Technical insights in
development of Thermal
Energy Storage: from system

integration to State of Charge
estimation

10 December 2025 | 16:00 - 18:00 | Teams Webinar

TES ECH ej ThumbsUp
Cluster

HY|STORE éaBEST'
Thermal Energy Storage "~ &l Storage

= ISSDEM®
Funded by Views and opinions expressed are however those of the author(s) only and do
: not necessarily reflect those of the European Union or CINEA. Neither the |
the European Union

European Union nor the granting authority can be held responsible for them.




16:00- 16:05 | | Welcomeand Opening remarks Alberto Birga , AEIT Liguria Regional SectiofPresident & Stefano
Bianchi, AEIT Liguria Regional SectierCouncelor

16:05- 16:25 || Concept evaluation of a novel three layer steam generator for the industrial heat industry |
Francesca Valentinj PhD candidate in Mechanical Engineering at INRYDIAM

16:25-16:45 | |Thermal Discharge Behaviour of the ISSDEMO Storage System| Jonas Reinholz, Research
associate and doctoral candidate at Fraunhofer UMSICHT

16:45-17:05 | |State-of-Charge Determination in Thermal Energy Storage 1T Outlooks for R&D and Scalability |
Louis Desgrosseilliers, Research Associate at SPF Institute for Solar Technologies at OST

17:057117:25 | |State of Charge analysis of PCM Heating solution for implementation in KTH Live -in-Lab |
Saman Nimali Gunasekara, Assistant Professor at Energy Technology, KTAditya SinghSuswal, Doctorate
student at Energy Technology, KTH

17:257117:45 | | Q&A

17:45718:00| | Final Questions & Closing



Teams Webinar Platform interactions

= o« Leave

People C hat Reactions hMore

A Recording and transcription have started. Let everyone know they're being recorded and transcribed. Privacy policy Dismiss




Technical insights in
development of Thermal
Energy Storage: from system
integration to State of
Charge estimation

10 December 2025 | 16:00 - 18:00

Teams Webinar

Francesca Valentini Eet -2 ISSDEM®
PhD candidate at INFN-DIAM

Partnership
T Es ECH O .ThumbsUp
Funded by Views and opinions expressed are however those of the author(s) only and CI u ste r
the European Union do not necessarily reflect those of the European Union or CINEA. Neither the

V] sTeRE ﬁ@m
European Union nor the granting authority can be held responsible for them. Thermal Energy Storage ™ ¥l Storage



JTL EF hof _ ) Seamthesis E
H " Z Fraunhofer L\ SCHNIEWIND m O al QL

PADOVA

Concept Evaluation Of
A Novel
Three-layer Steam
Generator
For The Process Industry

Francesca Valentini at INFN (Italian National Institute for Nuclear Physics)

2| Go-funded by
i._.7 | the Eurapaan Union

EUROPEAN PARTNERSHIP




Outline

ABackground: LoCoMoSa Project

AThe salt selection challenge.

AThe need for an innovative solution.

A 3D printed solutions.
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LoCoMoSaProject Overview
Low-Cost Molten SaltThermalEnergy Storage for Industrial Processes

Objective :

@et Demonstrate a medium-to-long durationmolten-salt TESdelivering heat at 120t
- 450 °C for industry.
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LoCoMoSaProject Overview
Low-Cost Molten SaltThermalEnergy Storage for Industrial Processes
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INFN
\Istituio Nazionale di Fisica Nucleare ) l

Designs and models the AM steam
generator between molten salt TES and
steam user.

Translates TESconditions (salt T, flow) into
steam-side requirements.

Project partners role

platform

L _JwLII
B AReS

Exploit design flexibility of additive
manufacturing to propose innovative and
functional designs.




Low-Cost Molten Salt
NaOH

Very high
operating High heat

|deal for:
temperature capacity per

High-temperature power (upto unit volume
cycles (e.g., supercritical 700°C)
98 hAWA ¢ Ut

Industrial process heating
above 400°C
Cost-effective
compared to
nitrate -based or

Reducedthermal storage chloride -based
size salts




Low-Cost Molten Salt
NaOH

. High
|deal for: A
operating
u temperature TerEE:rat
(up to 700°C) bl § OG)M

High-temperature power
cycles (e.g., supercritical _
98 hAWA ¢ Ut Cost- High

. corrosion
effective e

Industrial process heating
above 400°C

High heat
capacity
per unit
volume

Reducedthermal storage
size

Challenges:

Solidification risk

Possible boiling instabilities
issue

Corrosive and dangerous,
needs suitable material
selection and safety measures



Low-Cost Molten Salt
NaOH

High temperaturesare chosen since |; Q\
O blFhl Wa GSYLISNI GdzZNB Y

melting point (safety margin of 350)

Qw

120-200 °C
(Depending on
the application)

Is NaOH feasible for low pressure
steam production?

Does it require an innovative design
to avoid solidification?

550-500 °C \\ //
\_ )




Low-Cost Molten Salt

Demonstrate the need for a
special steam generator
design for low pressure

steam production

4

(2,

Explore potential solutions:

Steam generator with a
thermal regulation layer




¢» NumericalModelDescription

1D finite volume model for heat transfer simulation.

Keyassumptions : ;
y P Fluid and Godl
and geometry Explore the
simplifications. ' effect of
[ \ 4 N\ 4 N\
Innerfluid: molten Salt inlet temperature
1p quelglongthe NaOH from 350 to 600°C
axial direction of the
tube \ / N 4
" Outerfiuid: boiling | ' )
N / water at constant Pressures: 17 10 bar
- N temperature and ' Tu begeometry:
 pressure ) \ )
- \ r \ ID: 25,4 mm
Steady-state Boiling curve
Wall: Inconel 718. dependence OD: 33,4 mm
considered
\. J . ) \ J L: Im




Key results

1D finite volume model forheat transfer simulation

Low inlet

Stable nucleate boiling, efficient heat transfer that
temperatures increases with superheat.

As inlet Heat flux rises until it reaches the maximum allowable.
temperature
Increases:
Post- Further increase in inlet temperature pushes the wall into
transition film boiling regimes.
behavior:

Heat flux drops significantly.

Heat transfer becomes potentially unstable
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Key results

1D finite volume model forheat transfer simulation | — Kecesiity e
Unreachable . - . %0.6-
States ; Some points on the boiling curve in
the transition region are not
accessible. :
Stability - : - | e
Points between two intersections of wal tempatare -
an accessibility line are avoided; the et )
system favors stable outer points. pucteste betng
accessible from left
° AN zgiewble accessible from right
Accessibility i \\
lines Depend on the system thermal g fim N
resistance: -—- = — _
AT = T.-T
{system thermal rtesisf)'l—';_‘| s
q _ Tsup —_ Tsat Tsalt — Tsat Egé:dinAa:::Zﬁsbliiiri\lg;i)nes on Witte and Lienhard’s double boiling curve
_ R R R R Transition Boiling Heat Transfer and the Film Transition
salt T Rwall salt T Rwaul Regime. J.M- Ramilison, J.H.Lienhard, Mechanical

Engineering Department, University of Houston, 1987



Key results

1D finite volume model for 2atm
heat transfer simulation
As water  The transition to film boiling is
pressure  delayed to higher superheat.
increases
satm

It disappears for the higher
pressures.
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o Key results

1D finite volume model forheat transfer simulation
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A Heat is removed too efficiently
A The salt risks solidification

[Film boiling }

A Vapor film acts as an insulator

A Wall stays hot, salt remains
molten

A Efficiency very low




0 Key results

1D finite volume model forheat transfer simulation
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A Heat is removed too efficiently
A The salt risks solidification

[Film boiling

A Vapor film acts as an insulator
A Wall stays hot, salt remains molten
A Efficiency very low
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to avoidsaltsolidificatiorf?

Isaddingathermalresistancea possiblesolution

N

Can additive manufacturingnablesmart
thermalresistanc@




Objectives of this study

Demonstrate the need for a
special steam generator
design

O

Explore potential solutions:

Steam generator with a
thermal regulation layer




Novel Concept Overview

Tailored thermal resistance proposal

-
Threelayers:

\_

~

n Tube side:molten salt,
n Shell side: Saturated water

n Intermediate layer: thermal regulation
layer.

"Double-wall tube architecture
enabled by additive

_manufacturing.

~

n High precision in wall thickness
n Small internal channeling

Alayer with flowing gassesand
surface areaenhancement:

ncCorrosion control inert gass(Nz or Ar)

nSteam: recirculated to provide
controlled superheating

nThermal control parameter Additional
areaisthe




Novel Concept Overview

Tailored thermal resistance proposal

Acts as a thermal resistance between
hot molten salt and water/steam.
Works like a thermal valve: Y

&Ny N z o ! LT ’GAS ’BOILZO
NYYW6RNG WS ¢adlagla Gkt qeal |W
overheating,
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By changing the internal geometry,
we can tune the heat flux. 1

4 —
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htcgas - T - IDlayer ) EFfins,IN

1
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EFfins,OUT = EFfins,IN =8

Inlet temperature effect

Concept Results

1.6

Results calculated for 2 atm and Tin=500°C. 14
E 1.2

As the .. Elo
eficency  The minimum salt 3 08
noeases:  temperatures decreases. g§°
0.2

High inner fin efficiency
has the strongest impact
on cooling.
aoms Find a set of parameters
efidency — that avoid the film boiling 161
transition. o
£
Sustain acceptable heat = s
transfer. o
T o4
0.2
0.01
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Conclusion

1D finite volume model for heat transfer simulation

To have
an
efficient
and
reliable
operatrion

By adding
a tailored
thermal
resistance

The heat transfer needs to be balanced with
the thermal stability of molten salt and the
boiling regime efficiency.

Itis important that in every part of the steam
generator the temperature is higher than
350°C

It is important to ensure the steam generator
is operating in nucleate boiling.

One can select how much heat one can
exchange allowing operation at temperatures
that were dangerous before.
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AGENDA

1. Introduction

2. General information TES

3. ISSDEMO Project

A

A
A
A

Page8

General information
Integration

Thermal Discharge Behavior
CFD Simulations by SUT
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Technology Landscape & Research on TES

Threefamilies of thermal storagetechnologies

1. Sensibleheatstorage
Stores energy via temperature increase

Mature, robust, wide temperature range
2. Latentheatstorage

Uses melting/solidification enthalpy

Higher energy density but more complex design
3. Thermochemicastorage
Usegeversiblereactionsor sorption
Researchrends focuson:
A Higher temperature capability (2@@500°C)
A New materials: metals, advanced PCMs, ceramics
A Improved cycling stability and cost efficiency

A Sector coupling between electricity & heat

Page30 11.12.2025 © Fraunhofer UMSICHT
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PCM Landscap®/glting Temperaturevs. Latent Heat)

Keytakeaways

A Fluoride salts reach 3@600°C, but are highly corrosive and
require costly containment

A Low thermal conductivity and degradation limit fluoride salts
in real applications

A Above ~500C, virtually no conventional PCM family remains
viable

A Metallic PCMs provide high latent heat at >5@and offer
excellent thermal conductivity

A Metals enable fast charging/discharging and robust high
temperature cycling

A Metallic PCMs fill a unique technological gap for high

temperature industrial TES.

Page31 11.12.2025 © Fraunhofer UMSICHT Public
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ISSDEMO
Industrial process Steam SupplipEMOnstratiorof an ultradynamic thermal energy storage

Objective Basic: Partners .
A Integration of renewable energies into A Duration: 01.12.2028 30.11.2026 . U « Universitat
industrial process steam applications usingA FKZ 03EN4071 Ny delleida
~ the example of a beverage manufacturer A Ansprechpartner: Felix Kugler — o o
A Demonstration of a higitemperature latent ~ Fraunhofer ‘ g'fk_’-l_-‘ggrr"n%rllglgeyl'Sltv
~heat storage system (TRL7) UMSICHT
A Testing of transferability to other industrial ® p r'ée N
processes . gliwice
Heat storage Development and Demonstration of storage
I
(== |
‘ | WP1: Design and WP2: Construction and WP3: Demonstration and .i i I .a \\ e
i !—] Engineering process integration process evaluation i 3 “WN : -
Ny % CO,-neutral N Partnership
: ; process steam for

industrial application
A Exchange of data and models W Gefordert durch:

Bundesministerium
fir Wirtschaft

3 Industrial use cases Concepts for high temperature process-steam industrial applications @
und Klimaschutz

‘é::? WP4: Conceptual integration WP5: Technical, economical WP6:

of PtH and storage device and ecological evaluation Dissemination =
Pulp & paper, fOOd and WOkahOpS des Deutschen Bundestages
beverages, chemical

A

aufgrund eines Beschlusses

Z Fraunhofer
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ISSDEMO

Industrial process Steam SupplpEMOnstratiorof an ultradynamic thermal energy storage

o EUROPE

Projektpartner

\ S

Projektkoordinator Z Fra un hOfer

UMSICHT
N

Silesian University
t of Technology
Partnership r@ n : i’. . czech

=

gliwice
FRANCE
Gefordert durch: *
Universitat s
* Bundesministerium ’ K
B fur Wirtschaft * -
und Klimaschutz de LlElda
BLACK SEA

aufgrund eines Beschlusses . © MEDITERRANEAN
des Deutschen Bundestages . : ML Re —

5 Bild vonFreepik

-
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Hightemperaturelatent heat storage
Design

Basicoperating principle

Dischargi

Charging Outerpipe t Steam

Electricheating v/ /

.

Insulation

Storage material

Metal alloy \

Evaporatompipe

oldWater

Paga4 11.12.2025 © Fraunhofer UMSICHT Public - ~ Fraunhofer
UMSICHT
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Systemntegrationof ISSDEMGtorage

Keytakeaways —

A PtHstorage integrated into existing brewery steam network %@ @

A Current supply: two naturadas boilers (baseload & security)

A{ 02N} 3S O2Yy OSNI & N\BYSzIofSKH%}pﬁ SﬁuNJ\O)\ue@LJN\EOSaé 208
e > [/ h

|I|l

Al'asS OlFrasSay LISIF] aKlIgAay3ax 5 dzNI-IF @z Ol NA OA (i as i
reduction 'E
A Fast steam support for dynamic processes (e.g., CIP) Fn'_L:,
A Backup during boiler staup or partial failure L2l 4,
A Storage supplements, but does not replace boilers
i

(Y

\

Pages5 11.12.2025 © Fraunhofer UMSICHT Public % Fraun hofer
UMSICHT



CFDsimulations
Generalnformationsprovidedby SUT

Boundary Conditiong Discharge Process
A External coating & cups: adiabatic walls (perfect insulation)

ACFEM5 1 i h a2RSf / 2dzJ Ay 3
- M5 Imbdeldevelopedn Pythonusingempiricalequations
- Temperaturefield transferred/ C5  [odel5
- Heatfluxfield transferredlDmodellhy / C5

A Constant pressure: 10 bar
A Feed water temperature: 108C

A 200 kW constant power:
- Decreasing output H20 temperature with the lowering charge
state

- Increasing H20 stream to keep constant power

Page36 11.12.2025 © Fraunhofer UMSICHT

lllustrations by Silesian University of

Technology
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CFDOsimulations
Generalnformations

Parameter Value Unit
Phasechange 380 5381 5 o
temperature ' '

Phase change enthalpy | 110 kJ/kg
Specific heat capacity _
(solid) 0.66 kJ/(kg-K)
Specifidheatcapacity _
(liquid) 0.93 kJ/(kg-K)
Thermal conductivity

(solid) 140 W/(m-K)
Thermal conductivity

(liquid) 0 W/(m-K)
Density(solid) 6870 kg/ms
Density(liquid) 6320 kg/m?

dependent on temp

Pages7 11.12.2025

© Fraunhofer UMSICHT

lllustrations by Silesian University of

Technology
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CF[CResults

DischargdProcess
— Al22ft Ay3 LINPINBaarzy o020

Time in min A Upward movement of PCM solidification front

5 10 20 40 60 80 85
Al 26 SN NSIA2ya t2asS €4S
e Foacion thermal output
1.00 < .
. 0.0 A After ~85 min: storage module almost fully
a discharged
0.70
0.60 A Small remaining liquid PCM fraction at top (final
+ 0.50
0.40 energy reserve)
0.30 < . . . . .
. A Stratified temperature layers indicating discharge
0.10 dynamics
0.00
A Increasing dominance of sensible heat transfer in
late discharge

A Visual confirmation of nowniform thermal

lllustrations by Silesian University of Technology depletion

\
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temp_H20

CFCResults e
DischargeProcess | | T
A Phase front shifts continuously through PCM domain R T vl
A Outlet steam temperature declines with shrinking liquid PCM fraction g - = R
A Coupled CFE1D model captures heat flux & temperature interactions N N N I A I N N
A Heat transfer driven by: U e ___—_
- Temperature difference PCKkA> water/steam o 4001 e — T | |
- PCM thermal conductivity (reduced when solid) Faop -
- Local heat flux distribution and flow regime AT 2;" R
A Latent heat plateau stabilizes steam temperature until solidification E .l
reached o

AwSRdzOSR KSIdG GNXYyaF¥SNI 2y0S az2ft AR t [ a® R2 YAVl #Sa b 'NI“LIA R 2 dzl

e6 heat flux

decline s [ s
§ 0.50 1 '
A Clear link between phaskiont position and steam temperature T
0.0 0.5 1.0 1.5 _— hZe.i(;ht.m 2.5 3.0 3.5 4.0
lllustrations by Silesian University of Technology
—
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CF[OResults

—
0.0125
- 430
0.012
n
) - 380
=
g 0.0115 by
o
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2 o
\én - 330 E
£ 0011 s
° N
% s
2 - 280 &
= 0.0105 3
0
n
L4
=
0.01 [ 230
0.0095 - 180
10 20 30 40 50 60 70 80
Dischange time, min
M mass flow rate in single pipe, kg/s ® Qutlet H20 temperature, Cdeg

lllustrations by Silesian University of Technology

Paged0
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© Fraunhofer UMSICHT Public

Discharge Process

A Mass flow increases over time to maintain constant
200 kW output

A Decreasing outlet temperature due to PCM cooling
& solidification

A Higher mass flow compensates for reduced
enthalpy content

A Transition from latentheatdominated to sensible
heatdominated discharge

A Increasing steam volume but decreasing

temperature level

= Fraunhofer

UMSICHT



Pilot Plant System
Testresults

— X 450 - - 70
— 400 e —r - 60
‘4 \\
T
. 350 //,.—-"" - 50
5 300 A \\blq:‘::w"\ %/ JRUR PP RO P e ey N MWMW’*\//’—\
G | N Y R NRREESS oy ——--T Speise °C [ 40
Reproduction of Safety Case for 20 JRa:E ,' \/ T_Dampf °C S
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A Superheated steam is available within a few seconds at full mass flow

A The dynamics are purely a matter of control technology and the response behavior of the f

pump/valve
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Keepingemperaturelevelsat outlet constant
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A Hightemperature latent heat storage enables ultdynamic steam generation for industrial
applications

A PtHintegration provides a flexible and lewarbon steam source, unlocking use of renewable
electricity for process heat

A CFD and 1D modelling reveal clear discharge mechanisms:-floasenovement, outlet
temperature decline, rising mass flow

A Simulations show strong correlation with laboratory experiments, validating modelling accul
and realworld applicability

A Storage demonstrates extremely fast steam availability, supporting peak loads, process
fluctuations, and operational resilience

A Effective control (PID) is essential to maintain stable steam temperature, mass flow, and ste

quality

?
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State-of-Charge Determination in Thermal Energy Sto

Outlooks for R&D and Scalability

Louis Desgrosseilliers, PhD
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State-of-Charge Determination in TES Ce.

A Coordination of international R&D in new IEA ES TCP Task 47 Subtask on TES SoC sg-n
determination (2025-2028)

A Building on previous work in IEA ES TCP Task @@ report available) storag(D
A SoC subtask celead by Dr. Desgrosseilliers (CH) and Dr. Englmair (DK j ]

DEFINITIONS from ES T40/SHC T67:

Thermal Battery: A TES with instantaneous State of Charge determination

State of charge determination utilizes measurement techniques of material bulk response

State of charge is a component level property (analogy: electrical battery)

€
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T
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Spatial
Resolution

State vs. Path- Local vs.

Dependent l 209 Global
Properties -
™S~ soc = o

(hysteresis)

Emax

T Accuracy and
Dynamic Precision
Response
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SoC determinatiomresearch classificatiop™se-=

Storage

Material laboratory:
Material response with

Pilot testing:
Correlation of material
charging/ dischargingcan be

reproduced

responseto heat flux
A Calibration at test stand

Source: Technical
University of Denmark

Source: FHUpper Austria

Predictive control
of heat storage

Power grid

District heating

Reliable, instantaneous SoC

determination enables CTES in
flexible systems

Views and opinions expressed are however those of the author(s) only and do not
necessarily reflect those of the European Union or CINEA Neither the European Union 49
nor the granting authority can be held responsible for them

Funded by
the European Union



Funded by
PRI the European Union

Key Variables in TES Technologies £k,
e Sensbie Tes | Phase Change TES | Thermochemical TES

Principal Variable Temperature Phase fraction Extent of reaction
Proxy Variables Pressure, Volume, Temperature, Pressure, Concentration
Optical Volume, Electrical (reactants/products),
(resistance, Partial Pressures, Mass,
capacitance), Acoustic  Optical, Electrical,
(speed of sound), Acoustic

Optical (transmission,
refraction), Viscosity

riteria for Material Bulk R n r i

A High contrast between states high signal to noise)

A Repeatability of measurement at same statefath independent )

A Possibility for system average/global measurement preferred@APEX, scalability)
* Accuracy/precision are control system & application dependent requirements

Views and opinions expressed are however those of the author(s) only and do not
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BEST-

Status of TES SoC Determination R&D Ll

Sensible TES PCMTES TCM TES
A Mature at consumer scale || A Semimature at consumer || A Low-maturity, lab-only
(kWh) scale (kWh) techniques
A Challenges A Challenges A Challenges
A Scalability at MWh scale A System-average A96INGRHACGWBS YI T RUNDL
A High temperatures A Particle-size distribution specific Tlacks

generalization

b X N KGI MM A Background signal T vessel
A Thermocline and heat exchanger A Promising Solutions
A Vapourpressure of liquid TES A Phase change kinetics A Industrial flow sensors

. : hase fraction la ' '
A Promising Solutions (IO_ _ | 9) , I(:\i;afllbra'ted .todconT.enF;atlon)

A 1D thermal expansion A Promising Solutions  ARe (;?acg\;]elyl)n ex (liqui

(dilatometry) ABEqX &R 2131 wlIG YT 130 | t i
A Cover gas pressure A #BYetl qRAWBqRG WY ,nﬁﬁgﬁfgﬁ%i%]rebscopy (soll
A IR emissions A Electrical resistance

A BEqevadld 31 2131 wld YT 1B d-w-H (example to follow)
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Machine LearningPerspectives & L

AUsed to find correlations for problems too complex for conventional R&D
AWhat happens when the model fails under new conditions? False positive
AHow can discoveries be made? Knowledge vs. tool

AHow can models be deployed to common control electronics (e.g., PLC,
microcontrollers)? 1 Scalability

Views and opinions expressed are however those of the author(s) only and do not
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ﬁ%BEST-
Storage

Machine LearningPerspectives

AUse best practice workflows

A Reduction of order
A Statistical pre-screening of inputs vs desired output

A Science requires the Scientist to open the black box

A A sound and clear hypothesis must be proposed

A~2ct quAYUt RT JI Wbs6! emw
A Fundamental design of experiment ?

A Consider boundary condition limitations u
A Investigate the significant model fitting coefficientsT e.g., what "s
hey mean wr rvations and the hypothesis? s

A Rigorously test the model & quantify uncertaintieq is it
reproduceable?

Acc20WI DGGY! W U0UqUWGGcUWNnY!I WHYGGYUALWmI 2 0 HWH Y
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Example: BESStorage PCM Slurries &1

PCMSORYSCONCEPT PCME CONCEPT
CHARGE DISCHARGE CHARGE DISCHARGE
(COOLINGPRODUCTION (COOLIN®EMAND || (COOLINGPRODUCTION (COOLING®EMAND
LIQUIDPCM LiQuibDPCME

RN
1 X e85 [e| =

PCME S.URRY /_® f ®_\

SATURATEDLIQUIDPCM 4 PCME S.URRY
L & SoLIDPCM
QRYSTALLIZER STORAGE/ESSEL (Lioup Hb ) STORAGE/ESSEL (LIQuID& SoLIDPCM)

For 512 °C space cooling supply in buildings (fan coil)
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Example: BES$torage PCM Slurry Ce,

PCM-SCrys
ASelected NaCHO,Y, OO-water — »

HHHHHHHHHHH

ANon-hazardous, non-toxic S0
A39 %mass NaCHO, 2,
A~12°C saturated liquid H

—_
o
T

ApH~9
A24 %massslurry at 5 °C
AN KOY Wk ot N A BIE.X7 HyPLLLUt : m

%mass NaCHO2

[N
o

A500 L, 14 kWhvessel
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Example: BES$torage PCM Slurry E,

Exploits Tw-H relationship of mixtures

A Equilibrium solid fraction predictable from temperature 30 - / ]
and average concentration .
Sat Lig. +
. . . . . . — NaCHOz'EHZO -
A Requires mechanical mixing for global determination 20
A Possible with just 1 temperature probe o / -
E 7z
100 PCM-SCrys Charging 100 PCM-SCrys Discharging "E |
__Liquid PCM Only 8_ Sat Liq. +
(incl. supercooled) £ NaCHO,"3H,0
== Nucleation
80+ 2 Phase I 80+ = f
Sat Liqg. + Ice
— 607 — 60 -20 b _
= =
6’ ; Ice + NaCHO,*3H,0
(IOJ (g | | | I | |
407 1 407 ] 10 20 30 40 50 60
%mass NaCHO,
20+ .\ ] 201
0 : : : 0 : : :
6 8 10 12 6 8 10 12
T (°C) T(°C)
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Final Remarks L,

AFundamental knowledge is still the cornerstone to discover/refine new SoC
solutions for TES

A Must be able to propose a sound and clear hypothesis
A Minimizes biases in experiments and results

A Identifies application limitations (e.g., boundary conditions)

AMachine Learning: helps solve problems too complex for conventional R&D
e.g., multi sensory inputs
A Rigor ign_of experimen ve) remain ntial

A Statistically pre-screen signal features to reduce computational scale of analysis and
avoid false positives

Af U213t qRNDcaqlJWAaYIT WGkt WnRaWHYIWNNRHARIJUq WY W R

A Deploy reduced order coefficient models in control hardware
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Thank you!

Louis Desgrossellliers
Louis.Desgrosseilliers@ost.ch
www. best-storage.eu
www.Sspf.ost.ch
lea-es.org/task-47/
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