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• Refrigerants and EU Regulations

• R-474A as a refrigerant for multiple applications

• Current development status

• Outlook
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Target of the EU Green Deal (2019):
First climate neutral continent in 2050

Source: 
EEA

~80% for heating in households
=> ~20% of fossil fuels

Electrical driven Heatpumps are a key element for climate neutrality in 2050

~ 27% of energy is
used houesholds

Refrigerants and EU Regulations
-EU Green Deal-
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Bank of authorizations for HFCs in RACHP equipment imports 

Sources: ETC CM Report 2023/04 EC, 2023 and EEA, 2023b. 

Sources: ETC CM Report 2023/04 EEA, 2022a and 2023b. 

Categories of EU supply in products and equipment of fluorinated gases (CO2e) 
Standard A2L Solutions for AC/HP systems
have a GWP around 150
Is this sufficient? Do we have enough quota
under the new F-Gas Regulation?

Strong reduction of quota
in 2030 down to  ≈1/4 of old FGR

Refrigerant solutions with GWP <10 are needed

Refrigerants and EU Regulations
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Source: EHPA, EU Heat pump industry ready for 50+ million
heat pumps by 2030 | 25.03.2022

EU ambitions in numbers

Safety
Standards and building codes limits the use 
of A3 (Propane systems) e.g. when used indoor or 
certain capacity levels needed

Staffing
Installation, maintenance and repair of 
A3 systems need special qualification   

Costs
AC/HP systems with A3 might be more expensive 
compared A2L solutions

Consequence
A2L AC/HPs are needed where A3 systems can‘t be 
used to achieve the goal of installed AC/HP systems 
set by EU

Source: A.Vonshild, UNEP Workshop 2022

Refrigerants and EU Regulations
- Obstcales for AC/HP roll out-
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R-1132(E)
trans-1,2-difluoroethylene

Formula
CHF=CHF 

(E)

Molecular weight [g･mol-1] 64,0

Boiling point [°C] -52,5 [2, 3]

Critical temperature [°C] 75,7 [2, 3]

Critical pressure [MPa] 5,17 [2, 3]

Vapor pressure at 25 °C [MPa] 1,67 [2, 3]

Vapor density at 25 °C [kg･m-3] 55,9

Liquid density at 25 °C [kg･m-3] 917

Latent heat at 25 °C [kJ･kg-1] 213,7

Lower flammability limit [vol%] 4,4

Burning velocity [cm･s-1] 30,5

GWP 0,0056 [4]

[2] U. A Perera, N. Sakoda, T. Miyazaki, K. Thu, Y. Higashi : Int. J. Refrig., 135, 148 (2022).
[3] N. Sakoda, U. A Perera, K, Thu, Y. Higashi : Int. J. Refrig., 140, 166 (2022).
[4] K. Tokuhashi, T. Uchimaru, K. Takizawa, S. Kondo : J. Phys. Chem. A., 123, 4834 (2019).
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R-1132(E) has a vapor pressure close to R-32.

Novel Component „R-1132(E)“
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Refrigerant R1234yf R-474A R-454C R290

Formular / Composition C3H2F4 R-1132(E)/R-1234yf 
(23,0/77,0 ma%)

R-32 / R-1234yf
(21,5/71,5 ma%)

C3H8

Boiling point, °C -29,4 -43,4 -45,6 -42,0

Critical Temp., °C 94,7 87,8 85,4 96,7

Critical Press., MPa 3,38 4,05 4,3 4,25

Sat. Vap. Press. @25°C, MPa 0,68 0,9 0,97 0,95

Temperature glide @ NBP, K - 7,4 7,9 -

LFL at WCF, vol.% 6,2 5,4 5,5 2,1

Safety Class acc. ISO817 A2L A2L A2L A3

GWP100
** <1 <1 148 <1

* calculated with Refprop 10.0 
** based on data from EU2024/573

R-474A combines low flammability and low GWP in the 
pressure / temperature range of R-454C and R-290

R-474A as a refrigerant for multiple applications
-Basic thermo-physical data*-
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R-290 R-454C R-474A

Potential applications
• In general: RACHP applications with charge

limitations e.g. A3 
• Refrigeration 

LT + MT Systems designed for HFC / HCFC 
but adopted to A2L refrigerants
e.g. R-22, R-404A or R-507A

• Systems designed for A2L refrigerants e.g. 
R-454C or R-455A

• Condensing units / supermarket system
• AC/HP –Indoor Systems

p/T Curve: 
R-474A is in the same range as R-290 and R-454C 
=> R-474A basically compatible to R-290 / R-454C
systems / components

R-474A as a refrigerant for multiple applications
-Potential applications -
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* calc. with Refprop10.0: t0=-30°C (constant), tc=variable, Tsuperh.=5K, Tsubc.=5K, ηis.= f(po/pc)

calculation under mid. point approach acc. ASERCOM guideline, 2015 

• Comparable COPs of R-474A vs. R-290, R-454C

• Increased capacity losses of R-474A at high 
condensing temperatures

• Low discharge temperatures of R-474A
=> potential of internal heat exchanger (IHX) 
=> capacity gain
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R-474A as a refrigerant for multiple applications
-Comparison R-290, R-454C, R-474A, refrigeration mode*-
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* calc. with Refprop10.0: t0= +10°C (constant), tc=variable, Tsuperh.=5K, Tsubc.=5K, ηis.= f(po/pc)

calculation under mid. point approach acc. ASERCOM guideline, 2015  
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• Comparable COPs of R-474A vs. R-290, R-454C

• Increased capacity of R-474A vs. R-290 high 
condensing  temperatures   

• Similar discharge temperatures

R-474A as a refrigerant for multiple applications
-Comparison R-290, R-454C, R-474A, AC mode*-
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* calc. with Refprop10.0: tc= +60°C (constant), to=variable, Tsuperh.=5K, Tsubc.=5K, ηis.= f(po/pc)

calculation under mid. point approach acc. ASERCOM guideline, 2015 
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• Lower COPs of R-474A vs. R-290 at low 
ambient temperatures 

• Comparable capacity of R-474A vs. R-290
high ambient temperatures   

• Similar discharge temperatures

R-474A as a refrigerant for multiple applications
Comparison R-290, R-454C, R-474A, HP mode*
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Stability tests were evaluated based on ASHRAE STANDARD 97.

Standard ASHRAE STANDARD 97

Temperature 80, 150, 200 [deg C]

Test time 120, 336, 1095 [hour]

Metals Cu (Copper), Fe (Iron), Al (Aluminum)

Refrigerant R-1234yf, R-1132(E), R-474A

Contamination Oxygen : 500 [ppm], Water : 105 [ppm]

Lubricant PVE (Polyvinyl ether), POE (Polyol ester)

Test condition

Aging 

80 ~ 200 [deg C]
120 ~ 1095 [hour]

Appearance 
change

Purity

F ion 
concentration

Total acid 
number

Test flow
Oxygen

Water

Shield tube Lubricant

Refrigerant

Current development status of R-474A
-Material compatibilities, Seal Tube Tests-
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R-1132(E) is stable against heat,
making it suitable for long-term storage
and operation of equipment.

The degree of influence of R-1132(E) from
water and oxygen is about the same as that
of R-1234yf.

Stability test between R-474A and commercial
lubricant showed no increase in TAN.

Current development status of R-474A
-Material compatibilities -
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Miscibility

Viscosity

Ion generation

Metal corrosion

Electric resistivity

Supplier

SAE J2670 POE (ND-11)

A DB E E

POE PAG PAG (ND-12)

✔ Planned Planned ✔ ✔ ✔

✔ ✔ Planned ✔ ✔ ✔

✔ Planned Planned ✔ ✔ ✔

✔ Planned Planned ✔ ✔ ✔

✔ Planned Planned ✔ ✔ ✔

Metals ✔ ✔

H-NBR ✔ ✔

EPDM ✔ ✔

PA6 ✔ ✔

CR ✔ -

PTFE ✔ -

IIR ✔ -

PET ✔ -

PBT ✔ -

PEI/PAI ✔ -

PA66 ✔ -

ETFE ✔ -

PPS ✔ -

R-474A has a good compatibility, same as R-1234yf.

PVE

※POE is high priority for EVs, as insulation is required.

C

Current development status of R-474A
-Material compatibilities -
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The UNEP Environmental Effects Assessment Panel
(In its Summary Update 2020 for Policymakers and the 
2021 scientific assessment)

TFA is a naturally occurring substance but can also be produced by the breakdown of some 
HFCs or some HFOs and some HCFCs in the atmosphere.

Trifluoroacetic Acid as an Atmospheric Breakdown Product

TFA is judged not to pose a risk to human health or to 
the environment. 

• TFA is very unlikely to have adverse toxicological
consequences for humans and ecosystems.

• The quantities of TFA in the oceans, which cannot 
be explained by anthropogenic sources, strongly 
indicate a natural source of TFA

TFA has been around for a long time, not just from F gas.

Outlook
-PFAS + Trifluoroacetic Acid as an Atmospheric Breakdown -
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-PFAS + next steps-

R-474A & PFAS Scope

R-1234yf
R-1132(E)

1.2-difluoroethene

PFAS EU Scope

PFAS US Scope

YES (-CF3)

NO (not in definition)

NO does not meet 

the definition

Degradation 

products

Trifluoroacetic acid (TFA)

Hydrofluoric acid

Formic acid

Hydrofluoric acid

• F-Gases are still under evaluation by ECHA (RAC & SEAC)
• The discussed PFAS dossier allows derogations for

applications, when safety is a concern e.g. A3 refrigerants in AC/HP 
for residential uses 

R290 is not applicable everywhere

• AC/HP  in residential applications is limited by safety
and building codes 

• The industry needs a safe, low GWP alternative for 
these application

=> Daikin Chemical starts to study the feasibility of 
R474A for the European market.  
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