1) They tend to reach good performance and cost points only when they are built at large scale. 

(2) They tend to have high capital costs per unit power but very long lifetimes 

(3) They are often considered familiar and well-understood – even by people who do not have 

specialist knowledge. Consequently, they are not regarded as being “new” and hence it can 

be difficult for these technologies to be supported with innovation/research funding.   

https://iea-es.org/task-42/
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The main known MDES technology candidates include (but are not restricted to) the following: 

¶ Flow-batteries  

¶ Compressed air energy storage 

¶ Liquid air energy storage 

¶ Pumped thermal energy storage (a variety of Carnot batteries) 

¶ Pumped hydro energy storage 

¶ CO2 batteries 

The MDES technologies also include some technologies wherein storage is integrated into generation 

(including integrating energy storage with wind turbines) and wherein storage is integrated into 

consumption (thermal storage in buildings that use heat pumps). 

Contracting Parties / Sponsors 

Institution Country 

University of Nottingham United Kingdom 

University of Birmingham United Kingdom 

Department of Energy Security & Net Zero United Kingdom 

Denmark Technical University Denmark 

Plan Energy Denmark 

Overview of Scope 

This Task aims to coordinate activities in MDES and to form a cohesive community with the common 

interest to try to ensure that the MDES technologies can fulfil their main potential. Five Subtasks are 

described in the Task description, which can be found through https://iea-es.org/task-42/. In brief, 

those are: 

Subtask #1: Taxonomy and definitions 

Subtask #2: Technology classes within MDES 

Subtask #3: Regional dimensions 

Subtask #4: Modelling to elucidate the roles served by MDES 

Subtask #5: Markets and policy frameworks. 

Activities and Achievements 

General elements of progress not specific to particular Subtasks.  

The following activities occurred since the 2024 annual report and were not reported there.  

¶ The Task lead did a replanning exercise for the Task following the report to ExCo#99 at which 

progress had been quite limited. This replanning exercise was (rightly) requested by the ExCo. 

Under the new plan, progress on the individual Tasks would be driven more sequentially than 

previously and a near-final report was anticipated at ExCo#101 in Edinburgh. 

https://iea-es.org/task-42/
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¶ MDES Alliance was established as a means of assembling a community of parties with interests 

in MDES technologies and duties that will extend beyond the IEA TCP Task.  That presently uses 

the website www.MDESAlliance.com but will change in due course to “.org” or “.net” or 

similar. Two separate meetings were run in 2025 (June 10 and October 31) helping to galvanize 

the MDES community. A third meeting based on Policy and Markets was arranged to occur on 

Jan 19, 2026 – but that obviously falls within the 2026 reporting period. 

 

¶ The work on Subtask#2 has been concluded and reported. 

 

¶ A webinar was run on July 10 as an integral part of “NewZeroWeek 2025”. 

(https://www.netzeroweek.com/event-agenda/). This webinar was entitled “GIMDES: 

Generation-Integrated Medium Duration Energy Storage”. Over 90 people participated 

online for this event and there was a very positive online reaction to it. There were 

presentations given by Dr. Simson Wu (about directly generating ammonia from sunlight), 

Prof. Seamus Garvey (about integrating energy storage with wind power), Ms. Alice Sheasby 

from SSE (about generation from biogas derived from anaerobic digestion) and Dr. Matteo 

Bianciotto (about conventional hydropower).  The full transactions of this event are accessible 

at https://www.nottingham.ac.uk/energy-institute/generation-integrated-medium-duration-

energy-storage. 

 

¶ The OSES2025 conference (OSES = “Offshore Energy and Storage”) took place in Bari, 

Massachusetts on July 9-11 – co-organized by Task lead, S. Garvey. Like all previous OSES 

conferences, OSES2024 had a very strong emphasis on  MDES storage types and the 

conference programme included insightful MDES-related presentations on: 

-  Structuring power-purchase agreements to support MDES implementations 

-  Integrating storage with offshore wind turbines  

-  Hydro-pneumatic energy storage for co-location with offshore energy farms (multiple talks) 

-  Trading off higher capacity factors (with lower AEP) against costs of storage (esp. MDES) 

-  Locally-manufactured marine (inverse) pumped-hydro energy storage systems 

-  Optimising the operation of systems with multiple energy stores 

-  Small-scale isochoric CAES systems 

-  Compressed air energy storage as part of a tri-generation system 

-  Combined liquid-CO2 and thermo-chemical energy storage systems 

-  Review of the integration of offshore power-transmission with energy storage 

-  Techno-economic modelling for sodium-zinc batteries for offshore applications 

 

¶ A full-day hybrid physical-virtual event took place on November 22 of 2025 at the IMechE 

Headquarters in Westminster, London. The event was entitled “Decarbonising UK Domestic 

Heating:  Disruptive Approaches” and it was organised by the Task 42 lead and his team. The 

event was chaired by Dr. Antonia Mattos, Head of Energy Research at the Department of 

Energy Security and Net Zero (DESNZ) in the UK. There is a strong (but not obvious) link to 

MDES. In the future, much of the space heating in the UK is expected to be delivered 

electrically (by heat pumping) and the way in which we do that can potentially provide 

http://www.mdesalliance.com/
https://www.netzeroweek.com/event-agenda/
https://www.nottingham.ac.uk/energy-institute/generation-integrated-medium-duration-energy-storage
https://www.nottingham.ac.uk/energy-institute/generation-integrated-medium-duration-energy-storage
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flexibility at the bottom end of the timescales relevant to MDES. Thus, we think that a large 

tranche of the flexibility duty with (electricity) storage discharge times between 1hour and ~12 

hours may well be serviced largely by flexing electricity demand connected to space heating. 

The full record of the event is present at www.era.ac.uk/resources/event-

resources/decarbonising-uk-domestic-heating-disruptive-approaches-2025/. 

 

¶ The Task 42 lead has continued to engage in significant direct further discussions during the 

period since the previous annual report alongside Prof. Sir Chris Llewellyn Smith to explain and 

elucidate the definitions, relevance and distinctness of SDES, MDES and LDES to multiple 

parties including system modellers at The Faraday Institution, Energy Systems Catapult, 

National Energy System Operator and the Centre for Net Zero (supported by Octopus Energy). 

Several meetings took place with the modelling team from the Department of Energy Security 

and Net Zero (DESNZ) in the UK 

Subtasks 

Subtask #1 

Subtask #1 is completed. A report has been issued and is available via 

https://docs.google.com/document/d/1ZD4UmMJF-TO4kq_LPRU_Nm8nA5sP0RcL. It is also 

conveniently accessible via www.MDESAlliance.com/reports. 

Subtask #2 

Subtask #2 is completed. That has been the single largest advance for Task 42 during 2025. A report 

has been issued and is available via https://drive.google.com/file/d/1803f7e--

Gdg2X1a1sKqQ5PfBei1QhIgq. This report is also conveniently accessible via 

www.MDESAlliance.com/reports. Excluding the Annex (which contains a snapshot of some of the 

technologies presently available to serve MDES duties) this report comprised 37 pages and 136 

references. 

Subtask #3 

A mechanism for gathering data to inform this Subtask was devised and announced at the MDES 

Alliance meeting on October 31, 2025. Further work will clearly be needed to conclude this Subtask, 

but it is expected that this will be done in April 2026. 

Subtask #4 

Several meetings have been held between the Task lead and the appointed Subtask leads for Subtask 

#4.  It has been determined that we will hold a hybrid physical-virtual meeting on March 20, 2026 as a 

means of drawing together the final inputs for this Subtask and the full write-up will follow shortly 

afterward. The physical element of that meeting will take place at DTU premises in Copenhagen. The 

meeting will be an all-day event with the morning being dedicated to modelling tools for assessing 

performance of MDES systems and the afternoon being dedicated to how we can establish an 

understanding of the roles that will be played by MDES systems within future Energy Systems.  

http://www.era.ac.uk/resources/event-resources/decarbonising-uk-domestic-heating-disruptive-approaches-2025/
http://www.era.ac.uk/resources/event-resources/decarbonising-uk-domestic-heating-disruptive-approaches-2025/
https://docs.google.com/document/d/1ZD4UmMJF-TO4kq_LPRU_Nm8nA5sP0RcL
https://drive.google.com/file/d/1803f7e--Gdg2X1a1sKqQ5PfBei1QhIgq
https://drive.google.com/file/d/1803f7e--Gdg2X1a1sKqQ5PfBei1QhIgq
http://www.mdesalliance.com/reports
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Subtask #5 

A Subtask lead has been appointed for Subtask #5: Prof. Rupp Carriveau at University of Windsor.  The 

main community meeting to inform this Task was arranged to occur on Jan 19, 2025. Although that 

meeting has already taken place at the time of submitting this report (Jan 31), the scope of this report 

is limited to activities in 2025 – in which the vast majority of preparation actions were discharged. The 

outcome of this meeting will appear in the final report for the Task but it is appropriate to note here 

that this meeting ran extremely well and produced a rich stock of observations to inform the Subtask 

report for Subtask#5. Hence, we can regard that this Subtask was virtually completed at end of 2025. 
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Task 43: Storage for renewables and flexibility through 
standardized use of building mass 

Task Information 

General 

Duration: Start: January 2023 – End: December 2025 

Website: https://iea-es.org/task-43/ 

Task Manager 

 

DI Christoph Rohringer 

AEE – Institute for Sustainable Technologies 

Feldgasse 19, 8200 Gleisdorf 

c.rohringer@aee.at  

About Task 43 – Storage for renewables and flexibility through standardized 
use of building mass 

The main goal of this Task on “Storage for renewables and flexibility through standardized use of 

building mass”, is to prepare the storage technology for widespread integration on an international 

level, harnessing the benefits of this storage on local, quarter and city level respectively. The Task will 

provide answers to four main research areas vital for market uptake and future standardization: 

 There are existing implementations and activities in international markets, however standardized 

fabrication and construction methods as well as cost predictions and flexibility related business models 

are missing and hampering market uptake. The Task will generate the necessary answers to those and 

key barriers through the collaboration of many international experts working on the topic and through 

learning from best practice examples. The generated results will be prepared and made available for 

the public and most importantly relevant stakeholders. This will form the foundation for a constant 

increase in thermal activated building mass deployment in new or refurbished buildings, enabling them 

to more efficiently consume locally generated renewable energy and to act as flexibilities for thermal 

and electricity grids. The Task will address relevant technical and non-technical open questions in key 

areas, which are vital to the widespread deployment of the technology. This includes, in particular but 

not exclusively: 

¶ How can thermal activated buildings mass be structurally integrated in buildings, both new 

construction and refurbishment? 

¶ What design possibilities are available from a shape perspective (horizontal, vertical, floors, 

ceilings, walls) and material perspective (concrete, wood, clay)? 

¶ How can energy flexibility be paired with user flexibility (multi-purpose buildings, rep-purposed 

buildings) and thermal comfort? 

https://iea-es.org/task-43/
mailto:c.rohringer@aee.at
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¶ How do future control systems need to be designed, to ensure this user comfort and a local 

level and to enable flexibility services on a grid level simultaneously? 

¶ How can thermal activated building mass synergistically interact with other storage types on 

local, quarter and city level and how can it be used efficiently for sector coupling? 

¶ What business models can be possible in the framework of sector coupling and demand side 

management and what incentives should be proposed? 

¶ What regulatory and legal frameworks hinder/enable thermal activated building mass and 

flexibility trading in different regions? 

¶ How can storage and flexibility potential be assessed and quantified? 

¶ What kinds of standards need to be implemented for thermal activated building mass for 

market uptake? 

Contracting Parties / Sponsors 

Eleven countries have declared their interest in participating in the Task at 94th ExCo meeting in 

November 2022 in Nagoya Japan/Hybrid. However, over the course of the Task 43 execution phase in 

the last 2,5 years, participation of different partners varied between individual expert meetings, with 

new partners joining and others dropping out of the Task. To give a proper overview of the involved 

institutions and countries, the following tables depict the participation at each expert meeting. 

Partners that are attending regularly and actively contributing to the work in between the expert 

meetings are highlighted in bold in the tables. In general, the core of the Task 43 community consists 

mostly of partners from Austria, Belgium, Denmark, Germany and Spain. 

Table 1: Participants in the 1st expert meeting of IEA ES Task 43 

1st Task Meeting - 20thï21st March 2023 - Vienna/Hybrid 
Index Name Mail adress Online On Site Country Institution 
01_1 Christoph Rohringer c.rohringer@aee.at  x Austria AEE INTEC 
01_2 Michael Moltinger michael.moltinger@fh-salzburg.ac.at    x Austria FH Salzburg 
01_3 Daniel Muschik daniel.muschick@best-research.eu   x Austria BEST ï Bioenergy and Sustainable Technologies GmbH 
01_4 Paul Lampersberger paul.lampersberger@e-sieben.at    x Austria e7 energy innovation & engineering 
01_5 Alireza Afshari aaf@build.aau.dk   x Denmark Aalborg University 
01_6 Matthias Kersken matthias.kersken@ibp.fraunhofer.de    x Germany Fraunhofer Institute for Building Physics IBP 
01_7 John Grunewald john.grunewald@tu-dresden.de   x Germany TU Dresden 
01_8 David Ritter d.ritter@oeko.de    x Germany Oeko-Institut 
01_9 Thomas Friedrich th.friedrich@innogration.de   x Germany Innogration GmbH 
01_10 Walter Becke w.becke@aee.at x   Austria AEE INTEC 
01_11 Sebastian Spaun spaun@zement.at x  Austria VÖZ 
01_12 Shady Attia shady.attia@uliege.be x   Belgium University of Liège 
01_13 Zheng Grace Ma zma@mmmi.sdu.dk x  Denmark University of Southern Denmark 
01_14 Michael Barton michael.barton@hm.edu x   Germany CENERGIE 
01_15 Christian Schweigler christian.schweigler@hm.edu x  Germany Hochschule München 
01_16 Ron Rieger ron.riegner@vaillant-group.com x   Germany Vallaint 
01_17 Maximilian Roedder maximilian.roedder@vaillant-group.com x  Germany Vallaint 
01_18 Jonina Felbinger jonina.felbinger@dlr.de x   Germany DLR 
01_19 David Schmitt david.schmitt@thi.de x  Germany Technische Hochschule Ingolstadt 
01_20 Udo Nagl udo.nagl@hybridschalungsstein.com x   Germany Hybridschalungsstein 
01_21 Jyotirmay Mathur jmathur.mech@mnit.ac.in x  India Malaviya National Institute of Technology Jaipur 
01_22 Ilaria Marotta ilaria.maria.marotta@gmail.com x   Italy University of Palermo 
01_23 Salvatore Vasta salvatore.vasta@itae.cnr.it x  Italy National research council of Italy 
01_24 Magnus Berg magnus.berg@inaventasolar.com x   Norway Inaventasolar 
01_25 Michaela Meir michaela@inaventasolar.com x  Norway Inaventasolar 
01_26 Benjamin Manrique benjamin.manrique@sintef.no x   Norway Sintef 
01_27 Alfredo Oliveira aoliveira@gmx.us x  Portugal Jasmine Mirage Cooling 
01_28 Emiliano Borri  emiliano.borri@udl.cat x   Spain University of Lleida 
01_29 ManuelAndres Chicote manuel.andres.chicote@uva.es x  Spain University of Valladolid 
01_30 Pablo Hernandez pablo.hernandezd@ehu.eus x   Spain University of the Basque Country (UPV/EHU) 
01_31 Pablo Eguia peguia@uvigo.es x  Spain Universida de Vigo 
01_32 Gabtriel Zsembinszki gabriel.zsembinszki@udl.cat x   Spain University of Lleida 
01_33 Fritz Zaversky fzaversky@cener.com x  Spain CENER 
01_34 Luisa F. Cabeza luisaf.cabeza@udl.cat x   Spain University of Lleida 
01_35 Xaoli Zhang xza@du.se x  Sweden Dalarna University 
01_36 Pei Huang phn@du.se x   Sweden Dalarna University 
01_37 Stamatis Zoras s.zoras@derby.ac.uk x  UK University of Derby 

Table 2: Participants in the 2nd expert meeting of IEA ES Task 43 

2nd Task Meeting - 2nd ï 3rd October 2023 - Kopenhagen/Hybrid 
Index Name Mail adress Online On Site Country Institution 
02_01 Alireza Afshari aaf@build.aau.dk  x Denmark Aalborg University 
02_02 Bo Nørregaard Jørgensen bnj@mmmi.sdu.dk   x Denmark University of Southern Denmark 
02_03 Christoph Rohringer c.rohringer@aee.at  x Austria AEE INTEC 
02_04 David Ritter d.Ritter@oeko.de   x Germany Öko Institut 
02_05 Daniel Muschick daniel.muschick@best-research.eu  x Austria BEST Research 
02_06 Mahmood Khatibi mahmoodk@build.aau.dk   x Denmark Aalborg University 
02_07 Matthias Kersken matthias.kersken@ibp.fraunhofer.de  x Germany IBP Fraunhofer 
02_08 Joscha Reber reber@ismd.tu-darmstadt.de   x Germany TU Darmstadt 
02_09 Stamatis Zoras szoras@env.duth.gr  x Greece Democritus University of Thrace 
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02_10 Thomas Friedrich th.friedrich@innogration.de   x Germany Innogration GmbH 
02_11 Yang Xue xue@ismd.tu-darmstadt.de  x Germany TU Darmstadt 
02_12 Zheng Grace Ma zma@mmmi.sdu.dk   x Denmark University of Southern Denmark 
02_13  A2504@uuoog.onmicrosoft.com x    
02_14 Aitor Erkoreka aitor.erkoreka@ehu.eus x   Spain University of the Basque Country  
02_15 Alfredo Oliveira  aoliveira@purever.com x  Portugal Jasmine Mirage Cooling 
02_16 Nadja Bishara bishara@ismd.tu-darmstadt.de x   Germany TU Darmstadt 
02_17 Catalina Giraldo catalina.giraldo@ehu.eus x  Spain University of the Basque Country  
02_18 Maurizio de Lucia delucia@unifi.it x   Italy Università di Firenze 
02_19 Emiliano Borri  emiliano.borri@udl.cat x  Spain University of Lleida 
02_20 Gabtriel Zsembinszki gabriel.zsembinszki@udl.cat x   Spain University of Lleida 
02_21 Matthias Haase haam@zhaw.ch x  Switzerland ZHAW 
02_22 John Grunewald john.grunewald@tu-dresden.de x   Germany Tu Dresden 
02_23 MANUEL ANDRES CHICOTE  manuel.andres.chicote@uva.es x  Spain University of Valladolid 
02_24 Michael Moltinger michael.moltinger@fh-salzburg.ac.at x   Austria FH Salzburg 
02_25 Michaela Meir michaela@inaventasolar.com x  Norway Inaventasolar 
02_26 Paul Lampersberger paul.lampersberger@e-sieben.at x   Austria e7 energy innovation & engineering 
02_27 Shady Attia shady.Attia@uliege.be x  Belgium University of Liège 
02_28 Walter Becke w.becke@aee.at x   Austria AEE INTEC 

Table 3: Participants in the 3rd expert meeting of IEA ES Task 43 

3rd Task Meeting - 8th ï 9th April 2024 - Graz/Hybrid 
Index Name Mail adress Online On Site Country Institution 
03_01 Alireza Afshari ala@sbi.aau.dk  x Denmark Aalborg University 
03_02 Benjamin Köhler b.koehler@oeko.de   x Germany Oeko-Institut e.V. 
03_03 Bo Nørregaard Jørgensen bnj@mmmi.sdu.dk  x Denmark University of Southern Denmark 
03_04 Christoph Rohringer c.rohringer@aee.at   x Austria AEE INTEC 
03_05 David Schmitt david.schmitt@thi.de  x Germany Technische Hochschule Ingolstadt 
03_06 John Grunewald john.grunewald@tu-dresden.de   x Germany TU Dresden Institute of Building Climatology 
03_07 Jonina Felbinger jonina.felbinger@dlr.de  x Germany German Aerospace Center (DLR) 
03_08 Joscha Reber reber@ismd.tu-darmstadt.de   x Germany TU Darmstadt 
03_09 Manuel Baumgartner  m.baumgartner@aee.at  x Austria AEE INTEC 
03_10 Markus Leeb Markus.leeb@fh-salzburg.ac.at   x Austria Salzburg University of Applied Sciences 
03_11 Matthias Kersken matthias.kersken@ibp.fraunhofer.de  x Germany Fraunhofer Institute for Building Physics IBP 
03_12 Michael Moltinger michael.moltinger@fh-salzburg.ac.at   x Austria Salzburg University of Applied Sciences 
03_13 Pablo Hernandez-Cruz pablo.hernandezd@ehu.eus   x Spain University of the Basque Country UPV/EHU 
03_14 Paul Lampesberger paul.lampersberger@e-sieben.at   x Austria e7 energy innovation & engineering 
03_15 Thomas Friedrich th.friedrich@innogration.de  x Germany Innogration GmbH  
03_16 Walter Becke w.becke@aee.at   x Austria AEE INTEC 
03_17 Yang Xue xue@ismd.tu-darmstadt.de  x Germany TU Darmstadt 
03_18 Zheng Grace Ma zma@mmmi.sdu.dk   x Denmark University of Southern Denmark 
03_19 A2504 A2504@uuoog.onmicrosoft.com x    
03_20 Alfredo Oliveira aoliveira@purever.com x   Portugal Jasmine Mirage Cooling 
03_21 Arregi Goikolea, Beñat benat.arregi@tecnalia.com x  Spain TECNALIA 
03_22 Attia Shady Shady.Attia@uliege.be x   Belgium University of Liège 
03_23 Gallardo, Andres Andres.Gallardo@nrc-cnrc.gc.ca x  Canada National Research Council Canada 
03_24 Manuel Andrés  Chicote manuel.andres.chicote@uva.es x   Spain University of Valladolid (UVa) 
03_25 Michaela Meir michaela@inaventasolar.com x  Norway Inaventasolar 
03_26 Nadja Bishara bishara@ismd.tu-darmstadt.de x   Germany TU Darmstadt 
03_27 OSC  x    
03_28 Thanina Hammouma hammouma_thanina@univ-blida.dz  x   Belgium University of Liège 

Table 4: Participants in the 4th expert meeting of IEA ES Task 43 

4th Task Meeting - 21st ï 22nd October 2024 - Dresden/Hybrid 
Index Name Mail adress Online On Site Country Institution 
04_01 Christoph Rohringer c.rohringer@aee.at  x Austria AEE INTEC 
04_02 Daniel Muschik daniel.muschick@best-research.eu    x Austria BEST, Austria 
04_03 Alireza Afshari aaf@build.aau.dk  x Denmark Aalborg university 
04_04 Dirk Weiß dirk.weiss@tu-dresden.de    x Germany Institute of Building Climatology 
04_05 Dominik Schlüter dominik.schlueter@tu-dresden.de   x Germany TU Dresden 
04_06 Eric Matthes matthes@nanolope.de   x Germany Nanolope 
04_07 Hassan Mahach mahach@izes.de  x Germany IZESgGmbH 
04_08 imilian Fürst fuerst@clina.de   x Germany Clina Heiz- und Kühlelemente GmbH 
04_09 John Grunewald john.grunewald@tu-dresden.de  x Germany Institute of Building Climatology 
04_10 Joscha Reber reber@ismd.tu-darmstadt.de   x Germany TU Darmstadt, ISM+D 
04_11 Karsten Rauber rauber@izes.de  x Germany IZES gGmbH 
04_12 Katja Tribulowski katja.tribulowski@tu-dresden.de   x Germany Institute of Building Climatology 
04_13 Matthias Kersken matthias.kersken@ibp.fraunhofer.de  x Germany Fraunhofer IBP 
04_14 Petra Mann petra.mann@kit.edu   x Germany KIT 
04_15 René Hoch rene.hoch@tu-dresden.de  x Germany Institute of Building Climatology 
04_16 Thomas Friedrich  th.friedrich@innogration.de   x Germany Innogration GmbH  
04_17 Thomas Gröschke info@bauprojekt-dresden.de  x Germany Bau Projekt Dresden GmbH 
04_18 Yang Xue xue@ismd.tu-darmstadt.de   x Germany TU Darmstadt, ISM+D 
04_19 Stamatis Zoras szoras@env.duth.gr  x Greece Democritus University of Thrace 
04_20 Altin Maraj amaraj@fim.edu.al x   Albania Polytechnic University of Tirana 
04_21 Alina Stipsits  Alina.Stipsits@e-sieben.at x  Austria e7 energy innovation & engineering 
04_22 Paul Lampersberger  paul.lampersberger@e-sieben.at x   Austria e7 energy innovation & engineering 
04_23 Hammouma Thanina  thanina.hammouma@doct.uliege.be x  Belgium University of Liège 
04_24 David Ritter  D.Ritter@oeko.de x   Germany Öko Institut 
04_25 Dr. Sebastian Fuchs   sf@tragwerk-ingenieure.de x  Germany Tragwerk Ingenieure 
04_26 Florian Möbius   fm@tragwerk-ingenieure.de x   Germany Tragwerk Ingenieure 
04_27 Joris Burger  jor.burger@sto.com x  Germany Sto SE & Co. KGaA 
04_28 Wagner, Andreas (IEB)  andreas.wagner2@kit.edu x   Germany Karlsruhe Institute of Technology 
04_29 Jyotirmay Mathur  jmathur.mech@mnit.ac.in x   India Malaviya N. Institute of Technology Jaipur 
04_30 Alfredo Oliveira  aoliveira@purever.com x  Portugal Jasmine Mirage Cooling 
04_31 Arregi Goikolea, Beñat  benat.arregi@tecnalia.com x   Spain TECNALIA 
04_32 MANUEL ANDRES CHICOTE  manuel.andres.chicote@uva.es x  Spain University of Valladolid 
04_33 PABLO HERNANDEZ DE LA CRUZ  pablo.hernandezd@ehu.eus x   Spain University of the Basque Country 

Table 5: Participants in the 5th expert meeting of IEA ES Task 43 

5th Task Meeting ï 08th ï 09th May 2025 - Bilbao/Hybrid 
Index Name Mail adress Online On Site Country Institution 

05_01 Christoph Rohringer c.rohringer@aee.at  x Austria AEE INTEC 

05_02 Daniel Muschik daniel.muschick@best-research.eu  x Austria BEST, Austria 

05_03 Alireza Afshari aaf@build.aau.dk  x Denmark Aalborg University 

05_04 David Ritter d.ritter@oeko.de  x Germany Oeko Institut 

05_05 Joscha Reber reber@ismd.tu-darmstadt.de  x Germany Technical University Darmstadt 

05_06 Yang Xue xue@ismd.tu-darmstadt.de  x Germany Technical University Darmstadt 
05_07 John Grunewald john.grunewald@tu-dresden.de  x Germany TU Dresden 

05_08 Rosie Christodoulaki christodoulaki@cres.gr  x Greece CRES  

05_09 Antonio Villanueva avp@idom.com  x Spain IDOM CEA 

05_10 Beñat Arregi benat.arregi@tecnalia.com  x Spain Tecnalia  

05_11 Erik Maqueda Moro erik.maqueda@tecnalia.com  x Spain Tecnalia 

05_12 Jon Zubiaurre jzs@idom.com  x Spain IDOM CEA 
05_13 PABLO HERNANDEZ DE LA CRUZ  pablo.hernandezd@ehu.eus  x Spain University of the Basque Country 
05_14 Aitor Erkoreka aitor.erkoreka@ehu.eus  x Spain University of the Basque Country  
05_15 Altin Maraj amaraj@fim.edu.al x  Albania Polytechnic University of Tirana 
05_16 Paul Lampersberger paul.lampersberger@e-sieben.at x  Austria e7 GmbH 

05_17 Thanina Hammouma hammouma_thanina@univ-blida.dz x  Belgium University of Liège 
05_18 Andreas Wagner wagner@kit.edu x  Germany Karlsruhe Institute of Technology 

mailto:A2504@uuoog.onmicrosoft.com
mailto:catalina.giraldo@ehu.eus
mailto:delucia@unifi.it
mailto:shady.Attia@uliege.be
mailto:w.becke@aee.at
mailto:b.koehler@oeko.de
mailto:bnj@mmmi.sdu.dk
mailto:david.schmitt@thi.de
mailto:john.grunewald@tu-dresden.de
mailto:jonina.felbinger@dlr.de
mailto:reber@ismd.tu-darmstadt.de
mailto:m.baumgartner@aee.at
mailto:Markus.leeb@fh-salzburg.ac.at
mailto:matthias.kersken@ibp.fraunhofer.de
mailto:michael.moltinger@fh-salzburg.ac.at
mailto:pablo.hernandezd@ehu.eus
mailto:th.friedrich@innogration.de
mailto:w.becke@aee.at
mailto:xue@ismd.tu-darmstadt.de
mailto:manuel.andres.chicote@uva.es
mailto:bishara@ismd.tu-darmstadt.de
mailto:hammouma_thanina@univ-blida.dz
mailto:c.rohringer@aee.at
mailto:daniel.muschick@best-research.eu
mailto:dirk.weiss@tu-dresden.de
mailto:dominik.schlueter@tu-dresden.de
mailto:fuerst@clina.de
mailto:rauber@izes.de
mailto:th.friedrich@innogration.de
mailto:info@bauprojekt-dresden.de
mailto:xue@ismd.tu-darmstadt.de
mailto:szoras@env.duth.gr
mailto:sf@tragwerk-ingenieure.de
mailto:fm@tragwerk-ingenieure.de
mailto:jmathur.mech@mnit.ac.in
mailto:c.rohringer@aee.at
mailto:daniel.muschick@best-research.eu
mailto:aaf@build.aau.dk
mailto:d.ritter@oeko.de
mailto:reber@ismd.tu-darmstadt.de
mailto:xue@ismd.tu-darmstadt.de
mailto:christodoulaki@cres.gr
mailto:avp@idom.com
mailto:benat.arregi@tecnalia.com
mailto:erik.maqueda@tecnalia.com
mailto:jzs@idom.com
mailto:hammouma_thanina@univ-blida.dz


 

ES TCP Annual Report 2025 35 

05_19 Christian Schweigler christian.schweigler@hm.edu x  Germany Hochschule München 

05_20 David Schmitt david.schmitt@thi.de x  Germany Technische Hochschule Ingolstadt 
05_21 Hassan Mahach mahach@izes.de x  Germany IZES gGmbH 
05_22 Jonina Felbinger jonina.felbinger@dlr.de x  Germany DLR 
05_23 Karsten Rauber rauber@izes.de x  Germany IZES gGmbH 
05_24 Matthias Kersken matthias.kersken@ibp.fraunhofer.de x  Germany Fraunhofer IBP 
05_25 Niklas Fellner fellner.niklas@hm.edu x  Germany Hochschule München 
05_26 Thomas Friedrich th.friedrich@innogration.de x  Germany Innogration GmbH  
05_27 Stamatis Zoras szoras@env.duth.gr x  Greece Democritus University of Thrace 
05_28 Davide Fop davide.fop@polito.it x  Italy Politecnico di Torino 
05_29 CATALINA GIRALDO SOTO catalina.giraldo@ehu.eus x  Spain University of the Basque Country 

Table 6: Participants in the 6th and final expert meeting of IEA ES Task 43 

6th Task Meeting - 10th November 2025 - Rotterdam/Hybrid 
Index Name Mail adress Online On Site Country Institution 

06_01 Daniel Muschik daniel.muschick@best-research.eu   x Austria 
BEST ï Bioenergy and Sustainable Technologies 
GmbH 

06_02 Joscha Reber reber@ismd.tu-darmstadt.de  x Germany Technical University Darmstadt 
06_03 Yang Xue xue@ismd.tu-darmstadt.de   x Germany Technical University Darmstadt 
06_04 John Grunewald john.grunewald@tu-dresden.de  x Germany TU Dresden Institute of Building Climatology 
06_05 Hassan Mahach mahach@izes.de   x Germany IZES gGmbH 
06_06 Matthias Kersken matthias.kersken@ibp.fraunhofer.de  x Germany Fraunhofer IBP 
06_07 Thomas Friedrich th.friedrich@innogration.de   x Germany Innogration GmbH  
06_08 Daniel Heidenthaler daniel.heidenthaler@fh-salzburg.ac.at  x Austria FH Salzburg 

06_09 Seamus Garvey Seamus.Garvey@nottingham.ac.uk   x UK University of Nottingham 
06_10 Christoph Rohringer c.rohringer@aee.at x  Austria AEE INTEC 
06_11 Alireza Afshari aaf@build.aau.dk x   Denmark Aalborg University 
06_12 David Ritter d.ritter@oeko.de x  Germany Oeko Institut 

06_13 Rosie Christodoulaki christodoulaki@cres.gr x   Greece 
Centre for Renewable Energy Sources and 
Savings  

06_14 PABLO HERNANDEZ DE LA CRUZ  pablo.hernandezd@ehu.eus x  Spain University of the Basque Country 
06_15 Altin Maraj amaraj@fim.edu.al x   Albania Polytechnic University of Tirana 
06_16 Paul Lampersberger paul.lampersberger@e-sieben.at x  Austria e7 GmbH 
06_17 Thanina Hammouma hammouma_thanina@univ-blida.dz x   Belgium University of Liège 
06_18 Andreas Wagner wagner@kit.edu x  Germany Karlsruhe Institute of Technology 
06_19 Jonina Felbinger jonina.felbinger@dlr.de x   Germany DLR 
06_20 MANUEL ANDRES CHICOTE  manuel.andres.chicote@uva.es x  Spain University of Valladolid 
06_21 Pius Jung pius.jung@hochschule-bc.de x   Germany Hochschule Biberach, IGE 
06_22 Zheng Grace Ma zma@mmmi.sdu.dk x  Denmark University of Southern Denmark 
06_23 David Schmitt david.schmitt@thi.de x   Germany Technische Hochschule Ingolstadt 
06_24 Carla Scordamaglia carla.scordamaglia@rse-web.it x  Italy RSE 
06_25 Attia Shady Shady.Attia@uliege.be x   Belgium University of Liège 

 

Overview of Scope 

In order the meet ambitious national climate goals all around the world, the share of renewables will 

steadily continue to grow in the coming years. Storage will be required at massive scale and based on 

different technologies that need to complement each other within integrated and flexible energy 

systems and grids. Thus, the general scope of this Task is to work on the standardization and market 

readiness of thermal activated building mass as one crucial component of the future storage 

technology portfolio. During the Task definition phase, the scope was limited to buildings that have 

directly activated building mass, as in pipes/heat transfer medium within structural elements. Using 

building mass in general via e.g. radiator heating is not focus of this Task and already covered in other 

IEA activities. 

  

mailto:david.schmitt@thi.de
mailto:daniel.muschick@best-research.eu
mailto:reber@ismd.tu-darmstadt.de
mailto:xue@ismd.tu-darmstadt.de
mailto:Seamus.Garvey@nottingham.ac.uk
mailto:c.rohringer@aee.at
mailto:aaf@build.aau.dk
mailto:d.ritter@oeko.de
mailto:christodoulaki@cres.gr
mailto:hammouma_thanina@univ-blida.dz
mailto:david.schmitt@thi.de


 

ES TCP Annual Report 2025 36 

Subtasks 

Task 43 is organized in four interlinked Subtasks, which correspond to the four main research areas. 

The three scientifically oriented Subtasks A, B and C work on specific topics and are aimed at the 

collection and extension of existing knowledge in their respective areas as well as at generating new 

results in their fields, profiting from ongoing research projects of the Subtask participants. They will 

provide their findings as a basis for generalization and market interaction carried out in the dedicated 

Subtask D, which is working on the pathway to standardization and KPIs for thermal activated building 

mass assessment. These KPIs will form the boundary conditions for the scientific evaluation in Subtask 

A, B and C, resulting in a bidirectional exchange between these two areas of the Task. Additionally, 

Subtask D will collect the demo factsheets – an endeavor to collect the best practice examples of the 

technology that are already implemented today and to make them accessible and comparable in a 

uniform format. 
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Activities and Achievements 

During 2025 period, the fifth and sixth expert meeting were conducted in Bilbao, Spain (8–9 May 2025) 

and Rotterdam, Netherlands (10 November 2025). The University of the Basque Country hosted the 

fifth expert meeting. 

 

Figure 7: Impressions from the fifth expert meeting IEA ES Task 43 in Bilbao/online, including laboratory tour of the 
Laboratorio de Control de la Calidad en la Edificación (building physics lab) in Vitoria. 

A total of 29 participants from 8 countries (AT, AL, BEL, DK, ESP, GER, GR, IT) took part in the two-day 

event. In included two keynotes from Spanish industry and private research, a lab tour in the 

Laboratorio de Control de la Calidad en la Edificación (building physics lab) in Vitoria as well as hybrid 

working sessions for the respective Subtasks. In those working sessions, the progress in the respective 

chapters of the final report where discussed and relevant updates presented from the contributing 

parties. The agreed upon goal of the Task 43 community is, to have a 75% draft version of the contents 

for the final report ready by summer 2025, building on the input provided at the most recent expert 

meeting and the work that has been collected and performed already. A more detailed description of 

the recent advancements in the four Subtasks is presented below. 

The sixth expert meeting was hosted by the Netherlands Enterprise Agency. 

 

Figure 8: Impressions from the sixth and final expert meeting IEA ES Task 43 in Rotterdam/online 

A total of 25 participants from 9 countries (AT, AL, BEL, DK, ESP, GER, GR, IT, UK) took part in the event. 

It was primarily focused on discussing the current 75% draft version of the final report and opening 

the content up for critical discussion with the Task 43 team. Contributions to this report draft have 
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been submitted by many if not all Task 43 participants. The meeting also marked the finalization of the 

Task 43 expert meetings and concluded with the formal good bye to the Task 43 community and 

honors for the Subtask leaders. Still, all participants will continue to work on the final report until its 

planned submission in February 2026.A more detailed description of the recent advancements in the 

four Subtasks is presented below. 

Additionally, Task 43 and AEE INTEC helped organize and conduct two expert workshops in Austria in 

cooperation with the Austrian ministry of innovation, mobility and infrastructure on 6 and 7 October 

2025, respectively. The workshops marked the final events of the Austrian monitoring study BTTAB 

which gathered and analyzed detailed measurement data from 16 national TAB implementations, 

investigating energetic performance, indoor climate comfort, costs and storage potential. The two 

events, one in Vienna in the Sport Arena Wien (https://wh-sport.at/ueber-uns, the building is itself 

outfitted and conditioned with about 24,000² of TABs that is actively used as energy storage) and the 

other at the FH Salzburg Campus (national partner of Task 43 and the study BTTAB), attracted about 

75 participants in total. 

 

Figure 9: Impressions from the expert workshop in the Sport Arena Wien on 6 October 2025. Source for the picture of the 
Sport Arena Wien on the bottom right: https://wh-sport.at/sport-arena/ueber-uns-sawi  

The participants included public and municipal decision makers, energy providers, planners, 

technology developers, real estate management, construction industry and architects. Both events 

concluded with a panel discussion which highlighted, besides other aspects, also the storage 

capabilities of TABs, with the discussion session in Salzburg being moderated by Task 43 Manager 

Christoph Rohringer. All content from both events can be downloaded via this web-link: 

https://www.aee-intec.at/publications/ergebnisse-zu-breitentest-bauteilaktivierung-im-fokus-

speicherpower-fuer-die-energiewende/ (since it was an Austrian event all slides are in German). 
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To reach also the wider international audience, Task 43 prepared and conducted a dedicated ES TCP 

On-Seminar revolving around its latest results on 16 October 2025. The content included a general 

introduction of Task 43 by Task Manager Christoph Rohringer and subsequently presented key aspects 

of TAB energy storage through four expert presentations (two from industry, two from academia). The 

speakers and their respective topics are highlighted the following figure. 

 

 

Figure 10: Speakers and presentation topics of the 35th ES TCP On-Seminar dedicated to Task 43. The On-Seminar started 
with a short introduction of Task 43 by Task Manager Christoph Rohringer, followed by the 4 expert presentations and 
concluded with a discussion session. 

The event attracted 33 online participants who also participated in the discussion section at the end 

of the On-Seminar. The presented and discussed content is published on the ES TCP homepage 

(https://iea-es.org/events/35th-es-onseminar-on-task-43-standardized-use-of-building-mass-as-

storage-for-renewables-and-grid-flexibility/) and the recording will be available on the ES TCP YouTube 

channel. 

  

https://iea-es.org/events/35th-es-onseminar-on-task-43-standardized-use-of-building-mass-as-storage-for-renewables-and-grid-flexibility/
https://iea-es.org/events/35th-es-onseminar-on-task-43-standardized-use-of-building-mass-as-storage-for-renewables-and-grid-flexibility/
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Subtask A – Construction and Materials 

Subtask A has continued to draft the respective chapters for the final report. This activity revolves 

around collecting information from the Task partners for different technical systems. The Subtask A 

leader John Grunewald has already received, sorted and compiled a lot of different inputs from 

academia and industry, with 12 innovative systems from research and industry already covered and 

compared to standard concrete TAB. Systems include, as defined in the work plan (see section 

“informative”), different materials and solutions for both refurbishment and new construction. 

 

Figure 11: TABs with different materials to improve physical properties like heat storage capacity with PCM by TU Darmstadt 
(left) and clay based systems for better hygrothermal behavior by TU Dresden (right) (the same figure was used in the Task 
update report) 

Alternatives to concrete include PCM laced concrete, bricks, clays and wood structures as well as 

hybrid solutions with material combinations. For all these material variations, suitable system concepts 

could be identified in the Task 43 group.  

 

Figure 12: Three TAB systems for refurbishment with different strategies for ensuring thermal conductivity. Plaster based by 
FH Salzburg (left), grooves in the existing wall by IBRI and Sozialbau (middle) and using pressing forces from the insulation by 
Towern3000 and AEE INTEC (right)  

The figure above highlights three different system approaches for utilizing existing building mass as 

TABs in refurbishment. The plaster-based system by FH Salzburg uses a special thermos plaster to 

ensure proper thermal contact between existing wall structure and the heating pipes. The system by 

IBRI and Sozialbau instead solves the issue of thermal contact by cutting grooves into the existing outer 

wall to house the pipes, allowing good thermal contact albeit requiring a time and labor-intensive extra 

step in construction that might be intrusive to the users and residents. The third concept presses the 

heat conducting pipes, which are outfitted with heat conductivity metal sheets, onto the existing wall 

by the means of a compressible insulation which is included in a prefabricated facade panel. This 

solution offers a high degree of prefabrication and allows minimal occupant disruption. 
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Figure 13: Two systems for new construction with the intention of saving embodied grey energy by Innogration GmbH (left) 
and IZES GmbH (right). Slides by TU Dresden/John Grunewald 

In new construction, several Task 43 partners are working on solutions that require less concrete than 

existing products. The industry partner Innogration GmbH utilizes a sandwich structure to reduce 

concrete while ensuring structural integrity and improving dynamic behavior of the slab. IZES GmbH is 

working on a vertical façade element that includes insulation between two concrete sheets. While this 

saves material, a specific hydraulic also allows the façade to couple or decouple its inner and outer 

concrete layer, bypassing the thermal insulation and allowing for a variable HTC of the entire element. 

Subtask B – System Integration and Control 

Like Subtask A, Subtask B is currently drafting its respective sections for the final report. About 75% of 

the envisioned text is already available as a first version, building on the previously collected modelling 

factsheets, including tools like SIM-VICUS, Delphin, IDA ICE, TRNSYS, COMSOL, Python, Modelica, 

HEAT, HT-Flux and Wufi+ as highlighted in the following table. 

Table 7: Overview of simulations tools suitable for TAB simulation including matchmaking with main use cases. 

Tool / Model  Main Use Case / Scale  Special Suitability for TABS  

IDA ICE  
(EQUA)  

Whole building & neighborhood simulation; 
HVAC & control validation; refurbishment 
studies  

General building simulation tool 
with strong TABS support 
(Koschenz & Lehmann method)  

TRNSYS  
(Types 56, 653, 993)  

Building/system performance analysis; 
control integration; MPC studies  

General-purpose; several TABS 
types exist (trade-off between 
accuracy and speed)  

Modelica Buildings  
Library  

Detailed multi-domain modeling of HVAC, 
TABS, and energy systems; flexible for 
control  

Very suitable for TABS (dedicated 
RadiantSlab / TABS components)  

EnergyPlus /   
OpenStudio /   
GenSim  

Widely used in practice for building energy 
performance; accepted in 
engineering/architecture  

General-purpose; TABS can be 
modeled, but are not the main 
focus  

WUFI (Pro, 2D)  Transient hygrothermal 1D/2D component 
simulations (heat & moisture transfer)  

Not specialized for TABS, but 
possible with expertise  

VOLTRA  2D/3D FEM modeling of components; 
thermal bridges and heat storage  

Component-level; can model 
TABS with detailed setup  
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DELPHIN  
(TU Dresden)  

Coupled heat-moisture transport in porous 
materials; hygrothermal analysis  

Strong at component-level; not 
specialized for TABS  

NANDRAD  
(TU Dresden)  

Multi-zone building performance simulation 
incl. thermo-hydraulic networks  

Well-suited for massive buildings 
and TABS; general solver  

HTFlux  Component-level FEM (steady & transient); 
innovative TABS (PCM, wooden TABS)  

Good for 
experimental/component-scale 
TABS studies  

 

In general, it was found that many of the identified systems in Subtask B - but also from the factsheets 

in Subtask D - would have the capability to use flexibility but are currently not actively used for that 

purpose. This emphasizes the relevance of Task 43 as an important trigger to access these “hidden” 

storage capacities in the built environment. Subtask B also tried to classify and compare system 

concepts for TABs in cooperation with Subtask A which collected the different construction an 

operation approaches, see also the following table. 

Table 8: System comparison for different approaches of integrating TABs within buildings in new construction and 
refurbishment. 

System Family  Typical Output 
(W/m²)  

Storage 
Capacity  

Response 
Speed  

Invasiveness  Best Use Cases  

Slab-embedded 
(cast-in-situ)  

~40–60 (heating), 
~40–60 (cooling)  

Very high 
(multi-day 
diurnal)  

Very slow (>6 
h)  

Only in new 
buildings  

Offices, 
schools, 
predictable 
occupancy  

Prefabricated 
slabs  

~50 heating, ~70 
cooling  

Medium  Moderate (1–
3 h)  

New buildings, 
modular  

Prefab housing, 
modular 
offices  

Façade retrofit ς 
Capillary 
mats/ETICS  

~10–20  Low–
medium  

Fast (<1 h)  Low interior 
disruption  

Mass retrofit, 
continuous 
occupancy  

Façade retrofit ς 
Slot-groove  

~16 façade + 6 
transmission W/m²  

Low  Moderate  Moderate 
disruption 
outside  

Housing blocks, 
boiler to heat-
pump 
conversions  

Façade retrofit ς 
Prefab panels  

~20–30  Medium  Moderate  Exterior work 
only, heavy 
logistics  

Deep retrofits, 
institutional 
buildings  

Insulated core  Depends on 
charging regime  

Very high (1–
2 weeks)  

Slow (days)  Requires 
insulation + core 
modifications  

Renewable-
driven grids, 
passive houses  

PCM-enhanced 
active walls  

~30–45 W/m² 
cooling, ~20–40 
W/m² heating 
(depending on PCM 

Medium 
(latent 
storage 
enhances 
duration 

Slow to 
moderate 
(extended 
discharge)  

Only in new 
buildings  

Peak cooling, 
variable load 
spaces  
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fraction and supply 
temperature)  

rather than 
peak)  

Subtask C – Non-technical challenges 

Subtask C has made considerable progress in the last reporting period, mainly revolving around the 

peer reviewed paper on non-technical challenges for TABs as energy storage that was successfully 

submitted to the peer reviews journal “International journal of energy research” 

(https://onlinelibrary.wiley.com/journal/ijer). For this work, an author team consisting of several core 

contributors of Task 43, conducted 42 interviews with international experts from 6 countries (AT, BEL, 

CAN, DK, ESP, GER), discussing financial, regulatory, societal and social challenges of TABs as energy 

storage in the respective countries. The questionnaire also documents best practice examples and 

regulatory and legal frameworks that boots the implementation of TABs as energy storage. The paper 

combines the findings from these 42 interviews with relevant literature from the past five years, 

compiling an UpToDate overview of the most relevant changes and chances for TABs, allocated to 

different stakeholder groups, as summarized in Figure 14. 

 

Figure 14: Overview of all stakeholders involved in utilizing TABs as flexible energy storage, from end user level (left) to TSO 
and energy provider level (right). Figure from David Ritter/Öko Institut and Pablo Hernandez Cruz/University of the Basque 
Country. 

The core message of the policy section is that regulatory frameworks are currently misaligned with the 

technical readiness of decentralized flexibility. To unlock the full potential of TABs and HPs, countries 

must move beyond fragmented, outdated energy performance models and implement harmonized, 

incentive-based, and data-enabled policy ecosystems. Key challenges include misalignment of 

performance metrics (e.g. EPC models ignore dynamic load shifting) and fragmentation of legal codes 

across regions (especially in federal contexts like Belgium or Canada). There is a need for dynamic 

pricing reforms, clear aggregator regulation, recognition of thermal inertia/flexibility in energy 

performance policy and privacy-respecting but accessible energy data policies. Key aspects from the 

paper, also covering the most recent EU level legislation, were presented by Prof. Shady Attia in the 

35th ES TCP On-Seminar on 16 October 2025 as well, see figure 8 for more information. 

https://onlinelibrary.wiley.com/journal/ijer


 

ES TCP Annual Report 2025 44 

 

Figure 15: Two key slides from Prof. Shady Attias presentation during the 35th ES TCP On-Seminar on October 16th, 2025. 
The full presentation is available here: https://iea-es.org/events/35th-es-onseminar-on-task-43-standardized-use-of-
building-mass-as-storage-for-renewables-and-grid-flexibility/ 

Subtask D – Standardisation and KPIs 

Besides the continuing collection of demo factsheets (18 in total from AT, ESP and UK) Subtask D is 

preparing the report sections focusing on the KPIs relevant for TABs. The sensitivity analysis of TAB 

parameters is currently the topic of the dissertation of Joscha Reber (TU Darmstadt) who is Subtask D 

co-lead. In addition to these broader activities, the two KPIs “state of charge” and “flexibility potential” 

are analysed in deep, since they are crucial for the interaction with customers and investors, providing 

the basis for economic calculations. Goal of the activities is to develop simple equations that can be 

used by non-experts as well, are based solely on easily available input parameters, do not require 

additional simulations and provide sufficiently accurate estimates of state of charge and flexibility 

potential. To achieve this, AEE INTEC, TU Darmstadt and TU Dresden are currently performing 

simulations to assess the feasibility of simplifications for heat conductivity, density and representative 

slab temperature for different materials like concrete and wood. 

Preliminary results indicate that the estimation of the average physical properties like density and 

specific heat capacity can be performed by using the physical properties of the respective bulk mass 

(concrete, wood) without exceeding error margins of 5% relative error for standard construction 

techniques as summarized in the following. 

 

Figure 16: Error calculation of TAB systems in concrete and wood construction, assuming standard construction techniques 
(standard), as well as two non-realistic system layouts with 2x and 4x non-bulk mass (steel, PE piping, water) in order to judge 
the error propagation with increasing non-bulk mass. Utilizing the physical properties of the bulk mass stays within a 

https://iea-es.org/events/35th-es-onseminar-on-task-43-standardized-use-of-building-mass-as-storage-for-renewables-and-grid-flexibility/
https://iea-es.org/events/35th-es-onseminar-on-task-43-standardized-use-of-building-mass-as-storage-for-renewables-and-grid-flexibility/


 

ES TCP Annual Report 2025 45 

tolerance boundary of 5% relative error margin for both materials and standard construction, with wood retaining satisfactory 
error levels up until the 4x non-bulk mass extreme. Calculations performed by AEE INTEC. 

To simplify the process of computing the average slab temperature, a key parameter for state of charge 

estimation, TU Darmstadt and TU Dresden are currently performing simulation studies to compare 

return flow, core and surface temperature of TAB slabs with the true average temperature. This should 

form a basis for a simplified regime that allows industry actors and control companies to compute the 

average slab temperature of TABs utilizing ideally only one of the aforementioned sensors to minimize 

cost and complexity in implementation. 
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Task 44: Hi CBest–Power-to-Heat and heat integrated Carnot 
Batteries for Zero-Carbon (industrial) Heat & Power supply 

Task Information 

General 

Duration: Start: January 2024 – End: December 2026 

Website: https://iea-es.org/task-44/  

Task Manager 

 

Annelies Vandersickel 

German Aerospace Centre (DLR e.V.) 

Pfaffenwaldring 38-40, 70569 Stuttgart, Germany 

Annelies.Vandersickel@dlr.de 

About Task 44 – HiCBest 

The situation is, that the increasing share of renewable electricity generation in our energy systems 

leads to a variable and intermittent energy production, which requires large scale, cost-effective 

storage systems 

¶ to balance out the resulting mismatch between generation and demand, and   

¶ to provide flexibility in order to strengthen the resilience of the electricity grid and ensure a 

stable energy supply.  

In this context, Carnot Batteries have the potential to provide large-scale storage in a more cost-

effective and environmentally friendly way than conventional batteries, using benign materials such 

as water, rocks, sand or molten salts.  In Task 36 – Carnot Batteries, possible designs of such a Carnot 

Battery have been collected, classified, and potential use cases & barriers have been discussed.  

The energy transition however goes beyond the electricity sector. The heating sector as well needs to 

be decarbonised, to a large extent through the electrification of the heating supply using e.g. electro-

boilers, electric heaters and heat pumps.  

This additional electricity demand presents a significant challenge for our electricity grid. At the same 

time, the flexible coupling of both the electricity and heating sector using thermal storage solutions 

provides an enormous chance to simultaneously achieve cost-effective storage and the 

abovementioned flexibility in the electricity sector, as well as a decarbonization of the heating sector.  

https://iea-es.org/task-44/
https://iea-es.org/task-36/
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Key Technologies that support such a cost-effective and flexible ς thermal storage based ς sector 
coupling are:  

¶ Heat integrated Carnot Batteries resp. Carnot Battery solutions in which the options to 

integrate heat during charging and extract heat during discharging are fully exploited.  

¶ Thermal storage supported power-to-heat solutions 

 

Figure 17: Schematic scope of Task 44 

Contracting Parties / Sponsors 

Institution Country 

AEE Intec Austria 

Ghent University Belgium 

UCLouvain  

EASE  

Czech Technical University in Prague Czech Republic 

Aalborg University (AAU) - Energy Denmark 

Danfoss  

Danish Center for Energy Storage - DaCES  

Danish Technological Institute  

Heliac  

PlanEnergie  

Technical University of Denmark  

DLR Germany 

Enolcon GmbH  

Solar-Institut Jülich der FH Aachen  

KIT  

Kraftblock GmbH  
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Malta HWS GmbH  

RWTH Aachen  

Technische Hochschule Mittelhessen  

ENEA Italy 

University of Genoa  

University of Pisa  

University of Trieste  

Hokkaido University Japan 

IHI Corporation  

TNO Netherlands 

Kyoto Norway 

Korea Institute of Energy Research South Korea 

KTH Sweden 

Synchrostor Ltd UK 

University of Birmingham  

NREL USA 

Ray W. Herrick Laboratories  

Overview of Scope 

This Task focusses on the design and in particular the integration of the following technology classes:  

- Thermal storage supported power-to-heat systems 
- (heat integrated) Carnot Batteries  

which encompass a multitude of technologies with the following mandatory key features:  

- ‘electricity-based’ charging (e.g. heat pump, electric heater) 
- Thermal storage, which can be sensible, latent or thermo-chemical   

Technologies converting heat-to-heat or waste-heat-to-power, lacking the above two mandatory key 

features are hence excluded. The energy output can be thermal (e.g. process steam), electrical or both. 

Both low TRL and high TRL solutions are within scope, communication will be tailored accordingly.  

With respect to the assessment of different design options, this Task focusses primarily on integrated 

concepts and where necessary their components. Material-scale fundamental aspects are out of 

scope. 

With respect to the applications/use cases, the Task focuses on large-scale applications, such as 

- grid applications – e.g. electricity storage, auxiliary services, sector coupling  
- industry applications – e.g. electrification of steam supply  
- district heating applications in combination with grid or industry applications.  
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Large-scale heat pumps for district heating, without storage and repowering options, as well as 

solutions for individual houses, are subject of other IEA Tasks and out of scope in this Task.  

Subtasks 

The work is structured in six Subtasks, which collaborate as shown below. 

 

Figure 18: Subtask collaboration 

Subtask A: Modelling and Simulation 

Subtask lead: Giovanna Adinolfi, ENEA, Italy 

Subtask A expands the database of models with the technologies mapped in Subtask B, for the use 

cases selected in Subtask C, and depending on model availability simulate different technologies in 

specific use cases, supporting the mapping in Subtask D. The collected models are classified within 

their level of detail and compared. 

Subtask B: Technology review 

Subtask Lead: Adriano Sciacovelli, DTU, Denmark 

The overarching objective of Subtask B is to provide state-of-the-art (SoA) Review of the technological 

options within scope of the overall Task. The primary focus of the Subtask, in alignment with the overall 

Task mission, is on thermally integrated Carnot battery technological options. Namely, technological 

solutions comprising i) an electrically charged thermal energy storage (TES) and ii) energy 

transformation (e.g. direct electric heating, heat pump, ORC, etc) and/or thermal energy supply (Waste 

heat recovery, heat/cold delivery), either upstream and/or downstream of TES.  In this regard, the 
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Subtask is providing the most up to date snapshot of the current landscape of technologies, with 

emphasis on both existing/near-to-market solutions as well as those at development stage.  

Subtask C: Use case identification & Classification 

Subtask Lead: Gerald Zotter, AEE Intec, Austria  

Subtask C focuses on the identification and classification of actual use cases, some of them will be 

energy supply for industrial processes, namely heat, cold and electricity supply including waste heat 

recovery. Another use case is the energy grid, where the storage of renewable electricity in form of 

thermal energy is analyzed to define requirements on the grid and to optimize energy generation and 

save costs. In addition, the storage of renewable electricity is assessed as a way of increasing the 

efficiency of electric power transmission and to stabilize the grid as a complementary use case.  

Subtask D: Mapping Technologies with use cases / Market Opportunities 

Subtask Lead: Silvia Trevisan & Rafael Guedez, KTH, Sweden 

Subtask D addresses the assessment of the technologies and how these suit to the different use cases 

identified in Subtask C. In addition, it identifies external, non-technology related, conditions that can 

drive the market applicability of power-to-heat; power & heat systems within the industrial sector 

aiming at identifying most relevant applications and potential ‘early adopters’. 

Ultimately, Subtask D is defining a comprehensive yet simple methodology to evaluate and benchmark 

the market opportunities of different power-to-heat to power and heat technical solutions depending 

on their specific industrial context 

Subtask E: Roadmap and Policies 

Subtask Lead: Josh McTigue and Ty Neises, NREL, USA 

Subtask E assesses the current incentives and barriers to the prompt implementation of this type of 

technology at national and international level. It explores options to encourage the implementation of 

these technologies and promote their integration in the market.  

In close interaction with Subtask C and D, it evaluates how economic policies affect the feasibility of 

different technologies. A roadmap is being developed to summarize the required improvements in 

technological performance and economic frameworks, and to formulate recommendations for 

policymakers.  The Subtask assesses non-technical attributes of these technologies – such as the 

potential impact and benefit to local communities, or the potential for job creation. Finally, a database 

of technology and operational issues is initiated with the aim of providing a ‘Best Practices’ 

methodology for technology development. 

 



 

ES TCP Annual Report 2025 51 

Activities and Achievements 

In 2025, significant progress was achieved across all Subtasks through expert engagement, data 

collection, model analysis, and policy dialogue. 

Two expert meetings were successfully held in Sweden and Denmark, each embedded in well-attended 

international events—the Symposium on Heat and Power Technologies for Industrial Decarbonization, 

Stockholm, Sweden and the Smart Energy Systems Conference, Kopenhagen, Denmark . These settings 

enabled broad dissemination of the Task’s objectives and interim results to a wide expert audience. 

Through the contributions of the participants, a total of 76 Factsheets were compiled using the 

structured template (see Figure 19). These Factsheets serve as the common working basis for all 

Subtasks. To ensure public accessibility, the key information was condensed into leaflets, which will 

be published as part of the final report. 

 

 

Figure 19: Welcome Page of the Factsheet Template 

To systematically analyze the collected models (Subtask A), a clustering approach was developed, 

categorizing models into Component, (Sub-)System, and Energy Grid levels, as shown in Figure 20. 

While the component level builds on results from Task 36, the current focus lies on the system and 

https://aeeintecaustria-my.sharepoint.com/:x:/g/personal/wo_weiss_aee_at/EX_XIzO1kR1OhB8es4mBLhcBLs2RVPkw6IHAXyPSLKfMSw?e=hgaQbe
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energy grid levels. The core team identified key inputs and outputs for each level, and the results are 

being consolidated into an ongoing review paper. 

 

Figure 20: Clustering existing models handled by the review paper 

In Subtask B, a technical review paper has been submitted and is currently under review (title: Thermo 

Mechanical Energy Storage for sector coupling: literature overview, technology categorization and key 

performance indicators). It provides a structured assessment of storage-supported power-to-heat 

technologies and Carnot Batteries, distinguishing between prototype and commercial solutions and 

offering a comprehensive overview of existing and emerging technology options. 

In 2025, Subtask C initiated a series of use case Pitches to obtain a comprehensive overview of ongoing 

and planned projects in the field of Carnot Batteries and TES supported power-to-heat systems. These 

pitches provided structured insights into real-world applications and technology deployment. 

Based on the collected information, an overview matrix was developed that visualizes supply and 

demand, linking thermal energy storage (TES) manufacturers with corresponding projects and 

application areas (see Figure 21). Building on this overview, the Task network actively supports the 

development of a TES handbook for industrial heat, which aims to consolidate technical solutions, 

practical knowledge, and business cases. The handbook is scheduled for publication in early 2026. 

 

Figure 21: Existing TES projects to identify potential of its technology 

Further progress was made in Subtask D through the development of a matchmaking matrix, which 

evaluates technology–use case combinations using KPIs derived from the Factsheets and use case 
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pitches. This approach enables a transparent comparison of technology suitability and is 

complemented by spider diagrams to visualize performance across multiple criteria. Figure 22 shows 

the schematic matchmaking matrix comparing different technologies across several use cases.  

In parallel, Subtask C contributes standardized use case parameters, improving usability and 

consistency of the matchmaking tool, particularly for early-stage or undefined applications. 

 

Figure 22: Schematic of the Matchmaking Matrix 

As part of Subtask E, the policy framework was discussed within a series of workshops. The results of 

this group work will be consolidated and published in a Policy Brief on Carnot Batteries and storage-

supported Power-to-Heat technologies. 

 
At the third Expert Meeting, the group agreed on several key messages for policy makers and funding 

agencies: 

Ĕ Drive Market Adoption by Addressing Infrastructure  

Ensure grid capacity expansion, streamline connection processes, and remove regulatory barriers 

like double taxation to enable large-scale deployment. 

Ĕ Enhance the Value Proposition Beyond Economics  

Recognize the role of Carnot Batteries in emissions reduction, energy flexibility, and sector 

coupling, while addressing business model and technical complexities. 

Ĕ Strengthen Supply Chains and Workforce Readiness  
Invest in domestic supply chain development, workforce training, and industry coordination to 
accelerate deployment and improve long-term economic impact. 

Ĕ Accelerate Demonstration and Scale-Up 
Fund pilot and demonstration projects to validate performance. Expand supply chains, offer tax 
incentives, and support workforce development for industrial scalability. 

 
Finally, at the fourth Expert Meeting, a targeted policy workshop organized by DaCES further deepened 

the discussion. Participants worked in groups aligned with four reference use cases—industrial steam 

applications, district heating and seasonal storage, and long-duration energy storage for grid 

stability—providing concrete insights into framework conditions and policy needs across different 

application contexts. 
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Task 45: Accelerating the uptake of Large Thermal Energy 
Storages 

Task Information 

General 

Duration: Start: January 2024 – End: December 2027 

Website: https://iea-es.org/task-45/    

Task Manager 

 

Wim van Helden 

AEE INTEC 

Feldgasse 19, 8200 Gleisdorf, Austria 

w.vanhelden@aee.at 

About Task 45 – Accelerating the Uptake of Large Thermal Energy Storages 

The overarching aim of the Task is to provide the framework and the knowledge to enable an 

accelerated uptake of LTES technologies by the market. Its focus is higher TRL technologies and 

applications, addressing the questions and challenges of planners, designers, and implementers of 

LTES systems. It also will work on setting a basis for future standards and performance checks for these 

systems, necessary for a market uptake. 

The key objectives of the Task are: 

¶ Further improvement of numerical simulation to have better tools for LTES system design, 

integration, and optimization. 

¶ Broadened LTES materials database and materials test methods (influence of moisture at 

higher temperatures, lifetime calculation models).  

¶ Setting a basis for future standards on performance checks. 

¶ Targeted information and training material for decision makers, implementers, and 

developers. Forming a platform of experts that assist implementers with their practical 

challenges.  

¶ Inventory of improved concepts and technologies. (Elevated storage temperatures with 

technologies such as pressurized systems, HT ATES, rock or sand storage; using existing 

infrastructures like gas/oil reservoirs, mines or gravel pits).   

 

https://iea-es.org/task-45/
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Contracting Parties / Sponsors 

Institution Country 

AEE INTEC, AIT, AGRU, SOLID, Univ. Innsbruck, 
Univ. Linz 

Austria 

CanmetEnergy Canada 

DTU, Planenergi, Bobach Solutions, Aalborg 
CSP, Aalborg University 

Denmark 

Heliostorage, VTT Finland 

Newheat, CEA France 

Solites, Stadtwerke München, Univ. Kassel, 
Gquadrat, Ramboll, Berlin Energie und Wärme, 
TH Ingolstadt, Hamburg Institut, Oeko Institut, 
Steinbeis Innovationszentrum Energie, Solmax, 
Unitank 

Germany 

CREAR Univ. Firenze Italy 

DTESS, IF Technology Netherlands 

Chalmers Univ., Muovitech AB, Dalarna Univ., 
JF Sustainable Energyneering AB, KTH 

Sweden 

HSLU, SPF Switzerland 

Cukurova University, Gazi University Türkye 

Univ. Birmingham United Kingdom 

Overview of Scope 

The minimal size of LTES that will be considered is according to the definition in Task 39: 1 GWh of heat 

charged/discharged per year. So, this includes a seasonal storage (one charge-discharge cycle per year) 

of 1 GWh capacity and a daily storage (over 300 charge-discharge cycles per year) of 30 MWh capacity. 

The typical storage temperatures are suited for district heating systems, with the present storages at 

maximum temperatures of 100 °C, and improved concepts also going to about 120 °C. 

Task 45 will work on technologies and applications on higher TRL level, as in practice there is a large 

demand for knowledge on planning, design, building and operating LTES. 

The main application for the LTES is district heating, but industrial applications in the same 

temperature are not excluded. 

Subtasks 

Subtask Structure 

The work of the Task is split into four Subtasks. 
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(1) Numerical Simulation;  

Subtask lead: Thomas Schmidt, Solites, Germany. 

(2) LTES Materials Database and Materials Tests;  

Subtask lead: Bijan Adl-Zarrabi, Chalmers University, Sweden. 

(3) Construction and Performance Checks Standards;  

Subtask lead: Pierre Delmas, Newheat, France. 

(4) Improved Concepts, Dissemination;  

Subtask lead: Geoffroy Gauthier, Planenergi, Denmark. 

The next figure gives a graphical representation of the Subtasks. Below, a short description of the 

activities and deliverables per Subtask is given. 

 

Figure 23: Structure of the Subtasks. 

Work Plan 

SUBTASK 1: NUMERICAL SIMULATION 

The goal is to obtain reliable and proven pre-design tools for LTES system and component design, 

integration, and optimization, through the further development, improvement, and comparison of 

numerical simulation tools. The work is divided in three activities: 

ACTIVITY 1.1 COMPARATIVE STORAGE SIMULATIONS 

In the previous Task 39 a first step of comparative LTES simulations (round robin, stage 1) was done 

with various LTES simulation models based on detailed defined test cases for six different LTES 

configurations and four different storage concepts (ATES, BTES, PTES and TTES). For this first baseline 

comparison, very simple operational profiles were defined. Based on this work, a second stage of 

simulations will be done in Task 45 with more realistic, more dynamic and application-oriented 

operation profiles and with additional variations of most important design parameters.  
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Purpose of the comparative simulations is the verification and validation of simulation models for LTES 

with respect to accuracy of model results as well as modelling effort.  

Deliverable D1.1: report or publication 

ACTIVITY 1.2 PRE-DESIGN TOOLS FOR LTES SYSTEM INTEGRATION 

The simulation models used and verified in activity 1.1 can be used for detailed investigation of the 

potential benefit of an LTES in a certain system application. The effort for the related dynamic 

simulations is however very high and time consuming. In early phases of an LTES project development 

there is a strong need for more simplified pre-design tools that can provide first estimations of 

potential techno-economic benefits of an LTES with low effort and based on only little input. In this 

respect, it is important to consider the system integration of an LTES or the usage of an LTES by the 

connected supply system as both the efficiency of an LTES as well as its main design parameters 

strongly depend on the system interaction. Pre-design tools for LTES are not available today and will 

be developed in the Task. 

In a second work item in this activity, the experiences and results of the comparative storage 

simulations of activity 1.1 will be used to improve the corresponding detailed simulation models with 

respect to results accuracy, flexibility, usability and effort. 

Deliverable D1.2: set of pre-design tools [set up first list depending on specific inputs from experts] 

ACTIVITY 1.3 EXAMPLES OF LTES SYSTEM CALCULATIONS 

The pre-design tools developed in 1.2 will be used for calculation of typical applications. These 

calculation examples will be validated and added to the Task homepage. 

SUBTASK 2: LTES MATERIALS DATABASE AND MATERIALS TESTS 

The goal is to create a database with the properties of materials at the present range of operation and 

beyond the present range, to work on descriptions of measurement methods at higher temperatures, 

to work on identification of moisture content on thermal properties and lifetime of the material and 

describe lifetime calculation models for several materials. 

ACTIVITY 2.1 LTES MATERIALS DATABASE 

From Task 39, the database is in the initial phase of formation. Goal of the present work is to validate 

and broaden the database. Furthermore, the results obtained in 2.2 will be added to the database. We 

strive to find agreements on standards for testing.  

Deliverable D2.1: Report about the structure of the database including how the database can be used.   

ACTIVITY 2.2 MATERIALS TEST METHODS 

The present material data do not include the influence of the moisture content and oxidative 

degradation on material properties and lifetime of the materials. Studies are needed to establish a fast 

measurement method for determination of the moisture- and oxygen dependent material properties. 

Furthermore, a method is needed to determine the influence of the moisture content on the lifetime 

of the materials. Generally, the measured material properties in a laboratory can be used for designing 
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a product and estimating e.g., the lifetime of the product. However, the lifetime of a product exposed 

to operative condition can be under/overestimated compared to the estimated lifetime. Thus, it is 

essential to develop both laboratory methods and field methods.   

Deliverable D2.2: Descriptions of methods to determine moisture and oxygen dependent material 

properties and estimated lifetimes at laboratory level and in the field.  

ACTIVITY 2.3 LIFETIME CALCULATION MODELS 

Generally, estimation of lifetime of the system is a crucial parameter for decision makers. The lifetime 

of a system depends on the lifetime of the involved materials. The lifetime model should include the 

influence of the moisture on lifetime.  

Deliverable D2.3: A model for determination of lifetime of selected materials.  

SUBTASK 3: CONSTRUCTION AND PERFORMANCE CHECKS STANDARDS 

Standards help the interaction and communication between suppliers and implementers. Some 

standards for design, construction, testing, maintenance, and operation requirements of TES system 

are already available (for example, ASME’s Safety Standards for Molten Salt TES), but they are not fully 

adapted to LTES. Additionally, there are existing guidelines for the design and construction of 

underground LTES (German VDI guideline), but they are neither covering all the technologies nor 

addressing all the steps of the project development. 

Moreover, performance checks could lead to performance guarantees, which would strongly help the 

market development and bankability. 

ACTIVITY 3.1 GUIDELINES FOR CONSTRUCTION AND LEGAL ASPECTS 

In this activity, existing national and international documentation needed to develop a successful LTES 

project will be listed and analyzed. The present standard for TTES (EN 14015 & API 650 for designing 

and building) will be used as a first step, together with the German VDI guideline 4640-3 on use of 

underground for thermal purposes with one part on TES. In Germany, work is ongoing to update this 

with standards description of building and realization of TES; first for ATES and BTES, to be updated 

with TTES and PTES. This ongoing work on national level will be input to the Task and completed with 

other national and international initiatives. 

Legal aspects are critical for LTES project development. For example, adaptation of existing urban 

planning rules or creation of a new specific zoning may be considered for LTES construction. In 

addition, environmental assessment of the project (soils, biodiversity, health, landscape…) is necessary 

and methods and procedures may differ from one country to another. To facilitate the uptake of LTES, 

existing national legislations and funding schemes for LTES projects development will be screened, and 

an address book of LTES relevant stakeholders (project developers, technology providers, specialized 

engineering companies, public entities...) will be provided. Adapted legislations for LTES are also 

missing in some regions or countries: lacks will also be identified, with work plan propositions inspired 

from best practices to fill the gaps. 

Another aspect is the installation of geosynthetics in pit thermal energy storages and its effects on 

system lifetime. In Germany, for instance, the installation of geosynthetics need to meet the high 
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requirements developed by BAM (Bundesamt für Materialforschung, Federal bureau for materials 

research). Which includes among others, UV-protection, wrinkle-free installation, qualified welding 

according to DVS requirements, protection layers and leak detection before water filling and 

operation. The experiences of previous projects are important indicators to minimize risks and ensure 

a liable Lifetime estimation of the whole PTES-System. Therefore, the gained experiences and 

knowledge will be summarized in a guide for future projects. 

Deliverable D3.1: Public report including guidelines for LTES construction and legal aspects. 

ACTIVITY 3.2 GUIDELINES FOR LTES PERFORMANCE ASSESSMENT 

A list of relevant KPIs for LTES and agreed definitions for these KPIs was set up in Task 39. The next 

step before reaching normalized tests is to propose guidelines on the test procedures to quantify these 

indicators. Without guidelines, various kinds of protocols can be followed, often leading to different 

values for the indicators. Thus, there is a strong need to ensure that indicators are estimated in a 

systematic and reproducible way from simulation results of measured data. Thanks to the broad type 

of involved partners (coming from research centres, engineering companies, technology providers, 

project developers, …), the guidelines produced in this Task will be a sound basis for performance 

checks standards.  

In the area of financial and economic indicators and procedures, a close collaboration with Task 41 will 

be sought. 

Finally, some case studies will be provided to validate the proposed performance check procedures 

with measured and simulated data from relevant LTES projects. 

Deliverable D3.2: Public report including guidelines for LTES performance assessment. 

SUBTASK 4: IMPROVED CONCEPTS, DISSEMINATION 

Goal of this Subtask is to provide an overview of ongoing developments on improved LTES concepts 

and to actively disseminate the Task activities, results, and key messages to the target groups. 

ACTIVITY 4.1 INVENTORY OF IMPROVED LARGE THERMAL ENERGY STORAGE CONCEPTS.  

The technical and industrial development status from ongoing and new R&D projects on improved or 

novel LTES concepts or technologies is gathered and structured. Examples of these are: LTES with 

elevated storage temperatures (pressurized systems, HT ATES, rock or sand storage, …) or LTES using 

existing infrastructures (gas/oil reservoirs, mines, gravel pits, …).  The inventory includes information 

about the TRL of the different technologies and their possible applications.  

A survey will be sent out to research institutes and from the first inventory, a collection of short 

descriptions will be made. 

Deliverable D4.1: Inventory of novel LTES concepts and technologies 

ACTIVITY 4.2 DISSEMINATION 

Targeted information and training material for decision makers, implementers and developers will be 

produced in the Subtasks and disseminated through different channels: Task website, presentations 
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at exhibitions/fairs, seminars, conferences, and workshops on national and international level. The 

activities in this Subtask are: Presentation of results from the Tasks (selected activities results from the 

Task/Subtasks) at conferences (IRES, Eurosun, xxStock, ISEC); presentations of return on experience 

for different LTES (planning, implementation, monitoring, operation & maintenance) will be made at 

conferences or online. Moreover, a roadmap with recommendations for the deployment of LTES in the 

EU or worldwide is to be developed. 

The group will also work on producing a technology position paper or white paper on LTES, containing 

the state of the art, the market potential and a list of policy recommendations. 

Deliverable D4.2: Presentation and publications of Task work and of LTES experience, in the form of 

seminars every 6 months. 

¶ Deliverable D4.2.1: Session 1 on opportunity phase (pre-design) and design of LTES (steps 

1&2 identified in Task 39) 

¶ Deliverable D4.2.2: Session 2 on tender, planning & implementation of LTES (steps 3&4 

identified in Task 39) 

¶ Deliverable D4.2.3: Session 3 on monitoring, O&M, follow-up of LTES projects (steps 4 

identified in Task 39) 

¶ Deliverable D4.2.4: Session 4 depending on the information need (this session will be 

determined by the feedback from the viewers) 

¶ Deliverable D4.2.5: Report gathering the information behind the 4 sessions. 

Deliverable D4.3: Recommendations/planning for the vast deployment of LTES in the EU/worldwide 

(white paper). 

ACTIVITY 4.3 KNOWLEDGE PLATFORM 

A platform of experts will be formed to assist implementers with their practical challenges. Gather 

practical examples or references with their KPIs.  

Organization of Q&A bi-monthly online meetings for target groups; the information will be available 

online afterwards (Q&A bank), organized to have accessible information/questions. 

Deliverable D4.4: Bank of Q&A sessions on LTES available online. 

Activities and Achievements 

SUBTASK 1: NUMERICAL SIMULATION 

There are two ongoing activities within Subtask 1: A1.1 – Comparative Storage Simulations and A1.2 - 

Pre-design Tools for LTES System Integration.  

A1.1 builds on the work done in ES Task 39, work package C. Additional test cases for the considered 

storage concepts, that provide new insights for model validation, are developed as a basis for 

additional comparative simulations.  

For Tank and Pit Storage (water based), it was decided to go for four additional test cases: 
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(1) Dynamic operational profiles based on Dronninglund data 2018/2019 instead of Task 39 

simplified operational profile. Enhance models with third diffusor position  

(2) Dronninglund validation test case 

(3) Test case 1 with full insulation 

(4) Test case 1 with groundwater flow 

Further detailing of test cases is ongoing, e.g. regarding difference in hydraulic connections and test 

case volume in relation to the number of required nodes for the model etc.  

Regarding ATES and BTES, still a small number of experts is working on this. It was discussed how to 

get more experts on board. Furthermore, the possibility of getting suitable monitoring data to create 

validation test cases for ATES and BTES is investigated. 

The stage 2 test cases for TTES/PTES are well advanced but need some final definitions for completions. 

A small team of experts was formed to work on this. The availability of monitoring data for creation of 

realistic operation profiles or validation test cases was discussed. Data is available from the running 

LTES projects: Dronninglund, DK (PTES), Middenmeer, NL (ATES) and Crailsheim, DE (BTES). The 

monitoring data from Middenmeer and Crailsheim data still must be evaluated and prepared to derive 

the operation profiles from them. This will be done by at least two experts. 

Stage 2 test cases for ATES and BTES require evaluation and preparation of monitoring data from 

Middenmeer (ATES) and Crailsheim (BTES) to derive the operation profiles. AEE INTEC and Solites will 

work on these test cases 

A1.2 

The already created list of existing pre-design tools was shown and discussed and led to a preferred 

scope definition for Task 45 pre-design tools: 

¶ System level approach 

¶ Realistic results 

¶ Including first cost estimation 

¶ Technical results on energy balance, efficiency, important KPIs etc. 

¶ Results on required land use 

¶ Results on CO2 savings 

¶ Reasonable time demand for calculations 

A pre-design tool covering all these aspects is not available to the public so far according to the tool 

inventory. Because of limited resources, it will be difficult to develop such a tool within this activity. 

An alternative can be the development of a suitable technical LTES model only that can later be 

integrated into existing or new in-house and commercial pre-design tools. 

Two additional design tools were presented: (1) a TRNSED tool from DTU (DK) that is a user-friendly 

graphical user interface running on top of TRNSYS. (2) an alternative user-friendly GUI for TRNSYS, 

based on pytrnsys, that will be web-based and is being developed by Fachhochschule OST (CH).  
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SUBTASK 2: LTES MATERIALS DATABASE AND MATERIALS TESTS 

The activities of Subtask 2 are summarized in the schematic below: 

ACTIVITY 2.1 DATABASE. 

A beta version of the (limited) database is available and a small group of experts is working on 
further expanding and opening the database. 

ACTIVITY 2.2 TEST METHODS. 

The HSLU test set-up for determination of water vapor diffusion has been upgraded. Pre-testing has 

just started. The goal is to design and develop a replicable method for higher-temperature moisture-

barrier materials testing.  

The laboratory measuring activities were discussed with three participating organizations: PlanEnergi, 

Solites, and DTU. A broad basis of tests is needed for setting up a standard to determine service life at 

higher temperature. Geomembranes are included in the tests, for which AGRU can provide material 

data. The inclusion of thermal insulation materials is not yet decided. A further wish of the group is to 

have real-life experiments, taking out samples of operating systems after consecutive periods and then 

determine their quality.  

ACTIVITY 2.3: LIFETIME CALCULATION MODELS.  

It is still not decided whether moisture will be included in the lifetime calculation models. This depends 

on the resources that JKU (AT) has to expand their existing model.  

The idea to organize some targeted dissemination on the following items was discussed: 

(1) Water quality. This is already ongoing, and the team should be expanded. 

(2) Review on polymeric materials for PTES (liners, foam insulation, glass-fiber reinforced 

polymer components) 

(3) Series of papers on state of the art of LTES design, construction, operation? 

SUBTASK 3: CONSTRUCTION AND PERFORMANCE CHECKS STANDARDS 

Aim of the Subtask 3 is to set a basis for future standards on LTES construction and performance 

checks. 
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ACTIVITY 1: GUIDELINES FOR CONSTRUCTION AND LEGAL ASPECTS 

The main goal of this activity is to produce a document gathering guidelines for LTES project 
development on specific topics. 

The feedback from the experts on guidelines available is: 

¶ Design & construction standards 

¶ National legislation 

¶ Funding schemes 

¶ EIA content 

¶ Relevant stakeholders 

FROM THE DISCUSSION, IT BECAME CLEAR THAT PERHAPS IN ANNEX 27 WE CAN EXTRACT 

INFORMATION ON STANDARDS AND legislation for BTES. Moreover, the performed Environmental 

Impact Analysis of the Dronninglund PTES can be a source to present standard EIA content.  

Bas Godschalk from DTESS shared and translated assessment guidelines and protocols for ATES and 

BTES in the Netherlands entitled BRL SIKB 11000/11001. It covers the full life cycle (Design → 

Construction → Operation & Maintenance). The goal is to ensure quality, safety, and environmental 

protection. The guideline covers the following topics: 

¶ Organization 

¶ System quality 

¶ Worker's qualifications 

¶ Documentation 

¶ Audits 

¶ Authorities' permissions  

For different phases these documents list several requirements that need to be investigated or 

evaluated by project developers. In the preliminary studies, the local situation, the surroundings and 

the underground geohydrology must be investigated. For the latter, the following list is required 

¶ Soil stratigraphy (characterization and schematization of the subsurface)  

¶ Phreatic groundwater levels and piezometric heads in the aquifers 

¶ Groundwater flow and direction in the aquifers 

¶ Surface water system (where relevant)  

¶ Water quality (fresh/saline, redox, gas content)  

¶ Soil temperature (in relation to depth) 

The next steps are synthetizing these documents and start to write guidelines based on the literature, 

while identifying the lacks in the regulation. 

ACTIVITY 2: GUIDELINES FOR LTES PERFORMANCE ASSESSMENT 

The components that will be included in the assessment are: 

¶ Storage as a whole 
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¶ PTES lid 

¶ Diffuser 

¶ Liner 

Furthermore, procedures can be taken from work done by Aalborg CSP for lid performance checks, 

and from performance checks for ATES. Sources from this will be supplied by DTESS and are a concepts 

permissions report and a list of quantities measured for HT-ATES.  

For each component a performance check test must be defined (either between the component 

supplier and the EPC company or between the EPC and the client), and a detailed protocol built. 

 

The main activities in this Task have focused on the work regarding LTES performance check definition, 

based on Newheat’s feedback as a project developer. Indeed, several performance check tests have 

been imagined in different projects. They were shared with the rest of the experts to collect first 

feedback and Newheat insisted on the importance of developing a standardized method to avoid long 

and unfruitful discussions each time a new client emerges to define a testing methodology which suits 

both parts. 

The following table illustrates several existing methodologies; the following meetings will elaborate on 

these to assess in more detail the limitation of each test and to converge on a common procedure 

recommended by the experts group.  
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SUBTASK 4: IMPROVED CONCEPTS, DISSEMINATION 

Oil tank repurposing 

An interesting presentation was given by a new expert to the group, Jan Falbe, from the company 

Unitank that plans to refurbish part of the oil tanks to TES tanks, calling it repurposing. The tanks are 

between 54000 and 326000 m3 in volume. Most important aspect is to have a good proof of the static 

quality of the tank, as water has a higher density than oil.  

A naming convention for deliverables was proposed by the Subtask manager. Also, templates for the 

different deliverables were drafted, which will be checked with the IEA ES secretariat.  

The questionnaire for improved concepts (activity 4.1) has been drafted, reviewed and sent out. The 

answers to the survey have gathered information about projects working on improved concepts of 

LTES and were the basis for a first inventory. Over 20 improved concepts were extracted from 14 

gathered projects and most probably more will be reported in the final deliverable. The improved 

concepts cover mostly high TRL (7 to 9), and all LTES technologies: ATES, BTES, PTES, TTES, but also 

CTES (Cavern). MTES (Mine) will also be documented. The bar graph below shows the type of 

improvements reported in the questionnaire for the different projects (anonymized). A draft of the 

deliverable 4.1 has been prepared and should be finished in January 2026. 

 

Dissemination (activity 4.2) 

In 2025, many dissemination efforts took place (activity 4.2): 

¶ The experts of Task 45 have been participating to international conferences (for instance in 

Australia and the Netherlands), including a special session about medium duration energy 

storage (coupled to IEA-ES Tasks 42 and 44) at the Smart Energy Systems conference in 

Copenhagen, Denmark. 

¶ A first IEA-ES Task 45 webinar took place online, free of charge, and had a great success: 100 

participants, 218 registrations, a positive evaluation (4.7/5). The topic was “Planning, legal,  

societal & financial dimensions of LTES implementation”, and the main targeted audience were 

project developers, policy makers and residents/public. The webinar was recorded, published 

on the IEA-ES TCP Youtube channel and shared on the IEA-ES Task 45 website (including all 

presentations, see screenshot below and the following link: https://iea-es.org/task-

45/webinars/). All questions answered during the webinar were also gathered for the Q&A 

bank. 

https://iea-es.org/task-45/webinars/
https://iea-es.org/task-45/webinars/
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Knowledge base (activity 4.3) 

As a part of the knowledge base work, the first Q&A session was held (session 1.1) online (free of 

charge), and received decent participation (69 participants, 150 registrations). The experts from IEA-

ES Task 45 were present to answer questions which have been gathered through an online form, and 

covered mostly technical and practical experience of LTES, including questions about design, costs, 

applications and stakeholders of LTES. The recording of the Q&A sessions have been published on the 

IEA-ES TCP Youtube channel and shared on the IEA-ES Task 45 website, and all questions answered 

during the sessions were organized by topic, to make them more accessible, summarized and 

published as a Q&A bank: https://iea-es.org/task-45/qa-bank/. 

Q&A sessions are planned before and after webinar until the end of 2026, depending on the number 

of questions collected. The upcoming webinar and Q&A session (2.1) have already been planned, 

speakers and experts have been confirmed, and questions have been prepared and ordered. 

 

 

https://iea-es.org/task-45/qa-bank/
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Dutch inventory of knowledge and questions with investors and municipalities regarding LTES. 

Bas Godschalk gave a presentation about a project that he and Wim van Helden are executing in the 

Netherlands. The goal of the project is to get more insight into the level of knowledge and the way of 

working of municipalities and investors regarding the planning and integration of LTES in district 

heating networks. They are planning a series of interviews with banks, investors and municipalities and 

are asking input from the T45 experts on what to ask these stakeholders. Several questions for the 

interviews came from the group and will be used in the interviews. Next experts meeting, the results 

and conclusions will be presented to Task 45, and further input will be asked. 
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Task 46: Application-Oriented Energy Storage Selection  

Task Information 

General 

Duration: July 2025 – June 2028 

Website: https://iea-es.org/task-46/ 

Task Manager 

 

Dr. Andreas Hauer 

BVES e. V./ ZAE Bayern  

Oranienburger Str. 15, 10178 Berlin 

Andreas.Hauer@zae-bayern.de 

About Task 46 – Application-Oriented Energy Storage Selection (AppESS) 

The objective of Task 46 is to develop a methodological approach for classifying potential energy 

storage applications based on their technical and economic requirements, and to match them with the 

most suitable storage technologies. This approach will help identify key application areas and their 

corresponding energy storage solutions. These application-technology pairs will then be prioritized 

based on their relevance to future energy systems. 

Target groups include decision makers, planners, project developers, and investors, who should be 

able to use quantified potentials to support informed planning and investment decisions. 

Application-oriented Energy Storage Selection 

In the past, fossil energy carriers in a predominantly centrally oriented energy system met the demand 

– electricity, mobility and thermal energy (heating and cooling) (see figure 1). 

 

Figure 24: Old energy system based on fossil fuels 

The future energy system will mainly rely on renewable energy sources. As a result, energy supply will 

be mostly provided as electricity from PV and wind and will fluctuate over time. Nevertheless, the 

system must balance supply and demand at all times. Flexibility in form of distribution (e.g. by the 

electricity grid), transformation (e.g. sector coupling like power-to-heat) and energy storage will be 

https://iea-es.org/task-46/
file:///C:/Users/bschu/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/K5EO7EUS/Andreas.Hauer@zae-bayern.de
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needed in the system to achieve this (see the following figure). The necessary shift in time between 

supply and demand can be managed by energy storage. 

 

Figure 25: Energy system based on renewable energies with necessary storage technologies 

The energy system must be capable of providing energy in the form we need (electricity, mobility, or 

thermally as heat/cold) at the right place and time. Until now, we have developed the system primarily 

from the supply side, such as wind farms or PV parks. In the future, the perspective should shift. 

Considering the demand side is essential for a renewable energy-based, decentralized energy system. 

In order to accomplish this, the following questions are crucial, especially for the use of energy storage: 

How much energy do we actually need, at what time, and in what form? How much must be provided 

from energy storage? These questions help identify relevant applications for storage in order to 

provide the flexibility needed in the system. 

Understanding when, how much, and in what form energy is required is key to identifying relevant 

storage applications that can provide the necessary flexibility. Efficient use of energy storage therefore 

requires aligning technologies precisely with application needs, ensuring that energy is stored and 

delivered in the most appropriate and cost-effective manner. 

The efficient use of energy storage systems will need to be thought of more from the actual 

consumption perspective in the future. Energy storage will have to provide exactly the form and 

amount of energy that is actually needed and to store energy in the most appropriate and cost-

effective manner. This means, for example, that electrical storage is well fitted for electricity demand, 

and thermal storage for heat or cooling provision. 

However, this approach for implementing energy storage capacities for the energy transition will need 

to go into much more details of the actual need determined by the application. To identify an 

appropriate storage solution, the requirements of an application must be examined in detail. 

"Application-oriented" in this context means, selecting the storage technology based on actual 

demand. For example, consider an industrial drying process that requires dry air at approximately 

180 ϲ/ ŀǎ ǎǳŎƘ ŀƴ άŀǇǇƭƛŎŀǘƛƻƴέΥ Looking at this application from the supply side, renewable electricity 

from wind or PV would be considered as the energy source and storage in a battery would seem 

appropriate. Coming from the demand side, the application requirement of hot and dry air can ideally 

be met by an open sorption storage, based on a thermochemical zeolite-water reaction. In this case, 

besides RE, also waste heat or solar thermal heat can be utilized as source and the open sorption 

storage solution would be significantly less expensive than the battery storage solution. 
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Figure 26: General energy flow from the source through the storage to the demand (in blue) and an example of specific 
demand and the choice of storage technology based on the source (in red) or demand (in green) 

Such “applications” and the most suitable storage solution matching the requirements must be 

evaluated based on their significance for the energy transition. The question that needs to be 

answered is: Which storage technology offers the best technical and economic solution in the specific 

application, and how relevant is this identified application-ǎǘƻǊŀƎŜ ǇŀƛǊ όƻǊ άƳŀǘŎƘέύ ŦƻǊ ǘƘŜ ŜƴŜǊƎȅ 

system? 

The technical and economic requirements for storage systems will be determined by these specific 

applications. This will also lead to the technical and economic potential for the use of energy storage 

solutions. Already today, a wide variety of energy storage technologies can serve a multitude of 

application areas. 

Within this Task, a methodological approach will be developed to categorize potential applications or 

use cases for energy storage solutions based on their technical and economic requirements and match 

them with the appropriate properties of the storage technologies. The most relevant application areas 

and their corresponding storage technologies will thus be identified. The identified application-storage 

pairs or “matches” will then be prioritized according to their relevance for the future energy system. 

As a main orientation of the relevance of a match, the impact of the CO2-emmission reduction by the 

specific application is defined. Further relevance factors could be defined, if the results indicate so. 
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Figure 27: Methodological approach to match applications with suitable energy storage technologies 

Figure 27 shows the KPIs describing the energy storage solution properties and the application 

requirements and how suitable matches might be derived from this approach. More detailed KPIs (e.g. 

Life Cycle Analysis, environmental impact, social acceptance) might be added in order to allow a valid 

selection of the proper storage solution for any specific application.  
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Overview of Scope 

The main goal of Task 46 is to enable a scientific based selection of most suitable energy storage 

technologies for specific applications within the energy system. By evaluating the actual relevance of 
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the different applications, it should be possible to prioritize the best energy storage 

technology/application pairs or matches according to the potential and relevance of the specific 

application. This quantified evaluation will primarily be performed with respect to CO2 emission 

mitigation for the future energy system. 

Subtasks 

The Task’s work is divided into five Subtasks that are further described in the following: 

¶ Subtask 1: Match-Making Matrix 

Structure application requirements and match it with energy storage properties 

 

¶ Subtask 2: Collection of Best Practice Examples 

for existing application-storage matches  

 

¶ Subtask 3: Evaluation and Prioritizing 

Technical and economic evaluation of application-storage matches with respect to their 

relevance for the energy system 

 

¶ Subtask 4: Communication and Dissemination  

Dissemination of key messages, findings, results, and methods  

 

¶ Subtask 5: Roadmap to close research gaps 

Identification of open questions to be addressed within research projects and identification of 

suitable funding opportunities 

 

Figure 28: Subtask Structure of the Task 



 

ES TCP Annual Report 2025 74 

Subtask 1 – Match-Making Matrix - Structure application requirements and match it with 
energy storage properties 

Subtask Leader: Stefanie Tafelmeier, ZAE Bayern, Germany 

Subtask 1 focuses on systematically aligning the requirements of relevant application areas with the 

properties of potential energy storage solutions. This is achieved through the definition, classification, 

and harmonization of key performance indicators (KPIs) that enable a transparent and comparable 

assessment of storage technologies. 

The KPIs cover fundamental characteristics such as capacity (kWh), power (kW), duration, and cost, as 

well as advanced technical parameters, including C-rate for electrical storage systems and operating 

temperature levels for thermal storage technologies. In addition, broader KPI categories—such as life-

cycle assessment (LCA), environmental impacts, and social acceptance—are incorporated to support 

a holistic selection of suitable energy storage solutions. 

The KPI framework builds on existing methodologies already applied in participating countries. Where 

necessary, these approaches are further refined and expanded to ensure sufficient detail and 

consistency for an effective technology selection process. Using the defined KPIs, the relationships 

between application requirements and storage technology characteristics are systematically captured 

in a structured database, referred to as the Match-Making Matrix. 

As part of this work, a match-making workshop format was developed and successfully tested during 

the Experts Meeting at HSLU, Switzerland. This format supports the identification of relevant KPIs and 

appropriate evaluation methods and will be integrated into future Experts Meetings of Task 46. It is 

expected to provide particular benefits for both Subtask 1 and Subtask 3. 

The overall objective of Subtask 1 is to establish a robust, transparent, and transferable framework 

that enables consistent matching of energy storage technologies to application needs across different 

contexts. 

Subtask 2 - Collection of Best Practice Examples - Examples for existing application-storage 
matches 

Subtask Leader: Carina Seidnitzer-Gallien, AEE INTEC, Austria 

Subtask 2 focuses on identifying, collecting, and documenting best practice examples of energy storage 

systems that demonstrate successful matches between application requirements and storage 

technologies, as defined in Subtask 1. 

The collected examples aim to cover all relevant fields of application across the electricity, mobility, 

and thermal energy sectors, while also representing the broad spectrum of available energy storage 

technologies. Emphasis is placed on real-world implementations where the technical properties of the 

storage system are well aligned with the needs of the application, as evidenced by the key performance 

indicators (KPIs) established. This structured collection of application–technology matches is essential 

to ensure that the overall discussion remains concrete, practice-oriented, and grounded in real 

experience rather than becoming overly abstract. 

The collection of best practice examples began during the current reporting period. As part of the 

match-making workshop developed under Subtask 1 and conducted at the Experts Meeting at Lucerne 



 

ES TCP Annual Report 2025 75 

University of Applied Sciences and Arts (HSLU), participants worked on a real-life case study involving 

an existing bakery in Germany, kindly provided by ZAE Bayern. This exercise demonstrated how the 

KPI-based approach can be applied to practical scenarios. 

Subtask 3: Evaluation and Prioritizing – Technical and economic evaluation of application-
storage matches with respect to their relevance for the energy system 

Subtask Leader: Zheng Grace Ma, University of Southern Denmark, Denmark 

Subtask 3 focuses on evaluating and prioritizing the application–storage matches identified in Subtask 

1 to provide structured decision support based on quantified techno-economic criteria. The 

assessment emphasizes the relevance of each application with respect to its contribution to the energy 

transition and its potential for CO₂ emission mitigation within the future energy system. 

The evaluation considers key performance indicators (KPIs) describing both the technical and 

economic performance of the selected energy storage solutions. Rather than producing a strict 

ranking, the prioritization is expected to group application–storage matches into qualitative priority 

classes (e.g. most relevant, relevant, and less relevant), while still providing quantified guidance to 

support informed decision-making. 

This approach was discussed using examples of energy storage systems currently in operation within 

specific applications. A key insight emerging from these discussions was the need to move beyond 

highly specific, local use cases (e.g. cooling agricultural products at a single site) towards application 

scenarios with broader, global relevance. To enable this, individual cases may be aggregated based on 

shared technical requirements—for example, low-cost, climate-neutral food cooling close to harvest. 

Such aggregation allows the identification of representative application categories with higher 

relevance for the energy transition and improves the transferability of results across regions and 

contexts. 

Overall, Subtask 3 aims to deliver a robust, transparent framework for evaluating and prioritizing 

energy storage applications, enabling decision makers to identify suitable storage solutions for high-

impact applications based on sound techno-economic analysis. 

Subtask 4: Communication and Dissemination – Dissemination of key messages, findings, 
results, and method 

Subtask Leader: Beatrice Schulz, BVES, Germany 

Subtask 4 is dedicated to ensuring broad visibility, accessibility, and uptake of the results of Task 46 by 

industry, policymakers, and the research community. Dissemination activities target both national and 

international audiences and are implemented through workshops, conference contributions, and 

continuous communication within and beyond the IEA framework. 

Initial dissemination activities were already carried out during the reporting period. The overall 

approach of Task 46—starting from application requirements and technical needs when developing 

energy storage projects—was presented at the BVES Investor Summit Europe 2025 in October 2025 in 

Berlin, reaching an audience of more than 500 participants. The presentation was delivered by Andreas 

Hauer and introduced the application-driven methodology underlying the Task. In addition, a 
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dedicated Task logo was developed, and a Task website was launched. Announcements and follow-up 

reporting on Task meetings were published in the BVES Monthly Report. 

To support efficient internal communication and collaboration, a digital tool was established that 

connects Task participants and enables them to share research interests and expertise. 

Over the course of the Task, dedicated workshops for industrial stakeholders and other actors of the 

energy transition will be organized to disseminate results to a wider audience. These workshops may, 

for example, be held in conjunction with the Enerstock Conference 2027 organized by the Energy 

Storage TCP or at status conferences hosted by BVES. 

In addition, relevant results will be fed directly into the IEA TCP Coordination Group on Flexibility in 

the Energy System, which is co-chaired by ES TCP and ZAE Bayern. This ensures alignment with related 

international activities and maximizes the impact of Task 46 within the broader IEA context. 

Subtask 5 - Roadmap to close research gaps – Identification of open questions to be 
addressed within research projects and identification of suitable funding opportunities 

Subtask Leader: Philipp Schütz, HSLU, Switzerland 

Presumably, multiple applications will not be satisfactorily be addressed in Subtask 3. In Subtask 5, 

these applications will be analyzed and topics for research projects will be identified. Analyzing the 

European and national funding landscape, a roadmap for potential research projects and suitable 

funding opportunities will be formulated to answer the open questions.  

In Subtask 5, the applications of Subtask 3 will be reviewed, and open (research) questions will be 

identified. The questions will be analyzed on synergies which would help to tackle multiple research 

questions with one single research project/program as well as the importance of the questions will be 

rated according to their impact for CO2 emission mitigation.  

In a second step, national and European funding schemes will be analyzed and a roadmap will be 

formulated which research question (cluster) could be submitted to which funding instrument as well 

as first steps to form consortia addressing these questions will be performed. These activities lead to 

the formulation of a roadmap, which outlines a potential approach how to tackle the open research 

questions identified in Subtask 3.  

Activities and Achievements 

Task 46 officially started in July 2025. In advance of the official start and the first months several 

meetings were held to gain a common understanding of the Task and to further define the goals. First 

achievements within the Subtasks were already described above. In the following some of the major 

events will be highlighted. 

Task Meetings & Expert Meetings 

The first Task Definition Meeting was held online in October 2024, with 28 participants. This was 

followed by the second Task Definition Meeting in April 2025, conducted in a hybrid format in Berlin, 

with 30 participants. 
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The first Experts Meeting took place in October 2025 in Horw, Switzerland, in cooperation with HSLU, 

also in a hybrid format, and brought together 38 participants from 13 countries. The second Experts 

Meeting is scheduled for April 2026 in Graz, Austria. 

Task Meetings 

¶ First Task definition meeting Oct 2024 (online), 28 participants  

¶ Second Task definition meeting April 2025 (hybrid / Berlin), 30 participants 

¶ First Experts Meeting October 2025 (hybrid/ Horw), 38 participants 

¶ Second Experts Meeting April 2026 (hybrid/ Graz) 

2ND TASK DEFINITION MEETING IN BERLIN, GERMANY (HYBRID) 

The meeting was held as part of the IEA Energy Storage TCP on April 9–11, 2025, at the 

Konferenzzentrum Centre Monbijou and Vattenfall Headquarters in Berlin. During the Task Definition 

Meeting the overall goal and working structure of the Task was further determined and potential 

collaborators were identified. The program included a technical Tour visiting a PCM-cold-storage by 

Axiotherm at the museum Futurium in Berlin. 

 

Figure 29: Task Definition Meeting in Berlin, BVES, Germany, 2025 

1ST EXPERTS MEETING IN HORW, SWITZERLAND AT HSLU (HYBRID) 

The first official experts meeting took place at HSLU in Switzerland on 27-29 October. This hybrid 

meeting gathered 38 participants from 13 countries. Key activities included: 

¶ Collection of real technology-application examples 

¶ Test session of a matchmaking workshop format to identify and evaluate technology-

application matches and establish a suitable methodology 

¶ Development of a participant overview tool to map interests within the Task 

¶ Site visit to a pressurized hot water storage at a waste-to-energy facility 
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Figure 30: 1st Experts Meeting in Horw, HSLU, Switzerland, 2025 

The storage system visited during the Task Meeting is now used as one of the examples for technology-

application matches. The project, operated by Renergia Zentralschweiz AG, has been in operation since 

September 2022. It was developed in cooperation with the Renergia waste-to-energy plant, four 

district heating networks, and Perlen Papier AG. 

The system consists of a 33-meter-high thermal storage unit with a capacity of five million liters. It can 

store heat at temperatures of up to 145 °C by using residual heat from the waste incineration plant. 

With a storage capacity of around 400 MWh, the system enables a flexible heat supply for the district 

heating network and supports optimized heat and electricity generation. 

The main goals of the project are to increase energy efficiency by utilizing previously unused waste 

heat, to improve supply security for the district heating network and industrial partners such as Perlen 

Papier AG, and to reduce fossil fuel consumption, such as natural gas, in the regional heating system. 

 

 

 

 

 

 

 

Figure 31: Heat Storage at Renergia Waste-to-Energy Plant (sources: Renergia Zentralschweiz AG) 

UPCOMING 2ND EXPERTS MEETING IN CONJUNCTION WITH THE ISEC CONFERENCE IN 
GRAZ, AUSTRIA  

The second Experts Meeting of Task 46 “Application-Oriented Energy Storage Selection” (AppESS) 

within the IEA Energy Storage TCP will take place in conjunction with the ISEC conference in Graz, 

Austria, and will be hosted by AEE INTEC. 

¶ When? April 13, 2026, 12:00 pm – April 14, 2026, 6:00 pm 

¶ Where?  Hotel Das Weitzer Graz, Grieskai 12–16, 8020 Graz, Austria  
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Task 47: Components for Thermal Energy Storage  

Task Information 

General 

Duration: Start: 1 July 2025 – End: 30 June 2028 

Website: https://iea-es.org/task-47/ 

Task Manager 

 

Wim van Helden 

AEE INTEC 

Feldgasse 19, 8200 Gleisdorf, Austria 

w.vanhelden@aee.at 

About Task 47 – Components for Thermal Energy Storage  

Thermal energy storage technologies play a pivotal role in switching from a fossil fuels-based energy 

system to a fully renewable energy system. They provide flexibility in the system when supply and 

demand are not in sync, they enable a larger uptake of variable renewable sources like solar energy, 

they maximize waste heat re-utilization in industry, they provide peak power thus lowering the 

required auxiliary power and they provide channels to couple the electricity sector with the heating 

sector, adding flexibility to the electricity system. 

Many thermal energy storage technologies are already on the market and have a good performance 

and low costs. Especially in applications that require higher temperature, smaller volumes or added 

functionality of thermal storage technologies, there are still several challenges to be tackled, 

specifically in the design of components. In compact or higher temperature thermal energy storage, 

the challenges are: limited energy transfer to and out of the system, large part due to the low thermal 

conductivity of available thermal storage materials and slow reaction rate; abrasion risk; or 

mixing/two-phase flow difficulties. 

Collaboration with Other IEA TCPs 

This Task is shared with the Solar Heating and Cooling TCP Task 74. 

Contracting Parties / Sponsors 

Institution Country 

AIT, AEE INTEC, TU Vienna Austria 

CanmetEnergy, Dalhousie Univ. Canada 

GIEC China 

https://iea-es.org/task-47/
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DTU, Aarhus Univ. Denmark 

Aalto Univ. Finland 

INSA Lyon France 

ZAE Bayern, CAE, DLR, Fraunhofer ISE, 
Rubitherm Technologies GmbH, Saarland Univ. 

Germany 

Naples Univ. Italy 

Pluss Advanced Technologies Pvt. Ltd., TU 
Eindhoven, Univ. Twente 

Netherlands 

Silesian Univ. Poland 1 

LNEG Portugal 1  

NIC Slovenia 

Tekniker, Univ. Barcelona, Univ. Lleida, Univ. 
Zaragoza 

Spain 1 

KTH, Iceheart AB Sweden 

HSLU, SPF Switzerland 

Çukurova Univ. Turkey 

Univ. of Birmingham, PCM Products Ltd. United Kingdom 

Oak Ridge National Lab., Texas A&M Univ., 
Villanova Univ. 

USA 

1 participating through SHC TCP 

Overview of Scope 

Thermal energy storage technologies are included that generate or have generated challenges in the 

design of their main components, in applications from a broad temperature range and with small and 

(very) large storage capacity. The main components are either the heat exchanger between the active, 

sensible or latent, storage material or the reactor for both heat and mass exchange with 

thermochemical materials. Typical application examples include a latent heat storage device to store 

waste heat from a data center, a sorption reactor for seasonal solar storage, a fluidized bed reactor 

for a thermochemical storage at 250 °C for industrial heat storage or a heat exchanger for a high-

temperature sensible storage for a power-to-heat process at 500 °C. The storage capacities can range 

from less than 100 kWh to more than 1 MWh. 

Subtasks 

Subtask A: Applications and Case Studies 

Lead: Jorge Salgado Beceiro, Norway 

The objective is to demonstrate the practical value of thermal energy storage through real-world 

applications and case studies, bridging the gap between research, system integration, and market 

needs. 
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Specific objectives of Subtask A are: 

¶ Identify and classify relevant TES applications across sectors and temperature ranges and 

provide the application boundary conditions to the other Subtasks. 

¶ Collect, analyze, and share high-impact case studies on TES integration. 

¶ Evaluate techno-economic and environmental performance to support decision-making and 

adoption. 

Subtask B: Design  

Lead: Dominic Groulx, Canada 

The main objective of Subtask B is to investigate design approaches and determine design metrics and 

rules, like testing and validation, to improve and accelerate the design process and design quality for 

the main components of thermal energy storages.  

Specific objectives of Subtask B are to make an inventory of TES component design approaches, to 

define a limited number of application scenarios (in relation to Subtask 3), to make an inventory of 

design tools, to investigate the set of component and operating parameters and determine 

appropriate design metrics that could govern most of the design process, and to collect feedback on 

the approaches from practice, possibly through a round-robin approach. 

 

Subtask C: State of Charge 

Lead: Gerald Englmair, Denmark; Co-lead Louis Desgrosseilliers Switzerland. 

The main objective of Subtask C is to bring the application of State of Charge (SoC) determination 

technologies one step further to practice. 

Specific objectives of Subtask C are to expand the inventory of SoC measurement techniques and proof 

of concepts to include sensible TES technologies and address gaps in knowledge for TCM TES inhibiting 

the advance of fundamental measurement techniques to the proof-of-concept and applications levels. 

For PCM technologies, the focus will be on validating proof-of-concepts of remaining materials 

measurement techniques identified in T67/T40 Subtask C that are promising and have not yet been 

explored at the component level, and cataloguing application case studies. Additionally, Subtask C aims 

to determine the system requirements from the application scenarios, to perform SoC measurement 

and calculation and to write a catalogue of developed solutions for SoC determination, each for TCM, 

PCM, and sensible TES. 

Activities and Achievements 

The kick-off meeting for IEA SHC Task 74 / ES Task 47 was held in October 2025, marking the formal 

start of the new collaborative research effort on Components for Thermal Energy Storage (TES). During 

the meeting, the Subtasks were presented by the Subtask leads and the status and planned activities 

were discussed with the experts. 



 

ES TCP Annual Report 2025 82 

Subtask A: Applications and Case Studies 

Lead: Jorge Salgado Beceiro, Norway 

Overview of Subtask A 

Subtask A aims to bridge the gap between technology development and real-world deployment by 

identifying and analyzing examples of TES applications across sectors, temperature ranges, and 

technology types. The goal is to create a structured overview of operational case studies, link these 

with commercial suppliers, and extract key performance indicators (KPIs) and lessons learned that can 

inform the work in Subtasks B (Design of TES) and C (State-of-Charge Determination). 

The Subtask is structured into three main activities: 

¶ T1.1 – Mapping of Commercial TES Suppliers 

¶ T1.2 – Collection and Analysis of TES Case Studies 

¶ T1.3 – Dissemination and Knowledge Sharing Activities 

Presentations and Initial Work 

During the meeting, the structure and objectives of Subtask A were presented, together with the initial 

tools developed for Activities 1.1 and 1.2. Two working tables were introduced to the participants: 

(1) A database of TES commercial suppliers, collecting information on technology type, 

temperature range, and industrial applications, among other details. 

(2) A database of TES case studies, focused on real or planned implementations, including the 

research and industrial partners involved. 

Both templates were shared with all Task participants to start the first data collection phase. 

To illustrate how the Subtask’s work will be implemented, Jorge Salgado Beceiro (Subtask A leader) 

and Gerald Englmair (Subtask C leader) jointly presented an example case study from the 

CETPartnership project La-Flex. The case demonstrated how the development of state-of-charge (SoC) 

methodologies can impact TES operation at the system level, particularly for a TES unit planned for 

installation in a data center facility. 

Brainstorming on Classification Criteria and KPIs 

The final part of the session focused on defining classification criteria and key performance indicators 

(KPIs) to be used in the databases. The following ideas were proposed and discussed: 

¶ Economic indicators: LCOE, payback time, and business-case description. 

¶ Technical indicators: charging/discharging temperature, ramp-up/down rates, energy density, 

and equipment lifetime. 

¶ Operational aspects: duration of operation, site requirements, and reliability. 

Participants also discussed aligning with KPI definitions from other Tasks (e.g., Task 41) to ensure 

methodological continuity. 
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Engagement of Industry and Dissemination Ideas 

A discussion followed on how to increase industrial participation in the Subtask. The brainstorming 

included the following ideas: 

¶ Personal invitations to TES suppliers and end-users. 

¶ Using system performance as a topic to engage companies. 

¶ Sharing success stories to illustrate economic and operational value. 

¶ Simplifying communication to clarify synergies between companies and research. 

Potential target groups include TES technology suppliers, heat pump manufacturers, and emerging 

end-users in industrial and building sectors. 

Several dissemination and outreach activities were also introduced: 

¶ A TES Workshop will be organized in December 2025 in Trondheim, Norway, by SINTEF and led 

by Jorge Salgado Beceiro, gathering researchers and TES suppliers from Europe. The Task 

coordinator, Wim van Helden, will participate as a speaker. 

¶ The idea of publishing a book of TES case studies, co-edited by IEA TCP members, was proposed 

as a long-term dissemination effort. 

¶ Future webinars are planned in potential collaboration with the IEA ES Task 46, to be held in 

early 2026. 

Outcome 

The kick-off successfully introduced Subtask A and achieved active engagement from participants. The 

initial framework for mapping and analyzing TES applications is now in place, and the first examples 

have been demonstrated. The session fostered strong collaboration among partners and identified key 

topics for further alignment, including data collection methods, KPI definitions, and strategies for 

industrial involvement. 

Subtask B: Design  

Lead: Dominic Groulx, Canada 

Overview of Subtask B 

Subtask B is focusing on design questions as it relates to the development of thermal energy storage 

systems.  The objective of the Subtask is: “Investigate design approaches and determine design metrics 

and rules”.  There will be a clear relationship to some of the investigating work done in this Subtask to 

the work and information obtained through Subtask A looking at Applications and Case Studies.  

The Subtask is structured into four main activities: 

¶ B.1 – Industry and Literature Review of Design Approaches 

¶ B.2 – Round Robin TES Experimental Characterization 

¶ B.3 – Design Metrics and Design Rules 

¶ B.4 – AI in TES Component Design 
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Presentations and Initial Work 

The presentation and discussion during the meeting focused on discussion of the initial steps required 

to initiate activities B.1 and B.2.   

B.1 ς Industry and Literature Review of Design Approaches 

Activity B.1 will have two clear parallel streams.   

First, discussion with industries designing (and selling) TES (sensible, latent, thermochemical) to learn 

what their design process is from a thermal and energy point of view.  The taskforce will accept any 

information that the industry is willing to share and will make it clear in their communication that we 

are not looking for any information they feel should be protected or kept secret (the taskforce will not 

ask or sign NDAs with any industry).   

Discussion on this stream was lively and constructive.  It was agreed that as a first step, the Subtask 

lead (Groulx) will email every member of the taskforce asking for their contacts to the various 

industries.  Information collected through Subtask A will also be used.  In a second step, the Subtask 

lead (Groulx) will write a comprehensive email explaining the goal of the activity within the Subtask, 

the nature of the information the Subtask would like to receive from the industry and extend an 

invitation for an online meeting to discuss this information.  This email will be shared with the taskforce 

members and the member with the closest connection to each industry will send the email out to try 

to improve the rate of response.   

The second stream is more direct and more academic.  Recent journal publications dealing with 

elements of design will be collected by all members of the taskforce in a centralized location (more 

than likely a TEAMs repository.   

The information from both streams will then be analyzed by appropriate subgroups of the taskforce 

to draw the important conclusion leading to the redaction of a comprehensive review paper.   

B.2 ς Round Robin TES Experimental Characterization 

Initial discussions were had on the strategy that could be followed for a round robin TES experimental 

characterization campaign.  It was determined that the TES testing will more than like be limited to a 

PCM based system.  TES systems still being too complex, and too expensive, to be used in round robin 

tests. 

It was determined that an online meeting prior to the second taskforce meeting will be held with 

anyone interested in the round robin testing (an email will first be sent to every taskforce member to 

identify who wants to participate).   

Once completed, the results of the round robin test would be decimated to the community through a 

journal article.  

As for activities B.3 and B.4, those activities will not start until the second year of the task, in part 

because they will build on previous activities (B.3) or further definition is required before an official 

start (B.4).  
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Outcome 

The kick-off successfully introduced Subtask B and achieved active engagement from participants. 

Now, work needs to start.  The Subtask leader (Groulx) will be reaching back out to all taskforce 

member in the coming weeks. 

Subtask C: State of Charge 

Lead: Gerald Englmair, Denmark; Co-lead Louis Desgrosseilliers Switzerland. 

Overview of Subtask C – State of Charge (SoC) Determination 

  

 

The main objective of Subtask C is to bring the application of SoC determination technologies one step 

further to practice. Subtask C concerns itself with solutions for determining SoC in TES systems using 

PCM, TCM, and sensible storage materials. This is further classified into: i) material bulk response 

techniques, ii) component level calibration, and iii) system level integration. 

Subtask C is expanding on the previous SoC Subtask in former ES TCP Task 40/SHC TCP Task 67 

completed in 2024, whereby the aims are to: 

¶ Expand component and system level SoC inventory for PCM 

¶ Expand material and component level SoC inventory for TCM 

¶ Undertake full SoC inventory for Sensible TES 

The Subtask is structured into two main activities: 

¶ C.1 Update of inventory – measurement techniques and proof of concepts 

¶ C.2 Application-oriented SoC determination 
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Presentations and Initial Work 

The Subtask objectives and structure were presented, emphasizing the interactions between material 

science developments (ES TCP Task 48), component development (ES TCP Task 47), and system 

integration (ES TCP Task 46) – each one of these corresponding to an element of the three subdivisions 

of Subtask C. 

The conclusions from Subtask C of the former ES TCP Task 40 were summarized and participation in 

the new Subtask was solicited from the attendees. Most previous participants reconfirmed their 

participation and new participants/institutions were added. Approx. 30 participants/institutions are 

expected to share their project experiences and publications on SoC determination in TES systems. 

Separate attention was then given to present on the critical open questions in each of the three TES 

material categories in order to stimulate discussion: 

1. Sensible TES 

a. Suggestions were made for possible non-temperature based SoC techniques, such as 
volume expansion of either liquid or solid packed beds 

i. Also infrared for high temperature TES 

2. PCM 

a. Acoustic techniques have received considerable attention from participants in their 
recent projects 

i. On what principles does this work? 

1. Time-of-flight recommended by Louis Grosseilleurs, OST/SPF 

2. Participants suggested to research literature on non-destructive 
acoustic wave techniques used for structural inspections and fault 
detection in welds etc. 

b. Interest also in ohmic & dielectric measurements 

c. Learned from participant presentation about volume displacement measurement 
used for Ice PCM TES 

i. Attached ice vs free-floating ice 

3. TCM 

a. Categorize as solid-vapor adsorption, liquid-vapor absorption, and solid-vapor 
volumetric reaction 

b. Commercial flow cell measurement techniques could be promising for direct 
measurement of reactant concentration in flow streams 

i. This was echoed by participants and was mentioned that these could apply 
to all three types of TCM systems mentioned in a) 

A short discussion was led also on the topic of AI in SoC determination, emphasizing one lesson learned 

that was communicated in an earlier presentation that AI and Machine Learning techniques do not 

normally reveal upon what the component level SoC calibration was based. 
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It was agreed from a participant comment that SoC system level integration should include also system 

“health” monitoring and fault detection in TES operation. 

Outcome 

The kick-off successfully introduced Subtask C and achieved active engagement from participants. 

Next expert meetings 

¶ 2nd Expert Meeting: 11-12 May 2026, Lleida, Spain, connected to Eurotherm Seminar 

¶ 3rd Expert Meeting: December 2026, Trondheim, Norway, connected to TES Workshop 

  

https://iea-es.org/events/eurotherm-seminar-119-contribution-of-thermal-energy-storage-towards-decarbonization/
https://www.sintef.no/en/sintef-group/gemini-collaboration/gemini-centre-for-thermal-energy-storage/tes-workshop/


 

ES TCP Annual Report 2025 88 

Task 48: Thermal Energy Storage Materials 

Task Information 

General 

Duration: Start: 1 July 2025 – End: 30 June 2028 

Website: https://iea-es.org/task-48/  

Task Manager 

 

Dr. Christoph Rathgeber 

Bavarian Center for Applied Energy Research, ZAE Bayern 

Walther-Meissner-Str. 6, 85748 Garching, Germany 

christoph.rathgeber@zae-bayern.de   
  

About Task 48 –Thermal Energy Storage Materials 

 

Thermal energy storage (TES) is subdivided into sensible, latent, and thermochemical heat & cold 

storage. A variety of different TES materials is investigated and applied in TES systems. New materials, 

material mixtures, and composites are worked on and presented by a growing community of experts. 

In Task 48, research and development on TES materials for latent heat storage (phase change 

materials, PCM), for thermochemical heat storage (thermochemical materials, TCM), and sensible heat 

storage materials are in focus.  

Task 48 of the ES TCP is listed as Task 75 of the Solar Heating & Cooling TCP (SHC TCP). Task update 

reports and presentations are given to both ES and SHC ExCo.  

Task 48 has shared expert meetings with Task 47 Components for thermal energy storage. 

Collaboration with Other IEA TCPs 

This Task is shared with the Solar Heating and Cooling TCP Task 75. 

  

https://iea-es.org/task-48/
mailto:christoph.rathgeber@zae-bayern.de
https://task75.iea-shc.org/
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Contracting Parties / Sponsors 

Institution Country 

AIT, AEE INTEC, TU Vienna Austria 

CanmetEnergy, Dalhousie Univ. Canada 

GIEC China 

DTU, Aarhus Univ. Denmark 

Aalto Univ. Finland 

INSA Lyon France 

ZAE Bayern, CAE, DLR, Fraunhofer ISE, 
Rubitherm Technologies GmbH, Saarland Univ. 

Germany 

Naples Univ. Italy 

Pluss Advanced Technologies Pvt. Ltd., TU 
Eindhoven, Univ. Twente 

Netherlands 

Silesian Univ. Poland 1 

LNEG Portugal 1  

NIC Slovenia 

Tekniker, Univ. Barcelona, Univ. Lleida, Univ. 
Zaragoza 

Spain 1 

KTH, Iceheart AB Sweden 

HSLU, SPF Switzerland 

Çukurova Univ. Turkey 

Univ. of Birmingham, PCM Products Ltd. United Kingdom 

Oak Ridge National Lab., Texas A&M Univ., 
Villanova Univ. 

USA 

1 participating through SHC TCP 

Overview of Scope 

Task 48 covers research and development activities on thermal energy storage materials: 

¶ Phase Change Materials (PCM) 

¶ Thermochemical Materials (TCM) including sorption and chemical reactions 

¶ Sensible heat storage materials (except water) 
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Figure 32: TES materials – PCM crystal under the microscope (left), zeolite beads (center), rocks (right) 

The main goal of the proposed Task is to support TES materials R&D by  

¶ developing measurement guidelines for material properties, 

¶ providing an overview of new and innovative PCM and TCM as well as related synthesis and 

production methods, 

¶ establishing a high-quality TES materials database, and 

¶ disseminating lessons learnt from previous ES TCP Tasks on compact TES.  

An additional goal is to elaborate a plan for a permanent activity which allows a continuation of, first, 

the strong collaboration among the material scientists, second, the development of measurement 

guidelines through round robin tests, and, third, the maintenance and expansion of the materials 

database.  

Subtasks 

The work is structured in four Subtasks and a side activity. 

 

Figure 33: Task 48 structure with four Subtasks A to D and the planning of continuous activity 

Subtask A: Lessons learnt 

Subtask lead: Frédéric Kuznik, INSA Lyon, France 

Subtask A has the objective to communicate the lessons learnt from previous Tasks, previous research, 

and the current Task 48 on TES materials. For the bi-annual Task expert meetings, lessons learnt will 

be selected and discussed. The way of communication depends on the type of lesson learnt and the 

targeted audience (e.g. academia, policy makers dealing with energy transition issues like funding of 

research; journalists and media people who need an explanation of the role and possibilities of 

compact thermal energy storage, or less-scientific people with little previous technical knowledge). 
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Subtask B: Material characterization 

Subtask Lead: Daniel Lager, AIT, Austria 

Subtask B will be a continuation of the development of measurement guidelines or application of 

existing standards for (thermophysical) properties through round robin tests. Several round robin tests 

and measurement guidelines were worked on in previous Tasks, e.g. enthalpy of PCM, specific heat 

capacity, viscosity, thermal conductivity.  

Subtask C: Material development and production 

Subtask Lead: Saman N. Gunasekara, KTH, Sweden  

In Subtask C, TES material development and production will be addressed. Material development 

includes the identification of new materials and the modification of materials, whereas material 

production includes synthesis and upscaling methods. Both material development and production are 

the basis for a tailored selection of TES materials for TES systems. 

Subtask D: TES material database 

Subtask Lead: Alenka Ristiŏ, NIC, Slovenia 

In Subtask D, the TES materials database that was initiated in previous Tasks, will be restarted. As a 

second activity, and because it is connected to the website of the materials database, the PCM Wiki  

will be extended to a TES materials Wiki. Some of the lessons learnt covered in Subtask A can be taken 

up in the new Wiki. 

Planning a continuous activity 

Lead: Christoph Rathgeber, ZAE Bayern, Germany 

Several TES materials topics have been part of ES TCP Tasks on compact TES for many years and are 

expected to be still of importance in the future. To have a more continuous workflow for these topics, 

the Task experts will elaborate a plan how to organize such a permanent activity that is not structured 

like a standard three-years Task. 

Activities and Achievements 

In 2025, Task 48 started with the kick-off meeting in Stockholm, Sweden, from 13 to 15 October 2025. 

The meeting was organized by KTH. It was a hybrid meeting attended by 33 experts on site and 

28participants online. This and all future experts meetings will be shared meetings together with Task 

47. 

https://thermalmaterials.sinndemo.de/
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Figure 34: Task 48 Kickoff meeting (together with Task 47) at KTH in Stockholm Sweden 

Four companies –three PCM and one ice storage manufacturers - attended the meeting, three of them 

presented their portfolio and their TES materials R&D related activities: 

¶ Rubitherm Technologies GmbH, Germany 

¶ Pluss Advanced Technologies Pvt. Ltd, Netherlands 

¶ Iceheart AB, Sweden 

 

In addition, several universities and research institutes presented their work related to the scope of 

Task 48: 

¶ TU Vienna on recent progress in TCM material synthesis 

¶ Univ. of Lleida on metal alloys and bio-based PCM 

¶ Silesian Univ. on ionic liquids and deep eutectic solvents 

¶ Univ. Twente on particle kinetics and property characterization (TCM) 

¶ TU Eindhoven on visualizing the structure of PCM using NMR 

¶ SPF on “heat of solution” PCM  

¶ Aarhus Univ. on ionic liquids for TES 

¶ Aalto Univ. on bio-inspired composite materials for sorption TES 

In Subtask B Material characterization, several round robin tests with coordinators have been 

identified by the end of 2025: 

¶ Thermal Diffusivity/Conductiviy PCM" – Coordinator: Pluss Advanced Technologies Pvt. Ltd.; 

Nidhi Agrawal 

¶ TCM solid density – Coordinator: National Institute of Chemistry Slovenia - Alenka Ristić  

¶ Degradation via TGA – Coordinator: University of Birmingham - Helena Navarro  

¶ Specific Heat Capacity Hydrates – Coordinator: TU Eindhoven - Claudiu Savulescu  

¶ Specific Heat Capacity High temperature – Coordinator: DTU - Ming Chen  

¶ Viscosity measurements PCM – Coordinator: Tekniker -  Nerea Uranga  
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¶ Thermal conductivity at high temperature  – Coordinator: Univ. of Lleida - Saranprabhu Mani 

Kala 

The next steps for the coordinators of the round robins are the following: 

¶ Planning of the round robin 

o Identify the possible participants 

o Definition and supply of the TES material under investigation 

o Definition of the round robin schedule 

¶ Method definition including result representation and uncertainty calculation 

¶ Statistical analysis of the results 

¶ Measurement guideline for the material property 

The Subtask leader will support the coordinators and give a detailed description to the coordinators 

and participants how to evaluate measurement uncertainties of their evaluated quantities. 

In Subtask D TES materials database & Wiki, during the Kickoff meeting, Fabrizia Giordano from AIT 

(Austria) presented how to use the PCM section of the database, following the guidelines in the 

database “How to use” section and offered suggestions to improve its visibility. 

 

Figure 35: Screenshot of the TES Materials Database (internal view as of November 2025) 

The discussion focused on encouraging Task members to upload PCM and TCM data. The database 

management structure was also outlined, comprising three database managers, five reviewers of the 

entered data, and ten Task member contributors uploading data from research institutes, universities, 

and industry. Among the Task members, eight participants will contribute PCM data, and three will 

contribute TCM data. 

The suggestions for increasing the visibility of the database after its launch include, first, to identify 

the target groups, second, to contact stakeholders, and third, to exchange/connect with other material 

databases. Next year, the database will be moved to the Fraunhofer ISE server and made available to 

Task 48 members for uploading measurements. Once sufficient data have been uploaded and 
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reviewed, the database managers will decide on opening the database to other contributors outside 

the Task. Online meetings will be held twice per year to discuss the progress of the database. A 

newsletter will be sent to database users to provide updates on new content and activities, including 

newly added measurements and recently published papers or reports that include database 

measurements. 

Next expert meetings 

¶ 2nd Expert Meeting: 11-12 May 2026, Lleida, Spain, connected to Eurotherm Seminar 

¶ 3rd Expert Meeting: December 2026, Trondheim, Norway, connected to TES Workshop 

  

https://iea-es.org/events/eurotherm-seminar-119-contribution-of-thermal-energy-storage-towards-decarbonization/
https://www.sintef.no/en/sintef-group/gemini-collaboration/gemini-centre-for-thermal-energy-storage/tes-workshop/
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PLANNED TASKS 

No official Task proposals as of the end of 2025. 

 

  



 

ES TCP Annual Report 2025 96 

APPENDIX 

The International Energy Agency (IEA) 

Established in 1974, the International Energy Agency (IEA) carries out a comprehensive programme of 

energy co-operation for its member-countries and beyond. The IEA examines the full spectrum of 

energy issues and advocates policies that will enhance energy security, economic development, 

environmental awareness and engagement worldwide. The IEA is governed by the IEA Governing 

Board, which is supported through several specialized standing groups and committees. For more 

information on the IEA, see www.iea.org . 

IEA Standing Groups and Committees 

The IEA Energy Technology Network (ETN) is comprised of 6,000 experts participating in governing 

bodies and international groups managing technology programmes. The Committee on Energy 

Research and Technology (CERT), comprised of senior experts from IEA member governments, 

considers effective energy technology and policies to improve energy security, encourage 

environmental protection and maintain economic growth.  

The Committee on Energy Research and Technology (CERT) co-ordinates and promotes the 

development, demonstration and deployment of clean energy technologies. The CERT has established 

five working parties: the Working Party on Renewable Energy Technologies; the Working Party on 

Energy Technologies for the Built Environment and Transport; the Fusion Power Co-ordinating 

Committee; the Working Party on Industry and the Working Party on Fossil Energy (currently on 

pause). Each Working Party coordinates the research activities of relevant IEA Technology 

Collaboration Programmes (TCPs). The CERT directly oversees TCPs of a cross-cutting nature. The ES 

TCP (Energy Storage TCP) relates to the REWP.  

IEA Technology Collaboration Programmes 

The IEA TCPs are international groups of experts that 

enable governments and industries from around the 

world to lead programmes and projects on a wide 

range of energy technologies and related issues, from 

building pilot plants to providing policy guidance in 

support of energy security, economic growth and 

environmental protection.  

The first TCP was created in 1975. To date, TCP 

participants have examined close to 2,000 topics. Today, TCP participants represent more than 300 

public and private-sector organizations from over 50 countries. TCPs are governed by a flexible and 

effective framework and are organized through an Implementing Agreement. TCP activities and 

programmes are managed and financed by their participants. To learn more about the TCPs, please 

consult the IEA website (www .iea.org/tcp ) which includes short promotional films, “Frequently Asked 

Questions” and further information on TCP activities. 

http://www.iea.org/
http://www.iea.org/tcp
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ES TCP (Energy Storage TCP) 

Our Vision: We are convinced that energy storage contributes and provides solutions for the challenge 

to tackle climate change and the transformation to a regenerative economy. 

Our mission: The Energy Storage TCP aims to stimulate the research, development, and pre-

standardization work of energy storage technologies by supporting the work of independent, 

international expert groups (including industry). 

Storage technologies are a central component in energy-efficient systems. Since energy storage is a 

cross-cutting issue, expert knowledge of many disciplines (energy supply and all end-use sectors, as 

well as energy transmission and distribution) must be taken into account. To use this widespread 

experience efficiently and gain benefits from the resulting synergies, high-level coordination is needed 

to develop suitable working plans and research goals. ES TCP is responsible for fulfilling this important 

Task. ES TCP’s strategic plan therefore includes research activities (strategies for scientific research 

and development, dissemination and market deployment), as well as co-ordination activities (aims and 

administration). 

Energy Storage and the Energy Transformation 

To meet greenhouse gas emission reduction targets, as well as the 1.5-2 °C aim, a decarbonization of 

the global energy system is required (see Climate Summit COP21  in Paris, December 2015). This 

implies the substitution of fossil energy carriers by low-carbon energy and closed carbon cycles, which 

means less carbon dioxide (CO2) from fossil fuel power plants and a higher share of renewable 

generation. Renewable energy from solar and wind shows a high additional potential for electricity 

generation. Currently, the electricity sector only accounts for around 25% of the final energy demand. 

However, as result of the energy transition, considerable changes in 

the other energy-intensive sectors such as heating and 

transportation are taking place whereby traditional sources of 

(fossil) fuels are gradually replaced by renewables and, in particular, 

a growing contribution of renewable electricity. 

By using heat pumps, electric vehicles, or synthetic fuels based on 

green hydrogen (power-to-fuels), renewable electricity will gain 

more and more importance and will contribute to the decarbonization of the heating and 

transportation sectors as well. This global development – with its individual characteristics in each 

country – will determine the future relevance of energy storage. Today it is also often referred to as 

flexible sector coupling. Energy storage is a key-technology within that process. 

Three Shapes of Energy Storage 

Heat-to-Heat (thermal) 

Thermal storage is used wherever energy is needed in the form of heat or cold. Common ways of 

differentiating them are by working principle or duration of storage. Sensible storage employs only the 

heat capacity of a storage material matched to its application. They have proven their reliability in 

several decades of use. Latent heat storages, on the other hand, use the energy stored in a phase 

http://www.cop21paris.org/
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change. They have a high energy density and can deliver heat at a very specific temperature. Finally, 

thermochemical energy storage uses sorption or chemical reactions. Most thermochemical energy 

storage technologies are at an early stage of development, while some, like zeolite storage, are on the 

market. Built correctly, they can store energy at virtually no temporal loss. Short-term thermal storages 

add flexibility to energy systems and allow for a high degree of heat utilization in residential and 

industrial applications. The wide variety of possible target temperatures calls for using a wide variety 

of technologies. Long-term thermal storage, on the other hand, are almost exclusively sensible water 

storage. They run only a small number of cycles per year and are mostly used for seasonal balancing 

and to increase system efficiency in residential applications. All thermal storages are very easily 

scalable. 

Power-to-Power (electrical, electrochemical, mechanical) 

Electrical energy storage has very short reaction times, works at a high roundtrip efficiency, and can 

deliver very high power output over a short time span. Having no moving parts, they are highly reliable. 

Their main application is to improve power quality, e.g. in semiconductor fabrication. Electrochemical 

storages, i.e. Batteries, are already widespread and established. 

They are easy to scale, install, and integrate into existing systems. 

Their ability to buffer electricity makes them key technologies for 

grid stabilization and balancing, but also for sector coupling. As an 

essential component of electric vehicles, their overall number is 

growing steadily. Mechanical storage, such as pumped 

hydroelectric, stand out with their simple working mechanisms, 

relatively low cost, and ability to exploit pre-existing structures 

and local topography, like differences in elevation. 

Power-to-Fuel (chemical) 

Chemical energy storage methods use electricity to produce hydrogen, synthetic fuels, or commodity 

chemicals like ammonia. They are used for long-term or seasonal energy storage due to their storability 

and high energy density. Further, they allow for surplus electricity from renewable sources to be used 

in industry or aviation. 

Energy Storage in our Energy System 

Depending on the specific characteristics of respective national energy systems, the required type and 

capacity of energy storage varies. Although the electricity flow can be optimised by the 

interconnection of energy networks and international coupling points, still the national (or rather 

regional) energy systems are decisive. The differences in status quo as well as in past developments 

are significant. There are countries with a high share of 

nuclear power (e.g. France), coal-fired power (e.g. Poland), 

hydroelectric power (e.g. Norway), gas-fired power (e.g. the 

Netherlands), or wind and solar power (e.g. Germany). 

Even though the development in the energy sector is very 

heterogeneous, a common trend can be recognized. Overall, 

wind and solar power show significantly growing capacities 
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whereas the share of fossil energies – especially lignite and hard coal – is declining. The integration of 

fluctuating forms of energy, combined with a decline in base-load power plants, requires large 

structural changes in energy transmission and distribution networks. This requires solutions such as 

the development of energy storage capacities and/or flexibility in demand, or a combination of these 

two elements. 

New Innovations for Energy Storage 

As a result, the future role of energy storage will be more complex and more important than today. 

The value of storage continues to increase. In a growing number of applications energy storage is an 

indispensable key technology (e.g. electro-mobility, micro grids, decentralized energy systems or 

integration of renewables) or, rather, a key enabling technology that increases value-creation and 

allows for technological degrees of freedom (e.g. thermal energy storage for demand side 

management). 

The two major innovation challenges for energy storage are: 

¶ Techno-economic improvement: reduction of investment costs, longer lifetime, higher 

efficiency, compact design, safety. 

¶ Economic-regulatory hurdles: non-discriminatory market access (level playing-field), business 

cases/market design, regulatory hurdles (e.g. taxation), security of investment in uncertain 

market development. 

Both of these challenges need to be tackled simultaneously because an efficient, low-carbon, 

sustainable and stable energy system requires the large deployment of renewable (fluctuating) 

energies, and, with that, a balancing of energy supply and demand by energy storage is crucial. 

Background 

The energy sector is undergoing significant changes. The percentage of renewable energy generation 

will continue to increase, mainly using wind, solar, and hydropower. Variable generation sources such 

as solar and wind will provide challenges for national grid infrastructures and for matching demand 

and supply profiles. The amount of fluctuating energy – both on 

the supply- and demand-side – compels us to control these energy 

flows and capacities. In combination with the changing profiles in 

energy demand, the entire energy system requires a new design. 

Grid expansion, as well as flexibility mechanisms, will be necessary 

at all levels of the energy system. However, these options are not 

always the best solutions from an energetic and economic point 

of view, and they may not be possible for all parts of the world. 
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Many types of electrical energy storage systems are currently being 

considered to balance the energy system and to provide solutions to 

enable flexibility and sector coupling. Pumped hydro storage and 

various electrochemical energy storage solutions have already been 

developed. Further R&D activities will improve the efficiency of 

technologies (e.g. redox flow cells, sodium-sulphur batteries and 

Carnot batteries), as well as decrease their costs. Even thermal energy 

storage solutions may prove suitable for balancing the electricity grid 

(power-to-heat). Furthermore, decentralized energy storage is 

expected to make a significant contribution toward matching local supply and demand.  

Energy storage can also contribute to increasing overall energy efficiency in the industrial sector 

through utilizing waste heat. This can be deduced from the fact that industrial heat demand accounts 

for a significant share of total final energy consumption. There is a wide variety of energy efficiency 

and energy storage measures applicable to the building stock. Passive measures can reduce the 

heating and cooling demand of buildings. Cold storage can decrease the total power demand during 

summer and help to avoid blackouts. Seasonal energy storage can complement energy supplies, 

especially when used in combination with district heating and cooling systems. In buildings, energy 

storage bridges the gap between efficiency measures on the one hand and increased use of 

renewables on the other. Solar and heat pump assisted heating and cooling systems in combination 

with energy storage provide very promising solutions. Transforming surplus solar or wind energy and 

storing it in decentralized energy storage solutions, such as batteries or as latent heat, may become 

very energy efficient and economical solutions.  

Energy storage technologies can overcome the temporal mismatch between electricity and thermal 

energy supply and demand. They are one of the key instruments used to reduce peak loads and enable 

load management. Electricity, heat or cold, centralized or decentralized, autonomous or grid-

connected energy storage solutions are becoming crucial components of the energy systems of the 

future. 


