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Desiccant is a hygroscopic substance generally used in the dryer and air-conditioning 

system as a drying agent. The function of desiccant is to remove moisture from the air to 

reduce the humidity of the surrounding air been conditioned. This paper presents several 

works on the performance of desiccant material in the drying and air-conditioning 

application. It puts focus on the various advantages and disadvantages of the use of 

desiccant as a drying agent. There are some advantages of using desiccant include 

consistent drying and low energy usage. However, there are several disadvantages of using 

desiccants which are low capacity for moisture absorption and pressure drop in solid 

desiccant. Solar drying applications have some advantages such as being comparatively 

cheaper than other methods and less risk of spoiling the product. On the contrary, drying 

applications have disadvantages include being lower in comparison to the original 

foodstuff and drying foods eventually leads to shrinkage. The advantages of using 

desiccant in air-conditioning applications offer dehumidified fresh air to keep the building's 

temperature in a comfortable range and enhances water recovery efficiency. There are 

disadvantages such as desiccant will substantially impact the system's performance and 

desiccant should be cooled after completely dried. 
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1. INTRODUCTION

The transfer of heat and mass to remove water or other 

solvents is known as the drying process. Moisture, solid, semi-

solid, or liquid can be removed from the products by an 

applied air stream. Nearly 12 per cent of the energy used 

worldwide is from the drying process [1]. The use of desiccant 

is one of the drying methods that is utilised. Solid desiccant 

material absorbs the water by using chemical absorption 

material. Silica gel, molecular sieve, natural zeolite, activated 

alumina, and synthetic polymers are examples of solid 

desiccants. Liquid desiccant is more efficient and sounder in 

controlling indoor air humidity. The usual liquid used for 

liquid desiccant is lithium chloride (LiCl), calcium chloride 

(CaCl2) and lithium bromide (LiBr). 

The drying temperature is the most crucial parameter for 

drying rate as such that an increase in the drying temperature 

will increase the drying rate. Melting or damaging the products 

are the two drawbacks of a high drying temperature. 

Furthermore, the additives will separate from the granules and 

react with the air when the drying temperature is too hot. The 

flow rate or velocity of air will affect the moisture from the 

product to evaporate or dissipate. An increase in the velocity 

of air will also lead to an increase in the drying rate. The 

excessive usage of high air velocity would increase the cost of 

the process, and the material used will affect the drying rate 

based on the moisture in the material. It will eventually 

damage the product if the process goes on for an extended 

period. Lastly, humidity refers to the dryness of the air, where 

the higher the humidity, the lower the drying rate. The energy 

consumption increases as well when the humidity is too low; 

as a result, the use of desiccant materials is recommended to 

control the humidity. 

Air-conditioning is a system that cools the area by moving 

heat outside the designated or desired area [2]. Air-

conditioning gathers hot air from a room and cools it down 

with the influence of series of coils and refrigerants. In return, 

it delivers cooler air to the designated surrounding or the area 

that it is conditioning. A desiccant is a material that can 

remove moisture from the air while also dehumidifying it. 

After becoming saturated with moisture, the desiccant is 

regenerated to be dried sufficiently to adsorb water vapour in 

the next cycle. The desiccant substance is heated to do this. 

The desiccant's type determines the temperature of 

regeneration. 

This paper presents the applications of desiccant material in 

drying and air-conditioning system. The performance of the 

systems will be discussed as a guideline in designing the 

integrated desiccant material with dryer or air-conditioning 

system in the future.
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2. SOLID DESICCANT DRYING SYSTEM 
 

A newly constructed Scheffler reflector with a focus that 

can be fixed to regenerate the desiccant materials by using 

three different types of products: activated alumina, molecular 

sieve, and silica gel [3]. Figure 1 and 2 shows the graph for 

maximum regeneration rate, maximum absorption rate and 

average efficiency for different solid desiccant product. Silica 

gel has the highest result compared to molecular sieve and 

activated alumina, while the speed of water output can be 

increased by raising the bed temperature. 

 
Figure 1. Maximum regeneration rate and maximum 

absorption rate for different solid desiccant 

 

 
 

Figure 2. Average efficiency for different solid desiccant 

 

Regeneration has been studied using a Scheffler solar 

concentrator that included various desiccants made of 

saturated solid and a new composite desiccant [4]. Moisture 

content (dry basis) of silica gel is 0.2944, followed by 0.2205, 

0.19, and 0.0671 for molecular sieve, novel composite, and 

activated alumina, respectively. In novel composite, the 

maximum regeneration rate (mrr) is 0.07440 kg/hr, and in 

silica gel, the maximum weight loss percentage is 22.74 per 

cent. The desiccant regeneration times of silica gel, activated 

alumina, molecular sieve, and novel composite are 160, 90, 

140, and 110 minutes respectively. The solar intensity and 

wind velocity affect the surface temperature and influence 

desiccant regeneration by direct heat produced by a Scheffler 

solar concentrator. Of all the desiccants studied, silica gel has 

the highest adsorption potential. Figure 3 shows schematic 

diagram for Scheffler solar concentration that consists several 

parts which are polar axis, seasonal tracking mechanism, daily 

tracking mechanism, crossbar, Scheffler concentrator, 

weighing machine, base and receiver. 

Compared to Electro-osmotic Flow (EOF) formed in 

macro-porous silica gel and activated alumina, EOF formed in 

zeolite was more stable and less susceptible to all impact 

factors [5]. However, the macroporous silica gel was highly 

deformable at various saturation levels and extremely sensitive 

to joule heat. Therefore, zeolite-based desiccant-coated heat 

exchanger's effect on greenhouse dehumidification had 

developed and studied [6]. The range of cyclic Moisture 

Removal Capacity (MRC) and Coefficient of Performance 

(COP) is 2.5-4.0 and 0.18-0.3, respectively, which custom-

built Desiccant-coated Heat Exchanger (DC-HX) can achieve. 

For the baseline state, the optimum adsorption and 

regeneration times are 40 and 20 minutes, respectively. 

 

 
 

Figure 3. Schematic diagram of Scheffler solar concentration 

 

This research is interested in coatings, dehumidification, 

energy-saving air-conditioning technologies, and an idea 

about material synthesis [7]. According to the results, all of the 

alginate silica gel composites had higher water uptakes than 

sodium alginate. Furthermore, water adsorption 

concentrations increased at first, then decreased slightly as the 

percentage of silica gel in composites increased. The study of 

Li et al. [8] discusses the output of two stages of Desiccant 

Coating Heat Exchanger (DCHE) connected in series and 

coated with silica gel and sodium polyacrylate solid coating 

desiccants. Results show that at regeneration temperature of 

50℃ and 70℃, the total dehumidifying capacities of two-

stage series-connected DCHEs are roughly twice as high as 

those of a single-stage DCHE. The thermal Coefficient of 

Performance (𝐶𝑂𝑃𝑇𝐻 ) value, dehumidifying capacity, and 

regeneration capacity of single-stage or two-stage DCHEs 

increase as the regeneration water temperature rises. Figure 4 

and 5 shows schematic diagram for single and two stage of 

DCHE, respectively. 

Bentonite clay and calcium chloride materials were used to 

make a low-cost solid desiccant [9]. Desiccant can be 

regenerated at 45℃ and has a moisture sorption capacity of 45 

per cent (dwb). Within 24 hours, the prototype dryer could dry 

90 kg of fresh maise from 38 per cent (dwb) to 15 per cent 

(dwb). DCHE sorption, desorption volume, and 𝐶𝑂𝑃𝑇𝐻  are 

measured at 945.1 g, 1115.1 g, and 0.39, respectively, with 

processed air inflow temperature, relative humidity, and 

regeneration temperature set at 30℃, 80 per cent relative 

humidity (RH), and 70℃, respectively [10]. In this case, the 

processed air inflow temperature and relative humidity are 

depending on the ambient air condition. The use of hot water 

in the heat exchanger was able to produce hot air temperature 

at 70℃ for regeneration of desiccant material which is much 

higher than minimum temperature (45℃) to obtain better 

regeneration effectiveness. Modulating the cyclic switching 

time for dehumidification and regeneration processes could 

improve the DCHE's efficiency. The total 𝐶𝑂𝑃𝑇𝐻  can be 

increased over the same period as the rise in cyclic switching 

time; however, the desiccant's water vapour sorption and 

desorption quantities were decreased. 
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Figure 4. Schematic diagram for single stage Desiccant 

Coating Heat Exchanger (DCHE) 

 

 
 

Figure 5. Schematic diagram for two stage Desiccant 

Coating Heat Exchanger (DCHE) 

 

Mathematical modelling was used to get results for the 

regeneration of solid desiccant using a solar parabolic dish 

concentrator [11]. The system's output is unaffected by the 

amount of oil flowing through it. Higher values of the 

regeneration rate can be achieved when operational or even 

geometrical parameters of the device are optimised. The 

regeneration rate rises up to 17.25 per cent when the inlet 

airflow to the device increases from 0.05 kg/s to 0.15 kg/s, and 

it decreases up to 52 per cent when the RH of the inlet air 

increases from 10 to 50 per cent. The regeneration rate is 

increased by up to 40 per cent by increasing the inlet air 

temperature from 25℃ to 45℃. 

The developed Gaussian Process Regression (GPR) model 

serves as a quick and accurate predictive tool for the design of 

dehumidification systems as well as the commercialisation of 

the investigated dehumidification systems [12]. The maximum 

Root Mean Square Error (RSME) and Mean Absolute 

Percentage Error (MAPE) for moisture extraction are just 

0.045 and 0.21 per cent, respectively, while moisture removal 

efficiencies are 0.082 and 0.39 per cent, with an R2 value of 

0.97. 

Computer modelling was used to compare the efficiency of 

desiccant wheels made of RD silica gel (SG), AQSOA-Z02, 

and CECA-3A [13]. While based on adsorption isotherms, the 

AQSOA-Z02 was shown to have a higher dehumidification 

capability. It was also discovered that the desiccant wheel 

using SG would have better overall efficiency due to its lower 

heat of adsorption. However, in comparison to AQSOA-Z02, 

silica gel performed better in both fresh air (FF) and 

return/exhaust air (FR) modes. AQSOA-Z02 has the potential 

to outperform silica gel under the conditions of lower ambient 

temperature and relative humidity and a higher regeneration 

temperature at a low wheel speed. The dehumidification 

efficiency of a desiccant wheel using CECA-3A was found to 

be the worst comparatively. 

The concept of recovering heat from an integrated heat 

pump's condenser was studied [14]. In this case, a solar-

assisted hybrid solid desiccant cooling system (SDCS) was 

developed, in which solar-heated water is used as an additional 

heat source for the regeneration process. The performance of 

the device enhances with a high outdoor humidity ratio. The 

systems' COP steadily increases as the ambient temperature 

rises. However, when the ambient temperature exceeds the 

critical value, the COP slowly decreases even with an increase 

in the ambient temperature, which is unusual of the standard 

nature. Changes in ambient circumstances have a significant 

impact on SDCS performance. The optimum outdoor 

temperature for hybrid SDCS is 26-27℃, whereas the 

optimum outdoor temperature for solar-assisted hybrid SDCS 

is 27-30℃. Beyond the ranges, both systems' overall 

performance will decrease dramatically. Higher humidity 

ratios result in better Moisture Removal Rate (MRR) values 

for each solid desiccant cooling system configuration. 

Performance output predicted by the Artificial Neural 

Network (ANN) model has a high correlation factor of 

R>0.98336 [15]. The results predicted by the ANN model 

demonstrate that the model can be used to predict the 

performance of a solid desiccant wheel accurately and reliably. 

For temperature and relative humidity, the maximum 

percentage difference between the experimental and ANN 

model results is 8 per cent and 15 per cent, respectively. The 

model's accuracy is determined by the number of hidden layers 

in the model and the amount of data used to train the network. 

Analysis of Systems (ANSYS) fluent fluid flow systems in 

ANSYS Workbench are used for computational fluid dynamic 

analysis [16]. The temperature and velocity distributions for 

three different revolutions per minute (RPMs) were 

determined using simulation results. The highest recovery rate 

could be achieved for the experiments by adjusting the 

following parameters: heat input, drum rotating RPM, and 

liquid spray rate. At 1.18 RPM and 22 ml/min, the maximum 

recovery rate of 433.3 g/h was achieved. Increase the thickness 

of the insulation to enhance the construction. There should be 

good optimisation between cylinder RPM and liquid spray 

pulse rate to achieve the best recovery rate. 

The regeneration process for solid and liquid desiccants was 

reviewed [17]. Various researchers have proposed numerous 

techniques to reduce the expense of the regeneration process. 

The majority of techniques use solar energy for the 

reactivation process because it is both inexpensive and 

environmentally friendly. Hot air is used to regenerate the 

desiccant wheel and raise the temperature of the drying air 

after dehumidification [18]. Open sun drying time for moisture 

content ranging from 69 per cent to 29 per cent is 

approximately 30 hours and 40 minutes. For experiments 1, 2, 

and 3, the percentages for solar energy usage are 65 per cent, 

57 per cent, and 79 per cent, respectively. In comparison to 

open sun drying, solar dryers take approximately 64 per cent, 

44 per cent, and 33 per cent drying reduction for the first, 

second, and third columns, respectively. Since the moisture 

content of the product and the quantity of the product are 

reduced in experiments 2 and 3, the drying efficiency and pick-

up efficiency are reduced. The drying air quality improves 

with desiccant wheel’s latent effectiveness of 67 per cent while 

sensible effectiveness is 74 per cent. 

Compares the results of using a solar dryer versus open sun 

drying [19]. The drying time was decreased from 20.75 to 

15.75 hours to achieve a moisture content of less than 18 per 

cent. Approximately 12 per cent dryer performance and solar 

energy account for 44 per cent of total energy consumption. 
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The air velocity is more critical than the air temperature and 

humidity to extract moisture from the surface of the produce 

at an early stage. When the moisture content of the air is 

minimal, the air temperature is critical for moving the water 

from the interior to the surface. The benefits of using a solar-

assisted dryer include lower humidity (due to desiccant 

material absorption), higher volume drying capability, 

improved drying uniformity, the ability to work at low solar 

radiation, and suitability for a wide range of products. 

Reviewed the use of solid/liquid desiccants in drying 

applications and the methods for regenerating them [1]. A 

desiccant system offers many benefits in a drying application, 

including continuous drying even during off-sunshine hours, 

increased drying rate due to hot and dry air, more uniform 

drying, and improved product quality, especially for heat-

sensitive products. In a drying method, using heat to 

regenerate desiccant material has drawbacks in terms of 

energy savings. The use of composite desiccant materials may 

improve the moisture adsorption capacity of the material. 

A solar dryer with integrated indirect forced convection was 

studied and desiccant is designed and built to test its efficiency 

in hot and humid conditions [20]. The consistency of the 

drying product increases with solar drying and desiccant unit 

incorporation during the off-sunshine hours as goods begin to 

dry. At airflow rates of 0.01 kg/m2 s, 0.02 kg/m2 s, and 0.03 

kg/m2 s, the commodity dries to the equilibrium moisture 

content is around 22, 18, and 14 hours, respectively. The 

system's output is promising, with a pick-up efficiency of 63 

per cent at 10.30 a.m. and more or less uniform desiccant 

drying. The drying was started at 8.00 a.m. at low solar 

irradiation. After 150 minutes which is at 10.30 a.m. the solar 

irradiation increases and the highest pickup efficiency value is 

obtained since at the early stage, drying is relatively easy but 

at the later stage the pickup efficiency decrease due to decrease 

in moisture content in the product. Drying and pick-up 

efficiencies declined as the moisture content of the products 

decreased and less quantity of product in the drying chamber 

[18]. The value of pick-up efficiency exceeds 50% is 

considered as good drying performance. The rate of the basic 

moisture extraction ranges between 0.55 and 0.82 kg/kW h.  

 

 

3. LIQUID DESICCANT DRYING SYSTEM 
 

Various liquid desiccant regeneration methods are 

described in this research, including the most advanced form 

of photovoltaic/electrodialysis regeneration [21]. The most 

popular liquid desiccant (LD) cooling system is the packed bed. 

In order to prevent internal cooling and improve efficiency, a 

high flow rate of liquid desiccant is used. Triethylene Glycol 

(TEG), Calcium Chloride (CaCl2), Lithium Chloride (LiCl), 

Pottasium Formate (KCO2H) and Lithium Bromide (LiBr) are 

some of the most often used liquid desiccants. Table 1 shows 

liquid desiccant concentration and flow rate. Gelcast alumina 

bodies were osmotically dried in water solutions containing 

various polyethylene glycols (PEGs) with molecular weights 

ranging from 1000 to 80,000 g/mol [22]. The effect of the 

gelcast body size was investigated and associated with the 

green body structure. Gelcast bodies submerged in a 43 wt per 

cent solution of PEG 80000 could lose up to 30 per cent of 

their water content. The dewatering was minimised because 

smaller PEG molecules entered the gelled bodies. The most 

effective liquid desiccant was a water solution of polyethylene 

glycol with the highest molecular weight. 

Table 1. Liquid desiccant concentration and flow rate 

 

Liquid 

Desiccant 

Concentration 

(%) 

Flow Rate 

(𝒎𝟑/𝐦𝐢𝐧⁡) 
Source 

TEG 93-98%  1.5-2.07 [23] 

CaCl2 39%  - [24] 

LiCl 35%  0.6-0.7 [25] 

LiBr 53-57%  3.76 [26] 

KCO2H 62%  0.65-0.7 [27] 

 

Drying BaTiO3-based semiconducting ceramic gelcast parts 

that use a liquid desiccant process was focused [28]. 

According to the findings, the loading amount of ceramic 

powders and the concentration of liquid desiccant have a major 

impact on the drying process and the sintering characteristics 

of ceramic components. As the solid loading of green gelcast 

parts is increased to over 45 per cent, the stresses that form 

during drying are significantly reduced, and a higher 

concentration of liquid desiccant can be used without causing 

defects in the drying process, resulting in defect-free ceramic 

with a smooth surface. Higher solid content and a lower 

component thickness will increase the density of ceramics in 

the gel. The amount of ceramic powder loaded and the 

concentration of liquid desiccant have a major impact on the 

drying process and the sintering characteristics of ceramic 

pieces. 

A two-stage regeneration of the liquid desiccant, an aqueous 

calcium chloride solution, is used to increase energy efficiency 

[29]. The novel contacting system, which has 120–185 per 

cent more surface density than traditional packaging, 

eliminates liquid desiccant carryover into the process and 

regenerated air streams. Therefore, compared to traditional hot 

air drying systems Desiccant-Based Dryer (DBD) is more 

energy-efficient. Furthermore, since the process air 

temperature in the dryer is usually below 50℃, heat-sensitive 

items may be dried. 

Four desiccant dehumidification systems capable of being 

powered by waste heat Desiccant-style systems (wheel type 

and batch-type with the only desiccant), a system with a 

precooled, double-stage-type systems (two desiccant wheels 

and a four-partition desiccant wheel type), and a batch-type 

system with an internal heat exchanger are all examples of 

traditional desiccant-type systems [30]. The lowest heated air 

temperature (approximately 33℃) will significantly lower the 

system than the conventional system. The temperature of the 

hot air may be reduced by lowering the temperature of the 

cooled air. 

Green gelcast ceramic pieces that dried using a liquid 

desiccant drying system to speed up the drying process and 

eliminate defects [31]. As liquid desiccants, various amounts 

of PEG 1000 aqueous solution were used. Higher ceramic 

loading, lower liquid desiccant solution concentration, and 

sample thickness reduce the drying rate and lengthen the time 

it takes for the sample to achieve equilibrium. The engineering 

model predicts drying rates accurately over a sufficiently wide 

range of component thicknesses, ceramic loading, and liquid 

desiccant concentration. 

Malformations may be reduced or removed by using the 

liquid desiccant drying process due to the release of residual 

stresses [32]. The drying rate can be increased by lowering the 

solid content in the gel, increasing the liquid desiccant 

concentration, and decreasing the effective thickness of 

components. This approach effectively removes all defects 

that occur during traditional drying while also reducing drying 

time. Lowering the ceramic loading level, increasing the 
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concentration of the liquid desiccant solution, and decreasing 

the component's effective thickness all help speed up the 

drying process and shorten the drying time. In cylindrical 

sections, lowering the aspect ratio increases the drying rate and 

shifts the diffusion mechanism from radial to longitudinal. 

A liquid desiccant-assisted solar dryer to dry tomato slices 

was used [33]. A liquid dryer provides the required electrical 

energy and regenerates the desiccant. A photovoltaic-thermal 

solar collector was employed with lower drying temperatures; 

both the solar heat fraction and the ratio of solar electricity to 

used electricity increased. When utilising an activation RH of 

18 per cent instead of 28 per cent, the drying time was reduced 

by 27 per cent. Increasing the temperature from 60 to 70℃, a 

10 per cent reduction in drying time will occur. At a 

temperature of 70℃ and a 28 per cent activation RH, the most 

prominent electrical energy usage was found. The solar 

electricity to consumed electricity (SECE) values ranged from 

0.45 to 1.7. 

Investigation the performance of separate liquid and solid 

desiccant dehumidification systems with single-stage and two-

stage, as well as the performance two-stage combination liquid 

and solid desiccant dehumidification systems with reference 

to a humid region [34]. A dehumidification system with a 

capacity of 25 kW is constructed for room air-conditioning 

applications using the thermal models given in the literature. 

Solid and liquid desiccant materials used are RD-type silica 

gel and LiCl, respectively. For room air-conditioning, the 

single-stage solid desiccant dehumidification system (SSDD) 

and two-stage solid desiccant dehumidification system (TSDD) 

perform better when the airflow rate and humidity ratio are 

high and the air inlet temperature is low. Similar results are 

obtained by the use of a single-stage liquid desiccant 

dehumidification system (SLDD) and a two-stage liquid 

desiccant dehumidification system (TLDD), and a two-stage 

combined liquid and solid desiccant dehumidification system 

(CLSDD). Therefore, the SSDD, TSDD, SLDD, TLDD, and 

CLSDD systems perform better in deep drying applications 

with low airflow rates and high air inlet temperatures. 

Experiments examine the drying performance of a unique 

compressed air drying method employing several liquid 

desiccants, including LiCl solution, LiBr solution, and mixed 

solutions (LiCl/CaCl2) [35]. LiCl solution has a more 

extraordinary drying performance than LiBr solution, and the 

drying performance of three mixed solutions (44 per cent, 46 

per cent, and 49 per cent) selected is comparable to that of a 

40 per cent LiCl solution, indicating that a single solution can 

be replaced with a significantly cheaper mixed solution. 

Furthermore, the cost of the three hybrid solutions is at least 

18 per cent less than that of a 40 per cent LiCl solution, 

showing significant cost savings in the application. 

 

 

4. APPLICATION OF DESICCANT IN AIR-

CONDITIONING SYSTEM 

 

Two designs of heat pump-driven liquid desiccant (HPLD) 

air-conditioning systems were proposed [36]. Out of the two 

cases, case A has a strong solution with a sump instantly 

mixing weak solution, and case B has strong solutions with 

dual sumps containing weak solution. Results show that case 

B saves energy consumption and improves mean energy 

efficiency compared to case A with 28 per cent and 37.5 per 

cent, respectively. In comparison to case A, case B saved 12 

per cent of energy and increased mean energy efficiency by 

4.95 per cent in the winter operating mode. Without the need 

for any extra tools, HPLD can act as a multi-functional air-

conditioning system. 

One of the best approaches to assess device output under 

load variations during the initial design stages is to use model-

based simulation and optimisation [37]. For example, for a 

standalone absorption device, the optimised solar fraction is 

57.50 per cent, and the thermal COP is 0.55, while for an 

integrated absorption desiccant system (IADS), the solar 

fraction is 56.20 per cent, and the thermal COP is 1.52. Three 

cities with different climates were analysed using two different 

sizes of multi-generation systems [38]. In Tehran, Rasht, and 

Bandar Abbas, the thermal COP of desiccant cooling systems 

is 1.06, 0.67, and 0.73, respectively. Thus, in Rasht and Bandar 

Abbas, respectively, the proposed water recovery cycle will 

compensate 121 per cent and 64 per cent of annual water 

consumption by an evaporative cooler. Two revolutionary 

cycles are utilised in the desiccant system, where the humidity 

of regeneration air is higher than in standard systems. As a 

result, the dew point temperature will be high enough to allow 

water condensation to occur. Figure 6 shows the 𝐶𝑂𝑃𝑇𝐻  for 

different three cities. 

 

 
 

Figure 6. Thermal coefficient of performance (COP) for 

different three cities 

 

A hybrid photovoltaic-thermal collector-solar air heater 

(PVT-SAH) was developed and coupled with a building model 

to evaluate the performance optimisation of the system [39]. 

The energy efficiency of the desiccant cooling system was 

evaluated and optimised using the models developed. The 

electrical COP of optimal designs was higher than that of non-

optimal designs, ranging from 0.6 to 15.1 per cent. In a typical 

year, the desiccant cooling system and control technique will 

efficiently control the indoor air conditions in the house, 

keeping the indoor operative temperature between 22–24.1℃ 

and the relative humidity between 35.2–64.8 per cent. 

Experimental bench and a steady-state mathematical model 

of the entire system created to investigate the system 

performance [40]. A mathematical model is used to examine 

the impact of many essential parameters on system 

performance, such as solution flow rate, solution temperature, 

and ambient variables. In studies, the average regeneration 

temperature was 72.9℃, demonstrating that utilising waste 

heat from the air compressor to drive solution regeneration is 

a viable option. In addition, a higher solution flow rate causes 

a lower inlet solution temperature of the dehumidifier. In 

contrast, a lower humidity ratio is affected by the higher inlet 

solution temperature of the regenerator. The temperature of 

70℃ (summer), 39℃ (winter), and 60℃ (transitional season) 

1479



 

are some of the selected regeneration temperatures in various 

ambient situations. 

The compressed air drying system's coupled heat and mass 

transfer characteristics using liquid desiccant, experimental 

and theoretical analysis [41]. Increases in air pressure 

compressed air velocity, and solution concentration could 

significantly improve heat and mass transfer coefficients 

between compressed air and solution. Under 0.80 MPa, the 

lowest feasible humidity ratio of exit compressed air is 0.11 

g/kg, and the dew point temperature under atmospheric 

pressure is around 37.0℃, indicating that it can fulfil realistic 

and practical industrial applications' demands. Higher air 

pressure assists in increasing the mass transfer coefficient (hd) 

and heat transfer coefficient (hc) between compressed air and 

the desiccant solution; however, the higher liquid desiccant 

temperature has a considerable negative impact on coupled 

heat and mass transfer performance. The higher temperature 

of liquid desiccant has a negative impact because the 

adsorption rate of desiccant material decrease when the 

temperature of the material increase. This is the main reason, 

sometimes the desiccant material is cool down after the 

regeneration process to reduce the temperature of desiccant 

material and improve the adsorption rate. 

A counter-flow pressurised dehumidifier loaded with 

structured packing, investigates the mass transfer performance 

between compressed air and LiCl aqueous solution 

experimentally [42]. Increases in air pressure and liquid 

desiccant input concentration can significantly improve 

compressed air drying performance, but the effect of liquid 

desiccant temperature is negative. The liquid-to-compressed-

air flow rate ratio is suggested to be kept around 1.5 at a 

pressure of 0.50 MPa to ensure high compressed air drying 

performance while lowering air compressor and liquid 

desiccant pump power consumption. 

A desiccant is a material with a high affinity for water that 

can be used to remove moisture from the air was studied [2]. 

In hot and humid climates, desiccant air conditioner systems 

are recommended as an alternate approach for lowering energy 

usage and greenhouse gas emissions. Desiccant materials can 

provide hot, dry air that can be used for drying as well as air 

conditioning to reduce the latent heat load [43]. Solid 

desiccant is highly porous in nature and adsorb water by using 

mechanisms of chemical adsorption while liquid desiccant is 

generally very strong solutions of ionic salts and their 

behaviour is controlled by changing its temperature and 

concentration. Water vapour can be eliminated from desiccant 

via regeneration when exposing to regeneration airstream with 

temperature from 50 to 250℃. The usage of composite 

desiccant material can improve moisture absorption capacity 

around 200-300% compare to solid and liquid desiccant. The 

availability of regenerating heat to regenerate desiccant 

material is a problem faced by desiccant systems and the 

system will be more cost effective if solar energy and waste 

heat are used to regenerate desiccant material. 

 

 

5. CONCLUSIONS 

 

This paper provides an in-depth discussion of the research 

carried out in reputed academic journals on desiccant material 

performance for drying and air-conditioning applications. The 

findings that can be concluded from the previous work are as 

follows: 

1. Some of the advantages of using a desiccant system are: 

continuous drying even at night or cloudy days, 

increasing drying rate, consistent drying, improving the 

quality of the product, particularly for the product that 

is sensitive to heat, low energy usage, and improving 

air quality. 

2. Meanwhile, some of the drawbacks of using a desiccant 

system are; a low capacity for moisture absorption, 

pressure drop in solid desiccant, and liquid desiccant 

carryover by the airstream. However, the drawbacks 

are not limited to these only. Few other notable points 

are; regeneration of the desiccant material when it is 

saturated, regeneration process for desiccant material, 

the high initial cost to set up the system, and liquid 

desiccant could be corrosive and damage the system or 

components. 

3. Temperature, velocity, and humidity of air are the 

critical properties that can affect the drying rate. High 

drying temperature, high velocity of the air, and low 

humidity will produce an efficient drying system. The 

humidity of air only can be controlled by using 

desiccant material. However, it required additional 

energy to regenerate the saturated desiccant. The use of 

appropriate methods and technology will make the 

application of desiccant material worth the use. 

4. The application of desiccant in air-conditioning system 

will reduce the latent heat load to produce hot and dry 

air by extracting the moisture from the air. Others 

advantages of using desiccant in air-conditioning 

application are minimize the usage of energy, reduce 

greenhouse gas emission, increase capability moisture 

absorption and reduce regeneration temperature. 
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NOMENCLATURE 
 

mrr maximum regeneration rate, kg/hr 

RH relative humidity, % 

RMSE root mean square, % 

MAPE mean absolute percentage error, % 

RPMs revolutions per minutes, RPM 

hd mass transfer coefficient 

hc heat transfer coefficient 

 

Subscripts 

 

LiCl lithium chloride 

CaCl2 calcium chloride 

LiBr lithium bromide 

EOF electro-osmotic flow 

MRC moisture removal capacity 

COP coefficient of performance 

DC-HX desiccant-coated heat exchanger 

DCHE densely coating heat exchanger 

𝐶𝑂𝑃𝑇𝐻 thermal coefficient of performance 

GPR gaussian process regression 

SG silica gel  

FF fresh air 

FR return/exhaust air 

SDCS solar-assisted hybrid solid desiccant cooling 

system 

MRR moisture removal rate 

ANN artificial neural rate 

ANSYS analysis of system 

LD liquid desiccant 

PEG polyethylene glycols 

DBD desiccant-based dryer 

SECE solar electricity to consume electricity 

SSDD single-stage solid desiccant 

dehumidification system 

TSDD two-stage solid desiccant dehumidification 

system 

SLDD single-stage liquid desiccant 

dehumidification system 

TLDD two-stage liquid desiccant dehumidification 

system 

HPLD heat pump-driven liquid desiccant 

IADS integrated absorption desiccant system 

PVT-SAH photovoltaic-thermal collector-solar air 

heater 
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