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Abstract Small- and medium-scale cold stores, which are widely used, play important roles in daily life. The low-carbon operation of
the refrigeration units used in cold stores is of great significance. Cascade refrigeration systems, which achieve low temperatures, exhibit
high energy efficiency. The R134a/CO; cascade system, in particular, performs well. With the tightening of refrigerant regulations, the
exploration of low-GWP refrigerants has become increasingly important. In the study, the refrigerants R515B, R513A, R449A, R448A,
and R450A were selected as alternatives to R134a, and their performance was evaluated in terms of energy, exergy, environmental, and
economic factors. At an evaporation temperature of —50 ‘C, R515B, R513A, and R450A achieved coefficients of performance and
compressor powers similar to those of R134a. R515B reduced the high-stage discharge temperature by 9.97 °C, improving system
stability. Relative to R134a, at a condensation temperature of 50 ‘C, R450A achieved a 0.41% reduction in exergy efficiency and a
1. 38% increase in exergy loss. R450A reduced direct carbon emissions by 57. 86%. The thermodynamic performance of R450A was
close to that of R134a, and its comprehensive energy utilization rate was optimal, based on analysis of energy efficiency, exergy,
environmental , and economic factors.

Keywords small-scale cold storage; cascade refrigeration; refrigeration system; refrigerant replacement
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Tab.1 Thermophysical properties of refrigerants
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H 5% (g/mol) R C MPa Frife
R515B R1234z¢(E)/R227ea 91.1/8.9 117.48 108.47 3.58 0 299 Al HFO/HFC IR AW
RS13A R134a/R1234yf 44/56 108.43 95.51 3.67 0 57301 Al HFO/HFCIR &Y
24.3/24.7/ ) i
R449A R32/R125/R134a/R1234yf 55753 87.31 85.03 4.46 0 1282 Al HFO/HFC IR A
R32/R125/R1234ze(E )/ 26/26/7/ .
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R1234yf/R134a 20/21
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Tab.2 Exergy loss of system components
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