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European Heat Pump dynamics and challenges 
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• EU Green Deal drive CO2 reduction with F-Gas II 
regulation enforcement 

• Heat pump sales are expected to grow strongly, 
supported by government subsidies and policies and/or 
decreasing costs to install and run 

• Interim trend for R32 as a replacement for R410A with 
need to look long in the future 

• Enable lower  GWP alternative refrigerants to R410A and 
R32 as drop in/near drop in solutions 
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Source: Delta Energy & Environment Ltd 2020 



Long term horizon refrigerant selection Opteon™ platform  

Opteon™ refrigerants for heat pumps 
• Air source HP (air-to-water): Opteon™ 

XL41 and Opteon™ XL20 for R410A 
and R407C replacement 
 

• Water heater HP and mobile HP: 
Opteon™ XL20 and XL10 for R134a 
replacement. (*Opteon™ XP10 – 
R513A option)  
 

• Industrial tumble dryer HP: Opteon™ 
XL20 and XL10 for R134a replacement 
where no flammable 
 

Refrigerant  Composition GWP Temp. Glide (oC)  Safety Class 
R410A R32/R125 (50/50 %wt) 2088 0.1 A1 / Fluid Group 2 (PED)  
R32 R32 (100 %wt) 675 0 A2L / Fluid Group 1 (PED) 
R452B - Opteon™ XL55 R1234yf/R32/R125 (26/67/7 %wt) 676 1 A2L / Fluid Group 1 (PED) 
R454B - Opteon™ XL41 R1234yf/R32 (68.9/31.1 %wt) 466 1.5 A2L / Fluid Group 1 (PED) 
R454C - Opteon™ XL20 R1234yf/R32 (78.5/21.5 %wt) 146 6 A2L / Fluid Group 1 (PED) 
R1234yf- Opteon™ XL10 R1234yf (100 %wt)  < 1  0 A2L / Fluid Group 1 (PED) 



Heat Pump safety standards and requirements 

• European Safety standard EN378 (supports 
flammable refrigerants) 

• Safety standard EN60335-2-40 for Heat Pump 
• IEC 60335-2-89 (Com. Ref.) since 2019 

supports some flammable refrigerants A3 
up to 0.5kg and A2L up to 1.2kg (LFL) 

• National and Regional building codes prevails 

Safety requirements to use A3 flammables are 
more stringent :  
• Charge limits 
• People skill to avoid hot surfaces / avoid 

ignition sources 

R1234yf R32 R290 

A2L refrigerants can reduce the flammability risks 
compared to A3 (R290) given:  
• A2Ls by volume is typically needed to form a 

flammable mix with air 
• A2Ls develop much lower combustion energy and 

would need more volume to form a flammable mix 
with air compared with A3s. 

Therefore A2Ls are less likely to form flammable 
concentrations, are harder to ignite making them safe 
to use with many electric components 
 



Heat Pump safety standards and requirements 

A2L < 1,78 kg A3 < 0,5 kg 
A3 < 
0,15 
kg 

https://www.opteon.com/en/support/helpful-resources/charge-calculator 
 

• Industry is moving to Support Larger sizes for A3 
but with strong limitation on area (m2) indoor 

• A2L and A3 are on 2 different markets 

Charge size vs. heating capacity benchmark  

IEC 60335-2-40 

https://www.opteon.com/en/support/helpful-resources/charge-calculator


Opteon XL41 (R454B) and Opteon XL20 (R454C) tests in 
AWHP 
Alternative of R410A into a 8 kW air-to-water HP in drop-in 
performance with:  
• 3 different refrigerants: R454B, R452B and R32 
• 4 different conditions: A7/W55, A2/W55, A-7/W55 and A-15/W55 
 
Alternatives of R407C with: 
• 2 different refrigerants: R454B, R454C  
 

Refrigerant charge sizes of 
R452B, R454B, R32 and R454C 
are between 8% and 15% than 
R410A, respectively. (Should 
improve heat exchanger efficiency 
with lower pressure drop) 

R452B, R454B and R454C 
allow the use of same POE 
lubricants as R410A 



COP and Heating Capacity comparison   
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Heating and COP performance 

R410A R452B R454B R454C R32

• R-454B has a better efficiency than R410A that 
provide good alternative to OEMs for lower GHG 
emissions 

• R454C exhibit slightly higher COP than R410A 
that make a good option for long term  

• The discharge temperature of R454B is approx. 
8% higher than R-410A that is lower than 
compressor discharge temperature limit. Save 
replacement mitigation cost and should improve 
compressor longevity. 



COP and Heating Capacity comparison   
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Heating and COP performance 

R407C R454B R454C

• R454B has a better efficiency than R407C that 
provide good alternative to OEMs at minimum 
design changes 

• R454C exhibit slightly higher COP than R410A 
that make a good option for long term  

• The discharge temperature of R454B is approx. 
12% lower than R407C. Will require design 
optimization 



LCCP analysis  

The model outline the attractiveness with 3% reduction 
of the operating life-cycle costs with R454B and 
R454C vs. R410. 

Rem: Additional capital and maintenance cost to be added for the 
full LCCP costs.  
A2Ls lower flammability vs. R290 will benefit ease of installation 
and maintenance  



Disclaimer: The information set forth herein is furnished free of charge and based on technical data that Chemours believes to be reliable. It is intended for 
use by persons having technical skill, at their own risk. Since conditions of use are outside our control, we make no warranties, expressed or implied and 
assume no liability in connection with any use of this information. Nothing herein is to be taken as a license to operate under, or a recommendation to 
infringe any patents or patent applications. 

• A2L solutions for R410A replacement features good performance: selection is 
based on GWP and performance 

• Opteon ™ XL41 (R454B) showed the closest performances with R410A 
with a GWP < 675. 

• Opteon ™ XL20 (R454C) has the Lowest GWP between all A2Ls, whilst 
enable the R410A replacement with some redesign (Internal HEX, EVI) 
 

• Recent adoptions by some key OEMs are demonstration the A2Ls benefit in 
Air Source HP and Chillers.  

Summary 

Thank you! 
Loic.chereau@chemours.com 



Thank you for your 
attention. 
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