
Why natural working fluids are a 
smart choice for energy efficient 

heat pumps and refrigeration units

Armin Hafner



NWF a smart choice:  Content

 Introduction
• Kigali Amendment of the Montreal protocol and EU F gas directive

 Working fluid options
• HFC’s 
• Natural working fluids (NWF)

 HSE (Health Safety Environment)
 Energy Efficiency 

• NWF units versus non-NWF units

 Summary



Significance of refrigerant choice:  Introduction

Kigali Amendment of the Montreal protocol and EU F gas directive (517/2014)

Photo: Torgrim Asphjell, Miljødirektoratet

Source: Kigali_Amendment_Factsheet1.pdf



Significance of refrigerant choice:  Introduction

Kigali Amendment of the Montreal protocol and EU F gas directive (517/2014)

Source: https://eur-lex.europa.eu/legal-content



Significance of refrigerant choice:  Introduction

F-gas regulation in Norway

Source: http://tema.miljodirektoratet.no/no/Tjenester-og-verktoy/Veileder/EU-forordningen-om-fluorholdige-klimagasser/

http://tema.miljodirektoratet.no/no/Tjenester-og-verktoy/Veileder/EU-forordningen-om-fluorholdige-klimagasser/


NWF a smart choice:  Introduction

Emissions versus quotas
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Working fluid options

» Business as usual until 2020 and then usage of recycled gas 
until 2030;

– Availability/cost of the gas and equipment
– Future ban of service and maintenance
– Stricter leak detection and refrigerant recovery processes

» Convert/retrofit with new synthetic low-GWP refrigerants;
– Total environmental impact un-known, future regulation?
– HSE (Health Safety Environment)
– Cost of the refrigerant?

» Natural Refrigerant business orientation.
– Long term solution
– Investment cost no longer higher than traditional HFC



Working fluid options: HFCs

1,1,1,2-Tetra 
flouroethane

Blends…. Difluoro-
methane

2,3,3,3-Tetra-
flouropropene

1,3,3,3-Tetra-
flouropropene

R134a R410A, R404A R32 R1234yf R1234ze

• GWP 1430 
• Industrial 

refrigeration
• …

• GWP > 2500
• Taken from 

the market in 
Europe

• New low-
GWP blends 
are proposed 
on a weekly 
base

• GWP 675
• Split AC and 

HP units
• …

• 11 days lifetime 
in atmosphere

• Mobile AC 
systems

• Short lifetime in 
atmosphere

• Chiller applications
• …

• High GWP
• next phase out 

candidate 

• Unsecure 
future supply

• Energy 
efficiency ?

• Intermediate 
refrigerant

• Flammable

• Flammable
• Toxic decom-

position 
products

• High cost

• Flammable
• Toxic decom-

position products
• High cost



Working fluid options: NWFs

Hydrocarbons
(Propan, Butan…)

Ammonia Water 
(Steam)

Carbon dioxide
CO2

Air

R290, R600, … R717 R718 R744 R729

• Domestic 
refrigeration

• Split AC and HP 
units

• Light commercial 
refrigeration

• High temperature 
heat pumps

• Chiller units
• …

• Industrial 
refrigeration

• Industrial
heat pumps

• …

• High
temp-
erature
heat 
pumps

• …

• Hot water heat 
pumps

• Commercial
refrigeration

• Transport 
refrigeration 

• …

• Low temperature 
refrigeration

• Transport 
refrigeration

• …

• High energy 
performance

• Globally available
• Flammable

• High energy 
performance

• Globally 
available

• Applied since 
130 years

• Low 
density

• Requires 
very large 
volume 
flow rates

• High energy 
performance

• Globally available

• Low density
• Requires large 

volume flow rates,
• High energy 

performance at low 
ref. temps: >-50oC



HSE (Health Safety Environment)



R 1234yf & R 1234ze



HSE (Health Safety Environment)

R1234yf 
A2L => B2L

Ammonia is also classified as B2L



HSE

Thermal decomposition of HFC-32

Risk Assessment of Mildly Flammable Refrigerants, JSRAE report 2016, http://www.jsrae.or.jp/committee/binensei/final_report_2016r1_en.pdf
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R-134a versus R-1234yf

R-134a:
High GWP
Previously applied in MAC

R-1234yf:
Now applied in MAC



Energy Efficiency – Example: Commercial refrigeration



Example CO2 commercial refrigeration

Feedback from the vendor:
• After 12 months: Zero maintenance visit.
• Energy demand reduced by more than 30%

compare with the same standard (& age) 
HFC system.

• Our customer has inform us that since we 
have installed the CO2 System in his store he 
has zero food wastage due the stable 
temperature in the cabinets and no failure 
in the system or cabinets.

https://www.unido.org/news/climate-friendly-supermarket-refrigeration-installed-jordan



Examples of utilizing NWF within HighEFF

+++



Natural working fluids are:
• future proof global alternative refrigerants
• Energy efficient replacements for synthetic fluids 

with significant environmental impacts
• safe investments when applied in refrigeration & 

heat pumping equipment
Take home massage:
When you order your next refrigeration / heat pumping units:
• Specify the Refrigerant:  Natural working fluid.

• Not only low GWP fluid

NWF a smart choice:  Summary



Questions are welcome!

Q & A
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