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Impact of refrigeration on climate 

o The refrigeration sector accounts for 7.8 % of global greenhouse gas emissions
Includes air conditioning, heat pumping and cryogenics (1,2)

• 37 % are direct emissions of refrigerants  (GWP)
• 63 % are indirect emissions (efficiency)

o Emissions vary with applications
• Mobile ACs; large direct emissions
• Large chillers or domestic refrigerators; small direct emissions 

(1) IIR, 2017. The impact of the refrigeration sector on climate change. 35th Informatory Note on Refrigeration technologies, Int. Institute of Refrigeration. 
November 2017. http://www.iifiir.org/
(2) IIR, 2016. Harmonization of Life Cycle Climate Performance Methodology. 32nd Informatory Note on Refrigeration technologies, Int. Institute of Refrigeration. 
October 2016. http://www.iifiir.org/
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PubChem database                                                          60 000 000
Molecule count

• Component atoms: C, H, N, O, S, F, Cl, Br 
• Maximum number of atoms: 18                                                     

• Toxicity (MSDS, REL, TLV, =CF2)
• Stability

21
• Volumetric capacity > 0.33 Qvol,R-410A

(basic cycle simulations)

• GWP100 < 1000 
• Critical temperature:  46 °C < Tcrit < 146 °C    

Search for R-410A low-GWP replacements

• 21 (primary interest) + 3 (commercial interest) + 3 (low Tcrit)                 27 fluids Air conditioning: McLinden et al. (2017) 

Refrigeration and heating: Domanski et al. (2017)• New toxicity data on R-1132a;   27 + 1          28 fluids 

184 000

138

Performed detailed simulations with optimized heat exchangers of 24 fluids      

15 - at least mildly flammable
6 - unknown hazards

Screening study 



COP and Qvol

with optimized heat exchangers
Basic cycle, detailed simulations

Tsat,evap = 10 °C; Tsat,cond = 40 °CR-410A: 



Blends classified by ASHRAE Std. 34 – 2016
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o R-32 is the most common component in HFO blends

o No low-GWP non-flammable replacement for high-
pressure applications  (R-22 and R-410A replacements)

o Trade-off in blend design: GWP versus flammability

Azeotropes

HFO blends classified by ASHRAE Std. 34 – 2016

Zeotropes

16 new fluids introduced after 2016

o 2  single-component fluids
R-1224yd(Z) (A1) 
R-1132a (A2)

o 1 azeotropic blend R-516A
R-1234yf/134a/152a (77.5/8.5/14) (A2L)

o 13 zeotropic blends    
10 blends contain R-32  (A1, A2L, A2, A3)



R-13I1
Chemical name = trifluoroiodomethane
Chemical formula CF3I
OEL = 500 ppm v/v
Safety Group = A1   

Addenda ‘t’ and ‘s’ were considered at the June 2018 ASHRAE Meeting.  The ‘public comment period’ is closed.
Will be discussed at the January 2019 ASHRAE Meeting.

ASHRAE Standard 34 pending addenda ‘t’ and ‘s’ 

Addendum t

Addendum s
R-466A
Composition (mass %) = R-32/125/13I1 
(49/11.5/39.5)
OEL = 860 ppm v/v
Safety Group = A1
GWP = 733

o Toxicity of CF3I was studied in the 1990s (McCain and Macko, 1999).
CF3I is SNAP-approved fire suppressing agent replacing halon 1301 
(total flooding) and halon 1211 (streaming), with restrictions to    

unoccupied and non-residential uses, respectively.

o R-1234yf/CF3I (70/30) was studied in the 2000s for automotive Acs.
Dropped over concerns related to the non-zero ODP and reactivity
of CF3I. (Brown, 2012)

o ODP = 0.008;   GPW = 0.4  
o Good thermodynamic properties
o File suppression properties 



Concluding remarks

o Low-GWP refrigerants are limited to single-component refrigerants we know already and to 
their blends.

• Mid-pressure and high-pressure low-GWP refrigerants are at least mildly flammable

o Availability of low GWP refrigerants varies between applications

o CF3I (pending application to ASHRAE Std. 34) may see several future applications as a component 
of non-flammable blends 

• Good availability of low-pressure fluids (low GWP, non-flammable)

o In general, new proposed fluids have large molecules and have somewhat lower 
efficiency in the basic vapor-compression cycle
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