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Evolution of Refrigerant Technology
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Selection of Refrigerants for the Future Will Need to Balance Performance 

(Capacity and Efficiency), Safety and Sustainability, and Total Cost of System Ownership 



Introduction – Regulations Driving Change

Montreal Protocol: 
CFC & HCFC 
Phase-Out

Kigali 
Amendment: 

HFC Phase-Down

Regional Regulations Connected with GWP Phase-Down:
• European F-gas 
• Australia: 
• Canada: HFC Phase-Down  
• Japan: METI Material Conversion Limits
• US: State-level HFC Reg. activity & Federal Review (SNAP, etc.)



Regulations over the World

Global
(Kigali Amendment)

Regional
(EU F-gas Regulation)

Country

Regulation RemarksTerritory

• Cap & Phasedown
• A2: in Place
• A5: 2024/2028

• Cap & Phasedown + GWP 
limit per application

• More aggressive than Kigali
• Inclusive of pre-charge
• Quota transaction

United States

Canada/Japan

Australia

• US Climate Alliance/CARB

• Kigali + GWP limit

• HFC Quota(stricter than Kigali)



Non-flammable (XP Series)
Class 1

Mildly Flammable (XL Series)
Class 2L

Current GWP Application Product GWP Product GWP

HFC-134a 1300 (1430) XP10
(R-513A)

573 (631) XL10
(R-1234yf)

< 1 (4)

HFC-404A 3943 (3922)

XP40
(R-449A)

1282 (1397) XL40
(R-454A)

238 (239)

XP44
(R-452A)

1945 (2140)
XL20

(R-454C)
146 (148)

HFC-410A 1924 (2088)

XP41
(R-463A)

1377 (1494) XL41
(R-454B)

467 (466)

XL55
(R-452B)

676 (698)

HCFC-22 1760 (1810) XP20
(R-449C)

1146 (1251)
XL20

(R-454C)
146 (148)

HCFC-123 79 (77)

XP30
(R-514A)

2 (7)

MZ
(R-1336mzz(Z))

2 (9)

Chemours Refrigerant Technology Roadmap

Note:   GWP values AR5 (AR4)



Opteon™ XP10 (R-513A)

Meets regulatory requirements
Non-ozone depleting

SNAP listed; 56% lower GWP vs. R-134a



Azeotropic Blend
No temperature glide



Extends life of existing equipment
Compatible with installed base

Improved capacity w/ comparable energy efficiency



Commercially available & OEM Approved
Emerson, Bitzer, & Tecumseh Approved

Selected by Major Chiller OEMs Trane, JCI, Smardt



Optimal Balance of Properties

Non-flammable, Non-toxic (A1)

ASHRAE #: R-513A
Blend Components: R-1234yf/134a 
Blend Composition: 56/44

Replaces R-134a



R-134a to Opteon™ XP10 Performance Considerations

R-134a-like Refrigerants



Opteon™ XP10 (R-513A) – Market Adoption in Chillers



Successful Installation of CO2 Cascade with Opteon™ XP10 
(R-513A) in Spain
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A2L R-404A Alternatives with Very Low GWP

ASHRAE 
Designation

R-32 R-125 R-143a R-1234yf R-134a
Safety 
Rating

GWP 
(AR5)

R-404A ----- 44 52 ----- 4 A1 3943

R-449A 24.3 24.7 ----- 25.3 25.7 A1 1282

R-452A 11 59 ----- 30 ----- A1 1945

R-454A 65 ----- ----- 65 ----- A2L 238

R-454C 21.5 ----- ----- 78.5 ----- A2L 146



Performance of Opteon™ XL40 and XL20 in Refrigeration



Performance Results

R-404A R-454A (XL40) R-454C (XL20)

Pull Down @ 23.9 C (min) 2.0 2.8 3.8

Pull Down @ 32.2 C (min) 5.1 5.1 15.6

Energy Consumption @ 
23.9 C (kWhr/day)

25.70 25.70 26.93

Relative to 404A (%) 100.0% 100.0% 104.8%

Energy Consumption @ 
32.2 C (kWh/day)

34.17 32.12 35.54

Relative to 404A (%) 100.0% 94.0% 104.0%

Compressor Run Time @ 
23.9 C (%)

43.20 45.86 55.31

Compressor Run Time @ 
32.2 C (%)

65.44 62.56 81.43

• Energy consumption up to 6% lower with XL40 (R-454A) vs R-404A
• Energy consumption about 4% higher with XL20 (R-454C) vs. R-404A



Field Case Study of Opteon™ XL40 (R-454A) Success in UK

New Installation: Low Temp Refrigeration

• A2L with GWP 239 

• Compliant with Local (UK) Regulations
• Charge size: 23kg

• Machine room located outside

• Cold storage

• Risk Assessment Completed Prior to Installation

• Capacity & Energy Performance
• Reliable Operation for > 1 year

• Performance monitored & compared with theoretical 

performance of R-404A & R-407F under same 

operating conditions.

CONDENSING UNITS FOR COLD STORAGE:

ULTRA LOW GWP OPTEON™ XL40

STRONG ENERGY 

PERFORMANCE!
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<750 GWP R-410A replacements in A/C

Thermodynamic cycle model results for A/C Conditions:

10.0°C Avg Evap/ 46.1°C Avg Cond/ 8.3 K Subcool/11.1K Superheat, 70% Compressor Efficiency

Air Conditioning R-410A R-32
XL55

(R-452B)
XL41

(R-454B)
XL40

(R-454A)
R-22

XL20
(R-454C)

GWP AR4 (AR5)
2088

(1924)
675 

(677)
698

(676)
466

(467)
239

(238)
1810

(1760)
148

(146)

Capacity vs. R-410A - +7% -3% -4% -23% -32% -33%

COP vs. R-410A - +1% +1% +1% +3% +6% +5%

Evap Glide [K] 0.1 0 1 1 5 0 6

T Discharge  [°C] 82 98 86 87 77.4 85 73.2

P Discharge [kPa] 2802 2802 2663 2631 2131 1775 1842

• Opteon™ XL41 provides the 

lowest GWP alternative to 

R-410A with comparable
performance, minimizing 

need to re-design 410A 

equipment platform!

• Ultra-low GWP (<150) could 

be reached, with 

performance comparable to 

R-22, but higher glide

• All products shown are 

ASHRAE Class A2L: Low 

Toxicity, Mildly Flammable



System testing – comparing lower GWP R-410A alternatives

“Soft Optimized” Performance Tests: Off-the-shelf 8.8 kW, 16 SEER ducted split AC/HP system in environmental chamber

Scroll compressor with POE lubricant; Replaced OEM TXV with EEV to match R-410A superheat

R-410A XL55 (R-452B) XL41 (R-454B) R-32

 Design Compatible 2L options exist to 

closely match R-410A Capacity & Improve 

COP

 R-452B & R-454B are closer discharge 

temperature match to R-410A

 Discharge temperature mitigation may be 

required for R-32

LEARNINGS:



Increasing market adoption of Opteon™ XL41 (R-454B) 

• R-454B Selected by Carrier for NA 
Ducted Residential & Light Commercial 
Products, announced December 2018

• Selected by Johnson Controls for 
YORK® YLAA Scroll Chiller in Europe, 
announced October 2018
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https://www.globalfact.orgNews, White Paper, Forum, Product, Options, Cost Calculator and more

https://www.globalfact.org/
https://www.globalfact.org/


Cost & Efficiency Calculator

https://www.globalfact.org/calculator/

https://www.globalfact.org/calculator/


Thank you!


