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Executive summary:  

This deliverable presents detailed battery system requirements and validation approaches 

tailored for marine, off-road, and stationary applications within the BATSS project. The 

battery systems are designed around a modular macro-cell concept using high-energy-density 

cylindrical 4695 NMC cells, optimized for each use case’s unique demands. Marine batteries 

prioritize safety, long cycle life (>3500 cycles), and high usable energy (up to 176 kWh) at a 

700 V platform, complying with RINA and EN/IEC standards. Off-road systems focus on 

compactness, robustness, and fast charging with a 400 V platform and moderate cycle life 

(~2500 cycles). Stationary applications emphasize flexibility for second-life battery use with 

high cycle life and power output. Mechanical validation, including vibration testing, follows 

recognized standards such as ISO 12405 and Lloyd’s Register specifications for marine 

environments. The project addresses deviations from initial requirements to optimize space, 

safety, and performance across applications, supporting modularity and second-life reuse. 

D2.1 - BS 
requirements and 
specifications 

Lead beneficiary: 

FPT Motorenforschung AG 

 

 

Author(s):  

Katarzyna Michalow-Mauke 

Tian Liu 

Dominique Künzler 

Alessandro Mariani 

Date: 

24/08/2025 

 



Safe efficient BATtery SyStem based on advanced cell technology 
Grant Agreement No. 101103821 

 

 
 

D2.1 – BS requirements and specifications 2 
 
 

PROJECT DATA 

Project Acronym BATSS 

Project Title Safe efficient BATtery SyStem based on advanced cell technology 

Project number 101103821 

Call identifier HORIZON-CL5-2022-D2-01 

Topic identifier HORIZON-CL5-2022-D2-01-05 

Type of action HORIZON-RIA 

Project Duration 36 months (From 1st January 2024) 

Coordinator CID - Fundacion Cidetec (Spain) – Iosu Cendoya (iosucendoya@cidetec.es) 

Website www.batss-project.eu 

DELIVERABLE 

Deliverable No. 2.1 

Deliverable title  BS requirements and specifications 

Description  
This deliverable includes the battery system specifications for marine, 
off-road and stationary application along with the type of tests to be 
taken as reference.  

WP No. WP2 

Related task  T2.1 – Requirements, specifications and challenges 

Lead Beneficiary  11 – FPT Motorenforschung AG 

Author(s)  
Katarzyna Michalow-Mauke, Tian Liu, Dominique Künzler, Alessandro 
Mariani 

Contributor(s)  
Markus Koller (AIT), Joaquin Bermudez (CID), Mikel Arrinda (CID), Boud 
Verbrugge (VUB), Hartmut Popp (MIBA), 
 

Type1 R 

Dissemination 
Level2 

Public 

Language English – GB 

Due date 30/06/2025 Submission date 24/08/2025 

  

 
 
 
1 R: Document, report; DEM: Demonstrator, pilot, prototype; DEC: Website, video etc., DATA: Data sets; DMP: Data 

management plan; ETHICS; SECURITY; Other: Software, technical diagram, algorithms, models etc.  
2 PU: Public, fully open; SEN: Sensitive. 

http://www.batss-project.eu/


Safe efficient BATtery SyStem based on advanced cell technology 
Grant Agreement No. 101103821 

 

 
 

D2.1 – BS requirements and specifications 3 
 
 

DOCUMENT HISTORY 

Date Versi
on 

Author(s) Comment 

09/04/2025 V 1.0 FMF – Katarzyna Michalow-Mauke Initial version 
16/04/2025 V2.0 AIT – Markus Koller Chapter 3 introduction, 3.1 & 3.2 
25/04/2025 V2.1 CID – Joaquin Bermudez Chapter 3.3 
28/04/2025 V2.2 VUB – Boud Verbrugge Chapter 3.4 
29/04/2025 V2.3 MIBA – Hartmut Popp Chapter 2.3 
05/05/2025 V2.4 CID – Mikel Arrinda Chapter 4.3 

13/05/2025 V3.0 
FMF – Tian Liu, Katarzyna 
Michalow-Mauke, Dominique 
Künzler, Alessandro Mariani 

First draft 

27/05/2025 V3.1 MIBA – Hartmut Popp Chapter 2.3, 4.1.3, 4.3.3 & 4.4.3 

28/05/2025 V4 
FMF –Katarzyna Michalow-Mauke, 
Tian Liu 

Final draft 

23/06/2025 V4.1 FMF –Katarzyna Michalow-Mauke 
Acronyms / Abbreviations and 
Literature 

01/07/2025 V5 CID – Iosu Cendoya Overall review 
06/08/2025 V6 FMF – Katarzyna Michalow-Mauke Changes according to PO feedback: 

Chapter 4 revision and format 
adjustment; Implementation of UNE 
contribution in Chapter 4; 
Implementation of ACC contribution in 
Chapter 1; final review 

08/08/2025 V6.1 UNE – Luis Peñaloza Villamizar 
11/08/2025 V6.2 ACC – David Anguera Sempere 

11/08/2025 V6.3 FMF – Katarzyna Michalow-Mauke 

24/08/2025 V7 CID – Iosu Cendoya Overall review 
30/10/2025 V8 CID – Iosu Cendoya Table 1 modified 

 

  
Acknowledgement 
This project has received funding from the European Union’s Horizon 

Europe research and innovation programme under Grant Agreement No. 

101103821. 

This work has received funding from the Swiss State Secretariat for 

Education, Research and Innovation (SERI). 

 

Disclaimer 
Views and opinions expressed are however those of the author(s) only 

and do not necessarily reflect those of the European Union. Neither the 

European Union nor the granting authority can be held responsible for 

them. 

All intellectual property rights are owned by BATSS consortium members 

and are protected by the applicable laws. Reproduction is not authorised 

without prior written agreement. 

The commercial use of any information contained in this document may 

require a license from the owner of that information. 

For citatioºn purposes: “Katarzyna Michalow-Mauke, Tian Liu, 

Dominique Künzler, Alessandro Mariani, BS requirements and 

specifications, BATSS Project No. 101103821, 2025, 31, FPT 

Motorenforschung AG”. 



Safe efficient BATtery SyStem based on advanced cell technology 
Grant Agreement No. 101103821 

 

 
 

D2.1 – BS requirements and specifications 4 
 
 

Table of Contents 
1 Introduction ................................................................................................................................................................ 7 

2 Main battery system requirements ................................................................................................................... 8 

2.1 Marine application ........................................................................................................................................... 9 

2.2 Off-road application .......................................................................................................................................10 

2.3 Stationary application ...................................................................................................................................11 

2.4 Battery pack assembly and disassembly requirements .................................................................11 

3 Specification and requirements of components & sub-systems .........................................................13 

3.1 BMS master controller ..................................................................................................................................13 

3.2 Module management system .....................................................................................................................13 

3.3 SiC switch ...........................................................................................................................................................14 

3.4 DC/DC converter .............................................................................................................................................14 

4 Reference tests for off-road, marine and stationary application ........................................................16 

4.1 Mechanical reference tests for vibration ..............................................................................................20 

4.1.1 Marine .......................................................................................................................................................20 

4.1.2 Off-road ....................................................................................................................................................21 

4.1.3 Stationary ................................................................................................................................................22 

4.2 Thermal tests based on standards ...........................................................................................................23 

4.3 Electric tests based on standards .............................................................................................................25 

4.3.1 Marine .......................................................................................................................................................25 

4.3.2 Off-road ....................................................................................................................................................26 

4.3.3 Stationary ................................................................................................................................................26 

4.4 Safety tests based on standards ................................................................................................................27 

4.4.1 Marine .......................................................................................................................................................27 

4.4.2 Off-road ....................................................................................................................................................28 

4.4.3 Stationary ................................................................................................................................................28 

5 Conclusions ...............................................................................................................................................................30 

6 References .................................................................................................................................................................31 

 

 

List of Figures 
Figure 1. Maritime use case electric profile. ........................................................................................................26 
Figure 2. Off-road use case electric profile. .........................................................................................................26 
Figure 3. Stationary use case electric profile. .....................................................................................................27 



Safe efficient BATtery SyStem based on advanced cell technology 
Grant Agreement No. 101103821 

 

 
 

D2.1 – BS requirements and specifications 5 
 
 

 
 
 

List of Tables 
Table 1. Main requirements and specifications for off-road, marine and stationary applications. 

Deviations from MS1 are indicated in red. The deviation resulting from the requirements 

adjustments are indicated in green........................................................................................................................... 8 
Table 2. Main parameter of battery cell used in BATSS project .................................................................... 9 
Table 3. Requirements for the dismantling .........................................................................................................12 
Table 4. Specifications and features of the BMS master controller. ..........................................................13 
Table 5. Specifications and features of the MMS. ..............................................................................................14 
Table 6. Specifications and features of the SiC switch.....................................................................................14 
Table 7. Specifications and features of the DC/DC converter. .....................................................................15 
Table 8 Standards related to regulation (EU) 2023/1542 of the European Parliament and of the 

Council of 12 July 2023 concerning batteries and waste batteries, amending Directive 

2008/98/EC and Regulation (EU) 2019/1020 and repealing Directive 2006/66/EC. .....................17 
Table 9 Standards related to the design................................................................................................................18 
Table 10 Standards related to use cases. ..............................................................................................................19 
Table 11. Marine use case common operation description. .........................................................................25 

 

  



Safe efficient BATtery SyStem based on advanced cell technology 
Grant Agreement No. 101103821 

 

 
 

D2.1 – BS requirements and specifications 6 
 
 

Acronyms / Abbreviations 

Term Definition 

BS Battery System 

NMC Lithium Nickel Manganese Cobalt oxides 

REESS Rechargeable Energy Storage Systems 

BMS Battery Management System 

MM Module Management System 

CRC Cycle Redundancy Check 

HV High Voltage 

LV Low Voltage 

EoL End-of-Life 

EV Electric Vehicle 

 

 
 

  



Safe efficient BATtery SyStem based on advanced cell technology 
Grant Agreement No. 101103821 

 

 
 

D2.1 – BS requirements and specifications 7 
 
 

1 Introduction 
This deliverable covers a detailed use-case and dismantling process driven requirements for the 

battery system design and the explanation of the deviation from initial requirements as specified 

in MS1 “Battery system requirements, manufacturing and validation”. The D2.1 reports the 

standards and specification of the tests and validation approaches specific to marine, off-road and 

stationary application. Each of the use cases is discussed in dedicated chapter along with detailed 

discussion on specification and requirements of components and sub-systems. 
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2 Main battery system 
requirements 

MS1 submitted in Month 3 of the project, established the battery system requirements based on 

the three primary applications addressed: off-road (Excavator), marine (Leisure boat 90ft 

Hybrid), and stationary (VOLTSTATION). Each targeted application presents demanding 

requirements, though the nature of these challenges varies (Table 1): 

• Marine application: Safety is the foremost priority, with relatively ample space available 

for the battery system. 

• Excavator for off-road application: Space is highly constrained, while energy demand is 

substantial and operational conditions are particularly harsh. 

All these challenges must be addressed using the macro-cell design (as specified in D5.1, [1]), 

which should be compatible across all applications. Additionally, the battery modules need to be 

easily demountable to facilitate second-life stationary applications (VOLTSTATION) and recycling  

(Table 1).  

Table 1. Main requirements and specifications for off-road, marine and stationary applications. 
Deviations from MS1 are indicated in red. The deviation resulting from the requirements 
adjustments are indicated in green. 

 Excavator 
 

 

Leisure boat 90 ft 
Hybrid 

 

VOLTSTATION 
 

 

VOLTSTATION  
(80% SoH) 

 

Nominal Energy at Battery 
System (BS) Level (kWh) 

70 to 44 160 to 176 42 to 66 42 to 53 

Nominal Voltage at Macro-
module Level (V) 

48.0 to 109 48.0 to 218 n.a. to 109 n.a. to 109 

Nominal Voltage at BS Level (V) 400 700 648 648 

Cell Chemistry (preferred) NMC NMC NMC NMC 

Charge current 1C 1C 1.75C 1.75C 

Discharge current 2.4C 2.4C 3C 3C 

Life Cycle  2500 > 3500 3500 3500 

Homologation Req.  ECE R100.3 & ECE R10 

(EMC) 

RINA, EN/IEC 62619-

62620 (ES-TRIN) 

UN 38.3, ECE R100.3, 

ECE R10  

UN 38.3, ECE R100.3, ECE 

R10  

Full electric range n.a. up to 10 NM @ 8 kn n.a. n.a. 

Space Constrain (L X W X H) at 
BS Level (mm) 

850 x 450 x 600 (229l)  

to  

970 x 450 x 600 

2000 x 400 x 1200 (960l) 

to  

2000 x 450 x 1200 

1700 x 700 x135 (160l) 

to 

1113 x 820 x 480 

1700 x 700 x135 (160l) 

to 

1113 x 820 x 480 
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Volumetric Energy Density 

(Wh/l) 
> 300 (reached 218) > 265 (reached 234) 262* (reached 218) 262* (reached 174) 

Battery Environment  According to CAD 3D According to CAD 3D According to CAD 3D According to CAD 3D 

Power density in discharge 
(W/l) 

> 730 (reached 522) > 730 (reached 563) ≥787 (reached 653) ≥787 (reached 522) 

Power density in charge (W/l) > 305 (reached 577) > 305 (reached 469) ≥394 (reached 326) ≥394 (reached 261) 

Fast Charging capability  ≥2.65C ≥2C ≥1.5C ≥1.5C 

Safety window GB 38031-2020/  
GB 21966-2008GB/ 

T 18384-2020 

GB/T 18384-2020 

GB 38031-2020/  

GB 21966-2008 

 

GB/T 18384-2020 

IEC62619 IEC62619 

Vibration ISO 12405 ISO 12405 UN38.3 UN38.3 

 

In this project, cylindrical 4695 NMC cells are selected since they are high-energy-density lithium-

ion battery cells designed for electric vehicles. This cell combines advanced material technologies 

enabling high energy density, which is also aligned with industry demands toward longer driving 

range, faster charging, and improved cycle life. In addition, European manufactured cells ensure 

compliance with quality, safety, and sustainability standards, as well as supporting local supply 

chains and reducing carbon footprint. 

The key parameters of cylindrical 4695 cells are listed as following (Table 2). 

Table 2. Main parameter of battery cell used in BATSS project 

Cell data  

Cell format Cylindrical 4695 

Chemistry Nickel rich NCM cathode with silicon doped 

graphite anode 

Origin Europe 

Nominal Capacity (Ah) 33.5 

Nominal Voltage (V) 3.6 

 

2.1 Marine application 

The battery system is designed optimally for marine applications. To meet the goal of 700V 

voltage platform and fit into the Leisure boat 90 ft Hybrid, the adjustment of design parameters 

has been modified upon agreement. The emphasis is to provide long cycle life, good fast charging 

capability and 700V voltage platform with high usable energy. The main parameters are 

summarized as following (Table 1):  

• Voltage and Energy: System voltage is up to 700V. High energy battery pack has 176 kWh. 

Due to the available space and modularity design, the usable energy increases from 160 

to 176 kWh. At the same time, the nominal voltage level is increased from 48 V to 218 V 

at the micro-module level. 
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• Cell Chemistry: NMC cells optimized for longevity and high energy density (Table2). 

• Performance: Good charge and discharge rates (1C and 2.4C), fast charging capability 

more than 2C 

• Cycle Life: >3500 cycles, supporting long-term marine usage. 

• Space Constrain: To optimize the space usage, assure safety and meet modularity design 

of the Macro-cell the width of the battery system was extended from 400 mm to 450 mm. 

Thanks to that adjustment the same Micro-cell can be used for both primary applications 

marine and off-road.  

• Energy and power density: Due to the usable energy and space constrains changes, the 

volumetric energy density has reached 234 Wh/L, power density in discharge is  

563 Wh/L, power density in discharge id 469 Wh/L. 

• Safety & Certification: Complies with RINA, EN/IEC 62619-62620 (ES-TRIN) and with ISO 

12405 vibration resistance. Detailed explanation is given in chapter 4. 

 

2.2 Off-road application 

The battery pack is designed for heavy-duty off-road excavators. The focus is to provide modest 

energy density, fast charging capability, 400V voltage platform and accepting shorter cycle life 

compared to other applications. To accommodate the space constrains inside vehicle, and align 

with modularity design concept, there have been changes of requirements upon agreement 

(Table 1). 

• Voltage and Energy: Operates at 400V system voltage, with usable energy decreased from 

70 to 44 kWh. To meet 400V and use modularity design of cylindric cells, the usable 

energy has decreased to 44 kWh. The nominal voltage at Macro-module level is increased 

from 48 V to 109 V at module level. 

• Cell Chemistry: Nickel-rich NMC, offering a good balance between energy and power 

(Table 2). 

• Space Constrain: To meet modularity design, keep robust structure and more efficient 

usage of space, the space constrain has changed from 850×450×600 mm to 

970×450×600mm.  

• Energy and power density: Due to the usable energy change and space constrains, the 

volumetric energy density reaches 218 Wh/L, power density in discharge is 522 Wh/L, 

power density in discharge id 577 Wh/L 

• Performance: Moderate charge rate (1C), but high discharge rate (2.4C), fast charging 

capability more than 2.65C, suitable for frequent high-power demands. 

• Cycle Life: ~2500 cycles  
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2.3 Stationary application 

For the VOLTSTATION 2.0 (stationary storage), the deviation from the original requirements to 

the updated specifications primarily stems from the system's spacious inside volume, which 

allows for flexible pack mounting. Partner MBS initially assumed a specific size for their product. 

However, during the BATSS project, the size of the packs for the first-life application varied. This 

variation now better fits the installation space, potentially leading to a higher maximum energy 

content. Since these are smaller units, the system can be equipped with packs of varying 

capacities, allowing for customization to meet the end user's needs.  

The current configuration is designed to accommodate second-life packs with reduced capacity 

and power capabilities, fulfilling the following requirements:  

• Energy Content: Greater than 48kWh to enable the operation of a 22kW outlet at full 

power for more than 2 hours (including internal losses).  

• C-rate/Power: The maximum outlet power of the VOLTSTATION in its large version is 

50kW, corresponding to discharge rates around 1C. DC fast-charging is intended to 

perform a charge from 10% to 80% SOC in less than half an hour, requiring an average 

charging speed of 1.75C. Both new and old packs can achieve these rates.  

• Cycle Life: The goal is to achieve over 3500 cycles, with the new packs maintaining 

capacity based SoH from 100% to 70%, and second-life packs maintaining an SoH from 

80% to 50%. 

 

2.4 Battery pack assembly and disassembly 
requirements 

 

The current landscape of end-of-life (EoL) electric vehicle (EV) batteries exhibits a wide variety 

of architectures. These battery systems are designed to enhance performance while ensuring 

product safety. The primary objective of dismantling activities is to separate components 

according to their composition, thereby improving recycling efficiency and reducing technical 

issues in subsequent downstream processes. At present, the re-use of components is relatively 

uncommon. The main challenges in dismantling are related to both technical and safety aspects, 

which can be encountered at various levels within the battery system. 

During the initial phase of this project, dismantling of commercial EoL battery packs was carried 

out to identify key challenges and any associated technical or safety issues. Based on these 

activities, several areas for potential improvement in future battery system designs were 

identified. 
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Table 3. Requirements for the dismantling 

 Technical challenge Consideration for BATSS BS 

 Use of adhesive  Sealing or adhesive materials between the 
lid and the battery frame make opening 
the battery difficult, requiring the use of 
additional tools. This increases the risk of 

ignition and compromises operator safety.  

Avoid the use of this materials on the 
components that are essential for the 
dismantling activities, such as removal of 
the battery lid or modules. 

Use of foams Certain end-of-life (EoL) battery packs 
contain foam or polymer within the system 
to provide robustness and safety. 
However, these materials make 
dismantling and re-use extremely difficult 

or nearly impossible. 

To achieve a sustainable battery system 
(BS) and comply with the EU battery 
recycling directive, such materials should 
be avoided. 

Distribution of the 

components 

When the distribution of components is not 
designed with end-of-life (EoL) 
management in mind, dismantling costs 
and time increase. The construction of 
multiple levels within the battery pack 
requires additional steps and significantly 
increases complexity. 

The component layout should be 
designed to facilitate dismantling, 
reducing both time and costs. This 
includes avoiding multiple internal levels, 
complex cable routing, and other features 

that hinder accessibility. 

Opening of the battery: Clean 
and easy access to HV points 

Removal of the battery lid can sometimes 
take longer than expected if the sealing 
material is not properly selected. 
Additionally, once opened, access to the 
HV points is often narrow or complicated. 
In many cases, removing cables and 
peripheral components is necessary to 

reach these points. 

The optimization of space during design 
and construction must consider the 
proper allocation of key elements for 
dismantling, such as the HV connection 
and ensuring clean access. 

Excess of welding Replacing screws with welded points might 
be an elegant solution to reduce weight 
and save space. However, if not designed 
properly, it may be incompatible with safe 
dismantling in End-of-Life (EoL) processes. 

Perform welding only on components that 
should not be dismantled during 
subsequent recycling activities. 

2nd life application 
The battery packs and the modules are 
specifically designed and built for mobility 
applications. The repurposing of the 
modules after dismantling is very 
challenging 

Design of an energy storage stationary 
device compatible with the modules/cells 
extracted from the EV battery pack after 
their life. The modules/cells can be 
directly re-use after prior analysis of the 
SoH 
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3 Specification and requirements 
of components & sub-systems 

The BMS in project BATSS is designed to offer high flexibility and safety for the 1st and 2nd life. 

This is achieved by adding a dedicated SiC based power switch and a DC/DC converter which 

enables a flexible output voltage of the battery pack. Furthermore, the DC/DC converter allows to 

actively balance connected battery strings. The SiC based power switch replaces conventional 

relays and therefore offering smaller package size and lower electromagnetic interference. It also 

allows to disconnect and pre-charge individual packs. The specification and the requirement of 

each sub-system is described in the following sections.   

 

3.1 BMS master controller 
 

To achieve higher flexibility and to reduce costs due to missing isolation components and 

connectors, one requirement was to develop a wireless communication between the BMS master 

controller and the module management system (MMS). This enables an easier and faster 

(dis)assembling process. Furthermore, the master BMS controller is connected to the cloud which 

provides real-time monitoring, predictive maintenance, and data analysis capability. Table 4 

shows the main specifications and features of the BMS master controller. 

Table 4. Specifications and features of the BMS master controller. 

Item Value 

Operating voltage 9 to 15 VDC 

Reverse current protection Yes 

Interfaces:  
2 x CAN v2.0, 500kBits/s 

1 x RS232  

3 x Open drain outputs (max. current 2A) 

Wireless communication interface (2.4GHz) 

 
3.2 Module management system 
 

Due to the wireless interface several additional requirements must be fulfilled by the module 

management system (MMS): 

  

• Communication error detection must be included 

• Power consumption: As low as possible. 

• Security: Communication line must be encrypted. 
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Each MMS includes a wireless 2.4 GHz communication interface which can interpret multiple 

commands like autonomously balance the module or sending sensor data to the master. To detect 

bit errors during data transmission an 8-bit cycle redundancy check (CRC) checksum was added 

to the payload of the message. Furthermore, each MMS includes a 128-bit key which is used to 

encrypt and decrypt messages. Table 5 shows the main specifications and features of the MMS. 

 

Table 5. Specifications and features of the MMS. 

Item Value 

Supply voltage range 10 to 55 VDC 

Maximum balancing current 400mA 

Cell count 5 - 12 

Temperature sensor inputs 4 x 10k NTC 

Interfaces: 

Wireless communication interface (2.4GHz)  

 

3.3 SiC switch 
 

The SiC switch connects the battery of each string to the DC/DC converter, without the use of 

conventional contactors. The use of solid-state relays fulfils two main functions, fast 

disconnection in case of external short circuit and precharging through quick connections of the 

load while monitoring its current. The SiC switch also provide voltage measurement of each sting 

as well as current and isolation (Table 6). 

 

Table 6. Specifications and features of the SiC switch. 

Item Value 

Operating voltage 8 to 18 VDC 

On resistance 4 mOhm 

Abs Max Current 100 A 

Abs Max Voltage  750 V 

Reverse current protection Yes 

Interfaces: 

1 x CAN v2.0, 500kBits/s 

1 x External auxiliar contactor driver 

1 x KL15 input 

 

3.4 DC/DC converter 

The DC/DC converter enables boosting the voltage of the battery system without having to 

increase the number of cells. Accordingly, space can be saved, as this is often a major bottleneck 
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in marine and off-road applications. It also adds flexibility to the battery system since a variable 

DC link voltage can be achieved through the DC/DC converter, which facilitates the connection to 

a wider variety of other drivetrain components. Furthermore, by using an interleaving concept, 

the bidirectional DC/DC converter can be utilized to actively balance the energy among the 

different battery modules.  This improves the energy efficiency of the application. Table 7 shows 

the main specifications and features of the DC/DC converter. 

Table 7. Specifications and features of the DC/DC converter. 

Item Value 

Input voltage range 50 to 400 VDC 

Output voltage range 100 to 800 VDC 

Maximum (active) balancing current Max. discharge to max. charging current (A) of 

the considered battery pack 

 

Software inputs State of charge, battery module voltage, load 

current, DC link voltage 

 

Software output Current distribution among battery modules 

Interfaces:   CAN v2.0, 500kBits/s 
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4 Reference tests for off-road, 
marine and stationary 
application 

Currently, there is no widely recognized, fully homogenized or standardized specification 

exclusively for battery systems used in off-road applications like excavators. Until now, several 

industry players and projects have developed their own tailored battery system specifications 

and solutions reflecting the unique demands of these machines [2]. The availability of a 

homogenized specification for battery systems in off-road excavators is limited. The market 

currently relies on bespoke, application-specific designs and evolving best practices rather than 

a unified standard (For reference see D7.7, Table 4 - 6 [3]). 

Similarly, there is no single homogenized and universally standardized specification exclusively 

for battery systems used in marine applications. However, several key frameworks, guidelines, 

and modular standardized systems exist that collectively address the requirements for marine 

battery systems with a focus on safety, reliability, certification, and configurability (For reference 

see D7.7, Table 4 - 6 [3]). 

Stationary battery systems are essential for energy storage in grid support, telecommunications, 

uninterruptible power supplies (UPS), and integration with renewable energy sources. Unlike off-

road or marine battery systems, stationary batteries benefit from several well-established, 

recognized standards that ensure safety, reliability, and performance in fixed installations (For 

reference see D7.7, Table 4 – 6 [3]). 

UNE took effort to map out the standardisation landscape, identifying existing standards and 

projects under development by European (CEN-CENELEC) and international (ISO-IEC) 

organizations, taking into account the new battery regulation and the standardisation requests 

made by the EC to these organizations. Furthermore, D7.7 contains more details on all activities 

related to standardisation. 

The tables (8 – 10) reflect the result of the standardisation landscape review by UNE. 
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Table 8 Standards related to regulation (EU) 2023/1542 of the European Parliament and of 
the Council of 12 July 2023 concerning batteries and waste batteries, amending Directive 
2008/98/EC and Regulation (EU) 2019/1020 and repealing Directive 2006/66/EC. 

Reference Title 

IEC 62619:2022 
EN IEC 62619:2022 

Secondary cells and batteries containing alkaline or other non-
acid electrolytes - Safety requirements for secondary lithium 
cells and batteries, for use in industrial applications 

IEC 62620:2014+AMD1:2023 
EN 62620:2015 
 
EN 62620:2015/A1:2023 

Secondary cells and batteries containing alkaline or other non-
acid electrolytes - Secondary lithium cells and batteries for use 
in industrial applications 

IEC 61960-3:2017 
EN 61960-3:2017 

Secondary cells and batteries containing alkaline or other non-
acid electrolytes - Secondary lithium cells and batteries for 
portable applications - Part 3: Prismatic and cylindrical lithium 
secondary cells, and batteries made from them 

IEC 62485-1:2018 
EN 62485-1:2018 

Safety requirements for secondary batteries and battery 
installations - Part 1: General safety information 

EN IEC 62485-2:2018 
Safety requirements for secondary batteries and battery 
installations - Part 2: Stationary batteries 

EN IEC 62485-5:2021 
EN IEC 62485-5:2021/AC:2022-
07 

Safety requirements for secondary batteries and battery 
installations - Part 5: Safe operation of stationary lithium-ion 
batteries 

EN IEC 62485-6:2021 
Safety requirements for secondary batteries and battery 
installations - Part 6: Safe operation of lithium-ion batteries in 
traction applications 

IEC 63330-1 
prEN IEC 63330:2022 
(under development) 

Repurposing of secondary batteries - Part 1: General 
requirements 

IEC 63338 
prEN IEC 63338:2023 
(under development) 

General guidance on reuse and repurposing of secondary cells 
and batteries 
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Table 9 Standards related to the design. 

Reference Title 

ISO 12405-4:2018 
Electrically propelled road vehicles —Test specification for 
lithium-ion traction battery packs and systems. Part 4: 
Performance testing 

ISO 16750-3:2023 
Road vehicles — Environmental conditions and testing for 
electrical and electronic equipment 
Part 3: Mechanical loads 

IEC 60721-3-5:1997 ED2 
EN 60721-3-5:1997 
 
(Under Development) 
IEC 60721-3-5:2024 ED3 
EN IEC 60721-3-5:2024 

Classification of environmental conditions - Part 3: 
Classification of groups of environmental parameters and 
their severities -Section 5: Ground vehicle installations 

IEC 60068-2-6:2007 
EN 60068-2-6:2008 

Environmental testing - Part 2-6: Tests - Test Fc: Vibration 
(sinusoidal) 

IEC 60068-2-27:2008 ED4 
EN 60068-2-27 

Environmental testing - Part 2-27: Tests - Test Ea and 
guidance: Shock 

IEC 62133-2:2017 
EN 62133-2:2017 
 
(Under development) 
IEC 62133-2 ED2 
prEN IEC 62133-2 

Secondary cells and batteries containing alkaline or other 
non-acid electrolytes - Safety requirements for portable 
sealed secondary cells, and for batteries made from them, for 
use in portable applications - Part 2: Lithium systems 
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Table 10 Standards related to use cases. 

Reference Title 

UN Regulation No. 100 Rev.3 
Uniform provisions concerning the approval of vehicles with regard 
to specific requirements for the electric power train 

UN Regulation No. 10 – Rev.6  
Uniform provisions concerning the approval of vehicles with regard 
to electromagnetic compatibility 

UN Regulation R118.4  

Uniform technical prescriptions concerning the burning behaviour 
and/or the capability to repel fuel or lubricant of materials used in 
the  
construction of certain categories of motor vehicles 

UN Regulation R155/R156 
(IVECO Standard 19-2310)  

Uniform provisions concerning the approval of vehicles with 
regards to cyber security and cyber security management system 

ISO 12405-3:2014 
(Withdrawn) 

Electrically propelled road vehicles — Test specification for lithium-
ion traction battery packs and systems 
Part 3: Safety performance requirements 

ISO 6469-1:2019 
 
ISO/AWI 6469-1 (under drafting) 

Electrically propelled road vehicles — Safety specifications 
Part 1: Rechargeable energy storage system (RESS) 

ISO 6469-1:2019/Amd 1:2022 
Electrically propelled road vehicles — Safety specifications — Part 
1: Rechargeable energy storage system (RESS)Amendment 1: Safety 
management of thermal propagation 

ISO 6469-3:2021 
Electrically propelled road vehicles — Safety specificationsPart 3: 
Electrical safety 

ISO 17409:2020 
EN ISO 17409:2020 

Electrically propelled road vehicles - Conductive power transfer - 
Safety requirements  

EN 61851-23:2014 
Electric vehicle conductive charging system - Part 23: DC electric 
vehicle charging station 

ISO 26262  
Series 

Road vehicles — Functional safety 

ISO 19453-6:2020 
 
ISO/AWI 19453-6 (under-drafting) 

Road vehicles — Environmental conditions and testing for electrical 
and electronic equipment for drive system of electric propulsion 
vehicles 
Part 6: Traction battery packs and systems 

ISO 19014-3:2018 
EN ISO 19014-3:2018  
 
ISO/CD 19014-3 (under drafting) 
prEN ISO 19014-3 rev  

Earth-moving machinery — Functional safety 
Part 3: Environmental performance and test requirements of 
electronic and electrical components used in safety-related parts of 
the control system 

UN Manual of Tests and Criteria 
Section 38.3 

38.3 Lithium metal, lithium ion and sodium ion batteries 

ISO/DIS 23625 
prEN ISO 23625 
(under development) 

Lithium-Ion batteries 

CEN ISO/TS 23625:2022 Small craft - Lithium-ion batteries (ISO/TS 23625:2021) 

IEC 63462-1 ED1 (under drafting) Maritime battery system - Part 1: Secondary lithium cells and 
batteries - Safety requirements 
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These tables were the result of an analysis carried out using information provided by the 

consortium regarding the design requirements for the mechanical, electrical, and thermal parts, 

as well as for the different use cases. This was the basis used to prepare the final list of relevant 

standards for BATSS shown in D 7.7. 

 

4.1 Mechanical reference tests for vibration 
 

In terms of design and validation of a battery pack mechanical reference tests for vibration are 

critical to ensure the durability and safety of the pack. In the chapter 4.1.1 – 4.1.3 are key 

standards and test references for mechanical vibration testing of battery packs used in BATSS 

project. 

4.1.1 Marine 

The vibration test requirements used to verify that a hybrid leisure boat 90 ft can withstand 

vibration stresses typical of the marine environment without loss of functionality or structural 

integrity are listed in Lloyd’s Register Type Approval System Test Specification Number 1 and are 

detailed in Sections 12 and 13 of the specification.  

Test Procedure:  

• The battery pack is mounted on the vibration table through its normal points of 

attachment and oriented in its normal operating position. 

• If the battery pack is supplied with anti-vibration mountings, these must be fitted during 

testing.  

• Testing is performed in three mutually perpendicular directions, with one direction 

aligned vertically relative to the product’s normal orientation. 

Vibration Test 1, Section 12: 

• The purpose of the test is to detect resonance frequencies and verify battery pack 

robustness under varying vibration conditions. 

• Frequency range: Approximately 3 Hz to 13.2 Hz 

• Displacement: ±1.0 mm 

• The vibration is applied at a sufficiently low rate to allow resonance detection in each 

direction. 

Vibration test 2, Section 13: 

• The purpose of the test is to ensure that battery pack does not resonate within a broader 

frequency band and to test endurance under more severe vibration conditions. 

• Frequency range: Approximately 3 Hz to 25 Hz 

• Displacement: ±1.6 mm 

• Also applied at a low rate to detect resonances, with the expectation that no resonance 

should occur in this band. 

Acceptance Criteria: 

• The battery pack must maintain operational performance throughout and after the tests. 

• No mechanical damage, loosening of parts, or degradation of function should occur. 

• Resonances detected in Test 1 should be addressed; no resonance is acceptable in Test 2 

frequency band. 
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4.1.2 Off-road 

Shock tests are carried out to verify the immunity and robustness of the component against 

mechanical shock events, which could cause failures from shock loading occurring during 

transport, handling, assembly, and in operation on the vehicle. Withstanding such tests ensures 

that the component can withstand sudden and severe mechanical impacts without functional 

degradation or damage. 

Below are listed specific requirements for the battery pack to be subjected to the mechanical 

tests, which are carried out to verify mechanical shock events during the vehicle operation. 

• All connectors to battery pack needs to comply to IP6K9K sealing level according to 

ISO20653, this requirement is for submersion, pressure wash as a top-down 

requirement from tractor level, consequently, battery pack system needs to avoid any 

intrusion. 

• HV connector needs to be compliant with this requirement and include additional 

components that need to be used as part of the battery design integration to comply 

with this or to reduce risks of foreign element intrusion. Such as gaskets, plastic seals, 

terminal caps, mechanical fasteners, and torque requirements. 

• Static clearance: A static clearance of no less than 6 mm shall be maintained in all 

preliminary design work where later GD&T tolerance stacks are required to confirm 

part fit. This clearance applies to interfaces where relative motion is not intended. This 

clearance does not apply to mounting interfaces. 

• Dynamic clearance: A dynamic clearance of no less than 10 mm shall be maintained in 

all preliminary design work where relative motion is intended due to design features 

such as vibration isolators or other flexible features 

• No dirt, debris, burs, or foreign matter is allowable to comply with connector sealing 

requirements 

• HV and LV connectors shall be equipped with shipping caps or plugs during shipping 

and handling 

 

ENS 0310 standard defines the procedures, shock profiles, and acceptance criteria for 

mechanical shock testing of components for off-road application. The component is subjected to 

controlled mechanical shock pulses that simulate the impact events it may encounter during 

operation, handling, or transportation. The objectives of the test are: 

• Confirmation of the component’s mechanical durability against shock loads. 

• Identification of any potential failure modes caused by shock (e.g., cracks, loosening of 

parts, electrical disconnections). 

• Assurance that the component maintains full operational functionality post-test. 

The shock pulses are applied in specified directions and magnitudes as defined by ENS 0310 in 

chapter 10.2. The test aims to replicate real-world mechanical shocks to verify the component’s 

structural integrity and functional performance after exposure. 

Test Procedure: 

1. Preparation: Mount the component securely on the test fixture according to ENS 0310 

specifications. 

2. Shock Application: Apply mechanical shock pulses with defined acceleration, duration, 

and waveform (e.g., half-sine, trapezoidal) as per ENS 0310. 

3. Monitoring: Observe the component during and after shock application for any 

mechanical or functional anomalies. 
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4. Post-Test Inspection: Conduct visual inspections and functional tests to verify integrity 

and performance. 

Acceptance Criteria 

• No visible mechanical damage such as cracks, deformation, or loose parts. 

• Component continues to operate within specified performance parameters without 

failure. 

• No degradation in electrical or mechanical functionality attributable to shock exposure. 

 

UN38.3 includes the T4 Shock Test as one of its eight mandatory assessments, specifically 

designed to ensure that lithium batteries can withstand mechanical shocks typically 

experienced during transport, without compromising their safety or performance. 

The shock test simulates impacts or sudden mechanical shocks that batteries may encounter 

during handling and transport (e.g., drops, collisions). It verifies that the battery maintains 

structural integrity and functional safety without leakage, rupture, fire, or other hazardous 

failures. 

Test Procedure: 

• Batteries or cells are rigidly mounted on a test fixture supporting all mounting surfaces. 

• They are subjected to a series of half-sine shock pulses in multiple directions: three 

shocks in the positive and three in the negative direction along each axis. 

• The peak acceleration and pulse duration depend on battery size and mass: 

• For large batteries, as the one consider in the BATSS project, it is typically 50 g peak 

acceleration with an 11 ms duration. 

• The minimum peak acceleration can also be calculated by formulas based on battery 

mass to tailor the test severity. 

• After shocks, batteries are inspected and tested for damage or functional failure. 

Acceptance Criteria: 

• No disassembly, rupture, fire, or leakage during or after the test. 

• No significant degradation in electrical performance or safety. 

 

4.1.3 Stationary  

ISO 62619:2022 UN ECE 38.3 standards outline the mechanical testing requirements for 

transportable stationary storage units like the VOLTSTATION. Given its stationary nature, the 

unit faces no mechanical loads during operation but requires rigorous testing for transportation 

safety. The objectives of the mechanical tests are:  

• Verification of the battery's mechanical durability during transport.  

• Identification of potential failure modes caused by mechanical stress (e.g., cracks, 

deformation, electrical disconnections).  

• Assurance of the battery's safety and operational functionality during assembly and post-

transport.  

The tests specified are:  

1. Vibration Test (UN 38.3 Test 3):  

o The battery is subjected to controlled vibration profiles to simulate transportation 

conditions.  
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o Objective: Confirm the battery’s ability to withstand vibration loads without damage.  

2. Shock Test (UN 38.3 Test 4):  

o Mechanical shock pulses are applied to replicate impact events during transportation.  

o Objective: Identify any potential failure modes and ensure the battery's structural 

integrity.  

3. Drop Test (ISO 62619:2022 Test 7.2.3):  

o The battery undergoes drop testing to ensure mechanical safety during assembly.  

o Objective: Verify the battery's robustness against drops and impacts.  

Test Procedure:  

1. Preparation: Certain charging and thermal preconditioning required.  

2. Vibration Application: Apply vibration profiles with defined frequency, amplitude, and 

duration as per UN 38.3 Test 3.  

3. Shock Application: Apply mechanical shock pulses with defined acceleration, duration, 

and waveform (e.g., half-sine, trapezoidal) as per UN 38.3 Test 4.  

4. Drop Application: Conduct drop tests from specified heights and orientations as per ISO 

62619:2022 Test 7.2.3.  

5. Monitoring: Observe the battery during and after test applications for any mechanical or 

functional anomalies.  

6. Post-Test Inspection: Conduct visual inspections and functional tests to verify integrity 

and performance.  

Acceptance Criteria:  

• Isolation resistance and withstand voltage still exceeding minimum limit 

• No critical condition, like temperature exceeding 170°C, venting, smoke, flame, fire, 

rupture or explosion 

• No mechanical disintegration 

 

4.2 Thermal tests based on standards 
The UNECE Regulation No. 100 Revision 3 (R100.3) sets detailed thermal testing requirements 

for rechargeable energy storage systems (REESS), i.e., battery systems used in electric vehicles, 

including off-road applications. These tests ensure battery safety, thermal stability, and 

protection against thermal runaway under extreme conditions. 

Below are listed key thermal tests for battery systems based on R100.3: 

1. Thermal Shock and Cycling Test 

• The REESS is subjected to rapid temperature changes to simulate real-life thermal 

stresses. 

• Procedure: The battery is stored for 6 hours at 60°C, then 6 hours at -40°C, with a 

maximum 30-minute transition between temperatures. 

• This cycle is repeated 5 times, followed by 24 hours at ambient temperature. 
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• After the test, the battery undergoes a standard discharge and charge cycle and is 

observed for one hour. 

• Acceptance criteria include no venting, no fire, no explosion, no electrolyte leakage, and no 

rupture. 

• The battery must be fully charged before the test begins[1][2]. 

2. Over-Temperature Protection Test 

• Verifies the battery’s ability to prevent internal overheating during operation, even if 

cooling fails. 

• The battery is charged and discharged repeatedly to raise cell temperatures rapidly. 

• Then placed in a climatic chamber where temperature is gradually increased to a 

predetermined limit. 

• The test ends when the battery inhibits or limits charge/discharge to prevent further 

temperature rise or when temperature stabilizes. 

• Acceptance criteria include no venting and no safety failures. 

• Ensures the battery’s thermal management system effectively controls temperature under 

stress[1][2]. 

3. Overcurrent Protection Test (New in R100.3) 

• Tests the battery’s response to charging currents exceeding normal maximums. 

• The battery is charged at maximum specified current, then the current is ramped up over 

5 seconds to an overcurrent level and maintained. 

• Charging stops when the battery’s overcurrent protection activates or when temperature 

stabilizes over 2 hours. 

• Immediately after, a standard discharge and charge cycle is performed (if not inhibited), 

followed by a 1-hour observation. 

• This test verifies the battery’s electrical safety and thermal stability under abnormal 

charging conditions[1][3]. 

4. Thermal Propagation Safety Requirement 

• R100.3 requires that thermal runaway in one cell must not propagate to others, 

preventing cascading failures. 

• The battery or vehicle system must provide warnings at least 5 minutes before a 

hazardous thermal event to allow occupant evacuation. 

• While no mandatory test procedure is prescribed, practical thermal propagation tests are 

strongly recommended for compliance demonstration. 

• This requirement enhances occupant safety by managing thermal risks in battery 

packs[1][2][4]. 

5. Additional Thermal Safety Requirements 

• The battery must not exhibit electrolyte leakage, rupture, venting, fire, or explosion during 

thermal tests. 

• Isolation resistance after testing must remain above 100 Ω/Volt for high-voltage REESS. 

• Batteries must be fully charged (SOC ≥ 95%) before mechanical, thermal, and electrical 

tests to simulate worst-case scenarios. 

• Warning systems for thermal events and operational failures must be implemented and 

documented 
 

file:///C:/Users/f28632c/Downloads/Thermal%20tests%20for%20battery%20system%20based%20on%20R100.3%20s.docx%23fn1
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file:///C:/Users/f28632c/Downloads/Thermal%20tests%20for%20battery%20system%20based%20on%20R100.3%20s.docx%23fn1
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4.3 Electric tests based on standards 

The electrical tests focus on evaluating the electric performance of the system under the use case 

common operation conditions. To do so, a power profile has been designed for each use case. 

In addition, the fast charge conditions have been added to evaluate electrically the performance 

under this kind of events defined by each use case. 
 

4.3.1 Marine 

The definition of the maritime application’s power profile for common use is challenging. The 

power applied in the sea to boats used to be almost constant power profiles. In this context, 

instead of applying constant current profiles, a common use mission profile has been developed 

where the common use of the vehicle has been described by FMF, see Table 11. 
 

Table 11. Marine use case common operation description. 

Step nº State Description 

1 Full electric Navigation in full electric to get out of the port: duration 45 min. 

2 Cruising speed Diesel engines charges the batteries: duration 1h-3h. 

3 Full electric Full electric navigation in restricted area: duration 45 min. 

4 Cruising speed Diesel engines charges the batteries. duration 1h-3h. 

5 Enjoy time Ship is moored and powered only by battery: duration 6h-12h. 

6 Cruising speed Diesel engines charges the batteries: duration 1h-3h. 

7 Full electric Navigation in full electric to get into the port and mooring 
operation: duration 45 min. 

8 Charge Shore connection for recharging: duration 12 h. 

The scaling and deep understanding of the consortium has led to build the power profile shown 

in Figure 1. Additionally, a fast charge of 2C is added from 10% SoC to 80% SoC. 
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Figure 1. Maritime use case electric profile. 

 

4.3.2 Off-road 

FMF has provided the representative power profile for the off-road use case, see Figure 2. 

Additionally, a fast charge of 2.65C is added from 10% SoC to 80% SoC. 

 

Figure 2. Off-road use case electric profile. 

 

4.3.3 Stationary 

For the stationary storage VOLTSTATION, a synthetic profile (Figure 3) was generated based on 

real life measurements of VOLTSTATIONS already in the field. The typical profile over several 
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hours has low requirements in terms of power mainly ranging between 4 to 10kW, meaning C-

rates between <0.1 up to <0.2C.   

 

Figure 3. Stationary use case electric profile. 

 

4.4 Safety tests based on standards 

When establishing the battery system (BS) requirements, particular attention is be given to safety 

aspects, especially those related to fire. Fire-related sections will be examined based on: 

• international standards such as UN38.3, UNECE R100, UNECE R10, ISO 26262 

• Chinese standards including GB 18384-2020, GB 38032-2020, GB 38031-2020 

• American fire safety regulations like UL 94.  

A dedicated project task (T5.2) is focused exclusively on analyzing, simulating, and implementing 

fire-related countermeasures within the BS. This will culminate in conducting a fire abuse test, 

which will be evaluated against the research outcomes from this task and will be documented in 

D5.2. 

4.4.1 Marine 

For a 90ft hybrid marine leisure boat equipped with a battery system, safety regulations and 

standards emphasize the safe design, installation, operation, and maintenance of the battery 

system, particularly lithium-ion batteries as used in the BATSS project. Key regulatory 

frameworks and standards are provided by classification societies such as ABS (American Bureau 

of Shipping), DNV GL, and the Indian Register of Shipping (IRS), which offer detailed guidelines 

specifically tailored for marine and offshore hybrid electric power systems. Within the European 

Union, safety regulations and standards for battery systems are governed by a combination of EU 

directives and regulations, non-mandatory guidance from EMSA (European Maritime Safety 

Agency), classification society rules, and harmonized or technical ISO standards. This integrated 

framework ensures compliance with safety, environmental, and performance requirements 

relevant to marine battery installations. 
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4.4.2 Off-road 

Battery systems for off-road applications like excavators must be handled, installed, operated, 

and maintained safely to prevent risks such as fire, electrical shock, and chemical exposure. Key 

safety measures include protecting batteries from physical damage, using proper charging 

procedures in well-ventilated areas, and ensuring emergency preparedness. Compliance with 

regulations such as OSHA standards, international standards like IEC 62133 and UN 38.3, and U.S. 

UL safety standards is essential.  
 

4.4.3 Stationary 

As outlined in the previous section, the mechanical safety requirements for transportable 

stationary storage units like the VOLTSTATION have been addressed according to ISO 

62619:2022 and UN38.3 in the section above. This chapter focuses on the thermal and electrical 

safety requirements specified by ISO 62133 to ensure the safe operation and handling of lithium-

ion batteries. The objectives of the thermal and electrical safety tests are:  

• Verification of the battery's safety during operation.  

• Identification of potential failure modes caused by thermal and electrical stress (e.g., 

overheating, short circuits, electrical disconnections).  

• Assurance of the battery's operational functionality and integrity during assembly and 

post-transport.  

The tests specified are:  

• Thermal and Electrical Safety Tests (ISO 62133)  

Overcharge Test:  

• The battery is charged beyond its maximum capacity to test its ability to handle 

overcharge conditions.  

• Objective: Ensure the battery does not overheat or fail due to overcharging.  

Short Circuit Test:  

• The battery is subjected to short circuit conditions to test its ability to withstand electrical 

faults.  

• Objective: Confirm the battery’s safety mechanisms activate correctly to prevent 

hazards.  

Forced Discharge Test:  

• The battery is discharged under controlled conditions to simulate extreme usage 

scenarios.  

• Objective: Verify the battery’s durability and safety during forced discharge.  

Thermal Abuse Test:  

• The battery is exposed to elevated temperatures to assess its thermal stability and safety.  

• Objective: Ensure the battery does not exhibit hazardous behavior such as thermal 

runaway when subjected to high temperatures.  
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Test Procedure:  

• Preparation: Certain charging and thermal precondition required.  

• Overcharge Application: Charge the battery beyond its maximum capacity according to 

ISO 62133 guidelines.  

• Short Circuit Application: Apply short circuit conditions as per ISO 62133 

specifications.  

• Forced Discharge Application: Discharge the battery under controlled conditions as per 

ISO 62133 requirements.  

• Thermal Abuse Application: Expose the battery to elevated temperatures as per ISO 

62133 guidelines.  

 Monitoring: Observe the battery during and after test applications for any thermal or 

electrical anomalies.  

 Post-Test Inspection: Conduct visual inspections and functional tests to verify integrity 

and performance.  

Acceptance Criteria:  

• No degradation in electrical or thermal functionality attributable to stress conditions.  

• Battery continues to operate within specified performance parameters without failure.  

• Safety mechanisms activate correctly during overcharge, short circuit, forced discharge, 

and thermal abuse conditions.  
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5 Conclusions 
The BATSS battery systems successfully balance differing requirements across marine, off-road, 

and stationary domains through modular design and cell selection. 

Marine battery packs meet stringent safety and vibration standards, ensuring durability in harsh 

maritime conditions. 

Off-road battery packs are optimized for constrained spaces and high-power demands, with 

robust mechanical and thermal performance. 

The modular macro-cell design facilitates ease of maintenance, second-life application, 

dismantling and recycling. 

Vibration testing protocols tailored to each application ensure mechanical integrity and safety 

under operational stresses. 

Compliance with international standards and homologation requirements (e.g., ECE R100.3, 

EN/IEC 62619) is achieved, supporting market readiness and certification. 

The project highlights the lack of fully harmonized standards for off-road and marine battery 

systems, underscoring the importance of bespoke, application-specific validation approaches.  
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