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Carrier`s introduction: Portfolio of CO2 equipment’s 

*Sales status 2022, Transcritical & subcritical, all brands

• Small Shop, Discounter, 

• Supermarket, Cash & Carry

• Warehouse, Distribution Center

“1st European manufacturer to reach 

CO2 compressor systems* ”      
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This is status 2022, but let`s start at the early beginning of CO2…

*Sales status 2022, Transcritical & subcritical, all brands

“1st European manufacturer to reach 

CO2 compressor systems* ”      



1877 Patent publication: Refrigerating Machine – Vapor Compression Cycle
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1888 Food Cooling on Ships
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• For safety reasons 

with refrigerant CO2



1921 Carbonic Acid Refrigerating Machine
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Professor Dr. R. Plank-Danzig

• Trials with extra compression at high condenser pressures, 

to increase refrigeration capacity and economy



„Several decades ago“ CO2 Refrigerating Machines
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Downswing and Upswing of CO2 as Natural Refrigerant
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• 1930 Production start of HCFC’s

For refrigeration have been most important: R12, R502, R22, R404A, R134a

• Middle of the 20th century 

The use of CO2 as a refrigerant ends in marine refrigeration, also. 

• 1987 Montreal Protocol

Ban on ozone-depleting substances, e.g. R12, R502, R22

• 2014 F-gases Regulation (EU/517/2014)

Ban`s and phase down based on GWP 

Reduction of HFC supply



2002 TEWI of Supermarket Refrigeration with R404A
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• A typical supermarket  

refrigerating system had 

a charge of 300kg R404A

• Typical annual leakage rate 10%

• Ca. 50% of the TEWI was caused

by refrigerant leakage 

1) Stand 2002



Why CO2 as a refrigerant?
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higher volumetric density = smaller equipment size



2000 DX-CO2 for Low Temperature (LT) in Supermarkets
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Pumped CO2 for LT

DX LT circuit with CO2
Source: (B.Heinbokel 2001)

Source: (S.Haaf & B.Heinbokel 2002)

Source: (B.Heinbokel 2001)

LT DX Compressor Pack (2002) 

• MT loop F-gas (direct or indirect)

• LT to MT in cascade

• Energy efficiency:

− MT/ LT DX R404A system = 100%  

− Pumped LT system = 106% 

− DX LT system = 102%



2004 DX-CO2 transcritical for Medium Temperature (MT) in Supermarkets
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Source: (Gernemann & Heinbokel 2005)

Transcritical CO2 MT systems with cascade CO2 LT

Source: (O. Finckh & T.Sienel 2007)

CO2 Booster system

• Pro: Simplification of the System

Higher Energy Efficiency

• But new challenges on:

Controls stability

Oil type/ management



2005 Comparison of Energy Consumption for MT-DX Systems 
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Source: (Gernemann & Heinbokel, c-dig 2005)

CO2 versus R404A



THE CO2-EQUATOR
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Málaga 18°C

Valencia 17°C

Madrid 14°C Barcelona 15°C

Porto 14°C Marseille 14°C

Lyon 12°C

Milan 13°C

Florence 15°C

Rome  

16°C
Athens 18°C

Tirana 

16°C

Thessaloniki 16°C

Budapest 11°C

Trieste 14°C

Prague 8°C

Berlin 9°C

Oslo 5°C

Equivalent efficiency level for 

CO2-Equator at 

15°C annual average temperature.

North of the CO2-Equator standard 

CO2-booster-systems have significant 

efficiency gains versus conventional 

F-gas systems.

Target: 

Shifting or complete elimination 

of the “CO2-Equator” in Europe!
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TK CO2 DX

NK R404A DX

 TK R404A DX

NK R404A Indirekt

TK R404A DX

Durchschnitt

3400 kWh /(a mkorr.) 

Durchschnitt

3800 kWh /(a mkorr.) 

Durchschnitt

3200 kWh /(a mkorr.) 

2009 Energy Measurements per meter cabinets  - Swiss supermarket chain
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Source: (Heinbokel, RAC conf. 2009)



2012 Measured Data - Energy Efficiency Study Germany
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Source: (Heinbokel, EPEE-Asercom 2012)
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www.vdma-effizienz-quickcheck.org for Supermarket Refrigeration

17Evolution of CO2 refrigeration technology from 2000, Bernd Heinbokel

Source: (Heinbokel, DKV 2019)

2019 Measured annual Energy Consumption  

http://www.vdma-effizienz-quickcheck.org/


The Benefit of CO2 to cover all thermal Loads of a Supermarket 
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Standard:

• No building 

heating or cooling

Source: (Heinbokel, Euroshop 2014)



The Benefit of CO2 to cover all thermal Loads of a Supermarket 
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Transitional Season: 

• Heat recovery, 

waste heat is 

party used

Source: (Heinbokel, Euroshop 2014)



The Benefit of CO2 to cover all thermal Loads of a Supermarket 
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Winter: 

• Heat recovery, 

waste heat fully 

used

• Gas cooler 

in bypass

• During peak loads

heat pump mode 

with outside 

evaporator 

Source: (Heinbokel, Euroshop 2014)



The Benefit of CO2 to cover all thermal Loads of a Supermarket 

21Evolution of CO2 refrigeration technology from 2000, Bernd Heinbokel

Summer: 

• Supply of 

cold water for 

building cooling

Source: (Heinbokel, Euroshop 2014)



Efficiency Technologies CO2 - Semi-Flood
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Expansion-

valve

Verdampfer

Gascooler

Verdampfer

HP-

valve MP-valve

Receiver

Standard DX

to = -8°C

sh = 7K

x = 0

sh = superheat               x = liquid portion

Flooded/ 

Pumped

Verdampfer

Gascooler

Verdampfer

CO2-pump

to = -5°C

Receiver

HP-

valve

sh = 0K

x = 0,5 - 0,7

Internal

HX

Internal

HX

Expansion 

valve

Verdampfer

Gascooler

Verdampfer

HP-

valve MD-Ventil

Receiver

to = -5°C

“Semi-Flood” 

with internal HX

sh = 2 - 3K

x = 0,03 - 0,1

Internal

HX

Internal

HX

Pro: - best heat transfer

- small refrigerant charge

- standard controller



Efficiency Technologies CO2 - Parallel Compression
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Efficiency Technologies CO2 -
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Parallel Compression combined with 

Liquid and Gas Ejector
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Complexity

ECO compressor (Parallel compression)
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Liquid-ejector enables Semi-Flood
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Efficiency Technologies CO2 - Modulating Ejector & CO2 Pump
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Efficiency Technologies CO2 - Modulating Ejector & CO2 Pump
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Expansion valve

Verdampfer

Gascooler

Verdampfer

HP-valve
MP-valve

Receiver

Standard 

CO2-concept

to=-8°C

to= -8°C

Semi-Flood & Modulating Ejector

& CO2-Pump 

Expansion valve

Verdampfer

Gascooler

Verdampfer

Ejector

CO2-pump

to=-5°C

to= +3°C

Comparison at summer condition 

and equivalent product temperatures

Pro: - efficiency gain

- capacity gain

sh = 2 - 3K

x = 0,03 - 0,1

sh = 7K

x = 0



Conclusion
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• CO2 is a well-known refrigerant since more than a century 

• CO2 is … natural, safe, efficient and environmentally sustainable

• Efficient solutions for full Europe are available

• Capacity range from 1 kW to 1.5 MW in one unit 



eurammon e. V. is always available as a sparring partner for questions 

on refrigeration with natural refrigerants.

Contact:

Dr. Alexander Schmeink| Lyoner Straße 18 | 60528 Frankfurt | Germany

Phone: +49 (0)69 6603-1277 | E-Mail: alexander.schmeink@eurammon.com


