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Amphenol Sensors
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Amphenol Sensors enable latest generation BESS and Data 
Center capability
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Enabling Sensors:

• Cell venting Detection / Thermal Runaway
• Gases, including H2, CO2, CO, additional gases

• Multiphysics combinations including gases, pressure, 

temperature, humidity

• Non-contact infrared sensing of high voltage components

• Coolant and refrigerant pressure and temperature

• Coolant leak and water detection

• Current sensing

• Cell connection systems

Energy Storage requires sensor control and failure detection



Rechargeable Energy Storage batteries – from a consumer 
convenience to a global necessity 
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New battery systems:

• “Nine 9’s” level of quality control - over 7,000 quality inspection points

• Various chemistry combinations for electrode materials; require critical minerals

• Energy density increasing from 180 W-h/kg to >500 W-h/kg

• Increasing voltage levels: 800V and >1.5kV in HD applications, BESS, & hyperscale data centers

• Can withstand thousands of charge/discharge cycles:

• Can outlive “first life” vehicle and serve in BESS and reman applications

• “Swappable” packs -  do not necessarily stay with vehicle or application

• Battery systems can be most expensive BOM component of vehicle and systems

• No regulations/standards on diagnostics reporting specific across the BESS scale

• Faults can have benign or severe outcomes
• Failure modes can result in fire/explosion, even when system is “idle”

• Failures can exhibit varying latency time between initiation and potentially catastrophic failure

• Other  failure sources (control electronics, cooling systems, water ingress) can trigger pack incidents.

Battery Current, Voltage, and Temperature sensing are no longer adequate measurements for safety

Battery system design is a tradeoff between energy density, safety, and cost
Source: Data provided by CRU Group



Battery Failure and the need for improved passive and active 
controls
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Cell venting failure is NOT benign and must be detected!
Safety & robustness knowledge is evolving field

Typical model does not account for all 
physics behavior

Cell failure is a complex physics phenomenon and 
should not be over-simplified

Considerations:
• Risk of thermobaric detonation /deflagration / fire
• Electrolysis of water vapor inside the cell!
• Plume is highly conductive – arc flash
• Ultrafine metal particles – thermite rx
• Flammable electrolyte release
• Release of hydrogen
• Asphyxiants including HF, and Na+ cells release HCN
• Latent effects include corrosion/failure of electronics
• Even solid-state cells can release hydrogen from binder

Arc flash damage in hEV pack from 
vented cell



Safety issues make headlines and headwinds to the industry – 
examples:
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Production Facility incidents
• Taiwan- TCC/Molicell – 15 injuries 
• Korea - Aricell – 22 deaths

Transportation incidents
• Delphine RoRo and 5 other sinkings
• EV Battery pack in trailer in TX, Mar 2023
• Birmingham, Alabama & Georgia

Application incidents
• New York City: e-bike fire – 4 deaths
• California – 3 deaths
• Korea – charging fire

Recycling incidents
• France – evacuation / facility loss
• Scotland – evacuation / facility loss

EV Ocean transport bans/restrictions

Even though incident level is low, outcomes can be unexpected, severe and long duration



Incidents- Large Scale Energy Storage 
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https://storagewiki.epri.com/index.php/BESS_Failure_Incident_Database

Overall number of incidents appears to have decreased, but incident 

scale has involved much larger systems (like Moss Landing)

• Incidents at BESS, substation, EV Charging and Data 

Centers

• New BESS facilities are largely LFP chemistry

Recent Standards Changes:

• UL 9540A: Test Method for Battery Energy Storage Systems 

(BESS >20kWh) 

• more stringent gas and temperature testing in 2025 updates

• NFPA 855: Standard for the Installation of Stationary Energy 

Storage Systems (2026) 

• Stricter installation rules limiting total stored energy

• 10kWh/dwelling, 1kWh for portable

• Specific protection required for indoor spaces

• In Development: NFPA800

2025 showed improvement in incident levels



Evolving BESS Regulations & Standards
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Evolving BESS Regulations & Standards
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Note: Standards shown are selected from Taqa BelArabi standards Database based on multiple sources: IEC,IEEE, UN, UL, GB, ISO, & NFPA.

BESS Standards are rapidly evolving to address safety concerns
Regulations are regional and references to standards vary significantly



Evolving Transport Regulations & Standards
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Regulation:

UN 38.3 Transportation of Li-ion Batteries

• UN3480 (Li-ion cells); UN3481 (Li-ion batteries contained in equipment)

• Expect incremental clarifications via Amendment and proposals from 2025 with more 

restrictive air rules (IATA/ICAO)

• 2026: SoC controls  (30% SOC for transport)

• New categorization of battery cells and packs hazard level in UN38.3 will be proposed 

2029/2030, involving new testing requirements on cell and packs

Standards:

• NFPA800 – Battery Safety Code (2026 Draft under review)

• J2950 Recommended Practices for Shipping Transport and Handling of Automotive-Type 

Battery System - Lithium Ion (under revision)

• J3303_202510 - Lithium and Lithium-Ion Cell and Battery Containment Performance 

Recommended Practice

• J3235_202303 - Best Practices for Storage of Lithium-Ion Batteries



Battery transport issues and gaps to be addressed
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Transportation:

• Significant issues exist in transporting End of Life (EOL) and 

Damaged/Defective/Recall) large format systems both on land and by sea

• Still significant number of recalls, many for cell & pack defects

• EOL /DDR packs currently stranded on many island nations due to lack of 

appropriate containment technology in event of catastrophic event on vessel

• Over-road transport of BESS systems requires specialized transport due to 

mass and center of gravity

• Shippers have not followed manufacturer’s recommendations

• Many shippers now requiring 30% SOC in application

• Difficult to correlate voltage or “EV range” to “Pack SOC”

Actions:

• Improved recommendations/guidance

• New developments in large format containment system for improved 

thermal/fire management and detection/notification of incidents in transport

• SAE Decommissioning/Discharge Committee activities and related research



BESS in Data Centers is a distributed network of batteries 
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Safety from Prevention to Containment



Balancing Cost, Utility, and Safety to become profitable
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Application demands drive design constraints, the push for increasing utility must be balanced with safety and cost 

Battery Production 
To be competitive, cell manufacturers need extreme (& expensive) scale

• Long payback periods and finances:
• Pack prices below $100/kW-h, BESS below $70/kW-h
• Best-in-class operating margins ~25%, with many competitors at negative operating 

margin in 2025
• Raw material price volatility, tariffs, lead to financial uncertainty
• Pack-only assemblers struggle with “single-digit” margins
• Vertical integration from raw material to application improves cost controls
• Liability/recall insurance increasing drag on margins

• Safety risk drives exceedingly tight quality controls 
• Cell manufacturing can include ~7000 quality checkpoints from raw material to 

final product 
• Extreme levels of automation and quality data collection, AI analysis required
• Traceability links raw material sourcing, process control information to every 

single unit produced
• Typical yield loss at formation/aging can be up to 10%

Quarterly Profit 
margins 

Source: Content & analysis provided by CRU Group



Batteries….the balance sheet
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Manufacturing facility, equipment, tooling, and even logistics must follow a 
business plan with high confidence target market/customer/demand

Battery Production – operational challenges 
• Regardless of chemistry, material dominates cost structure
• Material price volatility  and availability: ~60-80% of operating costs
• Manufacturing location can have significant impact on profitability

• Labor costs in EU 400% higher than China
• Electricity costs in EU 200% higher than China
• Natural gas prices in EU 60-70% higher than China

• Cell chemistry and package design drive fundamental manufacturing processes and 
are not easily changed within facility

• Cathode chemistry (LFP, NMC, Na+, LTO, etc)
• Package design (Prismatic, Pouch, cylindrical)
• Package size (from a few A-h up to 1,000 A-h)

• While somewhat flexible,  Manufacturing line setup driven by target application market
• BESS, consumer product, medical, drone, eVTOL, robotics all drive unique 

energy, power density, performance requirements



Process Flows and Yield
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Global competition forces competitors to scale fast or risk customer loss

“Typical” Battery line
• CAPEX Tooling: $55 to 150 million/GWh

• Qualification of supplied product starts with 

materials on pilot line (1,000’s of cells)

• Line qualification includes:
• Qualification of quality control proceses

• Cycling Testing

• Destructive/non-destructive quality checks

• Abuse testing

• Early samples to customers (battery-pack-OEM DV/PV)

• Qualifying a line can be a multi-year process

• Failure can delay SOP by many months



Electrode Production Challenges
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Materials moving to extremely tight tolerance grain size, morphology, metrology, rheology



Pouch Cell Production Challenges
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Bent tabs, edges, contamination, electrolyte absorption degassing, and sealing contribute to yield loss 



Cylindrical Cell Production Challenges
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Alignment, welding, contamination, electrolyte absorption contribute to yield loss



Prismatic Cell Production Challenges
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Alignment, welding, contamination, electrolyte absorption contribute to yield loss



Formation Challenges

22

Residual gas, seal quality, failure to meet quality controls during aging, charging/discharging contribute to yield loss



Pack Assembly Challenges
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Cell matching, placement control, welding, contribute to yield loss – even low yield loss is costly!



The BESS BOM Example
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Data center and grid demands create opportunities for LFP and Na+ growth, cell cost dominates BOM

BESS installation demand increasing, but
• BESS market pricing dropped 31% in 2025

• 2025 Pricing provided 3x capacity for same price in 2022

• 50% of cost is in cells; therefore, manufacturers driving much larger cell 

sizes
• LFP dominates market at >95%

• Cells growing from 300A-h to 2000A-h

• Na+ entering due to lower costs

• Yield levels 90%, what gets through?

• Containers at maximum legal transport weights

• Stackable containers

• High automation manufacturing



China Regulations regarding diagnostics

25

China Regulations governing OBD:

• GB/T 32960.3: (NEV remote monitoring/telematics reporting) defines a fairly 
common set of battery-related alarm/fault fields (e.g., high temperature, cell 
over/under-voltage, consistency issues, insulation alarm, HV interlock status) and 
includes an alarm level concept—though it’s mainly aimed at platform reporting.

• GB/T 34590 (China-aligned ISO 26262): provides the HARA/ASIL functional 
safety framework that supports the “hazard-based prioritization” idea, but it 
doesn’t define an OBD-style diagnostic communications layer

• GB/T 44500-2024: Code of practice for new energy vehicles safety operation 
inspection

• T/CAEE (2026 Draft): Power battery thermal runaway monitoring sensors and 
modules

Critical pack diagnostics + hazard ranking + standardized consumer/service 
messaging—is needed in China



Needs and next steps:
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Various Global Regulations already require static and dynamic data reporting:
• Evaluate current “Best Practices” in battery dx
• Propose voluntary global framework for voluntary reporting “safety critical” battery and HV system diagnostics
• Common terminology and communications
• Identification of High Hazard faults (those which could lead to significant outcomes)

• Utilize existing tools like ISO 26262 to evaluate hazard
• Controlled & Compartmentalized reporting

• Vehicle communicates critical diagnostics to appropriate user in clear language:
• Examples:

• Cell venting/ Thermal Runaway
• Over temperature
• Isolation faults
• Overvoltage / Overcharge / Undevoltage
• HV interlock status/faults

• Data must be compartmentalized with strong cybersecurity measures (OEM/ transporters/owner/repair/second 
use/dismantler/recycler)

• Scenarios where automated reporting of critical failures may be needed:
• Before boarding vessel, rail, or road transportation
• Storage / service
• Emergency/damage incidents
• During bidirectional charging



Improving Battery Safety – more than regulations and standards: 
Design and control

Safety by design in the cell:  (solid state is still not “intrinsically safe design”)
• Improving chemistry in anode/cathode/electrolyte  
• Battery cell component design, morphology/metrology/chemistry at the molecular level
• Improved separator, current collector and package designs
 
Safety through improved cell manufacturing processes
• Improved processing and quality control from raw material through formation
• Traceability of materials
• Improved machine controls and AI-driven process monitoring/adjustment
• Damage-tolerant cell casings/components

Safety through improved system design
• Passive Propagation Resistance (failing cell has minimal effect on others)
• Improved thermal management (cooling/heating/uniformity)

• Low conductivity & immersion coolants
• Improved charge balancing
• Improved monitoring, control, and detection

• New sensors/control:
• Cell venting detection
• Impedance spectroscopy
• Cell stress/strain/internal pressure
• Pack coolant leakage/water intrusion
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New China Standard Task Forces for 2026

Circled indicates 
Safety-related Task 
Forces

Standard preparation schedule:
(1) Project research stage: October to December 
2025
(2) Drafting stage: January to February 2026
(3) Soliciting opinions stage: March to April 2026
(4) Standard approval stage: May 2026
(5) Standard approval stage: June 2026



SAE Battery Standards Committees
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850+      

181     

32     

41+

Subcommittees

Published Battery Documents

Represented Employers 
• OEM’s, Suppliers, Government, and Academia

Committee Membership Individual Participants:
• Engineers, Scientists, Subject Matter Experts (SME’s)

Committees develop 3 documents:
• Technical Information Reports
• Recommended Practices
• Standards 

Working with Industry leaders!



SAE Battery Standards Committees
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Battery Committees: 2026
BC1 Battery Safety Standards Committee
BC2 Battery Standards Testing Committee 
BC3 Battery Standards Label & Tape Committee  
BC4 Battery Transportation Committee 
BC5 Battery Size Standardization Committee 
BC6 Starter Battery Committee 
BC7 Truck Battery Systems Committee  
BC8 Battery Standards Fuel Economy & Range Committee  
BC9 Battery Standards Advanced Battery Concepts Committee 
BC10 Battery Standards Recycling Committee- 
BC11 Battery Global Traceability Committee   
BC12 Battery Test Equipment Committee 
BC13 Battery Terminology Committee 
BC14 Battery Materials Testing Committee 
BC15 Secondary Battery Use Committee 

BC16 Start-Stop Battery Committee 
BC17 Battery Diagnostics 
BC18 Battery Field Discharge and Disconnect Committee 
BC19 Battery Systems Connection Committee 
BC20  Battery Management Systems
BC 21 Battery Thermal Management Committee 
BC22 Bus Battery System Committee 
BC23 Battery Systems Adhesives-Sealants-Heat Transfer Materials 
BC24 Battery Sensors Committee 
BC25 Construction/Agricultural/Off Road Rechargeable ESS Committee
BC26 Micro mobility Battery Standards Committee 
BC27 Truck Battery Systems 
BC29 Battery Swapping Committee 
BC30 Battery Pack Venting Committee
BC31 Insurance 
BC32 Vehicle Platform Power Management Committee

First Responders Task Force 

Global Committee membership addressing critical industry needs 
from micromobility to HVOR, aerospace, and marine 



Improving Battery Safety – more than regulations and standards: 
Design and control

Safety by design in the cell:  (solid state is still not “intrinsically safe design”)
• Improving chemistry in anode/cathode/electrolyte  
• Battery cell component design, morphology/metrology/chemistry at the molecular level
• Improved separator, current collector and package designs
 
Safety through improved cell manufacturing processes
• Improved processing and quality control from raw material through formation
• Traceability of materials
• Improved machine controls and AI-driven process monitoring/adjustment
• Damage-tolerant cell casings/components

Safety through improved system design
• Passive Propagation Resistance (failing cell has minimal effect on others)
• Improved thermal management (cooling/heating/uniformity)

• Low conductivity & immersion coolants
• Improved charge balancing
• Improved monitoring, control, and detection

• New sensors/control:
• Cell venting detection
• Impedance spectroscopy
• Cell stress/strain/internal pressure
• Pack coolant leakage/water intrusion



New Volunteer Information (Electrification Standard Development)

Please feel free to scan this QR code or click on the link below 
which takes you to the volunteer packet for all prospective members of our 
Electrification Committees
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https://standardsworks.sae.org/standards-committees/battery-standards-discussion-
forum#resources&publicResource=1eaa1960-50b4-40ad-b150-6b0393112ce9

Thank you!
Brian Engle
+1-248-978-5736
Brian.engle@amphenol-sensors.com
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