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1. INTRODUCTION

1.1. Background

Cooling is a vital technology that plays a crucial role in our daily lives, with applications
ranging from securing cold chains for food, vaccines, data centres, air conditioning,
refrigeration and quantum computing. Efficient cooling technologies are indispensable
and will only become more important in the context of global warming. Novel cooling
technologies aim to enable the elimination of gas usage and critical raw materials (CRM).

Cooling processes often result in significant greenhouse gas (GHG) emissions, due to the
use of hydrofluorocarbons (HFC) or use of fossil fuel to power cooling equipment. The
availability of novel super-efficient and low-cost cooling technologies is crucial, as the
global energy market disruption and increasing costs of energy supply are threating the
competitiveness of several high demand cooling sectors.

1.2. The Challenge

In 2023, the European Innovation Council (EIC) launched the Pathfinder Challenge call
"Clean and efficient cooling” aiming to develop a range of breakthrough technology
solutions for cooling to improve efficiencies, minimize the use of CRM, and explore
system integration opportunities. The objective of the call was to fund new technologies
in the field of cooling necessary to promote a strong consumption reduction and to avoid
the utilisation of refrigeration gases with a harmful environmental impact.

Out of the EIC Pathfinder Challenge call, 10 projects were selected for funding forming
the EIC Cooling Portfolio (referred to herein as “portfolio”). One project was added to the
portfolio steaming from the 2022 EIC Pathfinder Open.

1.3. About the portfolio strategic plan

The portfolio strategic plan summarises the governance and structure, as well as the
common activities planned within the portfolio, in accordance with the Challenge Guide.
The plan serves as a common basis for the portfolio and was developed jointly between
the consortia and representatives of the EIC (see tables 1 and 2). It will be assessed
internally once per year. The implementation of the Strategic Plan will be reported on
through the publishing of annual portfolio activity reports.



https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/horizon-eic-2023-pathfinderchallenges-01-01
https://eic.ec.europa.eu/system/files/2023-02/Challenge%20Guide%202023_clean%20cooling_v2_0.pdf
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Table 1: Contributors from the projects in the portfolio.

CONTRIBUTORS

ROLE within the European Innovation Council

Paolo BONDAVALLI
energy

EIC Programme Manager for Advanced Materials for

Johannes BUNZ
Managers

Portfolio Officer within the Office of the EIC Programme

Darina BOTSOVA

Project Officer within the Pathfinder Unit

Adelina NICOLAIE

Project Officer within the Pathfinder Unit

Xenia CHRISTOFORIDOU

Trainee within the Office of the EIC Programme Managers

Table 2: Contributors from the European Innovation Council.




2.

THE PORTFOLIO

2.1. Composition and working methods

The EIC Cooling Portfolio consists of the following 11 projects:

PROJECT
NUMBER

ACRONYM

TITLE

PROJECT
COORDINATOR

START DATE

END DATE

101162436

BEYOND

method for smart and
affordaBle Evaluation
of simultaneous faults
in heating and cooling
sYstems based ON
compresseD vapor
technology

Alfonso William
Mauro

01/09/2024

31/08/2028

101162196

CharCool

Rethinking the future
of clean cooling
through a
revolutionary class of
thermally-driven chiller
based on a novel bio-
based thermochemical
material

Simone Mancin

01/10/2024

30/09/2028

101099736

CoCoMag

Multi-property
Compositionally
Complex Magnets for
Advanced Energy
Applications

Oliver Gutfleisch

01/06/2023

31/05/2026

101161366

ColteraTREC

ColteraTREC: a highly
efficient and
lightweight
electrochemical heat
pump

Boris Bensmann

01/05/2025

30/04/2028

101161087

COOLPOL

Cooling with
Electrocaloric Polymers

Emmanuel Defay

01/09/2024

31/08/2028

101161930

DYMAN

DYnamically MANaged
self-cooling HPC data
centres

Mikel Borras

01/07/2024

30/06/2027

101161137

FROSTBIT

First Regenerative
sOlid-STate Barocaloric
refrigeraTor

Patrick Rosa

01/10/2024

30/09/2028



https://www.beyondproject.eu/
https://www.charcool.eu/
https://cocomagproject.eu/consortium/
https://cocomagproject.eu/consortium/
https://colteratrec.webflow.io/
https://www.coolpol.eu/
https://dyman-project.eu/
https://frostbitproject.eu/

101161062 | HYDROCOO | Novel advanced Alberto Coronas 01/09/2024 | 31/08/2027
L hydraulic CO»

refrigeration system
for multiple sectors

101161522 | LEMON Large-scale magnetic | Alexander Regnat | 01/09/2024 | 31/08/2027
cooling
101161135 | MAGCCINE | Clean and efficient Jodo Belo 01/10/2024 | 30/09/2028

cooling in vaccine
transportation using
rotating
magnetocaloric effect

101162223 | SMACool Shape Memory Alloy Paul Motzki 01/10/2024 | 30/09/2027
based elastocaloric
Cooling system

Table 3: Projects of the EIC Cooling Portfolio.

To establish a common framework for the portfolio, all projects have a separate Portfolio
Work Package (WP) in their Grant Agreements featuring portfolio activities, with
corresponding effort. The portfolio kick-off meeting took place in the end of September
2024 in Brussels and set the milestones for the portfolio objectives and suggested
activities.

All projects are expected to contribute actively and continuously to the portfolio. The EIC
PM works with the projects to define the governance of the portfolio, to establish
expectations from the projects’ collaboration, to define rules for resources and data
sharing in accordance with the existing legal base,” and to identify the common
exploitation, communication, and dissemination strategies for the portfolio.

2.2. Portfolio governance

The portfolio is governed on two levels, strategic and operational (see Figure 1), which
are connected through the Steering Committee. This consists of the EIC Programme
Manager, the EIC Project Officers, the project coordinators, portfolio managers and the
respective chairs of the portfolio working groups. The committee meets online once
every three months to report about the progresses in the portfolio working groups.

! Specifically, Annex 6 of the EIC 2023 Work Programme.



https://hydrocool-project.eu/
https://hydrocool-project.eu/
https://www.lemon-cryo.eu/
mailto:alexander.regnat@kiutra.com
http://www.magccine.eu/
https://smacool.eu/home/
mailto:https://eic.ec.europa.eu/document/download/6e06000e-c745-4505-93c6-df069b31970a_en?filename=EIC-WP2023-amended.pdf
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Figure 1: Governance structure and interactions among the key actors of the portfolio.

Strategic steering

The Strategic Steering of the portfolio is carried out by the EIC PM in close collaboration
with the POs and the Advisory Experts.

These experts are external and selected by the PM based on their proven track record in
the field. All experts sign a Non-disclosure Agreement (NDA) with EISMEA binding them
to confidentiality. The experts should propose and conduct activities beneficial to the
whole portfolio.

Operational steering

The following portfolio roles have been defined in each project to implement the
operational activities of the portfolio:




e Portfolio Managers — responsible for overseeing the portfolio's activities,
management, and governance. They play a key role in identifying synergies,
shared components, and collaboration opportunities across multiple projects.
Additionally, they assess the competitiveness of proposed technologies for
different applications and create a shared database of scientific instruments. Most
projects have nominated their coordinator as the portfolio manager, ensuring
information flow and oversight for this role.

e Innovation Managers — responsible for overseeing the strategies that optimize the
portfolio’s potential and bring the projects closer to the market. They develop
comprehensive exploitation plans, including the Intellectual Property Rights (IPR)
strategy, and ensure alignment across the portfolio. Their role also involves
identifying market needs and potentials, standardization, coordinating market
analyses, and exploring business opportunities and fundraising options. In
addition, they assess key stakeholders, map, analyse and ensure adherence to
current regulations. Through their work, they help stimulate innovation across the
portfolio.

e Communication Managers — responsible for overseeing the implementation of the
portfolio's dissemination and exploitation activities. They define and execute the
joint communication strategy, which includes the creation of a common database
for events, and coordination of communication activities across the portfolio. Their
role ensures a unified approach to communication, enabling effective
dissemination of the portfolio's outcomes and resources.

The operational steering is undertaken by the portfolio Working Groups (WGs). Three
WGs have been established:

1. Techno-scientific WG
2. Innovation, regulation and standardisation WG
3. Dissemination and exploitation WG

All projects nominated representatives for each of the three WGs to ensure targeted
workflows and a clear hierarchy within the consortium. Each WG is led by a chair elected
between the members of the group, or in the lack of volunteers, appointed by the EIC.
The chairs participate in the Steering Committee meetings to align timeline and establish
the good practice of sharing workflows when useful. At the annual portfolio meetings,
the chairs of each working group are confirmed or, to distribute workload evenly among
the portfolio projects, replaced by another chair.

The Portfolio Managers form the Techno-Scientific WG, responsible for facilitating the
identification of common technical and scientific interests among projects. This is particularly
important in the early stages of the projects, where TRL and MRL are still low across the board.
By identifying these shared interests, the WG will trigger potential collaborations that foster
innovation.

The mission of the Techno-scientific WG is to act as the portfolio's techno-scientific
observatory. Its mandate is to complement the breakthrough objectives of each project by



providing a systemic, portfolio-level analysis. This involves identifying scientific gaps and
technological bottlenecks that are of a different nature than those addressed by individual
projects, such as:

¢ Transversal Gaps: common challenges faced by multiple projects (e.g., standardisation
of measurements, material characterization).

¢ Interstitial Gaps: which exist in the technological space between projects (e.g., pre-
cooling stages, technology hybridization).

o Emergent Gaps: which will arise from the future integration and scale-up of the
portfolio's successful innovations.

This higher-level analysis is aimed at a dual objective:

¢ Internally, to guide and promote targeted collaborative initiatives to jointly solve these
systemic challenges.

o Externally, to provide the analytical foundation and technical evidence upon which
the other Working Groups can base their engagement with policymakers,
standardisation bodies, and funding agencies, in order to promote policies and steer
future research.

The Innovation Managers form the Innovation, Regulation and Standardisation WG. Their
mission is to develop joint strategies of bringing innovation created in the individual
projects to market. This includes identifying relevant markets that might be shared across
projects, identifying and engaging stakeholders who are interested in multiple
technologies from the portfolio. An additional area of cooperation is the identification of
applicable standards and regulations and approaching the respective normative bodies
to promote portfolio interests in the setting of new standards and regulations. They will
also provide feedback on exploitation plans of individual projects to ensure conformation
to reality.

The mission of the Dissemination and Exploitation WG, chaired by the Communication
Managers, is to champion the EIC Clean & Efficient Cooling Portfolio by showcasing its
innovative projects and scientific advancements to the public and key stakeholders. This WG
aims to foster collaboration and networking among portfolio teams, influence policy decision
making and the cooling industry, and highlight advancements in related fields. By raising
awareness of sustainable cooling solutions and inspiring the next generation of scientists, the
Dissemination and Exploitation WG strives to make the portfolio a European nucleus for clean
and efficient cooling, driving impactful change and progress in this critical area.
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2.3. Axes of collaboration

Among the portfolio projects three main axes have been identified to trigger
collaboration:

e Axis 1: Thematic area,
e Axis 2: Applications orientation (temperature range),
e Axis 3: Technology and manufacturing readiness level TRL/MRL of the projects.

2.3.1. Thematic area

Axis 1 will facilitate interactions between projects that use similar technologies, enabling them
to collaborate in addressing specific technological challenges. Given the early stage of
technology, this will assist the consortia in identifying shared scientific interests, fostering
strong collaborations and inspiring new ideas.

Four thematic areas have been identified based on the discussions in the portfolio kick-
off meeting:

A. Magnetocaloric cooling

B. Electro-, elasto- and baro-caloric cooling

C. Thermo-mechanical and sorption technology cooling

D. Transversal axis on modelling, control and maintenance technologies

The allocation of projects to the different thematic areas is shown on Figure 2.

Magnetocaloric

LEMON COCOMAG MAGCCINE

Electro-, elasto- and barocaloric cooling

COOLPOL SMACOOL FROSTBIT

BEYOND

Thermo-mechanical and sorption technology

(@]
+
v @
= 0
c
T ©
= £
=
S .0
7 i
4—-
O o
cC o
S 2
UL_
o o
= E
v .=
(]

HYDROCOOL DYMAN CHARCOOL ColteraTREC

Figure 2: Structure of the thematic areas of the projects and potential collaborations.
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2.3.2. Applications orientation (temperature range)

Axis 2 concerns orientations towards applications that will enable the benchmarking of
various technologies within a specific application area. Moreover, it will assist projects in
identifying and sharing specifications, aided by interactions with end-users, for improved
project positioning.

The allocation of projects per application and the targeted temperature range is shown in
Table 4.

APPLICATIONS TARGETED TEMPERATURE PORTFOLIO PROJECTS
RANGE & LEVEL OF COOLING
Data centres (DC) (18°C to 29°C)? BEYOND, DYMAN,

CHARCOOL, COOLPOL,
HYDROCOOL, SMACOOL,

ColteraTREC
Vaccine Conservation (VC) (2°C and 8°C)? COCOMAG, MAGCCINE
Air Conditioning Systems / (15 — 25°C)* CHARCOOL, COOLPOL,
Domestic Heating (AC) BEYOND, SMACOOL,

DYMAN, HYDROCOOL,
COCOMAG, ColteraTREC

Refrigeration/Freezer (RF) (0°C to 4°Cy FROSTBIT, HYDROCOOL,
BEYOND
(~-18°C)°
Quantum Computing (QQC) (<1K)’ LEMON

Table 4: Projects classified per application and the targeted range of temperature.

2 Data Center Cooling: Everything to Know | Flexential

3 HANDLE WITH CARE: Protect Your Vaccine, Protect Your Patients

4 What is the recommended temperature for operating the air conditioner in winter and summer?
> Optimal Refrigerator Temperatures: The Key to Food Safety and Freshness - Appliance Update

® What Temperature Should a Freezer Be?

7 Why guantum computing at 1 degree above absolute zero is such a big deal | Live Science
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https://www.flexential.com/resources/blog/data-center-cooling
https://www.cdc.gov/vaccines/hcp/admin/storage/downloads/vaccine-storage-temperatures.pdf
https://appliances-expert.com/en/permissible-temperature-for-air-conditioner/
https://applianceupdate.com/what-degrees-should-a-refrigerator-be/
https://thekitchenfiesta.com/what-temperature-should-a-freezer-be/
https://www.livescience.com/technology/computing/why-quantum-computing-at-1-degree-above-absolute-zero-is-such-a-big-deal

2.3.3. TRL/MRL

Axis 3 focusses on the Technological Readiness Level (TRL) 8 and the Manufacturing
Readiness Level (MRL)? of the projects (explained in Figure 3).

Basic Manufacturing Pnd m Implicati Production in

Implications Real world
> > > 3 > 4 > > > 7 - Manufacturing Readiness Level (MRL)
Identiy Identify Technology Fbvoem Initial
processes and cost d P {
R&D projects Commercialisation
Stated P'w' hl?nhvu\t m-uum Sy'tnhmprm
Principles issi
> > > 3 > 4 > > > 7 - Technology Readiness Level (TRL)
Technology concept  Validation lid System P d
formulated Inlab Inmleondmon And qualified

Industrial engineering
Figure 3: Relationship between the TRL and MRL.
As all EIC Pathfinder projects, the TRL of the technologies developed in the Cooling

portfolio start at level 1-3. The MRL of the portfolio projects can be classified between 0-
3. The target is to reach up to TRL 4 and MRL 5 at the end of the runtime of the projects.

The cross-project portfolio collaboration can be enhanced at the beginning of the project
timeline as TRL and MRL are similar:

e TRL at the beginning and targeted TRL at the end of project runtime,
e MRL at the beginning and targeted MRL at the end of project runtime.

8 trl-assessment-tool-guide-final.pdf https://www.linkedin.com/pulse/understand-technology-readiness-
levels-trls-so-you-receive-faltin
9 Manufacturing readiness level - Wikipedia
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https://horizoneuropencpportal.eu/sites/default/files/2022-12/trl-assessment-tool-guide-final.pdf
https://www.linkedin.com/pulse/understand-technology-readiness-levels-trls-so-you-receive-faltin
https://www.linkedin.com/pulse/understand-technology-readiness-levels-trls-so-you-receive-faltin
https://en.wikipedia.org/wiki/Manufacturing_readiness_level

Table 5 classifies the projects in the portfolio and makes a link between the three different
axes of possible collaboration.

PROJECT THEMATIC ~ APPLICATIONS/ TRL/MRL TARGETED TRL/MRL
AREA TEMP RANGE AT THE START AT THE END

LEMON A QC TRL (2); MRL (2) TRL (4); MRL (5)
COCOMAG A VC TRL (2); MRL (7) TRL (5); MRL (9)
MAGCCINE A VC TRL (1); MRL (0) TRL (4); MRL (2)
COOLPOL B AC TRL (2); MRL (1) TRL (4); MRL (3)
SMACOOL B AC TRL (3); MRL (1) TRL (4); MRL (3)
FROSTBIT B RF TRL (1); MRL (1) TRL (3-4); MRL (2)
HYDROCOOL C RF TRL (2); MRL (1) TRL (4); MRL (3)
DYMAN C DC TRL (2); MRL (3) TRL (3); MRL (5)
CHARCOOL C DC AC TRL (1); MRL (1) TRL (4); MRL (4)
ColteraTREC C AC; DC TRL (2); MRL (1) TRL (4); MRL (3)
BEYOND D AC-RF TRL (1); MRL (n/a) TRL (3); MRL (n/a)

Table 5: Projects per thematic area, targeted applications/range of temperature and TRL/MRL.

2.4. Main synergies

Further to the identified axes of collaboration, the main synergies among the projects will
be explored in the following areas:

1) Materials synthesis and characterization for cooling: the segmentation of the
portfolio in the main thematic areas,

2) Materials screening, simulation, and data management,

3) Manufacturing technologies and scale-up,

4)  Share experience on digital tools (e.g. digital twins, ML, physics-based modelling
etc),

5) Potential equipment to share among portfolio projects,

6) Couple different technologies to widen the operational spectrum (e.g.
complementary technology in terms of range of temperature),

7)  Life cycle / costing / sustainability assessment (LCA, LCCA, LCSA),

8) Techno-economic analysis (TEA) including the evaluation of system-level benefits
(i.e. provision of ancillary services to the power system) and profitability for
different end users and markets,

14



9) Exploitation strategies, and in particular comparison of different business models
to facilitate market implementation of cooling technologies or optimal
integration to other facility management services,

10) Assessment of policy and regulations to reward the overall benefits of cooling,
including possible amendments to cooling markets configurations at Member
State level and proposals for a common approach to systems integration of
efficient and clean cooling technologies.

It is both possible and encouraged to identify further synergies and complementarities
among the projects during the runtime of the projects, with the specific knowledge
sharing and networking tools put in practice.

15



3. PORTFOLIO ACTIVITIES

The portfolio activities target three key dimensions reflected in the portfolio WGs: 1)
techno-scientific, 2) innovation, regulation and standardisation, and 3) dissemination and
exploitation, established to support and facilitate the collaboration between the projects.
The following KPI table showcases the lists of goals that the projects of the Cooling
Portfolio have decided to target by the end of their grant:

PROJECT RANGE OF COST PER  TARGETED  TIME LIFE System
TEMPERATU W [€/W] COOLING  BETWEEN EXPECTAN Weight/

= POWER SERVICE CE Cooling W
TARGETED [W] CYCLE [kG/W]
[°C]

LEMON 20 mK To be 100 pW >1 year 10 years  Thd
measured
with the
final
prototype
COCOMAG 35°Cto-2 5(CAPEX) 1kw S years 10 years Tbd
ColteraTREC  45°C to 1-5 2KW (EV 5 years 10-20 0.001
R A/C)-100MW
18°C (Hyperscale years
Data Center
Cooling
System)
MAGCCINE 30 to (2- To be 300 W >y 10 years Thd
8°Q) measured
with the
final
prototype
COOLPOL 15-25 To be 1kW To be 10 years Thd
measured measured
with the with the final
final prototype
prototype
SMACOOL  18-40 To be 500 -1000 1year or 10 years 0.2
measured W longer with
with the condition
prototype monitoring

16



FROSTBIT 0-4°C Procedure  100W Evaluation of |Evaluation Tbd

for cyclability/dur of
evaluation ability cyclability/
of the cost planned for  durability
to be in WP3 planned
defined with : for in WP3
: Hydraulics
the first .
orototype requirements
to be
explored with
the first
prototype
HYDROCOOL -40/ +15°C To define 200 kW It depends on 20 years  Thd
what is (Target) 17.6 the
COST? kW maintenance
(CAPEX, (Prototype) and
OPEX, operation
LCOC?) schedule. It's
it will very d.ifficult
to define at
depend :
I this moment
: of
final use development
and '
configurati
on
DYMAN 15-28 °C Not defined 5 kW Continuous 20 years  Thd
(operational yet monitoring  (maintena
) and remote  nce from
servicing time to
time)
CHARCOOL 6-25°C 400 €/kW  10-100kW Continuous 20 years Thd
BEYOND -40 - +120  To be The service Not pertinent More than The device
°C (all estimated  can be 15 years to be
single-stage after the applied to applied to
vapor performanc any vapor the cooling
compressio e testing of compressio system will
n the n system. have a
technology prototype  Reasonably negligible
range) it will be weight
economicall
y

17



convenient
on small
size
systems,
less than 50
kW

Table 6: Summary of the projects classified as a function of the thematic area, Targeted applications/range
of temperature, TRL/MRL Level.

3.1. Techno-scientific activities

Table 7 describes the technological areas where commonalities among the projects have
been identified, that can bring to specific technical activities among projects.

ACTIVITY CONTRIBUTORS  Description

Mapping of All ALL PROJECTS - develop a centralized
competencies and database of scientific equipment
facilities available within the consortium,

including usage terms and contact
points, to facilitate internal
collaboration and potential shared
access through rental or service

agreements.
Cooling application HYDROCOOL DYMAN - focus on data centres
sectorial analysis DYMAN sectorial analysis

HYDROCOOL — analysis of the
agrifood industrial sector

- Risk assessment, DYMAN DYMAN - focus on data centres
Technology trends HYDROCOOL market trends
analysis

HYDROCOOL - technology risk
assessment in the agrifood industrial

sector
New materials design for = CHARCOOL ALL THREE PROJECTS — establish a
sorption technologies DYMAN common protocol for the
and heat exchanger ColteraTREC experimental measurement of water

adsorption capacity, as well as to
agree on the modelling approach to
simulate the adsorption process.

18



Advanced additive
manufacturing

LCA and environmental
impact assessment with
shared metrics and
methodologies

Hybridization of different
complementary cooling
technologies

Common list of potential
infrastructure

LEMON

ALL

LEMON
MAGGCINE
HYDROCOOL
BEYOND

LEMON
MAGCCINE
DYMAN

19

LEMON - low-temperature
characterization of various 3D-printed
copper structures; evaluation of
thermal and chemical treatment and
the effects on thermal conductivity
ALL — Within the technical-scientific
working group, collaborative discussions
and an exchange of specialist opinions
will be held to support each project in
defining the most appropriate
methodology to conduct the Life Cycle
Assessment (LCA) for that specific
innovative technology.

LEMON - supply chain analysis of
select rare-earth materials

MAGCCINE — Supply chain analysis of
select materials and it’s environmental
impact evaluation the recovery
technology capability

LEMON - evaluate portfolio
technologies for pre-cooling of
cryogenic systems

MAGCCINE — evaluate portfolio
technologies for combine the rotating
magnetocaloric effect with the other
technologies in the portfolio

HYDROCOOL - evaluate portfolio
technologies to find synergy
applications.

BEYOND - support other projects in
defining schemes and KPI or doing
simulations after hybridization

LEMON - creation of shared database

MAGCCINE - creation of shared
database



Common approaches on
simulation tools, control
techniques, research
equipment

New materials design
(e.g. use of Al/ML),
synthesis,
characterization (e.g. in
operando) and testing in
real environmental
conditions

Manufacturing
technologies

MAGCCINE
DYMAN
COOLPOL

LEMON
MAGCCINE

LEMON
MAGCCINE
DYMAN
COOLPOL

DYMAN - contribution from sorption
and two-phase cooling technologies

MAGCCINE — creation of shared
database of the used
calculations/simulation procedures

DYMAN - contribution from simbots
(digital twin components)

COOLPOL — creation of open-source
models

LEMON - input on required
parameters

MAGCCINE — input of the required
material, the better aspect ratio, the
multielement assemble strategy

LEMON — Creation of shared database
and input of known technologies

MAGCCINE- Creation of shared
database of the suppliers of materials
and production equipment

DYMAN — contribution from sorption
and two-phase cooling technologies

COOLPOL — contributions to
manufacturing of caloric materials on an
industrial scale

Table 7: Technological areas of potential collaboration interest for portfolio activities.
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3.2.Innovation, regulation and
standardisation

Table 8 describes the regulatory and innovation areas where the projects of the Cooling
Portfolio could collaborate as well as potential activities.

Activity Contributors Description \

Policy, regulatory and COCOMAG MAGCCINE COOLPOL - standardisation in

standardisation analysis COOLPOL SMACOOL the measurement of the
FROSTBIT DYMAN  electrocaloric effect and

electrocaloric devices

COCOMAG - Standardisation
of magnetocaloric materials
characterization and
terminology

MAGCCINE — standardisation
in the measurement of the
magnetocaloric and rotating
magnetocaloric effect

SMACOOL — material- &
system-level characterization
standards and possible
benchmarking from
elastocalorics point-of-view

FROSTBIT — standardisation in
the measurements of the
barocaloric effect and
characterization of barocaloric
devices

DYMAN - Evaluation of impact
of adsorption and two-phase
cooling in standards governing
data centre design, especially
ASHRAE Technical Committee
9.9 Thermal Guidelines for Data
Processing Environments
Stakeholder mapping & BEYOND Preparation of a list of
exploitation plan COOLPOL stakeholders to be contacted
potentially interested in the
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List of current policy, BEYOND
regulatory and

standardisation

Overview of alternative SMACOOL

technologies BEYOND
DYMAN

Market and industry MAGCCINE

analysis: identification of  DYMAN

sectors with the highest
demand for clean and
efficient cooling
technologies considering
Strategic Autonomy,
Circularity and
Sustainability issues.

Stakeholder Engagement  BEYOND
to gather insights into LEMON
their specific cooling

needs, performance

requirements, and

operational constraints to

initiate early collaboration

and feedback.

Facilitate technology

transfer, from laboratory

to market products.
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innovations of the portfolio &
share relevant information
such as exploitation plan.

Beyond review of current
normative for the different
applications of the projects.

SMACOOL Listing updates on
cooling technologies.
BEYOND Listing current
cooling technologies for
some of the applications
DYMAN Analysis of
alternative data centre
cooling solutions, such as
immersion cooling or liquid
cooling

MAGCCINE - Identify
Industry and other relevant
partners related to vaccine
transportation.

MAGCCINE will coordinate
this activity with the rest of
the projects to collect all the
required information.

DYMAN Analysis of waste heat
to cold applications in
industries beside data centres

BEYOND - Preparation of a
draft questionnaire including
some questions related to the
potential services/products
needed by the market
depending on the area of
application

LEMON - Create a list of
potential points of contact for
the stakeholders in the



implementation of the
technology. The list will be
shared in the portfolio and
used to align networks and
facilitate introductions

Draft and compare LEMON LEMON - support members
different exploitation BEYOND of the portfolio in IP

plans using the same protection and start-up
template including creation through the
business models expertise of kiutra being a
proposed by the portfolio young company.

projects and their

suitability for various BEYOND - Share experience
market segments. on IPR and general strategy
Share expertise on IPR for the exploitation

and on different
exploitation strategies
such as start-up creation.

Table 8: Regulation and standardisation portfolio activities.

3.3. Dissemination and exploitation

Table 9 describes Dissemination and exploitation areas where the projects of the Cooling
Portfolio could collaborate as well as potential activities.

Activity Contributors Description

Portfolio Networking ALL PROJECTS Identification of relevant workshops,
events, conferences to generate
portfolio exposure and create a
portfolio brand identity.

Communication and outreach ALL PROJECTS Promotion of the portfolio website

Contributions to the portfolio

newsletter
Preparation of a demo (electrocaloric = COOLPOL Preparation of demos for lay
cooler) audience and stakeholders
E-MRS Calorics symposium FROSTBIT Organization of a symposium
SMACOOL dedicated to calorics at a E-MRS
meeting of 2026 or 2027

Implementation of tutorials on
advanced calorics in this occasion

Portfolio website and newsletter LEMON LEMON - Creation, hosting and
BEYOND maintenance of the portfolio website.

Preparation and distribution of the
portfolio newsletter.
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http://eic-cooling.eu/
http://eic-cooling.eu/

BEYOND — Support the preparation of
the contents and promotion of the
newsletter through direct channels
with associations (IR, IEA)

Junior Scientist Community MAGCCINE Establishing a Junior Scientist
COCOMAG Community to provide networking
SMACOOL opportunities, further training, and
tutorials
Portfolio Meetings CHARCOOL Co-organization and hosting of the

first portfolio meeting in 11/2025

Table9: Dissemination and exploitation areas of potential collaboration interest for portfolio activities.

4. SUMMARY: COLLABORATIONS
AMONG PROJECTS

Based on the initial focus of the challenge, of the portfolio composition criteria, of the
peculiarities of the individual projects, and in the light of the identified potential synergies
among them, several potential collaborations within the portfolio can be identified, as
reported in Table 10.

In some cases, these collaborations will be undertaken through specific comparisons
among alternative options using comparable KPIs (Key performance indicators). Projects
hence share similarities and differences, and a techno-economic comparison among
them is a specific aim of the portfolio.

As already outlined, three major axes within the portfolio have been identified:

. Thematic/Technological area

. Applications (temperature range) orientation

. TRL/MRL level of the projects

The regulatory classification is strictly related to the column associated to applications.

Check section 2.2 to identify the potential collaboration for each sub-group (e.g.
equipment, materials, LCA, ...).

It must be considered that complementarities, not only common scientific or application
objectives, between the projects must be fostered. For example, projects with
complementary objectives can constitute a larger proposal/offer in terms of final
objectives.

Projects Technological axes Applications/ TRL/MRL
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Temp. range (starting)

LEMON (A)YCOCOMAG, MAGCCINE @ (QQ) TRL2/MRL?2
COCOMAG (A)LEMON, MAGCCINE (VC) MAGCCINE TRL 2/MRL 6
ColteraTREC (C) CHARCOOL (AC) Beyound TRL2/MRLT
(DC) CHARCOOL
MAGCCINE (A)LEMON, COCOMAG (VC) COCOMAG TRL1/MRL O
COOLPOL (B)SMACOOL, FROSTBIT (AC) SMACOOL, BEYOND TRL2/MRL1
SMACOOL (B)COOLPOL, FROSTBIT, (AC) COOLPOL, BEYOND, TRL3/MRL1
MAGCCINE MAGCCINE
FROSTBIT (B)COOLPOL, SMACOOL (RF) HYDROCOOL TRL1/MRLT
HYDROCOOL | (C)DYMAN, CHARCOOL (RF) FROSTBIT TRL2/MRL1
DYMAN (C)HYDROCOOL, (DC) CHARCOOL TRL2/MRL3
CHARCOOL
CHARCOOL (ODYMAN, HYDROCOOL | (DC) DYMAN, (AC) COOLPOL, | TRL1/MRL1
SMACOOL
BEYOND (D) ALL (AC-RF) CHARCOOL, TRL 1/MRL N/A

COOLPOL, SMACOOL,
HYDROCOOL, DYMAN,
FROSTBIT

Table 10: Summary of potential collaborations based on the three defined axes and as a function of
equipment to share and materials to develop.
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ANNEX

Regulations and Standards for Client-Centric and
Efficient Cooling Systems

Regulations and standards play a crucial role in ensuring cooling systems are not only
effective at temperature control but also environmentally sustainable (‘clean’) and energy
efficient (‘efficient’). These frameworks aim to reduce environmental impact, enhance
safety and optimize energy usage. Below are the key aspects:

Energy Efficiency Standards

Energy efficiency is a top priority for cooling systems, whether for residential, commercial
or industrial use, data centres and in future for quantum computing. Standards and
regulations are fundamental to foster the reduction of energy consumption, operational
costs, and carbon footprints. Examples include:

e EU Energy Labelling™: Provides energy consumption information for appliances
like air conditioners and helping consumers choose efficient options.

« ISO 50001 (Energy Management Systems)": Offers a framework for improving
energy performance, including cooling system efficiency.

Environmental Standards

Cooling systems significantly impact the environment, particularly through refrigerant
use. Standards address these concerns to mitigate climate change effects, such as:

e F-Gas Regulations (EU)": Restrict high-GWP (Global Warming Potential)
refrigerants, promoting eco-friendly alternatives.

« Montreal Protocol™: An international treaty to phase out ozone-depleting
substances, including certain refrigerants.

Safety Standards

Stringent safety standards ensure the safe operation, installation, and maintenance of
cooling systems:

19 EU energy labelling requirements - Your Europe

]SO - 1SO 50001 — Energy management

"2 https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/eu-rules_en
B https://www.unep.org/ozonaction/who-we-are/about-montreal-protocol
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https://europa.eu/youreurope/business/product-requirements/labels-markings/energy-labels/index_en.htm
https://www.iso.org/iso-50001-energy-management.html

e UL (Underwriters Laboratories)'*: Sets safety criteria for electrical components to
prevent risks like fires malfunctions.

e |EC (International Electrotechnical Commission)™: Focuses on safety and
performance for electrical and electronic devices, including cooling systems.

Noise and Comfort Standards

Efficient cooling systems must also maintain user comfort by controlling noise levels and
ensuring good indoor air quality (fundamental for new markets):

e ISO 3744'®: Addresses noise measurement for cooling systems, ensuring
acceptable sound levels.

« ISO 14001": Covers environmental management, including industrial noise
mitigation.

Measurements Standards

e [SO-17025: All measures will be collected using experimental systems validated
accordingly with this procedure.

Building and Cooling Integration Standards

e ‘Clean and efficient’ cooling is a key factor in modern building design, making
sustainability and seamless integration critical for new cooling systems: LEED
(Leadership in Energy and Environmental Design, UK)® rates building
environmental performance, emphasizing energy-efficient and sustainable
cooling.

e BREEAM (Building Research Establishment Environmental Assessment Method):
Evaluates building sustainability, including cooling efficiency and thermal comfort.

e EPBD (Energy Performance of Buildings Directive) 20232°: European regulation
defining minimum performance of buildings in next years. The heating and cooling

systems contribute to the energy consumption related calculations to define KPlIs.

' Solutions, UL Research Institutes, UL Standards & Engagement and UL (27 June 2022). "UL Enterprise
Launches New Brands". WFMZ.com. Retrieved 2022-08-04.

* https://www.iec.ch/homepage

' https://www.iso.org/standard/52055.html

' https://www.iso.org/standard/60857.html

8 https://www.building.co.uk/essential-guides-breeam-leed-green-star-and-estidama/5002213 article
9 https://smart-cre.com/what-is-breeam-certification-definition-process-and-benefits/

20 https://www.europarl.europa.eu/
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Standards for Refrigerants

e Regulations ensure refrigerants are safe, efficient and eco-friendly:
Hydrofluorocarbon (HFC) Phase-Out®": Many countries are replacing HFCs with
low-GWP options like hydrofluoroolefins (HFOs) or natural refrigerants. It is
fundamental for new technologies to comply with this in order to tackle markets
segments.

e 1SO 514922 Defines safety requirements for refrigerant handling and use.

DIN EN 378, parts 1, 2, 3, 42 — Refrigerating systems and heat pumps - Safety and
environmental requirement

" https://www.eea.europa.eu/en/analysis/indicators/hydrofluorocarbon-phase-down-in-europe
22 https://www.iso.org/standard/54979.html

3 https://area-eur.be/sites/default/files/2019-07/AREA%20Introduction%20to%20EN%20378%20-
%20for%20Publication 0.pdf
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https://www.eea.europa.eu/en/analysis/indicators/hydrofluorocarbon-phase-down-in-europe
https://www.iso.org/standard/54979.html
https://area-eur.be/sites/default/files/2019-07/AREA%20Introduction%20to%20EN%20378%20-%20for%20Publication_0.pdf
https://area-eur.be/sites/default/files/2019-07/AREA%20Introduction%20to%20EN%20378%20-%20for%20Publication_0.pdf
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