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Figure 4: Total power of the PV systems in each of Sweden's municipalities. For some municipalities data
Figure 2: Total installed PV capacity in Sweden. from the green electricity system has been used instead of grid operators’ data due to confidentiality
reasons.

I[EA PVPS- Solar PV in Sweden
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Flexible Sector Coupling (FSC)?
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Renewable Electricity
Supply Flexibility with
Thermal Energy Storage (TES)

An FSC Case Study - @ STORE

Hybrid Services from Advanced
Thermal Energy Storage Systems
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HYSTORE: Hybrid services from advanced thermal

energy storage systems

HYSTORE project web
HYSTORE @EGI-KTH

Name Acronym  Country Type
ARC ARC ES SME
Consiglio Nazionale delle Ricerche CNR IT RTO
KTH Royal Institute of Technology KTH SE UNI
Rubitherm GmbH RUBI DE SME
Austrian Institute of Technology AlT AT RTO
OCHSNER OCHS AT SME
PINK GmbH PINK AT SME
Sorption Technologies SOR DE SME
Inovalab INOVA IT LE
STAM STAM IT SME
Maston AB MAST SE SME
Dublin City University DCU IE UNI
EURAC EUR IT RTO
R2M solutions s.r.1 R2M IT SME
University College Dublin UucDh IE UNI
Central de reserves Montserrat CRM ES SME
RAAL RAAL RO SME
European Innovation Marketplace EIM BE NGO

This project has received funding from the European Union Horizon

Europe Programme under grant agreement N. 101096789 (HYSTORE).

[v]sTeRE

HYSTORE IN A NUTSHELL

¢ Technological advancement of thermal energy
storage (TES) with up to +150% energy density
and -50% CAPEX compared to state-of-art
(SoA)

e Significant lower design and installation effort
thanks to pre-defined and standardized guidelines

e allow TES to be coupled and integrated with
grid-level aggregators that can be federated in the
context of both single buildings and local energy
communities

¢ 4 use case application in different climates both for
DHC (District Heating/Cooling) connected and non
DHC-connected buildings with high-impact and
replication potential.

e LCOS 1n line with EU targets from IRENA annual
reports and SET-plan.

7
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Overall Concept of HYSTORE

ources

PCM: Phase Change Materials

TCM: Thermochemical heat storage materials

Power grid

.. PCM-ALL-IN-ONE
- What: heating, cooling, DHW

When: daily storage

Where: mixed climates, multi-purpose buildings
How: low-GWP heat pump+PCM storage with aluminium
Micro/Multi Port Extrusion tubes + hydraulic group : Aot

in building

+  Standardized integration

heating/cooling system

, PCM HEATING

What: heating

Where: heating-driven climates,
generation-side or buildings

How: modular tank PCM storage

When: daily storage

TCM HEATING & COOLING
| What: heating, cooling
! Where: mixed climates,
multi-purpose buildings

How: radio-frequency charged

sorption storage with
decoupled charge/discharge
power and capacity

When: 4-weeks storage

This project has received funding from the European Union Horizon
Europe Programme under grant agreement N. 101096789 (HYSTORE).

Figure 1: HYSTORE overall concept
STORE

LOW-TEMP PCM HEATING & COOLING EEE P | System guidelines for
What: heating, cooling = “:-m%mn \]x_____dEﬂgn and |nsta||at|cn 7
Where: cooling-driven climates, multi-purpose buildings ,
How: polymer based PCM storage+ hydraulic group
When: daily storage :
|

* Peak shaving and reduction
* Load monitoring and management.
P Supply safety and Reliability
i Grid enabled power services
i = Freqand Voltage Reg
i = Supply safety

,f'" Grid connected/enabled Energy services

HYSTORE

OPEN-SOURCE

AGGREGATOR 4
Community services

* P2P trading
Energy services
* Energy Management
| + [Shared] Self consumption
* Invaicing reduction

Power services
+ Supply Quality

“
n LY = Back-up services
I .

HYSTORE-enabled flexible district
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Material, Component and System-scale PCM-TES Design,
Operation and Optimization with Heat Pumps

This project has received funding from the European Union Horizon
Europe Programme under grant agreement N. 101096789 (HYSTORE). ST@RE 9
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PCM Heating Solution (Stockholm)

12 Malvinas vag

EJ Matterport

KTH Live-in-Lab
Testbed KTH

This project has received funding from the European Union Horizon 7Oy
Europe Programme under grant agreement N. 101096789 (HYSTORE). | | ST@ RE

“Learning happens in the course of the
experiment itself”

Esther Duflo, The economist as a plumber, 2017

Exe rnal Lab o
: Social media, Other Iabs
Energy Systems, etc

KTH Live-InLab
Datapool

Data from sensors,
systems and

Testbed AH Testbed EM

https://www.liveinlab.kth.se/start-1.1064463

10
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& “PCM Heating” Solution @KTH in a Nutshell

The design, construction & operational and control optimization of a
“Combined System of LHTES and Heat Pump (PCM Heating Solution)”,
aiming for:

Optimal material selection (for minimal supercooling & hysteresis analyzed in a bench-
scale LHTES unit, considering different PCMs including bio-based)
Optimal LHTES+ HEX component analysis, design & construction, followed by the

EGI integration with a suitable HP, for pilot-scale
Optimized control and operational strategies of the combined LHTES+HP system (i.e., | 2925
the PCM Heating Solution) to cater to a real heating application in KTH Live-in-Lab
>~ (demo site)
Optimized building (energy) system management and control with the PCM Heating
EGI+ solution
ABE Optimal techno-economic performance analysis for heating application (with peak
L | shaving, load shifting & flexible sector coupling) at Nordic climate conditions .

LHTES: Latent Heat Thermal Energy Storage (i.e., a TES using phase change materials (PCMs))

This project has received funding from the European Union Horizon HP: heat pump, HEX: Heat Exchanger
'STSRE !

2025-03-26

Europe Programme under grant agreement N. 101096789 (HYSTORE). |
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ot Pilot-scale LHTES to be further designed &
' ) P optimized for combined operation with a HP

TES | KTH Live-in-Lab

HEX | <eassomss

The demo site:

i where PCM

Improved design of SN S , © 5 . .
> W ] Heating Solution
LHTE§+ HEX : . L E—— will be run for
(submerged: HEX in g . (0 Case 2 Churge (€ Cas  Charge optimized
PCMor er;cg&s.ulal_"c_le_lo:l LEFT: The pilot-scale LHTES system at KTH that will be further operation &contr
in

developed and designed, and RIGHT: conceptual designs of this

developed LHTES for combined operation with HPs (Air-source
and Ground-source) > PCM Heating Solution

Bench-scale LHTES
material testing)

LHTES with a shell-and-tube HEX
for supercooling & hysteresis
2025-03-26 analysis

BMS, Internet of Things (loT) &
Techno-economic
optimization E



https://www.avnet.com/wps/portal/ebv/products/product-highlights/memories-for-embedded-systems/battery-management-system/
https://www.shutterstock.com/image-vector/cloud-iot-icon-wifi-sign-internet-1822313777
https://dir.indiamart.com/gurgaon/techno-economic-feasibility-studies.html
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Work packages

WP9: Project management and coordination (ARC, M1-48)

WP1 Use cases and framework scenario identifications

FULL SYSTEM DESIGN,
ENGIMEERING AMD INTEGRATION

Storage
components
development
(1T, M1-20)

validation (IARC, ME-48)

ENSURE
SUSTAINABILITY E
AFTER PROJECT |

L

WPE Demonstration and cost-driven

Figure 25: HYSTORE Pert Chart

This project has received funding from the European Union Horizon
Europe Programme under grant agreement N. 101096789 (HYSTORE).
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( Phase5(M24-M48)

replicability,
exploitation and
capacity building

Exploitation, IPR
management and

sustainable business
madeling (R2M, ARC,
all)

Stakeholders-oriented
dissemination and
communication

Including SSH
approaches
{CNR, R2M, all)

Capacity building
through dedicated
training (alf)

WP7,

Use cases database
Installation
requirements

TES manufacturing/
Platform deployment

Phase 4 (M30-M48) \
HYSTORE validation
campaign at TRL 6/7

Demonstration design A
and worground (ARC,
pilot leaders)
" Fullscale HYSTORE
demonstration at TRL 7
{ARC, demo)

Impact assessment
[ARC, KTH, DCU)

WP6

WP8

- J

STORE

Hybrid Ser
Thermal Energy Slarage Systems

2022

-

Social, end-users, economic

Phase 1 (M1-M24) )

and environmental
management kick-off

WPLWP7 | p2m, uco, cR,all | |

AN
Ve

development for pillars 1 and 2

N

Phase 2 (M6-M38)
HYSTORE innovations

PCM-ALL-IN-ONE solution
{AIT, OCHS, PINK, RAAL RUBI)

PCM-LOW-TEMP H&C solution
{RUBL, KTH)

ot

PCM HEATING solution
(KTH,RUBI)

TCM HE&C solution 1
(SOR, CNR, INOVA)

[,
|
t
|
\

HYSTORE ICT TOOLS
(STAM, KTH, DCU, UCD, MASTON)

.

WP2 WP3 WP4

J

Phase 3 (M30-M40) WP5
HYSTORE multi-level system

integration
KTH, MASTON, EURAC, ARC, all

2026
2028 HYSTORE FULL MARKETABILITY

13
2025-03-26

TES design
specs

Technology-use case matches HYSTORE
installation and operation guidelines
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STO: Specific technical objectives

=

STO1.2 fo develop a modular short-term storage for cost-effective and long-term reliable operation m heating-driven
climates under combined operation with heat pumps 1 residential buildings
o 48.5 kWh/m’ nominal storage capacity. up to +140% compared to sensible water storages currently employed in buildings

o 3 kWth charging/discharging power, use of PCM and storage configurations that allow high AT also at low State of Charge
(SoC)

o  Use of PCMs that show limited supercooling and hysteresis and guarantee functional robustness
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LiL, Rubitherm, AIT and CNR

This project has received funding from the European Union Horizon
Europe Programme under grant agreement N. 101096789 (HYSTORE). ST@RE 14
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Project Deliverables @KTH...

STO 2.1: to provide interoperable algorithms for soft sensor-based online monitorig and SoC estimation and fault
detection of all HY STORE solutions.

STO: Specific technical objectives

Robust data-driven regression models which can be exported to target control hardware and software on cloud platforms
Development and training using existing Dymola open-source libraries (e.g. SorpLib) and creation of a new PCMIib open-
source library. Interoperable models thanks to FMU and API functionalities

First-time deployment of soft sensor-based algorithms for real-time feedback estimation and fault-dectection functionalities
for storages

STO 2.2: to develop modular hardware aggregators with IoT and edge computation functionalities for different TES
configurations

Modular, low-cost hardware (edge) solutions with built-in advanced edge and Al capabilities and IoT interoperability
Whole-building energy system integration, monitoring, and control using hardware solutions

Hardware solutions support direct grid integration and intelligent demand response functionality

Built-in advanced security features to protect critical system operation

Federated learning framework for training and deploying AT and machine learning models locally (building-level) at the edge
(hardware) solutions without sharing local data (preserve data privacy)

STO 2.3: Technical-economic analysis of TES-imtegrated energy systems using metaheuristic optimization

Metaheuristic optimization methods that will give the best system combination for given installed capacities and system costs.
and annual operational costs for at least 10 replication scenarios

This project has received funding from the European Union Horizon Europe
Programme under grant agreement N. 101096789 (HYSTORE). STORE
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STO: Specific technical objectives

Peak shaving &

LHTES+HP Load shifting

operation in
KTH LiL

Local Energy
Community
(LECs)

TES + HPs >
Power-to-Heat > FSC

PCM Heating solution @KTH - at least 10% OPEX savings

STO4.1 successtul testing and validation of the combined performance of HY STORE technologies and the mnovative

ICT tools

o Achieve at least 20% OPEX saving thanks to operation of the storage as an asset to the grid

e 20 % peak load reduction thanks to storage optimised operation in combination with heat pumps and the grid

o Atleast 15% energy cost savings on the billg

STO4.2: Critical analysis of the selected technologies and tools with respect to ODS, user acceptance and

sustainability principles both based economic (LCOS, LCOE) and environmental (LCA) approaches.

e minimum materials criticality and alternative evaluation and decision-making through a multi-criteria optimised life cycle
perspective

o Site-specific assessment of the services provided by HYSTORE solutions to user and grids through compilation of HY STORE
guidelines under different use cases
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Hybrid Services from Advanced
Thermal Energy Slarage Systems

Contact:

Saman Nimali Gunasekara,

Aditya Singh Suswal,

Justin Ningwei Chiu & Samer Sawalha
Energy Technology (EGI), KTH

*saman.qgunasekara@enerqgy.kth.se

This project has received funding from the European Union Horizon
Europe Programme under grant agreement N. 101096789 (HYSTORE).
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