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Abstract— Sun is suppling continues energy in the form of 

light which is non-vanishing and free from pollution and 

noise. The energy drawn from the non-renewable resources 

like fossil fuels and petroleum products can be easily 

compensate by the inexhaustible and clean energy obtained 

from the Sun. The earth intercepted about 1.8×1011 MW of 

power which is larger than the rate of all the energy 

consumption. In this review paper, an attempt has been 

made to discuss the current research in the field of solar 

refrigeration. The main objectives of this research are to 

present the current status and future aspects of solar energy 

in the world. 
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I. INTRODUCTION 

Air conditioning is the dominating energy consuming 

service in buildings in many countries. And in many regions 

of the world, the demand for cooling and dehumidification 

of indoor air is growing due to increasing comfort 

expectations and increasing cooling loads. Conventional 

cooling technologies exhibit several clear disadvantages: 

 Their energy consumption is high; 

 They cause high electricity peak loads; 

 In general, they employ refrigerants with a considerable 

global warming potential. 

The utilization of solar energy to drive heat-driven 

cooling machines is a way to address these problems. These 

systems use solar heat to drive a heat-drive chiller or 

dehumidifier, such as ab- or adsorption chillers, and 

desiccant evaporative cooling systems. A well designed 

solar assisted air-conditioning system produces cooling with 

considerably less electricity demand than conventional air-

conditioning systems. Furthermore, the working fluids used 

in sorption chillers and desiccant rotors will not contribute 

to global warming, contrary to most working fluids in 

conventional compression chillers.  

Sun i.e. Solar Energy is most important source of 

Non-Conventional Energy. Vidarbha Region in Maharashtra 

state is most usable Land for Sun Rays because direct 

sunrays floats in plane surface of Land in the Vidarbha 

Region. Vidarbha Region is the northeastern region of 

Maharashtra state; Vidarbha comprises the 11 districts i.e. 

Nagpur, Amravati, Akola, Washim, Yavatmal, Buldhana, 

Bhandara, Chandrapur, Wardha, Gondia & Gagchiroli. 

There are 250-300 days of clear sun with an available 

average radiation of 4 to 6 kWh/m²over a day. There is a 

capacity to generate 1.5 million units/ MW/year through 

solar photovoltaic systems & up to 2.5 million units/MW/ 

year through solar thermal systems. 

II. SOLAR COLLECTORS 

Solar collectors are the most specific part of the solar-

assisted air conditioning system; the nature of the driving 

energy in this air conditioning system is the key difference 

to any other system. Solar energy collectors are special kind 

of heat exchangers that transform solar radiation energy to 

internal energy of the transport medium. The major 

component of any solar system is the solar collector. This is 

a device which absorbs the incoming solar radiation, 

converts it into heat, and transfers this heat to a fluid 

(usually air, water, or oil) flowing through the collector. The 

solar energy thus collected is carried from the circulating 

fluid either directly to the hot water or space conditioning 

equipment, or to a thermal energy storage tank from which 

can be drawn for use at night and/or cloudy days. 

There are basically two types of solar collectors: no 

concentrating or stationary and concentrating. A no 

concentrating collector has the same area for intercepting 

and for absorbing solar radiation, whereas a sun-tracking 

concentrating solar collector usually has concave reflecting 

surfaces to intercept and focus the sun’s beam radiation to a 

smaller receiving area, thereby increasing the radiation flux. 

A large number of solar collectors are available in the 

market. In this section a review of the various types of 

collectors currently available will be presented. This 

includes FPC, ETC, and concentrating collectors. 

A. Stationary Collectors 

Solar energy collectors are basically distinguished by their 

motion, i.e. stationary, single axis tracking and two axes 

tracking, and the operating temperature. Initially, the 

stationary solar collectors are examined. These collectors 

are permanently fixed in position and do not track the sun. 

Three types of collectors fall in this category: 

1) Flat plate collectors (FPC);  

2) Stationary compound parabolic collectors (CPC);  

3) Evacuated tube collectors (ETC).  

B. Flat-Plate Collectors 

A typical flat-plate solar collector is shown in Fig. 2.1. 

When solar radiation passes through a transparent cover and 

impinges on the blackened absorber surface of high 

absorptivity, a large portion of this energy is absorbed by the 

plate and then transferred to the transport medium in the 

fluid tubes to be carried away for storage or use.  

 
Fig. 1: Pictorial view of flat plate collector. 

The underside of the absorber plate and the side of 

casing are well insulated to reduce conduction losses. The 

liquid tubes can be welded to the absorbing plate, or they 
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can be an integral part of the plate. The liquid tubes are 

connected at both ends by large diameter header tubes. The 

transparent cover is used to reduce convection losses from 

the absorber plate through the restraint of the stagnant air 

layer between the absorber plate and the glass. It also 

reduces radiation losses from the collector as the glass is 

transparent to the short wave radiation received by the sun 

but it is nearly opaque to long-wave thermal radiation 

emitted by the absorber plate (greenhouse effect). FPC is 

usually permanently fixed in position and requires no 

tracking of the sun. The collectors should be oriented 

directly towards the equator, facing south in the northern 

hemisphere and north in the southern. The optimum tilt 

angle of the collector is equal to the latitude of the location 

with angle variations of 10 – 158 more or less depending on 

the application. A FPC generally consists of the following 

components as shown in Fig. 2:  

 
Fig. 2: Exploded view of a flat-plate collector. 

 Glazing: One or more sheets of glass or other 

diathermanous (radiation-transmitting) material.  

 Tubes, fins, or passages: To conduct or direct the heat 

transfer fluid from the inlet to the outlet.  

 Absorber plates:  Flat, corrugated, or grooved plates, to 

which the tubes, fins, or passages are attached. The 

plate may be integral with the tubes.  

 Headers or manifolds: To admit and discharge the fluid. 

 Insulation: To minimize the heat loss from the back and 

sides of the collector. Container or casing: To surround 

the aforementioned components and keep them free 

from dust, moisture, etc. FPC has been built in a wide 

variety of designs and from many different materials. 

They have been used to heat fluids such as water, water 

plus antifreeze additive, or air. Their major purpose is 

to collect as much solar energy as possible at the lower 

possible total cost. The collector should also have a 

long effective life, despite the adverse effects of the 

sun’s ultraviolet radiation, corrosion and clogging 

because of acidity, alkalinity or hardness of the heat 

transfer fluid, freezing of water, or deposition of dust or 

moisture on the glazing, and breakage of the glazing 

because of thermal expansion, hail, vandalism or other 

causes. These causes can be minimized by the use of 

tempered glass.  

C. Compound Parabolic Collectors 

CPC are non-imaging concentrators. These have the 

capability of reflecting to the absorber all of the incident 

radiation within wide limits. The necessity of moving the 

concentrator to accommodate the changing solar orientation 

can be reduced by using a trough with two sections of a 

parabola facing each other, as shown in Fig. 2.2.1. 

 
Fig. 3: Compound parabolic concentrators 

Compound parabolic concentrators can accept 

incoming radiation over a relatively wide range of angles. 

By using multiple internal reflections, any radiation that is 

entering the aperture, within the collector acceptance angle, 

finds its way to the absorber surface located at the bottom of 

the collector. The absorber can take a variety of 

configurations. It can be cylindrical as shown in Fig. 2.2.1 or 

flat. In the CPC shown in Fig. 2.2.1 the lower portion of the 

reflector (AB and AC) is circular, while the upper portions 

(BD and CE) are parabolic. As the upper part of a CPC 

contribute little to the radiation reaching the absorber, they 

are usually truncated thus forming a shorter version of the 

CPC, which is also cheaper. CPCs are usually covered with 

glass to avoid dust and other materials from entering the 

collector and thus reducing the reflectivity of its walls. 

D. Evacuated Tube Collectors 

Conventional simple flat-plate solar collectors were 

developed for use in sunny and warm climates. Their 

benefits however are greatly reduced when conditions 

become unfavorable during cold, cloudy and windy days. 

Furthermore, weathering influences such as condensation 

and moisture will cause early deterioration of internal 

materials resulting in reduced performance and system 

failure. Evacuated heat pipe solar collectors (tubes) operate 

differently than the other collectors available on the market. 

These solar collectors consist of a heat pipe inside a 

vacuum-sealed tube, as shown in Fig. 2.3.1. ETC has 

demonstrated that the combination of a selective surface and 

an effective convection suppressor can result in good 

performance at high temperatures. The vacuum envelope 

reduces convection and conduction losses, so the collectors 

can operate at higher temperatures than FPC. Like FPC, they 

collect both direct and diffuse radiation. However, their 

efficiency is higher at low incidence angles. This effect 

tends to give ETC an advantage over FPC in day-long 

performance. ETC use liquid – vapor phase change 

materials to transfer heat at high efficiency. These collectors 

feature a heat pipe (a highly efficient thermal conductor) 

placed inside a vacuum-sealed tube. The pipe, which is a 

sealed copper pipe, is then attached to a black copper fin that 

fills the tube (absorber plate). Protruding from the top of 

each tube is a metal tip attached to the sealed pipe 

(condenser). The heat pipe contains a small amount of fluid 

(e.g. methanol) that undergoes an evaporating-condensing 

cycle. In this cycle, solar heat evaporates the liquid, and the 
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vapor travels to the heat sink region where it condenses and 

releases its latent heat. The condensed fluid return back to 

the solar collector and the process is repeated. When these 

tubes are mounted, the metal tips up, into a heat exchanger 

(manifold) as shown in Fig. 2.3.1. Water or glycol, flows 

through the manifold and picks up the heat from the tubes. 

The heated liquid circulates through another heat exchanger 

and gives off its heat to a process or to water that is stored in 

a solar storage tank. Because no evaporation or 

condensation above the phase-change temperature is 

possible, the heat pipe offers inherent protection from 

freezing and overheating. 

 
Fig. 4: Evacuated tube collectors 

This self-limiting temperature control is a unique 

feature of the evacuated heat pipe collector. ETC basically 

consist of a heat pipe inside a vacuum sealed tube. A large 

number of variations of the absorber shape of ETC is on the 

market. Evacuated tubes with CPC-reflectors are also 

commercialized by several manufacturers. One 

manufacturer recently presented an all-glass ETC, which 

may be an important step to cost reduction and increase of 

lifetime. Another variation of this type of collector is what is 

called Dewar tubes. In this two concentric glass tubes are 

used and the space in between the tubes is evacuated 

(vacuum jacket). The advantage of this design is that it is 

made entirely of glass and it is not necessary to penetrate the 

glass envelope in order to extract heat from the tube thus 

leakage losses are not present and it is also less expensive 

than the single envelope system. The characteristics of a 

typical ETC are shown in Table 4. Another type of collector 

developed recently is the integrated compound parabolic 

collector (ICPC). This is an ETC in which at the bottom part 

of the glass tube a reflective material is fixed. The collector 

combines the vacuum insulation and non-imaging stationary 

concentration into a single unit. In another design a tracking 

ICPC is developed which is suitable for high temperature 

applications. 

III. ABSORPTION CHILLER 

The working principle of an absorption system is similar to 

that of a mechanical compression system with respect to the 

key system components evaporator and condenser. A 

vaporizing liquid extracts heat at a low temperature (cold 

production). The vapor is compressed to a higher pressure 

and condenses at a higher temperature (heat rejection). The 

compression of the vapor is accomplished by means of a 

thermally driven ‘compressor ‘consisting of the two main 

components absorber and generator.  Subsequently, the 

pressure of the liquid is reduced by expansion through a 

throttle valve, and the cycle is repeated.  Absorption cycles 

are based on the fact that the boiling point of a mixture is 

higher than the corresponding boiling point of a pure liquid. 

The steps of the absorption cycle are:  

1) The refrigerant evaporates in the evaporator, thereby 

extracting heat from a low temperature heat source. 

This results in the useful cooling effect.  

2) The refrigerant vapor flows from the evaporator to the 

absorber, where it is absorbed in a concentrated 

solution. Latent heat of condensation and mixing heat 

must be extracted by a cooling medium, so the absorber 

is usually water-cooled using a cooling tower to keep 

the process going. 

3) The diluted solution is pumped to the components 

connected to the driving heat Source (i.e., generator or 

desorber), where it is heated above its boiling 

temperature, so that refrigerant vapor is released at high 

pressure. The concentrated solution flows back to the 

absorber. 

The desorbed refrigerant condenses in the 

condenser, whereby heat is rejected at an intermediate 

temperature level. The condenser is usually water-

cooled using a cooling tower to reject ‘waste -heat‘.  

4) The refrigerant flows to the evaporator through an 

expansion valve, the pressure of the refrigerant 

condensate is reduced in this step. A schematic drawing 

of a basic absorption cycle is shown in Figure 3.1. 

 
Fig. 5: A schematic drawing of a basic absorption cycle 

The heat required for step 3 as described above, 

can be supplied, for instance, by direct combustion of fossil 

fuels, by waste heat or by solar collectors. Depending on the 

required cooling effect, one of the following working pairs 

for absorption chillers is commonly used: · For a 

temperature of the low temperature heat source higher than 

5°C, for example  when used for air-conditioning, a 

water/lithium-bromide (LiBr) pair absorption  machine is 

most frequently used, which must be water cooled. For a 

temperature of the low temperature heat source below 5°C, 

for example when used for refrigeration, an ammonia/water 

machine can be used, which may be cooled by either air or 
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water. In the water/lithium-bromide absorption chiller, water 

is the refrigerant, and cooling is based on the evaporation of 

water at very low pressures. Since water freezes below 0°C, 

the chilling temperature meets a physical limit at this level. 

LiBr is soluble in water if the LiBr mass fraction of the 

mixture is less than 70%. Crystallization of the LiBr will 

occur at higher concentrations and may damage the 

machine. This sets a maximum temperature for the absorber. 

Poor control of temperature or a fast change of conditions 

may cause crystallization. Appropriate operating controls 

will prevent this kind of problem. In order to sufficiently 

reduce the temperature of the absorber and dissipate the heat 

from the condenser, it is necessary to use a wet cooling 

tower. For solar-assisted air-conditioning systems with 

common solar collectors, single -effect LiBr absorption 

chillers are the most commonly used systems, because they 

require a comparatively low temperature heat input. The 

term ‘single -effect‘refers to the fact that the supplied heat is 

used once by a single generator. Thermodynamic 

restrictions in the system dictate that the cooling capacity for 

ideal and real systems is always less than the heat input. As 

a consequence, the COP for large single -effect machines lie 

in the range of 0.7 to 0.8 for standard operation conditions. 

Any deviation from the standard operation conditions, i.e., 

from the nominal volume flow rates and from the nominal 

temperatures in all of the three temperature levels, will 

cause a deviation in the chilling capacity and in the COP 

from the nominal values. A double-effect absorption chiller 

can be viewed as two single -effect cycles stacked on top of 

each other. The top cycle requires heat at a higher 

temperature level compared to a single-effect machine. 

Generally, it is driven either directly by a natural gas or oil 

burner, or indirectly by supplying steam. In the top cycle 

(primary generator), refrigerant vapor is generated at a 

higher temperature and pressure relative to the bottom cycle. 

The vapor is then condensed at this higher temperature and 

pressure, and the heat of condensation is used to drive the 

generator of the lower cycle (secondary generator), which is 

at a lower temperature. Double -effect cycles have a higher 

COP thermal than single-effect cycles.  Typical operation 

COP’s of double -effect absorption chillers are close to 1.1 

or slightly   above and typical driving temperatures lie in the 

range of 140°C to 160°C. Current research is concentrating 

on three and four-effect systems, which present an attractive 

potential for improved cooling performance, with a COP 

thermal of 1.7 to 2.2; but these systems require a distinctly 

higher temperature of driving heat. The need for higher 

driving temperatures makes double -effect chillers less 

suitable for solar-assisted air-conditioning systems using 

common solar collectors. It is possible to use high efficient 

solar collectors to reach higher temperatures but this will 

increase the installation, operation and maintenance costs. 

Absorption chillers are commercially available from many 

manufacturers. The choice on the market is quite extensive, 

but most machines have a large capacity.  

A. Adsorption Chillers 

Instead of absorbing the refrigerant in an absorbing solution, 

it is also possible to adsorb the refrigerant on the internal 

surfaces of a highly porous solid. This process is called 

adsorption. Typical examples of working pairs are 

water/silica gel, water/zeolite, ammonia/activated carbon or 

methanol/activated carbon and other similar materials. 

However, only machines using the water/silica gel working 

pair are currently available on the market. In absorption 

machines, the ability to circulate the absorbing fluid 

between the absorber and desorber results in a continuous 

loop. In adsorption machines, the solid sorbent has to be 

alternately cooled and heated to be able to adsorb and 

desorb the refrigerant. Operation is therefore intrinsically 

periodic with time. The cycle may be described as follows 

(see Figure 3.2): 

 
Fig. 6: A schematic drawing of a basic adsorption cycle 

1) The refrigerant previously adsorbed in the one adsorber 

is driven off by the use of Hot water (left compartment 

in Figure 3.2); 

2) The refrigerant condenses in the condenser and the heat 

of condensation is removed by cooling water; 

3) The condensate is sprayed in the evaporator and 

evaporates under low pressure. This step produces the 

useful cooling effect; 

4) The refrigerant vapor is adsorbed onto the other 

adsorber (right compartment in Figure 3.2). Heat is 

removed by the cooling water.  

Once a compartment has been fully charged 

(saturation of the silica gel with water) and the other 

compartment fully regenerated, their functions are 

interchanged. In between, the two chambers may be directly 

coupled in order to achieve some heat recovery, since the 

hot chamber has to be cooled in the next step and vice versa. 

The time dependent temperatures in an adsorption chiller are 

shown in Figure 3.2; it can be seen, for example, that for this 

particular machine, a periodic change between the two 

compartments always takes place after about seven minutes. 

Adsorption chiller requires for generation temperatures in 

the range from 60°C to 90°C and thus can operate at lower 

temperatures compared to absorption chillers. Only a few 

manufacturers produce adsorption chillers.  

IV. CONCLUSION 

In this paper, a review of the research state of the art of solar 

sorption (absorption and adsorption) refrigeration 

technologies are presented. From the discussion, one may 

conclude that solar-powered sorption refrigeration 

technologies could be used for producing a wide range of 

temperatures of cold. They are attractive technologies that 

not only can serve the needs for refrigeration, air-

conditioning applications and ice making, but also can meet 

demand for energy conservation and environment 
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protection. Comparatively, absorption systems are more 

suitable for air-conditioning while adsorption systems are 

more employed for low temperature purpose. It should be 

noted that the applications of solar sorption systems are not 

limited to the above areas. There are many other 

applications, which are not described here either because 

they are not fully developed or are not matured yet. The 

field of studies is still vast. But due to the relatively low 

COP or low energy conversion efficiency of solar collectors, 

currently most of the applications are in the stage of 

demonstration and prototyping. However, a lot of research 

work still needs to be done for enhancing the heat and mass 

transfer to improve performances of solar sorption 

refrigeration systems. More modern solar energy collecting 

and transferring technologies, and more advanced 

optimization and simulation models are also being 

anticipated. In addition, combined systems and domestic 

equipment’s using advanced micro-exchangers are also the 

trend of development. 
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