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ABSTRACT 
 

Global warming is one of the most burning problems today. It is due to emission of 
greenhouse gases used in various industry sectors. Refrigeration industry having contribution 
more than 25% in production of green house gases is one of the major responsible for it 
India has to phase out CFC-12 completely by year 2010 AD. To minimize the harmful effect 
of global warming, one of the major thrust areas is to identify substitute of Halogenated 
Hydrocarbons, especially CFCs, which are mainly responsible for emission of greenhouse 
gases. Present paper suggests Hydrocarbons to be used as alternative refrigerants in domestic 
refrigerators to face minimize the effect of global warming. Performance comparison of 
vapour compression refrigeration cycle used in domestic refrigerators working on CFCs and 
Hydrocarbon refrigerants is given in the work 

Key Words : Alternative Refrigerants, Hydrocarbon Refrigerants, Green house gases, 
Global warming, CFC-12. 

 
INTRODUCTION 

The Intergovernmental Panel on Climate 
Change (IPCC) has predicted an average 
global rise in temperature of 1.4°C (2.5°F) to 
5.8°C (10.4°F) between 1990 and 2100. 
Some current estimates indicate that even if 
successfully and completely implemented, 
the Kyoto Protocol will not provide a 
significant reduction in temperature despite 
the cut in emissions. Because of this, many 
critics and environmentalists question the 
value of the Kyoto Protocol, should 
subsequent measures fail to produce deeper 
cuts in the future1. 

Temperature rises due to climate change 

are shown in Fig. 1 due to emission of 
greenhouse gases. In 1999, a notably warm 
year, world mean temperature was 0.6oC 
higher than even the 1960-1990 average.  
Fig. 2 shows change in CO2 levels over the 
years. Fig.3 shows CO2 concentration in the 
atmosphere CO2 emissions are mainly due to 
the burning of fossil fuels. The mechanisms 
of climate change are complex, and the 
effects have been masked in much of the 
20th century by the opposing effects of acid 
rain and sulphur aerosols from general 
pollution. Reduced pollution levels in 
developed countries have enabled the true 
effect of increased CO2 levels to become 
apparent. Current predictions suggest a most 
likely temperature increase of 2 to 3oC and a * Author for correspondence 
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sea level rise of 0.5 meters over the 21st 
century, but the estimates have a large degree 
of uncertainty. The full consequences of 
these changes are unknown. Melting of all 
Greenland ice would raise sea level by 8 
meters. Polar ice fields are being melted 
from below by the Gulf Stream. This will 
give a positive feedback due to the reduced 
reflectivity of water compared to ice. There 
will be a North East sea route from Europe to 
Japan in a few decades or sooner. The effects 
of climate change may be recorded even in 
such things as dates of leaf appearance on 
deciduous trees. What is certain is that the 
temperature changes are large and rapid 
compared to historic trends, and they come at 
a time when temperatures are at a 120,000-
year high, in an inter-glacial period. It is also 
certain that the sea level rise will have 
disastrous effects for many low-lying 
communities in developing countries. 
Climate change due to ozone layer depletion 
and global warming is not only posing 
adverse effect on human health but also 
creating ecological imbalance. Refrigeration 
industry is one of the major sectors 

responsible for it. India has to phase out 
CFC-12 completely by year 2010 AD. Thus 
one of the major thrust areas is to identify 
substitute of Halogenated Hydrocarbons, 
especially CFCs1. 

HFC 134a, the current leading 
alternative2, for use in domestic refrigerators 
is also to be phased out due to much 
restriction discussed in the paper. In this 
light, it is vital that there should be 
continuous work on the replacement options 
for ozone depleting substances in ways that 
serve the aims of the Montreal protocol and 
UNFCC alike The proposed work will 
predict performance analysis3 of standard 
vapor compression refrigeration system of 
domestic refrigerators with the help of 
computer aided technique. Hydrocarbon 
refrigerants due to their favorable thermo 
physical properties are found to be best 
suited alternatives. Performance comparison4 
of vapour compression refrigeration cycle 
used in domestic refrigerators working on 
CFCs and Hydrocarbon refrigerants is given 
in the work. 

 

 
Fig. 1 : Brief review of Kyoto Protocol  

Kyoto is intended to cut global emissions 
of greenhouse gases. The objective is the 

"stabilization of greenhouse gas 
concentrations in the atmosphere at a level 
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that would prevent dangerous anthropogenic 
interference with the climate system" 
UNFCCC-2.The Intergovernmental Panel on 
Climate Change (IPCC) has predicted an 
average global rise in temperature of 1.4°C  
to 5.8°C  between 1990 and 2100. Some 
current estimates indicate that even if 
successfully   and   completely  implemented,  

the Kyoto Protocol will not provide a 
significant reduction in temperature despite 
the cut in emissions. Because of this, many 
critics and environmentalists question the 
value of the Kyoto Protocol, should 
subsequent measures fail to produce deeper 
cuts in the future. 

Table 1 : The Kyoto Protocol is an amendment to the United Nations Framework 
Convention on Climate Change. 

Kyoto Protocal 
Opened for signature December 11, 1997 in Kyoto, Japan 
Entered into force February 16, 2005 
Conditions for entry into 
force 

55 parties and at least 55% CO2 1990 emissions by 
UNFCCC Annex I parties. 

Parties 161 countries (as of Feb. 2006) 
 
 
 
 

 
 
 

  
Fig. 2 : Effect of CO2

  emission 
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Table 2 : Greenhouse gas emissions, worldwide 

Greenhouse gas Global emissions, tones Data year 
Carbon dioxide 30,800,000,000 2000 
Methane 350,000,000 2000 
Nitrous oxide 11,000,000 2000 
HFCs 140,000 2000 
HCFCs 330,000 1999 
CFCs 310,000 1999 
 
Aternative Refrigerants 

Refrigeration industry having 
contribution more than 25% in production of 
green house gases, is one of the major sectors 
responsible for it. India has to phase out 
CFC-12 completely by year 2010 AD. To 
minimize the harmful effect of global 
warming, one of the major thrust areas is to 
identify substitute of Halogenated 
Hydrocarbons, especially CFCs, which are 

mainly responsible for emission of 
greenhouse gases5. 

HFC 134a, the current leading 
alternative, for use in domestic refrigerators 
is also to be phased out due to many 
restrictions discussed in the paper. In this 
light, it is vital that there should be 
continuous work on the replacement options 
for ozone depleting substances in ways that 
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Fig. 3 : CO2 concentration in atmosphere 
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serve the aims of the Montreal protocol and 
UNFCC alike 

The proposed work will predict 
performance analysis of standard vapor 
compression refrigeration system of 

domestic refrigerators with the help of 
computer aided technique. 

Hydrocarbon refrigerants6 due to their 
favorable thermo physical properties are 
found to be best suited alternatives.

Table 3 : Alternative Refrigerants 

 
 

Table 4 : Transitional / Service Refrigerants 

 

Previous Refrigerant Alternative 
ASHRAE Classification 

R12 
(R500) 

R401A 
R401B 
R409A 
R409B 

R502 R22 
RR402A 
R402B 
R403A 
R403B 
R408A 

R114 
R12B1 

R124 
R142b 

Alternative Refrigerants 

Transitional/Service Refrigerants Medium and Long Term Refrigerants 

HCFC/HFC 
Partly Chlorinated 

HFC 
Chlorine Free 

Halogen Free 

Single 
Substance 
e.g. 
R22      
R123      
R124 
R147b 

Blends 
Predominately 
R22 based 

Single 
Substance 
e.g. 
R134a 
R125 
R32 
R143a 

Blends 
e.g. 
R404A 
R507A 
R407Series 
R401A 

Single 
Substances 
e.g. 
NH3 
R290 
R1270 
R600a 
R170 
R744 
 

Blends 
e.g. 
R290/ 
R600a 
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Table 5 : Long Term Alternatives 

Chlorine free HFC refrigerant and blends 
(long term alternatives) 

Halogen Free refrigerants (long term 
alternatives) 

Previous 
Refrigerant 

Alternative 
 

Previous 
Refrigerant 

Alternative 
 

R12 R134a R12 R290/600a 

R502 
 

R404A 
R507A 
R407A,R407B 

R502 
 

R717 
R290 
R1270 

R22 
 

R407C 
R410A 
R417A 

R22 
 

R717 
R290 
R1270 

R114 
R12B1 

R236fa 
R227ea 

R114 
R12B1 

R600a 

R13B1 R410A R13B1 No direct alternative 
R13 
R503 

R23 
R508A 
R508B 

R13 
R503 

R170 

 
Hydrocarbons as an alternative 
refrigerant to CFC-12 

Hydrocarbon refrigerants7 which do not 
contain any halogen atom are promising 
substitute of CFC-12. Lower paraffin’s such 
as propane, butane, isobutene etc. were 
successfully used as refrigerant before the 
advent of chloroflouro hydrocarbons. The 
thermodynamic properties of hydrocarbons 
are much better than any of other alternatives 
known. 

The main drawback of using it is that it 
is highly inflammable; the efforts are being 
made to use them as refrigerants and as 
insulating agent. 

The main motivation to adopt the 
mixtures in spite of there high inflammability 
is there being eco-friendly. The hydro-
carbons do not destroy ozone layer at all and 

there GWPs are hundred times lower then 
CFCs and ten times lower then substitute of 
CFCs. 

Merits 

These are natural occurring substances 
that are obtained from refineries after 
distillation. They are very good refrigerants 
for many reasons : 

 They are available for a very wide 
range of applications with good 
capacity and efficiency. 

 They have very low environmental 
impact in comparison with 
CFCs,HFCs and HCFCs. 

 They are compatible with copper and 
the standard mineral oils. 

 Service procedures can remain 
largely same s for R-12 and R-22 
refrigerants.  
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Hydrocarbon Refrigerants for domestic 
and commercial appliances 

Three hydrocarbon Refrigerants are of 
interest : 

 Pure isobutene(R600a) 

 Hydrocarbon blends of propane and     
isobutene(R290/R600a) 

 Pure propane (R290) 

For domestic refrigerators R600a is a 
preferred choice. It is a single component 
refrigerant, so can easily be used in two 
temperature models. It operates with low 
noise, good efficiency and low pressures. 

For commercial appliances, the 
appropriate blend of propane and isobutene 
(R290/R600a) will be the best refrigerants as 
only minimum changes to compressor and 
refrigeration system are needed. 

Properties of hydrocarbons as 
refrigerants8 

 Latent Heat (KJ/Kg)- Latent heat of 
hydrocarbon refrigerants is 
significantly better than halocarbons. 

 Liquid density (Kg/m3)- of 
hydrocarbon refrigerants is much 
lower than halocarbons which reduce 
its weight for same capacity. 

 Charge weight-Approximately 40% 
of R12 weight is required for same 
capacity, when systems are charged 
with hydrocarbon refrigerants. 

 Volumetric capacity-It is least for 
R600a in comparison with R12 and 

hydrocarbon blend. For same 
capacity a compressor of about half 
displacement is required. 

 Charge Volume-Same volume as 
that of R-12 can be used with 
hydrocarbon refrigerants for same 
capacity 

Property comparisons of HC blends with 
R134a r12 and R2210 

In order to search another Hydrocarbon 
blend as an alternative refrigerant, as R134a 
is current leading alternative refrigerant so to 
test the retrofitting suitability of HC blends 
,it is mixed in varying % with R134a and  
property comparison with R12 is given6,9. 

The main properties compared are liquid 
density, vapour density, viscosity and some 
other parameters like refrigeration effect, 
energy consumption etc.  

The properties of the three blends as 
obtained from REFPROP are plotted in the 
operating range of temperature. It was 
observed that as the fraction of propane in 
refrigerant increases condensing pressure 
also increases and lowers the evaporator 
temperature, it may cause high frost 
formation on evaporator. Hence the mass 
fraction is limited to 0.04 and 
correspondingly a mixture which contain 
0.09 mass fraction of HC blend (91% 
HFC134a and 9% HC blend –M09) was 
selected mixture to handle the oil return 
problem as well improve the performance of 
the system8. 
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Fig.4: Variation of liquid density with 

temperature 
 
 
 

 
Fig.5: Variation of vapour density with 

temperature 
 
 

 
Fig.6: Variation of vapour pressure with 

temperature 

 
Fig.7: Variation of viscosity with temperature 

 
 
 
 

 
Fig.8: Variation of COP with ambient 

temperature 
 
 

 
Fig.9: Variation of refrigeration effect with 

evaporator temperature 
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RESULTS AND DISCUSSION 
The properties of the three blends as 

obtained from REFPROP are plotted in the 
operating range of temperature. It was 
observed that as the fraction of propane in 
refrigerant increases condensing pressure 
also increases and it lowers the evaporation 
temperature, it may cause high frost 
formation on evaporator. Hence the mass 
fraction is limited to 0.04 and 
correspondingly a mixture which contain 
0.09 mass fraction of HC blend (91% 
HFC134a and 9% HC blend –M09) was 
selected mixture to handle the oil return 
problem and to improve the performance of 
the system as well. 

M-07 means 7% HC blend in R134a,M-
09 has 9% HC blend and so on.As shown in 
Fig. 4 the mixture has a lower liquid density 
and that could yield lower frictional losses. 
Since Fig. 5. Variation of vapour density 
with respect to temperature.HCs have lower 
density then R12 which results in decrease of 
compressor work.Fig.7. shows variation of 
viscosity with respect to temperature. The 
vapour density of the new mixture is less 
than that of CFC12; a reduction in 
compressor work is expected. The theoretical 
COP of the system at various operating 
conditions was calculated by taking the 
enthalpy property values of the refrigerant 
from REFPROP software at various state 
points where the pressure and temperature 
were obtained from the experimentation and 
plotted as shown in Fig. 7. This also 
indicates that the COP of M09 mixture is 3 to 
12% higher than that of CFC12.It is observed 
that the COP of M07 mixture falls below the 
COP of CFC12 as ambient  temperature 
increases to 39 ◦C while M09 and M11 does 
not behave so. This can be attributed to the 

fact that the pressure ratio for M07 mixture is 
higher than that of M09 and M11 which is 
typically 8.65 for M07 while it is 8.48 and 
8.45 for M09 and M11, respectively, at 55 ◦C 
condensing temperature and −23 ◦C 
evaporating temperature. Fig. 8 shows that 
with the increase in propane percentage in 
the blend refrigerating effect increase with 
same mass flow of refrigerant. 

CONCLUSION 
 For climate suitability and energy 

efficiency10 refrigeration technology 
should be improved. 

 CFCs and HFCs use must be stopped 
in refrigeration and search of their 
alternatives is inevitable. 

 Hydrocarbon refrigerants may be 
best suited options as alternative 
refrigerants in domestic refrigerators 
for retrofitting as technological 
dependence is less and other 
refrigerating parameters are more 
favorable.  

 The M09 mixture has been identified 
as a promising alternative to 
conventional CFC12 system. 

 The M09 mixture could reduce 
energy consumption in refrigeration 
with same cooling effect when used 
as an alternative refrigerant in a 
conventional CFC12 refrigerator 

 Improvement in theoretical COP for 
M09 mixture is observed as 
compared to CFC12 for same 
refrigeration effect. 

 The actual COP of theM09 is higher 
than that of CFC12 for same 
temperature range.  

 The overall performance of M09 as 
refrigerant  is superior to CFC12 
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