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Advances in Refrigeration 
Utilizing

Natural Refrigerants



Natural Refrigerant 
Applications

Carbon Dioxide – Supermarket and 
Industrial Refrigeration applications

Hydrocarbon – Point of Sale / Self-contained 
Display Cases

Ammonia – Supermarket 
and Industrial Refrigeration 

applications



Secondary

Cascade

Booster

CO2 System Evolution for
the North American Market

CO2 Secondary (pumped) Systems
2006 Low temperature, 2010 medium Temperature

Close to 200 Installations in North America

CO2 Cascade (subcritical) Systems
2008 Low temperature

Over 35 Installation in North America

CO2 Booster (transcritical) Systems
2012 Low & Medium temperature
Over 1500 Installations Worldwide



Growth of CO2 Booster Systems in North America

Over 75 installations in North AmericaOver 75 installations in North America



2012 2013 2014 2015  (YTD)

86%

62%

67%  
YTD

C02 Booster Projects



Challenges / Lessons learned
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• What are the main challenges/opportunities/lessons learned from your 
projects and future projects

• What do you want to tell your partners, policy experts, academia/training 
– what is necessary to introduce NR on broader scale in North America



Challenge 1
System Energy Comparison
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SYSTEM  ENERGY  EFFICIENCY  COMPARISON

•CO2  Booster  Systems  are  more  efficient  than  conventional  HFC  
systems  in  cooler  climates,  and  less  efficient  in  warmer  climates

•Efficiency  lines  of  the  CO2  and  conventional  HFC  system  cross  
around  60°F



• High  pressure  sub  coolers
• Parallel  Compression  systems

– Peak  savings  12-­‐20%,  Annual  savings   6-­‐10%
– Already  introduced  to  the  market

• Adiabatic  gas  coolers
– Peak  savings  20-­‐30+%,  Annual  savings   10%

• Ejectors
– Peak  savings  15-­‐20%,  Annual  savings   6-­‐8%
– Under  development

Future Developments - 2014



ü High pressure sub coolers
§ Using 45ºF Facility Chilled Water – Patents pending
§ Peak Savings 20–30%; Annual Savings 6-15+%

ü Parallel Compression systems
§ Peak savings 12-20%, Annual savings 6-10%
§ Already introduced to the market

ü Adiabatic gas coolers
§ Peak savings 20-30+%, Annual savings 10%

ü Ejectors
§ Peak savings 15-20%, Annual savings 6-8%
§ Under test

2015 Update
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Challenge 2
Focus on First Cost



Focus on Total Cost of Ownership



• Regulatory  Approvals
• Contractor  Training  -­‐ Engagement

Additional Challenges 




