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Abstract: Increasing population, expanding economy and craving for higher comfort has led to rapid rise in demand of electrical 

power.  Air conditioning is a major contributor to this rise in demand.  It is pertinent to find technologies which consume less 

electrical energy and are more environments friendly.  Liquid desiccant based air conditioning system is one such system which 

can use solar thermal or waste heat as energy input. Regeneration and dehumidification of LD is the important process in this 

system, once the LD dehumidified then it is necessary to increase its concentration level by regenerating liquid desiccant using 

suitable heating source. This work basically focus on Regeneration of LD using solar energy, for that study of  proper selection of 

LD, Solar collector, operating parameter like temperature of LD, Concentration level of LD, Types of LD are important. So this 

paper combined the information about different liquid desiccant and their properties, different solar collectors, different 

regeneration system and their operating parameter like concentration level and operating temperature.so in a future proper 

optimum system can be design and develop for LD regeneration system. 

KEYWORDS: Liquid desiccant, solar collector cum regenerator, dehumidifier, indirectsolar regenerator, direct solar regenerator, 

Air scavenging regenerator, Solar still, Reflector.  

1. INTRODUCTION 

Nowadays the consumption of electricity is increasing day-by-day. And air conditioners, refrigerators, household 

appliancesconsuming more power. The consumption of electricity is drastically increasing with respect to their applications in 

small and large industries and which in turn has bad effect on the environment. And the cause is that it increases the depletion of 

the ozone layer and the green-house gases. As the primary energy consumer sector accounts for 40% of the world’s primary 

energy consumption and which is responsible for one third of the global CO2 emissions [1].The major concern for consumption of 

much electricity is the population and the economy which is increasing at a tremendous rate. And in that having low cost of the 

air-conditioning is imposing a great stress on us [2]. Solar energy can be utilized for air conditioners as in summer as available in 

plenty [3-7]. Around 67% of total production of electricity comes from non-renewable energy resource such as fossil fuel etc. 

Conventional VCRS is solar directed Liquid desiccant dehumidification followed by the evaporative cooling of water [8]. 

Major option to the conventional VCRS is solar operated Liquid Desiccant (LD) dehumidification followed by evaporative water 

cooling. In LD based air conditioning, after the adsorption of moisture from process air LD needs to be regenerated. This weak 

LD solution can be regenerated by heating with the help of solar radiation [9]. This heat can be supplied by solar heated air in the 

stripping column or with the help of various process solarequipment’s e.g. solar still [10–12], solar collector [13], falling film 

[14,15], spray [16–18], packed bed [19–25], solar dryer [26–28], solar pond [29–32] etc. As in summer season we have much 

availability of the solar energy which in turn saves the electricity and reduces the green-house gas emissions by using of the solar 

powered air conditioner [33]. Liquid desiccants such as Li-Cl, Li-Br, CaCl2 and newly desiccants can be used in the liquid 

desiccants in the air-conditioning system attracted many of the researchers [34].  

Liquid desiccant cooling systems (LDCS) is an environmentally-friendly technique which reduces the cause by using the solar 

energy and the liquid or the solid desiccants [35]. 

2. REVIEW BASED ON LIQUID DESSICANT  

 

 Liquid Desiccant is a hygroscopic solution [33] which absorbs moisture from the closed system. It can also be defined as that 

it has an attraction towards the water particles present in the closed system. Basically two types of desiccants are available, 

(1) Solid desiccant 2) Liquid desiccant, Solid desiccants includes silica gel, hydrate salts, alumina. And liquid desiccants are 

Lithium chloride, Lithium bromide, Calcium Chloride. Basic properties of Liquid desiccants are like they should have low 

vapour pressure which minimize evaporation losses during regeneration, the desiccant should be non-toxic, non-corrosive, 

and odourless and non-flammable. The desiccant should be chemically and structurally stable and should not be affected by 

impurities. Liquid solutions should not crystallize within the operating range of temperature and concentration, and should 

have low viscosity and good heat transfer properties,Water vapor pressure characteristics of the desiccant should be suitable 

for the required degree of dehumidification and for regeneration at temperatures economically available from solar collectors 

or waste heat. 
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2.1 Properties Of Different  Liquid Desiccants [36]: 

 

 Lithium chloride (Li-Cl) and Lithium Bromide (Li-Br): It has good dehumidification with regeneration temperature about 

80°C. And it does not require high circulation rate between dehumidifier and the regenerator. In these there are high chances 

of corrosion to the system and so it requires inhibitors and PH control. It does not evaporate at working temperature of the 

system. And its cost is high as compared to other desiccants. 

 Calcium Chloride (CaCl2): It has poor dehumidification, and its regeneration is possible at temperature of about 60°C.During 

the regeneration process it does not evaporate and has moderate effect of corrosion and so to prevent this we require 

inhibitors and PH control. Its cost is low as compared to (Li-Cl) and (Li-Br). 

 Mono-ethylene glycol: It has moderate dehumidification when regenerated at 65°C to 80°C. It requires high circulation rate 

between dehumidifier and regenerator. It has greater losses during the regeneration and dehumidification processes.  

But on the other side it has moderate corrosion and requires inhibitors and PH control to prevent it. And its cost is moderate 

as compared to (CaCl2). 

Lithium chloride is the most stable liquid desiccant because it has low vapour pressure but on the other side it has high cost [36]. 

Calcium chloride is the desiccant which is easily available and the cheapest one but at a given temperature it has high vapour 

pressure and it becomes unstable depending on the inlet conditions of the air conditioning [36]. 

2.2 Principle Of Desiccant Cycle: 

 

Figure 1: curves of water vapour pressure at desiccant surface as a function of temperature [37] 

The Desiccant cycle working is possible due to its water retaining capacity from the surrounding at a lower temperature and 

discharging it to the air at a higher temperature.And this exchange of water vapour between the desiccant and the air purely 

depend on the surface of the desiccant and the water vapour pressure of the air.Vapour pressure is a function of temperature and 

water content at the surface of the desiccant. It is shown in the figure 2 and the curves shows that as the temperature increases the 

vapour pressure also increases and vice-versa. And it is known that as if temperature is very high then we get the higher vapour 

pressure [37]. 

3. DIFFERENT REGENERATION METHODS FOR LIQUID DESICCANT: 

3.1 Methods Of Regeneration Of LD 

Regeneration method for LD can be divided into indirect method or direct method. In indirect method, the air is heated in solar 

collector and LD is heated in heat exchanger, hot air absorbs the moisture from LD. And in direct method LD is heated in the 

solar collector and water vapour is directly removed by evaporation.  

 

3.2 Indirect Methods: 

3.2.1 Air Scavenging Regenerator [37] 
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Water is heated in a solar air collector. The heating of air can be done by using heat exchanger in which hot water is supplied.  

The types of collector can be used are flat plate collector, ETC (Evacuated Tube Collector) collector, parabolic collector etc. It’s a 

scavenging type regeneration system. In this type of regenerator hot air is passed over LD in regenerator and takes away the 

moisture from LD.  

 

Figure 2:indirect method of ld regeneration [37] 

As shown in figure the air is heated in solar collector. Hot air is used to heat the LD in heat exchanger and then supplied to 

regenerator. The preheated LD is sprayed in regenerator where it comes in contact with hot air which absorbs the moisture from 

LD due to vapour pressure difference. 

 

3.2.2 Liquid Desiccant-Vapor Compression Hybrid System 

 

 

Figure 3: block diagram of system [62] 

Li Yinglin et all [62] This paper suggest design for hybrid system by using auxiliary regenerator and also tests a conventional 

LDCH air-conditioning experimental setup and established the corresponding mathematical model to analyze the effect of the 

concentrated solution branch in the SSHE (solution solution heat exchanger) on the cooling capacity of the evaporator. The results 

show that the percentage of cooling capacity loss of the evaporator exceeds 10% with the small concentration difference of 1.5% 

in the conventional LDCH air-conditioning system. For this reason new system is proposed. 
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For the new LDCH air-conditioning system, there is a big drop of temperature of concentrated solution branch after being pre-

treated by the auxiliary regenerator. Under the condition of concentration difference of 2.65%, 

The inlet temperature of concentrated solution branch from the regeneration side in the SSHE can decrease over 60C, the extra 

heat load entering the dehumidification side from the regeneration side obviously decreases, and the loss percentage qc of cooling 

capacity lowers from 8.2% to about 1.5%. So auxiliary regenerator provide Reduction temperature and difference of inlet and 

outlet of heat exchanger. 

 

 

Figure 4: t-x diagram [62] 

 

3.3 Direct Methods (Collector cum Regenerator, C/R) 

In the direct method or the collector cum regenerator, the LD gets heated with the help of the collector or regenerator. Water 

content in the LD gets evaporated and removed. 

Flat Plate C/R: Natural convection and forced convection 

 

 

Figure 5: flat plate solar collector [38] 

The system is shown in the figure:5. It is forced parallel flow type flat plate collector/regenerator. In this method collector is used 

directly for heating the LD instead of heating air as it was in the case of indirect regeneration. Here ambient air is passed over the 
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desiccant, which is sprayed over the surface of the collector/regenerator and it has shown in the figure. And the air takes the water 

vapour which is evaporated from the LD. 

 

3.3.2ETC used as C/R in Two Stage Regeneration Process 

 

 

Figure 6: evacuated tube collector [39] 

ETC is used to achieve higher temperature and it has been shown in the figure:6.In this LD gets regenerated in two stage 

regeneration. First the LD gets heated in the glass tube and then it gets boiled. At the outlet of regenerator, LD is regenerated and 

steam is received. And this steam can be used to preheat the LD or regeneration [39]. 

3.3.3 Solar still type regenerator 

 

Figure 7: double slope solar still [40] 

 

 3.3.4 Tilted Solar Still As The Regenerator 

Gandhidasan [41] has also showed the use of tilted solar still for the regeneration of LD (Fig. 8). He derived that solar energy for 

the regeneration of LD would be feasible in hot and humid climate rather than dry climate. Also, Gandhidasan et al. [42] had 

simulated the open solar regeneration system for the humid climate and discussed the various parameters affecting the 

performance of the system. 
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Figure 8: tilted solar still as the regenerator [41] 

 

3.4 A Concept- Hybrid Solar System 

3.4.1 Hybrid Conventional And Liquid-Desiccant Subsystem  

 

 

Figure 9: hybrid conventional and liquid-desiccant subsystem [43] 
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In last few decades, a Hybrid solar system concept is getting more popular and popular due to its ability to achieve more required 

condition of air rather than LDAC alone. In the hybrid solar system, either two sources of heat are used for regenerating LD or 

solar energy is used for regeneration along with other application (mainly as a combination of solar powered LD system and 

conventional VCRS or absorption refrigeration system) [44].  Sick et al. [43] analysed the performance of hybrid LD cooling 

system comprising of conventional and LDAC equipment as shown in Figure 10. They had calculated that if initial costs are not 

taken into account, this system has lowest operational cost when operated at solar mode having regeneration with the help of flat 

plate collectors. 

3.4.2 Hybrid Solar System 

Mohan et al. [45] have designed a Liquid Desiccant Vapour Compression (LDVC) hybrid system consist of a 0.8 TR vapour 

compression air conditioning system and LiBr liquid desiccant loop as shown in Fig.11. They have carried out an experiment on 

the hybrid system in balanced ambient room type calorimeter. This kind of work was also found in other research papers [46-49]. 

In the study, liquid desiccant was regenerated with the use of waste heat. The authors have investigated the effect of varying room 

air temperature and specific humidity on performance of hybrid system. The main attention of the system is that very low LD to 

air flow ratio (~0.01) is used in whole experiment. The authors have concluded that dehumidification of process air and 

regeneration of liquid desiccant reduces as room temperature increases and increases with increase in room specific humidity.  

 

 

Figure 10: block diagram of hybrid solar system [45] 
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4. REGENERATION OF LIQUID DESSICANT USING SOLAR ENERGY: 

Solar Collector is classified as: 

1. Concentrating type of solar collector and, 

2. Non-concentrating type of solar collector 

The application of collector is according to its field like the air collectors is used for air conditioning, some collector collects solar 

radiation to produce electricity, or to produce hot or cold water generation [50].  

Concentrating type of solar collector is that collector which concentrates the solar energy to a point with the help of the reflective 

surface where it is absorbed and the solar energy is converted into the heat with the help of direct or the beam radiation. 

Parabolic trough collector, solar tower, compound parabolic collector are the concentrating types of solar collector. 

Non-concentrating type of solar collector is that type of collector in which the area collecting the solar energy is same as the area 

which is absorbing the solar radiation like the flat plate collector and the evacuated type of collector. 

4.1 Flat Plate Collector  

Flat plate collector is a fixed type of solar thermal collector which consists of a transparent cover, black absorber plate with fluid 

tubes,insulation on side and at the back to minimize the heat loss and air tight enclosure. When the solar radiation is incident on 

the collector the radiation passes through the transparent cover and then the radiation after passing through this is absorbed by the 

absorber plate which converts the solar radiation into the heat energy and passes this energy to the fluid passing through the tubes. 

It came to be noted that the maximum collector efficiency without reflector is obtained around 51% and with reflector it was 

around 61%. So it was experienced that the presence of reflector increases the efficiency by 10% with the collector [51]. 

 

Figure 11: flat plate collector [52] 

 

The efficiency of around 55% to 60% also obtained by [53-55] using different methods of improving the solar collector 

efficiency. 

4.2 Evacuated Tube Collectors 

Evacuated tube collector is made up of number of evacuated tube glass tubes. Each of the glass tube has an absorber plate in 

which the heat pipe is placed inside the tube. When the solar radiation falls on the evacuated tube, the absorber plate absorbs it 

and converts the solar radiation into the heat energy. And this heat is now transferred from absorber plate to the heat pipe and 

further it is utilised according to the process for which it is used. In this collector vacuum is created inside the glass tube and this 

reduces conduction and convection heat losses which generally occurs outside of the tube. And so we get efficient performance of 

evacuated tube collector as compared to flat plate collector [50]. 
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Figure 12: evacuated tube collector [50] 

There are different types of evacuated tube collectors such as evacuated glass metal tube collector and evacuated glass to glass 

tube collector [50]. 

[56] had carried out the field performance with a 4m2 flat plate collector and 3m2 evacuated tube collector and it was found that 

the FPC was quite favourably with the ETC under the same weather conditions and when connected to a 300litre hot water tank. 

Investigation on application of aluminium heat pipe in the solar collectors was done by [57]. 

4.3 Parabolic Trough Collector 

Parabolic troughcollector is a collector which concentrates the incident solar energy about 70-100 times on the absorber tubes, 

achieves temperature of about 350°C to 550°C [58]. 

 

 

Figure 13: parabolic trough collector [59] 

5. PERFORMANCE PARAMETER OF LD REGENERATION 

5.1 Concentration AndCondensing Temperature 

Xiaohui She et al: [60] this research paper suggest the relation between concentration level of liquid desiccant, condensing 

temperature & C.O.P for the different types of liquid desiccant like LiBr,CacL2,LiCl. It also show that at what level we maintain 

our concentration level for particular desiccant through analysis of curve fitting by empirical formula and also compare this 

analysis with computer programming result. Here in this proposed system they using total three heat exchanger separately. 
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(a) Sensitive study of solution concentration involved in the system is conducted at different condensation temperature. Under 

standard condensing temperature (50 C), the suggested solution concentration is around 0.31 for LiCl aqueous solution 

system, 0.45 for LiBr aqueous solution system and 0.42 for CaCl2 aqueous solution system. 

(b) for LiCl and LiBr aqueous solutions, the correlation is linear, and can be easy to get, while it is nonlinear for CaCl2 aqueous 

solution, 

For LiCiXs = 0.008 xTcon - 0.09  

For LiBrXs = 0.008 xTcon + 0.05  

For cacl2 Xs = -0.0001 xTcon3 + 0.0157 xTcon2 - 0.755 xTcon + 12.361 

(c) For CaCl2 aqueous solution, Performance improvement increases at first, decreases later and achieves maximum value with 

the increase of solution concentration Xs. 

(d) When Tcon is 45 C, the maximum Performance improvement 11.93% is achieved as Xs reaches 0.37;whileTcon is 47.5 C, 

the maximum value is13.19% and the corresponding solution concentration is 0.39; when Tcon is 50 C, the maximum 

Performance improvement is 15.09% as Xs arrives at 0.42; when Tcon is 52.5 C, the maximum value is 16.03%;when Tcon 

is 55 C, the maximum Performance improvement 17.04%is obtained as Xs is 0.45. 

 

Figure 14: system performance for cacl2 solution [60] 

 

Figure 15: relations between the condensing temperature and concentration [60] 
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5.2 Effects Of Inlet Temperature Of The Desiccant On The Air Absolute Humidity Change [61] 

 

Figure 16: effects of inlet temperature of the desiccant on the air absolute humidity change [61] 

Yonggao Yin et al: [61] The research paper suggest new design of the internally cooled/heated dehumidifier/regenerator based on 

the plate–fin heat exchanger (PFHE). By the internally cooled dehumidification testing, effects of the cooling water temperature, 

the air flow rate and the desiccant temperature on the dehumidification performance and the cooling efficiency were presented. 

The behaviour of internally cooled dehumidification process was compared with that of the adiabatic dehumidification process. 

 During the desiccant solution dehumidification, because of the water vapour partial pressure difference the vapour in the air 

would become liquid water to enter into the solution, and release the vaporization heat which results in increasing temperature of 

the solution and air. The cooling water entering into the dehumidifier would bring away the heat to restrain the increase of the 

solution temperature. So the internally cooled dehumidifier could hold the low temperature of the solution to show good 

dehumidifying performance. If the cooling water is inactivated, the dehumidifier would be an adiabatic one, just the same as the 

packed bed. 

 The dehumidification performance could be promoted by increasing the air flow rate or decreasing the cooling water 

temperature. The outlet temperature of the desiccant solution increased with the increase of the temperature of cooling water, and 

the outlet temperature of the solution was very close to the outlet temperature of the cooling water, which indicated that the PFHE 

had good cooling performance for the desiccant.  

During the internally cooled dehumidification process, the cooling efficiency of desiccant decreased with the increase of the 

cooling water temperature, which was very different from the only heat transfer process in the PFHE. 

 

6. CONCLUSION 

In this paper authors try to identify best suitable solution for liquid desiccant regeneration system, especially using solar energy. 

This LD regeneration system is a promising solution for future if correct method of regeneration with proper liquid desiccant is 

selected. Environmental parameter is also consider which affected the performance of regeneration LD system. After getting all 

the correct parameter optimal system could be design , manufacture, and experiment can be carried out in a future. 
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