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Learning Objectives 
Å Identify the latest proposed changes to applicable safety standards related 

to 2L refrigerants and describe their potential impact on system design and 
application for safe use 

 

Å Describe new technology or technologies that may be required when 
applying A2L refrigerants to unitary HVAC equipment 

     

Å Summarize future research underway and planned related to implementing 
2L slightly flammable refrigerants 

 

Å Understand the refrigerant situation in Europe for heat pump applications 
with a special view on 2L refrigerants 

 
 

ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education Systems.  Credit 
earned on completion of this program will be reported to ASHRAE Records for AIA members.  Certificates of 

Completion for non-AIA members are available on request. 
 

This program is registered with the AIA/ASHRAE for continuing professional education.  As such, it does 
not include content that may be deemed or construed to be an approval or endorsement by the AIA of any 

material of construction or any method or manner of handling, using, distributing, or dealing in any 
material or product.  Questions related to specific materials, methods, and services will be addressed at 

the conclusion of this presentation. 



Acknowledgements 

ÅJim Calm ï Consultant 

ÅDenis Clodic ï CEP-Paris 

ÅPiotr Domanski ï NIST 

ÅOsami Kataoka 

ÅMark McLinden ï NIST 

ÅBjörn Palm ï KTH 

ÅRon Popeil -  Ronco 

ÅWikipedia 



Outline/Agenda 

ÅChemistry Review 

ï Hydrocarbons and Halocarbons 

ÅRefrigerants Saga 

Å2L Safety Category 

ÅComparison of Refrigerant Properties 

ÅSetting Safe-Use Constraints for A2L 

ÅConcluding 

ÅBibliography 

ÅGinsu Knives Bonus Material 

ïOrganic Chemistry 

ïGenerations of Refrigerants 

 



Chemistry Review 
The first refrigerants included ammonia and hydrocarbons 

such as ethane10 and propane1.  They are good 

refrigerantsé but toxic and/or flammable.   
 Substituting fluorine and 

chlorine atoms for hydrogen 
atoms can create 
compounds  that: 

ÅHave low boiling point 

ÅAre stable 

ÅAre non-flammable, and 

ÅAre non-toxic. 
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(CH4) 

An alkane 

dichlorodifluoromethane  
(CCl2F2) aka R-12 
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monochlorodifluoromethane  
(CHClF2) aka R-22 



Chemistry Review 
Common hydrocarbons have one or more carbon 

atoms.  Examples are*: CH4, C2H6, C3H8, C4H10. 

Here is an indication of the trends10 when a halogen 

is substituted for a hydrogen: 

 

*methane, ethane, propane, butane 
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Refrigerants Saga 
(on one slide!) 

1. Hydrocarbons fell out of favor due to flammability   

 Propane is C3H8 ï All those hydrogens! 

2.   CFCôs abandoned due to ozone depletion. 

 R-12 is CCL2F2 ï Chlorine in upper atmosphere  

 catalyzes destruction of O3  

3. HFCôs being phased-down due to high GWP 

 R-134a is C2H2F4 ï Carbon-Fluorine bond   

 absorbs sunlight in the infra-red region 

4. New fluorinated propene derivatives, ñOlefinsò, are 

 now available. R-1234yf is C3H2F4. Characteristics: 

ÅF4 moderates flammability from H2 ï it is ñ2Lò 

Åunsaturated fluoro-olefin more reactive due to   

    carbon-carbon double bond, short life = low GWP 

ÅLow toxicity ï it is class A 

ÅAnd, it is a good refrigerant 



2L Safety Category 

The ASHRAE 34 flammability classification used two properties 

to establish the classes 1,2 and 3.  They were: 

Å Lower Flammability Limit (LFL) - affects probability of occurrence 

of combustion 

Å Heat of Combustion (HOC) -  captures total potential release of 

energy 

 

A closer look at fire risk reveals other significant factors: 

Å Minimum Ignition Energy (MIE) affects the probability of there 

being a sufficient energy source for ignition 

Å Burning Velocity (BV) affects the probability of flame propagation 

 

Class 2 can be subdivided to distinguish between refrigerants 

with more or less potential fire risk. 



Comparison of Properties2,3 

More Flammable  

Comparison 

of Refrigerant 

Properties

R-1234yf       

(A2L)

R-32                

(A2L)

R-717 

Ammonia 

(B2L)

R-152a           

(A2)

R-290 

Propane  

(A3)

Burning 

Velocity    

(cm/sec)
1.5 6.7 7.2 23 46

Lower Flam. 

Limit     

(%v/v)

6.3 14.4 16.7 4.65 2.1

Min. Ignition 

Energy         

(mJ)

5000 100 300 0.38 0.25

Heat of 

Combustion    

(Mj/kg)

10.7 9.6 18.6 17.4 50.4

Density Rel. 

to Air (1Atm 

& 25C)

4.03 1.82 0.59 2.33 1.55



2L Safety Category (cont.) 

The 2L criteria are: 

ÅMeets the LFL and HOC requirements for class 2, and 

Å Has a Burning Velocity (flame-front speed) Ò 10 cm/sec.   

Since it turns out that MIE and Burning Velocity are linked2, 

BV has been used to set the criteria for 2L. 

 

Ammonia has long been classified as a category ñB2ò 

refrigerant. There is industry experience with ammonia and 

itôs ñmildò flammability characteristic. It served as a 

benchmark in creating the new 2L sub-category. 

 



2L Safety Category (cont.) 

2L 



Setting Safe Use Constraints for 

A2L Refrigerants (cont.) 

The existing ASHRAE 34 Refrigerant Concentration Limit 

(RCL) for R-22 is: 210 g/m^3. The limit for R-22 is based 

upon toxicity and has worked well for many years. 

 

The Lower Flammability Limit for R-32 (an A2L) is around 

310 g/m^3.  So you could say there shouldnôt be a 

problem since it is actually a higher limitébut:  

the above assumes complete mixing in the spaceé 

when a leak occurs, there will be a higher concentration 

near the leak source before mixing is complete. 



Setting Safe Use Constraints for 

A2L Refrigerants ï Getting a 

Handle on Risk (cont.) 

This problem has been studied for a number of years.  

Computational Fluid Dynamics (CFD) and testing have 

been used, together, to get a better understanding. 

 

For most types of ducted air conditioning installations, 

after a leak starts, the LFL is never reached.   

The cases where LFL is reached tend to be where the 

leak is in a confined space, such as an equipment 

closet.  Even so, it is a transitory condition. 



Setting Safe Use Constraints for 

A2L Refrigerants 

In ASHRAE 34, the RCL is set by 

the lowest of whichever refrigerant 

characteristic would first affect 

human safety.  For flammability, 

there is a ñsafety factorò applied: 
ñ7.1.3 Flammable Concentration 

Limit (FCL).  The FCL shall be 

calculated as 25% of the LFL 

determined in accordance with 

Section 6.1.3ò 

This helps address the transitory 

condition directly around a 2L leak. 
CFD image4 of region above LFL with 
R-32 leak rate of 250g/min.  Gravity 
generates flow and dilution5.  



Setting Safe Use Constraints for 

A2L Refrigerants 

There is another, related potential hazard.  A 

scenario is that there is a slow leak into a room in 

which a gas space heater is operating.  The 

decomposition products of these refrigerants is 

hazardous.   

Testing in Japan4 has found that the concentration of 

these decomposition products is similar to what 

results from the A1 refrigerant, R-410A, in the same 

scenario. Moreover, there is a strong smell that alerts 

occupants to a problem. 



Setting Safe Use Constraints for 

A2L Refrigerants 
ÅUL1995 is not being revised for A2L refrigerantsé 

 

Å ISO 60335-2-40 (the international standard that will be 

the template for the eventual UL standard for air 

conditioners, fan-coils and heat pumps) is under 

revision to address A2L refrigerants in equipment. 
   

ÅThe ISO 60335-2-40 update* includes: 
ÅRefrigerant Piping (permitted pipe connections) 

ÅComponents That May Be A Source Of Ignition (isolate or make 

them benign in A2L atmosphere) 

ÅHot Surfaces (upper limit on surface temperatures in unit) 

ÅRefrigerant Detection System(s) (needed for many applications) 

 
* Note: the revision is in process and changes / wording not finalized. 



Setting Safe Use Constraints for 

A2L Refrigerants 
Refrigerant Detection System Key Requirements*: 
Å System must trigger before 25% of LFL reached and not 

reset until below 10% LFL 

Å Fast response required (15 seconds after step-change) 

Å A trigger event: 

Å Activates alarm 

Å Activates circulation fan 

Å De-activates heating / cooling functions 

Å Factory calibrated ï no provision for field adjustment 

Å Vibration testing required for qualification 

Å Self-test routine to test electrical sensing circuit required 

Å Trigger event occurs if / when system needs replacement 

Å Applicability to refrigerant(s) listed on sensor 

 
* Note: the revision is in process and changes / wording not finalized. 



Setting Safe Use Constraints for 

A2L Refrigerants 

There are a range of technologies that could be used 

for refrigerant sensing.  A promising choice is a 

semiconductor (SnO2) sensor.   

Its advantages are: 
Å Not too expensive 

Å Vibration resistant 

Å Stable over time 

Å Detects many hydrocarbons and halocarbons   

Some disadvantages may be: 
Å A fast response specification may increase cost 

Å Does not discriminate between gases (nuisance alarms) 

Å Can be very sensitive (nuisance alarms) 

Å Humidity sensitivity 

 



Concluding 

ÅR-410A Low-GWP alternatives are A2L.  

ÅStandards referenced by building codes 

(ASHRAE 15 & 34) are being revised to 

accommodate 2L because, while flammable, they 

have much lower fire risk. 

ÅEquipment safety standards are also being 

revised and many new requirements will be 

applicable specifically to units using A2Ls. 

ÅTraining of service personnel will be vital: studies 

in Japan4 and the US6 suggest installation and 

servicing of A2L equipment can present fire risk. 
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Questions? 

 

 

Dutch Uselton 

dutch.uselton@lennoxintl.com 

If you would like a copy of this presentation by e-mail, 
please give me a business card at the end of the seminar. 



Organic Chemistry Review 

A Portion of the Periodic Table of the Elements 

Lƴ ǘƘŜ ƭŀǘŜ мфнлΩǎ ŎƘŜƳƛǎǘǎ ōŜƎŀƴ ŀ ǎȅǎǘŜƳŀǘƛŎ ǎŜŀǊŎƘ ŦƻǊ 
refrigerants that worked well, were non-toxic and non-flammable.   



Organic Chemistry Review 

aŜǘŀƭǎ ǊŜƳƻǾŜŘΧ 



Organic Chemistry Review 

Noble gases removedΧ 



T 

Organic Chemistry 

hǊƎŀƴƛŎ /ƘŜƳƛǎǘǊȅΥ άaŀǘǘŜǊΣ ƛƴ ƛǘǎ ǾŀǊƛƻǳǎ 
ŦƻǊƳǎΣ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ŎŀǊōƻƴΦέ 

Metaloids ǊŜƳƻǾŜŘΧ 


