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EXECUTIVE SUMMARY
This document describes the initial «Exploitation Plan» to be adopted by the Smart — Pumps Project.

Smart-Pumps has been funded by the European Union under the Grant Agreement number 10114744,
Deliverable 5.3 «Exploitation Plan» is the third deliverable of WP5 «Dissemination, Exploitation and
Communication» of the Smart-Pumps project. The D5.3 outlines the preliminary exploitation plan,
specifying the project’s exploitation objectives, identifying its key exploitable results (KERs), describing
the methodological approach which the project consortium will follow during the different phases of
the project, from the beginning, throughout its implementation, to its completion and beyond,
including some initial plans for exploitation activities.

Specifically, Smart-Pumps exploitation strategy will emphasize on actions that enable partners to
utilize effectively the know-how and insights gained throughout the project, either for developing
market-ready products and services or non-commercial applications of the results.

Directly linked to the dissemination strategy (D5.2), this approach aims to ensure the significant use
of project outcomes and support the achievement of the intended impact, especially in the industrial
sector.

Moreover, this document will provide guidance on exploitation-focused activities that will assist
partners to leverage their contributions, transforming specific research and innovation efforts into
tangible value and benefits for society, industry and the environment. Finally, a key component of this
strategy is the establishment of a Joint Venture partnership involving all project partners, which serves
as a significant added value for the commercialization of Smart Pumps, fostering collaborative

innovation and shared market opportunities.

The main aims of the deliverable are listed below:
e Presentation of the key exploitable results (KERs) and their potential exploitation.
e Mapping of the key actors for exploitation of the KERs.
e Identification of the target sector, end-users, and audience.
e Initial Market Analysis

e Establishment of long-term strategies, incorporating a Joint Venture Business Model.

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
the grant agreement Mo. 101147440, This document reflects onlythe author' sview, and the Commission is not responsble
for any use that may be made of the information it contains.



) SM/‘E\RT D5.3|Exploitation Plan
PUMPS

Table of Contents

ABBREVIATIONS ...ttt sttt ettt b e s bt st sttt e b e bt e s be e s bt e sae e s ae e et e e beesbeesaeesasesmteeabeenbeenes 7
INTRODUGCTION ...ttt ettt ettt sh e s a e st st b e b e s bt e s ae e s ae e e b e e bt e sbeesheesaeesabeeabeeabeenbeesneeeneeenneen 8
AIMS & OBJECTIVES OF THE DELIVERABLE................oueeiiiiieiieeieeeee ettt e et e e e e e s saneaee e e e e e 10
EXPLOITATION METHODOLOGY ........uiiiiiiiiiiiieeiiittte e e e e ettt et e e e e s sitereeeeeeesssabareeeeeessssansntseeeeesessssnnsnes 11
PHASE 1: CINITIAL IMAPPING .....niiiiiiiiiiei ettt ettt et e e e s sttt e e e e e s s s aabteeeeeesssaassseeeeeeeessannnnnes 12
IPR MATRIX METHODOLOGY .......ooitiiiitiiitiiieiieesteesieesitesite st et e bt e sbeesseesaeesasesate e bt esbeesseesanesareebeenneennes 14
BACKSIOUNG ...t e et e e e e et e e e s rta e e e e et ae e e eeabeeeeennbeeeeennbeeesenarenas 15
oY= = o TV T3 o PP 18
IDENTIFICATION OF EXPLOITABLE RESULTS: ........oiiiiiii s 21
SWOT AN ALY SIS: ... ettt ettt et e e e e et ettt et et et et et et et et et e e e e et e e e e e e eeaeaeeeaeaeaeaeeeeeeeeeeeeseeenes 29
CONCLUSION AND NEXT STEPS.........eeiiiiitieeeieet ettt ettt et sttt et e b e e sbeesaee st e eteesbeesaeesaeenas 31

List of Tables

Table 1: Abbreviations and ACrONYMS ......cccciieiiiiiiiiiiiiiiiiiiiierenieieesisinierssssssssersnsssssnssssnnns 7
Table 2: Activities during the different exploitation phases of the Project...........cccceuuueenneneee. 12
Table 3: The Structure of the IPR MatriX.....ccccceeiiiiiiiimmmuiiiiiiiniininiisnnnnrsssssssneneeesenes 14
Table 4: SMART PUMP's Identified BG ..............cooiiiiiiiiiiiieeieeeeeeeeesee et 15
Table 5: SMART PUMP'S Identified FG ............ccccooiiiiiiiiiiiiecccceece s 18
Table 6: List Of the KERS..........c.c.ooiiiiiiiiiiie ettt sttt e s s anees 21
Table 7: KER1 - Simulations models for operation optimization of HPs..................cccccvvrveneen... 22
Table 8: KER2 - Optimized 3D models of HP components ...............cccccooovviiiiienc e, 23
Table 9: KER3 - Al-Enhanced Ultrasonic Sensor System.............ccccoceeeiiiiicciiieiee e, 23
Table 10: KER4- Smart Capabilities, connectivity and user dashboard ...................cccccuvneeeeel. 24
Table 11: KER5 - Multi-material HP components with embedded sensors..................c.ooeeee.... 24

Table 12: KER6 - Real-time quality Control processes and standardized protocols for HP
component MANUFACtUIING. ...........ooiiiiiiiei e e e e s saar e e e e esreeeeeans 25
Table 13: KER7 - Optimization of manufacturing process and assessment of HP component

PROROTYPES ... et e e et e e e et e e e e e s et e e e 25
Table 14: KER8 — Circular logistics and «Efficious» sharing platform ...................ccccccoocee 26
Table 15: KER9 Assembly and Installation of HPS ..............cccoooiiiiieiiiiiiiiiieeee e, 26
Table 16: KER10 - Environmental Impact though LCA and LCC tools............cccceevvrieeiiniiieeennne. 27
Table 17: KER11 — Hybrid Manufacturing cell ...............ccoooiiiiiniii e 27
Table 18: KER12 — Al optimization algorithm ...............cccooeiiiiiii e 28
Table 19: SWOT Analysis performed for Smart-Pumps project.............ccccoevveviiniiieeeiniciieeeennnee, 29

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
the grant agreement Mo. 101147440, This document reflects onlythe author' sview, and the Commission is not responsble
for any use that may be made of the information it contains.



7o) SMART
PUMPS

ABBREVIATIONS

Table 1: Abbreviations and Acronyms
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Acronym Description

Al
AM
BG
CA
C&D
FG

D
EU
GA
GDPR
HP
IPR
KER
KPls

OEMs
ROI
TBC
WG
WP

|Artificia| Intelligence

|Additive Manufacturing
|Background

|Consortium Agreement
|Communication & Dissemination
|Foreground

|De|iverab|e

|European Union

|Grant Agreement

|Genera| Data Protection Regulation
|Heat Pump

|Inte||ectua| Property Rights

|Key Exploitable Result

|Key Performance Indicators
|Month

|Origina| Equipment Manufacturers
|Return of Investment

|To be completed

|Working Group

|Work Package
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INTRODUCTION

The EU has identified Heat Pumps as a cornerstone technology for achieving climate neutrality and
reducing dependency on imported fossil fuels. A fast HP roll-out would make the EU significantly less
dependent on energy imports by cutting gas demand in buildings by 40% by 2030 compared to 2022, and
by reducing the EU’s energy import bill by €60 billion over the same period.! According to the
«REPowerEU» plan, accelerating HP deployment and production is essential.2 However, to respond to this
ambition, several critical challenges must be addressed-including high production costs, lack of skilled
workers, supply chain bottlenecks, and the need for power sector integration. To overcome these
challenges and accelerate the transition, European production capacity must be strengthened by
developing an EU industrial strategy for HPs and their components while maintaining HP component
manufacturing and HP assembly within the EU. In this context, optimizing HP performance, reducing their

environmental footprint, and facilitating seamless integration into energy systems become crucial.

A viable solution lies in developing innovative, circular by design HPs and HP components, which are
sustainable, safe, affordable, easy to install and use, and able to connect with other devices of the digital
era. This is performed through the introduction of novel design and digital manufacturing approaches for
multi-material multi-functional components with embedded sensing/smart capabilities, which utilize
recycled material in standardized systematic processes, as an alternative to the established practice for HP

manufacturing.

In response to this vision, Smart-Pumps aims to: (1) optimally redesign heat pump components under the
newly introduced Design for Additive/Hybrid Manufacturing concept, which apart from operational
characteristics, includes all life-cycle parameters, such as recycled material sourcing and component
recyclability, for maximum efficiency, sustainability, safety and reliability, (2) to utilize multiple materials
which are mixed at different percentages in the various operational sections of heat pump components,
following the Functional Grading methodology, thus fully exploiting their properties (mechanical, thermal,
electrical, etc) and maximizing material usage efficiency, (3) to embed sensors and devices within heat

pump components for monitoring and operational data extraction, and also for actively changing heat

1EU Heat Pump Accelerator A joint plan for boosting heat pump deployment and meeting the REPowerEU targets,
EHPA (2023) Find at: https://www.ehpa.org/wp-content/uploads/2023/06/EU-Heat-Pump-Accelerator FINAL June-

2023.pdf

’REPowerEU: COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE EUROPEAN

COUNCIL, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE

REGIONS REPowerEU: Joint European Action for more affordable, secure and sustainable energy COM/2022/108 final
This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
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pump component structure to optimize operation, (4) to standardize testing and create manufacturing
process and assembly protocols, and (5) to create training curricula for all relevant stakeholder on digital

design, manufacturing and testing of Smart Heat Pumps.

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
the grant agreement Mo. 101147440, This document reflects onlythe author' sview, and the Commission is not responsble
for any use that may be made of the information it contains.
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AIMS & OBJECTIVES OF THE DELIVERABLE

The objective of this report is to present the strategy and the planned actions for the effective exploitation
of the project outcomes, along with the management of Intellectual Property Rights (IPR) during the
implementation of the Smart Pumps project (M1 — M36) and in the post-project phase. This document
serves as the first version of D5.3, providing a structured approach which will transform the project’s
objective results into viable commercial offerings. The agreed activities will focus on the assessment of
market potentials and the definition of tailored commercialization strategies, fully aligned with the

project’s aims and anticipated impact.

Specifically, in order to support sustainable innovation and long-term value creation, the plan will outline
procedures for protecting intellectual properties, ensuring appropriate use and granting permanent
stakeholders’ engagement with the results after the end of the project. Finally, the commercialization
strategy aims to establish a Joint Venture Partnership in which all projects’ partners will participate equally,
enabling shared ownership, joint-decision making and collaborative advancement of the Smart-Pumps

innovations.
The main aims of the deliverable are listed below:

e Present the key exploitable results (KERs) and their exploitation potential.
e Map the key actors for exploitation of the KERs

¢ |dentify the target sector, end-users, and audience

¢ |dentify the exploitation strategy

¢ |dentify the actions required for market transferability of the KERs

e Define the roadmap for establishing a Joint Venture Partnership

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
the grant agreement Mo. 101147440, This document reflects onlythe author' sview, and the Commission is not responsble
for any use that may be made of the information it contains.
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EXPLOITATION METHODOLOGY

This section outlines the Smart-Pumps exploitation methodology, detailing the steps that will be
undertaken to ensure effective use of the project’s results. In the context of EU-funded research projects,
the term of «exploitation» refers to the process: «the use of results in further R&I activities other than
those covered by the action concerned, including among other things, commercial exploitation such as
developing, creating, manufacturing and marketing a product or process, creating and providing a service,

or in standardisation activities».3

Furthermore, European Commission determines the term «results» as: «any tangible or intangible effect
of a given action, such as data, knowhow or information, whatever its form or nature and whether or not
it can be protected, as well as any rights attached to it, including intellectual property rights».* Moreover,
the exploitation of results can take various forms, such as the application to subsequent research activities
beyond the scope of the project, developing or commercialising new products or processes, offering new

services, or integrating the results into standardization efforts.®

The project’s exploitation methodology is organized to be developed into three distinct phases, aligned
with the project’s overall timeline. Specifically, «Phase 1», which is detailed in this first version(M12) of
the deliverable, will be updated in a second edition (M18) and the final version scheduled for submission
in May 2027 (M36). Each version will provide an increasingly detailed account to project’s assets, outlining
the consortium’s approach to intellectual property protection and identifying the principal pathways for
exploiting results after the end of the project, thus ensuring the sustainability and long-term impact of the

outcomes.

3European Commission(2021), Regulation (EU)2021/695 of the European Parliament and of the Council, April 28th, 2021.
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32021R0695&from=EN#d1e3434-1-1, accessed online
08/05/2025
4lbid., Art. 2 «Definitions», (21).
SEuropean Commission (2019), H2020 Programme- Annotated Model Grant Agreement, version 5.2. Art.28 — Exploitation of
Results, p.243.
https://ec.europa.eu/research/participants/data/ref/h2020/grants _manual/amga/h2020-amga_en.pdfttpage=240, accessed
online 08/05/2025

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
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Table 2: Activities during the different exploitation phases of the Project

Phases \ Description
Phase 1 Identification of:
(12 month) e KERs and owners/collaborator (partners)
e Potential Exploitation
e Exploitation Strategy
e Target Stakeholders, end-users, clients and key market sectors.
e Initial Market Research
Phase 2 Further elaboration of:
(18 month) e Individual exploitation plans per project partner or KER owner
e The potential exploitation of each KER
e Consortium Partners’ Contribution to the Exploitation of the KERs
e Exploitation Strategy: A detailed outline of how each KER owner
intends to leverage the results will be provided: i) production and sale
of a product, ii) internal use for further development, iii) license for
third parts, iv) provision of consultancy services, v) publications. In
this framework, knowledge-sharing workshops will be organised to
gather feedback on market needs and refine the exploitation strategy
accordingly.
Phase 3 The third phase of the Smart-Pumps exploitation plan includes the finalization
(36 month) of all exploitation parameters and activities. Specifically, individual business
plans for each partner will be developed based on KERs list, using the Business
Model Canvas to establish evidence-based assumptions on key business
components. This phase also includes the presentation of a joint model, a
Joint Venture partnership which will aim to support further the
commercialization activities and attract additional public or private funding to
advance the TRL of the project products and solutions.

PHASE 1: «INITIAL MAPPING»

The first step of the exploitation methodology entails the undertaking of the following activities:

e I|dentification of Smart-Pumps KERs.

e Identification of the owners, contributors and beneficiaries of the exploitation results. Specifically,

the «owners» are the partners who hold the primary rights of a given result, while the contributors

are those who provide their input or expertise for the development of a specific part of the result.

Beneficiaries refer to partners who are not involved directly in the creation of the results but

intend to, or are interested in exploiting them.

e Potential Exploitation of the KERs.
e Identification of the target sectors where the result can be effectively exploited, such as the
scientific community, heat pumps manufacturing industry, loT and smart devices industry, policy

making bodies etc

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
the grant agreement Mo. 101147440, This document reflects onlythe author' sview, and the Commission is not responsble
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e Identification of the target users/clients/audience of the exploitation activities and results.
e A preliminary SWOT analysis is developed as an initial step for the mapping process. It will be
updated or modified as market changes occur (Phase 2 and 3).

For the insurance of effective management and comprehensive protection of the newly generated
knowledge and Intellectual Property (IP) within the Smart-Pumps project, the consortium will implement
arobust IPR policy, including clear procedures for the identification, allocation, and safeguarding of project
results. At a primary level, these aspects are governed by the GA and the CA. So, before identifying the
exploitable results and outlining the importance of intellectual property rights and research outcomes, the
Smart-Pumps consortium established a clear understanding of the background and foreground knowledge
related to these rights. This process was carried out both prior to throughout the first year of the project’s
implementation. The identification of background knowledge ensured that pre-existing assets and
technologies brought into the project by partners were properly acknowledged and protected.
Simultaneously, the consortium defined and documented the newly generated (foreground) knowledge,

facilitating the effective management, protection and future exploitation of project results.

Background: The partners «Background» refers to the pre-existing knowledge, expertise, and intellectual
property each consortium member contributes to the Smart-Pumps project. This includes technological
resources, data, software, and other relevant assets aligned with their roles in the project. Furthermore,
access rules and conditions for using this background knowledge are clearly defined in the CA, ensuring
transparency and proper management of shared resources. Additionally, Background claims relevant to
the KERs were also registered during the project and are presented in section 3: «Individual Exploitation

Strategies».

Foreground: During the Smart-Pumps project, the partners have been asked to identify the Foreground,
which is the intellectual property, results, know-how that have been generated as direct result of the
project’s activities. Such Foreground may include products, software tools, programming code,
prototypes, methodologies, know-how that have been generated in the project’s duration or even
afterwards. Foreground claims are identified in this version of the deliverable. However, these will be

updated again in the last version of the D5.3 in May 2027 (M36).

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
the grant agreement Mo. 101147440, This document reflects onlythe author' sview, and the Commission is not responsble
for any use that may be made of the information it contains.
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IPR MATRIX METHODOLOGY:
The IPR methodology is structured around and implemented through four interrelated steps:

a) Recognizing Background IP and defining access rights for consortium members.

b) Provisionally identifying Foreground IP created during SMART PUMPS implementation.

c) Preliminary determining the project’s exploitable results and evaluating their commercial
potential.

d) Establishing protection strategies for these assets to support future exploitation by
consortium partners.

The structure of the IPR Matrix to be applied throughout the project’s duration is summarized in the table
below:

Table 3: The Structure of the IPR Matrix

Background (BG) \ Foreground (FG) Exploitable Results (ER
e BGH# o FGH# o ER#H
e Partner’s BG e Project e Exploitable result
e Contributing Partner Outcome/Achievement e Main Partner
e Short Description of e Related WP e Further contributing
BG e Contributing Partners partner(s)
e Type of Protection e Short Description of FG e Related FG (#)
e Conditions to use e Related BG# (BG owner) e Related project
within Smart-Pumps e Type of Protection task/deliverable (if
e Conditions to use e Conditions to use within applicable)
outside of Smart- Smart-Pumps e Related BG#
Pumps e Interest in  Further e Proposition for the ER-
e Interest in further Commercialisation  of owner
exploitation through Project Results e Short description of
of Smart-Pumps e Conditions to use after the ER
the end of the Project. e Relevance for IP
protection

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
the grant agreement Mo. 101147440, This document reflects onlythe author' sview, and the Commission is not responsble
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Background:

The project partners have identified the Background IP necessary for achieving the objectives of Smart-
Pumps.

Table 4: SMART PUMP's Identified BG

Relevant Contributing BG Short Type of Condition to Condition to Interest in
Background Partner Identifier | Description protection use within use outside further
(name of the of BG (e.g., patent, Smart Smart exploitation
Background) copyright,TM, Pumps(free Pumps. E.g through
Utility Model to use, Confidential Smart
license fee, ?Can be Pump’s
restrictions, shared with results
NDA) externals? YES/NO
1 Extensive HMU BG1 HMU has a long- | Know How Free to use Can be | YES
background in standing expertise shared with
the in developing and externals
development applying advanced
and application tools tailored for
of digital tools the analysis if
and algorithms dynamic thermal
for dynamic systems. Including
thermal simulation models
analysis for assessing
energy
performance,

environmental
impact and cost

efficiency of
thermal
components and
systems
2 3D Modeling | HMU BG2 HMU possesses a | Know How Free to use Can be | YES
and digital strong background shared with
design in advanced 3D externals
modeling, design
for
additive/hybrid
manufacturing
3 Prior expertise | CERTH BG3 CERTH has | License Free to use Individual YES
in the extensive /Agreement Agreement
development expertise in the
and application application of
of sensors and sensors and smart
smart devices devices, including
tailored for a broad range of
industrial and techniques such as
manufacturing acoustic
environments. emissions,
ultrasonic
inspection,
thermography,

vibroscopy and so
on so forth. These
technologies have
been applied

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
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Leadership and
Stakeholders
Insight in HP
Technologies

Heat Pump
industry — Active
member of the
European Heat
Pump Association.
Danfoss accesses

across various

sectors including

industrial

manufacturing,

maritime,

transportation,

fuel systems etc.
Extensive CERTH BG4 CERTH has used | Know How Free to use Individual YES
background of almost all Agreement
research level spectrum of
in all kinds of machine learning
Machine algorithms and
Learning and artificial
Artificial intelligence such
Intelligence as: SVM, LDA,

Random  Forest,

KNN, GBM , QDA,

GNN, Spectral, ...

and Al supervised,

unsupervised,

Reinforcement

learning, GPT,

BART, GenAl and

so on so forth.
Standardization | CERTH BG5 CERTH has a | Know How Free to use Individual YES
of industrial proven large Agreement
processes record in pilot
(monitoring organization and
and testing execution  along
activities) with the

development of

standardization

for processes and

methodologies.
Environmental | CERTH BG6 CERTH is highly | License/Service | Free to use Individual YES
Assessment experienced in Agreement
Expertise using LCA and LCC,
LCA and LCC including the
tools design and the

execution of

complete

assessments,

using appropriate

software and

databases (Sima

Pro or Open LCA),

following 1SO

standards

(ISO

14040/14044)
Extensive DANFOSS BG7 DANFOSS is a | License/service | TBC TBC TBC
Market major player in the

This project hasreceived funding from the European Union’s research and innovation programme Horizon Europe under
the grant agreement Mo. 101147440, This document reflects onlythe author' sview, and the Commission is not responsble
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up to date market
intelligence and
user needs

Additive
Manufacturing
of metal
materials using
Laser Metal
Deposition

AIMEN

BG8

Expertise in the
processing of
metallic materials
by direct energy
deposition (DED)
using laser
technology for the
additive
manufacturing of
components  for
more efficient and
sustainable
production.

Know-how

Free to use
within
project
(under
Consortium)

Individual
Agreement

YES

Laser cell
integration and
standardization

AIMEN

BGY9

Detailed
knowledge of laser
safety verification
according to UNE-
EN IEC 60825-4
and the
requirements for
safe work with
industrial robots
according to ISO
10218-1,
development of
the electrical
assembly and
integration
project, and
programming  of
the automation.

Know-how

Free to use
within
project
(under
consortium
Agreement)

Individual
Agreement

YES

10

Digital supply
chains of
materials and
recycled
materials

AETHON

BG10

A B2B circular
logistics network
that connects
businesses for
buying, selling or
exchanging

surplus resources.

Copyright,
Trade Secret,
Database
Rights

License
service

Individual
Agreement

YES

11

Al Lab

AETHON

BG11

Al prediction
model, tools and
products for
optimization,
automation and
monitoring

Copyright,
Know-how

Free to use
within
project
(under
Consortium
Agreement)

Individual
Agreement

YES

12

Extensive
background of
software
development
and digital
tools

AETHON

BG12

Already developed
digital tools
regarding sensors
and
interconnectivity.

Copyright,
Trade Secret,
Database
Rights

License
service

Individual
Agreement

YES
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The project partners were able to preliminarily identify the FG generated under the objectives of Smart-

Pumps. An initial draft of the information table is provided below. The table will be updated and modified,

in fully alignment with the updated versions of the Exploitation Strategy, corresponded to the progress of

the project and produced results/solutions.

Project
Result/Achieveme
nt

Table 5: SMART PUMP'S Identified FG

\EIT

Partner

Contri
buting
Partne

r(s)

Related BG
Number

Short Description
of FG

Type of
Protecti
on

Interest
in
further
Commer
sialisatio

n of
Project
Results
YES/NO

Conditions

to use after
the end of
the project.

data extraction.

ultrasonic sensor
system, designed
to measure gas-
liquid density of
propane mixtures

with high
precision,
combing
ultrasonic  signal

data, temperature

WP1 Methodology for | HMU DANF BG1, BG2 Developing and | License Free | YES License/Ag
optimized heat 0SS testing a detailed to reement
pump analysis methodology for use

optimized
modeling and
obtaining heat
pump
components with
optimized
performance
characteristics.

WP2 HP, component | HMU - BG1,BG2 Optimized Heat | Utility Free | YES Restriction
models pump component | Model to

models with use
integrated

operational

features and

characteristics

WP2 Desing and | CERTH - BG3, BG4, | Sensor Utility Free | YES Restriction
development  of BGS. applications is a | Model to
novel sensor field in  which use
nodes for CERTH already has
controlling  Heat significant
Pump’s condenser expertise.
and evaporator However, the
circuit,  enabling development of a
monitoring  and cutting-edge
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and pressure
inputs, supported
by an Al model to
estimate mixture
quality, will add
further expertise
into this sector.

WP2 | 4 Real-time Quality
Control &
Standardization

framework for HP

manufacturing

CERTH

AIME

DANF
0SS

BG4, BG5

The integration of
monitoring tools,
closed-loop
systems and data
analytics will
enhance CERTH’s
capabilities in
hybrid
manufacturing
standardization
processes,
creating protocols
,expanding its
methodological
framework  and
strengthening the
collaboration with
manufacturing
industry.

License

Free
to
use

YES

License/Ag
reement

WP4 | 5 Advanced LCA/LCC
sustainability

assessment of the
Smart Pumps case

studies.

CERTH

HMU

BG6

CERTH will expand
its expertise in
LCA/LCC studies,
applying
methodologies
tailored to Smart
Heat Pumps case
studies, including
comprehensive
analysis of energy
and material flow.
Specifically,
CERTH
implement
qualitative
quantitative
approaches
standardized
methods such as
SETAC. All the
above will support
more sustainable
Smart Pumps
design.

will
both
and

and

License

Free
to
Use

YES

License/
Agreement

WP1 | 6 Compliance-
Driven
deployment and
validation of Smart

Heat Pumps

Danfoss

HMU

BG7

tbc

tbc

thc

Thbc

Tbc

WP3 | 7 Hybrid

Manufacturing cell

AIMEN

BG8

Detailed
knowledge of
laser safety

Know-
how

Free
Use

YES

Agreement
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verification
according to UNE-
EN IEC 60825-4
and the
requirements for
safe work with
industrial robots
according to ISO
10218-1,
development  of
the electrical
assembly project
and  integration
and programming
of the
automation.

inter
nally

WP3

Additive
Manufacturing of
conductive
materials
Laser
Deposition

using
Metal

AIMEN

HMU

BG9

Expertise in the
processing of
metallic materials
by direct energy
deposition (DED)
using laser
technology for the
additive
manufacturing of
heat transfer
components,
using  materials
with high
conductivity.

Know-
how

Free
use

inter
nally

Yes

Agreement

WP2

Interconnectivity
of multiple sensors
and Ul automation
scenarios

AETHO

CERTH

HMU,
DANF
0SS

BG12

Interconnectivity
of multiple
sensors,
connection with a
controller, and Ul
automation
scenarios for
users.

Individu
al
Agreem
ent

Free
use

inter
nally

Yes

Agreement

WP3

10

Al-based algorithm
for optimization

AETHO

AIME
N,
HMU,
CERTH

BG11

Al-based
algorithm for the
optimization  of
the hybrid
manufacturing
processing
parameters and
conditions

Individu
al
Agreem
ent

Free
use

inter
nally

Yes

Agreement

WP4

11

Circular  logistics
network for
recycled material
procurement and
handling for the
Heat-Pump

ecosystem

AETHO

CERTH
,AIME

BG10

Extension of of
the B2B circular
logistics platform
(Efficious) tailored
for HP spare parts
reuse and
resource
optimization

Individu
al
Agreem
ent

Free
use

inter
nally

Yes

Agreement
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IDENTIFICATION OF EXPLOITABLE RESULTS:

The most important part of the exploitation methodology is the identification of the exploitable results of
the project. The list of Key Exploitable Results (KERs) was formulated during the first year of Smart-Pumps
project implementation. As the project progresses, some details are expected to be refined, and the
relevance or significance of these results could be shifted by its conclusion. Below is a preliminary list of
the identified KERs, each presented with corresponding definitions, descriptions, and the main responsible
partner.

Table 6: List of the KERs

Exploitable Result Description Main Partner

1 [Methodology for creating and|Creation and application of simulation models for theHMU
applying simulation models forlenergetic, environmental and cost analysis of HP

operation optimization of HPs. components.
2 |Optimized 3D models of smart HP|Development of 3D models that include integratedHMU
components. sensors to be manufactured with additive/hybrid

manufacturing.

3 |Al-Enhanced Ultrasonic Sensor|A low-cost ultrasonic sensor system for accurate|CERTH
System measurement of gas-liquid density in methane or|
propane mixtures. The system will be supported by an
Al-based model that uses ultrasonic signals along with
temperature and pressure data to estimate the
quality of the propane mixture.

4 |Smart capabilities, connectivity,[Development of sensors interconnections through/AETHON
and user dashboard. wireless communication protocols and creation of
user dashboard to monitor, control, and automate
HPs operation.

5 |Multi-material HP components|Manufacturing HP components with embedded/AIMEN
with embedded sensors. sensors using Additive and Hybrid Manufacturing.

6 |Real-time quality ControllA real-time monitoring system, with integrated|CERTH
processes and standardized|sensors and data analytics to monitor and optimize
protocols for HP componentjthe heat pump component manufacturing process.

manufacturing.

7 |Optimization of manufacturinglDevelopment of Al-based algorithms for thelAIMEN
process and assessment of HP|manufacturing process optimization, prototype
component prototypes. production, NDT assessment and best practices
guidelines for HP component production.

8 |Circular logistics and EFFICIOUS|Expansion of EFFICIOUS Platform of|]AETHON
sharing platform recycled/underutilized materials and development of]
“Sharing Wheels” for HP recycled feedstock supplies.

9 |Controlled Lab-Based Assembly|Deployment through assembly, installation and|DANFOSS
and Testing of HP Systems. testing of air-to-water and water-to-water HPs in
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controlled environments based on EN 14511 and EN
14825 standards. Preparation of guidelines for
broader pilot deployment.

10 |[Environmental Impact through LCA|A service that provides environmental and cost|{CERTH

and LCC tools.

performance evaluation for heat pump components
using standardized LCA and LCC tools. Tailored for|
design support and sustainability validation.

11 |Hybrid Manufacturing cell

Lay-out and integration of a Hybrid Manufacturing/AIMEN
cell (Additive and Subtractive processes), with laser
technology. User manual and info needed to achieve
the CE marking

12 [Smart decision-making rules, using|Al-based algorithms for the optimization of the hybridfAETHON

Al optimization algorithm.

manufacturing  processing  parameters  and
conditions, allowing smart decision-making rules for a
more sustainable MMHM (minimum production time,
less environmental fingerprint, and maximum
product quality based on HP component
specifications)

Table 7: KER1 - Simulations models for operation optimization of HPs

Exploitable result 1 - Simulation models for operation optimization of HPs

Description

A set of digital models and simulation architectures deriving from selected
HP elements, allowing for performing effective and accurate simulations for
said elements, to determine the projected overall energetic, environmental
and financial impacts associated with their manufacturing and usage.

Type of Result

Service

Users, Clients, sector(s)
of application

Environmental agencies, Universities, ministries and other policy Makers
across EU, local authorities

Timetable to commercial

Activities to make the Service a TRL 9 should be divided into, after the end

use of the project:
- Year 1: Evaluation testing for reaching TRL 7
- Year 2: Legal framework and marketing strategy to reach TRL 9 and the
market
TRL 5
Type of IPR Patent
Main owner HMU

Other partners involved
in the development
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Other partners involved
by providing input

DANFOSS

Exploitable result

Advanced methodology for obtaining environmentally friendly HP
components.

Table 8: KER2 - Optimized 3D models of HP components

Description

e result 2 - Optimized 3D models of Smart HP components
Advanced 3D digital models of smart heat pump systems, incorporating

sensor integration elements and designed using additive/hybrid
manufacturing principles. The models will support prototyping and system
optimization by embedding virtual representations of smart devices and
functional components. Tailored for use in smart manufacturing
workflows, bridging product design and production readiness with a focus
on flexibility, functionality and manufacturability.

Type of Result

Service

Users, Clients, sector(s) of
application

Heat pumps manufacturing Industry and Investors in sustainability
infrastructure

Timetable to commercial
use

Activities to make the Service a TRL 9 should be divided into, after the end
of the project:

Year 1: Evaluation testing for reaching TRL 7

Year 2: Legal framework and marketing strategy to reach TRL 9 and the
market

TRL 5
Type of IPR Trade Secret and/or Patent
Main owner HMU

Other partners involved
in the development

Other partners involved
by providing input

CERTH, DANFOSS

Exploitable result

Advanced 3D digital models of smart heat pump components and system.

Table 9: KER3 - Al-Enhanced Ultrasonic Sensor System

Exploitable result 3 - Al-Enhanced Ultrasonic Sensor System

Description

A low-cost ultrasonic sensor system for accurate measurement of gas-
liquid density in propane mixtures. The system will be supported by an Al-
based model that uses ultrasonic signals along with temperature and
pressure data to estimate the quality of the propane mixture.

Type of Result

Product

Users, Clients, sector(s) of
application

HPs manufacturing industry and investor in sustainability infrastructure

Timetable to commercial
use

By the end of the project and after

TRL

5/6

Type of IPR

Under evaluation for patentability
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Main owner

CERTH

Other partners involved
in the development

Other partners involved
by providing input

DANFQOSS, HMU, AIMEN

Exploitable result

Al-Enhanced Ultrasonic Sensor for Accurate Low-Cost Gas-Liquid Density
Measurement in Propane Mixtures.

Table 10: KER4- Smart Capabilities, connectivity and user dashboard

Exploitable result 4 -

Description

Smart connectivity and user dashboard

A digital system integrating wireless communication protocols, sensors,
and a user-friendly dashboard for real-time monitoring and remote control
of heat pump operations. Enables enhanced efficiency, predictive
maintenance, and consumer interactivity with energy systems.

Type of Result

Service

Users, Clients, sector(s) of
application

Residential heat pump users, HVAC service providers

Timetable to commercial
use

End of the project and after

in the development

TRL 5

Type of IPR Copyright and Trade Secret
Main owner AETHON

Other partners involved DANFOSS

Other partners involved
by providing input

CERTH, DANFOSS, HMU

Exploitable result

Intelligent HP monitoring and control system with integrated user interface

Table 11: KER5 - Multi-material HP components with embedded sensors

Exploitable result 5 - Multi-material HP components with embedded sensors

Description Optimise the manufacture of heat pump components, using different
materials to increase heat transfer, and different manufacturing routes to
reduce manufacturing time and cost. At the same time, the aim is to make
the manufactured part intelligent by adding different sensors that capture
information during its useful life.

Type of Result Service

Users, Clients, sector(s) of | Manufacturers of heat pump components

application

Timetable to commercial
use

A year after the end of the project.

TRL 3
Type of IPR Trade secret
Main owner AIMEN
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Other partners involved in
the development

HMU, CERTH, AETHON

Other partners involved by
providing input

DANFOSS

Exploitable result

Know-how about improved HP components manufacturing

Table 12: KER6 - Real-time quality Control processes and standardized protocols for HP component

manufacturing.

Exploitable result 6 — Real-time quality Control processes and standardized protocols for HP

component manufacturing.

Description A real-time monitoring system, with integrated sensors and data analytics
to monitor and optimize the heat pump component manufacturing
process.

Type of Result Product

Users, Clients, sector(s) of HP manufacturing Industry and Investors,

application supply chain providers, Technical and scientific community

Timetable to commercial
use

By the end of the project and after

TRL 5
Type of IPR License - Agreement
Main owner CERTH

Other partners involved in
the development

AIMEN, DANFOSS

Other partners involved by
providing input

HMU

Exploitable result

Standardization protocols for manufacturing and testing

Table 13: KER7 - Optimization of manufacturing process and assessment of HP component prototypes

Exploitable result 7 - Optimization of manufacturing process and assessment of HP component

prototypes.

Description Development of Al-driven algorithms for optimizing manufacturing
processes, enabling prototype production, performing non-destructive
testing (NDT) assessments, and establishing best-practice guidelines for
heat-pump (HP) component manufacturing.

Type of Result Service

Users, Clients, sector(s) of HP manufacturing industry, investors, researchers & academia

application

Timetable to commercial
use

Activities to make the Service a TRL 9 should be divided into, after the end
of the project:

Year 1: Evaluation testing for reaching TRL 7

Year 2: Legal framework and marketing strategy to reach TRL 9 and the
market

TRL

5

Type of IPR

Trade Secret and/or Patent
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Main owner

AIMEN

Other partners involved in
the development

HMU

Other partners involved by
providing input

Exploitable result

Methodology for
assessment strategy

Manufacturing optimized HP components and

Table 14: KERS8 - Circular logistics and «Efficious» sharing platform

Exploitable result 8 - Circular logistics and EFFICIOUS sharing platform

Description Extension of EFFICIOUS, AETHON's circular logistics platform, to support a
dedicated network for acquiring recycled materials and managing end-of-
life heat pump components for reuse in HP manufacturing. The platform
will be enhanced with real-time supply data and new functionalities to
meet the project’s needs.

Type of Result Service

Users, Clients, sector(s) of HP manufacturers, supply chain providers, manufacturing sector

application

Timetable to commercial
use

Commercially available

TRL 7+

Type of IPR Copyright, Database Rights, Trade Secret, Know how - consultancy service
for the industry

Main owner AETHON

Other partners involved in
the development

Other partners involved by
providing input

CERTH, AIMEN

Exploitable result

Unified Digital Smart Distributed Manufacturing Network

Table 15: KER9 Controlled Lab-Based Assembly and Testing of HP Systems

Exploitable result 9 - Controlled Lab-Based Assembly and Testing of HP Systems.

Description The deployment, installation, and functional testing of air-to-water and
water-to-water heat pumps in controlled environments, aligned with EN
14511 and EN 14825 standards. The process incorporates comprehensive
assessment against user expectations, environmental sustainability goals,
and legislative requirements, ensuring that Smart-Pumps technologies
meet market-ready conditions.

Type of Result Service

Users, Clients, sector(s) of HP manufacturers, supply chain providers, manufacturing sector

application

Timetable to commercial tbc

use

TRL tbc
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providing input

Type of IPR tbc

Main owner DANFOSS
Other partners involved in | -

the development

Other partners involved by | HMU, CERTH

Key Exploitable result

Optimizing manufacturing and testing smart heat pumps and components

Table 16: KER10 - Environmental Impact though LCA and LCC tools

Exploitable result 10 - Environmental Impact though LCA and LCC tools

Description A service that provides environmental and cost performance evaluation for
heat pump components using standardized LCA and LCC tools. Tailored for
design support and sustainability validation.

Type of Result Service

Users, Clients, sector(s) of
application

Industries,
Heat pump manufacturers,
Technical and scientific community

Timetable to commercial
use

By the end of the project end after

TRL 6
Type of IPR Know how - consultancy service for the industry
Main owner CERTH

Other partners involved in
the development

Other partners involved by
providing input

DANFOSS, HMU

Exploitable result

LCA and LCC service models for supporting sustainable design and
decision-making in the heat pump manufacturing industry.

Table 17: KER11 — Hybrid Manufacturing cell

Exploitable result 11- Hybrid Manufacturing cell

Description Lay-out and integration of a manufacturing cell including laser technology
for additive manufacturing and machining technology

Type of Result Service

Users, Clients, sector(s) of Metal machining, Machinery and Equipment, wood, polymers

application

Timetable to commercial First year

use

TRL 5

Type of IPR Patent or trade secret

Main owner AIMEN

Other partners involved in
the development
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Other partners involved by
providing input

Key Exploitable result

Hybrid cell sale and installation with CE marking.

Table 18: KER12 — Al optimization algorithm

Exploitable result 12 — Al optimization algorithm

Description Al-based algorithms for the optimization of the hybrid manufacturing
processing parameters and conditions, allowing smart decision-making
rules for a more sustainable MMHM (minimum production time, less
environmental fingerprint, and maximum product quality based on HP
component specifications)

Type of Result Service

Users, Clients, sector(s) of HP manufacturers

application

Timetable to commercial
use

By the end of the project and after

TRL 5
Type of IPR Copyright, Know how - consultancy service for the industry
Main owner AETHON

Other partners involved in
the development

Other partners involved by
providing input

AIMEN, HMU, CERTH

Key Exploitable result

Smart decision-making rules using Al optimization algorithms.
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A preliminary SWOT analysis has been conducted, as an initial step in the mapping process for the Smart-

Pumps project. This analysis enables the consortium to identify its key strengths and weaknesses, along

with potential opportunities and threats in the current market landscape. Gaining insight into these

internal and external factors allows the consortium to make more stable and strategic decisions regarding

the exploitation and commercialization of its innovative solutions. Moreover, the SWOT analysis serves as

a dynamic tool and will be revised during the second and third phases of the deliverable’s development,

in order to reflect changes in market conditions and stakeholder feedback, ensuring that the project

remains aligned with evolving market needs.

Table 19: SWOT Analysis performed for Smart-Pumps project

SWOT COMPONENT CATEGORY

Strengths Expertise & Knowledge
(Internal Positive Factors)

Operational efficiency

Environmental Impact
Sustainability

Innovation & Differentiation

&

Key Points

Strong Consortium with R&D and
industrial expertise in additive-hybrid
manufacturing

Skilled in  material science and
component optimization

Technical know-how in functional
grading and sensor integration
Al-driven algorithms for optimizing
manufacturing processes and design
efficiency

Development of digital manufacturing
techniques for «smart» component
integration.

Hybrid manufacturing for reduced
production time and high
performance.

Standardized testing, monitoring, and
assembly protocols.

Lifecycle-based design approach
Functionally graded components to
reduce energy use

Use of recycled sourced materials
Embedded smart monitoring sensor
system

Advanced 3D printing and hybrid
methods

Compatibility with domestic smart
energy systems
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Weaknesses Technological Maturity
(Internal Negative factors)

Resource Intensity

Technology and Market
position

Opportunities Market Growth Potential
(External Positive factors)

Technological Development &
Transferability

Innovation and Testing

Local Manufacturing Trends

Threats Market Dynamics and
(External Negative factors) Competition

Regulatory & Certification
Delays

End-User Adoption Barriers

D5.3 | Exploitation Plan

Possible delays due to innovation
complexity

Procurement of recycled materials
with a consistent quality can be
challenging

Competition from well-established
players

Rising demand for energy residential
heating/cooling

New circular models for HP
components with recycled materials

Ensuring that the technologies and
generated knowledge can be
transferred to other sectors
Interoperability with loT devices and
energy grids.

Opportunity to pioneer and validate
cutting-edge technologies (Sensors
and smart devices)

On-sites production, reducing
logistics and costs.

Reducing the exposure to global
supply chain risks.

Faster deployment by large-scale
incumbents and adoption of new
barriers

Delays in certifications and approvals
Shifts in regulations can affect the
implementation and compliance of
the project's solutions

Low awareness of HP tech
innovations.

Maintenance knowledge gap for
sensor-integrated systems

Lack of skilled workers (mechanics
etc)
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CONCLUSION AND NEXT STEPS

This initial version of the Smart-Pumps Exploitation plan outlines the overall strategy and methodology
adopted to guide the identification, protection, and utilisation of project results. It provides a
comprehensive overview of the project’s defined Background and Foreground knowledge, as well as the
KERs generated during the first phase of implementation. In addition, an IPR Matrix has been developed
as a practical tool to assist partners, under the coordination of CERTH, in systematically handling the
intellectual property associated with S-Pumps outcomes. Furthermore, a preliminary SWOT analysis has
been carried out, serving as an initial step in mapping the project’s position within the market, helping the
consortium to understand its internal capabilities and limitations, while identifying the external factors
that may affect projects outcomes.

During the second phase, individual exploitation strategies per KER owner will be involved, detailing their
role and strategy in leveraging project outcomes. Furthermore, the potential of each KER will be assessed,
and a detailed analysis will be directing to the exploitation process for the consortium partners. One of
the challenges which must be dealt with is to ensure that each KER is effectively positioned for practical
application and measurable value creation. In this framework, knowledge-sharing workshops will be
organised to gather feedback on market needs and refine the exploitation strategy accordingly.

Finally, in the updated version of D5.3, a comprehensive market analysis will be included, focusing on
segments to the project’s KERs, such as sensor technologies, hybrid manufacturing simulation tools, and
advanced processes for producing high-performance parts and components. This analysis will be informed
by the progress achieved in key tasks during WP2, particularly those completed in Months 17 and 18 of
the project. These include the design and development of sensor technologies (T2.3), and the
implementation of smart capabilities and connectivity (T2.4). Based on the outcomes of these activities,
the market study will assess the current needs, as well as the comparative advantages and limitations of
the develop technologies, helping to identify potential opportunities for exploitation and further
innovation.
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