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SUSTAINABLE COOLING SOLUTIONS

Keep it cool
Clustering workshop on cooling solutions for data centers and other industries

Milano



Agenda
When What Who Title

9:00 ï9:10 Welcome Fausto/Sander

9:10-9:20 Hycool-IT Rossano Scoccia Efficient thermal management of IT server rooms in tertiary buildings

9:20-9:30 Thunder Matteo Porta Waste heat recovery from data centres: coupling heat on wheels solution with 

thermochemical seasonal storage

9:30-9:40 MODERATOR Yannick Krabben MODERATOR: Immersion Cooling & Advanced Materials for Heat Recovery from Data 

Centers

9:40-9:50 Parmenides Lorenz  Payonga PARMENIDES: Flexibility activation through hybrid energy storage and trade-off 

management

9:50-10:00 RE-WITCH Valeria Palomba RE-WITCH -The coolest cold from the cleanest heat

10:00-10:20 Discussion 

block 1

Valeria/Rossano

10:20-10:40 Coffee break

10:40-10:50 Hystore Marco Rocchetti The role of thermal storages to enhance flexibility in heating and cooling

10:50-11:00 Senergy Nets Renato Luise SENERGY NETS - Application of pandaprosumer models to the Canavese Demo site

11:10-11:20 Push2Heat Gianluca Abrami Push2Heat: pushing forward the market potentials of Heat Upgrade Technologies

11:20-11:30 SEEDS Anais Gandelin Electrified heating and cooling solutions to improve energy efficiency and demand flexibility

11:30-11:40 Heatwise Attila Morotz Heat Marriage: Thermal Connection of Data Centres and Buildings

11:40-12:00 Discussion 

block 2

Valeria/Rossano

12:00-12:25 Plenary 

discussion

Valeria/Rossano

12:25-12:30 Closure Fausto/Sander



Your moderators for today are:

Valeria Palomba & Rossano Scoccia

This workshop is facilitated by:

Fausto Sainz & Sander Smit



Efficient thermal management 

of IT server rooms in tertiary 

buildings
Rossano Scoccia 

Politecnico di Milano



Hycool-it overview

IT server rooms in tertiary buildings (e.g., Hospitals, Universities):
a) Quite common in EU (25 rackson average)
b) Energy intensive (peakpower & operational time)
c) Conventional CRACsystem is not the most efficient solution (PUE1.5 ÷ 1.8)
d) Available waste heat normally not recovered / exploited

HYCOOL-IT aim is to develop a set of processes supported by both digital and 

technical equipment innovative solutions for an efficient and reliable 

development of IT Server Rooms for advanced tertiary buildings , with a 

special focus on its replicability through standardisation



Hycool-it overview

Hycool -IT is a 3-year research and innovation project involving 9 partners 

from 6 European countries

What is HyCool IT? 

Visit https://hycoolit-project.eu
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Key objectives of Hycool-it

ǒ Building Digital Twin (BDT) PasS solution to optimize design, operation and 

maintenance of advanced server rooms, including waste heat recovery, 

following a standardized approach for energy modelling (SimBOTs );

ǒ Innovative Rack-Integrated Adsorption Chiller to cool liquid -cooled servers 
and provide free air-conditioning to the server room;

ǒ Validation in laboratory and real operating conditions;

ǒ Engineering guidelines, standards, market analysis, business models.



Key results: BDT PaaS

ǒ BDT is key to generate 

baselines and 

forecasting to support 

designers in the design 

phase, choosing the 

best design option and 

for maintenance 

engineers to enable 

performance contracting 

to realise the KPIôs



Key results: BDT PaaS

ǒ Real-time data processing 

in the BDT architecture is 

performed to allow 

integration of physical 

(sensors, actuators) and 

digital (information, 

simulation) layers for 

continuous system 

monitoring and 

optimisation



Key results: Rack-integrated Adsorption Chiller

ǒ Rack-integrated adsorption chiller for waste-heat powered server cooling is developed and 

optimized to carry out efficient liquid cooling of IT servers and, simultaneously, provide 

cooling to the server room itself in a compact, self-contained, and cost-effective way
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Key results: pilot building @ Polimi

ǒ Renovation of server room cooling system (in-row coolers, chillers, BDT for 

comissioning and operational optimization) including waste heat recovery for 

building space heating

Server room
32 racks (100+ 
kWe)
12 in-row coolers

Cooling plant
2 large chillers
with free cooling
1 emergency
generator 

University building
2 large boilers for SH 
1 heat pump (180 kW th), 
using the cooling plant
water asheat source



Key learnings/recommendations

ǒ Cooling system design and operation optimizable 
ƺ In-row coolers with higher effectiveness can lead to higher temperature in chiller water loop;

ƺ The free-cooling Vs compression cooling transition, chillers partial load key for high SEER;  

ƺ Model Predictive Control based controller to optimize off-design conditions.

ǒ Waste heat recovery beneficial even if a small percentage of the available 

waste heat is recycled
ƺ Energy savings (natural gas for boilers) and associated environmental benefits (CO2 savings); 

ƺ Financial savings on OPEX can easily justify the CAPEX increase.

ǒ Waste heat utilization can increase through district heating and adsorption 

cooling 
ƺ In the future, waste heat from adsorption cooling at 30°C could make óeasierô heat integration 

in DH networks.  



Thank you

Contact details

www.hycoolit-project.eu

rossano.scoccia@polimi.it

marcello.aprile@polimi.it

mailto:marcello.aprile@polimi.it
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Waste heat recovery from data centres: 

coupling heat on wheels solution with 

thermochemical seasonal storage

Matteo Porta (Rina Consulting)



Project overview

The THUNDER Project aims at developing sustainable Waste Heat Recovery (WHR) and 

implementing an effective Seasonal Thermal Storage (STS) to supply the District 

Heating Network(DHN) and at the same time provide a cooling service to the DCs.



Key objectives of the project

Å Obj 1 ïWaste Heat recovery and High temperature HP 

Å Obj 2 ïTCM Seasonal Storage 

Å Obj 3 ïSolar driven ejector thermocompression vacuum 

Å Obj 4 ïAdvanced control logic for system optimization

Å Obj 5 ïSustainability assessment plan covering operational and life cycle perspectives 

(LCA, LCC) to have a holistic view of the impacts achieved by the innovative solutions

Å Obj 6 - Value chain integration to foster THUNDER replication 



Key results of the project
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Key learnings/recommendations



Key learnings/recommendations



Thank you

matteo.porta@rina.org



Yannick Krabben, 
Competence Centre for Thermal Energy Storage, 
Lucerne University of Applied Sciences and Arts



MODERATORôs key objectives

Å Development and demonstration of an integrated prototype unit based on an immersion cooling system combined with novel and highly

efficient long-term storage materials and systems

Å On-site demonstration of different exploitation options (space heating, hot water production, electricity generation) of the recovered heat

Three key elements ensuring the heat recovery and its storage over extended

periods of time:

1. immersion cooling system

2. innovative phase-change material (PCM) for heat storage

3. highly efficient multilayered insulation coupled with an electricity conversion

system (Rankine cycle-based)

V MODULARITY: The modular design approach allows easy and straightforward scale-up. It can find applications in small (few kW) to large

(several MW) data centers, on a site-by-site basis.

V SIMPLICITY: Direct installation in any location (indoors or outdoors) without heavy facilities requirements.

V SUSTAINABILITY: Safe and clean for human health and the environment, exploiting recycled materials and being a by definition zero-effluent

concept.



MODERATORôsConsortium

Partner Country Role

1 CERTH Greece Coordinator

2 SYNAPSECOM Greece Beneficiary

3 HYSYTECH Italy Beneficiary

4 SINTEF Norway Beneficiary

5 DREVEN Belgium Beneficiary

6 OPHIOLITE Norway Beneficiary

7 ITA Greece Beneficiary

8 GEROSION Iceland Beneficiary

9 ELECTRA Greece Beneficiary

10 HSLU Switzerland Associated Partner

11 COWA Switzerland Associated Partner

11 partners (3 research organizations, 8 SMEs) with experience on

material science, system design, process engineering, systems

operation, modeling and simulation, technoeconomic, environmental

and socioeconomic assessment, roadmap design, dissemination and

communication, etc.

Project ID : 101136156

Topic : HORIZON-CL5-2023-D3-01-09

Project duration : 1/1/2024 ï31/12/2027



Objectives:

ÅDevelopment of formulations Phase Change
Materials (PCM) and optimization of their
characterization for the demo particularities

ÅDevelopment of a customized waste-heat recovery
system to optimize the integration potential with the
immersion cooling system

ÅDevelopment of a multi-layer hyper-insulation
material to minimize the heat loss from pipes and
heat storage system

ÅDevelopment of a modular heat storage system for
use under changing climate conditions

ÅValidation and qualification of the modular seasonal
heat storage system at TRL8

Task 3.1 ïMaterials identification and testing [HSLU, M1 ïM16]

D3.1ïReport on PCM formulation and properties characterization 

[M12, HSLU]

Task 3.2 ïSystem design and commissioning [COWA, M16 ïM24]

D3.3ïReport on insulation material [M24, OPH]

Task 3.3 ïMulti -layer insulation material for TES [OPH, M3 ïM30]

WP3-Waste-heat recovery systems development 
[M1-M48]

Completed

D3.2ïReport on the design specifications of the waste-heat recovery unit and 

developed prototype [M24, COWA]

D3.4ïModular TES prototype [M30, COWA]

Task 3.4 ïModular heat storage system for seasonal 

storage [COWA, M6 ïM30]

37,5%WP3 progress

D3.5ïReport on performance, wear and maintenance [M36, GER]

Task 3.5 ïEvaluation of performance, wear and 

maintenance requirements [GER, M12 ïM36]

D3.6ïQualification of sub components in a modular TES system 

[M48, HSLU]

Task 3.6 ïSystem operation, optimization and qualification 

[HSLU, M30 ïM48]



Material Development

Task 3.1 ïMaterials identification and testing [M1 ïM12, HSLU]

Two PCM Materials identified and tested: PCM 58 / PCM 45

Material Melting temperature (°C) Enthalpy (J/g) Thermal Stability Corrosion Safe Remarks

SAT-Bicine ~51 240 
Stable over 100 

MiniCell cycles
High performance, 

strong candidate

PCM 58 ~58 260 
1200 cycles 

completed in Minicell
(COWA verified)

Selected first for 

prototype

PCM 45 ~48 250 
1000 cycles

completed in Minicell
(COWA verified)

Selected first for 

prototype

Thermal Performance
- Onset of melting: ~44 ÁC
- Peak transition: 49 ÁC
- End of phase change: ~50 ÁC
Latent Heat Capacity
- Total latent heat: 151.14 J/g
- Gradual enthalpy increase up to 48 ÁC: 30.41 J/g
- Sharp enthalpy peak confirms 

efficient phase transition



Results Material Tests PCM45 



Results Material Tests PCM45 



Task 3.4 ïModular heat storage system for seasonal storage 
[M6 ïM30, COWA]

Design of scalable 

prototype assembly

Objective
Development of prototype with outputs from T3.2 and T3.3 and simulated data 

from T5.2. Output milestone M3.2 5 m3 modular TES for coupling with WHR 

system.

Progress M6 -18

Å Focus on connection design of the pilot

Å The design of the prototype ensures modularity and expandability for the pilot.

Å The flow and pressure distribution have been validated.

Å The power and pressure drop are quantified.

Next M18-30

Å Finalize system design (number of storage module and series/parallel 

connections)

Å Parts list and ordering 

Å Create assembly plan

Prototype to measure power, 

pressure loss and flow 

distribution in HEX

Prototype Development 



ǒ Two PCM Materials with stability >1000 cycles

ǒ Mini Cell as valid test setup

ǒ Importance of PCM characterization at volume size close to the application

ǒ Eutectics as melting point depressants

ǒ Optimization of melting point for use in immersion cooled systems

Key Learnings



Competence Center Thermal Energy Storage - CCTES

ÅMore Information:

13th Swiss Symposium Seasonal Thermal Energy Storage (STES)



Thank you

Yannick Krabben, Lucerne University of Applied Sciences and Arts

yannick.krabben@hslu.ch 



PARMENIDES: Flexibility activation 

through hybrid energy storage and 

trade-off management

Lorenz Payonga
KTH Royal Institute of Technology



Project overview

ǒ Plug&plAy eneRgy ManagEmeNt for hybrID Energy Storage (PARMENIDES)

PARMENIDES
Greek Philosopher

FOUNDER OF ONTOLOGY



Key objectives of the project

Objective 1: New Ontology
Create a new ontology PARMENIDES Energy Community Ontology (PECO), with a 

focus on electricity and heating domains

Objective 2: Energy Management System (EMS)
Develop a new generation EMS utilizing the PARMENIDES Energy Community 

Ontology as knowledge base supporting use cases related to energy communities 

and Hybrid Energy Storage Systems

Objective 3: Secure and Reliable Data Exchange
Define an information and communication architecture, enabling an interoperable, 

and secure exchange of data and instructions



Project pilots

Å 2 municipalities, grid of 

Energienetze Steiermark 

GmbH (DSO) with diverse 

infrastructures

Å Primary emphasis on the 

electricity sector and 

requirements from 

distribution grid

Å Fully automated use cases 

for grid -supporting

behavior of energy 

communities 

Å Grid Capacity 

Management Ą

EMS4HESS Ą HESS

Å Assess the flexibility 

potential of residents in 

a multi-apartment building 

at KTH in Stockholm

Å Demonstrate the flexibility 

that electrical and 

thermal storage can 

provide at different time 

scales

Å Flexibility strategies to 

be employed

Å Technology 

constraints , user 

preferences and 

behavior are considered

AUSTRIAN
PILOT

SWEDISH
PILOT

Å Gasen

Å Heimschuh
Å Stockholm (KTH)



PARMENIDES at the Swedish Pilot

Hybrid Energy Storage System (HESS) 

Testbench at Granryd Lab, KTH

ǒ Flexibility activation use case to 

examine trade-offs among 

competing/complementary 

objectives

ǒ Main method: trade-off 

exploration/exploitation



Trade-off analysis and management

In a simulated environmenté

ǒ Adaptive control in simulation

ǒ Trade-offs shown in energy cost 

and comfort

Next steps:

ǒ Implementation on the HESS 

Testbench (2 thermal + 1 electrical 

HESS) using multi-apartment 

building dataPayonga, Madani, and Stefan (2025). Curriculum-based Reinforcement 

Learning for Flexibility Evaluation in Buildings. IEEE PES-IM 2026



Other project results

ǒ PARMENIDES Energy Community Ontology (PECO)

ǒ Energy Management System for Hybrid Energy Storage System (EMS4HESS) 

integrated with AIT Grid Capacity Management (GCM) 



Key learnings/recommendations

ǒ Trade-offs among optimization objectives/preferences can be measured and 

managed

ǒ Awareness of trade-offs can encourage participation of stakeholders in 

flexibility provision

ǒ PARMENIDESôs application mostly focused on residential and DSO 

perspectives of energy communities; extendible to other industries



Thank you

Lorenz Ray Payonga

payonga@kth.se



RE-WITCH

the coolest cold from

the cleanest heat
Valeria Palomba



Project overview

Key Facts

Project duration : 48 monthsïJan 2024 / Dec

2027

Partners : 26 from 10 countries including UK

and Switzerland



Key objectives of the project

RE-WITCH aims at developing and demonstrating up to TRL7 innovative efficient 

thermally -driven cooling and heating technologies for industrial processes. 



Key objectives of the project

new generation of ADsorption chillers, more compact and 

less expensive, to be either directly integrated in the process 

or provided in a containerized solution along with air 

compressors

two new working cycles of ABsorption

chillers, integrating a mechanical compressor 

providing both heating and cooling as well as a 

dual evaporator/absorber providing cooling at 

different temperature levels and thermal powers



Key objectives of the project
Optimized techno-economic integration between low-grade 

(<100 °C) industrial waste heat and high-efficiency vacuum 

flat plate solar collectors, to drive process cooling generation 

and provide process heating

Demonstration of the innovative

Ad/Absorption cooling solutions

in 4 demo sites , covering typical

industrial sectors with high

cooling demand (food and

beverage) and non-standard

sectors (pharma, biofuels

production).

Complementing the demonstration

with 3 replication sites , covering

other possible relevant sectors

(pulp and paper, DHN-connected

industries, data centers),

investigating RE-WITCH potential

applications and benefits



Key results of the project ïinnovative Adsorption 

technology



Key results of the project ïinnovative Adsorption 

technology

P&IDlayout of the integration

Mechanical integration



Key results of the project ïinnovative Absorption 

technology

Hybrid compression-absorption cycle to increase the temperature lift , while the 

thermal efficiency of the sorption sub -cycle remains unchanged . 

Possibility of providing both heating and cooling at the same time.



Key results of the project ïinnovative Absorption 

technology

open/closed
by pressure difference

Evaporator Absorber

CondenserGenerator

Compressor :
variable, on/off

Design based on
ј7ŔĲŰĲљШchiller
(manufacturer Bälz 
BS-Nova)
50 kW
(90/80°C, 30/35°C, 
20/16°C)



Key learnings/recommendations

ǒ Detailed simulations needed for proper design of the thermally driven 

technologies

ǒ Evaluation of the proper configuration to be used needs a careful analysis of 

boundary conditions in the application site

ǒ Proper business models are the key to convince industrial stakeholders ï> 

chiller/heat pump producers need to partner or have agreements with solar 

systems manufacturers

ǒ BIM-based engineering represents an added value

ǒ Replication potential in different industrial sectors is large (agro-food, 

pulp&paper, bio-fuel production)



Thank you

Project coordinator: Andrea Frazzicaïandrea.frazzica@cnr.it

Valeria Palomba ïvaleria.palomba@cnr.it



DISCUSSION



20ô COFFEE BREAK
Start again at 10:40



The role of thermal storages to enhance
flexibility in heating and cooling

Sustainble Places 2025 

Milan, 9 October 2025

Marco Rocchetti 

(R2M Solution )



Call: HORIZON- CL5- 2022- D3- 01
HYSTORE: Grant Agreement n. 101096789
Duration: January20203 ­December 2026

https:// www.hystore - project.eu/

1.  ARC (ESP) ­Coordinator
2. CNR (ITA) 
3. KTH (SWE)
4. Rubitherm (GER)
5. AIT (AUT)
6. Ochsner (AUT)
7. Pink (AUT)
8. InovaLab(ITA)
9. STAM (ITA)
10. Sorption Technologies 
(GER)

11. Maston (SWE)
12. DCU (IRE)
13. EURAC (ITA)
14. R2M (ITA)
15. UCD (IRE)
16. Monserrat (ESP)
17. RAAL (ROU)
18. EIM (BEL)

18 partners from 8 countries



ǒ PresenterV Heating and cooling

V DHW

V Provision of hybrid services (related to heat and power) thanks to a smart 
aggregator and an open-source multi- service platform.

Develop and validate four innovative sets of Thermal Energy Storage
concepts, based on PCMand TCMsolutions. 

The four novel concepts attain different applications: 

HYSTORE Mission



+120% 
Energy Density

-50% CAPEX Enhanced 
Installation Efforts

Competitive with 
Batteries

Allow TES to be coupled and integratedwith grid- level aggregators that can be federated 
in the context of both single buildings and local energy communities.

HYSTORE Objectives & impacts



Before After

Connection to the grid that can unlock new demand, lower the cost and 
increase the performance of TES

HYSTORE Context



HYSTORE Context



Å4 use cases. 
ÅFor each use case a representative 

business model will be selected. 

The HYSTORE demonstration sites



HYSTORE Outcomes

1. PCM development for 
commercially ready 
storage

2. PCM All- in- One unit

3. PCM Low Temperature 
heating & cooling 
solution

4. PCM heating solution

5. TCM unit

6. Plug- and- play 
aggregators

Innovative TCM


