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Technical framework of lithium-ion batteries installedon board

Å Hazard characteristicsand real risk scenarios

Å Safetyprinciplesand risk management

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

Å Electricalintegration and role of the BMS

Å Recurringissuesand case studies

Å U/N Mod. LB checklist for technical inspectionand assessment

Å Practicalapplicationof the checklist during survey activities

PROGRAMME
Online technical coursedeliveredvia dedicatedplatform
starting from 23 January2026
with continuoustechnical support and tutor

Finallearning assessment



Lithium-ion battery systems introduce a higherlevelof technical complexityon board comparedto 
traditional technologies.
Theyare not simplecomponents, but integratedsystems involvingelectrical, mechanical, thermaland 
safetyaspects.
The technical assessmentdoesnot focus on the battery itself, but on how the system interactswith the 
unit and its installations.
A proper technical framework is therefore essentialfor anysafetyand compliance verification.



Acknowledgementsto JAES Company for the audiovisualmaterialusedin this course, employedexclusively
for training and educational purposes



Thisshort video illustratesthe basic
operatingprincipleof a lithium-ion
battery.
[Cell structure]
A lithium-ion battery mainlyconsists
of two electrodes, the anodeand the 
cathode, separatedby an electrolyte.
The electrodesallow the controlled
movementof lithium ionswithin the 
cell.
[Chargingphase]
Duringcharging, lithium ionsmove
from the cathodeto the anode
throughthe electrolyte.
Electricalenergy is thereforestored
inside the battery.
[Dischargingphase]
Duringdischarging, the processis
reversed:
ionsmoveback toward the cathode, 
generatingelectricalcurrent for on-
board systems.
[Link to risk]
Thisinternalbalance must be 
maintainedwithin precise limits.
Thermal, electricalor mechanical
disturbancesmaycompromise the 
stabilityof the celland the system.



Fire, deflagration and effectsof 
thermal runaway



The animationprovidesa conceptualrepresentation
of a typicalthermal runawaysequencein an on-
board lithium-ion battery system.
Startingfrom an initially stablecell, it illustrates
abnormaltemperature rise, the release of 
flammablegases, the resultingfire or deflagration
risk, and the potential propagationof the event to 
adjacentcellswithin the battery pack.



On 5 August 2025, an electricallypoweredday-hire bargeat Gayton
Marina, on the Grand Union Canal (UK), explodedduringcharging, 
ejectingdebrismore than 30 metresaway. Thiswasnot a simple
fire: it wasa violent deflagrationcausedby lithium iron phosphate
(LFP) batteriesthat hadentered thermal runaway.

CASE STUDY



Effectsof thermal runawayin 
lithium-ion battery systems on board

Water doesnot extinguishthe fire.

GaytonMarina - Grand Union Canal (UK)
Thermal runaway



Release of toxic and corrosive gases
generatedby the decompositionof cellmaterials(e.g. hydrogenfluorideςHF), 
hazardousevenat low concentrations.
Risk of deflagration
causedby the accumulationand ignition of flammablegases, resultingin a 
pressure wave.
Projectionof fragmentsand parts of the craft
involvingnot onlybattery system components, but alsostructuraland 
outfitting elementsof the craft (covers, bulkheads, furnishings, 
superstructures), posinga serioushazard to personsand nearbyunits.
High intensity and prolongedfire event
with difficult control, potential re-ignition and progressive damageescalation.
Structuralimpairment of the craft
due to exposureto intense and localizedheat, leadingto lossof strengthof 
structuresand materials.

Consequencesof a thermal runawayevent 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 

Structureand safety
requirementsof an on-board 
lithium-ion battery system



The Lithium-ion BatteryCells/ BatteryPack
consistsof lithium-ion electrochemicalcells
assembledinto modulesor packs, intendedto 
supply electricalenergy to the craft.
Relevantcharacteristics
The battery pack ischaracterisedby:
Åhigh energy density
Åcapability to deliverhigh currents
Åsensitivityto overvoltage, undervoltageand 
temperature conditions
Safety-critical aspects
Lithium-ion cells:
Åcontainreactiveand flammablematerials
Åmaygenerate flammableand toxic gasesin 
case of failure
Åmaytrigger thermal runawayunder abnormal
conditions
Rolewithin the system
The battery pack:
Åisnot an autonomouscomponent
Åisnot intrinsicallysafe
Årequirescontrol, protection and correct
integration to be safelyusedon board

The safetyof a lithium-ion battery system does
not dependon the battery itself,
but on how the battery pack is controlled, 
protectedand integratedinto the craft.

LITHIUM-ION BATTERY CELLS / BATTERY PACK 



BATTERY MANAGEMENT SYSTEM (BMS) 

The BatteryManagement System (BMS)is
the control and protection systemof the 
lithium-ion battery pack.
Main function
The BMS is intendedto:
Åcontinuouslymonitor battery operating
conditions
Åpreventhazardoussituations
Åautomaticallyintervene in case of 
abnormalconditions
Parameterstypically monitored
Åindividualcellvoltage
Åcell temperature
Åchargeand dischargecurrent
Åcellbalancing
Rolein safety
The BMS:
Åpreventsoverchargeand deep discharge
Ålimits overheating
Åcommandsbattery disconnectionunder 
hazardousconditions

The BMS is an essentialelementof the 
system:
without an adequateBMS, a lithium-ion
battery system cannotbe consideredsafe.



DISCONNECTION & PROTECTION DEVICES Disconnection& ProtectionDevicesinclude all
electricaldevices intendedto protect and 
disconnectthe system, directlyor indirectly
controlledby the BMS.
Function
Thesedevices are designedto:
Åinterrupt energy flowunder abnormal
conditions
Ålimit the effectsof electricalfaults
Åisolate the battery pack from the electrical
system
Typicaldevices
Åpower contactors
Åfuses
Åsafetyswitches
Åshort-circuitand overcurrentprotection
devices
Rolein safety
Disconnectiondevices:
Ådo not prevent failures
Åbut limit the consequencesof failures
Åare essentialto preventelectricaland 
thermal propagation

A BMS without effectivedisconnection
devices cannotensuresystem safety.



ELECTRICAL SYSTEM INTEGRATION
ElectricalSystem Integrationrefersto the 
integrationof the battery system into the 
on-board electricalsystem.
Main aspects
Integration includes:
Åwiring
Åisolationand sectioning
Åelectricalpanels
Åinterfacewith loads, inverters, chargers
and generators
Critical aspects
Incorrectintegrationmaylead to:
Åovercurrents
Åoverheating
Åmalfunctionof the BMS
Åhazardousconditionsevenwithout cell
failure
Rolein safety
A lithium-ion battery system:
Åcannotbe treated asa conventional
battery
Årequiresintegrationconsistentwith its
electricalcharacteristics
Incorrectelectricalintegration maymake 
evena technicallycompliantbattery pack 
unsafe.



INSTALLATION COMPARTMENT AND
FIRE / RISK MITIGATION MEASURES 

Thisblockcovers:

Åthe battery installation compartment
Åthe risk mitigation measures, particularly
fire-relatedmeasures
Main aspects
The following shallbe considered:
Åcompartmentlocation
Åsegregationfrom habitablespaces
Åmechanicalfixing
Åventilation
Åaccessibilityfor emergencyintervention
Risks to be mitigated
Mitigation measuresare intendedto:
Ålimit fire propagation
Åreduce the effectsof toxic gases
Åcontainthe effectsof deflagration
Rolein safety
The battery compartmentisan integralpart of 
system safety:
Åa safe battery pack installedin an unsuitable
compartmentremainshazardous
Åsafetyissystem-based, not component-based
Correctinstallation and risk mitigation
measuresare ascritical asthe quality of the 
battery and the BMS.



Udicerinspectionactivity

How to ConductOn-Site Assessments

Methodology, inspectionworkflow, and use of a dedicatedchecklist



The verification carriedout by UDICER concerns:

Åthe safetyof the craft employinglithium-ion battery systems
Åthe correctintegrationof the system on board
Åthe consistencyof the installationwith the applicablesafetyrequirements(RCD, MED, Ministerial
Decree146/2008)
The assessmentfocuseson:
Åbattery pack
ÅBMS
Åprotectionand disconnectiondevices
Åelectricalintegration
Åinstallationcompartmentand risk mitigationmeasures
The verificationdoesnot concern:
Åthe certificationof the battery asa product
Åthe validationof the batteryƳŀƴǳŦŀŎǘǳǊŜǊΩǎdesign
Åthe industrial qualificationof the manufacturing process
Åcompliance with product standards not applicableto the craft
UDICER doesnot certify the lithium-ion battery asa product, but assessesthe safetyof the craft that
employsit.

OBLIGATION AND TYPE OF ASSESSMENTS
For newlybuilt craft, for the purposeof CE marking, under assessmentmodulesB, Fand G, the assessments
shallalsoinclude the elementsspecifiedin the dedicatedtechnical checklist for the installationof lithium-ion
batteries.
The replacementof on-board batterieswith lithium-ion batterieson craft alreadyin service constitutesa 
άsignificantmodificationέ.
The resultingUDICER technical assessmentsare asfollows:
ÅCE-MARKED CRAFT: re-CE markingof the craft under the Post-Construction Assessment(PCA) 
ÅNON-CE-MARKED CRAFT(Italian-flaggedvessels or Italianpleasurecraft): special occasionalsurvey



Main Technical and RegulatoryReferencesAdopted in the Verification

.
The referencesare appliedconsistentlywith the applicableregulatoryframework:
ÅDirective 2013/53/EU (RCD)
ÅMED Directive
ÅMinisterial DecreeNo. 146/2008
Technical standards specificto lithium-ion batteries
ÅISO 23625:2025
Small craftτLithium-ion batteriesτRequirementsand test methods
(specifictechnical referencestandard for lithium-ion battery systems; not harmonised)
Standards for on-board electricalsystems
ÅISO 10133ςLow-voltageelectricalsystems (DC)
ÅISO 13297ςAlternatingcurrentelectricalsystems (AC)
ÅIEC / EN 60529ςDegrees of protection(IP rating), whereapplicable
ÅISO 8846ςProtectionagainstignition, whereapplicable
ÅISO 9094ςFire protection
(includingthe applicableparts dependingon the type of craft)
ÅISO 16315ςSmall craftτElectricalpropulsionsystems
(wherethe battery system ispart of electricor hybridpropulsion)



The checklist isa support tool for 
inspectionactivities.
It guidesthe technical 
assessmentbut doesnot replace
the professionaljudgementof 
the inspector.
The outcomeof the assessment
shallalwaystake into account the 
overall coherenceof the installed
system.



INDEX
1. Documentationand Certification
2. Mechanicalinstallation
3. Ventilationand Off-Gas Management
4. Fire SafetyIntegration (EN ISO 9094)
5. DC electricalintegration
6. BatteryManagement System (BMS)
7. ChargingSources and Control
8. EMC and Interference
9. Marking, Labellingand Information
10. ProtectionAgainstElectric Shock
11. System Testsand Commissioning
12. Operation, Monitoring and Maintenance
13. Emergency and IncidentResponse
14. Storage and Transport
15. CraftIntegration and Interfaces
16. Deviationsand Manufacturer-SpecificRequirements

In anycase, the Inspectormayat
anytime consultthe Technical 
Management in order to 
complete the inspectionactivities.



A new approachto 
assistingUDICER 
inspections,
nowavailableasan 
inspectionsupport 
tool.

TheKIBERsystem





Completeness
Consistency
Traceability

1. Documentationand Certification



Fixing and stability
Protectionagainstshocks and vibrations
Accessibility and inspectability

2. Mechanicalinstallation



Gas discharge
Preventionof accumulation
Protectionof adjacentspaces

3. Ventilation and gas management



Compartmentation
Limitation of fire propagation
Fire-fighting meansand accessibility

4. Fire safetyintegration



Cablingand conductorsizing
Protectionand disconnectiondevices
Consistencywith the on-board electricalsystem

5. Electricalintegration in DC



Monitoring of parameters
Protectionfunctions
Interaction with safetydevices

6. BatteryManagement System (BMS)



Batterychargersand generators
Control of chargingparameters
Interaction with the BMS

7. Chargingsources and control



Emissionsand immunity
Interferencewith other on-board systems
Cable routing and segregation

8. Electromagneticcompatibility



Identification of components
Warningsand safetyinformation
Information for use and emergency
situations

9. Markingand information



Earthingand equipotential bonding
Insulationand electricalseparation
Continuityof protectivepaths

10. Protectionagainstindirect electricalcontacts



Functionalchecks
Operationaltests
Recording of test results

11. System testing and commissioning



Operating conditions
System monitoring
Routine and periodicmaintenance

12. Operationand maintenance



Emergency procedures
Information for the crew
Accessibility and intervention safety

13. Emergency and incident response


