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Development of super critical CO2—COz cascade refrigeration system for

improvement of energy efficiency

Yukio YAMAGUCHI FJ

Today, preserve the environment is the commonly important issue for the entire world.
And some international program has been proceeding to improve the environment issue.
Global warming issue which is most important in the environmental issues is required to
conduct the provision. Vienna Convention for the Protection of the Ozone Layer and United
Nations Framework Convention on Climate Change obligate to achieve regulations to every
nation. The refrigeration industrial sector uses Hydro chlorofluorocarbon which has Ozone
layer Depleting Potential (ODP) and Hydrofluorocarbon which has high Global Warming
Potential (GWP) as refrigerant. This fact makes negative impact to environment. Therefore
these refrigeration industry are required to change its refrigerant to environmental friendly
refrigerant which has “ODP=0", and lower GWP. From these reason, refrigeration industrial
sector studies new refrigerant which has no ODP and very low GWP. For example, domestic
refrigerator which uses Hydrocarbon (HC) are getting popular especially Japan and Europe.
And refrigeration system for retail supermarket uses Hydrocarbon and Carbon dioxide as
refrigerant. On top of that, big refrigeration system for Refrigerated warehouse and skate
rink uses Ammonium and Carbon dioxide as refrigerant. These technologies are penetrating
to around the world.

This study discussed regarding COzs refrigerant which is most likely alternative refrigerant.
And this study alleges that it is necessary to develop the COzs refrigeration system which
makes effort to improve the Ozone layer protection issue and Global warming issue.

In the second capture, this study conducts optimization of Suction line heat exchanger
which makes effort to improve the efficiency of CO2 refrigeration system. After that
improvement, this study developed CO2-CO:z cascade refrigeration system which has not
been studied in the past papers. During this development, the optimization of every
operating pressure was studied to maximize energy efficiency. And then the efficiency was
compared with some existing refrigeration systems.

In the third capture, this study tried to optimize the CO2-COz2 cascade system to match to



yearly conditions around the world and then compared energy efficiency at related cities.
Almost of previous studies simulation of energy efficiency by using related average
temperature. However COz refrigerant is very sensitive to ambient temperature. Therefore
this study uses not only monthly average temperature but also maximum and minimum
temperature for the simulations.

This study identified the better efficiency of the CO2-COz2 cascade refrigeration system that
has been optimized its design than existing HFC refrigeration system at most of the city
around the world. As a result of this study’s improvement on energy efficiency, CO2-CO2

cascade refrigeration system makes effort to reduction of global warming affects.



