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• Ice rink introduction

• CO2 history

• Properties of CO2
• Heat recovery with CO2 systems

• Supermarkets with transcritial CO2 systems

• Ice rinks with CO2
• as secondary refrigerant – 1st generation

• as primary refrigerant – 1st generation

• Outlook
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Refrigeration

Heating/Hot 

water

Dehumidification

Lighting

Ventilation
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Ice rink energy systems “the big five”
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Electricity 
296 MWh

Geothermal storage 
35 MWh

Recovered heat
446 MWh

Gas cooler 135 MWh

Energy 
losses 289 

MWh

Cooling energy
453 MWh
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Ice rink energy balance

• This ice rink is self sufficient with heat – no supplementary heat! 

• ̴70% of the available heat is reclaimed
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• Phase 1 – 1850 to - ̴1960
• Patent in 1850 to phase out in the 60s

• Phase 2 - ̴1988 - ………?!
• Lorentzents work
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CO2 refrigeration history
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Phase 2 History

• Phase 2 - Lorentzen´s work:
• Articles

• Patents
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Properties – heat recovery

• CO2 can provide more heat at higher temperatures
compared with other refrigerants
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1st generation CO2 ice rink

• CO2 as secondary refrigerant

• Mainly ammonia as primary refrigerant

• About 56 ice sheets in the world - 2015
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1st generation CO2 ice rink

• Sulzer installs the first ice
rink with CO2 as 
secondary refrigerant in 
1999 (Dornbirn, Austria)

• Ammonia as primary
refrigerant
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1st generation CO2 ice rink

• First ice rink with CO2 as secondary refrigerant and copper tubes
in the rink floor (Katrineholm, Sweden, 2006)

• Ammonia as primary refrigerant
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Supermarket – TC CO2 from   2̴003

• Transcritical CO2 in supermarkets evolved from about 2003

• Example: Linde transcritical (TC) CO2 supermarket 
installation from 2005
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2nd generation CO2 ice rink

• CO2 as primary refrigerant (transcritical design)
• Direct – with CO2 in the rink floor
• Indirect – with a secondary refrigerant in the rink floor

• About 25-30 ice rinks in the world - 2016
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2nd generation CO2 ice rink
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• International Ice Hockey 
Association handbook, 2002

• Proposed to use CO2 as 
refrigerant in 2002
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2nd generation CO2 ice rink

• Proposed 2nd gen CO2 ice rink in Sweden with CO2 as 
primary refrigerant

• Alternate tender (Katrineholm, SE, 2006)
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2nd generation CO2 ice rink

• Proposed 2nd gen ice rink in Canada with CO2 as primary
refrigerant (Maykawa, CA, 2007)
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2nd generation CO2 ice rink

• Proposed 2nd gen CO2 ice rink in Denmark with CO2 as 
primary refrigerant

• Alternate tender (Gentofte, DK, 2010)
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2nd generation CO2 ice rink

• First 2nd gen ice rink to be 
realized in Canada with
CO2 as primary refrigerant
(St Gedeon, CA/QC, 2010)

• Retrofit of a R22-system
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2nd generation CO2 ice rink

• First ice rink with CO2 as primary refrigerant in Canada (St
Gedeon 2010)
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2nd generation CO2 ice rink

• Skid with integrated receiver tank (3 m3), 7 compressors and heat 
recovery equipment
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2nd generation CO2 ice rink

• First realized indirect 2nd gen ice rink in Canada with CO2 
as primary refrigerant (DDO, CA/QC, 2012)
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Why did it take so long…..?

• …the advantages were demonstrated and proven in supermarkets…
• …heat reclaim is even more important in ice rinks as in supermarkets…
• …the system solution is the same as with ammonia and R22

• On the other hand:
• …the components were primarely developed for smaller systems..
• …in 2006 it took 12 compressors to achieve 300 kW (MT)

• So the answer is…
• ..no ice rink customers were ready to take the risk….
• …and/or the somewhat higher cost for installing a trans-critical CO2 system. 

• There was simply no demand for these systems until…
• ….the confidence in the technology grew…
• ….the cost of components/systems decreased which opened the market for the 

2nd generation CO2 ice rink refrigeration systems
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Time line - CO2 systems in ice rinks

• The steps contributing to the evolution of CO2 in ice rinks
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Current status on 2nd generation CO2 ice rinks

• The total number of 2nd generation CO2 ice rinks in operation 
• 25-30 in the world

• Most in North America – 20-25 
• appr. 20 in Canada (most in Quebec)
• 3 in the US (all in Alaska)

• Europe: 
• 5 in operation in Sweden - 2 more later this season
• One project in process in Norway
• ”Interest” in Finland and UK
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Conclusions

• Ice rinks represent combined cooling and heating demand
• CO2 has favorable properties for heat reclaim
• Transcritical CO2 systems primarily evolved in the supermarket industry
• CO2 as secondary refrigerant has been in use in ice rinks since 1999 

• referred to as 1st generation
• Transcritical CO2 systems in ice rinks were proposed as from 2002

• and realized for the first time in 2010
• Today the number of CO2 ice rinks is growing rapidly

• Energy system integration with adjacent facilities is an interesting next step in 
utilizing the reclaimed heat

• Ice rinks will go CO2 in the future…..!
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Thank you for your attention!
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