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The Global 
Warming issue …
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… there is 
money in it …



The two types of 
contributionscontributions…

Energy use for system operation 
“Indirect Emissions”

• Mobile Air Conditioning (HFC)

MAC DIRECTIVE 
2006/40/EC

Indirect Emissions

Refrigerant leakage/release
“Direct Emissions”

• Commercial Refrigeration  
(Supermarket DX HFC)

• Unitary Air Condition/Heat Pump (HFC) Leakage Energy use

• Commercial Air Condition (HFC)

• Light Commercial Appliance SME (HFC)

• Water Chiller (HFC)
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• Domestic Refrigerator (HFC)
• Domestic Refrigerator (HC)



Refrigerants options

… only 8 elements are 
really suitable for 

more flammable

really suitable for 
refrigerant molecules
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HCFC and HFC HFC “Low GWP” Natural

Medium and Long
Term Refrigerants

Transitional/Service
Refrigerants

Single fluids Blends Single fluids Blends Single fluids Blends

partly chlorinated Clorine free R134a drop in halogen free

e.g. R22-based: e.g. e.g. e.g. e.g. e.g.
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R22
R123
R124

R142b

R402A
R403A
R408A

R134a
R125
R32

R143a
R152a

R404A
R507A

R407-series
R410A

Blend H
Fluid DP-1
Auto AC-1

R1234yf

R717
R290

R1270
R600a
R170
R744

R600a/R290
R290/R170

R723



The HC refrigeration application map

Proven application of HCs
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refrigeration

commercial
refrigeration

industrial
refrigeration

Ev
a

Technical feasibility proven-
market acceptance pending
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Cooling capacity
p p g



CO2 Status Bottle Cooling & Automotive

• Depending on the component selection, 
the system layout and the actual cooling 
requirement CO2 systems can be better, equal or 
worse than HFCs ones  worse than HFCs ones. 

• But with increasing ambient temperature the COP of 
CO2 systems generally drop faster…
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• Aiming for one global refrigerant/solution



CO2 Status Supermarket/Industrial 
Refrigeration

High stage  
compressor(s)

R134a, R404A,…

R717 (NH3)
High stage  
condenser

High stage  
expansion valve

• Direct  GHG emission from 
the cooling distribution 
system calls for an 
lt ti  l ti  R290, R1270,…

CO2

expansion valve

Cascade heat exchanger
alternative solution 

• Cooling generation with CO2 
Liquid pump

Medium temp 
evaporator

g g
has energetic drawbacks in 
rather warm climates, but 
otherwise…

Low stage
compressor(s)

Low temp  
expansion valve Low temp 

evaporator • Cascade systems build on 
state of the art technology 

d l b ll l bl
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and are globally applicable



Ammonia (already well established…)

1. Ammonia is a excellent in various ways …y

1. Environmental benign

2. High efficiency in a relative big 
t ttemperature range

3. Huge experience base

2. But due to Ammonia’s toxicity some 
requirements have to be full filled:

1 S f t i t t b1. Safety requirements to be 
implemented for large systems

2. Limitation of ammonia charge 
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in several locations



How to push natural refrigerants further?

Liability:

1. Eliminate liability barriers in a responsible way

Technology:

1. Apply minimal refrigerant charge technologies

2. Set highest system efficiency standard based
on technologies using natural refrigerants

3 Enhance safe (and efficient) operation by adding

⇒ More refrigeration capacity
t f l f i t

3. Enhance safe (and efficient) operation by adding 
intelligence/electronics to systems
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out of less refrigerant mass
in more energy efficient 
and safe systems…


