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Abstract 

Desiccant dehumidification and air-conditioning system have shown great potential in various human and non-human 
applications due to certain advantages over conventional systems. The desiccant air-conditioning system deals separately 
with the latent and sensible loads. Such distinct control over latent and sensible load is crucial for certain non-human 
applications. However, performance investigation of such systems is a complex process due to the involvement of 
several spatiotemporal parameters like temperature, relative humidity (etc.). In this concern, the study aims to present 
an introductory review on various applications of the artificial neural networking (ANN) technique for predicting 
performance of the DAC (desiccant air-conditioning system) from the viewpoint of dehumidification. The ANN is a 
widely accepted and easy way of tackling complex problems that include swift changes in spatiotemporal parameters. 
The desiccant dehumidification can be analyzed using ANN from the viewpoints of water adsorption capacity, 
dehumidification rate, and regeneration temperature. In this technique, the input variables would be ambient air 
temperature (°C), relative humidity, process air inlet velocity (m/s), regeneration temperature (°C), and inlet velocity of 
the regeneration air stream (m/s). The output variables would be processed air temperature (°C) and relative humidity. 
The data is divided into segments to train and test the ANN model. It further provides insights into the interdependency 
of the input and output performance parameters of the system. In conclusion, artificial neural network technique could 
potentially be utilized for estimating performance of the DAC,i.e., R2 ranging from 0.97 to 0.99 from the viewpoints of 
influencing parameters. 
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1.  Introduction 

Thermal comfort is defined as the conditions in which the mind is at ease with the surrounding thermal environment [1]. 
With the increase in population, the demand for proper air conditioning systems has also increased, and one of the crucial 
concerns that appear with this high demand for air conditioning is the increase in energy demand. Here desiccant 
dehumidification comes into play, it can be used as an environmentally friendly and economical alternative option for 
several air-conditioning requirements i.e., space cooling, agriculture product storage, etc. Traditional approaches for the 
performance prediction of desiccant dehumidification include experimental, analytical, and numerical methods. The 
problem with numerical and analytical approaches is that it involves the use of complex equations and assumptions, on 
the other hand, experimental studies are laborious and costlier. Artificial intelligence systems are becoming a useful 
computational tool in the subject of space cooling for solving complicated problems over the last two decades [2]. 
Artificial intelligence systems include fuzzy logic, genetic algorithms, artificial neural networks (ANNs), and numerous 
hybrid systems. A hybrid system utilizes the combination of two or more techniques. The ANN is a widely used and 
accepted technology because of its simplicity, solution of multivariable problems, and its accuracy by developing a non-
linear relationship between the influencing variable for solving complex relationships by course of a training network. 
Moreover, the ANN can deal with noisy and incomplete data. Funds and skilled man-hours can be saved using the ANN 
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as it provides the required information without needing any specific analytical equation or doing any laborious 
experiment. 

In this regard, the study aims to present an introductory review on applicability of the ANN for the evalution of the 
dehumidification performance of desiccant dehumidifier systems. The dehumidifier efficiency, cooling capacity, 
regeneration temperature, and system COP (coefficient of performance) are used to approximate the desiccant 
dehumidification system’s performance. Furthermore, the ANN turns out to be quite effective for the variables whose 
input and output numerical relation is unknown. 

2. Desiccant Dehumidification and Air-Conditioning (DAC) 

A desiccant material is a water-loving material having higher tendency to adsorb moisture due to vapor pressure deficit. 
Desiccants can either be solid or liquid. Widely availabe solid desiccants are silica gel, molecular sieves, etc. [4]. The 
basic principle of an AC (air-conditioning system) based on a solid desiccant dehumidification unit is the moisture 
removal from the air stream and heat removal. In such a system, water vapors are first removed from the stream of air 
using a desiccant material. This air is warmed up due to the heat of adsorption. Afterwards, dry bulb temperature of the 
dehumidified process air is reduced to the required level with the help of a cooling unit. For the system to work efficiently 
and constantly, the adsorbed water vapors should be taken out from the desiccant material either by natural drying which 
consumes a lot of time or by forced drying; a process known as regeneration of the desiccant material. After regeneration, 
the desiccant material can again adsorb the water vapors and this process continues. Regeneration is done by providing 
the desiccant material with a certain amount of heat i.e., up to its regeneration temperature that varies according to the 
desiccant material used in the system. A simple solid desiccant dehumidification system consists of four major parts i.e., 
rotary desiccant/dehumidifier, heat source, heat exchanger to reduce the temperature, and a cooling unit (usually an 
evaporative cooler). An illustration of the solid desiccant-based dehumidification system is demonstrated in Fig 1 [2]. 
The figure shows the basic principle of the solid DAC system. Arrangement of the basic components of the DAC varies 
largely depending upon the type of desiccant used. 

A liquid desiccant dehumidifier eliminates water vapours from the incoming air with the help of a liquid desiccant 
material i.e., lithium bromide (LiBr), calcium chloride (CaCl2), etc. Sensible and latent heat load is simultaneously 
removed with the moisture. Regeneration unit, dehumidification unit, sensible heat management unit, and liquid-
desiccant storage unit are the elements of a simple liquid desiccant dehumidifier. An illustration of the liquid desiccant 
based dehumidification system is demonstrated in Fig 2 [5]. The figure depicts the system components and working 
principle of the liquid DAC system. 

The performance of a desiccant dehumidification system depends on different factors i.e., ambient air temperature, 
relative humidity, air flow rate, and regeneration heat input, etc. The main performance indicators of such sustems are 
adsorption capacity, adsorption rate, thermal coefficient of performance, and sensible heat ratio, etc. Sensible Heat Ratio 
(SHR) can be defined in terms of the ratio of sensible to the total (sensible plus latent) heat gains in a given air-
conditioned space [3]. Lower the value of SHR, better the desiccant dehumidifier performs, indicating that most of the 
cooling load is contributed by the latent load of the air-conditioned space. 
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Fig. 1. The working mechanism of solid DAC. [2] 

 
Fig. 2. The basic configuration of liquid DAC [4]. 

3. ANN for analyzing DAC system 

In artificial neural networking (ANN) the managing elements are known as neurons which are interlinked by links 
known as weights. The simplest ANN model comprises three layers, the output layer, input layer, and  a single supposed 
hidden layer (at least one). An illustration of an ANN model is demonstrated in Fig 3 [5]. The figure represents the 
working principle of an ANN model. Method of input data required, and the form of the network determined the selection 
of layers. A simple ANN comprises of three components, a link or a synapse, that sums the nodes and uses the squashing 
function to apply an external bias. The bias is applied to adjust the net input of the activation function. The execution of 
the network depends/determined by the value of weight & bias of each neuron.[2] To obtained the required output, the 
network is first trained with the available data sets [5]. 
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Fig. 3. Structure of artificial neural network (ANN) [5]. 

Input data required, method and network architectures dictate the number of layers. The input variables would be 
ambient air temperature (°C), relative humidity, inlet velocity of the process air (m/s), regeneration temperature (°C), 
inlet velocity of the regeneration air (m/s). The output variables would be processed air temperature (°C) and relative 
humidity. The possible variance amongst the target and obtained output is minimized by adjusting the bias. The process 
of adjusting the bias is continued until the variance among the desired output and obtained output is minimized to an 
acceptable margin of error. The repeated process is known as the BP (Back Propagation) algorithm. Mean square error 
(MSE) is used for the performance estimation of the neural network between the estimated value and actual value as 
described in Eq. (1) [6] 

𝑀𝑆𝐸 =
∑ | |

                                                                 

(1) 

where, MSE refers to mean square error, N is the number of iteration, X is the input signal for predicted and experimental 
values. Lesser value of MSE represents the better performance of the ANN model. The development, training, and 
simulation of the ANN model are given in a flow chart shown in Fig 4 [7]. Absolute fraction of variance (R2), used for 
multiple regression analysis, is determined by using Eq.(2).[8]  

𝑅 = 1 −
∑ ( )

∑ ( )

                                                                 

(2) 

where, ai and pi represents actual output nodes and obtained/predicted outputs, respectively. R2 ranges between 0 and 1. 
The best is 1 or near to 1 whereas the poorest is zero. 

Several  reasrechers [9]–[18] used the ANN for forecasting the performance of dehumidifier systems. The first artificial 
network modeling of the rotatory desiccant dehumidifier is performed by J.M Cejudo et. al [9]. The ANN model 
comprises a four input-output network. Uçkan et al. [10] use the ANN to derive a mathematical equation for the 
estimation of temperature and relative humidity at the dehumidifier exist. 
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Fig. 4. Basic ANN model flow chart. [7]. 

Mahmoud et al. [11] conducted a research on forecasting the characteristic of silica gel dehumidifier using several 
MLPNN (Multi-layer Perceptron feed-forward Neural Networks). The results show (R2) of the model reached 0.999 
[11]. The key characteristic of a rotary desiccant dehumidifier is estimated by using the ANN and ANFIS (Adaptive 
neuro-fuzzy inference) system proposed by Gawad et al.[12]. The performance investigation of a desiccant integrated 
evaporative cooling system is carried out by Sohani et al.[13]. A study carried out by Kiran and Rajput [14] which utilize 

the LM (Levenberg–Marquardt) training algorithm for performance prediction of IEC (indirect evaporative cooler). 
Experimental data with a black box training model is suggested by Koronaki et al.[15] to approximate regeneration air 
stream conditions. Automotive air conditioning system performance is predicated by Hosoz and Direk [16]. The novel 
approach of predicting different desiccant solutions vapor pressure by applying the ANN model is presented by 
Gandhidasan and Mohandes [17]. The concerns of today’s automotive industry, the performance of air conditioning of 
electric vehicles is predicted using the ANN by Tian et al. [18]  

Overtraining the network is one of the biggest issues with using the ANN modeling. Overtraining occurs when numerous 
training iterations are permitted per network [19]. Overtraining can be managed by using normilize numbers of training 
data.[2] Huge data sets can be addressed in the ANN models. The data is distributed into three clusters i.e., data for 
training, validating data, and data for testing. The estimation capabilities of the ANN modeling are drastically reduced 
when data is divided improperly. 
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4. Conclusion 

This study reviewed the application of the ANN modeling in forecasting the dehumidification performance of the DAC. 
On ground of the literature review, it was found that the short computing time and elevated accuracy of the ANN model 
make it a useful mean for estimating performance of the DAC system in different environmental situations rather than 
using complex numerical equations or building a physical model which requires manpower and funds.  Many 
geometrical parameters are required for the mathematical approach which may not be available. On the other hand, the 
ANN requires less effort, time, and cost. 
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