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We are boiling our planet; the use of F-gas is one of many reasons



Applications for F-gases



EU 517/2014

regulation about 

fluorinated 

greenhouse gases

(F-gases)



4 generations of refrigerants (Makhnatch, 2018)



HFC/HFO & Sunlight forms TFA
(Tri Fluoroacetic Acid)

And/or new even stronger greenhouse gases

R1234yf 100% TFA

R1234ze ~10% TFA

R134a  ~20% TFA

R1234ze is low GWP & TFA, but due to 
photodissociation in the atmosphere it form ~10% of 

strong greenhouse gas R23. 

(HFC R23, GWP 14 800)

Result is equal or stronger impact to global 
warming compared to high GWP refrigerant.

Please note,

Research is ongoing so many uncertanties and still much to learn as of 
today



HFO transform to foam from Polymerisation



EU 517/2014 vs EU 2024/573

Phase out of CO2 quotas
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EU 517/2014 EU 2024/573 (possible) extra quotas

No F-gas



Almost 200 years of refrigerants Back to start

4 generations of refrigerants (Danfoss 2024)



The 3 most common natural refrigerants

R744 (CO2)
Carbon dioxide

R717 (NH3)
Ammonia

R290 (C3H8)
Propane

Multi-purpose
Flammable

<500kW

Multi-purpose
High pressure

1kW – 5MW

Industrial/Process
Poisonous

>1MW



R744 (CO2)
Carbon dioxide

Since Multi-purpose, not flammable nor poisonous, 

use of CO2 as refrigerant increase dramatically.

Supermarkets started 15 years ago.



-30% -50% -70%

The 3 generations of CO2 refrigeration systems for 

supermarkets over 15 years.

Energy consumption compared to HFC/HCFC/HFO.

Efficient heat recovery

System design 
improvement

GEO energy storage
Integrated system



Integrated system with refrigeration, air condition & 

heat pump for space heating and sanitary water

Supermarket Shopping mall



Traditional Boiler and/or HFC/HFO installation with 

separated systems for heating and cooling

Supplied energy vs Consumed energy



Natural refrigerant integrated system for heating and 

cooling, reducing the supplied energy

Supplied energy vs Consumed energy



﴿ …another interesting case study 

• http://www.scribo.se/industribyggnaden-i-
kvarteret-fjalar

• 3000m2 with Offices, Gym, Restaurant

http://www.scribo.se/industribyggnaden-i-kvarteret-fjalar
http://www.scribo.se/industribyggnaden-i-kvarteret-fjalar


>  …and the energy performances

Building energy consumption (before new reversible CO2 heatpump)

•                          Heating (district heating)        221MWh

•                          Cooling (electricity)                13,5MWh

Building energy use with new reversible CO2 heatpump

•                          Heating/Cooling (electricity)   71,1MWh

So, summary for energy consumption annually is

Before reversible CO2 HP                                 234,5MWh

With reversible CO2 HP                                     71,1MWh

Reduction                                                          70%



Ice skate arena, gas station, professional kitchen etc…



Also, mobile/transport sector follow quickly with

Cars, Trucks, Trains, Ships…



Test unit, supplied in container 

autumn 2021 to CERN (Schweiz) for 

upgrade of ATLAS & CMS

“Supply liquid CO2 below -45°C to detectors

Evaporation temperature @-53°C in cavern”



Back to start: Natural refrigerants

Danfoss: Refrigerant options now and in the future DKRCC.PB.000.B1.22

Sustainable

Efficient

Safe

✓ Lower annual energy 

consumption

(especially with integrated system design)

✓ Reduced climate impact

✓ Contribute to futureproof 

business
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