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• Legislation
• Where are we today?

• F-Gas
• What does it say? How should the market react?

• How has the market reacted? What needs to change?

• Which Refrigerants Can I use?
• A1 - Non-flammable Options for R-404A
• A2L – Mildly Flammable Options for R-404A
• How Flammable is 2L Mildly Flammable?

• Standards
• Current Status
• EN378 – 2L Refrigerant Charge Calculator

• Conclusions
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20001974 1987 1990 1991 1997

Rowland & Molina 
Publish paper citing 

CFCs as major source 
of ozone depletion

The Montreal 
Protocol on 

Substances that 
Deplete the 
Ozone Layer

"Sources stratospheric chlorine" by Junkcharts - Own work. Licensed under CC BY-SA 3.0 via Commons

CFC-12 (CCl2F2)

CFC-11 (CCl3F)

HCFC-22 (CHClF2)

CFC-113 (C2Cl3F3)

EU introduces first regulation to 
control CFCs (EEC) No 594/91 

after 1988 agreement 
(88/540/EEC)

U.S. Environmental 
Protection Agency introduces 

the Significant New 
Alternatives Program under 

the Clean Air Act (1990)

Kyoto Protocol
Focus on Climate 

Change and not just 
Ozone Depletion. 
Sets targets for 
reductions of 
emissions of a 

“basket” of 
greenhouse gases

CO2
N2O

HFCs
CH4

PFCs SF6

HFCs such as R-134a (C2H2F4)
PFCs such as R-116 (C2F6)

1995 CFCs Banned in developed 
countries under the MP

2006 2014

(EC)2037/2000
Defines phase-
out of HCFCs in 

EU

(EC) 842/2006
Introduces 
emissions 

controls for 
HFCs

&
Directive 

2006/40/EC 
bans the use 
of products 

with GWP>150 
in Car AC.

(EC)517/2014 
Introduces 

Phase-Down in 
terms of CO2

equivalents of 
F-Gases in EU 
encouraging 

use of Low GWP 
HFO Products 

such as R1234yf 
(CH2=CFCF3)

2016

An amendment 
to the Montreal 

protocol was 
agreed by 

197countries to 
Phase Down 

the use of HFCs 
starting in 2019 
and reducing to 

15-20% by 
2040

Fluorochemicals – 3 Decades of Regulatory Changes
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Three Pillars of F-Gas Regulation 517/2014
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F-Gas II  - (EC) 517/ 2014 
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❖Domestic Refrigerators and Freezers 
• Only use refrigerants with GWP>150 from 1.1.2015

❖Refrigerators and Freezers for commercial use (hermetically sealed)
❖ 1.1.2020 STOP of R404A/ 507 (GWP>2500)
❖ 1.1.2022 STOP of All HFC and HFC-containing blends with GWP>=150

❖ Stationary Refrigeration 
❖ 1.1.2020 STOP of All HFC and HFC-containing with GWP>2500, except applications below -50ºC 

product temperature

❖Multipack centralised refrig systems for commercial use with capacity > 40kW
❖ 1.1.2022 STOP of all HFC and HFC-containing blends with GWP>150
❖ Except in the primary refrigeration circuit of a CCD-system with GWP<1500 may be used

❖Stat. A/C (single split a/c with <3kg of HFCs)

❖ 1.1.2025 STOP of all HFC and HFC-containing blends with GWP>750,  mainly R410A, R407C

F-Gas  - New Equipment Restrictions
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❖Service Ban

❖ Jan 2020 STOP of HFC and HFC-containing (GWP>2500) above 
40t of CO2-e (e.g. >10.2kg R404A); means Supermarkets, 
industrial Refrigeration, larger food stores, etc.

❖Exceptions:
❖Military Equipment

❖Applications with product temp <-50°C, e.g. R23/ R508

❖Recycled/ Reclaimed HFCs with GWP>2500 is allowed until 
end of 2029

F-Gas  - Existing Equipment Service Restrictions
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Approaching the Cliff’s Edge:  F-Gas 2015 to today

Source: EEA Report - Fluorinated GHG 2016



F-Gas - CO2 Equivalent Phase Down
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Pre-charge 
impact

Cap reduction 
impact

GWP (AR4)

404A 3922

407A 2107

407F 1825

134a 1430

XP40 1397

Drivers for low GWP replacements:
• Cap/reduction supply & price 

pressures on 404A & R410A
• GWP limits ban 404A 

Precharge
Volume

Precharge
Volume

Precharge
Volume

Precharge
Volume

= required CO2-equivalents for precharged equipment (ca. 12 %)

GWP Limits  
GWP Limit

New 2500

Service 2500
> 10kg 404A

GWP Limit

New multi compressor commercial 
>40kW

150

Primary of cascade in new multi 
compressor commercial >40kW

1500
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F-Gas – Average GWP Phase Down

R-410A

R-407F R-407C

R-134a R-449A

R-32

R-454B

R-454C
R-454A

R-513A

Refrigerant GWP (AR4)
ISO 817 

Safety Class

R-449A 1397 A1

R-513A 631 A1

R-32 675 A2L

R-454A 238 A2L

R-454B 466 A2L

R-454C 148 A2L

November 30, 

2018

GWP Limits  
GWP Limit

New 2500

Service 2500
> 10kg 404A

GWP Limit

New multi compressor commercial 
>40kW

150

Primary of cascade in new multi 
compressor commercial >40kW

1500

~2000

~1900

~1300

~900

~600

~500 ~400
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F-Gas Phase Down Scenarios - 2018
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Average GWP = ~1300
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F-Gas Phase Down Scenarios - 2030
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Average GWP = ~400
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Where are we today?

448A

R

R

R
F-Gas

Regulation

407H
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Low GWP R-404A Alternatives

R404A R448A R449A R407H R407F R407A R452A 

Commercial Name N40 XP40 Performax LT XP44 

GWP (AR4) 3922 1387 1397 1495 1825 2107 2140

Toxicity Class A 

Flammability Class 1

Application Frozen and Chill 

General Comments

Most manufacturers of 
components and 
equipment have 
approved these 

refrigerants

No 
manufacturer 
approvals at 
publication 

Date.

Most manufacturers of 
components and 
equipment have 
approved these 

refrigerants

Use in 
some LT 

Hermetic 
Compresso

rs and 
Transport 

refrigeratio
nAdditional cooling may be required at low temperatures
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Very Low GWP R-404A Alternatives

R404A R455A R454C R454A

Commercial Name L40X XL20 XL40

GWP (AR4) 3922 148 148 238

Toxicity Class A

Flammability Class 1 2L 2L 2L

Application Frozen and Chill 

General Comments Require special handling and storage
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Non-Flammable R404A Alternatives
Theoretical Calculation @ MT Conditions

Tevap=-8°C, Tcond=35°C, SuperheatTotal=15K, Liquid Subcool=3K, Compressor Isentropic Efficiency = 0.7

Refrigerant Capacity D% C.O.P. D%
Mass Flow 

D%

Discharge 

Temperature 

/ ºC

Discharge 

Temperature 

D K

Condenser 

Pressure D
bar

Evaporator 

Glide / K

Condenser 

Glide / K

R404A 0% 0.0% 0% 63.9 0.0 0.00 0.4 0.4

R449A 2% 4.9% -22% 76.1 12.2 -0.60 4.3 4.8

R448A 3% 4.7% -22% 77.3 13.4 -0.45 4.7 5.1

R407H 2% 7.0% -34% 84.5 20.6 -1.09 5.0 5.2

R452A 1% 0.9% 1% 66.2 2.3 0.11 3.0 3.7
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2L Flammable R404A Alternatives
Theoretical Calculation @ MT Conditions

Tevap=-8°C, Tcond=35°C, SuperheatTotal=15K, Liquid Subcool=3K, Compressor Isentropic Efficiency = 0.7

Refrigerant Capacity D% C.O.P. D%
Mass Flow 

D%

Discharge 

Temperature 

/ ºC

Discharge 

Temperature 

D K

Condenser 

Pressure D
bar

Evaporator 

Glide / K

Condenser 

Glide / K

R404A 0% 0.0% 0% 63.9 0.0 0.00 0.4 0.4

R454A 6% 3.7% -22% 77.7 13.8 0.00 5.0 5.7

R454C -10% 5.3% -27% 71.0 7.1 -2.45 5.7 6.9

R455A 0% 6.8% -22% 73.8 9.8 -1.20 7.7 10.2
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Non-Flammable R404A Alternatives
Theoretical Calculation @ LT Conditions

Refrigerant Capacity D% C.O.P. D%
Mass Flow 

D%

Discharge 

Temperature 

/ ºC

Discharge 

Temperature 

D K

Condenser 

Pressure D
bar

Evaporator 

Glide / K

Condenser 

Glide / K

R404A 0% 0.0% 0% 88.7 0.0 0.00 0.5 0.4

R449A 1% 8.4% -26% 110.7 21.9 -0.60 3.9 4.8

R448A 2% 8.4% -26% 112.6 23.9 -0.45 4.3 5.1

R407H -8% 3.3% -39% 127.1 38.3 -1.09 4.6 5.2

R452A -1% 1.6% -1% 91.4 2.7 0.11 2.4 3.7

Tevap=-35°C, Tcond=35°C, SuperheatTotal=25K, Liquid Subcool=3K, Compressor Isentropic Efficiency = 0.7, Liquid Injection >115°C
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2L Flammable R404A Alternatives
Theoretical Calculation @ LT Conditions

Refrigerant Capacity D% C.O.P. D%
Mass Flow 

D%

Discharge 

Temperature 

/ ºC

Discharge 

Temperature 

D K

Condenser 

Pressure D
bar

Evaporator 

Glide / K

Condenser 

Glide / K

R404A 0% 0.0% 0% 88.7 0.0 0.00 0.5 0.4

R454A 8% 7.6% -23% 112.6 23.8 0.00 4.5 5.7

R454C -12% 7.4% -29% 100.1 11.3 -2.45 4.8 6.9

R455A -1% 9.0% -25% 104.6 15.8 -1.20 6.2 10.2

Tevap=-35°C, Tcond=35°C, SuperheatTotal=25K, Liquid Subcool=3K, Compressor Isentropic Efficiency = 0.7, Liquid Injection >115°C
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R-404A / R507A Alternatives

R404A R507A

Non-Flammable Low GWP 

R449A R448A

~4000 GWP <1400 GWP

R452A

2140 GWP
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R-407F Base Data gathered from July to November 2013

R-449A Data Measured from November 2013 until June 2014

Medium (100 kW) and Low temperature (14 kW) Racks Monitored

Copeland Compressors (MT = 1x D4DH-250 50-100% & 2x D4DA-
200x, LT = 1x D3DC-100 & 2x D3DA-75X

Danfoss ADAP-Kool Controller and electronic expansion valves

Ahold, Marum, Netherlands Retrofit from R507 & R407F to R-449A
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Italian Supermarket – Medium Temp Cascaded with LT CO2 - 2014

Compressor Model Quantity Range Capacity / W

1 HSK 6451-50 1 –15/°+45°C 83200

2 HSK 6451-50 1 –15°/+45°C 83200

3 HSK 6451-50 1 –15°/+45°C 83200

4 HSK 6451-50 1 –15°/+45°C 83200

5 HSK 6451-50 1 –15°/+45°C 83200

6 HSK 7471-90 1 –15°/+45°C 105500

Total Capacity / W 521500

Margin relative to requirement / W 57412 (11,01%)

Cabinet & Expansion Valve Models

Compressor Models (Bitzer Screw)
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System Measurements – Daily Average Temperature of 19ºC 
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Delhaize, Belgium - Supermarket Retrofit - 2014

2 Medium Temperature (MT) Racks each with 2 Bitzer 4J-22.2Y (35kW) compressors.
Rack A has an expected maximum load of 46kW and Rack B an expected maximum load of 73kW. 

The Low Temperature (LT) rack (Rack D) has 3 Bitzer 4NCS-12.2Y (8.63 kW) compressors with cooling fans fitted and an expected 
maximum load of 24kW. 

47 cabinets (35 MT and 12 LT) with 10 cold rooms (8MT, 2LT) operating on the racks. All the cabinets and cold rooms use Danfoss (TE) 
thermostatic expansion valves.
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Medium Temperature System – 15ºC Average Daily Temperature
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Low Temperature System – 15ºC Average Daily Temperature
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R404A / R507A Replacement

R404A

R-449A & R-448A
Lowest GWP Non-flammable Option= <1400 (AR4).

Thousands of systems successfully retrofitted from R404A.
Major Compressor Manufacturer Approvals.
Most Energy Efficient Non-flammable R404A Replacements.

R-452A
Lowest compressor discharge temperature R404A 
replacement.
Thousands of new systems successfully introduced.
Major Compressor Manufacturer Approvals.
Ideally suited to applications sensitive to high compressor 
discharge temperatures. e.g. LT hermetic piston 
compressors, transport refrigeration.
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Choose the Lowest GWP Product

That Can Do The Job R-449A/
R-448A R-452A

<1400

Closest non-flammable match where compressor 
discharge temperature is less critical and Lowest GWP
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Choose the Right Product for the Job

GWP = 
<1400

R-449A or R-448A kg = >1.5 x R452A kg R-452A 
requires >50% 

more quota

GWP = 
2140

R-452AR-449A/R-448A

GWP
Discharge 

Temperature
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R-404A / R507A Alternatives

R404A R507A

2L Flammable Very Low GWP 

R454C R455AR454A

<250 GWP <150 GWP~4000 GWP
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EN378 Maximum Charge Sizes for Access Category a (public 

buildings), Location Category II (compressors open air or in a machine room )

*

*Sealed System Assumed until EN 378 Appendix C1 cap factor m1 charge amount
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Freeze Store (-18ºC)

Cold Store Dimensions: 24m x 11.9m x 6.4m

Capacity 360 Pallets

3 x Zanotti HCU5180B941J Condensing Units

Bitzer Compressor 4HE-18Y-40P, BSE 32 Oil

23 kg Refrigerant per Unit

Designed and installed by Dawsonrentals

R454A – Park Cake Bakeries, UK
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How Flammable is Mildly Flammable ?
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Standards

✓ EN378 (2016), incl 2Ls, is published

✓

✓ International Working Groups are 

active on other standards
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EN378 (2016) Refrigerant Charge Calculator 

AREA app calculator for F-Gas and EN378
• Calculate concentration and flammability safety limits under EN378.

• Includes R454A, R454B, R454C & R455A which are not yet published 

in EN378 tables.
• Calculate CO2 tonnes equivalent values for various refrigerants under F Gas 

for completion of log books and labels on equipment.
• Available for IOS and Android

• Chemours Can also assist

• Spreadsheet based Charge Calculator 

for All Opteon™ Refrigerants.
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Conclusions
• The Phasedown is now affecting refrigerant choice.

• Virgin R404A/R507A availability strongly effected by the phasedown

• To fit ‘Under the Cap’ Stop using R404A and Even R410A needs to 
reduce.

• Use the lowest GWP product available suitable for the job.

• Only where high discharge temperatures are a problem use R-452A.

• Ask Equipment suppliers for Very Low GWP A2L Options – Create a 
pull effect.

• If applications can comply with EN 378 consider using A2L 
refrigerants, R-454C/ R-455A for Hermetic systems, R-454A for <40 
kW non-hermetic retail systems and other non-hermetic systems.
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Thank you

Mark.hughes@chemours.com


