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Abstract— According to MONTREAL protocol the use of 

the refrigerant like CFCs and HFCs are phased out and due 

to recent KYOTO protocol the newly developed HFCs like 

R134a gradually phased out before 2040 due to its 1300 

Global Warming Potential. These review papers describe the 

selection criteria and explore the most promising 

replacement for R134a in domestic refrigerator mainly 

based on Zero ODP and Lower GWP value refrigerant 

fluids. Here we have consider the refrigerant fluids like HCs 

(R290 Propane, R600 Butane, R600a iso butane) and their 

blends, HFCs (R152a, R32 and its blends) and some natural 

refrigerants (Ammonia, Carbon Dioxide) between these 

refrigerants we compare the different properties like thermo 

physical properties, safety features of above refrigerants 

fluids. This review paper is limited to the basic properties of 

the above refrigerants as a replacement of the domestic 

refrigerant R134a . 
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I. INTRODUCTION 

The vapour compression cycle is a process which cools 

down enclosed space by taking heat from the system and 

throws that heat to the higher temperature surrounding by 

doing an external work by a compressor. 

During the cycle the refrigerant circulates 

continuously in four stages. The first stage is called 

Evaporation where the refrigerant cools the enclosed space 

by absorbing heat. Next, the Compression stage, the 

pressure of the refrigerant is increased, which raises the 

temperature of the refrigerants above the surroundings. Now 

this hot refrigerant moves through the next stage, 

Condensation, the natural direction of 

 
Fig. 2: Schematic Diagram of VCR Cycle 

the at flow allows the release of energy into the 

surrounding air.  Finally, during the Expansion phase, the 

refrigerant temperature is lowered by throttling or other 

capillary effects  what is called the auto refrigeration effect. 

Than cold refrigerant begins the Evaporation stage again 

and removing more heat from the enclosed space.  Basic 

vapour compressor cycle process and the COP calculation 

for VCR cycle shown below. 

 Process 1 – 2:  Isentropic compression in 

compressor. 

 Process 2 –3: Constant pressure heat rejection 

in condenser.  

 Process 3 – 4:  Isenthalpic expansion in 

expansion device. 

 Process 4 –1: Constant pressure heat absorption 

in evaporator. 

A. Mathematical Relations: 

(1) Heat Rejection in condenser Qr =h2-h3 

(2) Heat abstraction in evaporator   Qe = h1-h4 
(3) Work input in compressor  Win = h1- h2 

(4) COP COP = Cooling effect/Work input 

 
Fig. 1: P-H Diagram of Vcr Cycle (6) 

II. HISTORICAL REVIEW AND SELECTION OF REFRIGERANT 

James M. Calm(1), The next generation of refrigerants – 

Historical review, considerations, and outlook, here they 

defines the different properties like environmental 

consideration, thermodynamic properties, economic factors 

etc. for the new refrigeration and also defines the 

refrigeration generation wise. Jitendra kumar Verma, (2) 

studied A review of alternative to R134a (CH3CH2F) 

refrigerant by R32, R152a, HFO1234yf, ammonia and super 

freeze R134a and find out the need of the alternate 

refrigerant. A.S. Dalkilic et al, S. Wongwises (3) studied the 

performance analysis of alternative new refrigerant mixtures 

as substitute for R12, R134a and R 22. Refrigerant blend of 

R290/R 600a (40/60 by wt. %) and R290/R1270 (20/80 by 

wt. %) are found to be the most suitable alternative among 

refrigerants tested for R12 and R22. Alka Bani Agrawal (4) 

worked on eco-friendly refrigerant as a substitute for CFC 

(Chlorofluorocarbon). The binary mixture in the ration of 

64% and 36% of R290 and R600a found to be a retrofit or 

drop in substitute of R12 for use in the vapour compression 

refrigeration trainer. A. S. Dalkilic, S. Wongwises (5) A 

performance comparison of vapour compression 

refrigeration system using various alternative refrigerants A 

theoretical performance study on a traditional vapour-

compression refrigeration system with Refrigerant mixtures 

Fig.2 Schematic diagram of VCR cycle 
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based on HFC134a, HFC152a, HFC32, HC290, HC1270, 

HC600, and HC600a was done for various ratios and their 

results are compared with CFC12. Sandip P. Chavhan (6), 

gives A Review of an Alternative to R134a Refrigerant in 

Domestic Refrigerator, here they identifies the reason to 

replace the R134a and issue in the alternative refrigerants 

like ammonia having the toxicity, R152a having 

flammability effect etc. Samira Benha Dib and Ahmed 

Benzaoui (7), have showed that the uses of halogenated 

refrigerants are harmful for environment and the use of 

"natural" refrigerants become a possible solution. Here 

natural refrigerants are used as an alternative solution to 

replace halogenated refrigerants. The solution to the 

environmental impacts of refrigerant gases by a gas which 

contains no chlorine no fluorine and does not reject any 

CO2 emissions in the atmosphere. The researchers showed 

that emissions have bad effects on our environment. They 

also concerned by a contribution to the reduction of 

greenhouse gases and by the replacement of the polluting 

cooling fluids (HCFC). A.Baskaran, and P.Koshy Mathews 

(8), A performance analysis on a vapour compression 

refrigeration system with various eco-friendly refrigerants of 

HFC152a, HFC32, HC290, HC1270, HC600a and RE170 

were done and their results were compared with R134a as 

possible alternative replacement. The results showed that the 

alternative refrigerants investigated in the analysis RE170, 

R152a and R600a have a slightly higher performance 

coefficient (COP) than R134a for the condensation 

temperature of 50°C and evaporating temperatures ranging 

between -30°C and 10°C.Refrigerant RE170 instead of 

R134a was found to be a replacement refrigerant among 

other alternatives. Gaurav (9) gives the review of the 

alternatives to R134a refrigerant in that he finds out the 

alternatives regarding the flammability, toxicity, 

thermodynamic properties, environmental properties. 

R.S.Misra(10) used to improve Thermal Performances of 

Vapour Compression Refrigeration Systems Using Energy 

and Exergy Analysis for Reducing Global Warming and 

Ozone Depletioning Using Ecofriendly Refrigerants, here he 

shows the numerical models , 1
st
 and 2

nd
 law efficiencies 

and exergy destruction ratio for VCR cycle, he observe that 

for same degree of the subcooling, fixed evap. Condenser 

and with multiple evaporator valves gives the better 

performance for the fluids like R600, R600a, R290, R152a 

shows the better performance than other refrigerants. 

J.M.Calm, G.C. Hourahan(11), gives the physical, safety 

and Environmental data for current and others alternative 

refrigerants, they gives the detailed properties like Normal 

boiling point, molecular weight, critical temperature, critical 

pressure, lower flame limit, safety group, and environmental 

data like atmospheric life time, ODP, GWP etc with their 

specific refrigerants number and molecular mass. 

A. History of Refrigerants 

The working fluid used to transfer the heat from low 

temperature body to high temperature body is called 

refrigerant. There are different types of the refrigerants 

generations which are used at lower temperature application 

like refrigerants and air conditioning devices. In 1
st
 

generation we used the refrigerants which ever can be 

worked to transfer the heat ex. Ether, CO3, NH3, H2O, CCL4 

etc. Then we developed some safety and durability criteria 

for refrigerants 2
nd

 generation ex. CFCs, HCFCs, NH3, H2O 

etc. Then we found that the refrigerants have major effects 

on the depletion of the Ozone layer in the atmosphere, then 

we search for the 3
rd

 generation refrigerants which doesn’t 

take part in the depletion of the Ozone layer ex. HCFCs, 

HFCs, CO2, NH3, H2O etc. We have to take care of the 

GWP of the refrigerants when selection of the refrigerants 

so in the 4
th

 generation refrigerants we consider the 

refrigerants which have the GWP < 150 ex. NH3, CO2, 

R152a, R32, some blends of HCs, HFCs, some unsaturated 

HFCs etc. 

 
Fig.3 Refrigerant Classification Generation Wise(6) 

B. Mixture of Refrigerants: 

They are classified by the type of fluorinated components 

they have. They can be Azeotropes and Zeotrops. They are 

generally combination of two or more pure refrigerants.  

1) Azeotropes: They behave like pure substance, with 

no changes in temperature during the change of 

state, ex: R500, R502, R507 etc. 

2) Zeotrops: They changes the state as the temperature  

(evaporation, condensation) varies. These are 

R404a,R407a. 

C. Natural Refrigerants: (Ammonia, carbon dioxide) 

(1) Ammonia: (NH3) It is an inorganic fluid having 

great range of the temperature difference like -35°C 

to 2°C, but it has the properties like toxicity and 

flammability so it is generally used in industry 

where it can be suitable and low hazardous. 

(2) Carbon Dioxide: (CO2)It is inorganic, non toxic, 

non flammable, substance. It can be used in high 

pressure and special type compressors, currently 

specialists in AC and refrigerator are interested due 

to its environmental impact is very low (ODP = 0 

and GWP = 1), low specific volume provides low 

leakage problems, it has low critical temperature at 

31°C at 73.6 bar. 

D. Hydrocarbons: (HC) 

These are primarily propane R290, butane R600, isobutane 

R600a. These fluids have good thermodynamic properties 

nut they are very dangerous because of their properties of 

the flammability. 
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E. Hydro fluoro Carbons: (HFCs) 

HFCs like R152a and its blends can be directly used as the 

drop in replacement of R134a. It have the same molecular 

structure as R134a just only replace 2 hydrogen atoms by 2 

fluorine atoms. It has the similar operating condition like 

R134a but it provides better cooling effect. It has  zero ODP 

and 120 GWP which is very lower than R134a, but still 

higher than CO2, that’s why R152a used in some aerosol 

products the mainly drawback is that it is slightly 

flammable. 

F. Unsaturated Hydro Fluoro Carbons: (uHFCs) 

This is the new category discovered as the unsaturated hydro 

fluoro carbons. Few fluorinated olefins considered as the 

direct drop in replacement of R134a due to their lower GWP 

(~4) and Zero ODP and having the same thermodynamic 

properties like R134a. 

We have to replace currently used R134a 

refrigerant due to its high GWP (1300) so it is required that 

to find out the correct and capable refrigerants on basis of 

the environmental emission (Global warming) we consider 

some refrigerants which have the lower GWP than 150. For 

selection of the refrigerants we have to consider the 

properties like, 

1) Thermo Physical Properties: 

Required pressure ratio should be small regarding 

compressor weight, Latent heat of vaporization should be as 

large as possible, Specific heat of liquid should be less for 

better subcooling, Thermal conductivity in both liquid and 

vapour phase should be high for high HTC, Viscosity should 

be as small as possible. 

2) Environmental and safety properties: 

Refrigerant should have as low as possible GWP, 

Refrigerants with lower TEWI are preferable, Low Toxicity, 

Low Flammability, Less Odour, Easy handling , No / low 

Miscibility with oil., Non corrosive for the system material, 

Chemically stability, Easy leak detection. 

3) Economic Consideration: 

The refrigerant should preferably be inexpensive, Easily 

available. 
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7 
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6 
4.54 0 
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0 
A1 

R152a 

(HFC) 

CH3CH

F2 

-

24.0

2 

113.3 4.52 0 120 A2 

R290 

(HC) 
C3H8 -42.1 96.8 4.25 0 20 A3 

R600(H

C) 
C4H10 -0.56 153 3.80 0 20 A3 

R600a 

(HC) 

(CH3)3

CH 

-

11.6

7 

135 3.63 0 20 A3 

R32 

(HFC) 
CH2F2 

-

51.6

5 

78.41 5.78 0 550 A2 

R1234y

f 

CH2CF

CF3 
-29.5 94.7 3.38 0 ~4 A1 

III. CONCLUSION 

Here these are the conclusion getting from the papers we 

studies, 

(1) R134a is a HFC refrigerant and contributes in the 

Global Warming due to the chlorine content it have 

which combines with the atmospheric Ozone and 

creates the ozone depletion. 

(2) From litrature review the possible alternatives for 

the R134a are R32, R152a, R413 (mixture of 

R134a 88%, R218 9%, R600a 3%), R290, R600a 

these are the possible alternates by their properties . 

(3) There is a need to comparing the alternatives 

refrigerants from thermodynamically, 

environmentally, and economically base to find out 

the most promising alternative. 

(4) There is need to further research required in the 

field of HC, HFC, uHFC. 
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