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report was presented to the DGP/23, PRBA noted that the study was based on flawed assumptions, 
unsound methodology and faulty data. Our letter to Secretariat Rooney expands on these comments.  A 
copy of the letter is attached in Appendix B. 
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APPENDIX A 

 
LIST OF REPORTS PREPARED FOR PRBA FROM TESTING CONDUCTED ON LITHIUM 

ION CELLS AND BATTERIES  
 
 

1. FLAMMABILITY ASSESSMENT OF LITHIUM ION 
BATTERIES PACKED WITH AND CONTAINED IN 
EQUIPMENT – MARCH 2010 

A heat release analysis was conducted from testing of lithium ion batteries “contained in” and “packed 
with” notebook computer systems as packaged for air shipment. 
 
Air shipment packages were analyzed to estimate the quantity of stored energy that would be released by 
complete combustion of all components (packing materials, plastics, notebook computer, and battery) and 
to compare the contribution of the battery to the heat release expected from the entire package.  Flame 
attack tests were conducted to compare the fire behaviour of packages containing batteries to those not 
containing batteries.  Cell initiation testing was conducted to assess the effect of a single cell internal fault 
occurring in a battery contained in or packed with equipment. 
 
The analysis and test conducted showed that: 
 

1. Analysis of notebook computer packages indicates the chemical and electrical energy contained 
in batteries is less than 10% of the total energy released if the entire package is burned (for the 
specific packages examined, it was 6% -7% with fully charged battery packs, and 5% - 6% with 
packs at 50% state of charge (SOC).  Combustion of materials such as cardboard, paper, and 
plastic within the package produce the bulk of the heat release. 

 
2. During flame attack testing in a closed chamber, flames initially attack and ignite external 

packaging materials (cardboard) and are likely to be self extinguished due to limited airflow 
before the cells in the package vent or go into thermal runaway.  Cells may not vent for an 
extended subsequent period, or not vent at all, depending upon a variety of factors such as 
chamber temperature, airflow conditions, battery location, cell design, and cell SOC. 

 
3. Flame attack testing on systems with and without batteries showed temperature and heat flux 

values during the initial flaming period were effectively identical (within normally expected 
variation of fire tests).  The presence of the battery had no discernable effect on the overall heat 
release during this time.  Subsequent cell thermal runaway and venting, if it occurs (after the 
initial period) can produce hot spots that cause re-ignition of combustibles, if sufficient air can 
enter the enclosure to sustain flaming combustion.  However, under these conditions, normal, 
smoldering combustibles in packages without batteries can also re-ignited. 

 
4. Cell initiation testing showed that spontaneous thermal runaway (due to an external short circuit 

or internal cell fault) of cells inside equipment packages, will produce smoke and soot.  With cells 
at a reduced state of charge, flaming combustion is unlikely to occur due to limited oxygen in a 
closed environment.  If cells are near 100% SOC, ignition of vent gases becomes more likely.  
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However, even when flaming combustion is initiated, the resulting fire is a short duration and 
relatively low intensity event, and the fire self-extinguishes due to limited oxygen in the chamber. 

 
The report, referenced as Exponent Laptop Report, can be downloaded from PRBA’s website at 
http://www.prba.org/prba/publications/battery_studies_and_reports/Default.ashx.  

2. US FAA-STYLE FLAMMABILITY ASSESSMENT OF 
LITHIUM ION CELLS AND BATTERY PACKS IN 
AIRCRAFT CARGO HOLDS – APRIL 2005 

Flammability tests were conducted on lithium ion cells and batteries.  Tests were conducted on single, 
multiple, and bulk packaged lithium ion cells and batteries. Tests also were conducted to assess the 
impact on cargo hold liner material of lithium ion cells and batteries attacked by fire and the effectiveness 
of Halon 1301 in suppressing lithium ion cell and batteries.   
 
The results of the tests are listed below: 
 

1. Direct flame impingement on small, unpackaged quantities of bare cells and batteries can lead to 
internal thermal runaway of individual cells and venting of gases.  The vent gases are generally 
ignited by the pre-existing flame, increasing the total heat flux produced by the fire.  In a few 
cases, cells will rupture and ejected their contents. 

2. Halon 1301 is very effective in controlling burning lithium ion cells. 

3. The fires used in the testing program had minimal effects on bulk packaged lithium ion cells at 
50% or less state of charge.  Direct flame impingement over a few minutes on bulk packages of 
cells did not lead to significant venting or involvement of the cells in the fire. 

4. The aircraft cargo liner material used in the testing, which is commercially available and which is 
believed typical, is capable of withstanding the tested flame impingement from burning gases 
vented by lithium ion cells subjected to external heating. 

The report, referenced as Exponent Burn Box 1, can be downloaded from PRBA’s website at 
http://www.prba.org/prba/publications/battery_studies_and_reports/Default.ashx.    

3. US FAA-STYLE FLAMMABILITY ASSESSMENT OF 
LITHIUM ION CELLS AND BATTERY PACKS IN 
AIRCRAFT CARGO HOLDS – PRISMATIC BATTERY 
PACKS AND PRESSURE MEASUREMENTS – JUNE 2005 

Additional flammability tests were conducted but in the current study tests were performed on single and 
multiple cell-phone-style (prismatic) lithium ion batteries and dynamic pressure measurements were 
obtained during flame attack tests on 18650-style lithium ion cells. 

The results of the tests are listed below: 
 
1. Prismatic batteries performed comparably to previously tested 18650 cells with regard to heat 

release and effectiveness of suppressant.  Since prismatic cells are often designed to vent through 
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a case rupture mechanism, frequent case rupture events were observed in the prismatic battery 
testing. 

 
2. Direct flame impingement on small, unpackaged quantities of prismatic batteries can lead to 

internal thermal runaway of individual cells and venting of gases.  The vent gases are generally 
ignited by the pre-existing flame, increasing the total heat flux produced by the fire. 

 
3. Halon 1301 is very effective in controlling burning lithium ion prismatic batteries. 

 
4. The aircraft cargo liner materials used in the testing, which is commercially available and which 

we believe is typical, is capable of withstanding the tested flame impingement from burning gases 
vented by lithium ion prismatic batteries subjected to external heating. 

 
5. When lithium ion cells vent they release gases.  However, the magnitudes of measured dynamic 

pressure pulses, associated with venting of 18650 cells and prismatic batteries, were small; less 
than 0.08 psi.  In a scenario representative of a cargo hold that is not airtight and where cells vent 
sequentially, we observed only a negligible additive pressure rise within the chamber. 

 
The report, referenced as Exponent Burn Box 3, can be downloaded from PRBA’s website at 
http://www.prba.org/prba/publications/battery_studies_and_reports/Default.ashx. 

4. EFFECT OF CELL STATE-OF-CHARGE ON OUTCOME 
OF INTERNAL CELL FAULTS: PRELIMINARY 
REPORT – AUGUST 2004 

 
The test examined the effect of cell state-of-charge (SOC) on the outcome of a low impedance internal 
cell fault.  The higher the SOC, the more energy available for release by an internal cell fault for 
comparable capacity cells. Higher energy release increases the probability of severe outcomes.   
 
The testing showed that the severity of the outcome is strongly affected by state of charge.  At 100% 
SOC, a refined crush would typically produce a severe outcome using a refined test method.  At 70% 
SOC, a refined crush resulted in severe outcomes for a majority of tests for each brand.  At 50% SOC, all 
tests but one resulted in a minimum outcome. The one test resulted in a moderate outcome (case rupture).  
At 40% SOC, all of the tests resulted in a minimum outcome. 
 
The report, referenced as Exponent State of Chare Report, can be downloaded from PRBA’s website at 
http://www.prba.org/prba/publications/battery_studies_and_reports/Default.ashx. 
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FREIGHTER AIRPLANE CARGO FIRE RISK MODEL: COMMENTS ON THE WILLIAM J. 

HUGHES TECHNICAL CENTER STUDY 
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