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CO2 REFRIGERATION SYSTEM FOR WARM CLIMATES 
 
Different options to improve COP in CO2 refrigeration systems have been developed.  
A thermodynamic analysis shows the exergetic losses in a CO2 basic cycle (Fig. 1).  

 

 

 

 EXERGETIC 
LOSSES 

πev evaporation  
πexp throttling  
πgc gas cooler  
πcomp compression  
πsr superheating  

Fig. 1 - Exergetic losses in a simple CO2 transcritical cycle, with evaporator superheating. 
 

 

A conventional refrigeration system – operating according to dry-ex design  –  uses thermostatic valves 
to control refrigerant mass flow through evaporators; the superheat control of evaporators introduces a 
significant energy loss (πev and πsr, Fig. 1): the maximum evaporating temperature is limited by the 
temperature approach between air inlet temperature and refrigerant temperature at evaporator outlet. 
A well-known solution to reduce these losses is the overfeeding of evaporators, which so far was only 
possible with a refrigerant pump, a complex and expensive component. 
 
 

� EVAPORATOR OVERFEEDING 
 

 

A simple ejector is used to pump the liquid exiting from evaporators from the LP – low pressure – 
receiver back to the IP – intermediate pressure – receiver. 
The overfeeding of evaporators allows higher evaporation temperature (about 4÷6 K higher than dry 
expansion evaporation system, with superheat control); with this solution the performance of 
evaporators is maximized; the corresponding energy saving is about 15%. 
The higher evaporation temperature also allows a reduction of throttling and compression losses, as 
shown in Fig. 2. 
 
 

 
 

Fig. 2 - Thermodynamic losses in a CO2 transcritical cycle, 
with evaporator overfeeding. 
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� AUXILIARY COMPRESSOR CYCLE 
 

In a conventional system, throttling occurs from high pressure – condensing or gas cooling pressure – 
down to the evaporation pressure level; the compression occurs from LP (evaporating temperature) to 
HP – high pressure. 
The main benefit due the introduction of a two levels of suction pressure is due to the reduction of 
throttling losses and compression losses. With this solution the main compressors are required to 
compress only the vapor produced in evaporators, while the vapor generated during first throttling is not 
further expanded down to low pressure (Fig. 3), being removed by the auxiliary compressors directly 
from IP receiver. Compared with a conventional system, a significant energy saving is obtained. 
 

 
Fig. 3 - CO2 transcritical cycle with auxiliary compressor. 

 
� EJECTOR FOR DIRECT EXPANSION WORK RECOVERY 

 
 

Two-phase ejectors in a transcritical CO2 cycles further reduce throttling losses and compression losses; 
a “virtual” first stage of compression uses the energy recovered from expansion of CO2 from HP, 
instead of electricity, thus decreasing the overall compression work (Fig. 4a-b). A further benefit 
consists in the increase of the refrigerating effect, due to a minor amount of vapor at the end of the 
expansion process. The expansion process is near-isoentropic compared to an isoenthalpic throttling 
process obtained with a conventional expansion valve. Overall, the ejector is as an expander – 
converting pressure energy into useful work – combined with a compressor or with a pump, still being a 
simple static device with no moving parts. 
 

 

 

 
 
 

 
Fig. 4a - Ejector refrigeration cycle. Fig. 4b - CO2 refrigeration cycle with ejector. 
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The design solutions described above can be combined to maximise benefits and define a new 
refrigeration system, also suitable for hot climates; this solution is represented by the so-called “multijet 
design lay-out”. 
 
 

MULTIJET LAY-OUT 
 
 

According to this circuit design, one ejector (C in Fig. 5a) is used as a pump to remove the liquid exiting 
the evaporators, pumping it back in the IP receiver. In this way it is possible evaporator overfeeding. 
More ejectors – A and B in Fig. 5a – are installed in the refrigeration circuit, which includes main and 
auxiliary compressors. These ejectors pre-compress a certain amount of suction vapor from LP up to IP 
pressure receiver, thus reducing the mass flow fraction managed by main compressors, which operate 
with lower efficiency than auxiliary compressors. 
Thanks to the ejectors, the benefit given by the auxiliary compressors is increased, especially in warm 
climate installations (i.e. Mediterranean countries), and an additional reduction of energy consumption 
is achieved. 
 
 

 

 

 

 
 

 

 

 
 

 
 

Fig. 5a - Booster system with multijet design. Ejectors for 
vapour pre-compression (A e B) and liquid pumping (C). 

Fig. 5b - Top: Cut view of an ejector.  
Bottom: multi-ejector set (installed July 2013). 
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A thermodynamic analysis and experimental investigations, for Mediterranean climate, demonstrate a 
significant improvement in COP with respect to a simple CO2 cycle (Fig. 6-7-8). The following results 
are referred to a commercial CO2 refrigeration system, medium temperature. 
 

 
 

Fig. 6 - COP vs external air temperature for different cycles. 
 

 
 

Fig. 7 - Annual energy consumption for different cycles;  
energy saving (%), compared to a CO2 simple cycle. 

 

 
 

Fig. 8 - Monthly energy consumption for different cycles. 
 

 

The combination of the above mentioned technologies, in the multijet lay-out, can significantly improve 
energy efficiency: a thermodynamic analysis of a CO2 multijet cycle, in Southern Italy climate, 
demonstrated a 25% energy saving with respect to the simple CO2 cycle, thus making CO2 competitive 
with HFC-based cycles. 
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