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Refrigerant molecules with 
reduced number of fluorine 
atoms generally have lower 
GWP, but these refrigerants have 
a higher proportion of hydrogen 
atoms and are therefore more 
flammable than refrigerants 
with more fluorine atoms. Many 
of the candidates for lower-
GWP refrigerants are blends 
of two or more refrigerant 
molecules, such as an HFO 
mixed with an HFC, a technique 
resulting from searching for the 
right combination of desirable 
qualities. R-410A itself is a blend 
of R-32 and R-125, developed 
in the 1990s with goal of a zero 
ODP non-flammable refrigerant 
with energy efficiency equal 
or better than R-22. However, 
with a GWP100 value of 2090 
§1 (IPCC AR4), R-410A is no 
longer considered an acceptable 
compromise of qualities.

Transitioning to low-GWP 
refrigerants doesn’t mean 
compromising on safety. The 
leading lower-GWP candidates 
to replace R-410A are flammable, 
but they fall into the relatively 
new lower flammability 
classification of 2L. As depicted 
in Figure 2, Class 2L refrigerants 

have lower probability of 
ignition as well as lower severity 
of ignition events, significantly 
reducing the flammability risk 
relative to Class 2 or Class 
3 refrigerants. Keep in mind 
that the classification system 
evaluates a refrigerant as a 
fuel source, whether it can 
sustain a flame or not. Due to 
the hydrocarbon-like molecule 
structure of all halogenated 
refrigerants, all of them can 
be combusted when put into a 
high-energy situation such as 
a fire with another fuel source, 
or thermally decomposed when 
exposed to sufficiently high 
temperature. This includes 
most of the Class 1 no flame-
propagation refrigerants, such as 
R-12 and R-22, that have been 
in use since the late 1930s. All 
air conditioners are designed 
to avoid an explosive over-
pressurization when exposed 
to heat from a structural fire, 
with either copper tubing braze 
joints that melt in a fire or a 
pressure relief device to safely 
relieve the buildup of refrigerant 
pressure at high temperature. 
Thus, structural fires have 
occasionally exposed firefighters 

to refrigerant combustion 
byproducts for decades, such as 
hydrogen fluoride (HF) and/or 
hydrogen chloride (HCl), both of 
which form acids with exposure 
to water. These combustion 
byproducts are not considered as 
part of the toxicity classification 
for refrigerants, as combustion 
of a refrigerant is a rare event. 
The toxicity classification for 
refrigerants is either lower 
toxicity (Class A) or higher 
toxicity (Class B), based on 
the refrigerant itself as a direct 
hazard, and not based upon the 
combustion byproducts.

Table 1 compares a 
representative refrigerant in four 
of the safety groups (combined 
toxicity and flammability 
classifications). Figures 3 and 
4 provide further detail on 
flammability characteristics 
of several substances using the 
parameters LFL, HOC, BV, 
and MIE.  Figure 5 shows the 
GWP

100 of numerous refrigerants 
versus the flammability 
classification. The trend is clear: 
to shift the balance towards 
being more environmentally 
friendly, we must accept some 
degree of flammability. For 

small appliances such as 
refrigerators, the risks of Class 
3 refrigerants, such as propane 
(R 290) or isobutane (R 600a), 
are manageable. For larger 
appliances and equipment, the 
Class 2L refrigerants are a 
reasonable and prudent choice 
to mitigate the flammability risk.

ADOPTION OF A2L 
REFRIGERANTS

As of December 2018, more 
than 68 million air conditioners 
using safety group A2L 
refrigerants have been installed 
around the world, with the 
majority of units installed in 
Asian and European countries 
such as Japan, China, India, 
Italy, France, Germany, and 
Australia. Manufacturers have 
addressed the safety issues 
around using A2L refrigerants 
in air conditioning systems 
and managed to maintain or 
improve the energy efficiency 
versus existing systems. To 
date, no accidents or incidents 
with loss of life or limb have 
been reported. The United 
States is lagging behind the 
rest of the world due to its slow 
progress in making changes 
to building codes and product 
safety standards. These include 
the model codes such as the 
International Mechanical Code 
(ICC), Uniform Mechanical 
Code (IAPMO), International 
Fire Code (ICC), NFPA 1 
Fire Code, and subsequent 

adoption at the state and local 
jurisdictions. These also include 
safety standards invoked by the 
codes such as ASHRAE Standard 
15, UL Standard 60335-2-40 (air 
conditioners and heat pumps), 
and UL Standard 60335-2-
89 (commercial refrigeration). 
Perhaps due to concerns with 
reported accidents involving 
higher-flammability Class 3 
refrigerants, though despite 
a lack of such incidents to 
date with lower-flammability 
A2L refrigerants, many of the 
U.S. committees do not agree 
with the international safety 
requirements used around the 
world and would like to make 
them more stringent.

MITIGATING RISKS
The overall risk of a 

hazard is determined by the 
combination of the probability 
of occurrence and the severity 
of the event. Approaches to risk 
management seek to reduce both 
the probability and the severity, 
to achieve a risk level that is 
as low as reasonably possible 
and acceptable within societal 
norms. For air conditioners, the 
first approach is to avoid the 
release of refrigerant, and the 
second approach is to restrict 
the maximum allowable 
quantity of refrigerant in the 
system. If one does not adhere 
to product safety design 
standards and correct practices 
for installation and servicing, 
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technique	resulting	from	searching	for	the	right	combination	of	desirable	qualities.	R-410A	itself	is	a	
blend	of	R-32	and	R-125,	developed	in	the	1990’s	with	goal	of	a	zero	ODP	non-flammable	refrigerant	
with	energy	efficiency	equal	or	better	than	R-22.	However,	with	a	GWP100	value	of	2090	§1	(IPCC	AR4),	
R-410A	is	no	longer	considered	an	acceptable	compromise	of	qualities.	

Transitioning	to	low	GWP	refrigerants	doesn’t	mean	compromising	on	safety.	The	leading	lower	GWP	
candidates	to	replace	R-410A	are	flammable,	but	they	fall	into	the	relatively	new	lower	flammability	
classification	of	2L.	As	depicted	in	Figure	2,	Class	2L	refrigerants	have	lower	probability	of	ignition	as	well	
as	lower	severity	of	ignition	events,	significantly	reducing	the	flammability	risk	relative	to	Class	2	or	Class	
3	refrigerants.	Keep	in	mind	that	the	classification	system	evaluates	a	refrigerant	as	a	fuel	source,	
whether	it	can	sustain	a	flame	or	not.	Due	to	the	hydrocarbon-like	molecule	structure	of	all	halogenated	
refrigerants,	all	of	them	can	be	combusted	when	put	into	a	high	energy	situation	such	as	a	fire	with	
another	fuel	source,	or	thermally	decomposed	when	exposed	to	sufficiently	high	temperature.	This	
includes	most	of	the	Class	1	no	flame-propagation	refrigerants,	such	as	R-12	and	R-22,	that	have	been	in	
use	since	the	late	1930’s.	All	air-conditioners	are	designed	to	avoid	an	explosive	over-pressurization	
when	exposed	to	heat	from	a	structural	fire,	with	either	copper	tubing	braze	joints	that	melt	in	a	fire	or	
a	pressure	relief	device,	to	safely	relieve	the	buildup	of	refrigerant	pressure	at	high	temperature.	Thus,	
structural	fires	have	occasionally	exposed	firefighters	to	refrigerant	combustion	byproducts	for	decades,	
such	as	hydrogen	fluoride	(HF)	and/or	hydrogen	chloride	(HCl),	both	of	which	form	acids	with	exposure	
to	water.	These	combustion	byproducts	are	not	considered	as	part	of	the	toxicity	classification	for	
refrigerants,	as	combustion	of	a	refrigerant	is	a	rare	event.	The	toxicity	classification	for	refrigerants	is	
either	lower	toxicity	(Class	A)	or	higher	toxicity	(Class	B),	based	on	the	refrigerant	itself	as	a	direct	
hazard,	and	not	based	upon	the	combustion	byproducts.	

Figure	2:	Representation	of	ASHRAE	Standard	34	Refrigerant	Flammability	Classification	
	
	
	
	
	
	
	
	

	
	

	
	

	
	

																																																													
§1	GWP100	of	R410A	is	1920	per	AR5/WG1	Table	8.A.1	and	2090	per	AR4/WG1	Table	2.14.	The	Montreal	Protocol	
and	related	regulations	currently	use	GWP	values	published	in	the	Fourth	Assessment	Report	(AR4,	2007)	by	the	
Intergovernmental	Panel	on	Climate	Change	(IPCC),	however	a	future	amendment	will	likely	change	to	the	Fifth	
Assessment	Report	(AR5,	2013)	using	updated	values	based	on	more	accurate	scientific	measurements,	although	
relative	uncertainty	of	GWP	remains	about	±30%	or	±35%	for	many	refrigerants.	

Legend:		
Flammability	Class	
3	 Higher	Flammability	
2	 Flammable	
2L	 Lower	Flammability	
1	 No	Flame	Propagation	

FIGURE 2: Representation of ASHRAE Standard 34 refrigerant flammability classification.

§1  GWP100 of R410A is 1920 per AR5/WG1 Table 8.A.1 and 2090 per AR4/WG1 Table 2.14. 
The Montreal Protocol and related regulations currently use GWP values published in the Fourth 
Assessment Report (AR4, 2007) by the Intergovernmental Panel on Climate Change (IPCC), however 
a future amendment will likely change to the Fifth Assessment Report (AR5, 2013) using updated 
values based on more accurate scientific measurements, although relative uncertainty of GWP remains 
about ±30% or ±35% for many refrigerants.
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candidates	to	replace	R-410A	are	flammable,	but	they	fall	into	the	relatively	new	lower	flammability	
classification	of	2L.	As	depicted	in	Figure	2,	Class	2L	refrigerants	have	lower	probability	of	ignition	as	well	
as	lower	severity	of	ignition	events,	significantly	reducing	the	flammability	risk	relative	to	Class	2	or	Class	
3	refrigerants.	Keep	in	mind	that	the	classification	system	evaluates	a	refrigerant	as	a	fuel	source,	
whether	it	can	sustain	a	flame	or	not.	Due	to	the	hydrocarbon-like	molecule	structure	of	all	halogenated	
refrigerants,	all	of	them	can	be	combusted	when	put	into	a	high	energy	situation	such	as	a	fire	with	
another	fuel	source,	or	thermally	decomposed	when	exposed	to	sufficiently	high	temperature.	This	
includes	most	of	the	Class	1	no	flame-propagation	refrigerants,	such	as	R-12	and	R-22,	that	have	been	in	
use	since	the	late	1930’s.	All	air-conditioners	are	designed	to	avoid	an	explosive	over-pressurization	
when	exposed	to	heat	from	a	structural	fire,	with	either	copper	tubing	braze	joints	that	melt	in	a	fire	or	
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structural	fires	have	occasionally	exposed	firefighters	to	refrigerant	combustion	byproducts	for	decades,	
such	as	hydrogen	fluoride	(HF)	and/or	hydrogen	chloride	(HCl),	both	of	which	form	acids	with	exposure	
to	water.	These	combustion	byproducts	are	not	considered	as	part	of	the	toxicity	classification	for	
refrigerants,	as	combustion	of	a	refrigerant	is	a	rare	event.	The	toxicity	classification	for	refrigerants	is	
either	lower	toxicity	(Class	A)	or	higher	toxicity	(Class	B),	based	on	the	refrigerant	itself	as	a	direct	
hazard,	and	not	based	upon	the	combustion	byproducts.	
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§1	GWP100	of	R410A	is	1920	per	AR5/WG1	Table	8.A.1	and	2090	per	AR4/WG1	Table	2.14.	The	Montreal	Protocol	
and	related	regulations	currently	use	GWP	values	published	in	the	Fourth	Assessment	Report	(AR4,	2007)	by	the	
Intergovernmental	Panel	on	Climate	Change	(IPCC),	however	a	future	amendment	will	likely	change	to	the	Fifth	
Assessment	Report	(AR5,	2013)	using	updated	values	based	on	more	accurate	scientific	measurements,	although	
relative	uncertainty	of	GWP	remains	about	±30%	or	±35%	for	many	refrigerants.	
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Safety Group Classification A3 A2 A2L B2L

Substance Propane 1,1 Difluoroethane Difluoromethane Ammonia

Refrigerant Designation R 290 R 152a R 32 R 717

Chemical Formula C3H8 C2H4F2 CH2F2 NH3

Burning Velocity (m/s) 0.39 0.23 0.067 0.072

Heat Of Combustion (MJ/kg) 46 16 9 19

Combustion Image     

TABLE 1: Selected refrigerant examples by safety group.

eProduct #29 at achrnews.com

25_NEWS-Measles-A2L-081219.indd   29 8/6/19   3:54 PM


