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In order to estimate the quality of a process, is calculated 
the exergy efficiency, a rational measure of thermodynamic 
perfection of the analyzed process. It has defined as utilized 
exergy (given by all exergy output) divided by used exergy 
(given by exergy input), as: 
 

in

out
ex Ex

Ex
=η  (6) 

 
For the refrigerating cycle, the exergy efficiency depends 

on the exergy of the cooling load (Qo) and exergy losses 
(Exloss): 
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The exergy flux for the refrigerated space is: 
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For the assessment of the exergy losses in the component 

parts of the refrigerating system, it is needed Figure 1, where 
the notations indicate: Tc – condensation temperature, To – 
vaporization temperature, 2r – vapor state after adiabatic 
compression, 2ir – vapor state after irreversible compression. 

Exergy losses in the compressor: 
 

 ( ) ( ) [ ]kg/JssTex Eloss 1212 −=  (9) 
 

Exergy losses in the condenser: 
 

 ( ) ( )323223 ssThhex Eloss −−−=  (10) 
 

Exergy losses in the throttling valve: 
 

 ( ) ( )3434 ssTex Eloss −=   (11) 
 

Exergy losses in the evaporator: 
 

 ( ) ( )141441 ssThhex Eloss −−−=  (12) 
 

The exergy destruction in each component of the system 
depends on the refrigerant type. To illustrate, was considere a 
refrigerant often met in marine refrigeration, R 407 C.  

Were assuming the following conditions: 
• the cooling load was 100 kW, 
• the evaporation temperature was 30oC 
• The isentropic compression efficiency was taking as 0.8. 

Was obtaining a value of 0,45 for the exergy efficiency. 
The exergy losses specific to the processes developed in the 

plant: 
- Compression 35.4%, 
- Condensation 11.2%, 
- Throttling 4.3%, 
- Evaporation 11.6% 
It is seeing that the most significant part of the losses is meeting 
in the compressor. 

 
Fig. 1. Cycle in (T–s) diagram of a single stange refrigeration 
machine 
 
3. ENVIRONMENTAL ASPECTS 
 

The astrosphere is one of the most important bases of life 
on Earth. The environmental problems in connection with 
refrigerating and air-conditioning systems can be summarized 
as ozone depletion in the stratosphere, which has led to the 
regulation of the Montreal Protocol, and global warming, which 
has been under consideration for the last few years. These 
environmental effects are measure by the well-known 
definitions of Ozone Depletion Potential (ODP), Global 
Warming Potential (GWP) and Total Equivalent Warming 
Impact (TEWI). Marine engineer’s refrigerant policy must be 
clear and unambiguous, focused on the use of natural 
refrigerants, which have no direct harmful impact on the 
environment, and the use of the new environmental friendly 
“green refrigerants”. 

R 407C is a zeotropic mixture (R 32/ 125/134a; 23/25/52). 
R 407C is mainly used for retrofitting, in marine refrigeration 
using R 22. R 407C doesn’t harm the ozone layer, its ODP 
being 0 compared to the one of R 22, which is 0,055. When 
comparing R 22 with  

R 407C based on their impact on global warming it is 
founded that GWPR22= 1900 and GWPR 407C = 2000 (CO2= 
1,100 y).    
 
4. CONCLUSION 
 

R 407C is often used to replace R 22 in existing 
refrigerating plants on board the ships.  

The selection of the best refrigerant is helpe by the exergy 
analysis. This method allows the design of more efficient 
systems by reducing inefficiencies. The calculus developed in 
the paper revealed that the most exergy losses are meeting in 
the compressor (35,4%). This observation is useful because if 
other refrigerants are discusse, the focus will be on the value of 
exergy losses in the compressor. 

R 407C is not harmful for the ozone layer and its 
contribution to the greenhouse effect is   slightly higher than 
that for R 22. 
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