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+ Battery System Concepts for
Fully Electric Vessels

Introduction

Dear SEABAT Community,

As we embark upon the final leg of our journey, it's with great enthusiasm that |
welcome you to the fourth edition of the SEABAT Project Newsletter. Over the
past three years, our collaborative efforts have propelled us forward in our
mission to develop a modular full electric maritime hybrid battery concept to
substantially reduce the costs of large waterborne battery systems for over
1MWh.

Entering the fourth year marks a significant milestone for the SEABAT project; the virtual
integration, validation and certification of the chosen concept. This phase will validate the
developed battery system concept. This includes proving reliability and effectiveness of the
chosen concept, to validate that the developed battery system topology works as intended in a
realistic environment and to verify fault-tolerance and fault ride-through capabilities of the
developed system topology and control system, considering both electric and electromechanical
faults.

In this edition, we reflect on the progress we've made thus far, highlighting key results achieved
in 2023 and specifically the introduction to the cost model calculation, including online
demonstration tool. Further, a listing of the peer reviewed publications, including the open
access to these publications, is given.

As we set our sights on the final year, we will present the major events organised by the project,
like the third academic workshop and the final event mid November 2024 in Antwerp, Belgium.

Thanks to the unwavering dedication and tireless efforts of the consortium, we will make this
final year of the SEABAT project one to remember.

Jeroen Stuyts, Project Coordinator, SEABAT Project

Battery Sizing Tool

Hybrid Battery Energy Storage Systems or HBESS for short combine different battery cell
technologies with complementary features in a single battery system. This approach enables
HBESS to strike an optimal balance between energy content, maximum power output, and
battery lifetime leading to significant reductions in total cost and weight of the battery system.
The benefits derived from HBESS play a pivotal role in advancing the electrification of highly
demanding sectors like construction, agriculture, maritime and aviation.

The aim of this webtool is to demonstrate how battery hybridization can work for a multitude of
applications, and emphasize the possible cost and weight savings which can be made. All
results displayed are calculated using non-linear optimization, resulting in the lowest cost
possible for the battery system. The influence of different parameters like nominal voltage and
minimum lifetime on the sizing of the HBESS can be observed by adjusting sliders on the first
page. A comparison between traditional monotype battery system and the cost-optimal hybrid
battery system is displayed on the second page.

Y ei= @ SIZING TOOL ]

If you want to know more, please visit our website.

Cluster EUWT-SE

EU Waterborne Transport — Synergies
Ecosystem

In November 2023, three EU funded
projects, FLEXSHIP, HYPOBATT and
SEABAT came together and started a

EUWT collaboration with the aim of identifying

. common areas of interest, explore ways
S}’ﬂer@es to adopt best practices and to enhance
ECOS}/STBFT‘I their project results for the benefit of

waterborne transport.

Being the initiative open to other
parallel/similar EU funded projects, since
the beginning of 2024 EUWT-SE has
welcomed other three projects, AENEAS,
NEMOSHIP and DT4GS, as new
participants in this compelling initiative
which will further boost the results of all
the involved projects.

Read more about this on the SEABAT
website.

Click here for more linked projects!
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General results 2023

WP4: Component development

This work package will focus on the design and develop the components for a modular and
flexible hybrid battery system towards low cost.

e D4.1: Design, development and implementation of advanced strategies for battery
temperature regulation
Deliverable 4.1 provides an in-depth analysis of the advanced strategies used for battery
temperature regulation, from the module level to the HESS level. The deliverable outlines
the functional and safety requirements necessary for selecting thermal components and
designing the overall battery thermal management system, based on international marine
application standards.

e D4.2: BMS design, development approach and validation
Deliverable 4.2 provides an in-depth analysis of the development and validation of the
BMS for the modules integrated into the HESS level. Moreover, the deliverable outlines
the state functions integrated into the BMS.

o D4.3: System interface between energy storage and power storage and its control
This deliverable summarizes the DCDC converter design and validation. Additionally,
other important HW elements like the String inductance, String and HESS master
controllers design is detailed.

e D4.4: EMC analysis of the system and definition of the safety requirements
The scope of task 4.3 is to analyse the battery system security at component level. For
that, the safety requirements of the battery system have been defined based on the
analysis of the existing regulations. Moreover, the need for Safety Integrity Level (SIL) in
the Battery Management System (BMS) and its implementation has been evaluated as
well as Electromagnetic Compatibility (EMC) studies.

o DA4.5: Design and development of the casing

The SEABAT module design is based on a platform design which implements identical
components and systems shared by both applications (high-power and high-energy).
This approach comes from the automotive sector and leads to reduced costs for systems.
Some components are adapted to fulfil the needs of the naval application. For the
SEABAT modules Lithium-ion cells, safety layers, terminal busbars, flexible PCBs
(Printed circuit board) and their carrying structure and some cables are different for the
high-power (HP) and the high-energy application (HE). All other components are
identical. The different dimensions of both cell types and their fixation are covered by a
centre alignment and in addition compensated by different positions of the cell side
fixation. The side fixation itself is the same part for both module types.

WP5: Battery module and pack assembly &
manufacturing and integration

This work package aims to integrate the full hybrid battery energy storage system.

Specific system architecture and integration tools will be used to correctly understand, identify
and risk mitigate the relevant interfaces between the battery cells, battery housing, converter,
communication, energy interfaces, physical interfaces and fluid related interfaces. When the
design of the manufacturing assembly process is tackled, focusing on putting such a large
battery pack together in an efficient and cost-effective manner, the final step will be the
verification tests.

e D5.1: Boundary Diagram, Interface Analysis and requirements
Boundary diagrams are commonly used in automotive to show interactions between
various systems and components. Similar methodology is used to develop and analyze
the interface between the various components of the Hybrid Energy Storage System
(HESS) to ensure all of them could work together seamlessly.

e D5.2: Process Flow Diagram and list of process steps
This report explains the advancements on the SEABAT project with respect to battery
modules and HESS (Hybrid Energy Storage System) manufacturing. This work package
comprised of realization and functional tests of the design.

e D5.3: PEMEA and Control Plan
This deliverable outlines the de-risking methodology, PFMEA development steps, and
Control Plan definition, all aligned with industry standards.

WPG: Virtual integration, validation and certification

This work package will validate the developed battery system concept.

A roadmap for final type approval / certification of the developed system will be a specific
outcome of this work package.

o D6.1: Report of the Integration and validation test program
This document provides a comprehensive overview of the P-HIL setup, which includes
virtual integration, fault tolerance, and fault ride-through testing. The document also
describes the necessary modifications to the control system and discusses the limitations
of the test setup.

e D6.2: The P-HIL test setup description
This document provides a comprehensive overview of the P-HIL setup, which includes
virtual integration, fault tolerance, and fault ride-through testing. The document also
describes the necessary modifications to the control system and discusses the limitations
of the test setup.

Upcoming events in 2024

ACADEMICWORKSHOP ON
HYBRID ENERGY STORAGE SYSTEMS
FOR MARITIME APPLICATIONS

14.06.2024

Fraunhofer LBF, Darmstadt,
Germany

3rd SEABAT Academic workshop

Upcoming on the 14th of June 2024, the third SEBAT academic workshop, to be held in
Darmstadt in Germany at Frauenhofer.

Topics addressed are:

1. Session 1 on the component development and the innovations
2. Session 2 on the overall system integration on hardware level
3. Session 3 on the overall system integration on software level

If you are interested, register on the newsletier, and you will receive an invitation soon.
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Article Articke
High Efficiency Converters Based on Modular Partial Power Design and Evaluation Framework for Modular Hybrid Battery
Processing for Fully Electric Maritime Applications Energy Storage Systems in Full-Electric Marine Applications

. Zhenmin Tao '+, Rene Barrera-Cardenas 0, Mahsen Akbarzadeh *, Olve Mo 22, Jasper De Smet ¥
Jon Anzola *, Erik Garayalde, June Urkizu 7, Argifie Alacano © and Ramon Lopes-Erauskin | and Jeroen Stuyts *

Fasuly Mot Ulrabw NE Hermand, Spaing egayaldelmondragon.odu (EC & Fanders Make, M1 Heveriee, Bedgham
e ki 5 s (] L) ) sl du (A Ak Floper@mondragon edu (R1L-E) 2 SENTEF Erwngy Raveusc b, 708 Tt Fanway
" Commragmedenor pan sobe@momdragon rdu e k

Absiract: This paper proposes an approach for analyzing the benefits that partial-power-processing -
based converters can bring to fully electric maritime applications. With the aim of making the

.....

system modualar and scalable to dif ™ i R, S d partial power convertens
are proposed. Serialiring these converters entails significant svervoltage sues, and this paper
tackles them for one seris-connected moduke failure case. A relisbility analysis hasbencaried | | sw
ot considering that the comporents of the battery system follow an independent and Wemtied | | acount
distribution i terms of failure probability. Furthemmor, & redundancy factor has been added o allow
a certain failure rate in whal is known as a fault-tolerant system. Finally, to demonstrate the high
wifichency of partial power convertens, a 3 kW prototype b tested at different workdng points that
madel the changing proces of 3 battery. The experimental results show a peak efficiency of 99.36%

models, and thermal madels, B the selected key requinements in
this study: the case study comparing are baseline monotype design and two HEESS topologies has
shawn the clear sdvantsge of battery hybridization. Iunthermore, we find that. depending on the
sopuiogy seleciion snd B spetafic kad soonemoe being comdered, power comes’ et devices can sho
warsen the kev performance indees.

High Efficiency Converters based Design and Evaluation Framework
on Modular partial Power for Modular Hybrid Battery Energy
Processing for Fully Electric Storage Systems in Full-Electric
Maritime Applications Marine Applications
Read more = Read more =
FABIO MANDRILE ", (Member, IEEE), MICHELE PASTORELLI", (Member, IEEE), Cost Assessment of Battery Hybrid Energy Storage
A T FL, WL AN LS O System for Full-Electric Marine Applications
:’;:‘:::‘:ﬂ: :::::::‘:::L‘::‘:::‘::‘;:::IS-‘I-lm-- for lasgkl BABoRes for waeiBomne WARpor T (SEARATY™ “‘%‘aﬁm ?’“ﬁ%s %M&%
wrder Girast 963560 Leven, Belgram : Leoves, Bignm = Lewven, Baigem

. Absrraci— This deals with the optimal sizing and cost  technology achieving high powesr density compromises on
: ABSTRACT In clectric naval applications, battery storage management plays a key role. The second-life st of d battery W'll-ﬂ'!.'hw system  the emargy demsity (6] udlizing 2 single-npe bhamery

battery use is a fund: | part of the ble development of these waterborne transport systems. The Barbor tug b sected a the mﬁm l&m m‘:ﬁw&:ﬁ;’f@m
article deals with the perspective and solutions of the second-life storage battery systems from the electric full-active topologies i compared aganst a baslint  hamy svitem m bated om 2 balagced m“'-n
ship traction area. This paper presents an overview of the topic of second-life use, application, and future a‘:n;m'aﬁ' T& m&lﬂm beroreen the snergy requzrement and power demard to rexch
direction with a special focus on batlery systems from electric propulsion ships. In panicular, a modular w (EP) battery tchoolopes i thi work The ﬁ?&a’m‘ lﬁf;“@ggﬁm&m
converter-batiery approach in the storage sysiem structure arrangement is considered. The modular battery ;nm:‘mshtmi?ﬂﬁ: composed of HE amnd HP hamery tacknologiss. The HESS
storage approach in electric naval propulsion applications is the target of SEABAT project. This proposed by a paralel rrpr dory, the bartery pack cast Fl'“d";;ﬂ 'M'ﬂf‘:&mé :“ﬁ;’:@:
solution allows both controls of the electrical quantities of the storage output and monitoring of the battery's %ﬂhﬁ‘ ﬂﬁl’f‘i’a :ﬁ o mtn Mﬁm mﬂfmm oages 1 ‘:CI’W
elecirical parameters to always have its health status available, The advantages of the modular multilevel realts d‘ﬂs‘ﬁlﬂ_f mpte that m‘ w! be o Witk the monosype bamery systems

batiery-convener struciure developed within the SEABAT project towards second-life use are presenied and

Second Life Management From Cost Assessment of Battery Hybrid
battery Storage System of Electric Energy Storage_for Full-Electric
Waterborne Transport Marine Applications

Applications: Perspectives and Published: June 2022 Authors: Mohsen

Read more =
Read more =

Outlook final year (2024)

The final year is the start of the demonstration, testing and validation campaign.

Upcoming technical topics:

e Completion of the hardware: production of 24 modules (12 high energy & 12 high power)
should be completed in April. Currently, we are over halfway through.

o Systems validation tests are scheduled at CEA in France, let's find out if our prototype
really works! Validation tests of a single module at IKERLAN in Spain are promising.

e Validation will feed back information such that the confidence in all our models and
simulations will increase. This will enable the consortium to come to final conclusions on
prospected cost savings, energy savings, material savings, emission savings etc.

Please note the following upcoming events and workshops in your agenda:

e Third academic workshop: June 14th, 2024, in Darmstadt, Germany.
e Seventh General Assembly Meeting: June 27th-28th, 2024, in Trondheim, Norway.
¢ Final event: November 15th-16th, 2024 in Antwerp, Belgium.

We expect that three publications will appear.

SEABAT Partners

FLANDERS

MAKE EIIIE rcanmerSh Rl;H @sssimar YARD

DRIVING INMOVATION 1IN MANUCACTURING

Z Fraunhofer -!.g.'fgg,,u[}_j'n

]
é\BEE //|IMECAR HEEEE

(e UNIRESEARCH

POLITECNICO
DI TORINO

VY, s (D) SINTEF

Unibertsitatea Faculty of Engineering

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under Grant Agreement no. 963560.
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