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Abstract 

Desiccant-based dehumidification and air conditioning systems are considered as an energy efficient 

alternative to traditional vapor compression based air-conditioning systems for green building 

cooling technology especially in tropical hot and humid ambient climates. It is a novel green cooling 

technology that makes use of low-grade heat for building air conditioning. It is seen that the desiccant 

based dehumidification and cooling can efficiently provide comfort conditions in subtropical and 

especially hot and humid tropical climates. The desiccant integrated novel cooling system has a 

significant higher coefficient of performance compared to the conventional vapor compression 

system resulting to substantial electrical energy savings during the summer season by use of 

renewable solar energy, which also resulted in to major reduction in CO2 emissions. Therefore, these 

results demonstrate that there is a good potential in desiccant-based dehumidification and cooling 

system for energy and carbon savings while carry out building air-conditioning. Through a literature 

review, the feasibility of the desiccant assisted air conditioning in hot and humid climatic conditions 

is proven and the advantages it can offer in terms energy and cost savings are underscored. 
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Introduction 
 

Residential and commercial buildings are 

responsible for about 43% of the total energy 

consumption in the world in the present time, 

and almost 50% of this energy consumption is 

resulted by different HVAC (heating, 

ventilating and air-conditioning) systems as 

shown in figure 1 [62]. This value may increase 

substantially for tropical and humid climate and 

may reach up to 70% of total power 

consumption of buildings for specific 

applications. The situation is worse in part 

where the humid climates in which an air 

conditioning system must reduce the air 

humidity in addition to reducing its 

temperature. For instance, the typical place may 

with an extremely hot and humid climate, 80% 

of this electricity consumption is used by 

dehumidification and cooling systems to 

preserve the products in commercial use and 

thermal comfort in residential applications. 

Nowadays, air conditioning in hot and humid 

climates are mostly done by traditionally used 
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vapor compression cooling systems. 

Dehumidification in these systems is done by 

reducing the air temperature by cooling it below 

its dew point. The resulted air is too cold to be 

directly supplied to the home. So, it requires to 

be heated again, resulting in a 

thermodynamically inefficient process and 

large amount of electricity consumption. 

Moreover, the extensive use of these systems 

has led to increase in CFC (chloro fluoro 

carbon) levels and depletion of the ozone layer. 

In the last few years, desiccant-based cooling 

systems have been widely studied as an 

attractive alternative to vapor compression 

systems. In these systems, the sensible and 

latent loads are controlled independently. Also, 

the latent heat is reduced without cooling the air 

below its dew point, which is a great advantage 

over vapor compression cooling systems, and 

also reduces condensation issues in humid 

regions. Furthermore, they provide some other 

merits over traditional cooling such as indoor 

air quality improvement, carbon emissions 

reduction and electrical power savings. 

 

 
 

Figure 1: Energy consumption by the different 

applications in a commercial building. 

 

A first attempt of developing desiccant-based 

dehumidification integrated cooling systems 

was begun with proposing different cycles. 

Pennington [1] developed the first desiccant-

dehumidification based cooling cycle, which is 

already known as Pennington cycle. 

Pennington cycle was an open cycle using 

100% outside air. Recirculation cycle was 

proposed as a modified version of Pennington 

cycle with 100% use of return air [2]. Many 

other modified cycles were then developed for 

enhancing the performance of desiccant-based 

cooling systems such as Dunkle cycle [3], 

SENS cycle [4], REVERS cycle [5] and DINC 

cycle [6]. These cycles are now the base of 

many different configurations designed for 

desiccant-based systems. 

 

Present investigations on desiccant-based 

dehumidification and cooling systems is mainly 

focused on exploring more energy-efficient 

configurations using renewable and waste heat 

energy sources for desiccant reactivation. To 

this aim, many investigators have evaluated the 

integration of traditional cooling systems such 

as evaporative cooling or vapor compression 

systems with desiccant-based cycles to improve 

their performance and increase their climatic 

applicability especially in hot and humid 

climate. A common approach is the 

combination of vapor compression systems 

with desiccant-based cycles which are known 

as hybrid desiccant-based cooling systems 

downsize the size of traditional vapor 

compression unit for the same capacity. As the 

latest researches in this approach, Jani et al. [7] 

developed novel desiccant-based hybrid 

cooling system to simulate as well as 

experimentally measuring performance of a 

hybrid cooling system combining solid 

desiccant wheel with a traditional vapor 

compression system. Results show the good 

performance and potential energy saving of the 

proposed hybrid cycle with substantial 

reduction in cooling energy supply. Nie et al. 

[8] proposed test unit to experimentally 

investigate the combination of desiccant wheel 

and typical heat pump cycle. Results prove 

higher cooling efficiency of the proposed 

desiccant dehumidification integrated hybrid 

cooling system over a conventional cooling and 

dehumidifying system. Hwang et al. [9] 

measured the potential amelioration in cooling 

performance of a hybrid solid desiccant 
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integrated dehumidification and cooling system 

by replacing a sensible heat recovery wheel of 

this system with a heat pump. It is seen that with 

the optimal heat pump capacity, the total energy 

consumption reduces by 25% and the cooling 

capacity increases by 48% as compared to the 

traditional HVAC system. Shen and Abu-Heiba 

[10] developed a hybrid HVAC system by 

integrating the gas engine-driven heat pump 

and a desiccant dehumidifier. In this system, 

waste heat of gas engine is recovered to provide 

regeneration heat of the desiccant wheel and to 

augment coefficient of performance of the 

cooling system. An overall COP (coefficient of 

performance) is found more than 1.47 was 

reported for this system. Liu et al. [11] studied 

desiccant wheel integrated CO2 heat pump, in 

which the waste heat of heat pump gas cooler is 

utilized for desiccant wheel reactivation. It is 

found that the desiccant assisted hybrid cooling 

system can provide an energy saving of about 

35-40% as compared to the traditional HVAC 

system. Another common systems which are 

usually combined with desiccant-based 

dehumidification cycles are indirect 

evaporative coolers. Major intensive of using 

these systems is that unlike the recurrent cycle, 

they consume little energy and, unlike direct 

evaporative coolers, do not increase the 

humidity of the supply air. As the most recent 

researches in this approach, Comino et al. [12] 

measured the annual energy saving potential of 

a desiccant-based indirect evaporative cooling 

system with respect to a direct expansion 

cooling system for various ambient outdoor 

conditions. It was seen that the proposed hybrid 

cooling system could achieve a substantial 

energy saving up to 48%. Pacak et al. [13] 

experimentally investigated the performance of 

the solid desiccant dehumidification assisted 

hybrid cooling system with two different 

indirect evaporative coolers, namely a 

regenerative Maisotsenko Cycle and a cross-

flow Maisotsenko Cycle, and evaluated the 

impact of operating conditions on their 

performance. It was seen that a cross-flow 

Maisotsenko Cycle provides better cooling 

capacities and is more sensitive to variations of 

outdoor climate. The necessary heat required 

for the desiccant reactivation responsible for 

major share of their overall electrical energy 

consumption of the system. Consequently, 

another common approach to rise the energy 

efficiency of these systems is utilizing free 

energy sources like as renewable solar energy 

or industrial waste heat for regeneration. 

Angrisani et al. [14] integrated a desiccant-

based heating and cooling system with a novel 

heating and cooling system based on the 

coupling between a low or medium-enthalpy 

geothermal source. Heidari et al. [15] 

developed a desiccant based novel cooling and 

dehumidifying system utilizing flare stack 

waste. Dynamic hourly simulations were 

performed for the hot and humid tropical 

climate. Another interesting energy source for 

regeneration is a renewable solar energy, which 

its highest amount is coincident with the peak 

of cooling demand during the summer time. As 

the most recent papers, Chaudhary et al. [16] 

developed a solar assisted desiccant-based 

hybrid cooling system in which Maisotsenko 

cycle having indirect evaporative cooling 

system is integrated with solid desiccant 

dehumidifier and evacuated tube solar 

collectors are used for providing the necessary 

reactivation heat for the desiccant regeneration. 

Frein et al. [17] studied solar assisted desiccant-

based dehumidification and hybrid cooling 

system coupling the solid desiccant 

dehumidifier, indirect evaporative cooler and a 

heat pump system. The merits and limitations 

of this novel cooling system have been 

compared to a traditional cooling unit and the 

results were also reported. It was found that the 

hybrid desiccant-based cooling system provide 

high air quality while it has simpler control 

process and lesser energy consumption as 

compared to the traditional air conditioning 

unit. Although desiccant-based cooling systems 

offer many merits over conventional vapor 

compression systems, but there are many 

limitations were found regarding their 

requirement for the high regeneration energy 

[18], high investment cost, difficult control and 

poor dynamic properties [19]. A very common 

method for cooling production in desiccant-

based systems is evaporative cooling. It has 
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resulted to high water consumption of these 

systems in hot regions, which is another major 

drawback of them. Today, water is a restricted 

resource [20], and a key environmental concern 

[21]. Developing a cooling system to save both 

energy and water will be an important step to 

achieve a more sustainable cooling method. To 

this aim, this study review desiccant-based 

evaporative cooling systems which can makes 

use of renewable solar energy for desiccant 

regeneration. 

 

Main objectives of this study are to: 

• Investigate the system capability in 

providing indoor thermal comfort in 

extremely hot and humid tropical 

climate; 

• Explore its potential energy saving 

over a conventional cooling and 

dehumidifying system; 

 

Description of the system 
 

The detailed construction of desiccant assisted 

dehumidification and cooling system described 

by use of schematic chart in figure 2. The 

ambient air first passes through the rotary 

desiccant dehumidifier where its moisture is 

absorbed (state point 1-2). This air then enters 

into a hybrid cooling system. Then it pass 

through sensible heat recovery wheel to 

reduced its temperature sensibly (state point 2-

3) by reverse flow of colder room air (state 

point 7-8) by passing through evaporative 

cooler (state point 6-7) in regeneration air side. 

The desiccant assisted hybrid cooling system is 

consisted of a modified evaporative cooler 

which is designed to cool the air (state point 3-

4). The resulted dry and cool conditioned 

process air is then supplied to the room. For 

continuous operation of desiccant wheel, the 

absorbed moisture should be removed 

continuously. To this aim, a hot air, called 

reactivation air, passes through the rotary 

desiccant dehumidifier and evaporates its 

moisture content (state point 9-10). The 

desiccant wheel continuously rotates between 

supply air and regeneration air ducts, removing 

moisture from supply air and discharging it into 

regeneration air. The regeneration air then 

passes through the desiccant wheel and 

removes the absorbed moisture. The 

regeneration heat necessary for the desiccant 

desorption (state 9-10) is provided by the flat 

plate solar collector via thermal heater (state 8-

9) [22-23]. 

 

  

Figure 2: Schematic layout of desiccant assisted dehumidification and cooling system. 
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The adsorption as well as desorption processes 

are adiabatic in nature but the wave propagation 

effect during the reactivation process of the 

desiccant wheel used in the desiccant assisted 

hybrid cooling system would make slight 

deviation from the theoretical process. Heat 

supply from the primary energy is the first 

choice for desiccant regeneration heat supply to 

lower high-grade electrical energy 

consumption. Since it can be used to reduce 

overall energy requirement by the use of the 

desiccant dehumidification and cooling system 

without the need of maintenance of low 

temperature for removing moisture from the 

outdoor air. Furthermore, use of renewable 

solar energy is found most suitable as the 

cooling load profile is in-line with the existence 

of the intensive solar radiations during the same 

time. The air-to-air heat recovery unit is used to 

conserve the sensible heat and pre-cool the 

ambient air. Two evaporative coolers of direct 

contact types are providing in both the process 

air side as well as the regeneration air side each 

to control the supply humidity. The direct 

evaporative cooler provided in supply air line to 

cool down the supply air up to the humidity 

level capable of tackling the space latent load. 

Another direct contact type evaporative cooler 

is installed to cool down the return room air, for 

furnishing better sensible heat extraction at the 

air-to-air heat recovery wheel figure 3, [24-26]. 

 

Figure 3: Psychrometric chart representation of desiccant assisted hybrid cooling system. 

 

Different techniques for desiccant regeneration 

 

Desiccant regeneration with renewable solar energy 

 

The major drawback of the desiccant assisted cooling is as described above is the demand for large 

regeneration heat supply for desorption of the saturated desiccant during part of its rotation cycle. If 

this heat can be supplied from the freely available from the renewable energy source like as solar heat 

then the system has become economically viable. Moreover, the demand of cooling increases in line 

with the availability of sun radiations during the same period. The desiccant is reactivated by the thermal 

heat produced by renewable solar thermal energy with different types of solar collectors as shown in 

figure 4. An auxiliary heater is used when the solar radiations are insufficient to produce the required 

regeneration heat due to winter or cloudy seasonal conditions. Regenerating the desiccant wheel by use 

of solar energy is an interesting option to converge the cooling demands of space cooling as the available 

solar intensity is found highest during the same period [27-30]. 
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Figure 4: Supply of regeneration heat by use of renewable solar energy in desiccant cooling system. 

 

Desiccant regeneration with industrial waste heat 

 
The desiccant wheel used in the desiccant integrated hybrid cooling system can be regenerated with 

help of either the exhaust of internal combustion engine of large diesel generator set or industrial waste 

process heat as shown in figure 5. By this way dual advantage can be obtained first the amelioration in 

the dehumidification capacity of the dehumidifier used in the desiccant cooling system at the same time 

secondly it recover the waste heat otherwise dissipated directly to the atmosphere as exhaust. This also 

reduces the operating cost of the dehumidifier. With this combination the overall efficiency of both the 

engine as well as cooling system both increases simultaneously. Furthermore, the efforts are still needed 

to develop advanced desiccant materials which are possibly got reactivated near the ambient 

temperature which is comparatively lower and so that it can be taken up the low temperature industrial 

waste heat. This also offered benefit in system COP of the desiccant assisted hybrid cooling system as 

compared to that of the vapor compression based traditional cooling system [31-34]. 

 
 

 

Figure 5: Supply of regeneration heat by use of industrial waste heat in desiccant cooling system. 
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Desiccant regeneration with condenser heat 

 
The desiccant used in rotary dehumidifier may also gets regenerated by use of heat recovery carried out 

waste heat expelled by the VCR (vapor compression refrigeration) condenser as shown in figure 6. This 

result into amelioration of cooling performance of solid desiccant-based hybrid comfort space cooling 

system as well as efficient cooling of the condenser [35-37]. Thus, reactivation heat requirement of 

dehumidifier used in solid desiccant-based vapor compression integrated hybrid cooling can also be 

provided by use of VCR condenser exhaust heat otherwise it is expelled to open atmosphere. This 

proves that the utilization of waste heat for dehumidifier reactivation not only achieves better energy 

savings but also marginal reduction in running cost of the system which results into economical 

feasibility of the system [38-40]. 

 
Figure 6: Supply of regeneration heat by VCR condenser exhaust heat in desiccant cooling system. 

 

Performance comparison of desiccant cooling with conventional VCR cooling 

 
The comparison between desiccant cooling and conventional VCR cooling for electrical energy 

utilization has been depicted in figure 7. To provide a more tangible comparison, the hourly electricity 

consumption of desiccant dehumidification integrated cooling system and conventional vapor 

compression cooling system are integrated over the entire summer cooling season for tropical hot and 
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humid climate [41-45]. Using desiccant dehumidification and cooling system, substantial reduction in 

electrical energy consumption could be obtained as compared to the conventional vapor compression 

cooling system. Thus, results provide fascinating insight into the significant energy saving potential of 

desiccant dehumidification and cooling system in a tropical and subtropical humid climate [46-50].  

 

 
Figure 7: Comparison between desiccant cooling system and conventional VCR cooling system for 

electrical energy consumption. 

 

Space heating and cooling also plays an important role in building sector energy consumption and 

environmental impacts [51-55]. To evaluate the carbon saving potential, total carbon dioxide emissions 

of desiccant dehumidification and cooling system and conventional vapor compression cooling system 

over the summer cooling season are shown in figure 8. The carbon emission of each energy carrier is 

the sum of on-site and off-site emissions [56-57]. Using the desiccant dehumidification and cooling 

system will preserve substantial CO2 emissions during the summer cooling season. These results 

indicate that the desiccant dehumidification and cooling system could significantly reduce the CO2 

emissions of space cooling in the tropical and subtropical hot and humid climate, providing a more 

sustainable cooling method [58-61]. 

 

 
Figure 8: Comparison between desiccant cooling system and conventional VCR cooling system for 

CO2 emissions saving. 
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Conclusions 
 

The present study summarizes use of desiccant 

dehumidification system in modern air 

conditioning in energy saving and green 

cooling approach in building comfort cooling. 

Desiccant based hybrid cooling systems can 

achieve substantial energy savings by use of 

freely available solar energy or waste heat from 

industrial processes for reactivation of 

desiccant material used in rotary dehumidifiers 

used in the system to make the hybrid cooling 

system more cost effective. It can also help to 

alleviate the peak supply of electrical power 

demanded by the conventional vapor 

compression air conditioning system required 

during the hot sunny days by use of renewable 

solar energy. Future innovations in the type of 

desiccant materials which get regenerated at 

lower reactivation temperature by making use 

of available low temperature waste will 

augmenting the contribution of desiccant 

cooling which can bring to the amelioration of 

comfort, energy and cost savings.  

 

Further improvement in energy utilization rate, 

reduction in cost and size, competitive design 

and production are the key factors to be faced 

by desiccant assisted modern air conditioning 

techniques for obtaining more extensive 

acceptability in the field of space cooling.  

 

Nomenclature 
 

COP  Coefficient of performance 

RH  Relative humidity (%) 

R/P  Regeneration air flow/process 

air flow 

T  Dry bulb temperature (°C) 

V  Flow rate of air stream (m3/hr) 

VCR  Vapor compression 

refrigeration 

Subscripts 

 0   Dead state 

 1,2, etc.  State numbers  

 CC  Cooling coil 

EC  Evaporative cooler 

 DW  Desiccant wheel 

h  heat source 

HRW  Heat recovery wheel 

p  Process air 

 r  Regeneration air 
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