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Abstract:- The exigency for energy is increasing with
developing technology and rapid rise in world
population. The increasing energy rates and the urging
need for environmentally friendly refrigerants has led
scientists in the fields of refrigeration engineering to
develop technologies for the utilization of conventional
renewable energy resources. The deployment of
insolation energy for refrigeration systems would help to
unravel the existing energy crisis along with
environmental protection. Hence an exertion has been
made to understand the various approaches taken to
make use of solar energy for refrigeration systems and
its potential applications.
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I INTRODUCTION

The serious concerns of global warming and depleting
resources have urged to develop eco-friendly refrigeration
systems using renewable energy sources. Solar energy, if
properly utilized can be an alternative solution for these
problems. Solar energy finds its application in power
generation, heating, cooking, drying and refrigeration (Hassan
etal,, 2012). This indigenous and inexhaustible energy
resource can maintain sustainability in refrigeration industry
by reducing pollution, global warming, energy crisis and
ozone  depletion caused by  refrigerants  like
chlorofluorocarbons  (CFCs), hydro chlorofluorocarbons

discusses the developments in domain of solar refrigeration
system.

Il.  SOLARREFRIGERATION

Solar refrigeration system uses power obtained from
sun for cooling function. Low temperature of the refrigerant
is achieved mainly through solar photovoltaic cooling
systems and solar thermal cooling systems. In solar
photovoltaic cooling systems, photovoltaic cells converts
solar energy into electrical energy and is used for
refrigeration (Saidur et.al., 2008) while in Solar thermal
refrigeration system, solar collector raises the temperature of
the refrigerant directly through collector tubes (Kalkan
et.al., 2012).

A. Solar Photovoltaic Cooling System

Photovoltaic refrigeration system consist of a photo
voltaic (PV) cell (capable of operating at wide range of
conditions) which converts the insolation into direct current
(DC). The electrical power (DC) generated by solar
photovoltaic panels is used to operate a DC motor which is
attached to the compressor of a vapor compression
refrigeration (VCR) system. The DC thus produced can also
be converted into alternating current (AC) using an inverter.
The DC current produced can also be stored in batteries
which can be used further when the solar radiation is
unavailable. But the usage of batteries increases system’s
weight and decreases steady state efficiency.

(HCFCs) and hydro-fluorocarbons (HFCs). The paper
Condenser
Solar Radiation
. DC current ]
PV Cell 3 DCMotor 5 Compressor EXP'ﬂmSlIOﬂ
valve

{ Evaporator

Fig. 1:- Schematic representation of solar photovoltaic refrigeration system

The schematic representation of solar photovoltaic
refrigeration system is manifested in the Fig. 1. The system
comprises a PV cell, DC Motor and the components of
VCR system — i.e, compressor, condenser, expansion valve
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and an evaporator. The requisite mechanical energy to run
the compressor is provided by the DC motor. In the
compressor, the working fluid (refrigerant) is compressed
adiabatically to high pressure and high temperature vapor.
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After which the refrigerant vapor is cooled and condensed
in the condenser. The liquid refrigerant thus obtained is
metered through an expansion valve which will reduce its
pressure and temperature to suit the evaporator conditions.
The evaporator takes up the heat from the surroundings
and converts the refrigerant into vapor state and the cycle
continues. The performance of this refrigeration system is
expressed in terms of power-voltage and current voltage-
characteristics and it depends on the module temperature
and solar radiation. Solar Photovoltaic cooling system can
be used in Refrigerators, ice makers, freezers, coolers,
building air cooling system.

B. Solar Absorption Refrigeration

Solar absorption refrigeration is most frequently
adopted and is highly energy conservative as it replaces
energy —intensive compressor with a heat driven system for
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compression process which require minimal mechanical
power. Commonly used refrigerant— absorbent working pairs
are water-lithium bromide (LiBr) pair, and ammonia-water
pair. A schematic representation of solar driven ammonia
absorption system is shown in Fig. 2. The system consists of
solar collector, condenser, expansion valve, evaporator,
generator, and absorber. The refrigerant vapors (ammonia)
leaving the evaporator is absorbed by a liquid solution of
water-ammonia (weak solution) in the absorber. The
ammonia-rich liquid solution is then pumped at higher
pressure to the generator. In the generator the solution is
heated using the energy obtained from the solar collector.
During the heating process the vapor refrigerant gets
separated from the solution and passes into the condenser
where it gets liquefied. The liquid refrigerant moves in to the
evaporator and the cycle continues (Hassan and Mohamad,
2012).
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Fig. 2:- Schematic representation of solar absorption refrigeration system

Many researchers has developed new refrigerant
absorbent pairs like ammonia-calcium chloride (Worsoe-
Schmidt, 1979), ammonia- Lithium nitrate (River and Rivera,
2003), trifluroethanol-tetraethyleneglycol
dimethylether(Medrano et. al., 2001 ), water-ethylene glycol
(Abdelmessih et. al., 2007), etc. Other than the above said
single effect solar refrigeration systems, researchers has
developed many other configurations also. Arivazhagan et.
al., (2006) has carried out an study to evaluate the
performance of two-stage half effect vapor absorption
cooling system using R134a as refrigerant and
dimethylacetamide (DMAC) as absorbent. And he found that
the system is competent enough to produce low evaporating
temperature of —7 °C with generator temperatures in the
range of 55to 75 °C. Rivera et. al., (2011) developed a solar
intermittent  refrigeration  system  working  with
ammonia/lithium nitrate mixture for the production of ice.
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C. Solar Mechanical Refrigeration System

Solar mechanical refrigeration system works on the
ordinary vapor compression refrigeration cycle. The
compressor is driven by the mechanical power obtained from
a solar driven heat power cycle. The heat power cycle works
on the principle of Rankine cycle. The schematic
representation of solar mechanical refrigeration system is
shown in Fig. .3. The working fluid absorbs the heat energy
from the solar collector and gets evaporated. The vapor thus
produced is used to heat the fluid in heat exchanger and it
gets vaporized as shown in the Fig. 3. An expander converts
the heat energy thus produced into mechanical power which
is used to run the compressor of the vapor compression
system. When the fluid exits the expander, it gets condensed
and is pumped back into the heat exchanger.
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Fig. 3: Schematic representation of solar mechanical refrigeration system

Experiments on Solar mechanical refrigeration systems
working on combined Rankine cycle and VCR cycle has
been done by many researchers (Laidi and Hanini, 2013; Lu
et. al., 2013). Jeong and Kang(2004) has developed a design
with recuperator, reheater, and economizer and they found
that the coefficient of performance (COP) depends mostly on
the boiler pressure. Literatures are also available for the use
of water (Delgado-Torres ,2009), ammonia, hydrocarbons
(Kizilkan et.al., 2016), hydroflurocarbons (Spayde et.al.,
2015), siloxanes ( Desai et.al., 2016) etc. as working fluids in
rankine cycle.

I11.  COP OF SOLAR REFRIGERATION SYSTEM

The performance of solar refrigeration system is
specified in terms of coefficient of performance (COP). It is
the ratio between refrigeration capacity and input solar
energy (Klein and Reindl, 2005). The COP of the system
depends on various facets of the equipment, working fluid
and temperature of generator, condenser and evaporator
(Hatraf et.al., 2014). Otanicar et.al.,, (2012) studied the
economical and environmental aspects of solar cooling and
found that solar electric cooling will entail lowest capital
investment by the year 2030 owing to the high COP and
strong reduction in cost for PV technology.

V. ADVANTAGES AND DISADVANTAGES OF
SOLAR REFRIGERATION SYSTEM.

The major advantage of solar refrigeration system is
that we can save a noteworthy amount of electrical power
and cause less pollution due to usage of conventional solar
energy to produce power. Besides this solar energy is
obtainable in every part of the world unlike fossil fuel and
nuclear power and is a clean source of energy. Solar powered
refrigerators can be effectively used to store perishable
products such as meat and dairy products. It is a good option
for refrigeration in the places where AC power is not
available.

The system also has few disadvantages. Since the solar
radiation is not obtainable throughout the day, power
production is not consistent and also the amount of energy
produced depends on the intensity of the radiation. To
produce adequate energy, bigger solar collector is needed
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which requires a bigger space. The initial investment is also
large for the system.

V. CONCLUSION

Solar refrigeration is a sound solution to reduce carbon
dioxide emission and thereby global warming caused by the
use synthetic refrigerants. The review discusses three major
developments- solar photovoltaic cooling system, solar
mechanical refrigeration system and solar absorption
refrigeration system. More studies has to be made to exploit
this environmentally friendly energy reserve for the efficient
deployment in the domain of refrigeration and air
conditioning.
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