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Technical framework of lithium-ion batteries installed on board

• Hazard characteristics and real risk scenarios

• Safety principles and risk management

• On-board integration: installation, ventilation and fire protection

• Electrical integration and role of the BMS

• Recurring issues and case studies

• U/N Mod. LB checklist for technical inspection and assessment

• Practical application of the checklist during survey activities

PROGRAMME
Online technical course delivered via dedicated platform
starting from 23 January 2026
with continuous technical support and tutor

Final learning assessment



Lithium-ion battery systems introduce a higher level of technical complexity on board compared to 
traditional technologies.
They are not simple components, but integrated systems involving electrical, mechanical, thermal and 
safety aspects.
The technical assessment does not focus on the battery itself, but on how the system interacts with the 
unit and its installations.
A proper technical framework is therefore essential for any safety and compliance verification.



Acknowledgements to JAES Company for the audiovisual material used in this course, employed exclusively
for training and educational purposes



This short video illustrates the basic
operating principle of a lithium-ion
battery.
[Cell structure]
A lithium-ion battery mainly consists
of two electrodes, the anode and the 
cathode, separated by an electrolyte.
The electrodes allow the controlled
movement of lithium ions within the 
cell.
[Charging phase]
During charging, lithium ions move
from the cathode to the anode
through the electrolyte.
Electrical energy is therefore stored
inside the battery.
[Discharging phase]
During discharging, the process is
reversed:
ions move back toward the cathode, 
generating electrical current for on-
board systems.
[Link to risk]
This internal balance must be 
maintained within precise limits.
Thermal, electrical or mechanical
disturbances may compromise the 
stability of the cell and the system.



Fire, deflagration and effects of 
thermal runaway



The animation provides a conceptual representation
of a typical thermal runaway sequence in an on-
board lithium-ion battery system.
Starting from an initially stable cell, it illustrates
abnormal temperature rise, the release of 
flammable gases, the resulting fire or deflagration
risk, and the potential propagation of the event to 
adjacent cells within the battery pack.



On 5 August 2025, an electrically powered day-hire barge at Gayton
Marina, on the Grand Union Canal (UK), exploded during charging, 
ejecting debris more than 30 metres away. This was not a simple
fire: it was a violent deflagration caused by lithium iron phosphate
(LFP) batteries that had entered thermal runaway.

CASE STUDY



Effects of thermal runaway in 
lithium-ion battery systems on board

Water does not extinguish the fire.

Gayton Marina - Grand Union Canal (UK)
Thermal runaway



Release of toxic and corrosive gases
generated by the decomposition of cell materials (e.g. hydrogen fluoride – HF), 
hazardous even at low concentrations.
Risk of deflagration
caused by the accumulation and ignition of flammable gases, resulting in a 
pressure wave.
Projection of fragments and parts of the craft
involving not only battery system components, but also structural and 
outfitting elements of the craft (covers, bulkheads, furnishings, 
superstructures), posing a serious hazard to persons and nearby units.
High intensity and prolonged fire event
with difficult control, potential re-ignition and progressive damage escalation.
Structural impairment of the craft
due to exposure to intense and localized heat, leading to loss of strength of 
structures and materials.

Consequences of a thermal runaway event on board



LITHIUM-ION BATTERY CELLS / BATTERY PACK 

BATTERY MANAGEMENT SYSTEM (BMS) 

DISCONNECTION & PROTECTION DEVICES 

ELECTRICAL SYSTEM INTEGRATION

INSTALLATION COMPARTMENT AND
FIRE / RISK MITIGATION MEASURES 

Structure and safety
requirements of an on-board 
lithium-ion battery system



The Lithium-ion Battery Cells / Battery Pack
consists of lithium-ion electrochemical cells
assembled into modules or packs, intended to 
supply electrical energy to the craft.
Relevant characteristics
The battery pack is characterised by:
•high energy density
•capability to deliver high currents
•sensitivity to overvoltage, undervoltage and 
temperature conditions
Safety-critical aspects
Lithium-ion cells:
•contain reactive and flammable materials
•may generate flammable and toxic gases in 
case of failure
•may trigger thermal runaway under abnormal
conditions
Role within the system
The battery pack:
•is not an autonomous component
•is not intrinsically safe
•requires control, protection and correct
integration to be safely used on board

The safety of a lithium-ion battery system does
not depend on the battery itself,
but on how the battery pack is controlled, 
protected and integrated into the craft.

LITHIUM-ION BATTERY CELLS / BATTERY PACK 



BATTERY MANAGEMENT SYSTEM (BMS) 

The Battery Management System (BMS) is
the control and protection system of the 
lithium-ion battery pack.
Main function
The BMS is intended to:
•continuously monitor battery operating
conditions
•prevent hazardous situations
•automatically intervene in case of 
abnormal conditions
Parameters typically monitored
•individual cell voltage
•cell temperature
•charge and discharge current
•cell balancing
Role in safety
The BMS:
•prevents overcharge and deep discharge
•limits overheating
•commands battery disconnection under 
hazardous conditions

The BMS is an essential element of the 
system:
without an adequate BMS, a lithium-ion
battery system cannot be considered safe.



DISCONNECTION & PROTECTION DEVICES Disconnection & Protection Devices include all
electrical devices intended to protect and 
disconnect the system, directly or indirectly
controlled by the BMS.
Function
These devices are designed to:
•interrupt energy flow under abnormal
conditions
•limit the effects of electrical faults
•isolate the battery pack from the electrical
system
Typical devices
•power contactors
•fuses
•safety switches
•short-circuit and overcurrent protection
devices
Role in safety
Disconnection devices:
•do not prevent failures
•but limit the consequences of failures
•are essential to prevent electrical and 
thermal propagation

A BMS without effective disconnection
devices cannot ensure system safety.



ELECTRICAL SYSTEM INTEGRATION
Electrical System Integration refers to the 
integration of the battery system into the 
on-board electrical system.
Main aspects
Integration includes:
•wiring
•isolation and sectioning
•electrical panels
•interface with loads, inverters, chargers
and generators
Critical aspects
Incorrect integration may lead to:
•overcurrents
•overheating
•malfunction of the BMS
•hazardous conditions even without cell
failure
Role in safety
A lithium-ion battery system:
•cannot be treated as a conventional
battery
•requires integration consistent with its
electrical characteristics
Incorrect electrical integration may make 
even a technically compliant battery pack 
unsafe.



INSTALLATION COMPARTMENT AND
FIRE / RISK MITIGATION MEASURES 

This block covers:

•the battery installation compartment
•the risk mitigation measures, particularly
fire-related measures
Main aspects
The following shall be considered:
•compartment location
•segregation from habitable spaces
•mechanical fixing
•ventilation
•accessibility for emergency intervention
Risks to be mitigated
Mitigation measures are intended to:
•limit fire propagation
•reduce the effects of toxic gases
•contain the effects of deflagration
Role in safety
The battery compartment is an integral part of 
system safety:
•a safe battery pack installed in an unsuitable
compartment remains hazardous
•safety is system-based, not component-based
Correct installation and risk mitigation
measures are as critical as the quality of the 
battery and the BMS.



Udicer inspection activity

How to Conduct On-Site Assessments

Methodology, inspection workflow, and use of a dedicated checklist



The verification carried out by UDICER concerns:

•the safety of the craft employing lithium-ion battery systems
•the correct integration of the system on board
•the consistency of the installation with the applicable safety requirements (RCD, MED, Ministerial
Decree 146/2008)
The assessment focuses on:
•battery pack
•BMS
•protection and disconnection devices
•electrical integration
•installation compartment and risk mitigation measures
The verification does not concern:
•the certification of the battery as a product
•the validation of the battery manufacturer’s design
•the industrial qualification of the manufacturing process
•compliance with product standards not applicable to the craft
UDICER does not certify the lithium-ion battery as a product, but assesses the safety of the craft that
employs it.

OBLIGATION AND TYPE OF ASSESSMENTS
For newly built craft, for the purpose of CE marking, under assessment modules B, F and G, the assessments
shall also include the elements specified in the dedicated technical checklist for the installation of lithium-ion
batteries.
The replacement of on-board batteries with lithium-ion batteries on craft already in service constitutes a 
“significant modification”.
The resulting UDICER technical assessments are as follows:
•CE-MARKED CRAFT: re-CE marking of the craft under the Post-Construction Assessment (PCA) 
•NON-CE-MARKED CRAFT (Italian-flagged vessels or Italian pleasure craft): special occasional survey



Main Technical and Regulatory References Adopted in the Verification

.
The references are applied consistently with the applicable regulatory framework:
•Directive 2013/53/EU (RCD)
•MED Directive
•Ministerial Decree No. 146/2008
Technical standards specific to lithium-ion batteries
•ISO 23625:2025
Small craft — Lithium-ion batteries — Requirements and test methods
(specific technical reference standard for lithium-ion battery systems; not harmonised)
Standards for on-board electrical systems
•ISO 10133 – Low-voltage electrical systems (DC)
•ISO 13297 – Alternating current electrical systems (AC)
•IEC / EN 60529 – Degrees of protection (IP rating), where applicable
•ISO 8846 – Protection against ignition, where applicable
•ISO 9094 – Fire protection
(including the applicable parts depending on the type of craft)
•ISO 16315 – Small craft — Electrical propulsion systems
(where the battery system is part of electric or hybrid propulsion)



The checklist is a support tool for 
inspection activities.
It guides the technical 
assessment but does not replace
the professional judgement of 
the inspector.
The outcome of the assessment
shall always take into account the 
overall coherence of the installed
system.



INDEX
1. Documentation and Certification
2. Mechanical installation
3. Ventilation and Off-Gas Management
4. Fire Safety Integration (EN ISO 9094)
5. DC electrical integration
6. Battery Management System (BMS)
7. Charging Sources and Control
8. EMC and Interference
9. Marking, Labelling and Information
10. Protection Against Electric Shock
11. System Tests and Commissioning
12. Operation, Monitoring and Maintenance
13. Emergency and Incident Response
14. Storage and Transport
15. Craft Integration and Interfaces
16. Deviations and Manufacturer-Specific Requirements

In any case, the Inspector may at
any time consult the Technical 
Management in order to 
complete the inspection activities.



A new approach to 
assisting UDICER 
inspections,
now available as an 
inspection support 
tool.

The KIBER system





Completeness
Consistency
Traceability

1. Documentation and Certification



Fixing and stability
Protection against shocks and vibrations
Accessibility and inspectability

2. Mechanical installation



Gas discharge
Prevention of accumulation
Protection of adjacent spaces

3. Ventilation and gas management



Compartmentation
Limitation of fire propagation
Fire-fighting means and accessibility

4. Fire safety integration



Cabling and conductor sizing
Protection and disconnection devices
Consistency with the on-board electrical system

5. Electrical integration in DC



Monitoring of parameters
Protection functions
Interaction with safety devices

6. Battery Management System (BMS)



Battery chargers and generators
Control of charging parameters
Interaction with the BMS

7. Charging sources and control



Emissions and immunity
Interference with other on-board systems
Cable routing and segregation

8. Electromagnetic compatibility



Identification of components
Warnings and safety information
Information for use and emergency
situations

9. Marking and information



Earthing and equipotential bonding
Insulation and electrical separation
Continuity of protective paths

10. Protection against indirect electrical contacts



Functional checks
Operational tests
Recording of test results

11. System testing and commissioning



Operating conditions
System monitoring
Routine and periodic maintenance

12. Operation and maintenance



Emergency procedures
Information for the crew
Accessibility and intervention safety

13. Emergency and incident response



Environmental conditions
Mechanical protection
Prevention of damage

14. Storage and transport



Interaction with other on-board systems
Functional consistency
Impact on trim and use of the craft

15. Integration and interfaces



Manufacturer prescriptions
Alternative technical solutions
Case-by-case assessment

Deviations and specific requirements



Assessing individual components instead of the 
system as a whole

Confusing product certification with the safety
of the craft

Applying the checklist in a mechanical or 
automatic manner

Underestimating emergency management 
aspects

Failing to involve the Technical Directorate in 
non-standard cases

Let us not fall into these errors.



Dear Inspectors,
the UDICER staff has developed this course in a precise and comprehensive manner.
However, the technical verification carried out in the field is entrusted to your professional
judgement, and it is on this judgement that UDICER relies.
Within this framework, it is important to recall some fundamental principles,
which we are confident you always adhere to in the performance of your inspection activities.
In particular, it is appropriate to underline that:

•checklist = support tool
•technical judgement = responsibility
•safety of the craft / of the type design = final objective

The checklist is a support tool.
It guides the inspection activity and helps ensure completeness and consistency of the verification,
but it does not replace technical analysis.
Technical judgement remains a responsibility.
The inspector is required to critically assess the installation as a whole,
exercising competence, experience, and professional discernment.
Safety is the final objective.
Inspection activities are always oriented toward the safety of the craft or of the type design,
which represents the ultimate purpose of the verification.

Best regards and good work to all.

Capt. Christian Signorelli
Administrator
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