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TES Ranges - Cold... warmer... hot! 

Thermal storage from -30 to 1400 °C
τ
TES Ranges - ThumbsUpKEF X LoCoMoSaProject

Julius Weiss

08.09.2025, online



EUROPEAN PARTNERSHIP

Agenda

ǒ Motivation and Introductionof the LoCoMoSa Project

ǒ The restof the TES ranges: 1400°C to -30°C
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Motivation
Need for a fast and affordable energy transition also for industry

[1] IEA (2017),Renewable Energy for Industry, IEA, Paris https://www.iea.org/reports/renewable-energy-for-industry, Licence: CC BY 4.0

[1]

Background 

Á3/4 of industrial energy demand for heat

ÁMostly fed by fossil sources

Challenges

ÁEnergy efficiency measures, waste heat

ÁTransition to a low-carbon/zero-carbon supply

ÁSecurity of supply at predictable costs
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Motivation
Constant demandvs. volatile pricesand availability

Future

Heat is mostly electrified [4]

ÁBattery:

200-250 EUR/kWhel

(10-15 yearslifetime)

ÁThermal storagefor CSP:

15-80 EUR/kWhth [5]

ĄCost advantage of thermal storage

6 [3] energy-charts.info
[4] Thelen, C., Nolte, H., Kaiser, M., Jürgens, P., Müller, P., SenkpielΣ /ΦΣ YƻǎǘΣ /Φ α²ŜƎŜ Ȋǳ ŜƛƴŜƳ ƪƭƛƳŀƴŜǳǘǊŀƭŜƴ 9ƴŜǊƎƛŜǎȅǎǘŜƳΥ .ǳƴŘŜǎƭŅƴŘŜǊ ƛƳ ¢ǊŀƴǎŦƻǊƳŀǘƛƻƴǎǇǊƻȊŜǎǎάΣ нлнпΣ 
Fraunhofer ISE. 
[5] Bauer, Thomas, Christian Odenthal, and Alexander Bonk. "Molten saltstoragefor power generation." Chemie Ingenieur Technik 93.4 (2021): 534-546.

[3]
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Álow-cost renewable electricity can be utilized for heat generation

ÁPower-to-heat is an efficient conversion of electricity to thermal energy by direct electrical resistance 

heaters

ÁThermal energy storage are essential for balancing heat demand in industrial applications

Motivation
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Power-to-Heat + Energy Storage

Hot Tank
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How to Integrate???

Solar Salt



EUROPEAN PARTNERSHIP

LoCoMoSa - Low Cost Molten Salt Thermal Energy 
Storage for Industrial Processes 

1. (Coordinator) Danmarks TekniskeUniversitet(DTU) Denmark

2. HymeEnergy ApS Denmark

3. Fraunhofer Institute for Solar Energy Systems ISE Germany

4. Schniewindt GmbH & Co. KG Germany

5. National Institute for NuclearPhysics (INFN) PadovaDivision Italy

6. SEAMTHESIS Srl Italy
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EUROPEAN PARTNERSHIP

Ourmain objectives

Strategic Objective:

ǒ Demonstrate a low-cost molten salt 

thermal energy storage system

9

Specific Objectives:

ǒ Demonstrate a high electrical 

capacity medium voltage electrical 

heater for molten salt

ǒ Demonstrate an additive 

manufactured heat exchanger with 

a novel heat transfer geometry

ǒ Reduce system CAPEX and OPEX 

costs through system-level 

optimization
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High Temperature Storage for Power Plants
Molten Salt ςEstablished Technology in Solar Thermal Power Plants

ÁTwo-tank system

ÁSalt mixture: 60% NaNO3, 40% KNO3

ÁTemperature range: 290°C - 565°C

ÁCƛǊǎǘ ŎƻƳƳŜǊŎƛŀƭ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ƛƴ мфулΩǎ

ÁGlobally installed capacity (2020): > 21 GWh [1]

[1] IRENA (2020), Innovation Outlook: Thermal Energy Storage, International RenewableEnergy Agency, Abu Dhabi.

565 °C

©Fraunhofer ISE
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High Temperature Storage for Industry
List of Suppliers

ÁMultitude of suppliers worldwide (>30)

Á6 suppliers with commercial plants in operation

Á50% of suppliers are European

https://solarthermalworld.org/news/worldwide-overview-of-high-temperature-energy-storage-
system-providers/ςStand: 03.2024

400 °C
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1600 °C
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High Temperature Storage for Industry
List of Supplierswith Commercial Plants and Demonstrators

Storage Material:

ÁCrushedrock

ÁMolten salt

ÁPackedbedof ceramics

ÁConcrete

ÁSand

ÁSilicon

ÁCeramicbricks

ÁGraphite

Heat Transfer Fluids:

ÁWater/Steam

ÁAir

ÁFlueGas

ÁMolten Salt

ÁThermal oil

ÁAr, N2, CO2

https://solarthermalworld.org/news/worldwide-overview-of-high-temperature-energy-storage-system-providers/ςStand: 03.2024
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400 °C

1600 °C
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Heat Storage
PressurizedWater

ÁPressure -> Temperature up to 200 °C

ÁPressure: bottom ~ 10 bar / top 6 bar

ÁLimited tank volume ~ 6000 m³

ÁSingle or multiple vessels in series

ÁExpansion vessel required

ÁUp to 850 MWh

13

https://www.l.de/stadtwerke/erzeugung/waermespeicher/

Total 3,000 m³

https://www.fernwaerme-ulm.de

2,500 m³

200 °C

Total 11,000 m3

Wien Energie/Ian Ehm
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ÁTypes

ÁTank ~ 100,000 m³

ÁPit ~ 200,000 m³

ÁBorehole ~ 20,000 m³

ÁAquifer 

ÁCapacity up to ~ 12,000 MWh 

ÁPower up to ~ 200 MW

ÁReduced losses (small surface to volume ratio)

ÁApplication: District/ localheating/cooling, large 

scaleindustrialcooling, short term / seasonal

Heat and Cold Storage
PressurelessWater

14

Pit

Public Report of IEA ECES Annex 30

115 °C

56,000 m³

Tank

BEW Berliner Energie und Wärme AG

200,000 m³

https://www.stadtwerke-duisburg.de/

20 °C

https://www.eins.de

3,500 m³
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ÁLow coststoragematerial

ÁStorage volumeup to 1700 m³

ÁCapacity~ 160 MWh 

ÁLimitation due to thermal conductivity

ÁImmersedheatexchanger

ÁDetachingof ice

ÁEncapsulated

ÁApplications: Building, industrialcooling

Cold Storage
Water / Ice

restricted
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https://www.viessmann.de/de/
wohngebaeude/waermepumpe
/eis-energiespeicher.html

https://www.beka-klima.de/en/special-applications

https://www.b-solartec.com/de/eisspeicher.html

http://www.thermofin.net/products/cristopia-thermal-energy-storage/

0 °C
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Research: Cold / Heat Transport and Storage
Project Optimus / KETEC: Phase Change Slurries

Motivation

ÁAlternative heat transferand storagefluid with high storage

capacityfor applications between -30 to 60 °C

Water in OilPhaseChangeSlurries< 0 °C

ÁStoragecapacityup to 3,5 timeshighercomparedto oil

ČFurthertestingof cyclestability,subcooling

Oil in WaterPhaseChangeSlurries12 to 60°C

ČStoragecapacityup to 3 timeshighercomparedto water

ČProvenfor 10.000cycles

ČNextstep: Demonstration7000l
-30 °C 

60 °C

A
Water

Oil

Surfactant

A

© Roland.chem, CC0, via Wikimedia Commons

Water
Surfactant

Oil
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TemperatureRanges for Technologies

17

PCS

Water / Steam

Molten Salt

Thermal Oil

Rocks/ Sand / Ceramics

-100 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

BulkPCM

Temperature/ °C



ThankYou

ForYourAttention! 
τ
Julius Weiss 

julius.weiss@ise.fraunhofer.de

12.06.2025

Grant No. 03EN4075A



Themochemical (TCM) materials 
for thermal energy storage

Antonio Fotia, CNR
09/09/2025

The Thermal Energy Temperature Ranges (KEF)



Thermal energy storage solUtions to optimally Manage BuildingS and Unlock
their grid balancing and flexibility Potential

Balancing the grid one building at a time

PHASE I:

Key enabling 
technologies 
development

PHASE II:

Validation & 
Demonstration 

campaigns

PHASE III:

Replication
campaign

M1 M6 M12 M18 M24 M30 M36 M42 M48

Jan 2023 Dec 2026

M33

19 partners from 9 countries



PHASE I PHASE II PHASE III
FractLES/SorTESdevelopment for 

intraday/up to 4 weeks use
Validation/Demonstration 

campaigns to reach a TRL6/TRL7

Applications to H&C and DHW at 
different levels and with the most 

suitable module combination

Replication campaign to study 
further impact of the solutions in 

up to 5 replication sites

Dedicated studies of the impact at 
DHN and electric grid level



How does a thermochemical TES work?

The general reaction involved is:

A and B are solid ( or liquid) compounds

C is a volatile compound

A         B +  C

Heat storage charging reaction : 

endothermic reaction leading to the 

formation of B and C separately

A B C

Heat storage period : B and C 

are kept separated, in order to 

avoid recombination reaction

B C

Heat storage discharging reaction : 

exothermic reaction between B and C 

which allows to extract heat from the 

storage system

B C A



Temperature ranges of TCM

10.3390/en14196052

Charge

Discharge



How does a sorption TES work / heat and cold storage?

Charging 

phase

Discharging 

phase

Heat 

stored

Cooling effect

(5-20 °C)

Heating effect

(25-50 °C)



Sorption storage classification

10.1016/j.apenergy.2016.12.148



Examples of operating temperatures: open sorption TES

Charging

Discharging

10.1016/j.renene.2023.119033



Examples of operating temperatures: closed sorption TES

10.1016/j.ijrefrig.2018.08.006

Dischargingphase, temperature levelsand powers
Prototypedesign



Examples of operating temperatures: closed sorption TES

10.1016/j.applthermaleng.2017.06.085

Prototypelayout
Chargoing/ DischargingphaseS, temperature levelsand powers



Examples of operating temperatures: closed sorption TES
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Thank you!
antonio.fotia@cnr.it



Phase change materials:  
Unlocking the thermal 

energy storage
Dr Meixi Liu ( m.liu.1@bham.ac.uk)

Birmingham Centre for Energy Storage, 

University of Birmingham 

9 Sep 2025 

mailto:m.liu.1@bham.ac.uk


University of Birmingham (UoB)

Å Founded in 1900, UoBwas England’s first civic university. 

Å Original Redbrick University, part of the Russel Group. 

Å Two campus: Edgbaston (Birmingham) and Dubai. 

Å Each year, more than 40,000 students from across the world 

study at Birmingham. 

Å 6 subjects are placing in Top 50 and 20 subjects in Top 100. 

QS World University 
Ranking 2026 

76

QS UK University 
Ranking 2026 

11



Birmingham Centre for Energy Storage 
(BCES)

Prof Yulong Ding 
FREng

Prof Yongliang 
Li

Our Research: 
Å Material development of PCM and TCM

Å Design, integration and optimisation of PCM and TCM based 
devices for variety applications

Å Develop small scale and large scale of liquid air energy storage 
technology 

Å Topology optimisation on geometrical configuration of TES 
systems

Å Applied research on systems for decarbonising heating and 
cooling, thermal management 

Å Fundamental research on heat-fluid -interface interactions to 
intensify the phase transition 

Å Established in 2013 with a £12 million investment from UK 
industry and the Engineering and Physical Sciences Research 
Council (EPSRC).

Å As a Centre, we are currently involved in over twenty 
international research projects and thirty national research projects 
with a combined value of £90m.

Prof Emma 
Kendrick

Prof Jonathan 
Radcliffe

+6 Academic staff  

Prof Chenggong
Sun

https://www.birmingham.ac.uk/research/centres -institutes/energy -storage

https://www.birmingham.ac.uk/research/centres-institutes/energy-storage
https://www.birmingham.ac.uk/research/centres-institutes/energy-storage
https://www.birmingham.ac.uk/research/centres-institutes/energy-storage
https://www.birmingham.ac.uk/research/centres-institutes/energy-storage
https://www.birmingham.ac.uk/research/centres-institutes/energy-storage


THUMBSUP - Thermal energy storage solUtions to optimally 
Manage BuildingS and Unlock their grid balancing and 
flexibility Potential

Å Develop daily TES and weekly TES 

Å Integrate TES in the buildings to improve 

the energy efficiency 

Å Increase energy density

Å Reduce the CAPEX

https://www.thumbsupstorage.eu/

https://www.thumbsupstorage.eu/


Why energy storage matters

Å Heating and cooling is responsible for half of all 
consumed final energy in Europe.

Å 45% of energy for heating and cooling in the EU is 
used in the residential sector, 37% in industry and 
18% in services. 

Å The vast majority –85% - of the demand is fulfilled 
by fossil fuels, most notably natural gas. Heating 
and cooling accounts for 68% of all EU gas 
imports.



Ways to store heat 
Thermal energy storage (TES) 

Sensible heat energy 
storage 

Latent heat energy 
storage (LHTES) 

Thermo-chemical 
energy storage

Energy is stored by heating or 
cooling in a storage medium. 

solid and liquid materials

ὗ άὧЎὝ ὗ άὧȟЎὝ άὧȟЎὝ άЎὬ ὗ ὲЎὌ
Phase Change Material (PCM) Reversible reaction 

Low energy density 
(50 kWh/m3) 

Medium energy density
(100 kWh/m3) 

High energy density 
(500 kWh/m3)



Key Components of the LHTES 
Heat transfer fluid (HTF) , Heat exchanger, PCM

HTF: working fluid, water, Air, oil, gas  

PCM: core material to store/release the heat from HTF.

Paraffin, salt hydrate, fatty acids, molten salt   

Heat exchanger: transfer heat to/from PCM. 

Shell and tube heat exchanger, finned tube heat exchanger, 

plate heat exchanger, 



What is Phase Change Material 
Å Phase Change M aterial (PCM) are materials that absorb and 

release large amounts of energy when they change phases, for 
example from solid to liquid or liquid to gas, to provide the 
stored energy for heating or cooling a system. 

Å The material melts or solidifies at the phase change 
temperature, and by doing so a PCM is capable of absorbing or 
releasing a substantial amount of energy as compared to 
normal. Energy is stored or released by changes of state or by a 
change in the internal structure –this is why PCMs are also 
called latent heat storage (LHS) materials.

Ice -5ºC 
Solid phase

Water 0ºC 
Liquid phase

Ice 0ºC 
Solid phase

Sensible 
heat 

Latent 
heat 



PCM Types  

PCM 

Organic
Paraffin 

Non-paraffin 

Fatty acid 

Alcohols 

Esters 

Inorganic 

Metal alloys  

Crystalline hydrate

Molten salt  

Eutectic

Organic eutectics

Inorganic eutectics

Organic-Inorganic 



Temperature range of PCM
Low T Medium T High T

PCM Melting temperature range [1]

[1] Zhang, P., Xiao, X., & Ma, Z. W. (2016). A review of the composite phase change materials: Fabrication, characterization,mathematical modeling and application to performance enhancement. Applied Energy, 165, 472-510.

PCM type Low 
temperature 

Medium 
temperature 

High 
temperature 

Melting 
temperature (ºC)

< 100 100-200 >200 

Latent heat 
(kJ/kg)

100-600 200-700 600-1100

Applications Building 
heating and 
cooling

Solar 
thermal 
applications

Waste heat 
recovery



How to select PCM? 

Å Phase change characteristic: Phase change temperature and latent heat;

Å Final user requirement: Outlet temperature, charging/discharging temperature; 

Å Thermo -physical properties : high thermal conductivity, large heat capacity, high density;

Å Chemical properties : no corrosion, high chemical stability, compatible with container, no toxicity, no flammability and no 
polluting;

Å Environmentally friendly : good recyclability; 

Å Economic: low cost, easy availability.

Ask : 

1. What temperature range do you need? 

2. How much energy storage capacity is required? 

3. Is the PCM chemically stable and safe for long-term use? 

4. Does PCM compatible with container? 

5. What about cost and availability? 



Characters of using PCM
Advantages 

Å Energy efficiency: Using PCMs reduces energy 
consumption by maintaining stable temperatures 
as it decreases the dependability on heating and 
cooling systems.

Å Temperature control: PCMs help maintain a 
stable temperature providing a more comfortable 
environment.

Å Environment -friendly: Many PCMs are eco-
friendly and help with energy -saving efforts.

Challenges 

Å Low conductivity: PCM have a low thermal 
conductivity, which leads to a reduction of heat 
transfer. 

Å Price: raw materials are not expensive, additives 
and encapsulation process may increase the cost 
between 45%–65% for organic and paraffin-based 
PCMs, and between 30%–35% for inorganic 
compounds. 

Å Durability: Organic PCMs degrade over time, 
impacting their performance.

Å Corrosion: Some compounds like salt hydrates are 
corrosive to metals, thus requiring proper 
containment design. 

Å Research and development: Proper integration 
and effective use of PCMs in existing systems and 
materials require further research and 
development. 



Applications of PCM

Vaccine carriers Frozen transport in food
Frozen transport in pharma and 

clinical industry
Blood transportation 

Data centre cooling Li -Ion battery cooling Space heating Food delivery 



Key Components of the LHTES 
Heat transfer fluid (HTF) , Heat exchanger, PCM

HTF: working fluid  

PCM: core material to store/release the heat from HTF.

Heat exchanger: transfer heat to/from PCM. 

Shell and tube heat exchanger, finned tube heat exchanger, 

plate heat exchanger, 



Heat exchanger 

Finned tube heat exchanger Plate heat exchanger 

Fin configuration [1] Plate topology [2]

[1] Sciacovelli, A., Gagliardi, F., & Verda, V. (2015). Maximization of performance of a PCM latent heat storage system with innovative fins. Applied Energy, 137, 707-715.
[2] Poredoš, P., Tomc, U., Petelin, N., Vidrih, B., Flisar, U., & Kitanovski, A. (2020). Numerical and experimental investigation of the energy and exergy performance of solar thermal, photovoltaic and photovoltaic -thermal modules based on roll -bond 
heat exchangers. Energy conversion and management, 210, 112674.



Applications in THUMBSUP 

FractLESsolutions 

Heat exchanger enhancement on heat exchanger topology :

Å To achieve high heat transfer rate by Topology Optimisation method. 

Å Reduce the pressure loss. 

PCM improvement for low temperature PCMs : 

Å To achieve high storage density, 

Å High stability up to 12000 cycles, 

Å Reduced CAPEX. 



Thank you! 
Dr Meixi Liu m.liu.1@bham.ac.uk

Dr Hector Bastida 

Prof Adriano Sciacovelli (DTU)

Birmingham Centre for Energy Storage, 

University of Birmingham 

mailto:m.liu.1@bham.ac.uk


Let’s talk about it!



What did you think?



Thank you!

https://www.thumbsupstorage.eu/

THUMBS UP project 
GA101096921 funded by the 
European Union

https://www.thumbsupstorage.eu/
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