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NFPA created the new technical committee on halogenated fire extinguishing 

systems in 1966.  NFPA 12A was written and adopted by NFPA in 1968, thus 

helping to usher in wide-spread adoption of halon 1301 fire extinguishing 

systems, particularly, total flooding systems in normally occupied spaces. 

Development work on halon 1301 as a fire extinguishant actually started in 

1947.  Production of halon 1301 in the US was ceased in 1993.  During the more 

than 45 years of its use, many experimental tests were conducted to measure 

the extinguishing effectiveness on fire hazards and fuel configurations.
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The SFPE Handbook, Table 4-6-12, presents halon 1301 fire extinguishing 

concentration data from numerous tests performed by several organizations 

including Factory Mutual, Fenwal, Ansul, DuPont, Safety First, and Underwriters 

Laboratories.  The data for surface fires (Class A) range from 2.0% for polyvinyl 

chloride (Fenwal) to 3.88% for a wood crib (1A 50 pcs. By UL).  Fenwal results 

for polystyrene and polyethylene were 3.0%.  The data from this table was 

reported by Ford

The SFPE Handbook of Fire Protection Engineering, Fourth Edition, Copyright © 

2008 by the Society of Fire Protection Engineers, Published by the National Fire 

Protection Association, Quincy, MA.

C. Ford, “Extinguishment of Surface and Deep-Seated Fires with Halon 1301,” 

Symposium of an Appraisal of Halogenated Fire Extinguishing Agents, National 

Academy of Sciences, Washington, DC (1972).
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The data for surface fires (Class A) range from 2.0% for polyvinyl chloride 

(Fenwal) to 3.88% for a wood crib (1A 50 pcs. By UL).  Fenwal results for 

polystyrene and polyethylene were 3.0%. 
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The requirement of a minimum 5% design concentration for all flammable 

liquids and gases (Class B), and all surface fires (Class A) has the result of 

requiring that a safety margin be added to the minimum extinguishing 

concentration for these hazards.  In the case of methane, for example, the 

minimum extinguishing concentration is listed as 3.1% and the required design 

concentration is 5%.  This results in a margin of safety of 61%, which can also be 

referred to as a safety factor (multiplier) of 1.61.  As another example, the 

minimum extinguishing concentration of polystyrene and polyethylene is 3.0%.  

The required safety factor is, therefore, 1.67.  The minimum extinguishing 

concentration for n-heptane, as a final example, is 4.1%, resulting in a required 

safety factor of 1.22.  As can be seen, the margin of safety requirements in 

NFPA 12A result in widely varying margins of safety for various fire hazards.
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NFPA 12A does not specifically address minimum extinguishing concentrations 

or minimum design concentrations for Class C fire hazards, which are fires in 

continuously energized electrical equipment.  Such fires hazards have been 

traditionally classified as surface fires by the halon 1301 industry and protected 

by a minimum design concentration of 5%.  If one were to compare the fuel 

involved in Class C fires to polyvinyl chloride (2% minimum extinguishing 

concentration) or polystyrene/polyethylene (3% minimum extinguishing 

concentration), with a required minimum design concentration of 5%, one 

would conclude that the required safety factor for a Class C fire could range 

between 1.67 and 2.5.

A significant percentage of all halon 1301 total flooding systems installed in the 

US, and elsewhere, were designed according to NFPA 12A to protect surface 

fires in Class A and Class C configurations.  At a 5% minimum design 

concentration, these systems employed a safety factor of between 1.3 (wood 

crib, UL) and 2.5 (polyvinyl chloride, Fenwal).  Under these conditions, halon

1301 enjoyed a strong reputation for fire extinguishing effectiveness in real-

world fire conditions.
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The rationale for applying the initial 20% safety margin for flammable liquid 

and gases is not explained in NFPA 12A, nor is the additional margin of safety 

beyond 20% to reach the minimum 5% design concentration.

For surface fires, the additional margin of safety required to reach the 

minimum design concentration of 5% is explained in Annex J, Surface Fires, 

which states, “…because the potential array of fuels likely to be involved in 

every real fire requires the higher concentration."

Perhaps, this means that, according to the committee, fuel arrays in the real 

world are likely to be more complex that those tested, and the complexity of 

the real world arrays could require higher agent concentrations to extinguish, 

so an added margin of safety is warranted to cover the unknown factors.
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During the development of NFPA 2001, NFPA 12A was used as a starting point.  

On the subject of margin of safety between the minimum extinguishing 

concentration as determined by test and the minimum design concentration, the 

committee decided to require a safety factor of only 1.2 for Class A surface-type 

and B fire hazards.  Class C fire hazards were addressed, but the minimum design 

concentration was pinned to that for Class A surface-type fires.  No specific 

technical justification was presented for the requirement of a 20% margin of 

safety.  This value was chosen because it was used in NFPA 12A, also without any 

specific technical justification or explanation.

Underlying the committee’s interest in modest safety factor of 1.2 were:  more 

agent was going to be required, more equipment, higher overall system cost –

leading to concerns about preserving the clean agent market established by 

Halon 1301 during the transition period.  Desire to keep cost increases as 

minimal as possible – but also to provide reasonable extinguishing performance 

and system reliability.  
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Over the years, the blanket use of a 1.2 safety factor in NFPA 2001 has come 

under scrutiny, in part because it is significantly lower than the effective safety 

factors used for most fire hazards in NFPA 12A, and in part due to the influence 

of work done internationally by the committee responsible for writing the ISO 

clean agent standard, ISO 14520.  Eventually, the safety factor for Class B fire 

hazards was raised from 1.2 to 1.3.  Also, in the latest edition of NFPA 2001, a 

revision to the safety factor requirements for Class A fire hazards was 

implemented, which raised the required margin of safety for some clean agents.  

The following changes were incorporated into Section 5.4.2.4.

The minimum design concentration for any clean agent shall be the GREATER of:

The MEC determined by the Class A surface fire tests as part of the listing 

program, as a minimum, UL 2127 or UL 2166, multiplied by a safety factor of 1.2

Equal to the MEC for heptane as determined by the cup burner test method

For certain listed system and agent combinations, there is virtually not change 

(still SF of 1.2):

All inert agent systems

Some HFC-227ea systems

For certain other listed system and agent combinations, there is an increase in 

the required minimum design concentration, and hence an increase in the 
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effective safety factor (new SF of about 1.3)

All FK-5-1-12 systems

All HFC-125 systems

Some HFC-227ea systems
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For certain listed system and agent combinations, there is virtually no change 

(still SF of 1.2):

All inert agent systems
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Support for this change:

The safety factor of 1.2 applied to the minimum extinguishing concentration as 

determined by test, to determine the minimum design concentration, has long 

been a matter of debate within the TC.  There has never been a detailed 

scientifically-based understanding of what risks or errors this 20% safety factor 

addresses, and what it does not include.

The public proposal (Log #30) recommended a blanket increase in the safety 

factor for Class A hazards from 1.2 to 1.3, and presented 5 reasons.

Class B hazards currently require a safety factor of 1.3, and there is no practical 

or theoretical reason for the safety factor for Class A hazards to be less than this.

Historical safety factors for Halon 1301 and CO2 in range of 1.5 to 1.6, and there 

is no demonstrated reason for clean agents to have a substantially lower safety 

factor.

Probability of failure calculations performed by Ingeborg Schlosser1 of VdS

indicate a decrease in probability of system failure from 17.5% to 10% as safety 

factor is increased from 1.2 to 1.3.

The international consensus view is that a minimum safety factor of 1.3 is 

required, including the view of USTAG as reflected in ISO Standard 14520.

Uncertainty in minimum extinguishing concentration values for Class A fuels 
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provides an additional argument for a higher safety factor

1Study by Ingeborg Schlosser: “Reliability and Efficacy of Gas Extinguishing 

Systems with Consideration of System-Analytical Methods”, Proceedings – VdS

Congress on Fire Extinguishing Systems, December 1 and 2, 1998, Cologne, 

Germany.

The committee was divided and there was much debate.  Ultimately, a 

compromise was agreed upon, which resulted in the new language in the 

standard stated previously.  As a result:

The system using HFC-227ea that was re-listed by UL at a lower MEC of 5.2% now 

has to use a minimum design concentration of 6.7% rather than 6.25%, resulting 

in a safety factor of 1.3, while the systems using HFC-227ea that did not re-list by 

UL remain at 7.0%, which is a safety factor of 1.2.

No change for the inert agents

All FK-5-1-12 and HFC-125 systems now have to use a minimum design 

concentration that is higher than before, corresponding to a safety factor of 

approximately 1.3
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Eventually, the committee became uncomfortable with the fact that the Class C 

design concentration had never been independently validated.  Pinning it to the 

Class A design concentration was not justifiable and should be replaced with 

Class C fire extinguishment fundamental knowledge.
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First, a literature search was done turning up about 13 or so technical papers.  

This information was analyzed and condensed.  Initially, the committee felt that 

the data supported imposing a safety factor of 1.6 on Class C fire hazards for 

1500 W power conditions or less.  If power conditions are more than 1500 W, 

then higher concentrations are required.  This was included in the ROC as 

Comment 2001-61a, and was overturned at the annual meeting, and debated 

some more during the subsequent cycle.
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The committee requested that a project be funded through the FPRF to study 

Class C fires.  This was done, and Dr. Gregory Linteris of NIST was contracted to 

perform the work.  He produced a project report.  Three primary conclusions 

were provided in this report regarding Class C fire extinguishment:

With added energy, flames require more agent for extinguishment

It does not take much added energy to make a big difference

There has been little study of the magnitude of the energy flux to a burning 

polymer from energized electrical systems

It was recommended that a Class C test protocol and apparatus be developed to 

research Class C fires further in a manner, including round robin testing, that 

would produce accurate and trustworthy results accepted by all of the key 

stakeholders.

G. Linteris, Clean Agent Suppression of Energized Electrical Equipment Fires, 

Copyright © by Fire Protection Research Foundation, January 2009.
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The committee used the work of Dr. Linteris and the FPRF workshop to develop a 

revised approach to Class C fires, adopting the change for the 2012 edition 

(Section 5.4.2.5).

Class C fire hazards require a safety factor of 1.35 times the Class A surface fire 

minimum extinguishing concentration

Continuously energized equipment greater than 480 volts requires a minimum 

design concentration determined by testing and fire hazard analysis.
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UMD master’s thesis

Reports details on development of the REED test apparatus, referencing a report 

published by David M. Smith et al.

Reports on the development at Factory Mutual of the FM Global Flammability 

Apparatus

Presents graph from Linteris showing combined results of data from REED and 

FM Global Flammability Apparatus.

This combined data demonstrates sharp increase in MEC between heat 

fluxes of 0 and 10 kW/m2, followed by a leveling off

This graph shows that between 20 kW/m2 and 50 kW/m2 the MEC for 

CF3H increases by a factor of 1.45, and for N2 a factor of 1.24

Presents MEC test data obtained at UMD during this study, and compares that to 

same data obtained at 3M

For HFC-227ea, the average results of the tests run at UMD are 10% higher 

than the average of the 3M test results

For IG-541, the average results of the tests run at UMD are 9% lower than 

the average of the 3M test results

Presents table, and graphs of test data for each agent – NFPA 2001 Class C design 

concentration vs. UMD REED test results for MEC

At flux of 5kW/m2 and above, the MEC values from the REED testing 

exceed the design concentration requirements currently in NFPA 2001
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Presented the development of a model to approximate the power density and 

resulting radiant heat flux that will be emitted by two adjacent 1U blade servers 

on a cable positioned in the space between them

Conclusion given that 4.76 kW/m2 is largest expected heat flux emitted 

from a blade server with 0.1m2 surface area in a 20 kW 42U server rack in 

the year 2012 – therefore, this study should especially look at the heat flux 

range of 0 to 5 kW/m2.  

The ASHRAE study suggests that server rack densities, and thus heat flux 

values, will continue to increase to the year 2020.

Discovered that the standard REED test protocol has a tendency to destabilize the 

flame prior to extinction, which may produce artificially low extinguishing 

concentration results

The current protocol requires 100 second waiting period between each 

step increase in agent concentration, until flame is extinguished – thus 

flame is bathed in increasing amounts of extinguishing agent which may 

weaken and destabilize the flame gradually until it is finally extinguished, 

by a lower concentration than would normally be required.

Revised protocol eliminated the 100 second delay between steps replacing 

it with a 2 second delay – this resulted in extinguishing concentrations that 

were 33% to 50% higher than the original REED test protocol.

The revised protocol may have its own inaccuracies that have to be 

resolved, but this is a good demonstration of the fact that the 

extinguishing concentration determined by any test is partially dependent 

on the test apparatus and protocol.

David M. Smith, et al. Energized Fire Performance of Clean Agents: Recent 

Developments, 3M Specialty Chemicals Division, NIST Building and Fire Research 

Laboratory
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