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Abstract— Due to the growing concern regarding the significant impact of CFCs, HCFCs and HFCs on global warming and 
ozone depletion the refrigeration and air-conditioning sector has strong need for the experimental data on the use of eco 
friendly refrigerants. Several environmental regulations have already imposed restrictions on the use of halogenated 
refrigerants. The paper contains a review on substitution of non-eco friendly refrigerants with HCs from refrigerating 
systems. HCs have excellent characteristics from environmental as well as thermodynamics point of view. This study 
contains well organized information on the experimental studies on application of pure and mixtures of HC refrigerants as 
substitutes in refrigeration systems. Based on the theoretical analysis it is concluded which HC refrigerants are most likely to 
be used as future options. 
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I. INTRODUCTION 
 
Domestic refrigerators use R12 and R134a as 
refrigerants because of excellent thermodynamic 
properties of these gases but according to Montreal 
protocol, R12 being an ozone depleting substance 
should have been phased out by 2010 and as per 
Kyoto protocol consumption of R134a having high 
GWP must be reduced [6].Environmental pollution is 
a very serious issue as it affects every living matter 
that it contains. The activities of human beings are 
only responsible for this as our energy demands have 
rapidly increased and became our necessity. We must 
prevent and control environmental pollution to 
maintain the ecological balance in order to provide 
healthy atmosphere for present and future 
generations. Ozone depletion and global warming are 
the two major side effects of human activities on 
environment to which heating, refrigeration and air-
conditioning sector has significantly contributed 
thereby disturbing the nature’s climate. Ozone layer 
is a minor component of the atmosphere with 
concentration varying between 0 ppm and 10 ppm, 
depending on the regions, has a special importance in 
maintaining the ecological balance, any disturbance 
of the atmospheric ozone concentration has direct and 
immediate effects upon life. Ozone layer filters the 
ultraviolet radiation from the sun, which is a threat to 
men, flora and fauna on earth. Refrigerants are the 
working medium in refrigeration and air-conditioning 
systems. Refrigerants escape due to the presence of 
leakages in cooling system during normal operation 
(filling or empting) or after accidents (damages) and 
get collected in significant quantities at the 
stratosphere. In the stratosphere pollution from 
refrigerants leakage depletes the ozone due to the 
presence of halogens (chlorine and bromine) in the 
stratosphere [2]. The main gas responsible for global 
warming is CO2 and increasing energy demand is 
leading to an increase in CO2 emissions in the 

atmosphere. Refrigeration systems consume 
electricity that contributes indirectly to the emission 
of large amounts of CO2 because of burning of fossil 
fuels (coal, oil and natural gas) that produces carbon 
dioxide (CO2). Therefore, improving the energy 
efficiency of refrigeration systems and the use of 
refrigerants with zero ozone depletion potential 
(ODP) and negligible global warming potential 
(GWP) are the most important parameters for the 
refrigeration industry [3]. In the current scenario of 
environmental protection there are two strategies to 
perform the experiments: 

1. Development of new equipment using natural 
refrigerants, hydrocarbons (HCs), new 
generation fluids.  

2.  Retrofitting of existing systems with lower 
GWP refrigerants.[4] 

 
This work presents a review of the experimental 
analysis performed with HCs as refrigerants in 
domestic refrigerators and freezers in the past decade. 
Based on the study we can clearly identify which 
HCs are mostly analyzed in the experiments which 
are beneficial for those researchers who are interested 
in working with HCs without decrease in 
thermodynamic performance with reduction in 
environmental pollution. 

  
II. REVIEW OF EXPERIMENTAL RESEARCH 
IN CHRONOLOGICAL ORDER  

 
During the last decade, many experimental 
investigations have been performed with HC 
refrigerants for different applications, such as, 
domestic refrigerators, commercial refrigeration and 
air-conditioning because of the ongoing dismissal 
program of high GWP refrigerants. In this section an 
analysis has been presented which gives us a clear 
understanding of the merits of using HC as drop-in 
substitute for HFC refrigerants. 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-2 Feb.-2016 

Substitution of Non-Eco friendly Refrigerants by Hydrocarbon Refrigerants: A Review 
 

123 

Chao-Chieh Yu, Tun-Ping Teng (2014) carried out 
retrofit assessment of refrigerator using mixtures of 
HC refrigerants R290 and R600a with different 
mixed mass ratios in a small domestic refrigerator by 
conducting the no-load pull-down test and 24-hour 
on-load cycling test. The mixed mass ratios of the HC 
refrigerants, R290 and R600a, were 65% and 35% 
(HC1), 50% and 50% (HC2), and 0% and 100% 
(HC3). The charged ratios were 30%, 40%, 50%, and 
60% based on the charged mass of R134a (180g) for 
HC refrigerants. The results of the no-load pull-down 
test revealed that the optimal charged mass for all the 
HC refrigerants was 40% of that of R134a.The results 
of the 24-hour on-load cycling test showed that the 
freezer temperatures considerably decreased when the 
HC refrigerants were used, and that all of the HC 
refrigerants could be used in the R134a refrigerator 
after changing the capillary tube lengths. All of the 
HCs refrigerants yielded lower electricity 
consumption, lower on-time ratios, and higher energy 
factors (EFs) than R134a.It was concluded from this 
study that using a higher proportion of R600a in HC 
refrigerants can enhance the EFs of refrigerators. [5] 

 
M. Rasti, M.S. Hatamipour, S.F. Aghamiri, M. 
Tavakoli (2012) performed experimental analysis by 
substituting R134a with R436A(a mixture of R290 
and R600a with a mass ratio of 56/44) in a 238 L 
single evaporator domestic refrigerator without any 
modification in refrigeration cycle. The refrigerator’s 
compressor was charged with different amount of 
R436A (32, 40,55g), and in addition to refrigerator’s 
power consumption during operation, the 
temperatures in different sections of the refrigerator 
were measured. The results showed that in 
comparison with R134a (105g), the charge amount of 
R436A (55g) is reduced by 48%.The ON time ratio is 
reduced by 13%, the energy consumption is reduced 
by 5.3% in 24 h, the evaporator inlet temperature is 
reduced by 3.5 °C, the energy efficiency index is 
raised. The results also showed that TEWI of R436A 
is 11.8% less than R134a. [6] 

 
M. Mohanraj, S. Jayaraj, C. Muraleedharan, P. 
Chandrasekhar (2009) conducted experimental 
investigation with HC refrigerant mixture composed 
of R290 and R600a in the ratio of 45.2:54.8 by 
weight(40,50,60,70g) as an alternative to 
R134a(110g) in a 200 l single evaporator domestic 
refrigerator. Continuous running tests were performed 
under different ambient temperatures (24, 28, 32, 38 
and 43 °C) and cycling running (ON/OFF) tests were 
carried out only at 32 °C ambient temperature. The 
results showed that the HC mixture has lower values 
of energy consumption; pull down time and ON time 
ratio by about 11.1%, 11.6% and 13.2%, respectively, 
with 3.25–3.6% higher coefficient of performance 
(COP). The discharge temperature of HC mixture was 
found to be 8.5 to 13.4 K lower than that of 
R134a.The overall performance has proved that the 

above HC refrigerant mixture could be the best long 
term alternative to phase out R134a.[7] 
 
K. Mani, V. Selladurai (2008) did an experimental 
analysis of a new refrigerant mixture R290/R600a 
(68/32 by wt %) as drop-in replacement for CFC12 
and HFC134a to compare the refrigeration 
performance in terms of refrigerating capacity, 
compressor energy consumption and COP. An 
experimental setup of vapor compression 
refrigeration system was built up to investigate the 
performance of R12, R134a and HC mixture 
refrigerants. Experimental results showed that the 
refrigerant R290/R600a had 19.9% to 50.1% higher 
refrigerating capacity than R12 and 28.6% to 87.2% 
than R134a.The refrigerant R134a showed slightly 
lower refrigerating capacity than R12.The mixture 
R290/R600a consumed 6.8% to 17.4% more energy 
than R12. The refrigerant R12 consumed slightly 
more energy than R134a at higher evaporating 
temperatures. The COP of R290/R600a mixture 
increases from 3.9% to 25.1% than R12 at lower 
evaporating temperatures and 11.8% to 17.6% at 
higher evaporating temperatures. The refrigerant 
R134a showed slightly lower COP than R12.The 
discharge temperature and discharge pressure of the 
R290/R600a mixture was very close to R12. The HC 
mixture can be considered a drop-in replacement 
refrigerant for R12 and R134a was concluded from 
the analysis. [8] 
 
Ching-Song Jwo, Chen-Ching Ting, Wei-Ru Wang 
(2008) analyzed efficiency  of home refrigerators by 
replacing R-134a with the mixture of HC refrigerants, 
R-290 and R-600a with each 50% component ratio. 
The masses of HC refrigerant taken were 60g, 70g, 
80g, 90g, 100g, 110g and 120g.The experiments used 
a 440-L capacity home refrigerator as test facility, 
which officially works with 150g R-134a refrigerant. 
The use of R-290/R-600a with mass 90 g has best 
refrigerating behavior for the applied facility and is 
reduced 40% in comparison with official 150g R-
134a.Change of refrigerator temperature is faster by 
using R-290/R-600a, which reduce individual 
working time. Total working time per month is 
shorter than R-134a by using R-290/R-600a.On 
average, total refrigerating behavior with R-290/R-
600a is better than R-134a and total conserving 
energy is 4.4%.[9] 
 
M.A. Sattar, R.Saidur and H.H.Masjuki (2007) 
studied experimentally the performance of a domestic 
refrigerator using pure butane as a refrigerant. A 
domestic refrigerator designed to work with R-134a 
as refrigerant was used as test unit to assess the 
possibility of pure butane as refrigerant. The 
experiments were conducted with the refrigerants 
under the same no load condition at a surrounding 
temperature of 25°C and 28°C.The refrigeration 
capacity, the compressor power, COP, condenser 
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duty and heat rejection ratio were investigated. The 
COP for the pure HC was comparable with the COP 
of HFC134a.The energy consumption of the pure HC 
was about similar to the energy consumption of 
refrigerator when HFC134a was used as refrigerant. 
HC offer lowest inlet refrigerant temperature of 
evaporator. So for the low temperature application 
HC is better than HFC134a.The domestic refrigerator 
was charged with 140gm of HFC134a and 70gms of 
HC. This is an indication of better performance of the 
HC as refrigerant. The results indicate the possibility 
of using HC in the existing refrigerator system 
without modification of the components. [10] 
 
Moo-Yeon Lee, Dong-Yeon Lee, Yongchan Kima 
(2007) assessed performance characteristics of a 
small-capacity directly cooled refrigerator using 
R290/R600a (55/45). Systems with R290/R600a 
(55/45) and R134a were tested, and then optimized 
by varying the refrigerant charge and capillary tube 
length under experimental conditions for both the 
pull-down test and the power consumption test. The 
refrigerant charge of the optimized R290/R600a 
system (50g) was approximately 50% of that of the 
optimized R134a (100g) system. The capillary tube 
lengths for each evaporator in the optimized 
R290/R600a system were 500mm longer than those 
in the optimized R134a system. The power 
consumption of the optimized R134a system was 
12.3% higher than that of the optimized R290/R600a 
system. The cooling speed of the optimized 
R290/R600a (55/45) system at the in-case setting 
temperature of -15°C was improved by 28.8% over 
that of the optimized R134a system. Based on the 
findings of this study, this HC mixture can be used 
instead of R134a as a new generation of 
environmentally friendly refrigerants. [11] 
 
M. Fatouh, M. El Kafafy (2006) used liquefied 
petroleum gas (LPG) of 60% propane and 40% 
commercial butane as a drop-in substitute for R134a 
in a single evaporator domestic refrigerator with a 
total volume of (283 l).Continuous running and 
cycling tests were performed on that refrigerator 
under tropical conditions using different capillary 
tube lengths and various charges of R134a and LPG. 
Continuous running and cycling results showed that 
R134a with a capillary tube length of 4 m and charge 
of 100 g or LPG with capillary tube lengths from 4.0 
to 6.0 and charge of 50 g or more satisfy the required 
freezer air temperature of 12°C. The lowest electric 
energy consumption was achieved using LPG with 
combination of capillary tube length of 5 m and 
charge of 60 g. This combination achieved higher 
volumetric cooling capacity and lower freezer air 
temperature compared to R134a.Pull-down time, 
pressure ratio and power consumption of LPG 
refrigerator were lower than those of R134a 
refrigerator by about 7.6%, 5.5% and 4.3%, 
respectively. Actual COP of LPG refrigerator was 

higher than that of R134a by about 7.6%.Lower on-
time ratio and energy consumption of LPG 
refrigerator by nearly 14.3% and 10.8%, respectively, 
compared to those of R134a refrigerator were 
achieved. [12] 
 
Wongwises and Chimres (2005) used the HC 
refrigerants R290, R600, and R600a to replace R134a 
in a domestic refrigerator with a gross capacity of 239 
L. The refrigerant mixtures used were divided into 
three groups: a mixture of the three HCs, a mixture of 
two HCs, and a mixture of two HCs and R134a. The 
experiments were conducted with the refrigerants 
under the same no-load condition at a surrounding 
temperature of 25oC. The results showed that the 
mixture of R290 and R600 (60% and 40% according 
to mass, respectively) was the most appropriate 
alternative. Compared with using R134a, using this 
HC mixture reduced the refrigerator’s energy 
consumption by 86%. The refrigerant charge of the 
HC mixture system was approximately 50% of that of 
the R134a system (120 g). [13] 
 
Y.S. Lee, C.C. Su (2002) examined Isobutane 
(R600a) as the refrigerant in domestic refrigeration 
system. Amount of the charged refrigerant was about 
150 g. The refrigeration temperatures were set at 
about 4 and -10°C to simulate the situations of the 
cold storage and the freezing applications. The input 
power of the compressor varied between 230 and 300 
W. Both normal and extreme conditions were 
investigated in this work. In the cold storage 
application, two capillary tubes in parallel gave better 
performances than a single tube. The proper sizes of 
the tube are between 4 and 4.5 m in length, and 0.7 
mm in internal diameter in the cold storage 
application. In the freezing application they are 
between 4.5 and 5 m in length, and 0.6 mm in internal 
diameter. The COP of the system lies between 1.2 
and 4.5 in the cold storage application. Between 0.8 
and 3.5 in the freezing application, which are 
comparable with those of the system with R-12 and 
R-22 as the refrigerant. R600a had a more 
satisfactory cooling capacity than R12 and R22 did. 
[14] 
 
CONCLUSIONS 
 
From the review of experimental research done it is 
observed that HC refrigerant mixtures of R 290, R600 
and R600a in various proportions were developed to 
substitute the halogenated refrigerant R134a.It can be 
concluded that HC mixtures are found to be better 
substitutes for R134a in domestic refrigeration sector 
based on the results regarding the performance of 
refrigerator. A mixture of 60% R290 with 40% of 
both the R600 and R600a is the best recommended 
substitute for R134a in all environmental conditions. 
HCs have excellent characteristics as refrigerants 
from a thermodynamic as well as heat transfer point 
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of view. They have excellent environmental 
characteristics: no ODP and negligible GWP, good 
miscibility with both mineral and synthetic lubricants 
and acceptable compatibility with common materials 
employed in refrigeration equipment. HC refrigerants 
are identified as a long-term alternative to phase out 
the existing halogenated refrigerants in the vapor 
compression-based systems. 
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