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Abstract

Disseminationcommunicationand exploitationactivities are of vital importance to the projedb
maximiee the impact and trigger engagement across the targeted groups and stakeholders. The
communication activities will be the basis for dissemination activities; heniss;rucial to establish

and continuously work ohoth throughout the project. The purpose this document is to present a
Dissemination, Communication, Exploitation, and Networking Plan foB&EMAXproject and to
ensure maximum impact of the project during its life span.

This Plan (B1) is prepared at the beginning of the project, andascribes the overall dissemination

and communication goals, target groups, dissemination channels, reporting, monitoring and
evaluation procedures, etc. The dissemination and communication plan will provide a regular flow of
information, thus contributingi 2 (G KS LINE 2 StOiincfeasnghk appodtunities fbrdpublicy” R
promotion. The exploitation plan is a strategic tool for the evaluation of the project results and for the
creationofsolidA YLJ- OG 2F GKS LINR2SO0 2y G(GKS &TheiuBekt2 f RS N&
deliverable also contaire preliminary market analysigport.

This deliverablalso describes plans for networking activities with relevant other projects, initiatives
and platforms as well as the list of Key Exploitable Results together with the partners involved.

This plan has been draftezbnsidering all th dissemination and communication aspects mentioned
in the Grant Agreement and Consortium Agreement. Dissemination achievements will be reported to
the European Commission based on the provisions of the Grant Agreement.
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Degree of progresses

This documentomplies 100% with the expected degree of progress.

Dissemination level

The following Deliverable BATMAX  a | &t ! . [ L/ ¢ 5A&aaSYAylFiAz2y 8§
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1. Introduction

Within the context of TasB.1 Communication and Dissemination activi{i#$R8 ¢ Dissemination and
Exploitation, the present deliverabledD8.1 Dissemination, Communication, Exploitation and
Networking Action Plahwas developed. The purpose of this deliverable is to consolidate, from day
one, the overall strategy of thBATMAXroject, to establish the objectives of the distribution and
communication activities, to determine the most successful ways of achieving them, and to break them
down into a comprehensive implementation action plan. To this end, this deliverable sets out the aims,
instruments, resources, and platforms to be used to efficiently distribute the events, milestones, and
tangible outcomes of the project to targeted audiences. The aim of this deliverable is also to develop
clear key performance indicators of the anticipdt activities based onwhich monitoring and
assessment can be carried out.

1.1. TheBATMAXProject

The main objective o BATMAX project is to enhance battery system performance by focusing on
safety, reliability, service life, and overall cost. To achieve this, the project is developing a holistic
framework that employs emerging technologies for effective data managemdnis ificludes
advanced Battery Management System (BMS) algorithms integrated wittimesamulti-scale digital

twins. These innovative approaches will combine data from various sources, including simulation,
laboratory testing, and operational sources, tweate a nexgeneration BMS.The conceptsl
approach of BAMAXis depicted inFigurel.

Need and challengeElectrified applications, including automotiveaarine, and stationary sectors,
depend on advanced battery technologies that provide energy, power, safety, and longevity at
reasonable costs. Emerging technologies like Gen 3b andssal@ batteries hold potential for
meeting these requirements. Due tthe differences between these and traditional lithition
batteries, there is a clear need for methods like sinwmasive multisensing, reatime analytics, and
robust state functions to precisely predict battery performance. These techniques can bearated

into an open access and uskiendly BMS.

Solution:The BATMAX project aims to develop advanced battery management systems using physics
and databased approaches through muttomain digital twins. These systems are designed to meet
the diverse eeds of various mobile and stationary applications. The project's main goal is to enhance
battery system performance, safety, reliability, service life, and overall value in differentisend
scenarios. This involves creating a ng&heration battery mangement framework based on large
amountsof data, adaptable physidsased models, and reéime multi-scale digital twins. To achieve

this, BATMAX develops efficient methodspgarameterse physicsbased models, speeding up the
process using advanced nuneai methods for the extraction of relevant parameters from
experimental and numerical simulation datéhe project also focuses on creating hardware and
sensors for battery data collection and communication. The resulting BMS framework, integrating
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advancel battery models with digital twin technology, can effectively manage extensive data, enabling
in-depth battery aging monitoring and crucial system functions. A significant outcome of the project is
a versatile and scalable digital twin framework for adseth battery management, validated through
rigorous testing. Th&eyimpacts of BATMAX include a potential 10% increase in battery lifetime, a
20% performance boost in specific scenarios, and a minimum 10% reduction in lifecycle costs.

Efticient Parameterization Digital Twin of Batteries Real-Time Flow ot Field Data
T TP P Internet of Things, cloud
et /" Machine Learning \ /[ connectivity with API
Database / : 8 \ { % Y

Smart Sensing Battery

Non-Destructive Management

Parameterization
Electric mobility and
transport electrification
on-road/marine/off-
road/stationary

Microscopy and Ex

situ Parameterization

' s W
F:«'pzﬁr‘imp:ﬁ‘a] battery “ ‘\.,‘:/‘ . ] ‘ 0=—_p FETsE g B ¢
data from laboratory [ 5 % /
\ Equivalent Circuit / \. Physics-Based &‘Z ﬁ
AT

\_ Continuum /

Figurel. The conceptual approach of BATMAX

1 The BATMAX project aims to enhance battery management through piasies models,
using advanced numerical methods to quickly extract crucial parameters from experimental
and simulation data.

1 The BATMAX project focuses on developing effective hardwatesansouiation at cell and
system levels to collect battery data efficiently, integrating an epeurce BMS into a
laboratory-scale prototype system.

1 The BMS frameworthardware and softwargwill enable the integration of advanced battery
models with adigital twin system. This setup efficiently manages large data volumes in a cloud
platform, allowing indepth battery aging monitoring and system function assessment.

1 A hybrid model, combining physibased and datalriven approaches, will estimate the
battery's state, integrated with Adriven prognostic models within digital twins. To optimize
these hybrid and Adiriven models, computation will occur at the edge or cloud lew#ising
sensor and physical model data.
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ObjectivesThe project'anain objectives to enhance battery system performance, safety, reliability,
service life, and overall value across various applications. To achieve this, BATMAX is investigating ways
to optimise battery use within its technical domain. Thisain objective involves establishing a
framework for advanced battery management using substantial data, adaptable pbgsed

models, and realime multi-scale digital twins.

Specific objectives

1. Create a framework for effectively setting parameterplysicsbased models.

2. Develop hardware and sensgation on cell and system level for collection and
communication of battery measurement data

3. Create hybrid and Adriven models toenhance battery lifetime and management,
including Battery Management Systems (BMS).

4. Development of adaptable battery management with msltale battery digital twin
framework for dynamic operatian

5. Explore emerging opportunities arthgage stakeholdeia the value cecreation process
enhancing user confidence and societal acceptance.

1.2.Deliverable structure
The current deliverable contains an overview of the dissemination, communication, exploiaiibn
networking objectives, the identified target audiences as well as the timeline of the planned activities
(Section 2). In Section 3 the dissemination and communication tools, channels and materials are
described, including the project logo, project pemtation template, project website, press releases,
newsletters, printed dissemination and communication materials and the social media presence of the
BATMAXproject. Section 4 provides an overview of the planned networking activities with other EU
funded projects and relevant initiatives. Dissemination reporting, monitoring and evaluation are
discussed in Section 5, including the Key Performance Indicators (KPIs) set by the project partners.
Section 6 describes the draft exploitation intentions of thetpers together with an outlook to the
current market. Section 7 provides the guidelines regarding the obligations and requirements for
dissemination, communication, and exploitation actions.

The deliverable also contail®&sAnnexes providing images abotiiet already available dissemination
materials.
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2. Dissemination and communication strategy

In its dissemination strategyBATMAXproject is focused on awareness of potential and related
stakeholders. Any organization, individual or business that has advadtrest in the project or will

be influenced by its results is considered a stakeholder. In terms of interest in the pBfeRMAX
project places focus on recognizing and evaluating these stakeholders. This information is considered
essential for therogress of the project and the direction of further dissemination activities.

Dissemination is defined as the means through which research results are presented to the public. The
process must take place with the aid of project partners in close coopetald produce and transmit
knowledge on innovation, it is crucial to reach a common understanding of the means and the
messages of communication. Dissemination is usually not anayeoperation, and by including the
overall awareness and visibility ofdtproject, this term may often suggest a broader definition. In
order to successfully reach out, dissemination should provide awareness even before any results are
published.

The current Dissemination and Communication Plan is governed by the followicgplas:

i The communication processes must be clear and known to all consortium partners
U Dissemination and communication must be purposeful and timely
U Dissemination and communication must be open and honest

Communication is a twavay process: it is not jia matter of transmitting messages but also receiving
feedback and starting a meaningful dialogue with relevant stakeholders. Additionally, horizontal and
vertical communication ways are equally important. Effective communication contains different
elemerts, such as:

Deliver information

Information received by the audience

Information understood by the audience

The audience take the information and share it with someone else
I The audience is convinced of the information received

= =4 4 A

BATMAXproject is adopting a funnelled approach, similar to a marketing funnel, to assure a wide but
targeted communication within th@ ATMAXecosystem, enabling active engagement and achieving
efficient dissemination of project results. Such an approach wilhgmily focus on generating
awareness by conveying key aspects and benefits oBtREMAXproject results toward the targeted
stakeholders. Eadyp-understand visual material are used to make concepts and benefits instantly
recognizable for a widaudience This aims at cultivating further interest to potential ensers who

will be directed to more detailed information and material about the developed technology.
Customsed content will be communicated towards specific target audiences, aiming at creatthg
YEAYGFAYAY3 Fy FOGAGS &ai0l 18K2f RENEQ S02a8adsSvyo
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project deliverables, interviews with partners, industry reports, etc., and relayed througBARMAX
communication channels to further support agiengagement.

2.1.0Dbjectives of the dissemination and communication plan
The aim of the dissemination strategy is to distribute knowledge about the project outputs, innovation
potential, and business opportunities to all relevant stakeholders. The dissenirsitaiegy must be
adapted to present relevant information at the right time, place, and context to allow the broadest
diffusion.

The major objectives of the dissemination and communication action plan are:

0 Guarantee effective communication of thgroject messages and activities at the local,
national, and EU level

U Identify appropriate target audiences to convey the dissemination and communication
messages
Implement a wide and differentiated set of dissemination tools and events
Identify the dissenmiation and communication KPls, useful to measure the effectiveness and
efficiency of the performed activities
Define how the project will cooperate with other Hithded projects or related initiatives
Define how the dissemination activities will be repatte

Dissemination activities will support all work packages ensuring maximum visibility, accessibility, and
impact of the project activities. Tailored dissemination activities will be designed to make the project
outcomes visible and accessible to the diffet target stakeholders

The objectives of the dissemination activities include setting up a strategy for the main tasks that need
to be addressed and decisions that belong to each. tdbkycan beportrayed inTablel below:.

Tablel. Objectives of the dissendtion activities

Plan The first stage begins by identifying target audiences, messages, tools, and ch
Based on these findings, an adequate and effective communication
dissemination plamustbe built to ensure the best impact of the project results

Design When prodicing dissemination tools, it will be necessary to design a comprehe
set of communication materials (both printed and online) to ensure e
identification of the project and a significant exposure.

Distribute Dissemination channels nddo be identified, and dissemination material must
and adapted to get the full effect from using the channels.

represent

Activities Project events will need to bergansed; participation in workshops, conference

and meetings should be encouraged.
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Reporting Collect dissemination and communication reports from the project partners
dedicated form available on Teams. These reports will serve as the basis f
monitoring and evaluation of performed activities.

Monitor and | Performed ativities and connected KPIs will be monitored and benchmat
evaluate towards the KPIs established in this deliverable. The current Disseminatio
Communication Plan will be continuously updated based on the outcome o
evaluation of performed activities.

Maintain and| Ensure persistent and lodgsting visibility of the project activities and outcomg
improve Maintain achieved visibility and improve the effectiveness of dissemination
communication activities.

¢ KS LINRP2SOGQa RA & a SWacylities wWikbé dileoflyRink&d20vthé dzplait@tioriiof

the project results. Efficient publicity and wide visibility of the project and its achievements will
AYONBFaS aidl({SK2t RSNEQ Sy3r3aSYSyid KSyOStmé&eKS dzas
Ultimately, the communication and dissemination activities will maximise the project's impact.

2.2.ldentified target audiences
BATMAXroject partners have already identified the major stakeholders and target audiences. These
include on one hand scientif academic and research organisations in order to facilitate discussion
and exchange of information on the scientific and technological advancement in the field of battery
production and materials and on the other hand industrial organisations withithd@afacilitate and
enhance future exploitation and commercialisation activities of B MAXechnology. Additionally,
relevant other EU initiatives and EU funded projects are also among the targeted groups (for more
information on networking activitiewith these initiatives and projects are given in SectiorFure
2 below provides a list of identified stakeholders for BATMAXproject.
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General Public &
Consumers:

Scientific/Research
Community:

Industry:

Policy Makers &
Standardization Bodies:

Figure2. BATMAXStakeholders

2.3.Timeline for dissemination and communication activities

U Planning phaseMonths 16 of the project: set up dissemination and communication action
plan

U Implementation phaseévionths 142 of the project: produce a comprehensive set of tools and
materials, perform dissemination and communication activities, reach out to stakeholders

U Monitoring and evaluationMonths 242: monitor and evaluate the efficiency and impact of
the performed dissmination and communication activities based on the continuous reporting
and by benchmarking achieved impact to thejestablished KPls
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3. Dissemination and communication tools, channels and materials

The variety of target groups demands the use of severahnels foBATMAXroject to effectively
inform, communicate and engage stakeholders. To reach this broad aud@AT®dAXuses a mix of
traditional and online communication channels. Online channels include the project website, social
media and electroic newsletters, whereas the traditional channels cover conferences, events,
exhibitions, trade fairs, workshops, press appearances, seminars, etc. Some halieegtien scope
(aimed at informing the target audiences) and other adibectional scope (aned at triggering
dialogue and ensuring active stakeholder involvement).

3.1.Visual identity of the project

3.1.1.Project logo

Developing a visual identity and a logo ensures that project outputs are consistent and easily
recogngable. The project logo will be us@dthe following cases:

1 All documents developed within the framework of tBATMAXroject and documents to be
submitted to the EC (e.g. deliverables)

1 Presentations to be used for dissemination and communication activities to be carried out by
each partigbant with the framework of the project

1 BATMAXvebsite and social media accounts

9 Printed dissemination and communication materials

The project logshown belowin Figure 3was designed by TALOS at the beginning of the project.

ol | zf.

T
— 1
— |=LF

Figure3. Project logo

3.1.2.PowerPoint presentation template
A PowerPoint presentation template was also created to be used by all project partners containing the
BATMAXproject logo, Horizon Europe funding acknowledgement, the EU emblentharidgo of all
partners. The presentation template ensures a unified appearance and easy identification of the
project by the stakeholders and the general public. The presentation template is given inJAnnex
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3.2.Project website
The project websitehttps://batmaxproject.eu) is one of the main dissemination and communication
tools as it has the capability to address a wide range of stakeholders by providing easy and quick acces
to the information related to the project. It is the central point of information provision and links to
other communication channels, such>dand LinkedIn. It contains the most crucial information about
the project and the project partners and is régily updated. The website was developed user
friendly, allowing visitors to get an overview of the project, its objectives, processes, and partners. All
contents are written in English and prepared in plain languati@wing a wide range of audiences to
understand the message.

The website is composed of the following sections (images are provided in 2nnex

1. Homepage:
a. Challenge

b. Solution
c. Outcomes and impact
2. Project:

a. Obijectives
b. Methodology

3. Consortium:
4. Public documents:
a. Dissemination materials
b. Public deliverables
c. Publications
d. Videos
5. News
6. Contact

For all pages the following appears in the footer:

1 Acknowledgment of funding together with the EU emblem and the Grant Agreement number
1 Contact for the project coordinator and the dissemination and camication manager
1 Links to social medi&(LinkedIn)

Management of the website:

9 Technical management: The technical management ofBAd@ MAXvebsite belongs to the
Dissemination and Communication Manager, TALOS. The Dissemination and Communication
Manager updates the website, inserts information and regulates the methodology for
technically managing the website. Technical management is impisrdehrough WordPress
Content Management System, which allows the user to change the content on their website
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without necessarily having any web development knowleddeerefore,it ensures that the

website content can be easily updated without any unresaey delay in uploading files, texts,

images or other assets.

Management of the website content: as far as the content is concerned, any document,
picture, icon or text inserted to the webpage must be first categorized gs20y2 Y FA RSy G A | €
to ensure that any potential future protection of the project results will not be jeosadi

The Dissemination and Communication Manager is responsible for collecting the necessary
materials from the partners, circulating them amongpartners, and obtaining their consent

to publish these materials through the website. It is the responsibility of all partners to
continuously provide material (pictures, news items, etc.) for the website.

=

3.3.Press Release
TheBATMAXroject issued its fitsPress Release right after the project started, informing the general
audience, target groups and all stakeholders about the project's launch. The Press Release contains a
general description of the project as well as the project partners. The Press&elea uploaded to
GKS LINP2SOUG 6S0aAiS FYyR RA&AGNAROdZASR 2y a20Alt YS
be prepared and published every 6 months. The first Press Release of the project is presented in Annex
3 of this deliverable.

The Pres Release is also uploaded to the project website under Public documents section.

3.4.Newsletters

Newsletters will be prepared, published and distributeeabnually providing the latest information
about the project progress and other related subjects.

In the first newsletter (images are provided in And@xpublished irOctober2023 (M6) the following
topics were addressed:

Cover page with a short introduction of the project
Project objectives

BATMAXechnology

BATMAXhallenge

BATMAXmpact

BATMAXonsotium

Introduction of VTT and the project coordinator
Short interview with the project coordinator
Contact information

= =4 -4 A& -4 —a A -2 -9

The newsletter was distributed:

1 electronically among the stakeholders of each project partner
1 via the project website (both News sectiand Public documents section)
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1 via social mediaX LinkedIn)

The newsletter is also uploaded to the project website under Public documents section.

3.5.Printed dissemination and communication material

3.5.1.Leaflet and Brochure
The project leaflet (tifold design, presented in AnneX) and project brochure (Hbld design,
presented in Anneg) provide information about th8 ATMAXroject. More specifically:

The leaflet (general information about the project) contains:

Consortium

Links to project website and social media, acknowledgement of funding
Project

Objectives

Expected outcomes

ahr~wnNPE

The brochure (more specific information about the project) contains:

Consortium

Links to project website and social media, acknowdsagnt of fundng
Challenge

Solution

Methodology.

ok wnPRE

The leaflet and the brochure have been distributed on social media and via the project website. They
will be used to inform the stakeholders about the project at events with a physical presence.

The leaflet and the broalre are also uploaded to the project website under Public Documents section.

A new version of the leaflet and the brochure will be designed as soon as the first project achievements
/ results are available.

3.5.2.Poster
The project poster (presented in Annéxwas designed to meet the needs of a general poster session
or poster exhibition whereBATMAXproject can be presented. Additionally, the poster was also
distributed on social media for wider dissemination. The poster describes the challenge, the solution,
the project impact,the technologythe project consortium, and contact details and the funding
acknowledgement.

The poster is also uploaded to the project website under Public Documents section.
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3.6.Introductory presentation of the project
A general introdudairy presentation was prepared about tlBATMAMroject with the aim of serving
as a basis for a presentation towards the general public. It provides an overview of the basic
information about the project (datasheet), describes the project, its objectiheschallenge to which
the project responds, the impact that we aspire to have, and B&®TMAXconsortium. The
presentation is custorsable by adding additional slides tailoring it to the event's needs where it will
be shown. The presentation will be upeédtwith the latest information about the project as soon as
results will be available. The introductory presentation is provided in ABnex

The presentation is also uploaded to the project website under Public Documents section.

3.7.t I NI iyftdELien
Short introductory spots BATMAR & f SIF R NB &SI NOKSNB k LIS2LX S KI @S
throughout the project), introducing the lead scientists / researchers / contributors and their view
about the project. During these shorttérviews questions about the importance of tHRATMAX
project, its impact as well as their specific role in the project are answered2TBeNR A Y | (1 2 NQ & & LJ;
aSOPSy 20GKSNJ NBaShHNOKSNARQ AYGINRBRAZOGAZ2Y KIFI @S o6SSy
Annex9. During the first round of introduction, these spots were prepared for all WP leaders and then
for the rest of theBATMAXO2 Y @ 2 NIi A dzY LI NIYSNB® ¢KS NBA&ASIFNOKSNE
website under Public Documents section and arealyidiisseminated via social media.

3.8.Project video
A 15 minute explainer video was prepared giving the essence oB&REMAXproject in a concise and
interesting way. The video is an excellent way to capture the attention and raise awareness of all
stakeholders due to its short duration and attractive presentation. The video was disseminated in
social media and will be usedfuture events.

The video is also uploaded to the project website under Public Documents section.

3.9.Social media
Social media has become a very popular means of disseminating information fast across
heterogeneous target groups. These channels servdarnandaccess to content anytime, anywhere
on any digital device. To extend the project target audience (espediliyvolve the general public
and not only the sector expertdBATMAMroject is strategically integrating these social media tools
in the dissenmation and communication activities. THRATMAXproject aims to have a strong
presence in social media, enhancing its reaah to target audiences and the broad public and
ensuring active interaction with them. THRATMAXactivities on social media sedke following
impacts:

T Make the project visible online, disseminating news about project activities and achievements
1 Engage people in online conversations and gain deeper insight into their views and feelings on
the topics covered
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1 Ensure effective regime presentation of events/participations
1 Support the project networking

X and Linkedin were selected as the most appropriate social networks to promote the project
achievements, news and outcoméihese platforms were selected as they concentrate all tade
stakeholder groups as these are the main platforms for academic / research community as well as for
industrialstakeholders.

TALOS will act as the moderator of the social media accounts, managing the content, controlling and
filtering inadequate contet, and monitoring the suitability and relevance of the information to be
published.

3.9.1.X
The BATMAXX account is used for amplifying communications (both Busked®usiness and
Businesgo-Citizens) to a large community of active stakeholders and for the propagation of news and
project developments. Regular tweets will focus on attracting and engagdihgtavget audiences,
leading to establishing a trusteATMAXnetwork, enlarging the outreach to broad and targeted
audiences.

TheBATMAXK account is@@batmaxprojecteu

BATMAXprojecEU

327 posts

e

Edit profile

BATMAXprojecEU

@batmaxprojecteu

Battery management by multi-domain digital twins. Funded by EU. Grant
agreement: 101104013

[ Joined May 2023
157 Following 133 Followers

3.9.2.LinkedIn
TheBATMAXledicated LinkedIn Showcase page is extensively used for networking purposes, enabling
the promotion of BATMAXamongst a broad community of professionals in the field of smart
manufacturing technalgies. FurthermoreBATMAMXvill seek for interaction with representatives of
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other relevant groups such as manufacturers, smart factories, academic and research groups,
industrial players, etc.

*

TheBATMAX.inkedIn account iSATMAX Project

for them.

e

BATMAX Project

Battery management by multi-domain digital twins
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4. Networking and joint dissemination and communication activities

The BATMAXproject will not limit its dissemination and communication activities to the goals of
awareness and understanding. More than informing, the project will aim at triggering involvement in
and endorsement of its activities and results, seeking to enhanks kmd synergies with similar
initiatives. In order to enhance the visibility of tHRATMAXproject and to ensure maximum
attractiveness and engagement of the stakeholders, a series of liaison and networking activities will
take place within the projectfe span. This activity will have both a scientific and a business focus and
seek collaboration and dialogue with different fithded projects and initiatives. This will be an-on
going activity that will enable an exchange of views and potential synergies.

The BATMAXproject will maximize its visibility through the Battery Partnership (bepassociaton.eu)
GKAOK Kl a GKS @Aarzy G2 SadlrofAaK Ay 9dz2NBLIS o6&
competitive, sustainable and circular European battemjug chain and to drive the transformation

towards a carbomeutral society. It will do so by preparing and equipping Europe to commercialise

the nextgeneration battery technologies by 2030, enabling zero emission mobility and renewable
energy storage rtdut. TheBATMAXproject belongs to this initiative and will actively participate in its

activities and will seek collaboration under its umbrella.

The main joint activities targeted with other relevant projects might include the exchange of best
praciceg SEOKIy3aS 2F af Saazya tSINYyGéxr 2NAHIyAal GAZ2Y
facilitating social media presence (sharing, followingtweeting, etc.), joint educational activities,
joint research activities, shared use of research inftecture as well as the preparation of jointly
performed market / industry surveys. An initial list of potential projects for collaboration is provided
in Error! Reference source not foundelow. BATMAXconsortium partners will select the most
relevant projects for networking activities indicating the possible synergies and topics for discussion.
The Coordinator and the Dissemination and Communication Manad®&\BMAXproject will contact

the coordinators of the selected projects to discuss potential collaboration with them either from a
scientific, industrial perspective or to orgamijoint dissemination and communication activities. The
first contact is scheduled to take place around mongh df the project, followed up by thematic
workshops later on.

Table2 List of relevant projects

Acronym Title Cordis page

NEXT GENERATION BATTE
ENERGETIC| MANAGEMENT SYSTEM BAY https://cordis.europa.eu/project/id/101103667
ON DATA RICH DIGITAL TW,

NExtgeneration MOdels for
advanced battery electronics

NEMO https://cordis.europa.eu/project/id/101102944

NEXTgeneration physics and

NEXTBMS data-based Battery Managemer

https://cordis.europa.eu/project/id/101103899
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Systems for optimised battery
utilization

OPERA

DEVELOPMENT OF OPERAN
TECHNIQUES AND MULTISC]

https://cordis.europa.eu/project/id/101103834

MODELLING TO FACE THEZI
EXCESS SOISDATE BATTER
CHALLENGE

OPINCHARG

OPerando analyses and

| https://cordis.europa.eu/project/id/101104037

modelling of INterface dynamic;
and CHARGE transport in
lithium-ion batteries

UltraBat

CAPTURING ULTRAFAST

https://cordis.europa.eu/project/id/10110387

ELECTRON AND ION DYNAM
IN BATTERIES

AccCellBaT

https://cordis.europa.eu/project/id/10110362§

Accelerated Cellnd Battery
Testing

FASTEST

Fasttrack hybrid testing

https://cordis.europa.eu/project/id/101103754

platform for the development of
battery systems

THOR

https://cordis.europa.eu/project/id/101103704

Innovative methodology for
battery testing

Flexible and modular large
battery systems for safe en
board integration and operation
of electric power, demonstratec
in multiple type of ships

FLEXSHIP

https://cordis.europa.euproject/id/101095863

New modular Electrical
architecture and digital platforM
to Optimise large battery

NEMOSHIP
systems on SHIPs

https://cordis.europa.eu/project/id/101096324

systems Optimized for fast
charging, Safety, and Secaliig

ALBATROSS
applications.

Advanced Lighiveight BATteRy

https://cordis.europa.eu/project/id/963580

HighpErformance moduLar

HELIOS

battery packs for sustalnable
urban electrOmobility Services

https://cordis.europa.eu/project/id/963646

LIBERTY
SafeTY

Lightweight Battery System for
Extended Range at Improved

https://cordis.europa.eu/project/id/963522

MARBEL

MANUFACTURING AND
ASSEMBLY OF MODULAR A
REUSABLE EV BATTERY F|
ENVIRONMENARIENDLY ANI

https://cordis.europa.eu/project/id/963540

LIGHTWEIGHT MOBILITY
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Additionally, networking and collaboration opportunities will be sought with relevant clusters, such as:

1. Battery Partnerkip®: the Partnership has the aim to build the best innovation environment in
the world in Europe by 2030 to support competitive sustainable and circular European battery
value chain and accelerate the shift to a carbon neutral society. To achieveutioigeuvill be
ready and equipped to commercisdi next generation battery technologies by 2030 paving
the way for the introduction of zeremission transportation and renewable energy storage.
Battery 20304 The BATTERY 2030+ lasgale research initiative is creating a generic toolbox
for transforming the way we develop and design batteries in Europe. It is part of the EUR 272
million support from the European Commission to enhance and accelerate bag¢tseanch

and production. The projects under the Battery 2030+ umbrella are implementing the
BATTERY 2030+ research roadnBaT MAXproject intends to collaborate with the Battery
2030+ initiative and the relevant projects funded under its umbrella.

n

! https://bepassociation.eu/
2 https://battery2030.eu/
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5. Dissemination reporting, monitoring and evaluation

TALOS is the leader of B/Missemination and exploitation and thus is responsible for coordinating
dissemination and communication activities. Nevertheless, all project partners are obliged to
contributeto the implementation of relevant actions. Partners are responsible for providing necessary
information about their work and the results achieved and actively participating in the planning,
execution, and reporting of dissemination and communication aisi During performing any
dissemination and communication activities, the provisions of the Grant Agreement and the
Consortium Agreement (cited in Secti8must be respected

5.1.Monitoring and reporting of performed activities
In order to achieve the suessful implementation of the dissemination and communication activities,
systematic monitoring will be carried out throughout the project. Regular monitoring will allow the
identification of possible risks and deviations from the Dissemination and Comationid®lan and
relevant performance indicators and the timely planning of any necessary corrective actions to address
potential implementation problems. Such an approach will improve the overall performance of the
relevant activities and enable a more eféint evaluation.

The monitoring will be performed:

1. Internally on a bmonthly basis:an online form has been created via Teams for reporting all
dissemination and communication activities by the partners. The form is available at Microsoft
Teams and accsible by all partners (seéeigured4 and Figureb).
2. Externally through submission of:
2.1. Periodic reporting (via SyGMA platfornguring periodic reportings, the relevant data
regarding performed dissemination and communication activities llfilled in on the
project reporting platform, and W&Pactivities will be reported in the Technical Report
2.2. Deliverables:
2.2.1D8.2 ¢ Periodic report on all performed communication, dissemination and training
activities, including draft exploitation plans

2.2.2D8.3 ¢ Periodic report on performed communication, dissemination and training
activities, including updated DEC Plans

2.2.3D8.4 ¢ Final report on all performed communication, dissemination and training
activities including final exploitation plans.

2.2.4D8.5 ¢ Standardiation assessment report
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Microsoft 365 O Search this list
[3'qy BATMAX @
Private group | External
Home ST B editingridview 2 share @ Export #3 automate EP Integrate . = Al items Y @ /2

Conversations

Dissemination Report ¢

Documents
Shased with s Title Partner Start Date End Date Location Fullname Type of audience Type of Activity
Natebook Press Release staviou, L (General public
civil saciety
Pages Industry

Site contents Scientific Community

Recycle bin

Edit

Return to classic SharePoint

Figure4. Dissemination reporting via Teams (already registered activities)
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General Posts Files BATMAX notes Dissemination Report v

New item

[ Title *

knter value here

You can't leave this blank.

[T start Date *

Enter a date

&4 Type of Activity *

External

Save

“= Partner *

Please select the category that best describes
your activity type.

[T End Date

Enter a date

Select the partner(s) that participated in the
dissemination/ communication activity

[ Location *

Enter value here

Enter a date

= Fullname *

Enter value here

4

Name the individuals that attended the event
(Full name and profession, for each name.
One name per line) (e.g. John Smith, CEO Jane
Doe, Assistant Professor etc.)

(@ Audience: Industry

Enter a number

Enter a date

‘= Type of audience *

@ Audience: Civil Society

Enter a number

Please enter the location that the event took
place

(1) Audience: Scientific Community

Enter a number

Please enter the approximate number of
participants that corresponds to Scientific
Community

(D Audience: General Public

Enter a number

Please enter the approximate number of
participants that come from Industry

(@ Audience: Other

Enter a number

Enter the number of participants that their
category dees not fit in any other category

@ Weblink

Enter a URL

Alternative text

Please provide any kind of weblink that can
accompany the activity (e.g. link to the
conference’s official site, or link to a published
article in your website etc.)

@ Attachments

Add attachments

Cancel

Please enter the approximate number of
participants that corresponds to Civil Society

Event Description

Enter value here

Please enter the approximate number of
participants that corresponds to General
Public

= Detailed Description

Enter value here

Please insert a short description about the
dissemination event
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5.2.Evaluation of performed activities
In order to assess the impact of a dissemination and communication activity, the following must be
evaluated:

U Quantity: volumeg e.g. the quantity of people reached viaetdissemination activity
0 Quality: effectivenesg e.g. how convincing the dissemination action was

As for the volumeBATMAMroject partners will estimate the number of people reached during the
dissemination action.

Regarding the effectiveness, a sprcifinking will be used, as shownBrror! Reference source not
found. below (specific KPIs are given in Section 5.3):

Table3. Ranking of effectiveness

RATING PRESENTATION PUBLICATION WEBSITE
LOW Marginal interest, no question{ No references Less than 508ite visits
MEDIUM | Good interest, many questiony Few references Less tharR000site visits

some new contacts

HIGH High interest, many question| Many references More than 400Gsite visits
and appreciations, contactg
and following actions

Based on this classification, each dissemination and communication activity's impact will be assessed
and benchmarked towards the piefined KPIsBenchmarking wlilbe done every 6 monthand
accordingly specific actions will be suggested by the Dissemination and Communication Manager
(TALOS) and the current Dissemination and Communication Plan will be updated, if necessary.

5.3.Key Performance Indicators
BATMAXpartners have identified a series of Key Performance Indicators (KPIs) that have been set as
targets for dissemination and communication activities. As the current deliverable is a live document,
these KPIs will be adjusted based on the monitoring and evaluafitime performed dissemination
and communication action8enchmarking ofhe KPIs will be done every 6 monti#ss first targets,
the following KPIs have been defined by the partraard can be depied in the following tablet.
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Table4. KPIs for dissemination and communication activities
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Activity Key Performance Indicator
Project visual identity (logo) 1
Project brochure (in English) 2
Project poster (in English) 2
Project leaflet (in English) 2
Project newsletter (in English) 2/yr
Project press release 2/yr
Project presentation template 1
Project presentation 2
No. ofclickson project website 4000
No. of unique website visitors 800
No. of followers on Twitter 400
No. of followers orLinkedIn 150
No. of tweets on Twitter 800
No. of posts on LinkedIn 100
Articles in industry magazines 2/yr
Scientific publications in peeeviewed journals 21yr
Articles in popular media 3lyr
Scientific conference patrticipations 3lyr
Participation on industrial exhibitions / fairs 21yr

Project video

1 video / 200 views
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6. Exploitation activities

6.1.Introduction
The exploitation plan is a strategic tool for the valorisation of the project results and for the creation
ofconcreteA YLI Ol 2F GKS LINR2SO0 2y (GKS aidl1SK2f RSNAQ
the project's outcomes, the analysis of their features and potentials, the strategy and rules for their
exploitation, the intellectual property issues, and the rigimtianagement approach.

The identification of the exploitable results is an ongoing process that will run throughout the project
lifetime and beyond. Consequently, the exploitation plan is an evolving report that will be periodically
updated according to themerging results of the project, the changes in the stakeholders and their
potential during the project's lifetime.

6.2.0bjectives
The overall objective of the exploitation plan is to maximize the impact of the project results so that
they can be used animplemented beyond the project's lifetime. This challenging final goal can be
expressed as a list of sigoals to be reached:

- Reach a synergic approach between communication, dissemination and exploitation in order
to reach the stakeholders

- Identify the Kg Exploitable Results (KERS) of the project and characterize them

- ldentify exploitation routes for th&ERSs

- Select concrete exploitation measures to ensure that results will meet real needs and thus will
be taken up

- Reflect on potential barriers / obstadé risks and identify contingency measures

- Plan and describe adequate structures safeguarding effective knowledge and intellectual
property management, helping to create, capture and manage research results

6.3.Key Exploitable Results for BATNbdofect
KERs are the outputs generated during the project which can be used to create impact, either by the
project partners of by other stakeholders. Project results can be reusable and exploitable as such (e.g.
inventions, prototypes, services), or elems (knowledge, technology, processes, networks) that have
potential to contribute for further work on research and innovation. The following talmeludes the
KERs identified for the BATMAX proj@dsoincluded in the Grant Agreement).
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Table5. KERs identified for BATMAX project

No Title

KER1 Efficient parametrisation framework for physibased models through cell lifetime

KER2 Methodology to produce accurate reducedder, hybrid and Adriven models from
largeamounts of synthetic, experimental and operational data

KER3 Development of new battery system sensorization pravision of drivers and leiiative
communication for secure data collection

KER4 Scalable and performanamptimised systerdevel digital twin architecture for BMS
development, online diagnostics and operation optimisation

KERS5 Exploration of emerging opportunities to improved battery utilisation through BATI
innovations

6.4.Methodology
TheBATMAXexploitation strategy is built on well-defined methodology that assists the partners to
maximee the use of the project results. The exploitation aims to make use of the results by recognising
the exploitable results and their stakeholders. Exploitation can be commercial, societatapolitior
improving public knowledge and action and it can also include recommendations for-palicgg or
standardisation activities. Project partners can exploit the results themselves or facilitate exploitation
by others (e.g., making results availlinder licenses). Exploitation is a clearly value driven process
in the sense that it generates revenues if there are customers available to pay for the new
G§SOKy2f 238k LINRPRAzOGE AG ¥Fdzf FAt & SEAalGAyBtaml LA |y
improves processes, quality, policies, standards, etc. The results can also be used in further research
activities.

TheBATMAXexploitation methodology is based on a festep approaclacording toFigure6.
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To be included in D8.2
(M18), D8.3 (M36)

To be included in D8.4 (M42)
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K judal

Risk assessment ‘ Action plan & roadmap

*Risks

Identification ‘

»List of KERs *Description of
*Partners KERs

*Leader *Commercial
*% *Non-comm.

*Short-term

*Barriers *Long-term

Figure6. Exploitation methodology

1. lIdentification: a list of KER is prepared, together with the first intention of the partners for
commercial and noitommercial exploitation, as well as the partners involved (either as owners
or as partners interested in exploitatioa} followstable 6):

Table6. Template table

Draft list of the Key Result type Owner(s) Partner(s) Partner(s)
Exploitable Results interested in interested

for BATMAXproject non-commercial in commercial
(GA) exploitation exploitation

Possible categories for tt@2 f dzY'y & w&astizivia belowinLiibié7.

3 Categories taken from the Participant PortaContinuous Reporting section
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Table7. Possible categories

Result type:

1. Scientific discovery, model, theory

2 Product (new or improved)

3 Service (new or improved)

4, Industrial process (new or improved)

5. Business model (new or improved)

6 Design (new or improved)

7 Method, material, technology, design (new or improved)
8 Policy recommendation, guidance, awareness raising, advocacy
9. Event (conference, seminar, workshop)

10. Qualified personnel (qualified personnel exchanges)

11. Learning and training (learning modules, curricula)

12. New or improved infrastructure or facilities

13. Other

2. Characterizationdescription of each KERble8), together with some specific features either for
commercialtable 9) or for noncommercial exploitatioritable 10) (or both).

Table8. Description of KER

Problem Describe the problem of your potential usersg(epeople, companieg
organisations, industry, etc.) you are addressing. These potential users ar
GO0dza 2 YSNREE @

Alternative Describe how the potential users / customers have solved the problem so
solution
Description Describe your result and/golution

IPR managemen| Describe the background (type / partner) and foreground (type / part
involved and the conditions of use. Describe any patent search, freed
operate analysis performed.
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Table9. Description of commercial exploitation

Unique Value Describe the competitive advantages and the innovative aspects. What
Proposition your solution do better, what are the benefits considering wkatr
users/customers want, how does your solution solve their problem better,
alternative solutions, what distinguishes the KER from the competiti
current solutions? (Value Proposition Canvas is available to help)

Target market Describe the marken which your product/service will be used / can comp
What is your target market? Who are the customer segments?

Early adopters Early adopters are the customers you are willing to address first. The
usually the ones that feel the problem hardean all others.

Competitors Who are your competitors? What are their strengths and weaknesses?

Go to market How will the KER be used (i.e. made available to customers)?
manufacturing of a new product, service provision, direct industrial
techrology transfer, license agreement, etc.

Technology What is the current TRL level? What is the time to market (i.e. reaching
Readiness Lev¢ + product development)?
and Timing

Tablel0. Description of nostommercial exploitation

Impact In what area do you expect to make an impact?

Needs What needs might be solved/met thanks to this KER? What are the benefits 1
target audience / potential users?

Outputs What outputs will be created?

Accessibility | Where will the outputs be made available during and after the project?

Target Who are the potential users of your results?
audience

3. Risk assessmena preliminary risk analysis will be performed witle help of Boston matrix grid
GKFG FylrfteasSa GKS NRal 3INFRS Ay NBtFrdA2y G2 GF
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relation to the grade bsuccess of intervention the grid shows whether a risk can be controlled or
rather should be taken seriously, since it could significantly impact on the success of any particular
potential exploitable result. This risk assessment will be performed tovthedsnd of the project

for the final list of KERs. Example risk gradehe following figurer.

10

9 o5

6
8 0410 0107

* CONTROL %
8

Success of Intervention

Success of Intervention

0 10 20 30 40 50 60 70 80 90 1

Risk Grade

Risk Grade

Figure7 Examples of KER risk analysis: many but controllable risks (on the left) vs fewer but morépeeentially
blocking)risks (on the right)

4. Action plan & roadmapo be prepared for each KER and for each partner. The plan will include
actions to beexecuted shorterm (up to 12 months after the end of the project) and letegm
(1-3 years after the end of the project). It will also include the roles of the partners involved and
the list of milestones and KPIs to be used for monitoring the implemimtatf the actions. From
the financial perspective, a cost estimation and projected revenues will be included for the
commercially exploitable KERs together with the resources needed to bridge the investment
needed to increase the Technology ReadinesslLeve
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7. Market outlook- BATMAX Market Analysis Report YM6

Market outlook is a critical part of evecpmmercial exploitation of research results. Thorough analysis

of the macreenvironment is necessary in order igentify potential opportunities as wellsathreats

and to understand the political, legal, regulatory, environmental and social framework where the
exploitation will take place. The current market outlook will be updated for the subsequent
deliverables of the BATMAX project.

7.1. The MacreEnvironmenPerspective
Markets are continuously affected by regional and global drivers and trends. Hence, it is of paramount
importance to analyse and assess the impact exert by the various aspects of theengcomment
on the BATMAX Project and idevant markets. In this section, an analysis of the Political, Economic,
Social, Technological, Environmental and Legal/Regulatory (PE@$p#cts and how these are
affecting the BATMAX Project is presented.

Political factors:

The EU's political andegulatory framework and incentives play a crucial role in shaping the
development of the battery industry in the region. The following policies illustrate the EU's
commitment in providing a sustainable and competitive battery market while addressing
environmental concerns and promoting clean energy solutions:

1. Clean Energy Policies

1 European Green De&lThe European Green Deal serves as EU'stérng growth
strategy to make Europe climateeutral by 2050. To achieve this, a reduction of at
least 55% CfOemissions by 2030 compared to the levels of 1990 is aimed. This
transformation includes sustainable and accessible transportation, with the European
Commission (EC) proposing more ambitious €fission reduction targets for new
cars and vans, including &% reduction in car emissions and a 50% reduction in van
emissions by 2030, ultimately reaching zero emissions for new cars by 2035. The EC
also focuses on expanding the market for lomnd zereemissions vehicles and
ensuring adequate charging infrastruce. Starting in 2026, road transport will be
included in emissions trading timcentivise cleaner fuel use. Additionally, carbon
pricing and sustainable aviation fuels are proposed for the aviation sector, and carbon
pricing will be extended to the manitie sector, encouraging cleaner practices and
onshore power in major ports to reduce polluting fuel use.

1 Electric Vehicle (EV) PromotionvVarious European Union Member States have
implemented strategies aimed at incenswig the uptake of EVs. These measur
include attractive incentives such as subsidies, tax decreases, and reduced registration
fees, all with the aim of encouraging individuals to switch to electric vehicles.
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2. Trade Policies The EU engages in trade negotiations with other countries andnggi
influencing the import and export of battery materials and finished products. Trade
agreements with resourcgch countries can impact the supply chain for critical battery
materials. The EU imposes import tariffs on certain goods, which can affeatat and
availability of batteries and related components from outside the EU. According to Politico
the European Commission has commenced an investigation into subsidies related to Chinese
imports, specifically targeting Chinese electric vehiclesofigan Commission President
Ursula von der Leyen instigated this investigation, expressing worries about the oversaturation
of worldwide markets with less expensive Chinese electric cars, as it is evident that Chinese
cars low prices, are artificially ma#ibed through substantial Chinese State subsidies, which
the EU perceives as distorting fair competition and disrupting their market. Given China's
dominant role in producing battery technology for environmentally friendly vehicles, the EU is
worried aboutthe potential detrimental impact on its own industry, particularly given the
rapid expansion of the global electric vehicle market.

3. Energy Storage IncentivésThe EU encourages the integration of energy storage systems,
including batteries, into the elé&dcity grid. Policies promote grid stability and flexibility
through the use of energy storage technologies whichramognsed as a critical flexibility
solution. It can help balance electricity demand and supply, reduce price fluctuations,
empower congmers to manage energy consumption efficiently, and facilitate the
electrification of various sectors, including buildings and transportation.

4. Circular Economy Action Pla@EAP European Union emphasis measures to enhance the
circularity of batteries, prioritizing recycling and waste reduction for a more sustainable
battery industry. The primary objective of this initiative is to ensure that batteries available in
the EU market adhere to sustainability standards, exhibiting circularity peigbrmance, and
safety throughout their entire life cycle. The stipulations for batteries, spanning industrial,
automotive, electric vehicle, and portable varieties, encompass responsible material sourcing,
restricted usage of hazardous substances, mihimecycled material incorporation,
consideration of carbon footprint, adherence to performance and durability criteria,
appropriate labding, and meeting prescribed collection and recycling objectives. This battery
focused action plan is a component oktbroader CEAP 2020, which includes diverse sectors
and endeavours aimed at advancing the concept of a circular economy within the EU.

Through the next generation of Battery Management Systeiins, BATMAX Project will greatly
contribute to addressing suppl chain challenges in the battery industry by optimizing resource
utilisation, enhancing battery performance, improving energy efficiency, reducing waste, providing
transparency, enabling demand forecasting, and ensuring safety.

Economic factors:

1. EU Battey Alliance The European Battery Alliance was introduced by the European
Commission in October 2017 to address the industrial complexities associated with battery
manufacturing. The motivation behind this effort stems from the anticipation of the battery
YIEN]ySGUa Ft260lf Fyydadt @FfdzS adzNHAy3I (G2 OAND
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domestic battery production network is seen as vital for Europe to successfully transition to
clean energy and uphold its competitiveness within the industry. Ebeopean Battery
Alliance's industrial development program, known as EBA250, is overseen by EIT InnoEnergy.
EBA250 is a collaborative community comprised of over 800 industrial and innovation
stakeholders, spanning the entire spectrum from mining to resgclTheir shared goal is to
foster the growth of a robust and competitive European battery industry.

N

Investment in Research and Innovation

The BATTERY 2030nitiative represents a comprehensive and forwdotking roadmap for
battery research in Europe. Its primary objective is to revolutionise the way we develop and
design higkperformance, longasting, safe, sustainable, and affordable batteries for various
pradical applications. This initiative is in direct support of the urgent need to establish
European battery cell manufacturing capabilities. The roadmap takes a cheméstinal
approach, meaning it is not limited to existing lithitmased battery technoldgs. Instead, it
aims to transcend current chemistries and covers both {ittlsum batteries and potential
future, yetto-be-discovered battery chemistries.

BATTERY 2030+ outlines three overarching research themes:

1 Accelerated Discovery of Battery Intesés and Materials: This theme focuses on
developing tools and platforms for rapidly discovering new battery interfaces and
materials. It includes Battery Interface Genome (BIG) and Materials Acceleration
Platform (MAP).

1 Integration of SmarFunctionalities: Research in this theme explores embedding smart
functionalities in batteries, such as sensing andise#ling capabilities.

1 CrossCutting Areas: These areas address aspects crucial to the overall success of
battery development, includinghanufacturability and recyclability.

BATTERY 2030+ represents a coordinated;Humopean effort to push the boundaries of
battery research. Its ambitious goals extend beyond existing battery technologies, fostering
innovation in materials, design, and ftionality. This initiative seeks to address pressing
societal and environmental challenges by accelerating the development of sustainable and
high-performance batteries. The objectives of BATMAX project are aligned with BATTERY
2030+ initiative objectives

Horizon Europé and the BATT4EU Partnershipe European Union's Horizon program for

research and innovation, serves as a substantial ihgiédource for projects dedicated to

tackling worldwide issues such as climate change, the transition to clean energy, and

ddzadrAyrotS OGNFyaLR2NIlIGA2y® LG LINPOARSA | LILIN

engaged in research and innovation endeans. Within the framework of Horizon Europe, the
l¢e¢n9! tI NOYSNAKALI KIa 0SSy SadlroftAaKSRZI ol

This partnership assumes a pivotal role in advancing the goals of the R&I program, particularly

in the realm of btteries and energy storage technologies. It represents a significant initiative
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aimed at propelling innovation and research within battegjated domains to confront
critical global challenges.

European Battery Innovation projeét Prospective growth is rpdicted through
advancements in battery chemistries, supported by initiatives such as the European Battery
Innovation project. This project, backed by 12 nations with up2® billion in funding, aims

to stimulate private investment. Germany is at tleedfront of this expansion, with plans for

the first European lithiumion cell gigafactory by SVOLT Energy Technology in Saarlouis,
scheduled to initiate production by the end of 2023.

Investment and Expansionn 2020, the European Investment Bank (ElByided a€480
million loan to LG Chem Wroclaw Energy for establishing a litiounbattery production
facility in Europe. This facility is projected to cost arowdds billion and have an annual
production capacity of over 35 GWh.

Manufacturer BoostSwedish company Northvolt secured $2.75 billion in June 2021 to expand
its battery factory in Northern Sweden, catering to the increasing demand for electric vehicles.
A significant contract was signed with Volkswagen, amounting to $14 billion for elexttiatey
battery supply over a decade.

Tax Incentive$ Tax incentives for purchasing an EV are provided by many European countries
and some of the examples are given below:

9 Austria offers VAT deductions based on the EV's purchase price, full VAT dedrction f
BSKAOf S& dzyRSNJ ennznnni NBRdAdzZOSR RSRdAzOGAZ2Y
tax exemptions, and tax incentives for businesses and employees witkem@gssion
company cars. Private buyers of qualifying EVs receive bonuses, and charging
infrastructure incentives are also available.

1 Belgium provides tax advantages and exemptions for EVs and fuel cell electric vehicles
(FCEVs) in different regions. These include base tax rates, complete tax exemptions,
reduced VAT rates for electricity, and benefitscompany cars. Maximum deductible
expenses apply to lowmission vehicles, and minimal annual benefits in kind are set
for certain EVs.

1 Germany offers tax exemptions for EVs and FCEVs registered by 2025, reduced yearly
circulation tax for lowemissionvehicles, and bonuses based on the net list price of
new vehicles. Funding applications will be limited to private individuals starting in
2023, with further reductions and stricter criteria from 2024.

1 Greece encourages edoendly vehicles with reduced registration and circulation
taxes for lowemission vehicles, exemptions from certain taxes for cars emitting low
CO2, and tax benefits for leemission BEVs and PHEVs. Cashback incentives are also
availble, including rewards for scrapping old vehicles or young buyers.
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Sociocultural factor®

Regarding the potential adoption of EVs, 70% of European drivers are open to the idea of purchasing
an EV as their next vehicle. In terms of what drives consideration, the leading incentive for those
contemplating the shift to EVs is the environmental advantages provided by emfssgwuehicles.
Specifically, 49% of respondents view these environmental benefits as a compelling factor. EV driver
satisfaction is notably high, with 89% of EV drivers stating that switching to an EV was the right
decision. Additionally, 74% of EV drivers feel more relaxed, and 77% find EVs smoother to drive than
Internal Combustion Engine (ICE) vehicles. An impressive©EY%drivers found the transition from

ICE to EV either "as expected" or "easier," indicating a positive experience for those making the switch.
A significant majority (70%) of motorists who own EVs report that the range autonomy of their EV is
better than expected before purchase, countering the misconception that EVs offer limited driving
range. Sustainability remains an essential factor for drivers, as nearly 85% of all surveyed drivers, both
EV and ICE, place value on being environmentally frienkdigtrie driving is portrayed as enjoyable

and desirable, with 89% of European EV drivers expressing satisfaction with their EV experience, and
78% agreeing that it exceeded their expectations. Overtbird (34%) of EV drivers made the switch

due to the alvanced technology offered in electric cars, highlighting the significance of these features
in enhancing the driving experience. Nearly dhied (31%) of ICE drivers considering an EV conversion
are attracted by the advanced technology in electric cansphassing its role in driving the electric
revolution.

Technological factors:

Battery technology evolves rapidly with an extension beyond the dominance of liiiartLiion)
batteries. An article by TechNavistates that from 2019 to 2024 81.77% otthechargeable battery
market will be driven by tion batteries. According to S&Rey advancements in battery technology
include:

1. Enhanced Specific Energy and Energy Dendityvel battery technologies boast improved
specific energy and energy densifyhis translates to the capacity to store more energy in
relation to volume or weight. This feature is particularly essential for applications like EVs, as
higher energy density facilitates extended driving ranges.

2. Extended LifespanAdvanced batteries ardesigned for extended durability, permitting a
greater number of charge and discharge cycles before experiencing a substantial decline in
capacity. This extended lifespan plays a crucial role in lowering replacement expenses,
particularly in the electricehicle (EV) sector.

3. Enhanced SafetySafety considerations, particularly within the EV industry, are of high
importance. Emerging battery technologies prioritize enhanced safety measures, including
reduced flammability risks. These safety improvements waital for encouraging the
widespread acceptance of EVs.

4. Faster ChargingA multitude of nexigeneration batteries are capable of swift charging,
diminishing the time required to achieve a full battery charge. This aspect is pivotal for the
convenience anéhcreased adoption of EVs.
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5. Reduced Levelized Cost of Energy (LCOE$ progress in battery technology contributes to
the reduction of the leveted cost of energy. This renders energy storage solutions more
economically feasible, particularly within gagplications.

Legal & Environmental factors:

In 2021, the EU Commission introduced ffie for 55¢ proposals, aiming for a 55% reduction in
emissions by 2030, including a proposal to ban internal combustion engine (ICE) powertrains by 2035.
Despite initial opposition, the European automotive industry embraced rapid eledidficand
became a driving force for it. The European Commission is also in the process of negotiating the
Alternative Fuels Infrastructure Regulation (AFIR) proposal (document COM (2021) 559). This
regulation mandates EU member states to establish charigiingstructure for heawduty vehicles,
facilitating domestic and international freight transport.

Regarding the European Green Deal and Fit for 55 on September 2023, the Council adopted its position
on the Euro 7 regulation, which aims to thge-approval of motor vehicles, engines, and related
components with regard to emissions and battery durability. This regulation aimed to establish more
suitable limits for vehicle emissions and further reduce air pollutant emissions from road transport.
The Council's position struck a balance between demanding emissions requirements and the need for
additional industry investments, particularly as European car manufacturers transitioned towards
producing zereemission cars.

In 2023, notable advancementsrcerning C@emission standards for new automobiles and vans
within the European Union (EU) transpired:

1. Stringent CQ@ Reduction Targets The Council approved a regulation establishing more
rigorous C@emission performance criteria for new cars and vartsese updated regulations
encompass the following objectives:

1 Decreasing CCemissions by 55% for new cars and 50% for new vans between
2030 and 2034 compared to 2021 levels.

1 Achieving a 100% reduction in £#missions for both new cars and vans starting
from 2035.

2. Incentive Framework for Zeroand LowEmission Vehicles (ZLEMA regulatory incentive
system for ZLEV will be operative from 2025 until the conclusion of 2029. Manufacturers that
fulfil specific benchmarks in ZLEV sales can be eligible fastteggent CQemission targets.

The established benchmark is fixed at 25% for cars and 17% for vans.

3. Acknowledgment of Bruels The regulation encompasses a reference-foas, along with a
proposal for registering vehicles running exclusively on-ri@étral fuels beyond 2035,
conforming to EU law and climate neutrality goals.

The Councit has approved a novel regulation concerning batteries and waste batteries, covering all
phases of a battery's existence, ranging from manufacturing to recycling. ifdusive pertains to a
wide spectrum of batteries, including portable batteries, electric vehicle batteries, industrial batteries,
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and batteries used in lightweight transportation, such abiles and escooters. This regulation
promotes circular economyybinstituting endof-life requirements, setting targets for collection,
material recovery goals, and expanded producer responsibility.

Manufacturers will be obliged to recover discarded portable batteries, with targets set at 63% by the
conclusion of 2027 and 73% by the culmination of 2030. Specific objectives are laid out for discarded
batteries employed in lightweight transportation. The regulation outlines targets for recuperating
lithium from discarded batteries, aspiring to reach S8¢4he close of 2027 and 80% by the conclusion

of 2031, with the potential for adjustments contingent on market dynamics. The regulation also,
stipulates obligatory minimal percentages of recycled materials for industrial, starting, lighting, and
ignition (SLI) batteries, as well as electric vehicle batteries. These requirements pertain to cobalt, lead,
lithium, and nickel. Batteries must be accompanied by documentation confirming their recycled
content. Recycling efficiency benchmarks are introduced, dimguon nicketadmium batteries and

other discarded battery types. By 2027, portable batteries integrated into appliances must be designed
to be detachable and replaceable by emskers. The regulation strives to enhance the internal battery
market and foter equitable competition through safety, sustainability, and labelling prerequisites.

Labelling requirements for batteries, comprising information regarding components and recycled
content, are set to come into effect by 2026, alongside the introductibaroelectronic'battery
passport"and QR codeby 2027. Operators are mandated to adhere to rigorous due diligence rules to
validate the origins of raw materials us#id in batteries, with exemptions in place for small and
mediumsized enterprises (SME§)his regulation is crafted to diminish environmental and societal
ramifications at every stage of a battery's existence. It will supersede the prevailing 2006 batteries
directive, facilitating the development of a circular economy for batteries amid rsgirdgemand,
especially in the realm of electric mobility.

Renewable Energy Regulations

The Renewable Energy Directive (Directive (EU) 2018/206&)s a target of achieving a 32%
proportion of renewable energy by 2030. In 20ft1e recorded proportion ofenewable energy share

was 21.8% which falls significantly short of this goal. As a result, countries must escalate their efforts
to surpass the baseline. In 2021, the Commission proposed amending the Renewable Energy Directive
to increase the target to 4, with the subsequent REPowerEU plan in 2022 raising it even further to
45%.
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Battery Regulations

1 EU Battery Regulation Proposaln December 2020, the European Commission
proposed a comprehensive regulation (COM/2020/798) for batteries, aimiagetie
a sustainable battery ecosystem. It outlines rules for the design, productionlitapel
and disposal of batteries. It also includes requirements to reduce the environmental
footprint of batteries throughout their life cycle. After negotiations tveen the
European Parliament and the Council, a revised text was agreed upon in December
2022. Notable changes include the inclusion of light means of transport -lilecs
and escooters and strengthened due diligence requirements.

f Regulation (EU) 2023842%°, adopted on July, 2023, addresses batteries and waste
batteries in the EU. It focuses on sustainability, safety, labelling, and information
requirements for batteries. It establishes extended producer responsibility guidelines,
waste battery handlingand reporting standards. Battery due diligence obligations are
imposed on economic operators. Furthermore, the regulation encourages
environmentally friendly public procurement of batteries and associated items. This
revision updates the battery regulatp framework and conforms with several
European Commission efforts aimed at enhancing electric mobility adoption, carbon
neutral energy storage, and a sustainable battery supply chain. The regulation was
officially published in July, 2023 and it will apipbm February 2024, except for some
provisions. In particular, the regulation's chapter concerning the management of
waste batteries will apply from August 2025.

In conclusion it is evidem that in EU there is a strong political force moving forward ¢m-fossit

based energy and net zero emissions targets thus enabling the drastic reduction of GHG emissions by
2030. This is already regulated by setting agreed targets in achieving abandonment of diesel/petrol
internal combustion engines and replacementhwelectric motors and integrating energy storage
within the electric grids in order to balance the fluctuation of energy production from RES. To this end,

it is evident that the Electric Vehicle market and the RES storage market are those marketsvirast dri
growth in the battery market. Managing the efficient operation of a battery (which is the objective of
the BATMAX Project) will enhance both the range of EVs but also will extend the lifecycle of batteries
thus reducing the price of EVs and RES serag

7.2.Market Drivers and Outlook
Market Drivers:

Over the last five years, battery demand and production have increased dramatically. This is due to a

rise in demand for electric vehicles, renewable energy storage systems, and portable electronic
devices. [Ectric vehicles are the main driver of battery demand with many states setting targets to

remove the internal combustion engine vehicles (ICEV) from the marketraate opportunitiesor

electric vehicles. There are various types of batteries in theebamarket, with the major type being

the lithium-ion battery, which is commonly used in electric vehicles. Furthermore, renewable energy
storage is anotherfasENR 6 Ay 3 Tl Ol 2NE Rdz2S G2 GKS 62NX RQa dzNH
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(RES3¥uch aswind and solar. Insufficiencies in grid structures, capacities and performamtmng as
the difficulty of predicting mainly photovoltaic energy output in line with abrupt weathmtuations
necessitate thentegration of energy storage system to the grid.

According to McKinsey and the Global Battery Alli&Hog year 2030, it is expected that circa 88% of

0KS oFGGSNRASE LINBPRdAdzOSR gAff aSNBS GKS 9+ YINJ]SG:
electronics market. Hencethe main driver of the battery market will be the EVs market. This is
eqguivalentto 4.700GWh byear2030 as compared tapproximately700GWh production last year

with an anticipated CAGR of 33%. China will be at the forefront ofrthiket, estimated to produce

more than 40% of the global demafat batteries followed bythe EU with 24% production share and

the US with 18% of market share. Therefdh@9 ! A& Yy GAOALI GSR G2 OKIFff Sy:
holding almost a quaer of the global market. As forecasted by McKinsey, the value of thmn Li

battery market is expected to reach globa#00 billion by year 2030, whidmpliesthat the EU is

looking forward to a market size of almdt00 billion.

The unprecedent high growth rate but also the large size of this industry present both threats and
opportunities for the various players of the ecosystem. Threats are generated by the strict
environmental responsibilities of battery manufacturers includifegycle management of chemicals

and rare earth elements and commercial opportunities arise mainly from the vast growing EV market.

Market size:

In this section, we will analyse the market volume, value and growth rate and also present forecasts
of the battery market on a Global and European scale.

Value:

InFigure8, we illustrate the Global market for electric batteries based on two different market reports
151 As shown, in 2021 the average global value of electric batteries was $98 billion and was estimated
to rise to $389 billion by 2030. Furthermore, the average Compound Annual Growth Rate (CAGR)
estimated from these reports ranges from 14% to 1R&garding the European battery market (see
Figure9), a similar pattern is observed based on the market repbrt8. The European market was

$26 billion in 2021 and is expected to growth to $90 billion in 2030. The CAGR for the analysed period
was estinated by Inkwood Researtho be 15.8% and by Next Move Strat&g be 17.1%.

Volume:

The Global battery volume is experiencing a substantial growth as shdviguire10. Bloomberg New
Energy Finand&predicts that in 2030 the global battery volume will be 2000 GWh while the McKinsey

in cooperation with the Global Battery Alliance report predicts a 4700 GWh. According to the EV
market reportg° findings,the European battery productioris expected to mw significantly, with
projected capacities of 238 GWh in 2025, 413 GWh in 2027, and 773 GWh in 2030, compared to 69
GWh in 2022. These capacity figures encompass projects that have made progress in terms of funding
and construction permits. Moreover,ahgoing projects proceed as anticipated, the potential capacity
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could expand even further, potentially reaching 286 GWh in 2025, 616 GWh in 2027, and an impressive
1,395 GWh in 2030. Similar growth in the European battery market is predicted by PwCyS&rateg
Germany?, with projected values of 435GWh in 2025 and 880GWh in 2030. The predicted exponential
growth of these reports can be seen in Figlife
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Figurell. European Battery Market Volume forecast

In conclusion it is evident thathere is a substantial European battery market size which is growing
with double digit compound annual growth ratend this presents an opportunity for all players in the
battery manufacturing industry. The BATMAX Project is aiming to develop an ineo&attery
Management System (BMS) that will prolong battery life and enhance the overall efficiency and
sustainability of this rapidly expanding market. In the sections to follow, we present BMS market
particulars.
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Battery Management Systems BMS market

The global BMS market, as assessed by Allied Market Reseaashvalued at $7.5 billion in 2022. It

is predicted to reach $41 billion by 2032, representing a projected CAGR of 19.1% from 2023 to 2032.
BMS technology holds a vital role in the controlling and monitoring of bafpecks, ensuring their
secure and effective functioning. It offers critical protections against issues such as overcharging,
overheating, and excessive discharging, all of which are crucial considerations in the design of lithium
ion batteries. As eviders the BMS global market value was circé6 (Y2022) of the battery market
value and it is expected to grow to &% of this market by Y2032. There is a substantial expansion of
the BMS market, which underscores the growing significance of battery t&mynacross diverse
applications, including electric vehicles, renewable energy systems, and consumer electronics, all of
which prioritize safety and efficiency as of paramount concern. The market is also profiting from the
adoption of cloudconnected BMShe rising demand for renewable energy, and the surging popularity

of e-bikes and escooters.

The AsigPacific region provides a dynamic BMS market landscape. China, the world's largest electric
vehicle (EV) market, provides substantial BMS demand, bdigkgdvernment incentives and a robust
domestic manufacturing sector. Japan, known for its technological competence, has invested
significantly in EV and hybrid vehicle technology, creating a substantial market for advanced BMS
solutions. India has seen surge in EV adoption, thanks to government initiatives and private
investments, driving up the need for BMS systems. South Korea, home to major battery manufacturers,
relies on BMS solutions to ensure lithitiom battery performance and safety. Additionalbther Asia

Pacific countries like Australia and Malaysia are experiencing growing EV adoption, further boosting
BMS demand.

European Electric Vehicle BMS market

The European BMS market is currently valued at approximately $0.83 billion and is expected
increase to about $4.44 billion within the next five years, experiencing a robust CAGR exceeding 30%
during the projected period, as reported by Mordor Intelligehd®s evidence, the BMS EU market
value was circa 3% (Y2022) of thattery market value and it is expected to grow to a 18% of this
market by Y2032 Thus, BMS has a significant growth path in the coming years in the EU battery
market. This growth is primarily attributed to the stringent targets for reducing emissionshwinge

driving substantial investments in the electric mobility sector. Governmental initiatives and incentives
aimed at encouraging the adoption of electric vehicles are further propelling this trend. In this context,
BMS plays a fundamental role by owegg and ensuring the efficient and secure utilization of energy

in battery pack cells. This is especially crucial as the demand for electric vehicles and energy storage
solutions continues to rise. Additionally, the increasing power requirements reguham features

like start/stop functionality, electric power steering, and electric braking systems have heightened the
importance of Intelligent Battery Management Systems (IBMS). These IBMS solutions are progressively
gaining popularity among automotiveanufacturers.
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Advanced batteries come equipped with a specially developed BMS that meticulously monitors critical
system parameters, such as such as voltage, current, temperature, state of charge, and state of health,
to ensure optimal performance, safetand longevity. A recent example of investing in advanced BMS
comes from the Chinese company Airways which announced an expansion of its European Tech Center
in Munich, focusing on improving IT tech services and optimizing load management for 12V onboard
batteries. Additionally, Airways plans to introduce enhanced language versions of all operating systems
to meet the growing demand for advanced battery management systems in the European market.
Another considerable investment was done by Switzerland'sigbeverk Technologies AG, that
introduced a new generation of batteries with increased capacity options, offering 125 kilowatts and
250-kilowatt hours, designed for use in trucks and various commercial vehicles, both-fandmff

road applications.

Applications

The BATMAX BMS technology is poised for substantial growth in the electric vehicle sector and various
other applications. The BATMAX project strategically concentrates on four distincaseapplication

areas for batteries, namely Waterborn®&onroad mobile machinery, Heaxduty vehicles, and
Stationary Storage. In the coming sections, we provide a market overview of these fecasese

Heavyduty-vehicles: Concerning heawduty vehicles which contribute to about 25% of EU CO2
emissions from road transport and 6% of total EU emissions. A significant 15% reductioragreaver
CO2 emissions from new trucks is aimed by 2025 and 30% by 2030 compared to the reference period.
In 2021, diesefuelled trucks maintained their dominance, constituting a significant 95.8% of newly
registered heawduty vehicles, accounting for circ&@2000 units. On the other hand, alternative fuels

like LPG, biofuels, and ethanol held a 3.6% share, equivalent to ca 10.000 units, while battery electric
trucks (BETSs) occupied a smaller portion at 0.5%, totalling 1.240 units. The demand for eledtne med
and heavy commercial vehicles is projected to grow by approximately 26.6% annually. Global sales of
electric trucks are predicted to experience substantial growth, potentially reaching multiple times their
current figures.

Stationary battery storageThe energy storage systems market in Eufdpeapidly growing, with an
estimated annual installation of 245 GWh of batteries until 2030. Predictions suggest that the total
cost of Lilon batteries will decrease by more than half by 2030, and the statjobattery storage

market will reach $60 billion. This growth presents both opportunities and challenges. Economic
viability is of concern across countries due to unclear business cases and uncertain energy prices. Lack
of data and regulatory complexitie$sa impact energy storage systems. Regulations are still evolving,
with obstacles like complex permits and uncertain tariff systems.

Waterborne: the global electric boatanarket is projected to grow at a CAGR of 10.4% during the
forecasted period, with anarket value predicted to rise from $5.6 billion in 2023 to $15.1 billion by
2033, according to Future Market Insightesearch. This growth is propelled by factors including
increased seaborne commerce, a thriving marine tourism sector, and stringélaotigo reduction
regulations. Nonetheless, obstacles like the high cost of electric propulsion systems and limited battery
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capacity in speedboats are constraining demand. Government support, technological advancements,
and expanding charging infrastructurare expected to enhance growth prospects. The focus on
curbing emissions and promoting efriendly boats aligns with market expansion, as does the push
for reduced GHG emissions in the freight industry. Additional drivers encompass the rising need for
waterborne transportation, increasing recreational boat rentals, growing incomes, urbanization,
military spending, and advancements in energy storage technologies. The electric boats market is in
its early stages, offering ample room for further expansibrotigh innovation and government
environmental initiatives. The electric boat and ship market is influenced by the expansion of maritime
tourism and seaborne trade, predicted to achieve a CAGR of 10.4%. This trajectory is anticipated to
elevate the marketvalue from $5.6 billion in 2023 to approximately $15.1 billion by 2033. The
profound importance of the shipping industry to the global economy, combined with escalating
environmental concerns, underscores the substantial growth potential within this market

Non-road mobile machinery (NRMMBeltrami et al., 202 showed that electrical power trains have
been used in specialized NRMM (e.g., in mines) for a long time. (M. Sparrevik, X. Qiu, R.A. Stokke et al.,
2023} It is noticeablethat over the last five years, air pollution emission profiles seemed to have
levelled out, andmoreover, no decrease has been observed for global GHG emissions over the entire
period. Thus, further reduction in emissions from NRMM may not be feasible by developing current
engine technologyTherefore future progress requires a shiit propulsion technology from fossil
fuels to other energy sources, such as renewable electricity, biogas or hydrogen.

Having presented the battery market maeeavironment drivers and trends, we continue by
summarising outcomefor external opportunitiesand threatsas below:

7.3. Opportunities and Threga
Opportunities:

1. High Battery DemandThe increasing demand for electric vehicles (EVs) and renewable energy
storage in Europe has led to an increase in battery production, creating a strong market for
BMS.

2. EV Market Growth:The EV market is a significant driver of battery demand, and Europe is
actively transitioning toward EVs, presenting a substantial opportunity for BMS integration and
innovation.

3. Regulatory FrameworkThe EU has established comprehensbattery regulations and
renewable energy targets, providing a clear regulatory framework for BMS development and
implementation.

4. Market Potential: The battery market is projected to grow significantly, with a substantial
focus on EV batteries. Europe isged to capture a significant share of this market, offering
growth prospects for BMS he EU aims to be a major player in the battery market, with a
potential market size of nearf§100 billion by 2030 and a CAGR of circa 17%. This growth offers
opportunities for BMS providers to expand their market share
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BMS Innovation: The evolving battery market demands continuous innovation in BMS
technology to enhance safety, efficiency, and longevity, presenting opportunities for research
and development.

SustainableBattery EcosystemThe EU's focus on sustainability aligns with the development
of a sustainable battery ecosystem, offering opportunities for BMS solutions that support
environmental goals.

Threats:

1.

Market Competition: The battery and BMS markate highly competitive, with global leaders
enjoying substantial state aidrom countries like China. Competition may pose great
challenges for Eldased BMS providers.

Regulatory ComplexityEvolving regulations can add comptgxo BMS development and
compliance, requiring continuous adaptation to changing standards.

Supply Chain VulnerabilityThe global supply chain for critical battery materials may face
disruptions, affecting battery production and, subsequently, BMSahibil,.

Technological ShiftdRapid advancements in battery technologies may require BMS providers
to adapt quickly to new chemistries and integration methods.

Alternatives The battery and BMS markéice competition not only from other battery
technologdes but also from emerging alternative power options like hydrogen fuel cells. The
growing attention and investment in hydrogdrased solutions may divert focus and
resourcesaway from traditional battery technologies.

Renewable Energy GapVhile renewal#® energy storage is growing, Europe currently falls
short of its renewable energy targets. This gap may affect the growth of BMS solutions in the
renewable energy sector.

Battery Production CapacityDespite growing demand, there may be limitations in baft
production capacity, potentially affecting the availability of batteries for BMS integration. New
generation BMS system may require advanced batteries to be hosted.
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8. Obligations and requirements for dissemination and
communication actions (legal framework)

Provisions related to dissemination, communication, visibility and open science are:

1. GrantAgreement:

a. Article 17.1¢ Communicatiorg Disseminatiorg Promoting the action
Article 17.2¢ Visibility- European flag and funding statement
Article 17.3¢ Quality of informatiorg Disclaimer
Article 17.4¢ Specific communication, dissemination and vigibrules
Article 17.5¢ Consequences of necompliance.

f.  Annex 5 Communication, dissemination, open science and visibility
2. Consortium Agreement: Section 8.Bissemination

©® oo o

In additionto the provisions of the Grant Agreement, Article 17, it is reglite show the Grant
Agreement number as well on all dissemination/communication materials.

Provisions related to exploitation and intellectual property management activities:

1. Grant Agreement:
a. Article 16¢ Intellectual Property Rights (IPRBackground andesults¢ Access rights and
rights of use
b. Annex 5
2. Consortium Agreement:
a. Section & Results
b. Section I Access Rights
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Problem:

The transportation sector is responsible for roughly one-quarter of the total greenhouse emissions in the
EU, with road vehicles contributing to over 60% of the emissions. The electrified applications such as
automotive, marine or stationary are strongly dependent on battery technologies in terms of energy,
power, safety, and long lifetime as well as an acceptable cost. In this regard, next-generation lithium-
based technologies can fulfil most of those| requirements. Since the characteristics of those battery
technologies are different from the conventional lithium-ion batteries, there is a dedicated need to
develop non-invasive multi-sensing, real-time analytics as well as new and robust state functions that can
estimate and predict the battery performances, accurately, which can be implemented into an open-
access Battery management system (BMS).

Solution:

Physics and data-based battery management by multi-domain digital twins (BATMAX) sets out to pave the
way for advanced next-generation data-based and adaptable battery management systems capable of
fulfilling the needs and requirements of various mobile and stationary applications and use cases. The
main objective of the project is to contribute to improving battery system performance, safety, reliability,
service life, and lifetime cost and therefore to maximise the value created by the operation of the battery
systems in various kinds of end-use applications. This is approached by creating a framework for next-
generation of battery management based on large amounts of data, both experimental, operational and
synthetic, adaptable physics-based models, suitable reduced-order models for both physical BMS
algorithms and real-time multi-scale digital twins. BATMAX develops a framework to efficienthy
parameterise physics-based models, essential to reduce the cost of model development and encourage
their use in BM3s. Advanced numerical methods accelerate the extraction of relevant parameters from
experimental and numerical simulation data. BATMAX develops hardware and sensorisation on cell and
system-level for collection and communication of battery measurement data and integrates an open-
source BMS platform to a laboratory-scale prototype system. The BATMAX BMS framework (hardware
and software) will enable to exploit advanced battery models with an integrated digital twin framewaork
that is capable of coping with high amount of measured data, which will enable to monitor the battery
aging in depth and to facilitate the key functions of systems_ A central output is an extensive multi-purpose
and scalable digital twin framework that is developed and validated for advanced battery management.
Key impacts from BATMAX contribute to a 10% battery lifetime increase on average scenario, 20%
performance increase in specific scenarios and contribution to lifecycle cost reduction by at least 10%.

Grant Agreement number: 101104013
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Figure 1: The conceptual approach of BATMAX.

Impact:

The BATMAX project has the potential to significantly contribute to meeting the challenges Europe faces
today to support the green transition in both energy and transportation systems by supporting the
optimal use and operation of battery systems in a wide range of applications. Better utilisation of battery
storage will improve our capacity to adopt clean, secure, sustainable, and efficient energy and transport
solutions. BATMAX responds to the market needs for batteries with lower cost, high performance and
reliability, and sustainable lifecycle. This will contribute to improved competitiveness and attractiveness
of the use of batteries in a wide range of transport and mobile applications and is a critical element in the
clean energy system, providing increased flexibility. The Key Expected Results of BATMAX start pathways
toward achieving broader impacts. The goal of BATMAX is to ensure that the target industry, various end
users, as well as regulatory players, and the scientific community, can make the best use of the BATMAX
outputs and carry them forward towards adoption and creation of added value. The policy framework will
continue to increasingly promote do-no-significant-harm {DNSH) technologies and “polluter pays”
legislation, further boosting the battery industry and utilization in all parts of the value chain.

Consortium:

Partner Short Name Country
1 TEKNOLOGIAN TUTKIMUSKESKUS VTT OY NTT Finland
2 WVALMET AUTOMOTIVE EV POWER OY WA Finland
3 SINTEF AS SINTEF Naorway
4 SINTEF EMERGI AS SINTEF EN MNorway
5 CORVUS NORWAY AS CORVUS Norway
=] RISE FIRE RESEARCH AS FRMN Norway
7 RISE RESEARCH INSTITUTES OF SWEDEN AB RISE Sweden
8 AVESTA BATTERY & ENERGY ENGINEERING ABEE Belgium
9 LUMEMNCY LUM Belgium
10 FRAUMHOFER GESELLSCHAFT ZUR FORDERUNG DER Fraunhofer Germany

ANGEWANDTEN FORSCHUNG EV

Grant Agreement number: 101104013
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11 ELECTRICITE DE FRANCE EDF France
12 RTD TALOS LIMITED TALOS Cyprus
13 COMPANY FOR MANUFACTURING TRADE ANDSERVICES AVESTA | ABEE MK North
BATERI AND ENERDZIINZINERING DOOEL IMPORT-EXPORT Macedonia
SKOPIJE
14 | CENTRE SUISSE D'ELECTRONIQUE ET DE MICROTECHNIQUE CSEM Switzerland
SA - RECHERCHE ET DEVELOPPEMENT
Corvus ) Energy
&
VALMET AUTOMOTIVE
% Fraunhofer
=
ClLamency
)
csem
X ,g RTD Talos
Figure 2: BATMAX consortium
Title Battery management by multi-domain digital twins
Grant Agreement number | 101104013
Starting date 1 May 2023
Duration 42 Months
Total budget £ 4994 575,00
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the European Union

Funded by the European Union. Views and opinions however those of the author(s)
only and do not nacessarily reflect those of the European Union or the European
Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the
European Union nor the granting authority can be held responsible for them
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Physics and data-based battery management by multi-domain digital
twins (BATMAX) sets out to pave the way for advanced next generation
data-based and adaptable battery management systems capable of
fulfilling the needs and requirements of various mobile and stationary
applications and use cases. The main objective of the project is to
enhance the performance, safety, reliability, service-life and cost-
effectiveness of battery systems, and therefore to maximise the value
created by the operation of the battery systems in various kinds of end
use applications. To concretise the pathways towards reaching the
main objective, BATMAX partners are exploring emerging opportunities
for optimised battery utilisation across the technical scope. The main
objective is approached by creating a framework for next generation of
battery management based on large amounts of data, both
experimental, operational and synthetic, adaptable physics-based
models, suitable reduced-order models for both physical BMS
algorithms and real-time multi-scale digital twins.

@ o o 43 @ - u
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Page 2 _ Page 6
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Lhallenge

The transportation sector is responsible for roughly one-quarter of the total
greenhouse emissions in the EU, with road vehicles contributing to over 60%
of the emissions. The European Green Deal outlines the climate change
mitigation targets as follows: “all 27 EU Member States committed to turning
the EU into the first climate neutral continent by 2050". They pledged to
reduce emissions by at least 55% by 2030, compared to 1990 levels and
reaching out to a fossil-free society by 2050. The transportation and energy
sectors globally contributed to roughly 16% and 23% of global CO2 emissions
(2017), respectively. Strict vehicle emission regulations and other policy
measures will speed up the transition towards zero-emission transport,
curbing the total EU emissions of carbon dioxide (CO2). Besides transport, an
equally significant transition from fossil towards green energy is ongoing as
an essential part of the European Green Deal.

Salution

The project BATMAX sets out to pave the way for advanced next-generation
data-based and adaptable battery management systems capable of fulfilling
the needs and requirements of various mobile and stationary applications and
use cases.

Given the role of battery systems as a key enabling technology within the
green shift in transport, mobility, and energy, it is evident that multiple
combinations of requirements, use cases, duties, and businesses are placed
upon battery systems.

2
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BATMAX develops a framework to efficiently parameterise physics-based
models is essential to reduce the cost of model development and encourage
their use in BMSs. Advanced numerical methods accelerate the extraction of
relevant parameters from experimental and numerical simulation data.
BATMAX develops hardware and sensorisation on cell and system level for
collection and communication of battery measurement data and integrates
the open source foxBMS platform to a laboratory scale prototype system. The
BATMAX BMS framework (hardware and software) will enable to exploit
advanced battery models with integrated digital twin framework that is
capable to cope with high amount of measured data, which will enable to
monitor the battery aging in depth and to facilitate the key functions of
systems. A central output is an extensive multi purpose and scalable digital
twin framework is developed and validated for advanced battery
management. Key impacts from BATMAX contribute to 10% battery lifetime

increase on average scenario, 20% performance increase in specific
scenarios and contribution to lifecycle cost reduction by at least 10%.
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The BATMAX project has chosen to focus on four use case
application areas for batteries:

Electrified applications, whether in automotive, marine or stationary contexts,
rely heavily on robust battery technologies in terms of energy, power, safety,
long lifetime and acceptable costs. These applications encompass a versatile
mixture of battery system requirements as well as management needs,
including aspects such as temperature control, average state of charge,
depth of discharge and fast charging capabilities.

BATMAX project will analyse and define application and use case specific
representative battery duty cycles for input into the cell aging matrix and
validation analysis. The battery use applications to be covered are primarily
heavy duty road vehicles, off-road mobile machinery and various types of
marine vessels. Additionally, light vehicles, automotive, stationary storage, rail
or aviation segments will be covered to the extent necessary to describe
usage and duty profiles for batteries in their end use.
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New physics and data-based approaches for battery
1 management, with the potential to enhance performances,
lifetime, reliability and safety of battery systems for transport and

stationary application

New physics and data-based approaches for battery
management facilitating predictive maintenance, and/or
knowledge-driven end-of-life management of battery systems,
and/or the development of more accurate degradation models.

The BATMAX project has the potential to significantly contribute to
meeting the challenges Europe faces today to support the green
transition in both energy and transportation systems by supporting
the optimal use and operation of battery systems in a wide range of
applications. Better utilization of battery storage will improve our

capacity to adopt clean, secure, sustainable, and efficient energy and
transport solutions. 1

BATMAX responds to the market needs for batteries with lower cost,
high performance, and reliability, sustainable lifecycle. This will
contribute to improved competitiveness and attractiveness of the use
of batteries in a wide range of transport and mobile applications and
is a critical element in the clean energy system, providing increased

flexibility.

C
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On May 23rd and 24th the Kick-off meeting took place in Helsinki,
Finland, hosted by VTT. The teams had the chance to acquaint
themselves with one another and discuss the upcoming project

activities in each Work Package.
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MEET the project coordinatar

VTT Technical Research Centre
of Finland

VTT is one of Europe's leading research institutions. It is owned by the
Finnish state, and its mission is to advance the utilization and
commercialization of research and innovations in industry, commerce
and society. By using scientific and technological means in applied
research, VTT tackles large global challenges to create sustainable
growth for businesses and society. The institution brings together
individuals from various fields, including business, science and
technology, to solve the biggest challenges of our time. In doing so,
VTT fosters sustainable growth, job creation, and overall well-being,
while also providing exponential hope for the future.

- e
° ¢

Role in BATMAX: R

Project coordinator, data driven and hybrid battery modelling,
development of digital twin architecture and optimisation,
battery management system prototyping as well as validation of
the next generation BMS framework.
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Meet the Team
Project coordinator

DR. Mikko Pihlatie

Dr. Mikko Pihlatie is Research Professor on
electrification of transport at VTT and the coordinator
of BATMAX. His main role at VTT is to work science-
based and holistically to promote the transition to

- —O zero-emission mobility and transport and building
sector-integrating bridges between the energy system

/—_/—O¥’ and transportation, both in green and digital
L — transition. The focus of his role is electrification of

T N—e transport in all modes of transport, as well as research
— and innovation on key technologies and solutions
iy S— enabling the change. Battery technologies and
H management of battery systems are a key factor in
this.

o

Page76 of 93



M.Sc. Teemu Matasniemi is a senior scientist at
VTTand has over 20 years of experience in
software and architecture development related
to design, analysis, simulation, integration, testing
and verification of systems and their data
communication in process, nuclear and
construction industry.

His current research interests include information
management, ontologies and data model
integrations.

In the BAXMAX project, Mr. Matasniemi has been
assigned to a data platform development effort.

M.Sc & B.Eng Mikko Tahkola is a research
scientist at VTT, works on Al-based surrogate
modeling, the development of active learning-
based workflows for surrogate modeling, and
surrogate-based optimization.

In the BATMAX project, Mr. Tahkola focuses on
applying data-driven modeling to develop
battery state estimators and surrogate models.
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Doniyar Urishoyv

M.Sc. Doniyor Urishov, a research scientist at
VTT, works on printed electrodes and solid-
state electrolyte, battery modelling and
simulation, as well as implementation digital

twins.
In the BATMAX project, Mr, Urishov

leads

Work Package “Digital twins and framework
validation”. He is also the Technical
Coordinator of BATMAX project.
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Froject

BATMAX project main objective is to optimize the
performance of the battery system by improving
its safety, reliability, service life and lifetime cost.
For the fulfillment of the main objective BATMAX
partners are building a framework (hardware and
software) for next generation of battery
management by adopting emerging technologies
for a holistic data management. Advanced Battery
Management System (BMS) algorithms coupled to
real-time multiscale digital twins will combine data
from simulation, laboratory and operational
sources to provide next-generation battery
management.

— .

Objectives

Develop a system for effectively
parameterizing physics-based
models.

Develop hardware that utilizes
advanced sensors to enhance
connectivity and data sharing to
support the battery BMS.

Develop hybrid (data and physics-
based models) and Al-driven models
to optimize battery lifetime and
improve battery management BMS.

Integrate the BMS with a multi-scale
battery digital twin framework to
enable a dynamic operation.

Co-funded by
the European Union

Expected outcomes:

Innovative methods of combining
physics and data-driven models in
battery management will allow:

Optimal performance, lifespan,
reliability, and safety of battery
systems in both transportation and
stationary applications.

Enabling effective knowledge-
driven predictive maintenance.

Enabling effective knowledge-
driven end of life management of
battery systems.

Enabling the development of more
accurate degradation models.

Expected impact:

Enhance the competitiveness of the European battery ecosystem on a global scale.

Accelerate growth of innovative, competitive and sustainable battery manufacturing industry in Europe.
Accelerate electrified mobility with improved affordability, performance, safety, and reliability.

Enhance the overall sustainability and Life Cycle Assessment of each segment of the battery value chain.

Increase exploitatio d reliability of batteries in stationery and vehicle applications.
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Consortium

BATMAX consortium comprises of 14 partners from nine

European countries, including 7 industrial and 7 research
partners.
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Challenge

Electrification of the automotive, marine and stationary
storage industries relies on battery technologies which
combine low cost with high performance in terms of energy,
power, safety and lifetime. To enable this transition
Generation 3b chemistries, with enhanced energy density and
lowered costs, need to be perfected, accelerated to market,
and validated into these applications. Essential to this is a
Battery Management System Architecture which understands
the complex underlying chemistry and can maintain such
battery systems to a long lifetime with high safety and high
performance.

Co-funded by
the European Union

Solution

The BATMAX project will adopt a holistic data-based and
adaptable BMS supported by emerging technologies such as
Digital Twins and Al to meet the needs and demands of different
mobile and stationary applications and use cases. Battery
systems are fundamental for the green shift in transport,
mobility, and energy. BATMAX project brings together dedicated
researchers, industry partners, and stakeholders for a
multidisciplinary approach to set the foundations of the new era
of battery systems.
The BATMAX project has chosen to focus on four use case
application areas for batteries:

Waterborne

Non-road mobile machinery

Heavy-duty vehicles

Stationary storage
The battery management system should be flexible and
adaptable to all types of battery uses, and a methodical
approach will be followed by the consortium. The primary focus
of the BATMAX project is to enhance battery management by
prioritizing safety, lifetime, reliability, and performance.

Methodology

BATMAX aims to create a framework for effectively parameterizing physics-based models, utilizing advanced numerical methods
to accelerate the extraction of key parameters from experimental and numerical simulation data.

BATMAX focuses on developing hardware and sensorisation at both the cell and system levels to collect and communicate
efficiently battery measurement data. An open-source BMS platform will be integrated into a laboratory-scale prototype system.
The BATMAX BMS framework (hardware and software) will empower the utilization of advanced battery models integrated with a
digital twin framework. This framework will effectively handle large volumes of measured data in a cloud platform, enabling in-

depth monitoring of battery aging and key system functions.

A hybrid model will be developed that combines physics-based models and data driven approaches to estimate the battery's
state. The hybrid model will be integrated with Al-driven prognostic models in the digital twins. For a successful optimization of
hybrid and Al-driven models, computation at the edge or cloud level will utilise data from sensors and from physical models.
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Dr. Mikko Pihlat u Matasniemi Mikko Tahkola doniyor Urishov

VTT is one of Europe's leading research institutions. It is owned by the Finnish state; The project BATMAX sets out to pave the way for advanced next-
and its mission is to advance the utilization and commercialization of research and generation data-based and adaptable battery management
innovations in industry, commerce and society. By using scientific and technological systems capable of fulfilling the needs and requirements of
means in applied research, various mobile and stationary applications and use cases.The
VTT tackles large global challenges to create sustainable growth for businesses and BATMAX project prioritizes battery management with a focus on
society. The institution brings together individuals from various fields, including enhancing safety, maximizing battery lifetime, improving reliability
business, science and technology, to solve the biggest challenges of our time. In and performance, and optimizing the value proposition for its
doing so, VTT fosters sustainable growth, job creation, and overall well-being, while intended end-use case. Through a rigorous and comprehensive
also providing exponential hope for the future. approach, the project aims to deliver a battery system that meets
the highest standards of technical excellence and operational
efficiency. By leveraging cutting-edge technologies and industry
VTT is the Project coordinator, responsible for data driven and best practices, the BATMAX project seeks to establish a new
hybrid battery modelling, development of digital twin architectiire: paradigm for battery management that supports sustainable
and optimisation, battery management system prototyping s well growth and innovation across a range of industries.
as validation of the next generation BMS framework.
RANT AGREEMENT: 101104013
Funded by the Eurapean Union. Views and pinions however those of the author(s) | 4 o
only and do not necessarily reflect those of the European Union or the European e

Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the % Restarch and o
European Union nor the granting authority can be held responsible for them.

o Pihlatie : u Mikko Tahkola Doniyor Urishov

is Research Professor on electrification of transport at VIT and M.Se. is a research scientist at VIT who works on
the coordinator of BATMAX. His main role at VIT is to work science-based and printed electrodes and solid-state electrolyte, battery modelling
holistically to promote the transition to zero-emission mobility and transport and and simulation, as well as implementation of digital twins.
building sector-integrating bridges between the energy system and fransportation, In the BATMAX project, Mr, Urishov leads Work Package “Digital
both in green and digital transition. The focus of his role is electrification of twins and framework validation”. He is also the Technical
transport in all modes of transport, as well as research and innovation on key Coordinator and Data Manager of BATMAX project.
technologies and solutions enabling the change. Battery technologies and ]

management of battery systems are a key factor in this. MSc & BEng is a researchiscientich B S

M.Se. is a senior scientist at VIT and has over 20 years of experience in software works on Al-based surrogateimedeibE SN

and architecture development related to design, analysis, simulation, integration, testing and o o.cﬂve learning-based workflows forSHUREEEE
verification of systems and their data communication in process, nuclear and construction Indusfry. modeling, and surrogate-based optimization. In the

His current research interests include information management, ontologies and data model BATMAX project, Mr. Tahkola focuses on applying dam—;
integrations. driven modeling to develop battery state estimators and

In the BAXMAX project, Mr. Matasniemi has been assigned to a data platform development effort: surrogate models.

Funded by the European Unjon. Views and opinions however those of the authorts) | .
only and do not necessarily reflect those of the European Union or the European
Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the
Elropean Union nor the granting authority can be held responsible for them.
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The Fraunhofer Institute for Integrated Systems and Device Technology lISB as
part of the Fraunhofer-Gesellschaft conducts applied research and development
for industry as well as public authorities in the field of electronic systems for
application in, e.g., electric mobility, aerospace, Industry 4.0, power grids or
energy technology. In this context, the institute uniquely covers the entire value
chain - from basic materials to complete power electronic systems.

The department “Intelligent Energy Systems” develops the technologies for the
digitalization of the power electronic and energy conversion in the
transportation and energy domains. The department integrates these
technologies in interconnected intelligent energy systems, building the
“Cognitive Power Electronics” ecosystem initiated at the Fraunhofer lISB:

In the research area “Battery Systems” we work on innovative solutions for
lithium-ion-based electrical energy storage systems for stationary and mobile
applications. The activities range from the development of battery management
systems (e.g., BMS platform foxBMS®), algorithms for battery state estimations
and predictions, up to the design of full-custom battery systems, e.g., for large
applications like racing cars, and submarine exploration robets.

In the research area “Data Analytics” we take an application-oriented approach
that includes system analysis, conception, data collection, filtering, clustering;
and finally the development and implementation of intelligent algorithms in
industrial processes or in embedded systems.

JGRANT AGREEMENT: 101104013

Funded by the European Union. Views and opinions however those of the author(s) |
anly and do not necessarily reflect those of the European Union or the European
Climate, Infrastructure and Environment Executive Agency (CINEA), Neither the
European Union nor the granting authority can be held responsible for them

, senior researcher at Fraunhofer lISB, department of

Intelligent Energy Systems, expert in data analytics and machine learning
(Leader WP 3).

, group manager “Data Analytics” at Fraunhofer

IISB, department of Intelligent Energy Systems, expert in application of
data analytics (contact for data analytics and Al)):

, group manager “Battery Systems” at Fraunhofer lISB;

department of Intelligent Energy Systems, expert in BMS electronics
(Fraunhofer lISB main contact for BATMAX).

, senior engineer at Fraunhofer IISB, department of

Intelligent Energy Systems, expert in BMS software and battery system
integration (Leader WP 5).

cretariat for Educ
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