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CHAIRMAN 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:

1 Our TCP celebrated its 50th anniversary
1 A Request for Extension had to be sutted.

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

held a successful symposium on 13 Novembertifledn |, St N 2F Lyy2@0F A2y |
2F 9y SNHeée { (2N} 3ISdé

In September, we also subnet 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 niewiC e

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 reflectethe strong interest in oufasks

Tasks activities progressed welirde new Tasks startedfter approvalat the 99" ExCdn May 2025
andthree Tasks were finishe@fter approval of the final report at the 9ExCao) This brings the total
of eightTasks currently in operation (end 28)2

Strategic priorities, ongng and new Tasks

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

I System Integratioffaddressed by Tasks 37, 41, 42,481 47)
9 Electrical Storagéaddressed by Tasks 37, 41, 48
1 ThermalStorage(addressed by Tasks 37, 38, 40, 41, 4344549

A total of eght Tasksare in operationend 202! ThreeTasls were officially concluded in 202 (Task
37,38, and 40. A wide and balanced mix of topiceaddressed, underlining growing interest and
need for energy storage.

1 Task 37: Smart Design and Control of Energy Storage Syfitexhseport approved

1 Task 38: Ground Source-aéng for Infrastructurdfinal report approved

Task 40: Compact Thernialner gy St or age (j oi nt (fitahreplrt wi t h S
approved

Task 41: Economics of Energy Storage

Task 42: System flexibility from MeditDuration Energy Storage

Task 43Standardized use of building mass as storage for renewables andegiilitly

Task 44:Hi CBestPowerto-Heat and Heat integrated Carnot Batteries for Z€arbon

(industrial) Heat & Power supply

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

E]

= =4 —a A
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1 Task 46new: Application oriented energy storage selection
1 Task 47 new: Components foil herrmal EnergySorage
1 Task 48new: ThermalEnergySorageMaterials

Strategic Plan and Communication

Ourcommunication activities are quite intensive:

1 TheES TCP websiig kept upto-date, with information on ourfinal reports country reports
enerqy storage factshegts.General information through our website for a broader audience.

1 We h avAcademiaexchange platfofm wh e r e P ildo topics/dacapces dan be
announced

1 There wereb OnSeminars presented in 2B2You can find them on oufouTube Channer
viaES TCP OnSeminar

1 An animated moie about the role of energy storage and the ES i§@Railable vi&Animated
movie.

1 FourNewsletters were sent out.

T Symposium “50 VYears of -lUnlocking ghe Pobtential bfrEneigyn er gy
Storage” to celebrate the The evert braughttogether s ar vy
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 transitidime dominant conclusions were that egg
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 Comnication Working Group guides the implementation of the communication plan.
Abhishek Somani leadsahd we thank Halime Paksoy, Teun Bokhoven, Christian Fink, Stefan Busse
Gerstengarbgand the excellent secretariat team at ZAE Bayern for their actiaeigipation and
contributions in theCommunication Working Group.

Policy Priorities

2025has beera turbulent year in many respeci@rises often lead to shoetérm thinking andlecision
making but we must not lose sight on the long term. The energyditeon is essential, and energy
storage plays a crucial rale making it possible. Our key message, therefor@hisk longterm ¢ keep
the energy transition ongoing.

Based on the completedlasls, the following policy messages were put forward

1 Solve eonomicregulatory hurdles (market accegmermitting, taxation, security of
i nvest ment, ..).

1 Support knowledge sharing and capacity buildifgomote international cooperation,
training, technology transfer for widespread adopti@stablishment of sharedadabases of
case studies and performanceetnics to support global learning and technology scaling)
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1 Encourage standardizatiégguidelinedinteroperability. E.g.guidelines for design, installation
and integration of TES ortamdards to measure material prepties and to evaluate

componens.
1 Simulate crosssector collaboration to realize more impact

Membership

Current membership includeslZountries 3 sponsorsand 4limited sponsors

Concluding

2025 has beena special yearWe elebraied our 50" annives ar y ... 50 resea@chrarsd o f
developmentin the field of energy storge. It marks a long historgf achievements but the journey

continues.

We invite you tanove forward together with ouT CP and help make the energy transition a reality

Bert Gysen

Chair ES TCP
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Contracting Partners
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CONFERENCES, WORIRSIHHVENT3ND
COMMUNICATION

Conferences, Workshopand Eventsn 2025

An overview of theES TCRttended conferences, workshopsnd eventsn 20%5: The ES TCP chair,
vice chairsdelegates and secretargontributed to anumber of events and meetings.

24 January

TCPBuilding Coordination Grougnline)

18 February

Request for Extension Review Panel Meeting (online)

1 April REWP Meeting (online)

5 May Meeting with IEA on Energy Storage for Process tedine)
20-22 May 99th ExCo MeetingSeville& 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 & Secret@yline)

10 September

Extra ExCo Meeting to approve RfE docotagonline)

19 September

TCP Coordination Group on Energy System Flexibility (online)

24 October

Meeting with IEA to provide input d&BTP Clean Energy Technology Guid
(online)

11-12 November

100th ExCo MeetingRotterdamé& online)

13 November

Years of Il nnovat.i

Storage."”

Sympoaim 50 yrs. ESTEP 5 0
of Energy

Monthly

Meetings ES TCP Chair & Secretariat

ES TCRnnual Report 2025
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Commungation Actions in 285

Symposium50yrs. ESTCP50 Years of I nnovation, Un |
Energy Stage

Symposium

To celebrate its 50th anniversary, the Energy Storage T&@Pgaaized a higtevel international
symposium with the Netherlands Enterprise Agency (RVO). The event brought together policymakers,
researchers, industry leaders, and international expdo 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 organizddya one
symposium focusing on energy storage technolegitermal, electrical and molecularo mark the

50th anniversary of the Energy Storage TCP. This milestone represents half a century of international
collaboration in research, development, and deploymenteofi er gy st or age. Under
Years of l nnovation in Energy Storage: Unl ockin
brought together the global energy storage community to reflect on achievements and future
ambitions.

Participants fromlie 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.

R -'.A
I

). g™ bagd
It
, .
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Today, energystorage 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. sig#iis 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 prograninere and download the presentatiortsere.

The symposium opened with an @wiew 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 followeddiyoapective
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
internationd 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 8 r age association ESNL hosted
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, incluBINGCTRIFICATION PAAMS

FOR INDUSTRIAL HERis was followed by an engaging overvafvenergy storage technologies by

Joris Koornneef (TNO).
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Demandside 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 togethe
experts from multiple IEA TCPs: Paul Ramsak (IEA Geothermal TCP), NicoleD&enkmoflEA TCP

ISGAN), and Daniél van Rijn (IEA TCP EBC). Social aspects were explored by Helena Gerard (VITO), and
the European policy perspective was addressed in a keyhgtBalasz Jozsa (DG ENER, European
Commission).

A forwardlooking panel discussion, moderated by Gedah Schaeffer, focused on the actions and
priorities the Energy Storage TCP can take in the coming years. The symposium concluded with an
inspiring kenote 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 2025ye released our movie presentiribe ES TC&s a global network of experts
collaborating across disciplines to advance the development, integration, and deployment of energy
storage technologies. It highlighEES TCPs e in oobrdinating international research activities and
facilitating knowledge exchange to accelerate innovation and sy$gesi implementation.

Themovie emphasizesnergy storage as a key enabler of loarbon energy systems, particularly for
integrating variable renewable energy sources and enhancing system flexibility. It illustrates the
diversity of storage technologiesncluding thermal, electrical, and chemical solutierend their
applicationacross sectors and timescales.

Furthermore, themovieunderlines the importance of interdisciplinary collaboration and international
cooperation to address technical, economic, and policy challenges. By linking research, industry, and
policy stakeholders, th&STCP contributes to evidendmsed decisioimaking and supports the
transition towards more resilient and sustainable energy systems.
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Weproduced andhublished thisnovie on YouTubt® communicate the strategic relevance of energy
storage to a brad expert audience, teynthesizekey messages emerging from its collaborative
research activities, and to enhance the visibility and uptakauofvork. In addition, themovie should
serveas an outreach and knowledge dissemination tool, supporting stakieh engagement and
fostering alignment between research priorities, policy frameworks, and industrial innovation.

Communeation Plan for 208

ES TCplans tofurther increase its communicatioand outreach with the following activitieMajor
effort will be devoted toincreasinghe interestin, and sharingthe results ofthe ES TCP work in the
Tasksand to anticipate growing interest in deploying energy storage.

Ongoing communication activities include:

1 Keep theinformation platform on energy storagleased on energy storage technology fact
sheetsup to date.

I Shae information about statistics on energy storage markets and R&D funding programmes
through Country Reportfrom ES TCP member countries

1 Provice updates related to ongoing and finish&@ésks internationalevents(workshops and

conferences)andrelevant publications fromwithin the IEAES TCP

Extend thecontactlist for thequarterlyES TCRewsletter.

Startorganization oEnerstock027 Conferencé&0-11 February 2026

Continue theOnSeminar serie®n energy storage topicsgcardings available oivouTubg.

Maintainand improe the social media strategyiaLinkedIn

Increase visibility of ES F@ctivities and dissemination of Task results with presentations and

participation in panel discussions at external events

= =4 -4 —a -
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e

FINANCING

All Contracting Partieand Sponsorgnake an annual financial contribution to the common fund used
for ES TCRBeneral,administration and communication matters. The following table outlines the
budgetcontributions from participants.

The overalES TCR025 budget from the common fundvasEURB8,040.

No. of Partiesx

Contracting Party Contributiory Party (EUR

Total EWR)

CanadaChinaFrance, Germanytaly, Japan,

Norway,Switzerland UK,USA 10%5,060 50600
e e 530
Slovenia, Turkey 2x1,260 2,520
Sponsos 3x1,2® 3,780
Limited Sponsors 4x 630 2,520
TOTAICONTRIBUTIONS 3Q2UR 88,040

The ongoingand newTasks in 202were allTaskshared(not costshared activities The additional
effort for the cooperation within the IEA is usuallyp@rsonmonths (PM) per year. The work of the
respectiveTask Managergequires funding of about-% PM/year.
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ONGOINGASKS

Task 41: Economics of Energy Storage

Task Information

Duration: Start: July 2022 End: June 2025
Website: https://iea-es.org/task41/

Name of Task Manager

BVES e. VZAE Bayern
Oranienburger Str. 15, 10178 Berlin
Andreas.Hauer@zaeayern.de

What is the value of energy storage intaén 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 energytoragetechnologies (electrical, thermal, and chemical) are considered. The basis is an
inventory of economically interesting energy stogagpnfigurations and the derivation of preferred
conditions (technical and netechnical) for energy storage operation.

Benefit == Value I Business Case

Flexibility, Reliability, How much would Who pays for the
Mobility, Autarky, ... somebody pay for benefit?
the benefit?

Figurel: From Benefit to Business Case, ZAE Bayern

The goal of Task 41 is to define key performance indieatio 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,
researchpnumerous companies and regulatory institutions.

Further information on the Task can be downloadeae.
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Gstorage)

Participating Institutions

AEE INTEC Austria
Energieinstitut Linz

FIB- Wirtschaftsagentur Burgenland
Forschungsund Innovations GmbH

FH Wels

CanmetENERGY Canada
Tsinghua University China
BP Europa SE Germany
BVES

Christ&Company Consu

DIAS

DLR

Malta Hochtemperatur Warmepumpen
Stromspeicher GmbH

EDF Renewables
Storage Deutschland GmbH

Fraunhofer Institute for Solar Energy System:
ISE

MAN Energy Solutions

Projekttrager Julich

Rubitherm Technologies GmbH

ZAE Bayern

KIT

Kraftblock GmbH

DTU Technical University of Denmark Denmark
PlanEnergi

Aalborg CSP

CIP

Hyme

Energinet

EWII

Heliac

INSA Lyon France
Cartesian

SINTEF Energy Research

Ricerca sul Sistema Energetid®SE S.p.A. Italy
University of Tokyo Japan

Norway
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CE Delft

Corre Energy

Dr Ten

EBN

Eneco

Ennatuurlijk Aardwamte
GIGA Storage
Greenport WestHolland
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 Uwersity

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 regulataituation in a specific market. To obtain as broad a picture as
possible, allstoragetechnologies (electrical, thermal, chemical) within all relevant energy storage
applications in the energy system are considered. This includes both centralized andrakézed
energy storage installations in the manifold applications sectors of electricity, heating/cooling, mobility

as well as for sector coupling.

Task 41 EcoEneSto is divided into four Subtasks that are further described in the following.

ES TCRnnual Report 2025
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Subtask 4 Energy storage valuation framework

Hgure2: Overview Subtasks Task 41 "Economics of Energy Storage”

Subtask Lead: Justin Chiu, KTH

Subtask Focused on evaluating methods that investors and other stakeholdaraise to assess the
economic viability of energy storage systems across a wide range of technologies and applications.
This includes identifying suitable approaches for egsecific evaluations and selecting key
performance indicators (KPIs) relevant flacisionmaking.

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 framewils, 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 quarfifie concept of

reference system costs representing a system without energy storage leads to the approach of
assessing the “cost of no storage.” KPls shoul d
the overall system in which it is implementethd 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 equired 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 &P&hown in Figure 3
below.
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Stakeholders Economic/primary Decision characteristics Common metrics
priorities

Utility operators,
TSOs and DSOs

Policymakers &
regulators

Project developers
& investors

Industrial &
commercial users

Residential
consumers

+ Grid reliability
+ System balancing

« Infrastructure upgrade deferral

* Long-term cost savings

* GHG reductions

« Energy justice

* Market fairness

+ National energy security

+ Return on investment (ROI)

* Market access
» Financing risk
« Payback time

« Peak load reduction
* Reliability

+ O&M cost savings

« Tariff optimization

« Capital and installation cost

* Operating cost
+ Subsidies
« Energy independence

= Environmental awareness

+ Long-term and system planning LCC, LCOS

« Focus on system optimization

+ Long-term and system planning

Environmental and social KPIs

« Focus on non-market benefits (e.g., job

« High sensitivity to market rules and risk

creation and environmental KPIs)

NPV, RO, IRR, LCC, LCOS, ROA

« Prefer projectable, steady cash flow, stable

regulatory & legal investment environments

+ Prefer simple business models
« Prefer large-scale and mature technologies

« Operational cost-driven
« Prefer resilience features

« Value-driven,
« Influenced by subsidies and behavioral

VoLL, LCOS

PB time, ROI, annual revenue
(saving)
economics

Figure3: Common Metrics for Energy Storage Evaluation for specific stakeholders (KTH, 2025)

Subtask Leadr. Christoph Rathgel, ZAE Bayern

The method under investigation in Subtask 2 all@sgmatingthe economic viability by comparing
the storage capacity costs of realised storage systems with the acceptable costs of installed storage
capacity for different user types depemndi on the annual number of full cycles.

Specific techno-economic model,

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 easuse, an excel tool was implemented.

A ]

Enter value

E F__GH 1 ] 3 L M N o ] a R

10000.0

Top-down: The market

w oMC
REC — s
© |sce,. = ( /2.5

s 1000.0 - 2l

100.0 e

— CHE) * Neyeta ——

ES ANF

ptable Storage Caparity Costs SCC ..

SCC_acc / €kWh?
\

\

10.0

Bottom-up: Your energy storage system

vanianle

value

Investment costsING

300000

750.00
900.00

3333
53333

Number af Cycles per Tear N ey

1.0

+=++ Acceptable Costs low

10

100

N_cycles /at

== Area of SCC

=== Acceptable Costs high

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

1000

In 2025,the tool was further tested with companies from the energy storage industry and different
storage technologies like don 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 4Jathwill be published on the website of the Energy

Storage TCP.
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Subtask Leadlianhua Fan, DTU

As part of Subtask, 81 addition to a broader literature and market reviegvsurvey wasonducted 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 shoiterm storages with a larger nuper 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. Wheter 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 pLimydeo 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 apgximately 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 poweersystability, 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 @ 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, envimental concerns, and public awareness.

Subtask Leadtoris Koorneef, TNO

Within Subtask 4, the benefits of energy storage systems from the customer's perspective need to be
understood deeply. From availabiliy energy and power, following benefits can be derived: Flexibility

(Grid services, integration oEnewables.,..) , reliability/security (unin
mobility (electric vehicles, mobi | sUf fpih@inescy,...).
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 costbenefit analysis as shown below. Since energy storagersggperform mostly good in multi
useapplications, there might be even more iteration steps needed in reality to get to the best
configuration.In202% he fi ndings of Subt asWhitepaparerrEeploans o i nt
the Value of Electricity Storage.
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Steps 7-12: reiterate as necessary

1
™ Y £ N Y £ £ ra ™ ™ i Y
f \ \ \ ) Stp7 ) \ \
. Step 2 Step 6 1 n
Step 1 < Calculate i
Define Step 4 5 Derive and . Step 11 s
Define goal, conditions to Step 3: List dentiy all SR size optimum =i Step 8 Cost | | Step 9 Select e s Define S
project Define a and sociefal most viable Define project 3 Define
system and Loy B feashiy seniises reference o benefits of Dopes project actors and T barriers and
broader potential technologies offered by the e analysis configurati their roles models per e
system storage technologies = project system actor
€ solutions configurations configurations. 4

UNFEASIBLE
BUSINESS
MODEL

Figureb: Value Creation and Business Mo&eamework, TNO, 2024
Steps 6: 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 conditsimg a PESTEL
based approach. Step 3 lists feasible technologies. Step 4 maps services to technologies to identify
valuestacking opportunities. Step 5 develops the reference configuration, including a situation
without energy storage. Step 6 derivesdasizes candidate configurations using capagkgansion

and productioncost modelling.

Steps €12: Economic Evaluation, Actors & Business Model Development

Step 7 quantifies financial cash flows and societal benefits for all scenarios. Step 8 perferms co
benefit analysis using financial and economic indicators. Step 9 selects the most viable configuration
aligned with objectives defined in Stepl. Step 10 defines all project actors, roles, and market
structures. Step 11 develops business models per atoluding financing, cost structures, revenue
models, partnerships, contracts, amisk sharing Step 12 identifies regulatory, technical, market,
societal, and environmental risks and the associated mitigation measures. At the end of the execution
of ary 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 fadktermining step or reiterate the steps leading up to it
between.

Activities and Achievements

The Taslofficially 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 é&fgy Storage TCP.

! a strategic framework for analyzirige political, economic,social,technologicalenvironmental, andegd
factors to identify opportunities and threata an organisation.
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The sixth andast 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, anbde key messages emerging from the Task.

The Lucerne University of Applied Sciences and Arts (HSLU), Switzerland, hosted the sixth Experts
Meeting from 79 May 2025 The hybrid meeting braght together 33 participants from academia and
industry, providing a platform for tdepth exchange on preliminary results, developed tools, and
emerging key messages from the Task.

The meeting began with a session focused on summarizing the current sfaallfour Subtasks by

the Subtask Leaders ranging from methods and KPIs to evaluate storage economics to the maximum
acceptable cost approach, case studies of -mailld projects, and a comprehensive valuation
framework for the economic evaluation of ergy storage systems. Detail€dibtaskspecific 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 Seidailtien, AEE Intec on
perspectives specific on Austria, Janina Hipplettlau, Malta Hochtemperatur Warmepumpen
Stromspeicher GmbH on economic evaluation of uses cases for their specific technology, Dr. Andreas
Hauer, Task Manager, on an example case for the bemafitnuecostapproach 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 networkg dinner featuring an unconventional use case for hydrogers 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 tegher diverse perspectives across technologies, applications, and sectors
from research institutions to financial stakeholders.

Figure6: Impressions from Experts Meeting in Lucerne, HSLU, 2025 (pictures: BVES)

The techntal 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

Duration: June 2023- July 2026
Website: https://iea-es.org/task42/

Professor Seamus Garvey
University of Nottingham
University Park, Nottingham, NG7 2RD, United Kingdom

Seamus.Garvey@ndatgham.ac.uk

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

Medium Duration Energy Storage (MDES) describes the set of energy storage techribiigiéfer
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 whereuwbe Long Duratia 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 sandwidbetdeen tranches of technologies that have firmly
established places. It is technically possible that energy systems can be built without including any
MDESechnologies-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 theirrgpesystems and (2) all of those who are
interested in advancing MDES technologies will be denied the satisfaction of having contributed to
affordabledecarboniation.

There is a very real probability that MDES technologies will not play the part thatwbeld play in
costoptimisedfuture 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 capitebsts per unit power but very long lifetimes

(3) They are often considerddmiliarand wellunderstood-even by people who do not have
specialist knowledge. Consequently, they are
be difficult for these technolags to be supported with innovation/research funding.
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The main known MDES technology candidates include (but are not restricted to) the following:

Flowbatteries

Compressed air energy storage

Liquid air energy storage

Pumped thermal energy storage (ariedy of Carnot batteries)
Pumped hydro energy storage

CQ batteries

= =4 -4 4 -8 -8

The MDES technologies also include some technologies wherein storage is integrated into generation
(including integratingenergy storage with wind turbines) and wherein storage is integdainto
consumption (thermal storage in buildings that use heat pumps).

University of Nottingham United Kingdom
University of Birmingham United Kingdom
Department of Energy Security & Net Zero  United Kngdom
Denmark Technical University Denmark
Plan Energy Denmark

Overview of Scope

ThisTaskaims 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 matential. FiveSubtask are
described in the Tas#tescription, whichcan be found througthttps://iea-es.org/task4?2/. In brief,
those are:

Subtask #1: Taxonomy and definitions

Subtask #2: Technology classestivin MDES

Subtask #3: Regional dimensions

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

Subtask #5:  Markets and policy frameworks.

Activities and Achievements

The following ativities occurred since the 2024 annual repand were not reported there.

1 The TBsk lead did a replanning exercise for fheskfollowing the report to ExCo#99 at which
progress had been quite limited. This replanning exercise was (rightly) requedtes ByCo.
Under the new plan, progress on the individliasks would be driven more sequentially than
previously and a nedinal report was anticipated at ExCo#101 in Edinburgh.
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1 MDESAlliance was established as a means of assembling a community of pattiésterests
in MDES technologies and duties that will extend beyond the IEA TCP Task. That presently uses
the website www.MDESAIlliance.corb u t wi || change in due cours
similar. Two sparate meetings were run in 2025 (June 10 and October 31) helpgaj\tanize
the MDES community. A third meeting basedRmiicy and Marketa/as arranged to occur on
Jan 19, 2026 but that obviously falls within the 2026 reporting period.

1 The work on Gbtask#2 las been concluded and reported.

1T A webinar was run on July 10 as an i nt e
(https://www.netzeroweek.com/eveniagenda) . Thi s we b i n aGIMDBE&a s ent
Gereration-Integrated Medium Duration Energy Storage. Over 90 people p
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 frobiogasderived from anaerobic digestion) and Dr. Matteo
Bianciotto (about convention&ydropowel). The full transactions of this evearte accessible

at https://www.nottingham.ac.uk/energyinstitute/generationintegratedmedium-duration

energystorage

1 The OSES2025 confecer ( OS EBhSo r=e “Enfefr gy and Storage”) to
Massachusetts on Julyld —co-organizedby Taskead, S. Garvey. Like all previous OSES
conferences, OSES2024 had a very strong emphasis on MDES storage types and the
conference programme ifheded insightful MDES&lated presentations on:

- Structuring poweipurchase agreements to support MDES implementations

Integrating storage with offshore wind turbines

Hydropneumatic energy storage for docation with offshore energy farms (mudte talks)

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

Locallymanufactured marine (inverse) pumpéydro energy storage systems

Optimising the operation of systems with multiple energy stores

Smaliscale isochoric CAES systems

Compressed air energy storage as part of-gérneration system

Combined liquiCO2 and therma&hemical energy storage systems

Review of the integration of offshore pow&nansmission with energy storage

Techneeconomic modelling for sodiurzinc batteries for offshore applications

1 A fulkday hybrid physicatirtual event took place on November 22 of 2025 at the IMechE
Headquarters in Westminster, London. The eve
Heating:Di sruptive Approaches” abldad and histeas. Tloer ga ni ¢
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 obvitws) link
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
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flexibility at the bottom end of the timescales relevant to MDES. Thus, we thatlka 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 reord of the event is present atwww.era.ac.uk/resources/event
resources/decarbonisingk-domesticheatingdisruptiveapproaches2025/.

9 The TasK?2 lead has continued to gage 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 inaliding 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 $ecurit
and Net Zero (DESNZ) in the UK

Subtask #1 is completed. A report has been issued and is available Vvia
https://docs.google.com/document/d/1ZDAUmMIFO4A&g LPRU NmM8nA5sPORcLIt is also
conveniently accessible via www.MDESAIlliance.com/reports.

Subtask #2 is completed. That has been the single largest advance for Task 42 during 2025. A report
has been issued and is available viahttps:/drive.google.com/file/d/1803f7e-
Gdg2X1lalsKgQ5PfBeilQhlgq This report is  also  conveniently accessible via
www.MDESAlliance.com/repts. Excluding the Annex (which contains a snapshot of some of the
technologies presently available to serve MDES duties) this report cadp8g pages and 136
references.

A mechanism for gathering data to inform ttaibtaskwas devised anénnounced at the MDES
Alliance meeting on October 31, 2025. Further work will clearly be neededrntdude this Subtask
but it is expected that this will be done in April 2026.

Several meetings have been held between the Task lead and thentgph&ubtaskeads for Subtask

#4. It has been determined that we will hold a hybrid physigéiial meeting on March 20, 2026 as a
means of drawing together the final inputs for tt8sibtaskand the full writeup will follow shortly
afterward. The phyisal element of that meeting will take place at DTU premises in Copenhagen. The
meeting will be an altlay event with the morning being dedicated to modelling tools for assessing
performance of MDES systems and the afternoon being dedicated to how we stabli€h an
understanding of the roles that will be played by MDES systems within future Energy Systems.
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A Subtask lead has been appointed for Subtask #5: Prof. Rupp Carriveau at University of Windsor. The
main community meeting to inform thiSaskwas 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 2025in which the vast majority of preparation actions wersatiarged. 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 stocBb®ervations to inform the Subsk

report for Subask#5. Hence, we caagard that this Sulask 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

Duration: Start: January 2023End: December 2025
Website: https://iea-es.org/task43/

DI Christoph Rohringer
AEE- Institute for Sustainable Technologies
Feldgasse 19, 8200 Gleisdorf

c.rohringer@aee.at

The main goal of thifaskon “ St orage for renewabl es and fl exi

”

buil ding mass”, is to prepare t heonsanioterrmtpmal t e c hn

level, harnessing the benefits of this storage on local, quarter and city level respectivelaskaall
provide answers to four main research areas vital for market uptake and future standardization:

There are existing implemenians 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. Taskwill generate the necessary answep 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 relevastakeholders. 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 flexibilititbe fmal

and electricity grids. Th€askwill address relevant technical and neechnical open questions in key
areas, which are vital to the widespread deployment of the technology. This includes, in particular but
not exclusively:

1 How can thermal actated buildings mass be structurally integrated in buildings, both new
construction and refurbishment?

T What design possibilities are available from a shape perspective (horizontal, vertical, floors,
ceilings, walls) and material perspective (concrete, watel;)?

1 How can energy flexibility be paired with user flexibility (mpitrpose buildings, repurposed
buildings) and thermal comfort?
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1 How do future control systems need to be designed, to ensure this user comfort and a local
level and to enable flexility services on a grid level simultaneously?

1 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?

1 What business models can be pitde in the framework of sector coupling and demand side
management and what incentives should be proposed?

1 What regulatory and legal frameworks hinder/enable thermal activated building mass and
flexibility trading in different regions?

1 How can storage ahflexibility potential be assessed and quantified?

T What kindsof standards need to be implemented for thermal activated building mass for
market uptake?

Elevencountries have declared their interest in participating in thesK at 94 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 dffferent partners varied between individual expert meetings, with

new partners joining and aers dropping out of th@ask 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 betwtbe expert
meetings are highlighted in bold in the tables. In general, the core of the Task 43 community consists
mostly of partners fromAustria, Belgium, Denmark, Germany and Spain

Tablel: Participants in theslexpert meetirg of IEA ES Task 43
1st Task Meeting - 20thi 21st March 2023 - Vienna/Hybrid

Mail adress Online__On Site _ Countr Institution
Christoph Rohringer c.rohringer@aee.at X Austria AEE INTEC

Michael Moltinger michael.moltinger@fh-salzburg.ac.at X Austria FH Salzburg
01_3 Daniel Muschik daniel.muschick@best-research.eu X Austria BEST i Bioenergy and Sustainable Technologies GmbH
01_4 Paul Lampersberger paul.lampersberger@e-sieben.at X Austria e7 energy innovation & engineering
015 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
019 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 voz
01_12 Shady Attia shady.attia@uliege.be X Belgium University of Liége
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 Miinchen
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@dir.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 llaria 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

Table2: Participantsn the 24 expert meeting of IEA ES Task 43
2nd Task Meeting - 2nd i 3rd October 2023 - Kopenhagen/Hybrid

Mail adress Online On Site Countr Institution

02_01 Alireza Afshari aaf@build.aau.dk X Denmark Aalborg University

02_02 Bo Ngrregaard Jargensen 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 Oko 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
02_11
02_12
0213
02_14
02_15
02_16
02_17
02_18
02_19
0220
02 21
0222
02 23
02 24
02_25
0226
02_27
0228

Table3: Participants in the'8expert meeting of IEAETask 43
3rd

Thomas Friedrich
Yang Xue
Zheng Grace Ma

Aitor Erkoreka
Alfredo Oliveira
Nadja Bishara
Catalina Giraldo
Maurizio de Lucia
Emiliano Borri
Gabtriel Zsembinszki
Matthias Haase

John Grunewald
MANUEL ANDRES CHICOTE
Michael Moltinger
Michaela Meir

Paul Lampersberger
Shady Attia

Walter Becke

th.friedrich@innogration.de
xue@ismd.tu-darmstadt.de
zma@mmmi.sdu.dk
‘A2504@uuoog.onmicrosoft.com
aitor.erkoreka@ehu.eus
aoliveira@purever.com
bishara@ismd.tu-darmstadt.de
catalina.giraldo@ehu.eus
delucia@unifi.it
emiliano.borri@udl.cat
gabriel.zsembinszki@udl.cat
haam@zhaw.ch
john.grunewald@tu-dresden.de
manuel.andres.chicote@uva.es
michael.moltinger@fh-salzburg.ac.at
michaela@inaventasolar.com
paul.lampersberger@e-sieben.at
shady.Attia@uliege.be
w.becke@aee.at

sk Meeting - 8th T 9t

XX X X X X X XXX XXX XXX

Germany Innogration GmbH

Germany TU Darmstadt

Denmark University of Southern Denmark
Spain University of the Basque Country
Portugal Jasmine Mirage Cooling

Germany TU Darmstadt

Spain University of the Basque Country
Italy Universita di Firenze

Spain University of Lleida

Spain University of Lleida

Switzerland ZHAW

Germany Tu Dresden

Spain University of Valladolid

Austria FH Salzburg

Norway Inaventasolar

Austria e7 energy innovation & engineering
Belgium University of Liége

Austria AEE INTEC
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ril 2024 - Graz/Hybrid

03_01
03_02
03_03
0304
03_05
0306
03_07
0308
03_09
03_10
03 11
03_12
03_13
03_14
03_15
03_16
03_17
03718
03_19
0320
03 21
0322
03 23
03_24
03_25
0326
03_27
0328

04_01
04_02
04_03
04_04
0405
0406
04_07
0408
04_09
04_10
04_11
04_12
04_13
04_14
04_15
04_16
04_17
04_18
04_19
0420
0421
04_22
0423
0424
04_25
0426
04_27
0428
0429
04_30
0431
04_32
04_33

Table5: Participants in the Bexpert meeting of IEA ES Task 43
5th Task Meeting i 08th i 09th May 2025 - Bilbao/Hybrid

05_01
05_02
05_03
05_04
05_05
05_06
05_07
05_08
05_09
05_10
05_11
05_12
05_13
05_14
05_15
05_16
05_17
05_18

Alireza Afshari
Benjamin Kéhler

Bo Ngrregaard Jgrgensen
Christoph Rohringer
David Schmitt

John Grunewald
Jonina Felbinger
Joscha Reber

Manuel Baumgartner
Markus Leeb

Matthias Kersken
Michael Moltinger
Pablo Hernandez-Cruz
Paul Lampesberger
Thomas Friedrich
Walter Becke

Yang Xue

Zheng Grace Ma
A2504

Alfredo Oliveira

Arregi Goikolea, Befiat
Attia Shady

Gallardo, Andres
Manuel Andrés Chicote
Michaela Meir

Nadja Bishara

osc

Thanina Hammouma

Christoph Rohringer
Daniel Muschik
Alireza Afshari

Dirk Weil

Dominik Schliiter

Eric Matthes

Hassan Mahach
imilian First

John Grunewald
Joscha Reber
Karsten Rauber

Katja Tribulowski
Matthias Kersken
Petra Mann

René Hoch

Thomas Friedrich
Thomas Gréschke
Yang Xue

Stamatis Zoras

Altin Maraj

Alina Stipsits

Paul Lampersberger
Hammouma Thanina
David Ritter

Dr. Sebastian Fuchs
Florian Mobius

Joris Burger

Wagner, Andreas (IEB)
Jyotirmay Mathur
Alfredo Oliveira

Arregi Goikolea, Befiat
MANUEL ANDRES CHICOTE
PABLO HERNANDEZ DE LA CRUZ

Christoph Rohringer
Daniel Muschik
Alireza Afshari

David Ritter

Joscha Reber

Yang Xue

John Grunewald
Rosie Christodoulaki
Antonio Villanueva
Befiat Arregi

Erik Maqueda Moro
Jon Zubiaurre
PABLO HERNANDEZ DE LA CRUZ
Aitor Erkoreka

Altin Maraj

Paul Lampersberger
Thanina Hammouma
Andreas Wagner
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ala@sbi.aau.dk
b.koehler@oeko.de
bnj@mmmi.sdu.dk
c.rohringer@aee.at
david.schmitt@thi.de
john.grunewald@tu-dresden.de
jonina.felbinger@dir.de
reber@ismd.tu-darmstadt.de
m.baumgartner@aee.at
Markus.leeb@fh-salzburg.ac.at
matthias.kersken@ibp.fraunhofer.de
michael.moltinger@fh-salzburg.ac.at
pablo.hernandezd@ehu.eus
paul.lampersberger@e-sieben.at
th.friedrich@innogration.de
w.becke@aee.at
xue@ismd.tu-darmstadt.de
zma@mmmi.sdu.dk
‘A2504@uuoog.onmicrosoft.com
aoliveira@purever.com
benat.arregi@tecnalia.com
Shady.Attia@uliege.be
Andres.Gallardo@nrc-cnrc.gc.ca
manuel.andres.chicote@uva.es
michaela@inaventasolar.com
bishara@ismd.tu-darmstadt.de

hammouma_thanina@univ-blida.dz

Table4: Participants in the ®expert meeting of IEA ES Task 43
4th Task Meeting - 21sti 22nd October 2024 - Dresden/Hybrid

On Site

Mail adress
c.rohringer@aee.at

daniel.muschick@best-research.eu

aaf@build.aau.dk
dirk.weiss@tu-dresden.de
dominik.schlueter@tu-dresden.de
matthes@nanolope.de
mahach@izes.de
fuerst@clina.de
john.grunewald@tu-dresden.de
reber@ismd.tu-darmstadt.de
rauber@izes.de
katja.tribulowski@tu-dresden.de

matthias.kersken@ibp.fraunhofer.de

petra.mann@kit.edu
rene.hoch@tu-dresden.de
th.friedrich@innogration.de
info@bauprojekt-dresden.de
xue@ismd.tu-darmstadt.de
szoras@env.duth.gr
amaraj@fim.edu.al

Alina. Stipsits@e-sieben.at
paul.lampersberger@e-sieben.at

thanina.hammouma@doct.uliege.be

D.Ritter@oeko.de
sf@tragwerk-ingenieure.de
fm@tragwerk-ingenieure.de
jor.burger@sto.com
andreas.wagner2@kit.edu
jmathur.mech@mnit.ac.in
aoliveira@purever.com
benat.arregi@tecnalia.com
manuel.andres.chicote@uva.es
pablo.hernandezd@ehu.eus

Mail adress

c.rohringer@aee.at
daniel.muschick@bestesearch.eu
aaf@build.aau.dk
d.ritter@oeko.de
reber@ismd.tudarmstadt.de
xue@ismd.tudarmstadt.de
john.grunewald@tu-dresden.de
christodoulaki@cres.gr
avp@idom.com
benat.arregi@tecnalia.com

erik. maqueda@tecnalia.com
jzs@idom.com
pablo.hernandezd @ehu.eus
aitor.erkoreka@ehu.eus
amaraj@fim.edu.al
paul.lampersberger@e-sieben.at
hammouma_thanina@univblida.dz
wagner@kit.edu

Online

X X X X X X X X X X

X X X X X X X X X X X X X X

Online

On Site

Online

X X X %

X X X X X X X X X X X X X X XXX

XX X X X X X X X X X X XXX XXX

Countr
Denmark
Germany
Denmark
Austria
Germany
Germany
Germany
Germany
Austria
Austria
Germany
Austria
Spain
Austria
Germany
Austria
Germany
Denmark

Portugal
Spain
Belgium
Canada
Spain
Norway
Germany

Belgium

Countr
Austria
Austria
Denmark
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Greece
Albania
Austria
Austria
Belgium
Germany
Germany
Germany
Germany
Germany
India
Portugal
Spain
Spain
Spain

On Site

Aalborg University

Oeko-Institut e.V.

University of Southern Denmark
AEE INTEC

Technische Hochschule Ingolstadt

TU Dresden Institute of Building Climatology

German Aerospace Center (DLR)

TU Darmstadt

AEE INTEC

Salzburg University of Applied Sciences

Fraunhofer Institute for Building Physics IBP

Salzburg University of Applied Sciences

University of the Basque Country UPV/EHU

e7 energy innovation & engineering
Innogration GmbH

AEE INTEC

TU Darmstadt

University of Southern Denmark

Jasmine Mirage Cooling
TECNALIA

University of Liege

National Research Council Canada
University of Valladolid (UVa)
Inaventasolar

TU Darmstadt

University of Liége

Institution
AEE INTEC

BEST, Austria

Aalborg university

Institute of Building Climatology

TU Dresden

Nanolope

1IZESgGmbH

Clina Heiz- und Kuhlelemente GmbH
Institute of Building Climatology
TU Darmstadt, ISM+D

IZES gGmbH

Institute of Building Climatology
Fraunhofer IBP

KIT

Institute of Building Climatology
Innogration GmbH

Bau Projekt Dresden GmbH

TU Darmstadt, ISM+D

Democritus University of Thrace
Polytechnic University of Tirana

€7 energy innovation & engineering
e7 energy innovation & engineering
University of Liége

Oko Institut

Tragwerk Ingenieure

Tragwerk Ingenieure

Sto SE & Co. KGaA

Karlsruhe Institute of Technology

Malaviya N. Institute of Technology Jaipur

Jasmine Mirage Cooling
TECNALIA

University of Valladolid
University of the Basque Country

Institution
X Austria AEE INTEC
X Austria BEST, Austria
X Denmark Aalborg University
X Germany Oeko Institut
X Germany Technical University Darmstadt
X Germany Technical University Darmstadt
X Germany TU Dresden
X Greece CRES
X Spain IDOM CEA
X Spain Tecnalia
X Spain Tecnalia
X Spain IDOM CEA
X Spain University of the Basque Country
X Spain University of the Basque Country
Albania Polytechnic University of Tirana
Austria e7 GmbH
Belgium University of Liége
Germany Karlsruhe Institute of Technology
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Name

Daniel Muschik
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Yang Xue

John Grunewald
Hassan Mahach
Matthias Kersken
Thomas Friedrich
Daniel Heidenthaler
Seamus Garvey
Christoph Rohringer
Alireza Afshari
David Ritter

Rosie Christodoulaki
PABLO HERNANDEZ DE LA CRUZ
Altin Maraj

Paul Lampersberger
Thanina Hammouma

Andreas Wagner

Jonina Felbinger

MANUEL ANDRES CHICOTE
Pius Jung

Zheng Grace Ma

David Schmitt

Carla Scordamaglia

Attia Shady

christian.schweigler@hm.edu
david.schmitt@thi.de
mahach@izes.de
jonina.felbinger@dir.de
rauber@izes.de
matthias.kersken@ibp.fraunhofer.de
fellner.niklas@hm.edu
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szoras@env.duth.gr
davide.fop@polito.it
catalina.giraldo@ehu.eus
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th.friedrich@innogration.de
daniel.heidenthaler@fh-salzburg.ac.at
Seamus.Garvey@nottingham.ac.uk
c.rohringer@aee.at
aaf@build.aau.dk

d.ritter@oeko.de

christodoulaki@cres.gr
pablo.hernandezd@ehu.eus
amaraj@fim.edu.al
paul.lampersberger@e-sieben.at
hammouma_thanina@univ-blida.dz
wagner@kit.edu
jonina.felbinger@dir.de
manuel.andres.chicote@uva.es
pius.jung@hochschule-bc.de
zma@mmmi.sdu.dk
david.schmitt@thi.de
carla.scordamaglia@rse-web.it
Shady.Attia@uliege.be
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Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Greece
Italy
Spain
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Hochschule Miinchen

Technische Hochschule Ingolstadt
1IZES gGmbH

DLR

1IZES gGmbH

Fraunhofer IBP

Hochschule Miinchen
Innogration GmbH

Democritus University of Thrace
Politecnico di Torino

University of the Basque Country

rdam/Hybrid

Countr

Austria
Germany
Germany
Germany
Germany
Germany
Germany
Austria
UK
Austria
Denmark
Germany

Greece
Spain
Albania
Austria
Belgium
Germany
Germany
Spain
Germany
Denmark
Germany
Italy
Belgium

Institution

BEST i Bioenergy and Sustainable Technologies
GmbH

Technical University Darmstadt

Technical University Darmstadt

TU Dresden Institute of Building Climatology
IZES gGmbH

Fraunhofer IBP

Innogration GmbH

FH Salzburg

University of Nottingham

AEE INTEC

Aalborg University

Oeko Institut

Centre for Renewable Energy Sources and
Savings

University of the Basque Country
Polytechnic University of Tirana

e7 GmbH

University of Liege

Karlsruhe Institute of Technology

DLR

University of Valladolid

Hochschule Biberach, IGE

University of Southern Denmark
Technische Hochschule Ingolstadt

RSE

University of Liége

In order the meet arhitious 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 intégdaand 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 th&askdefinition 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 #skand already cowed in other

IEA activities.
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Subtasks

Task 43 is organized fiour interlinked Subtask, which correspond to the four main reseh areas

The three scientifically oriented Subtasks A, B and C work on specific topics and are aimed at the
collection and g&tension 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
providetheir findings as a basis for generalization and mametraction 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 Gresulting in a bidirectional exchange between these two areas ofTtdmk Additionally,
Subtask D will collect the demo factsheetan endeavorto collect the best practice examples of the
technology that are already implemented today and to make thareasible and comparable in a
uniform format.

Subtask B

Construction & Materials System Integration & Control

Subtask A

Scientifically oriented
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Activities and Achievements

During 2025 period, théfth andsixthexpert meeting were conducted Bilbao, Spain (0 May 2025)
and Rotterdam, Netherland4.Q November 2025)TheUniversity of the Basqu€ountry hosted the
fifth expert meeting

itatea
- t-aren Kalitatea .
lE(‘::(grg:;ztzeko Labovategua

a Arlod
ustika
Q:rmika Ao

Figure 7: Impressions from thdifth expert meeting IEA ES Task 43 in Bilbao/online, including laboratory tour of the
Laboratorio de Control de la Calidad en la Edificacion (buildinggshigi) in Vitoria.

A total of 29 participants from 8 countries (AT, AL, BEL, DK, ESP, GER, GR, IT) took partdayhe two
event. In includediwo keynotes from Spanish industry and private research, a lab tour in the
Laboratorio de Control de la Calided la Edificacion (building physics lab) in Vitoria as well as hybrid
working sessions for the respecti®ebtask. In those working sessions, the progress in the respective
chapters of the final report where discussed and relevant updates presented frerodntributing
parties. The agreed upon goal of thask43 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 beenltExted and performed already. A more detailed description of
the recent advancements in thfeur Subtasks is presented below.

Thesixthexpert meeting was hosted by the Netherlands Enterprise Agency.

Figure8: Impressions fromtte sixthand 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 thleréport 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 ambncluded with the formal good bye to the Task 43 community and
honors for theSubtasKeaders. 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 &ivants in the

four Subtasks is presented below.

Additionally, Task 43 and AEE INTEC helpgahizeand conductwo expert workshops in Austria in
cooperation with the Austrian ministry of innovation, nitily and infrastructure on 6 and @ctober

2025 respectively. The workshops marked the final events of the Austrian monitoring study BTTAB
which gathered andnalyzeddetailed measurement data from 16 national TAB implementations,
investigating energetic performance, indoor climate comfort, costs andag®potential. The two
events, one in Vienna in the Sport Arena Wibtips://wh -sport.at/ueberuns, the building is itself
outfitted and conditioned with about 28002 of TABs that is actively used as enetgsage) and the

other at the FH Salzburg Campus (national partner of Task 43 and the study BTTAB), attracted about
75 participants in total.

Figure9: Impressions from the expert workshop in the Sport Arena Wie6 @ttober2025 Source for the picture of the
Sport Arena Wien on the bottom rightittps://wh -sport.at/sportarena/ueberunssawi

The participants included public and municipal decision makers, energyidpersy 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 sesgioBalzburg being moderated by Task 43 Manager
Christoph Rohringer. All content from both events can be downloaded via thislimkeb
https://www.aee-intec.at/publications/ergebnisseubreitentestbauteilaktivierungim-fokus
speicherpoweifuer-die-energiewende/(since it was an Austrian event all slides are in German).
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To reach also the wider international aadce, Task 43 prepared and conducted a dedicated ES TCP
On-Seminar revolving around its latest results b 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 throudbur expert presentationstvo from industry two from academia). The
speakers and their respective topics are highlightezifollowing figure

Contents of the 35th ES-OnSeminar on Task 43

AEEINTEC

43
ea
o |
«TAB
B . /!Jl'f
= Federal Ministry . -
e " TN e s
Repiblic ot Nascrls DI Walter Becke DI Thomas Friedrich DI Thomas Ramsc Prof. Shady Attia
FFG AEE INTEC Innogration GmbH Towern3000 University of Liege
o’ —— Austria Germany Austria Belgium
() renrorscnungooperaion
Austrian initiatives and TAB as energy Activating existing Enabling Thermal Building
study "BTTAB" on storage in new buildings mass energy Mass Flexibility: EU rules,
TAB energy storage construction with storage in barriers, and policy
prefabricated panels refurbishment pathways

www.aee-intec at AEE ~ INSTITUTE FOR SUSTAINABLE TECHNOLOGIES

Figurel0: Speakers and presentation topics of theh3S TCP @®eminar dedicated to Task 43. The-8aminar 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 particips who also participated in the discussion section at the end
of the OnSeminar. The presented and discussed content is published on the ES TCP homepage
(https://iea-es.org/events/35thesonseminaron-task43-standardizeeuse-of-buildingmassas

storagefor-renewablesand-grid-flexibility/) and the recording will bavailable on the ES TCP YouTube
channel.

ES TCRnnual Report 2025 39


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/

storaé@

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 JohnGrunewald 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 iwdHe pan (see section
“informative”), di fferent materials and soluti on

(©) WPCM plaster cuter (.021m)
(@) WPCH plaster inaer (0.018m)
() Gypsum board 0.0125m)
(@) Gass wool 0.1m)

© Orovum bowrd 0.0125m)

Figure 1 Wall module configuration [Xue et al,, 2024]

Summary Paper Presentation

Figurell: TABs with different materials to improve physical properties like heat storage capacity with PCM byrEtadar

(left) and clay based systems for better hygrothermal behavior by TU Dresden (right) (the same figure was us€dsk the
update report)

Alternatives to concrete include PCM laced concrete, bricks, clays and wood structures as well as
hybrid solutons with material combinations. For all these material variations, suitable system concepts

could be identified in the Task 43 group.

Wohean findet St - Smar ity Domo.

Ina residential complex owned by the ¢ Viennese non-profit developer SOZIALBAU with 20
apartments, a "facade-integrated component activation” system is currently being installed
35 part of a heating conversion from an oil-fired boiler to a central brine-water heat pump,
coupled with a thermal renovation of the building envelope.

r wall on the outside and insulated with

‘The primary goal of the “Thermal racade o mec: s to further develop a holistic thermal and
energy-efficient renovation solt h degree ou»dnn rial prefabrication — the
CEPA system. CEPA relies on th y

facade elements. In addition to
for heating and cooling the bui

orbs heat losses through the facade and

also provides basic heat iAgoiput W the rocei This relieves the load on the existing
Multifunctional facade SBM Publication radiators, allowing them to remain in operation even with a significantly reduced flow Press release
temperature.

Figurel2: Three TAB systems for refurbishment with different strategies for ensuring theondulctivity. Plaster based by
FH Salzburg (left), grooves in the existing wall by IBRI and Sozialbau (middle) and using pressing forces from théynsulation
Towern3000 and AEE INTEC (right)

The figure above highlights three different system approadbesitilizing existing building mass as
TABs in refurbishment. The plastesised 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 Sozialbanstead 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-iateorsive extra

step in construction that might be intrusive to the users anddests. 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 éigh degree of prefabrication and allows minimal occupant disruption.
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Paper Doc Installation Doc Dismounting and Recyclin

Figurel3: Two systems for new construction with the intention of saving embodied grey energy by Innogration GmbH (left)
and IZES GmbH (right). Slides by Té$d®en/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 structuradtegrity and improving dynamigehaviorof the slab. IZES GmbH is
working on a vertical fagaddement thatincludes insulation between two concrete sheets. While this
saves material, a specific hydraulic also allows the facade to couple or decoupleeit&nd outer
concrete layer, bypassing the thermal insulation and allowing for a variable HTC of the entire element.

Like Subtask A, Subtask B is currently drafting its respective sections for the final Adpaoitt75% of

the envisioned text is already available as a first version, building on the previously collected modelling
factsheets, including tools like SMICUS, Delphin, IDA ICE, TRNSYS, COMSOL, Python, Modelica,
HEAT, HFlux and Wufi+ as highlightéalthe following table

Table7: 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 ICEWhole buildhg & neighborhood simulatioGeneral building simulation tc
(EQUA) HVAC & control validation; refurbishmwith  strong TABS  suppt
studies (Koschenz & Lehmann method
TRNSYS Building/system performance analy:Generalpurpose; several TA
(Types 56, 653, 993) control integration;MPC studies types exist (tradeoff betweer

accuracy and speed)

Modelica  Building:Detailed multidomain modeling of HVAVery suitable for TABS (dedica
Library TABS, and energy systems; flexible Radiant&b / TABS component:
control

EnergyPlus / Widely used in practice for building eneGeneralpurpose; TABS can
OpenStudio / performance; accepted modeled, but are not the ma
GenSim engineering/architecture focus

WUFI (Pro, 2D) Transient hygrthermal 1D/2D componeiNot specialized for TABS,
simulations (heat & moisture transfer) possible with expertise

VOLTRA 2D/3D FEM modeling of componerComponerdlevel; can mode
thermal bridges and heat storage TABS with detailed setup
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DELPHN Coupled heamoisture transport in porolLStrong at componenkevel; no
(TU Dresden) materials; hygrothermal analysis specialized for TABS
NANDRAD Multi-zone building performance simulatiWell-suited for massive building
(TU Dresden) incl. thermchydraulic networks and TABS; general solver
HTFlux Componentlevel FEM (steady & transierGood fo

innovative TABS (PCM, wooden TABS) experimental/componenscale
TABS studies

In general, it was found that many of the identified systemauint&sk B- but also from the factsheets

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

pur pose. This emphasizes the relevance of Task -
storage capaeities 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 aldwe following table

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

System Family Typical OutpuStorage Response Invasiveness Best Use Case
(W/m2) Capacity Speed
Slabembedded ~40-60 (heatingVery higlVery slow (>Only in nevOffices,
(castin-situ) ~40-60 (cooling) (multi-day h) buildings schools,
diurnal) predictable
occupancy
Prefabricated  ~50 heating, ~7Medium Moderate (:New buildingsPrefab housing
slabs cooling 3 h) modular modular
offices
Facade retrofit (~10-20 Low- Fast (<1 h) Low interioMass  retrofit
Capillary medium disruption continuous
mats/ETICS occupancy
Facade retrofit (~16 facade + Low Moderate  Moderate Housing block
Slot-groove transmission W/m disruption boiler to heat
outside pump
conversions
Facade retrofit ¢~20-30 Medium Moderate  Exterior  worlDeep retrofits
Prefab panels only, heavinstitutional
logistics buildings
Insulated core  Depends oVery hgh (:Slow (days) Requires Renewable

PCMenhanced
active walls

charging regime 2 weeks)

~30-45 W/m:Medium
cooling, ~2040(latent
W/mz heatin¢storage

(depending on PCenhances
duration
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fraction and supplrather thar
temperature) peak)

Subtask C has made considerable progress in the last reporting period, mainlyngsbund the

peer reviewed paper on netechnical challenges for TABs as energy storage that was successfully
submitted to t he peer revi ews journal “l nt e
(https://onlinelibrary.wiley.com/journal/ije)). 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, oegutaicietal 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
combires the findings from these 42 interviews with relevant literature from the piavg years,
compiling an UpToDate overview of the most relevant changes and chances for TABs, allocated to
different stakeholder groups, as summarizedrigurel4.

Governments & Policymakers

Market Operators
Aggregators (MOs)
- Energy Communities & Local Organizations
- Municipalities & Urban Planners Distribution System Operators Transmission System Operators
- ESCOs (DSOs) (TSOs) Energy Providers
Energy Retailers
[mmmmmmmmm e mmm—mm—————mmo
1 End-Users 1 ; ;
: —\ - Consumers : l
: - Prosumers 1
I o i S
I [
1 1
{ 1080) Top0 :
|\ =00 H Y
: : .--- .-I
H ’_| H o
1 H .--.'l

- Academic & Research Institutions
- Technology Manufacturers
- Society

Figurel4: 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/Okotutsind 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 TABdRs)cCountries

must move beyond fragmented, outdated energy performance models and implement harmonized,
incentivebased, and dat@nabled policy ecosystems. Key challenges include misalignment of
performance metrics (e.g. EPC models ignore dynamic hiftthg) and fragmentation of legal codes
across regions (especially in federal contexts like Belgium or Canada). Thewexed far dynamic
pricing reforms, clear aggregator regulation, recognition of thermal inertia/flexibility in energy
performance pdty and privacyespecting 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
35" ES TCP @eminar orl6 October 2025 as well, see figure 8 fooma information.
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EU Energy and Building Policy Landscape (2025-2030-2050) Storaéa
2024 2026 2030 2050
1 T
EPBD recast EMD Reform 2050 Vision: Thermal Storage as a core grid asset

(Flexibility KPI)  (aggregators open)
RED Il /EED  Grids Action Plan
(storage, DSO flex) ~ (data access)

Policy Key Date

Why it matters for TABS

age flexibility KPI to EPC/EPS;

EPBD Recast (1275) In force 2024 - transpose by 2026

EED (2023/1791) 2023 - 2030 targets —11.7 % energy
RED Il (2023/2413) 2023 - 2030
EMD Reform (1711&1747) July 2024 - apply 2025

EU Grids Action Plan 2023 - 2030

(ding Mass as Storage for Renewables and Grid Flexibility 16.10.2025

EU-Wide Barriers and Policy Pathways
Barrier Type Core Issue Policy Lever
Regulatory - —— .
invisibilty EPC & EPB ignore dynamic thermal storage (@) Add Flex-KP1 in EPBD Annex |
Market access <1 MW threshold excludes buildings (@ Implement aggregator access under EMD
Skills gap Few trained engineers for MPC/TABS (3 EU Pact for Skills modules

Awareness &

. Policy makers see no data
demonstration

To unlock flexibility, four levers matter:
First, regulatory recognition—put flexibility KPIs in the EPBD.
Second, market access—open aggregators to sub-100 kW assets.

Third, skills—train architects and facility managers in predictive control. | {

And fourth, demonstration—EU programmes should fund Flex-Ready
Buildings as visibly as they fund PV roofs.

d Grid Flexibility 16.10.2025 &

(@ Label “Flex-Ready Buildings” (Horizon EU 2026)  : ¢
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Figurel5: Two key slides from Prof. Shady Attias presentation during the 35th ES T&#n@ar on October 16th, 2025.
The full presentation is available herduttps://iea-es.org/events/35thesonseminaron-task43-standardizeeuseof-

buildingmassasstoragefor-renewablesand-grid-flexibility/

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 topiaf the dissertation of Joscha Reber (TU Darmstadt) who is Subtask D

col ead. I n addi tion to

these broader

acti

viti

are analysed in deep, since they are crucial for the interaction with custcamergvestors, providing

the basis for economic calculations. Goal of the activities is to develop simple equations that can be
used by norexperts as well, are based solely on easily available input parameters, do not require
additional simulations andrpvide 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, densitsepresentative

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

techniques as summarizedtine following

volumetricc

gravimetric ¢

[kJ/kgK] [K)/m’K]
concrete 2.000 1 2.000
steel 7.850 0,5 3.925
(6\\ \/6‘\ ini
\ ) PE piping 950 1,9 1.805
water 1.000 4,19 4.190
TAB with reinforced concrete
10,0 A
5,0 -~
0,0 2
. o i
5,0 -
-10,0
-

TAB concrete error error gravimetric ¢ | error volumetricc

[-] density p [%] | [%] (%)

standard 2,6 1,4 1.3
2xnon-bulkmass 5,4 -3,0 2,7
4 xnon-bulkmass 10,9 -6,1 5,6

UEICHE density p gravimetric ¢
[-] [kg/m’] [kJ/kgK)
sprucewood 470 2,7

~ = PE piping 950 1,9

@ ©)  |water 1.000 419

TAB with spruce wood

2,00% |

0,00

TAB concrete error

8] density p [%] | [%] [%]

standard 0,23 0,45 0,91
2xnon-bulkmass 0,26 1,13 2,27
4xnon-bulkmass 0,79 1,58 3,15

error gravimetric ¢ | errorvolumetricc

volumetricc

k)/m°K]
1.269
1.805
4.190

Figurel6: Error calculation of TAB systems in concrete anddvoonstruction, assuming standard construction techniques
(standard), as well as two naralistic system layouts with 2x and 4x Aomlk mass (steel, PE piping, water) in order to judge
the error propagation with increasing ndsulk mass. Utilizing thehysical properties of the bulk mass stays within a

ES TCRnnual Report 2025

44

€es


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/

storag(@

tolerance boundary of 5% relative error margin for both materials and standard construction, with wood retaining satisfactory
error levels up until the 4x nehulk mass extreme. Calculations performed BEANTEC.

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 T&{Bbs 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 eninimiz
cost and complexity in implementation.
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Task 44: Hi CBeflowerto-Heat and heat integrated Carnot
Batteries for Zer@Carbon (industrial) Heat & Power supply

Task Information

Duration: Start: January 2024End: December 2026
Website: https://iea-es.org/task44/

Annelies Vandersickel
German Aerospace Centre (DLR e.V.)
Pfaffenwaldring 3810, 70569 Stuttgart, Germany

Annelies.Vandersickel@dIr.de

The situatim is, that theincreasing share of renewable electricity generation in our energy systems
leads to a variable and intermittent energy production, which requires large scalegffestive
storage systems

1 to balance out the resulting mismatch between gesiéon and demand, and
9 to provide flexibility in order to strengthen the resilience of the electricity grid and ensure a
stableenergy supply.

In this context, Carnot Batteries have the potential to provide lagme storage in a more cest
effective am environmentally friendly way than conventional batteries, using benign materials such
as water, rocks, sand or molten salts. Thek 36- Carnot Batteriespossible designs of such a Carnot
Battery have beendtlected, classifiedand 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 Imgasupply 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 udimgnbal storage solutions
provides an enormous chance to simultaneously achieve -affsttive storage and the
abovementioned flexibility in the electricity sector, as well as a decarbonization of the heating sector.
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Key Technologies that support suzlecst-effective and flexibleg thermal storage based sector

couplingare:

1 Heatintegrated Carnot Batteries resp. Carnot Battery solutions in which the options to
integrate heat during charging and extract heat during discharging are fully exploited.
1 Thermal storagesupportedpower-to-heat solutions

Supply

WASTE HEAT
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A

Figurel?7: Schematic scope of Task 44
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Overview of Scope

This Task focusses on the design and in particular the integration @ilibving technology classes

- Thermal storage supported pow#s-heat systems
- (heat integrated) Carnot Batteries

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

- el echtarsiecd’t ycharging (e.g. heat pump, el ectri
- Thermal storage, which can be sensible, latent or theghemical

Technologies converting hetd-heat or wasteheatto-power, lacking the above two mandatory key

features are hence excluded. The energy output can be thermal (e.g. process steaimgaétadoth.

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

With respect to the assessment of differegsign options thisTaskfocusses primarily on integrated
concepts and where necessary their qomonents. Materialscale fundamental aspects are out of
scope.

With respect to theapplications/use caseshe Taskfocuses orlargescaleapplications, such as

- grid applications-e.g. electricity storage, auxiliary services, sector coupling
- industry appications—e.g. electrification of steam supply
- district heating applications in combination with grid or industry applications.
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Largescaleheat pumps for district heating, without storage and repowering options, as well as
solutions for individual hows, are subject of other IEA Tasks and out of scope in this Task.

The work is structured in s&ubtasks, whichollaborate as shown below.

Subtask C Qutcome
Electricity Cogeneration Renewable
storage (CHP) Heat Supply

Industrial District
Heat Heating

Define references Use Cases
Traffic light matrix

Heat to
Power
Unit

Use Cases

Subtask D

- Develop standard methods
- Review and selection of methods
- Quantification external factors

TES

Subtask B
Heat integrated Technology

Technology
D: I N

[0
®

Power
to Heat
Unit

Subtask A

- Identify the tool/software Assessment tool
> develop system model

Subtask E

funding schemes / regulatory frameworks

Figurel8: Subtask collaboration

Subtask lad: 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, suptiag the mapping in Subtask D. The collected models are classified within
their level of detail and compared.

Subtask Lead: Adriano Sciacovelli, DTU, Denmark

The overarching objective of Subtask B is to provide si&tbe-art (S0A) 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 downstreamB$T In this regard, the

ES TCRnnual Report 2025 49



Subtask is providing the most up to date snapshot of the current landscape of technologies, with
emphasis on both existing/nedo-market solutions as well as those at development stage.

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 includinghealste
recovery. Another use case is the energy grid, where the storage of renewable electricity in form of
thermal energy is analyzed to defirequirementson the grid and to optimize energy generation and
save costsln addition the storage of renewablelectricity is assessed as a way of increasing the
efficiency of electric power transmission and to stabilize the grid as a complementary use case.

Subtask Lead: Silvia Trevisan & Rdféaiedez, KTH, Sweden

Subtask D addresses the assessment ofé¢bbnologies and how these suit the different use cases

identified in Subtask @n addition it identifies external, nottechnology related, conditions that can

drive the market applicabiy of powerto-heat; power & heat systems within the industrial sector
aiming at identifying most relevant applications

Ultimately, Subtask D is defining a comprehensive yet simple methodology to evaluate and benchmark
the market opportunities of different poweto-heat to power and heat technical solutions depending
on their specific industrial context

Subtask Leadlosh McTigue and Ty Neises, NREL, USA

Subtask E assesses the current incestisnd barriers to the prompt implementation of this type of
technology at national anithternational level. It explores options to encourage the implementation of
these technologies and promote their integration in the market.

In close interaction with @task 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 andcenomic frameworks, and to formulate recommendatiofar
policymakers. Th&ubtaskassesses netechnical attributes of these technologiessuch as the

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

of technology and operational issues is initiatedi t h t he aim of providing
methodology for technology development.
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Activities and Achievements

In 2025, significant progress was achieved acrosSwutask through expert engagement, data
collection, modehnalysisand policy dialogel

Two expert meetings were successfully held in Sweden and Denmark, each embeddeaitenedd

international events-the Symposium on Heat and Power Technologies for Industrial Decarbonization,
Stockholm, Swedeand theSmart Energy Systems Conferet@gmenhagen, Denmarklhese settings
enabl ed broad dissemination of the Task’s object

Through the contributions of the participants, a total of 76 Factsheets were compiled using the
structured template (seeFigure19). These Factsheets serve as the common working basis for all
Subtasks. @ ensure publi@accessibilitythe key information was condensed inaflets, which will

be published as part of the final report.

Welcome to the IEA ES Task 44 Factsheet

if you are new to the task you can find some general information on our Website https://iea-es.org/task-44/

Instructions for Completing the Table
1. Make a copy of this file

2. Fillin your General informaion

3. Choose the tab relevant to your area of expertise

Subtask A > Modelling and Simulation

Subtask B & Technology review

Subtask C & Use case identification & Classification

Subtask D & Market Opportunities

Subtask E = Roadmap and Policies

4. Fill in your input in the light blue cells

It is understood that not all fields may apply to you or be within your knowledge scope
5. Share with us your knowledge about Best Practices
6. Upload your completed factsheet
to the Sharedrive

or send it to kevin.ludwig@dIr.de

7. Share the template with others

Figurel9: Welcome Page of the Factsheet Template

To systematicallanalyzethe collectedmodels (Subtask A)a clustering approach was developed,
categorizing models into Component, (98ystem, and Energy Grid levels, as showrignre20.
While the component level builds on results from Task 36, the current focusrliése system and
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energy grid levelsThe core team identified key inputs and outputs for each lexetl the results are
being consolidated into an ongoing review paper.

Energy system

) B Grid integration studies Local implementation
- Use cases
2
(4]
—
System Quasi- steady-state Dynamics and control
“Carnot battery”

Figure20: Clustering existing models handled by the revgaper

In Subtask Ba technical review paper has been submitted and is currently under review Ttigemo
MechanicaEnergy Storage for sector coupling: literature overview, technology categorization and key
performance indicatols It provides a stretured assessment of storageipported powetto-heat
technologies and Carnot Batteries, distinguishing between prototype and commercial solutions and
offering a comprehensive overview of existing and emerging technology options.

In2025 Subtask Gnitiated a series ofise case Pitchde obtain a comprehensive overview of ongoing
and planned projects in the field of Carnot Batteries and TES supported fpouent systems. These
pitches provided structured insights into reabrld applications and technoffy deployment.

Based on the collected information, an overviewatrix was developed that visualizesipply and
demand linking thermal energy storage (TES) manufacturers with corresponding projects and
application areas (seEigure21). Building on this overview, the Task network actively supports the
development of aTES handbook for industrial heathich aims to consolidate technical solutions,
practical knowledge, and business cases. The handbook is scheduled for publicaetidy 2026

Demand
Steam for . Hot air/Steam for : Steam for : Steam for  District Heat
Food ¢ Industry : Chemicals : Power generation :
Grid KXOXO '?ELSTOR : : :
KrLL
. wsviuu) [
) BRENMILLER —
pf

......... B T Tt OO ES R SSSTPROOF SRS

Behind the B¢ hyme :| (J RoNDO : BUILD TO ZERC :

meter KRAFT | Gree : Acideka : :
z BLOCK @ : : : : " hyme
% PEPSICO : : RONDO : : 3 ENERGI& FoRSYNING
=3 LUMEN{ N M
(7)) &

T T R

..................................................................................................................................... Bz | s

Steam grid @ S\ BRENMILLER

__________________________________________________________________________________ b ) L CUCL

Waste Heat

O Operational Projects

Figure21: Existing TES projects to identify potential of its technology

Furtherprogress was made iBubtask through the development of enatchmaking matrix which
evaluates technologyuse case combinations usik(Pls 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 crig@giae22 shows

the schematic matchmaking matrix comparing different technologies across several use cases.
In parallel, Subtask Ccontributes standardized use case parameters, improving usability and
consistency of the matchmaking tool, particularly for eatlggeor undefined applications.

- Simplified assessment process for end users and tech developers ‘

TechA TechB TechC TechD TechE The traffic light
framework

STOP . Stop doing .
CONTINUE O Continue to .
START O Start doing ...

Use casel

Usecase2

Usecased

Usecased

Use cased

I Technology coupling technically non feasible

I T Technology coupling technically feasible > Score
Figure22: Schematic of the Matchmaking Matrix

Aspart of Subtask Ethe policy framework was discussed within a series of workshidpsresults of
this group work will be consolidated and publishediRolicy Brief on Carnot Batteries and storage
supported Poweto-Heat technologies.

At thethird Expert Meetingthe group agreed on sevetay messagefor policy makers and funding
agencies:

E Drive Market Adoption by Addressing Infrastructure
Ensuregrid capacity expansion, streamline connection processes, and remove regulatory barriers
like double taxation to enable laregeale deployment.
E Enhance the Value Proposition Beyond Economics
Recognize the role of Carnot Batteries in emissions reductimergg flexibility, and sector
coupling, while addressing business model and technical complexities.

E Strengthen Supply Chains and Workforce Readiness
Invest in domestic supply chain development, workforce training, and industry coordination to
accelerate dployment and improve lorterm economic impact.

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

Finally, at thdourth Expert Meeting, a targeted policy workshop organized by DaCES further deepened
the discussion. Participants worked in groups aligned with four reference use-dasiestrial steam
applications, district heating and seasonal storaged longduration 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

Duration: Start: January 2024End: December 2027
Website: https://iea-es.org/task45/
R | Wim van Helden

AEE INTEC

i Feldgasse 19, 8200 Gleisdorf, Austria
‘ \f w.vanhelden@aee.at
- N ‘\\‘h

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 thEask are:

1

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

Broadened LTES materials database and materials test methods (influence of moisture at
higher temperatures, lifetime calculan models).

Setting a basis for futurgandards 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
technologiesuch agressurizeagsystems, HT ATES, rock or sand storage; using existing
infrastructures like gas/oil reservoirs, mines or gravel pits).
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AEE INTEC, AIT, AGRU, SOLID, Univ. Innsb

Univ.Linz Austria
CanmetEnergy Canada
DTU, PIanenergi,_Bobgch Solutions, Aalborg Denmark
CSP, Aalborg University

Heliostorage, VTT Finland
Newheat, CEA France

Solites Stadtwerke Miinchen, Univ. Kassel,

Gquadrat, Ramboll, Berlin Energie und Warm

TH Ingolstadt, Hamburg Institut, Oeko Institut Germany
Steinbeis Innovationszentrum Energie, Solme

Unitank

CREAR Univ. Firenze Italy

DTESS, IF Technology Netherlands
Chamers_Univ., Muovitech AB, Dalarna Univ. Sweden

JF Sustainable Energyneering AB, KTH

HSLU, SPF Switzerland
Cukurova University, Gazi University Turkye

Univ. Birmingham United Kingdom

Overview of Scope

The minimal size of LTES that will be consideraddsrding to the definition in Ta8©: 1 GWh of heat
charged/discharged per year. So, this includes a seasonal storage (one-disalgage cycle per year)
of 1 GWh capacity and a daily storage (over 300 chdiggharge cycles per year) of 30 MWh cafyac

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 higherelRL, &s 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
temperatureare notexcluded.

The work of the Task is split intour Subtasks.
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(1) Numerical Simulation;
Subtaskead: Thomas Schmidt, Solites, Germany.
(2) LTES Materials Database and Materials Tests;
SubtasKead: Bijan AdEZarrabi, Chalmers University, Sweden.
(3) Construction and Perfmance Checks Standards;
SubtasHead: Pierre Delmas, Newheat, France
(4) Improved Concepts, Dissemination;
SubtasKead: Geoffroy Gauthier, Planenergi, Denmark.

The next figure gives a graphical representation of $ubtask. Below, a short description tfie
activities and deliverables p&ubtasks given.

1: Numerical Simulation
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Figure23: Structure of theSubtask.

The goal is to obtain reliable and proven fgfesign tools for LTES system and component desig
integration, andoptimization through the further development, improvement, and comparison of
numerical simulation tools. The work is divided in three activities:

ACTIVITY 1.1 COMPARMAE STORAGE SIMUIONS

In the previous Task 39 a first step of camgive 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 wad#candstage of
simulations will be done in Task 45 with more realistic, more dynamic and applicateried

operation profiles and with additional variations of most imjamt design parameters.

ES TCRnnual Report 2025 56



storag(a

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 D1.1report or publication

ACTIVITY 1.2 E®ESIGN TOOLS FAOESE SYSTEM INTEGRATI

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 isrowever very high and time consuming. In early phases of an LTES project development
there is a strong need for more simplified paesign tools that can provide first estimations of
potential techneeconomic benefits of an LTES with low effort and bamednly 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 syste interaction. Predesign tools for LTES are not available today and will

be developed in th&ask

In a second work item in thiactivity, the experiences and results of the comparative storage
simulations of activity 1.1 will be used to improve the cepending detailed simulation models with
respect to results accuracy, flexibility, usability and effort.

Deliverable D1.2set of predesign tools [set up first list depending on specific inputs from experts]

ACTIVITY 1.3 EXAMBLEF LTES SYSTEMCTAIATIAS

The predesign tools developed in 1.2 will be used for calculation of typical applications. These
calculation examples will be validated and added to Taskhomepage.

The goal is to create a datage with the properties of materials at the present range of operation and
beyond the present range, to work on descriptions of measurement methods at higih@eratures

to work on identification of moisture content on thermal properties and lifetimehaf material and
describe lifetime calculation models for several materials.

ACTIVITY 2.1 LTESTMERIALS DATABASE

From Task9, the database is in the initial phase of formation. Goal of the present work is to validate
and broaden the database. Furthermotbe results obtained in 2.2 will be added to thatabase We
strive to find agreements on standards for testing.

Deliverable D2.1Report about the structure of th@atabasencluding how thelatabasecan be used.

ACTIVITY 2.2 MATERBATEST 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 moistur@nd 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 stimating 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 LIFEEBMALCULATION MODELS

Generally, estimation of lifetime of the systemaisrucial 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 D2.3A model for determination of lifetime of Bxted materials.

Standards help the interaction and communication between suppliers and implementers. Some
standards for design, construction, testing, maintenance, and operation requirementsSafyEEem

are already available (for example, ASME's Safet
adapted to LTES. Additionally, there are existing guidelines for the design and construction of
underground LTES (German VDI guideline), bey tare 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 GUIDEES FOR CONSTRUCTAQN LEGAL ASPECTS

In this activity, existing national and international documentation needed to develop a successful LTES
project will be listed andnalyzed 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-3@t0use of
underground for thermal purposes with one part on TES. In Germany, work is ongoing to update this
with standards description of building amédalizationof TES; firstdr 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, amapfaexisting urban

planning rules or creation of a new specific zoning may be considered for LTES constiaction.
additon, environmental assessment of the project (soa
and methods and procedures mayfdr 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, technologyrsraspdeialized

engineering companies, public entities...) will be provided. Adapted legislations for LTES are also
missing in some regions or countries: lacks will also be identified yweitk planpropositions inspired

from best practices to fill the gpes.

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 fur Matorschung, Federal bureau for materials
research). Which includes among others,-piutection, wrinklefree installation, qualified welding
according to DVS requirements, protection layers and leak detection before water filling and
operation. The expeences of previous projects are important indicators to minimize risks and ensure
a liable Lifetime estimation of the whole PT&&tem. Therefore, the gained experiences and
knowledge will be summarized in a guide for future projects.

Deliverable D3.1Pullic report including guidelines for LTES construction and legal aspects.

ACTIVITY 3.2 GUIDKEEB FOR LTES PERFANRBE 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 namalized 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 tlataitors 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 devel elimesmpreduced.in thiFaskik be @ sourdl basis for performance
checks standards.

In the area of financial and economic indicators and procedures, a close collaboration withl Tk
be sought.

Finally, some case studies will be provided to vadidae proposed performance check procedures
with measured and simulated data from relevant LTES projects.

Deliverable D3.2Public report including guidelines for LTES performance assessment.

Goal of thisSubtaskis 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 INVENROOF IMPROVED LARGBERMAL ENERGY SAGR CONCEPTS.

The tedinical 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 temperaturepiessurizedsystems, HT ATES, rocksoae nd st or age, ..) or
existing infrastructures ( gEisihventotyincluges emformnationr s , mi
about the TRL of the different technologies and their possible applications.

A survey will be sent out to research tingtes and from the firstinventory, a collection of short
descriptions will be made.

Deliverable D4.1Inventory of novel LTES concepts and technologies

ACTIVITY 4.2 DISSEMTION

Targeted information and training material for decision makers, implentsrded developers will be
produced in theSubtask 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 thisSubtaslare: Presentation of results from th&asls (selected activities results from the
TaskSubtask) at conferences (IRES, Eurosun, xxStock, ISEC); presentations of return on experience
for different LTES (planning, implementation, monitoring, operation & maintegawill 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 D4.2Presentation and publications of Task work and of LTES experience, in the form of
seminars every 6 months.

1 Deliverable D4.2.1: Session 1 on opportunity pHase-design) and design of LTES (steps
1&2 identified in Task 39)

1 Deliverable D4.2.2: Session 2 on tender, planning & implementation of LTES (steps 3&4
identified in Task 39)

1 Deliverable D4.2.3: Session 3 on monitoring, O&M, feligvof LTES projects (pte4
identified in Task 39)

1 Deliverable D4.2.4: Session 4 depending on the information need (this session will be
determined by the feedback from the viewers)

1 DeliverableD4.2.5: Report gathering the information behind the 4 sessions.

Deliverable D4.3Reommendations/planning for the vast deployment of LTES in the EU/worldwide
(white paper)

ACTIVITY 4.3 KNOWIGEDPLATFORM

A platform of experts will be formed to assist implementers with their practical challegher
practical examples or referencestiwiheir KPIs.

Organization of Q&A bihonthly online meetings for target groups; the information will be available
online afterwards (Q&A bank), organized to have accessible information/questions.

Deliverable D4.4Bank of Q&A sessions on LTES availathileeo

Activities and Achievements

There are two ongoing activities within Subtask 1: AlCbmparative Storage Simulations and A1.2
Predesign Tools for LTES System Integration.

Al.1lbuilds on the work done in ES Ta$k ®ork 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 (watersed),t was decided to go fdiour additional test cases:
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(1) Dynamic operational profiles based on Dronninglund data 2018/2019 instead o893 ask
simplified operational profile. Enhance models with third diffusor position

(2) Dronninglund validation test case

(3) Test casd with full insulatian

(4) Test casd 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 somaber 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/Rif&®ell 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 kvhiteth 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 wile 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

Al.2

The already created list of existing ptesign tools was shown and discussed and led to a preferred
scope definition for Taskb predesign tools:

1 System level approach

Realistic results

Including first cost estimation

Technical results on energy batz, efficiency, important KPls etc.
Results on required land use

Results on CO2 savings

Reasonabléime demand for calculations

= =4 —a —a -—a -8

A predesign tool covering all these aspects is not available to the public so far according to the tool
inventory. Because dimited resourcesijt 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 newn-houseand commercial prelesign tools.

Two additional design tools were presented: (1) a TRNSED tool from DYthdDK a useffriendly
graphical user interfaceunning on top of TRNSYS. (2) an alternative-fremrdly GUI for TRNSYS,
based on pytrnsys, that will be wddased and is being @eloped by Fachhochschule OST (CH).
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The activities of Subtask 2 asammarizedn the schematic below:

Material database

+ High temperature /fest methods \
* Moisture-dependent

* High temperature

* Moisture content

* Oxygen Estimation model
» Lifetime « Lifetime
K . Laboratory&fiey * Moisture content

ACTIVITY 2.1 DATAEAS

A beta version of the (limited) database is available and a small gfaeyperts is working on
further expanding and opening the database.

ACTIVITY 2.2 TESTTHODS.

The HSLU test sep for determination of watewapordiffusion has been upgraded. Piesting has
just started. The goal is to design and develop a replicalehod for higheftemperature moisture
barrier materials testing.

The laboratory measuring activities were discussed with three participatomnizationsPlariEnergi,
Solitesand DTU. A broad basis of tests is needed for setting up a standard to deteservice 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 reallife experiments, takingut samples of operating systems after consecutive periods and then
determine their quality.

ACTIVITY 2.3: LIFEIH CALCULATION MOBEL

It is still not decided whether moisture will be included in the lifetime calculation models. This depends
on the resaurces that JKU (AT) has to expand their existing model.

The idea tmrganizesome 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 PTlSers, foam insulation, glagier reinforced
polymer components)

(3) Series of papers on state of the art of LTES design, construction, operation?

Aim of the Subtask 3 is to set a basis for futusndards on LTES construction and performance
checks.
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ACTIVITY 1. GUIDEEBNFOR CONSTRUCTAGN LEGAL ASPECTS

The main goal of this activity is to produce a document gathering guidelines for LTES project
development on specific topics.

The feedback fromhte experts on guidelines available is:

Design & construction standards
National legislation

Funding schemes

EIA content

1 Relevant stakeholders

= =4 —a -

FROM THE DISCUSSIONBECAME CLEAR THPERHAPS IN ANNEX VRE CAN EXTRACT
INFORMATION ON STANRDS ANIxgislaton 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 Nethel ands entitled BRL SI KB 11000/11001. I
Construction - Operation & Maintenance). The goc:
protection. The guideline covers the following topics:

1 Organization

System quatly

Worker's qualifications
Documentation

Audits

Authorities' permissions

= =4 —a A A

For different phases these documents list several requirements that need to be investigated or
evaluated by project developers. In the preliminary studies, the local situationutineundings 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)

= =4 4 -4 -8 -

The next steps are synthetizing these documents and start to write guidelined bashe literature,
while identifying the lacks in the regulation.

ACTIVITY 2: GUIDEEBRNFOR LTES PERFONRBEAASSESSMENT
The components that will be included in the assessment are:

1 Storage as whole
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1 PTESIid
1 Diffuser
1 Liner

Furthermore, procedures carelitaken 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
permissiongeport and a list of quantities measured forATES.

For each component gerformance 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.

1. LTES

Involved partners: Newheat + DTU + PlanEnergi +
Bobsol + former participants of Task 39 on KPIs

abeliols

Internal work started in Newheat and first proposals
in contracts with DHN operators

I 2. PTES I 4. Diffuser?

& 1adojanap

!
5
=
[a]
c
w
-
o
S
(]
o

Storage level

Involved partners: Aalborg CSP, Involved partner: DTU Involved partner: Solmax, Agru,
Newheat, AEE, PlanEnergi, Bobsol GQuadrat

First discussions based on Aalborg Stratification Liner lifetime
CSP work Temperature resistance

12dojanap
abeioys «
Joypenuodqng

Component level

The main activities in thibBaskhave focused on the work regarding LTES performance cledicltion,

based on Newheat's feedback as a project devel o]
been imagined in different projects. They were shared with the rest of the experts to collect first
feedback and Newheat insisted on the importaraf 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 meetirigdakibrate on
these to assess in more detail the limitation of each test and to converge on a common procedure
recommended by the experts group.

- Energy efficiency Total heat losses Discharge power

Description Storage energy efficiency value Storage maximum heat loss power Storage discharge power capacity
guaranteed based on an energy guaranteed. based on a fully charged initial state
quantity transiting in the storage. and discharge operating conditions.
Advantages « Easy to read by client »  Simple to evaluate (heat loss »  Gives an actual guarantee to the
(communication-wise = “storage power of storage model at max client on “how much he can get
performs at 90% efficiency”) temperature for example) from a full storage”
Drawbacks » Dependent on @ minimum = Not very readable by client *  Requires quite some modelling
charged / discharged energy (difficult to link to a total energy work by provider
+  Not the most precise guarantee lost) » High dependence on operating
for a client * No guarantee on stratification / conditions = discharge power
exergy performance guarantee needs to include

boundary condition dependence
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Oil tank repurposing

An interesting presentation was given aynew 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 oftibe sta
quality of the tank, as water has a higher density than oil.

A naming convention for deliverables was proposed by3bbtaskmanager. Also, templates for the
different deliverables were drafted, which will be chedkeith the IEA ES secretariat.

Thequestionnaire for improved concepts (activity 4.1) has been drafted, reviewed and sent out. The
answers tothe survey have gathered information about projects working on improved concepts of

LTES and were the basis for a first inventory. Over 20 improwrdepts 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 (Mindl) 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.

@ Higher t=mperatures 7 |
® Usefreuse of existing infrastructurs 4 |
] Mew design (system,structure, such as [id, 5 I
diffusors/inlet-outlet. tank, pit, etc)
° Mew component {such as insulstion, liner, piping, 5 ]
etc)
I
@ MNew material (such as polymer. metal, soil, etc) 4
]
& Andet 3
i} 2 4 6 8

Dissemination (ativity 4.2)
In 2025, many dissemination efforts took place (activity 4.2):

1 The experts of Task 45 have been patrticipating to international conferences (for instance in
Australia and the Netherlands), including a special session about medium duration energy
storage (coupled to IEBS Tasks 42 and 44) at the Smart Energy Systems conference in
Copenhagen, Denmark.

1 Afirst IEAES Task 45 webinar took place online, free of charge, and had a great success: 100
participants, 218 registrations, a positive evaluatio ( 4 . 7/ 5) . The topic wa
societal & financial dimensions of LTES i mple
project developers, policy makers and residents/public. The webinar was recorded, published
on the IEAES TCP Youtubbannel and shared on the IEES Task 45 website (including all
presentations, see screenshot below and the following liiktps://iea-es.org/task
45/webinars)). All questions answered during the webingaere also gathered for the Q&A
bank.
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Storag;’ Home  About~ Technologies~ News Events Tasks~ Disseminationand

O Task 45
@ Currently running

@l Energy storage in energy systems

About Institutes/companies and experts Q&A bank Webinars

Webinars

Recordings & presentations from the webinar series of IEA-ES Task 45

First webinar: Planning, regulatory, societal & financial aspects of LTES implementation

Introduction & brief technical overview of LTES technologies, PlanEnergi

Medium and high-temperature ATES (Aquifer) implementation, dtess

Seasonal crystalline BTES (Borehole), TU Darmstadt

Stakeholder engagement & public perception in LTES projects, Fenix TNT

Planning, regulatory, societal & financial aspects of PTES (Pit) implementation, PlanEnergi
European framework, Hamburg Institut

LTES financing methods, PlanEnergi

Worap-up & open discussion, PlanEnergi

Upcoming second webinar (December 16th, 2025 - 9:30-12:30 CET): Technical aspects of LTES (feasibility, design,
tender, monitoring, etc.) & economic aspects. Registration at the following link

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). phaskom 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. Eeending of the Q&A sessions have been published on the
IEAES TCP Youtube channel and shared on th&8Rask 45 website, and all questions answered
during the sessions were organized by topic, to make them more accessible, summarized and
published as &A bankhttps://iea-es.org/task45/ga-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 seq@d) have already been planned,
speakers and experts have been confirmed, and questions have been prepared and ordered.

Year

Month 12|34

Webinar 1 Planning, legal & societal aspects of LTES implementation & financial aspects

Webinar 2 Technical aspects of LTES (feasibility, design, tender, monitoring, etc.) & economic aspects
Webinar 3 Practical experiences with LTES & economic aspects

Webinar 4 Results from IEA-ES Task 45 studies/work (+ potential information wishes from stakeholders)
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Dutch inventory of knowledge and questions with investors and municipalities regarding LTES.

Bas Godschalk gave a presentation athe 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 LTESriict di
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 dsi the interviews. Next experts meeting, the results
and conclusions will be presented to Td&k and further input will be asked.
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Task 46: Applicatie@riented Energy Storage Selection

Task Information

Duration: July 2025- June 2028
Webste: https://iea-es.org/task46/

Dr. Andreas Hauer

BVES e. V./ ZAE Bayern
Oranienburger Str. 15, 10178 Berlin
Andreas.Hauer@zaeayern.de

The objective of Task 46 is to develop a methodological approach for classifying poteati@ en
storage applications based on their technical and economic requirements, and to match them with the
most suitable storageéechnologies This approach will help identify key application areas and their
corresponding energy storage solutions. These iagpibntechnology 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 phéng 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 andhermalenergy (heating and cooling) (see figur).

Fossil EIectr'lc.:lty
Fuels »| Mobility
Thermal

Figure24: Old energy system based on fossil fuels

The future energy system will mainly rely mmewableenergy sources. As a result, energy supply will
be mostly provided as electricity from PV and wind and will fluctuatesr 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 poweeheat) and energy storage will be
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needed in the systemotachieve this (sethe following figurg. The necessary shift in time between
supply and demand can be managed by energy storage.

Storage
Renewable o —
Enerai Shiftin Time Electricity
gies ) i
(PV, Wind, E> andLocation Mobility
Solarthermal, and Energy Form Thermal
CSHdydrg B o |..)

Figure25: Energy system based on renewable energies with necessary storage technologies

The energ 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. Irfufuee, the perspective should shift.
Considering the demand side is essential for a renewable e#mgyd, decentralized energy system.

In order to accomplish this, the following questions are crucial, especially for the use of energy storage:
How much eergy 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 mugland 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 tieag is stored and
delivered in the most appropriate and cesffective 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 exhetljorm 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 pision.

However, this approach for implementing energy storage capacities for the emargjtionwill need
to go into much more details of the actual need determined by the application. To identify an
appropriate storage solution, the requirements of @pplication 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
180c / | & & dzGiKO || ligbkagrat tiis 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 hotandir can ideally

be met by an open sorption storage, based on a thermochemical zedditer 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 significdyptiess expensive than the battery storage solution.
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Source/ Thermal Storage Demand
Supply ElectricalStorage (Heat/Cold
(Electricity, Hea) Chemical Storage Electricity, Mobility)

PV / Wind ElectricaEnergy IndustrialDrying
(Electricity Sorage Process

Mobile Sorption Industrial Drying
Storage Process

PV / Wind / Solarthermal
Waste Heat

Figure26: 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 dlece (in red) or demand (in green)

Such “applications and the most suitable stor:
evaluated based on their significance for the energy transition. The question that needs to be
answered isWhich storage techaology offers the best technical and economic solution in the specific
application, and how relevant is this identified applicatied & 2 NI 3 S LI ANJ 02 NJ aYl & OK
system?

The technical and economic requirements for storage systems will be detedniiy 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 Tak, 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. st relevant application areas

and their corresponding storage technologies will thus be identified. The identified applisiticage

pairs or “matches will then be prioritized accc
As a main orietation of the relevance of a match, the impact of the &mmission reduction by the

specific application is defined. Further relevance factors could be defined, if the results indicate so.
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Energy Storage Technolgies Fields of Applications
TES, EES, CES Heat/Cold, Electricity, Mobility
KPIs KPls

A How muchenergy can bstored? A How muchRE can be integrated? (capacit
) (capacity) A How fastcan the energy be supplied?
A How fastcan the energy be storéd (power)

(power) 3 _
. A For how longcan the energy be shifted?
A For how longcan the energy be storéd durati

(duration) ) (duration)

A

v I

A Atwhat costcan the energy be stor& A How much CO2 emissions can be avoi@e(
(cos) (cost)

Figure27: Methodological approach to aich 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 apprdadcte 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.

Participating Institutions
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Energieinstitut JKU Linz
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DTU
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BVES Germany
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ZAE Bayern
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Overview of Scope

The main goal of Task 46 is to enable a scientific based selection of mableseinergy storage
technologies for specific applications within the energy system. By evaluating the actual relevance of

ES TCRnnual Report 2025

72



the different applications, it should be possible to prioritize the best energy storage
technology/application pairs or matches acdimg to the potential and relevance of the specific
application. This quantified evaluationill primarily be performed with respect to G@mission

mitigation for the future energy system.

The Task’s wor k i s di vurtdeedbscribedtinghe followig: Subt as ks

1 Subtask 1: MatckMaking Matrix

storag(a

Structure application requirements and matchwith energy storage properties

1 Subtask 2: Collection of Best Practice Examples

for existing applicatiorstorage matches

1 Subtask 3: Evaluatihn and Prioritizing

Technical and economic evaluation of applicattborage matches with respect to their

relevance for the energy system

1 Subtask 4: Communication and Dissemination
Dissemination of key messages, findings, results, and methods

1 Subtasks: Roadmap to close research gaps

Identification of open questions to be addressed within research projects and identification of

suitable funding opportunities

SubTask 1: " SubTask 2:
Match Making Collection of Best
Matrix == Practice Examples

A 4

SubTask5: Roadmap to close research gaps

: J

SubTask 3: Evaluation and Prioritizing

¥ 3

l

SubTask 4: Communication and Dissemination

Figure28: Subtask Structure of the Task
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Subtask LeadeiStefanie Tafelmeier, ZAE Bayern, Germany

Subtask 1 focuses on systematically aligning the requirements of relevant application areas with the
properties d potential energy storage solutions. This is achieved through the defindiassification,

and harmonizationof key performance indicators (KPIs) that enable a transparent and comparable
assessment of storage technologies.

The KPIs cover fundamentalazhcteristics such as capacity (kwh), power (kW), duration, and cost, as
well as advanced technical parameters, includingu€ for electrical storage systems and operating
temperature levels for thermal storage technologies. In addition, broader KRjaréags—such as life

cycle assessment (LCA), environmental impacts, and social acceptecmcorporated to support

a holistic selection of suitable energy storage solutions.

The KPI framework builds on existing methodologies already applied in paitigigauntries. Where
necessary, these approaches are further refined and expanded to ensure sufficient detail and
consistency for an effective technology selection process. Using the defined KPlIs, the relationships
between application requirements and stme technology characteristics are systematically captured

in a structured database, referred to as the Matdiaking Matrix.

As part of this work, a matemaking workshop format was developed and successfully tested during
the Experts Meeting at HSLU, Saitand. 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 overd 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 LeaderCarina Seidnitze®Gallien, AEE INTEC, Austria

Subtask 2 focuses on identifying, collecting, and documenting best practice examples of energy storage
systems that demonstrate successful matchestween 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 spcof available energy storage
technologies. Emphasis is placed onwatld 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) &blished. This structured collection of applicatitechnology matches is essential

to ensure that the overall discussion remains concrete, pradignted, and grounded in real
experience rather than becoming overly abstract.

The collection of best prtice examples began during the current reporting period. As part of the
match-makingworkshop developed under Subtask 1 and conducted at the Experts Meeting at Lucerne
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University of Applied Sciences and Arts (HSLU), participants worked oHitereasestudy involving
an existing bakery in Germany, kindly provided by ZAE Bayern. This exercise demonstrated how the
KPibased approach can be applied to practical scenarios.

Subtask LeadeiZheng Grace Ma, University of Southern Denmark, Denmark

Subtask 3 focuses on evaluating gmibritizingthe applicatiorstorage matches identified in Subtask

1 to provide structured decision support based on quantified teckoonomic criteria. The
assessmengmphasizeshe relevance of each application with respect to its contribution to the energy
transition and its potential for CO, emission mi

The evaluation considers key performance indicators (KPIs) describing both the &bctumic
economic performance of the selected energy storage solutions. Rather than producing a strict
ranking, theprioritizationis expected to group applicatieatorage matches into qualitative priority
classes (e.g. most relevant, relevaand lessrelevant), while still providing quantified guidance to
support informed decisiomaking.

This approach was discussed using examples of energy storage systems currently in operation within
specific applications. A key insight emerging from these discussionsheaneed 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 regtements—for example, lowcost, climateneutral 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 resultesa regions and
contexts.

Overall, Subtask 3 aims to deliver a robust, transparent framework for evaluatingrandizing
energy storage applications, enabling decision makers to identify suitable storage solutions for high
impact applications basedhcsound techneeconomic analysis.

Subtask LeadeBeatrice Schulz, BVES, Germany

Subtask 4 is dedicated to ensuring broad visibility, accessibiiititlptake 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 communicatin within and beyond the IEA framework.

Initial dissemination activities were already carried out during the reporting period. The overall
approach of Task 46éstarting from application requirements and technical needs when developing
energy storage projest—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 applicatiairiven methodology underlying the Task. &udition, a
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dedicated Task logo was developed, and a Task website was launched. Announcements ag follow
reporting on Task meetings were published in the BVES Monthly Report.

To support efficient internal communication and collaboration, a digital wa$ 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 berganizedo dissemmnate results to a wider audience. These workshops may,
for example, be held in conjunction with the Enerstock Conference 20@anizedby the Energy
Storage TCP or at status conferences hosted by BVES.

In addition, relevant results will be fed directiytarthe IEA TCP Coordination Group on Flexibility in
the Energy System, which is-cbaired by ES TCP and ZAE Bayern. This ensures alignment with related
international activities andnaximizeghe impact of Task 46 within the broader IEA context.

Subtask LeadePhilipp Schiitz, HSLU, Switzerland

Presumably, multiple applications will noé Isatisfactorily be addressed in Subtask 3. In Subtask 5,
these applications will banalyzedand topics for research projects will be identifigghalyzingthe
Europeanand 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 benalyzedon synergies which would help to tacktaultiple research
guestions 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 wihbalyzedand 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 aroadmap, vhich outlines a potential approach how to tackle the open research
guestions identified irBubtask3.

Activities and Achievements

Task 46 officially started in July 2025. In advance of the official start and the first months several
meetings were held tgain 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.

The first Task Defition 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 202B0rw, 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

)l

1
1
1

FirstTaskdefinition meeting Oct 202%(line), 28 participants
SecondTlaskdefinition meeting April 2025 (hybrid / Berlin), 30 participants
First Experts Meeting October 2025 (hybrid/ Horw), 38 participants
Second Expertsleeting April 2026 (hybrid/ Graz)

The meeting was held as part of the IEA Energy Storage TCP on Al 2025, at the
Konferenzzentrum Centre Monbijou and Vattenfall Headquarters in Berlin. Ditvénigask Definition
Meeting the overall goal and working structure d¢iet Task was further determined dmotential

collaborators were identified. The program included a technical Tour visiting acBltigtorage by
Axiotherm at the museum Futurium in Berlin.

Figure29: Task Definition Meeting Belin, BVES, Germany, 2025

The first official experts meeting took place at HSLU in Switzerland -@8 @¢tober This hybrid
meeting gathered 38 participants from 13 countries. Key activities iediud

1
1

Collectionof real technologyapplication examples

Test session of a matchmaking workshop format to identify and evaluate techrology
application matches and establish a suitable methodology

Development of a participant overview tool to map interestghim the Task

Site visit to goressurized hot water storage at a wadteenergy facility

ES TCRnnual Report 2025 77



.storag(a

Figure30: 1st Experts Meeting in Horw, HSLU, Switzerland, 2025

The storage system visited during the Task Meeting is now issedeaof the examples for technology
application matches. The project, operated by Renergia Zentralschweiz AG, has been in operation since
September2022. It was developed in cooperation with the Renergia wastenergy plant, four

district heating netwoks, and Perlen Papier AG.

The system consists of a-Bter-high thermal storage unit with a capacityfafe 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 capagitof 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
hea, to improve supply security fahe 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.

Figure31: Heat $orage at Renergia Waste-Energy Plant (sources: Renergia Zentralschweiz AG)

The second Experts MeeOingntodd TEs&r gy SESPrpddge a$
within the IEA Energy Storage T@WiR take place in conjunction with the ISEC conference in Graz,
Austria, and will be hosted by AEE INTEC.

T When?April 13, 2026, 12:00 pmApril 14, 2026, 6:00 pm
T  Where? Hotel Das Weitzer Graz, Grieska+1@, 8020Graz, Austria
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Task 47: Components for Thermal Energy Storage

Task Information

Duration: Start: 1 July 2025 End: 30 June 2028
Website: https://iea-es.org/task47/

Wim van Helden
AEE INEC
Feldgasse 19, 8200 Gleisdorf, Austria

w.vanhelden@aee.at

Thermal energy storage technologies play a pivotal role in switching from a fossihfiseld energy
system to a fully renewable engrgystem. 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 +atilization in industry, they provide peak power thus lowerithge
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 ordrigémperature 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 fbw difficulties.

This Task is shared with the Solar Heating and @paIlCH ask 74.

AIT, AEE INTEC, TU Vienna Austria
CanmetEnergy, Dalhousie Univ. Canada
GIEC China

ES TCRnnual Report 2025 79


https://iea-es.org/task-47/

DTU, Aarhus Univ. Denmark

Aalto Univ. Finland

INSA Lyon France
ZAE Bayern, CAE, DLR, Fraunhofer ISE,

Rubitherm Technologies GmbH, Saarland ur S&ManY
Naples Univ. Italy
Pluss Advanced Technologies Pvt. Ltd., TU

: . Netherlands
Eindhoven, Univ. Twente
Silesian Univ. Poland!
LNEG Portugal*
NIC Slovenia
Tekniker, Univ. Barcelona, Univ. Lleida, Univ. .

Spaint

Zaragoza
KTH, Iceheart AB Sweden
HSLU, SPF Switzerland
Cukurova Univ. Turkey
Univ. of Birmingham, PCM Products Ltd. United Kingdom
Oak Ridg National Lab., Texas A&M Univ., USA

Villanova Univ.

lparticipating through SHC TCP

Overview of Scope

Thermal energy storage technologigs included that generate or have generated challenges in the
design of their main components, in applicationsnfra 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 matgals. 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 lwah exchanger for a high
temperature sensible storage for a powr-heat process at 500 °C. The storage capacities can range
from less than 100 kWh to more than 1 MWh.

Lead: Jorge Salgado Beceiro, Norway

The objective is to demonstrate the practical value of thermal energy storage througivoddl
applications and case studies, bridging the gap between research, system integration, and market
needs.
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Specific objectives of Subtask A are:

1 Identify and clasify relevant TES applications across sectors and temperature ranges and
provide the application boundary conditions to the other Subtasks.

1 Collectanalyze and share higimpact case studies on TES integration.

1 Evaluate techneeconomic and environmentaderformance to support decisiemaking and
adoption.

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 andelecate 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 relatto 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 praaté, possibly through a rourgbin approach.

Lead: Gerald Englmair, Denmark;{&ad Louis Desgrosseilliers Switzerland.

The main objective of Subtask C is to bring the applicatioBtatie of Charge (SoGgtermination
technolagies 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 fudamental measurement techniques to the preaffconcept and applications levels.

For PCM technologies, the focus will be on validating pod@oncepts of remaining materials
measurement techniques identified in T67/T40 Subtask C that are promising aachbaiyet 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 catalogoédeveloped solutions for SoC determination, each for TCM,
PCM, and sensible TES.

Activities and Achievements

The kickoff meeting for IEA SHC Task 74 / ES Task 47 was held in October 2025, marking the formal
start of the new collaborative research eftan Components for Thermal Energy Storage (TES). During
the meeting, the Subtasks were presented by Swhtaskeads and the status and planned activities

were discussed with the experts.
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Lead: Jorge Salgado BegiNorway

Subtask A aims to bridge the gap between technology development anadveelal deployment by
identifying andanalyzingexamples of TES applications across sectors, temperature ranges, and
technology types. The goal is toeate 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-(B{@tearge Determination).

The Subtask is structured into three main activities:

I T1.1-Mapping of Commercial TES Suppliers
 T1.2—Collection and Analysis of TES Case Studies
I T1.3-Dissemination and Knowledge Sharing Activities

During the meeting, thetgicture 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 techrigbegy
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 papi#gits to start the first data collection phase.

To illustrate how the Subtask’s work wild.l be im
and Gerald Englmair (Subtask C leader) jointly presented an example case study from the
CETPartnership projecaFlex. The case demonstrated how the development of stdteharge (SoC)
methodologies can impact TES operation at the system level, particularly for a TES unit planned for
installation in a data center facility.

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:

1 Economic indicators: LCOE, payback time, and busaasssdescription.

1 Technical indicators: charging/discharging temperature, raipfilown rates, energy density,
and equipment lifetime.

1 Operational aspects: duration of operation, site requirements, and reliability.

Participants also discussed aligning wWiRI definitions fronother Tasks (e.g., Task 41) to ensure
methodological continuity.
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A discussion followed on how to increase industrial participation in the Subtask. The brainstorming
included the followinddeas:

1 Personal invitations to TES suppliers and-aselrs.

1 Using system performance as a topic to engage companies.

1 Sharing success stories to illustrate economic and operational value.

1 Simplifying communication to clarify synergies between companieses®hrch.

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:

1 A TES Workshop will be organize®acember 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.

1 The idea of publishing a book of TES case studiesjited by IEA TCP members, was proposed
as a longerm dissemination effort.

1 Future webinars are planned in potential collaboration with the IEA ES Task 46, to be held in
early 2026.

The kickoff successfully introduced Subtask A and achievedeetigagement from participants. The
initial framework for mapping andnalyzingTES applications is now in place, and the first examples
have been demonstrated. The session fostered strong collaboration among partners and identified key
topics for furtheralignment, including data collection methods, KPI definitions, and strategies for
industrial involvement.

Lead: Dominic Groulx, Canada

Subtask B is focusing on design questions as it relates to the developmeetmiatrenergy storage

systems. The objective of tifgubtask s: “ Il nvestigate design approache
and rul es”. There wild/ be a clear relationship
the work and information btained through Subtask A looking at Applications and Case Studies.

The Subtask is structured into four main activities:

1 B.1-Industry and Literature Review of Design Approaches
1 B.2—Round Robin TES Experimental Characterization

1 B.3-Design Metrics anBesign Rules

1 B.4-Alin TES Component Design
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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¢ Industry and Literature Reviewf 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. adkéorce 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 witimy 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 thugh 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 theSubtaskwould like to receive from the industry and exid 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 seond 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 streamwill then beanalyzedby appropriate subgroups of the taskforce
to draw the important conclusion leading to the redaction of a comprehensive review paper.

B.2¢ Round Robin TES Experimental Characterization

Initial discussions were had on the strateggtthould 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 itviround ro
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 conpleted, 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 adiirs (B.3) or further definition is required before an official
start (B.4).
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Outcome

The kickoff successfully introduced Subtask B and achieved active engagement from participants.
Now, work needs to start. The Subtask leader (Groulx) will be reabhitigout to all taskforce
member in the coming weeks.

Subtask C: State of Charge
Lead: Gerald Englmair, Denmark;{&ad Louis Desgrosseilliers Switzerland.

Overview of Subtask €State of Charge (SoC) Determination

Matenal laboratory
Malenal response with

Pilot testing
Correlation of matenal

charging/ discharging can be
reproduced

response to heat flux
-> Calibration at test stand

Source: Technical
University of Denmark

Source: FH Upper Austria

Source: SINTEF Energy

Reliable, instantaneous SoC
determination enables CTES in

flexible systems

The main objective of Subtask @adring 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) hiauéciaesponse
techniques, ii) component level calibration, and iii) system level integration.

Subtask C is expanding on the previous SaBtaskin former ES TCP Task 40/SHC TCP Task 67
completed in 2024, whereby the aims are to:

1 Expand component and sgs level SoC inventory for PCM
1 Expand material and component level SoC inventory for TCM
1 Undertake full SoC inventory for Sensible TES

The Subtask is structured into two main activities:

1 C.1 Update of inventory measurement techniques and proof of contep
1 C.2 Applicatiororiented SoC determination

ES TCRnnual Report 2025 85




TheSubtaslobjectives and structure were presented, emphasizing the interactions between material
science developments (ES TCP Task 48), component development (ES TCP TadksySiena
integration (ES TCP Task-46ach one of these corresponding to an element of the three subdivisions
of SubtaskC.

The conclusions frorBubtaskC of the former ES TCP Task 40 were summarized and participation in
the new Subtaskwas solicited fom 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 BB sys

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 iemperature based SoC techniques, lsas
volume expansion of either liquid or solid packed beds

I. Also infrared for high temperature TES
2. CM

a. Acoustic technigues 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 fu@structive
acoustic wave techniques used for structural inspections and fault
detection in welds etc.

b. Interest also in ohmic & dielectric rmsurements

C. Learned from participant presentation about volume displacement measurement
used for Ice PCM TES

i. Attached ice vs frefloating ice
3.TCM

a. Categorize as sohdaporadsorption, liquidvaporabsorption, and solidapor
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)n a

A short discussion was led also on the topic of Al in SoC determination, emphasizing one lesson learned
that was communicated in an earlier presentation that Al and Machine Learning techrdquast
normally reveal upon what the component level So(cation 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 o

The kickoff successfully introduced Subtask C and achieved actiyagement from participants.

1 2"Expert Meeting: 1412 May 2026, Lleida, Spain, connected:tootherm Semina
1 39Expert Meeting: December 2026, Trondheim, Norway, connectdd® Workshop
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Task 48: Thermal Energy Storage Materials

Task Information

Duration: Start: 1 July 2025 End: 30 June 2028
Website: https://iea-es.org/task48/

Dr. Christoph Rathgeber
Bavarian Center for Applied Energy Research, ZAE Bayern
Walther-MeissnerStr. 6, 85748 Garching, Germany

christoph.rathgeber@zabayern.de

AN
S00

IEA ES TCP Task 48
SHC TCP Task 75

Thermal energy storage (TES) is subdivided into sen&ldst, 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, resarch 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 listedask 75 of the Solar Heating & Cooling TCP (SHCTaskupdate
reports and presentations are given to both ES and SHC ExCo.

Task 48 has shared expert meetings with Task@mponents for thermal energy storage

This Task is shared with tis®lar Heating and Cooling TGi3k 75.
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AIT, AEE INTEC, TU Vienna Austria
CanmetEnergy, Dalhousie Univ. Canada
GIEC China
DTU, Aarhus Univ. Denmak
Aalto Univ. Finland
INSA Lyon France

ZAE Bayern, CAE, DLR, Fraunhofer ISE,

Rubitherm Technologies GmbH, Saarland Ur Germany

Naples Univ. Italy

Pluss Advanced Technologies Pvt. Ltd., TU

Eindhoven, Univ. Twente Netherlands

Silesian Univ. Poland

LNEG Portugal*

NIC Slovenia
Tekniker, Univ. Barcelona, Univ. Lleida, Univ. .

Zaragoza Spain’

KTH, lceheart AB Sweden

HSLU, SPF Switzerland
Cukurova Univ. Turkey

Univ. of Birmingham, PCM Products Ltd. United Kingdom
Oak Ridge National Lab., TexaM Univ., USA

Villanova Univ.

! participating through SHC TCP

Overview of Scope

Task 48 covers research and development activities on thermal energy storage materials:
1 Phase Change Materials (PCM)
1 Thermochemical Materials (TCM) including sorption andribal reactions
I Sensible heat storage materials (except water)
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Figure32: TES materialsPCM crystal under the microscope (left), zeolite beads (center), rocks (right)

The main goal of the proposed Task is to supp&$ materials R&D by

f
il

il
f

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 higiquality TES materials database, and

disseminang lessons learnt from previous ES TCP Tasks on compact TES.

Anadditionalgoal 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 ofuraraent
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.

A: Lessons learnt

B: Material characterization

C: Material development & production
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D: TES material database

Figure33: Task 48 structure with four Stasks A to D and the planning of continuous activity

Subtask A: Lessons learnt

Subtask lead: Frédéric Kuznik, INSA Lyon, France

SubtaskA has the objective to communicate the lessons learnt from previous Tasks, previous research,
and the current Task 48 OoFES materials. For the-&mnual Task expert meetings, lessons learnt will

be selected and discussetheway of communication depends on the type of lesson learnt and the
targeted audience (e.g. academia, policy makers dealing with energy transities idsai funding of
research; journalists and media people who need an explanation of the role and possibilities of
compact thermal energy storage, or lessentific people with little previous technical knowledge).
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Sultask 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 gdelines were worked on in previous Tasks, e.g. enthalpy of PCM, specific heat
capacity, viscosity, thermal conductivity.

Subtask Lead: Saman N. Gunasekara, KTH, Sweden

In Subtask C, TES material developmami 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 Lead: Alenka RigtiNIC, Slovenia

In Subtask D, th€ ES materials databasizat was initiated in previous Tasks, will be restarted. As a
second activity, and because it is connected to the website of the materialsatsathe PCM Wiki

will be extendedo a TES materials Wiki. Some of the lessons learnt covered in Subtask A can be taken
up in the new Wiki.

Lead: Christoph Rathgeber, ZAE Bayern, Germany

Several TES materials topics haverbpart of ES TCP Tasks on compact TES for many years and are
expected to be still dmportancein 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 thastsustured

like a standard thregears Task.

Activities and Achievements

In 2025, Task 48 started with the kio& meeting in Stockholm, Sweden, from 13 to 15 October 2025.
The meeting was organized by KTH. It was a hybrid meeting attended by 33 expesite and
28participants online. This and all future experts meetings will be shared meetings together with Task
47.
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Figure34: Task 48 Kickoff meeting (together with Task 47) at KTH in Stockholm Sweden

Four companiesthree PCM and one ice storage manufacturaagended the meeting, three of them
presented theimportfolio and their TES materials R&D related activities:

1 Rubitherm Technologies GmbH, Germany
1 Pluss Advanced Technologies Pvt. Ltd, Netherlands
9 Iceheart AB, Sveken

d’ iceheart
NEXT GEN. COOLING

RUBIJHERM [EIRVEERIGES0S

Phase Change Material

In addition, several universities and research institutes presented their work related to the scope of
Task 48:

I TU Vienna on recent progress in TCM material synthesis

Univ. of Lleida on metal alloys and #iased PCM

Silesian Univ. on ionic liquidad deep eutectic solvents

Univ. Twente on patrticle 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

T Aalto Univ. on bienspired conposite materials for sorption TES

= =4 —a -4 -8 -

In Subtask BMaterial characterization several round robin tests with coordinators have been
identified by the end of 2025:

1 Thermal Diffusivity/Conductiviy PCM'Coordinator: Pluss Advanced Technologies Pvt. Ltd.;
NidhiAgrawal

TCM solid density Coordinator: National Institute of Chemistry Sloverdal e nka Ri st i ¢
Degradation via TGACoordinator: University of Birminghantielena Navarro

Specific Heat Capacity Hydrate€oordinator: TU EindhoverClaudiu Savulescu

Specific Heat Capacity High temperatet€oordinator: DTUMing Chen

Viscosity measurements PCMCoordinator: Tekniker Nerea Uranga

= =4 —a —a -
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I Thermal conductivity at high temperature Coordinator: Univ. of LleidaSaranprabhu Mani
Kala

The nexistepsfor the coordinators of the round robins are the following:

1 Planning of the round robin
o ldentify the possible participants
o Definition and supply of the TES material under investigation
o Definition of the round robin schedule
1 Method definition including resultepresentation and uncertainty calculation
9 Statistical analysis of the results
1 Measurement guideline for the material property

The Subtask leader will support the coordinators and give a detailed description to the coordinators
and participams how to evluate measurement uncertainties of their evaluated quantities.

In Subtask DTES materials database & Wijkiluring the Kickoff meeting, Fabrizia Giordano from AIT
(Austria) presented how to use the PCM section of the database, following the guidelines in th
database “How to use” section and offered sugges

Thermal Materials Database PCM TcM Christoph Rathgeber

List view How to use Definitions Wiki PCM Add new material Contact

Search Range filter Compare materials: |Enthaipy -
Mkt temperature 17.10- 63232 °C
Filter Endothermic heat flow 125,40 - 24977 kjfkg // T
e Py Viscosit 43.10- 63.10 mP: C i
- scosity mPas ’ <
Density -9.07 - 10.93 kg/m? J | /:'
™ tandard: A /
- /
- /
Commercial () Non-Commercial ”

Melting Endothermic het + Thermal Material ' Last .
temperature fow Doty activity’ oy Institution st Compare Status Visbilty

Name

BT 13547 kifkg

i
a

Publizhed Internal

B

&

a
n

3285 1354 klky 093 kn/m’ Published Public

Caleium chloride hexahydrate with nucleating

W 198.13 kifkg
agent

£
o

Published Internal

®
a

HDPE natur NT D960/6 12868 °C B0 kifg Published Public

E
a

Laurk ackd a6 1828 kifkg Published Inernat

Lauric Ackd 47

®
e
a

pished Intanal

-
a
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Figure35: Screenshot of the TES Materials Database (internal view as of November 2025)

The discussion focused on encouraging Task members tadipl@M 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 # 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 stakeholdars] 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 dahbase 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 contahaativities, including

newly added measurements and recently published papers or reports that include database
measurements.

1 2"Expert Meeting: 1412 May 2026, Lleida, Spain, connectedttootherm Seminar
1 39Expert Meeting: December 2026, Trondheim, Norway, connectdd® Workshop
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PLANNEDASKS

No officialTask proposals as of the end of 2025.
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APPENDIX
The International Energy Agency (IEA)

Established in 1974, the International Energy Agency (IEA) carries out a comprehensive programme of
energy ceoperation for its membercountries and beyond. The IEA examities full spectrum of

energy issues and advocates policies that will enhance energy security, economic development,
environmentalawarenessand engagement worldwide. The IEA is governed by the IEA Governing
Board, whichis supported through severapecialzed standing groups and committees. For more
information on the IEA, se@ww.iea.org .

IEA Standing Groups af@mmittees

The IEA Energy Technology Network (ETN) is comprise@08f éxperts 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 effectiveenergy technology and policies to improve energy security, amage
environmental protection and maintain economic growth.

The Committee on Energy Research and Technology (CERJinades and promotes the
development, demonstration and deployment of clean energy technologies. The CERT has established
five working parties: the Working Party on Renewable Energy Technoltiggegyorking Party on
Energy Technologies for the Built Environment and Transport; the Fusion PowmdiQating
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 Teghnolog
Collaboration Programme§ CPs The CERT directly oversees TCPs of aautigsy nature. The ES

TCP (Energy Storage TCP) relates tére&eP.

IEA Technology Collaboration Programmes

The IEA TCPs are international groups of experts 1
enable goverments and industries from around the

building pilot plants to providing policy guidance
support of energy security, economic growth a
environmental potection.

The first TCP was created in 1975. To date, TCP

participants have examined close t@@0 topics. Today, TCP participants represent more than 300

public and privatesectororganizationdrom over 50 countries. TCPs are governed by a flexilde an

effective framework and arerganizedthrough an Implementing Agreement. TCP activities and
programmes are managed and financed by their participants. To learn more about the TCPs, please
consult the IEA websiteww .iea.orgitcp ) whi ch includes short promoti o
Questions” and further information on TCP activi
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ES TCP (Energy Storage TCP)

Our VisionWe are convinced that energy storage contributes and provides solutions for the gjgallen
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
standardizationwork of energy storage technologies by supporting the work of independent
international expert groups (including industry).

Storage technologies are a central component in en@ffigient systems. Since energy storage is a
crosscutting issue, expert knowledge of many disciplines (energy supply and alisensectors, 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;laigh coordination is needed

to develop suitable working plans and research goal3.@&Sis responsible for fulfilling this important

Task ES TCP’'s strategic plan therefore includes
and development, dissemination and market deployment), as well-@sdiaation activities (aims and
administration).

Energy Storage artitie Energy Transformation

To meet greenhouse gas emission reduction targets, as well as t&°C.aim, alecarbonizatiorof

the global energy system is required ($Bnate Summit COP21 in Paris, December 2015). This
implies the substitution of fossil energy carriers by4doavbon energy and closed carbon cycles, which
means less carbon dioxide (§0rom 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, considezatiianges in

the other energyintensive 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 wsing heat pumps, electric vehicles synthetic fuels based on
green hydrogen gowerto-fuels), renewable electricity will gain
more and more importance and will contribute to thdecarbonizationof the heating and
transportation sectors as well. This gl 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 couplingenergy storage is a kégchnology within that process.

Three Shpes of Energy Storage

Heatto-Heat (thermal)

Thermalstorage isused wherever energy is needed in the form of heat or cold. Common ways of
differentiating them are by working principle or duration of storage. Senstbiage employsnly the

heat capacityof 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
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change. They have a high energy density and can deliver heat ay apemific temperature. Finally,
thermochemical energgtorage usesorption or chemical reactions. Most thermochemiealergy
storage technologies are at an early stage of development, while some, like zeolite storage, are on the
market. Built correctlythey can store energy at virtually no temporal loss. Stemn thermal storages

add flexibility to energy systems and allow for a high degree of hghation in residential and
industrial applications. The wide variety of possible target temperatoadls for using a wide variety

of technologies. Lonterm 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 systemfficiency in residential applications. All thermal storages are very easily
scalable.

Powerto-Power (electrical, electrochemical, mechanical)

Electrical energy storage has very short reaction timesksat a high roundtrip efficiency, and can
deliverery 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 andbéisteed. .
They are easy to scale, install, and integrate into existing syste®
Their ability to buffer electricity makes them key technologies ! '
grid stabilizationand balancing, but also for sector coupling. As |
essential component of electric vehisletheir overall number isg
growing steadily. Mechanical storage, such as pum§
hydroelectric, stand out with their simple working mechanis
relatively low cost, and ability to exploit pexisting structures
and local topography, like differences ine¢ion.

Powerto-Fuel (chemical)

Chemical energy storage methods use electricity to produce hydrogen, synthetic fuels, or commaodity
chemicals like ammonia. They are used for fargn or seasonal energy storage due to their storability
and high energy deiity. 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 systenae decisive. The differences in status quo ad a&lin past developments

are significant. There are countries with a high share of
nuclear power (e.g. France), cdmbed power (e.g. Poland),
hydroelectric power (e.g. Norway), ghised power (e.g. the
Netherlands), or wind and solar power (e.g. Gergjan

Even though the development in the energy sector is very
heterogeneous, a common trend can kErognized Overall,
wind and solar power show significantly growing capacities
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whereas the share of fossil energiesspecially lignite and hard coals declining. The integration of
fluctuating forms of energy, combined with a decline in blEsal power plants, requires large
structural changes in energy transmission and distribution networks. This requires solutions such as
the development of energy stoge 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 inese. In a growing number of applications energy storage is an
indispensable key technology (e.g. eleetnobility, micro grids, decentralizedenergy systems or
integration of renewables) or, rather, a key enabling technology that increases-etaation and
allows for technological degrees of freedom (e.g. thermal energy storage for dersigied
management).

The two major innovation challenges for energy storage are:

1 Techneeconomic improvement: reduction of investment costs, longer lifetime, higher
efficiency, compact design, safety.

1 Economieregulatory hurdles: nowiscriminatory market acceskeyel playingfield), business
cases/market design, regulatory hurdles (e.g. taxation), security of investment in uncertain
market development.

Both of these chadinges need to be tackled simultaneously because an efficient;cdwlon,
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 storaggaik ¢

Background

The energy sector is undergoing significant changes. The percentage of renewable energy generation
will continue to increase, mainlysingwind, solarandhydropower Variable generation sources such

as solar and wind will provide ckeriges for national grid infrastructures and for matching demand

and supply profiles. The amount of fluctuating energyoth on
the supply and demaneside—compels us to control these energ
flows and capacities. In combination with the changing prefife
energy demand, the entire energy system requires a new des
Grid expansion, as well as flexibility mechanisms, will be neceg
at all levels of the energy system. However, these options are
always the best solutions from an energetic and exoit point
of view, and they may not be possible for all parts of the world.
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e 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. fRped 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, sodismiphur batteries and
Carnot batteries), as well as dease their costs. Even thermal energy
storage solutions may prove suitable for balancing the electricity grid
, (powerto-heat). Furthermore, decentralized energy storage is
expected to make a 5|gn|f|cant contribution toward matching local supply and demand.

Energy storage can also contribute to increasing overall energy efficiency in the industrial sector
throughutilizingwaste heat.This can be deduced from the fact that industrial heat demand accounts
for a significant share of total final energy consuimpt There is a wide variety of energy efficiency

and energy storage measures applicabdetihe 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 avoithlackouts Seasonal energy storage can complement energy supplies,
especially whn 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 syistemmbination

with energy storage provide very promising solutions. Transforming surplus solar or wind energy and
storing it indecentralizedenergy storage solutions, such as batteries or as latent heat, may become
very energyefficient and economicaolutions.

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 coldentrdized or decentralized autonomous or grid
connected energy storage solutions are becoming crucial components of the energy systems of the
future.
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