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Ozone Depletion and Global Warming
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CFC and HCFC phase-out achievements

ODP-Weighted Production

GWP-Weighted Production

CFC, HCFC and other Montreal Protocol gases phase out
has eliminated more than 5 Gigatons of CO2 equivalent

(more than 25 % of all GHG emissions compared to 1990)
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Refrigerants: Status of Regulations

from 2016 
(complete 2040)
According to 
Montreal protocol

from 2016 
(complete 2040) 
according to 
Montreal protocol

HCFCs will be 
phased out in 2010

HCFCs phased out 
in 2004

Montreal Protocol
Ozone depletion issue 
(ODP =0)

???F Gas regulation
No. 842/2006
Applied July 4,2007
“minimization of 
GHG emission”
leak preventive & 
checks, refrigerant 
& service records

Kyoto
Protocol 
Global warming issue

Asia*
(*except Japan)

ChinaNAMEU

Regional implementationGlobal 
Regulations
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GHG emissions from refrigeration industry

• Direct Emissions

• Refrigerant leakage

• Indirect Emissions

• Energy use due to system operation

In stat iona ry applica tions
indirect emissi ons are larger than

dire ct emission s due to refrigerant leakage

(Sources: IIF/IIR, AFEAS, DOE)

Leakage
Energy use
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The “Global Warming focus”
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IPCC summary May 2007

Contribution of refrigerant emissions:

1970 2004

all GHG emissions GtCO2 eq. 29 50 

HFC emissions GtCO2 eq. 2,5

HFC stocks GtCO2 eq. 21

CFC & HCFCs emissions GtCO2 eq.   6 3
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Principles of refrigeration
or the potential of “not in kind technologies”

Reverse Rankine

Stirling

Magneto caloric refrigeration

Vortex tube

Joule process

Peltier

Steam ejector

Absorption

Adsorption

…

Process still offers
highest energy efficiency

-
But which refrigerants

should be used???
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Refrigerant options

Single fluids Blend s Single flui ds Blends Blends Single flui ds Blend s

HCFC and HFC
partly chlorinated

HFC
Clorine free

“ Low GWP”
R134a drop in

Natural
halogen free

Medium and Long
Term Refrigerant s

Transitional/Ser vice
Refrig erants

Refrigerants

e.g.
R22

R123
R124

R142b

R22-based:
R402A
R403A
R408A

e.g.
R134a
R125
R32

R143a
R152a

e.g.
R404A
R507A

R407-series
R410A

e.g.
Blend H

Fluid DP-1
Auto AC-1

e.g.
R717
R290

R1270
R600a
R170
R744

e.g.
R600a/R290
R290/R170

R723

The choice of the refrigerant 
has an impact on the (energetic) systems performance and reliability
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… only 8 elements
are really suitable for 

refrigerant molecules

Is there a refrigerant Wild Card?

more flammable
m

o
re

to
x
ic

No!
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Refrigerants yesterday & today and in future?
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Reverse Rankine Cycle (conventional system)

Qc

Q0

Pel
expansion
device

condenser
heat exchanger

evaporator
heat exchanger

compressor
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Main energetic losses of the Reverse Rankine Cycle
(in case technology is used right – normally it isn’t )

Compressor losses

Heat exchangers losses

Expansion losses

Superheat losses

depend on refrigerant
and system configuration

depend on
compressor efficiency

depend on heat
exchanger efficiency / size
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Expansion & Superheat losses
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Poor thermodynamic performance of a refrigerant has to be compensated
with enhanced component efficiency or system configuration

tevap = -35°C
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Performance enhancement of reversed Rankine Cycle

Internal admission
(economizer)

External admission
(two stage system with economizer)

External flash gas reduction
(LBP economizer by means of independent MBP system) 

Booster 
(two stage with two evaporation temperatures)

Cascade

Expansion ejector

Liquid pump for seasonal low condensation temperatures
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R744
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R22
R717

… and about 
the double as 
the 
enhancement 
of capacity…

No one wants to save energy,

but everybody wants to save money…

R E F R I G E R A T I O N A N D A I R C O N D I T I O N I N G

Derived main potentials to minimize
GHG emission from refrigeration industry

• Use the available technologies right - chose right components and service them

• Ensure most energy efficient system operation by adding intelligence:

• detecting faults that increase efficiency losses and refrigerant leakage

• detecting improper user behaviour

• continuously search for the energy optimal operation point for the system

• Minimize refrigerant charge

• Enhance system tightness

• Enhance component efficiency

• Enhance system configuration

• Apply refrigerants with low GWP
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Future Refrigerant Mix by application

R407C, R410A
R717, R290, R744 (T)

Industrial

R407C, R410A
R290, R744 (T)

Domestic

HEAT PUMPS

R134a, R410A
R717, R290, R1270

Commercial

R407C, R410A
R290, R744 (T)

Light commercial

R407C, R410A
R290, R744 (T)

Residential

AIR CONDITIONING

R404A
R717, R744 (S)

Industrial

R134a, R404A
R744 (S+T)

Commercial

R134a, R404A
R290, R744 (T)

Light commercial

Domestic

APPLICATION

R134a
R600a

REFRIGERATION

GLOBAL TRENDSAREA

Fluids:
R600a Isobutane
R290 Propane
R744 Carbon Dioxide
R717 Ammonia

NOTE FOR R744: 
S Subcritical
T Transcritical
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What about CO2?

����

����

Safety - (OK)
• High concentrations ?

• High pressure ?
• Non flammable or toxic

Environmen t - OK
• Refrigerant phase outs

• Companies policy

• Natural substance
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CO2 activities at Danfoss

• Low pressure applications (Sub-critical)

- Commercial controls and line components

- Compressor tests

• High pressure applications (Transcritical)

- RACE and COHEPS: EU funded CO2-projects (1993-1997)

- Controls R&D with > 70 partners (since 1998)

- Compressor development (since 2001)

- Danfoss Saginomiya Joint Venture (2002)
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Food Retail
Sub critical CO2 applications

Valves, Controls, Driers and  Safety 
equipment

Investigated CO2 applications

Heat Pumps & Bottle Coolers
Transcritical CO2 applications

Compressors, controls and complete cooling 
cassettes   

Industrial
Sub critical CO2 applications

Valves, Controls, Driers and  Safety 
equipment   

Food Retail
Transcritical CO2 applications

Controls   
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of ca. 40

Source:
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Source:
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Sustainability …

… is an attempt to provide the best outcomes for the human and
natural environments both now and into the indefinite future.

… relates to the continuity of economic, social, institutional and
environmental aspects of human society, as well as the non-
human environment.

… is intended to be a means of configuring civilization and human
activity so that society, its members and its economies are able to
meet their needs and express their greatest potential in the
present, while preserving biodiversity and natural ecosystems, and
planning and acting for the ability to maintain these ideals in a very
long term.

…affects every level of organization, from the local neighborhood
to the entire planet.

Embodied Energy refers to the
quantity of energy required to
manufacture, and supply to the point
of use, a product, material or service.

Emergy:
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Conclusions
• CFC/HCFC phase out is a success story (significant ODP & GWP reduction)

• HFCs are globally applicable and allow efficient & safe system operation,
but they have typically a high GWP

• New blends with GWP<150
– are designed as ”drop ins” for R134a
– consist of molecules containing H, F, C, I, O
– still have unknown impacts and possibly showstoppers (toxicity, stability, cost, ODP…)

• Natural refrigerants will be applied where possible, but they are so far typically
restricted to certain applications/regions or the technology is not mature yet

Recommen dations:

• Maximize system efficiency & minimize refrigerant leakage to minimize the global
warming effect of refrigeration industry

• Support the application of natural refrigerants, where feasible

• Consider new low GWP Blends as R134a substitutes, once they are commercial
and have proven maturity as refrigerants (~ 3 year horizon)


