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ABSTRACT

The main energy input of a desiccant air conditioning system is the low-quality thermal ener-
gy required for regeneration, which can be obtained from waste heat, geothermal resources or 
solar energy. Regeneration thermal energy can be produced as well as energizing components 
such as fans, pumps, auxiliary air heaters, and control elements of the system by using pho-
tovoltaic-thermal solar collectors (PV/T). In this study, parametric analyzes were performed 
to investigate the effect of regeneration temperature and air frontal velocity on the tempera-
ture and dehumidification performance of a solid silica-gel desiccant wheel and on the wa-
ter-cooled PV/T collectors used to provide the regeneration thermal energy. The regeneration 
temperature was varied between 50 and 70°C, and air frontal velocity between 1.3 and 4.1 m/s. 
The analyzes show that the dehumidification efficiency increases from 13.94% to 33.04% as 
regeneration temperature increased from 50°C to 70°C at 1.3 m/s air frontal velocity at which 
dehumidification efficiency is maximum. At 4.1 m/s air frontal velocity, the required regener-
ation thermal energy is maximum and increases from 49.64 kW to 132.48 kW at the same re-
generation temperature change. The low regeneration temperature resulted in desirable latent 
performance and undesirable sensible heat transfer performance in DEW. Finally, considering 
the whole system, it was concluded that the optimum regeneration air temperature for the 
performance parameters is 60°C.
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INTRODUCTION 

Development of technology and industry and the 
increase in human living spaces cause an increase in the need 
for air-conditioning and, accordingly, an increase in energy 
consumption. The energy requirement for air-conditioning 

is one of the biggest reasons of energy consumption in 
buildings in modern societies [1]. The high electricity 
requirement puts a significant pressure on the electricity 
supply network [2]. Reducing the environmental damage 
caused by the refrigerants used in conventional systems 

https://jten.yildiz.edu.tr
https://orcid.org/0000-0002-5799-1840
https://orcid.org/0000-0002-7122-0241
https://orcid.org/0000-0002-3126-707X
https://orcid.org/0000-0002-0402-7214
http://creativecommons.org/licenses/by-nc/4.0/


J Ther Eng, Vol. 9, No. 4, pp. 979−988, July, 2023980

is also very important in terms of environmental protec-
tion [3]. Today, a substantial part of energy production is 
provided by fossil fuels, but due to the gradual decrease of 
resources and the damage they cause to the environment, 
many efforts are made to utilize alternative resources, such 
as solar, wind and geothermal more widely [4].

The main objective in the design of air-conditioning sys-
tems is to provide thermal comfort and reduce energy con-
sumption [5]. Desiccant air-conditioning systems (DAC) 
are good alternative to the conventional ones, as they can 
be energized with low-quality thermal energy and do not 
contain environmentally harmful refrigerants [6]. Many 
studies have been carried out to meet the energy needs of 
desiccant air-conditioning systems with alternative clean 
energy sources such as solar and geothermal energies or 
waste heat [7-9]. The use of solar energy offers great poten-
tial in reducing both high-quality electricity consumption 
and environmental problems [10].

Solar thermal collectors are a widely-used commercial 
technology that converts sunlight into thermal energy. 
Many researchers have studied thermal cooling systems 
integrated with different types of solar collectors such as 
flat plate, vacuum tube and concentrated solar collectors 
[11-13]. Although the efficiency of solar thermal collectors 
is higher than that of solar photovoltaic (PV) panels, ther-
mal cooling devices have a lower coefficient of performance 
(COP) than conventional compression cooling systems 
[14]. This results in larger collector areas compared to vapor 
compression systems driven by PV modules. In addition, 
the cost of thermal cooling devices can be relatively high, 
especially in small systems. Therefore, there is a need for 
alternative solutions that can increase the competitiveness 
of solar thermal cooling systems [15]. Photovoltaic/ther-
mal (PV/T) collectors can provide a cost-effective solution 
for thermal cooling systems, because they generate both 

electricity and thermal energy from incoming solar radia-
tion. In addition, removing heat from a PV/T module not 
only increases the electrical efficiency of the PV/T mod-
ule but also extends its lifespan. The electrical energy gain 
from the efficiency-enhanced PV/T module may be greater 
than the energy consumed by parasitic components in the 
system, such as fans or pumps. This can result in higher 
total energy conversion than a stand-alone PV module or a 
stand-alone solar thermal collector [16].

Desiccant wheel (DEW), used to remove moisture from 
the process air, is a crucial component of solid desiccant 
air-conditioning systems [17]. A schematic view of the des-
iccant wheel integrated with water-cooled PV/T collector 
is shown in Figure 1. The wheel consists of two sections 
called process and regeneration. The states P1 and P2 rep-
resent the process air inlet and outlet, and states R2 and R3 
shows regeneration air inlet and outlet, respectively. While 
the moist outdoor air passes through the process section of 
DEW, its humidity decreases and the temperature increases 
(P1àP2). On the other hand, the same outdoor air is heated 
to regeneration temperature with PV/T water collectors 
(R1àR2) in the regeneration side. The hot air that gained 
the ability to absorb moisture discharges the moisture out of 
system (R2àR3). The change of process and regeneration 
air streams at 1.3 m/s frontal velocity and 60 °C regeneration 
temperature is shown in psychometric diagram (Figure 2).

Different desiccant materials such as silica-gel, molec-
ular sieve, zeolite, superadsorbent polymer, metal silicate 
are used in DEW equipment. Silica-gel is commonly used 
as desiccant material among these materials. In addition to 
desiccant material used, there are other factors that affect 
the performance of a DEW. These include regeneration 
temperature, air frontal velocity, wheel speed, area ratio 
of the process and regeneration sections, specifications of 
DEW such as diameter and thickness. Since many factors 
affect the performance of a DEW, the researchers focused 
in their studies [18, 19] on these parameters to reveal their 
influence. In addition, many researchers worked on renew-
able energy technologies, which are more environmentally 
friendly in terms of emission and more suitable in terms of 
energy consumption instead of traditional technologies, in 
obtaining the regeneration thermal energy [20]. Yamaguchi 
and Saito [21] conducted experimental and numerical 
analysis of DEW. The authors analyzed the effects of regen-
eration temperature, air velocity, wheel thickness and rota-
tional speed on the performance of DEW. It was observed 
that with the increase of the regeneration temperature, the 
process outlet temperature also increased, and humidity 
decreased. Kamar et al. [22] experimentally investigated 
the effects of regeneration temperature on the performance 
of DEW. Process outlet air temperature, temperature and 
dehumidification efficiencies were considered as perfor-
mance criteria. The results showed that increasing regen-
eration temperature increased process outlet temperature, 
decreased the thermal and dehumidification efficiencies 
of DEW. Saputra et al. [23] carried out an experimental 

Figure 1. Schematic view of the desiccant wheel studied.
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investigation on the dehumidification performance of DEW 
at different regeneration temperatures and regeneration air-
flow velocities. It was seen that amount of dehumidification 
increased with increasing regeneration temperature and 
airflow velocity. Goodarzia et al. [24] evaluated the mois-
ture removal capacity, sensible, latent and total coefficient 
of performance of DEW at different operating conditions 
using manufacturer software. They varied the regeneration 
temperature between 65 °C and 110 °C. Their results indi-
cated that COP decreases and moisture removal capacity 
increases with increasing regeneration temperature.

Generating regeneration thermal energy using PV/T 
is one of the alternative applications that reduce energy 
consumption in desiccant based air-conditioning systems. 
Therefore, it is necessary to examine the effects of DEW 
and PV/T equipment on each other for different operating 
conditions. 

Literature survey reveals that, studies examining the 
effects of regeneration temperature and air frontal velocity 
together in DEW systems energized by PV/T water collec-
tors are very limited. In this study, the effect of regenera-
tion temperature on the performance parameters of PV/T 
supported DEW was investigated for different air fron-
tal velocities. Climatic conditions of Osmaniye province 
were taken into consideration in the analysis. Despite their 
potential advantages, solar DAC systems are very limited 
in use because of some deterrents. In the design of DEW, 
which is the most important component of DAC systems, 
knowing the effect of important parameters that affect the 
behavior of DEW will help to design DEW more accurately. 
The results obtained in this study provide helpful infor-
mation for the proper design of DEW and therefore DAC 
systems, which may ultimately contribute to the spread of 
DAC systems.

MATERIAL AND METHODS 

In this study, the effect of regeneration temperature on 
the performance of silica-gel desiccant wheel was investi-
gated at different air frontal velocities. A machine learning 
algorithm model developed by [25] was used to estimate 
the humidity ratio (ωP2) and temperature (TP2) of the pro-
cess air at the outlet of the DEW. Güzelel et al. [25] obtained 
results with different methods from the data set they pro-
duced using different equations in literature and manufac-
turer software. The developed models were categorized into 
three main groups as Multiple Linear Regression (MLR), 
Multilayer Perceptron Regressor (MLPR) and Decision Tree 
(DT). It was reported that the predictions obtained from 
the MLPR model agree well with the experimental results. 
Therefore, in this study, the temperature and humidity ratio 
at the DEW outlet were calculated using the MLPR model 
with sigmoid activation function, which was reported by 
[25] as the best MLPR model.

The considered DEW is divided into two symmetrical 
areas (Ap = Ar) that have an equal mass flow rate (m ̇p= m ̇r) 

and thus air frontal velocities are also equal (Vp = Vr = V). 
This arrangement is called balanced flow. In this study, 
PV/T water collectors connected in series and parallel 
were used to provide the thermal energy requirement of 
the desiccant wheel. A PV/T water collector with a total 
area 2 m2 consists of 3.2 mm thickness of glass cover, 0.66 
m2 photovoltaic module, 0.2 mm-thick selective copper 
absorber plate, 10 copper water tubes and 50 mm insula-
tion. The design parameters used in simulations are given 
in Table 1. The design parameters used in the simulations 
are the values for a typical water cooled PV/T collector [8, 
26]. Details of the PV/T model and definitions of terms in 
the equations were presented in [27].

Energy balance equation for solar cell can be written as;

  (1)

and solar cell temperature (Tsc) is calculated from the 
equation below;

  (2)

The absorber plate receives thermal energy from the 
radiation from glazing and non-packing area of the PV 
module. This thermal energy is transferred from absorber 
plate to the water tubes to heat water. Energy balance equa-
tion for absorber plate is;

  
(3)

 

and absorber plate temperature (Tap) can be calculated 
from; 

  
(4)

The thermal energy gain by the water is as equation (5);

  (5)

Outlet water temperature at the end of the Nth PV/T col-
lector (Tw,o,N) can be calculated from equation (6);

  (6)

The rate of useful thermal energy gain from N identical 
PV/T collectors connected in series (Q Ṅ) can be calculated 
using the following equation;

  (7)
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Temperature dependent electrical efficiency of solar cell 
(ηc,N) and PV module (ηm,N ), and thermal efficiency of Nth 
PV/T water collector (ηth,N) can be calculated equations (8), 
(9) and (10) respectively;

  (8)

  (9)

  (10)

The PV/T model utilized was validated with experimen-
tal data and good agreement between the model and exper-
imental data was reported [27]. The mathematical model 
of the system was solved on EES (Engineering Equation 
Software) platform. DEW outlet conditions (Tp,out and 
ωp,out) were calculated from the MLPR model using WEKA 
(Waikato Environment for Knowledge Analysis) software.

In this study, the effect of regeneration temperature on 
outlet temperature and humidity was investigated at differ-
ent air frontal velocities for Osmaniye province. Summer 
outdoor design dry-bulb and wet-bulb temperatures and 
humidity ratio for Osmaniye are 38 °C, 26 °C and 16.26 
g/kg, respectively. The analyzes were carried out between 
50-70 °C regeneration temperatures and at four different air 
frontal velocities (Table 2). 

Performance of DEW was expressed in terms of dehu-
midification (ηω) and temperature (ηT) efficiencies that can 
be calculated from the following equations:

  (11)

  (12)

RESULTS AND DISCUSSION

In recent years, many researchers have been working on 
increasing the performance of the solid desiccant wheels 
in air-conditioning systems and providing the regenera-
tion energy required to remove moisture with renewable 
energy technologies. In this study, parametric analyzes 
were performed on the effects of regeneration temperature 
(Treg) and air frontal velocity (V) on the performance of the 
solid desiccant wheel and the effects of these variables on 
the PV/T system used to provide the regeneration thermal 
energy. Osmaniye cooling design conditions were taken 
into consideration in the parametric analysis. Variation of 
the temperature and humidity for the process and regen-
eration air streams are shown on the psychometric dia-
gram for the determined input parameters in Figure 2. The 
psychometric diagram shows that approximately 4 g/kg of 
moisture is removed from the process air at regeneration 
temperature of 60 °C and air frontal velocity of 1.3 m/s. At 
the same time, the temperature of the process air increases 
by approximately 13 °C during dehumidification. 

Table 1. Design parameters used in the simulations [8, 26].

Parameter Symbol Value
Transmissivity of glass τg 0.95
Thermal conductivity of glass kg 1 W/mK
Absorptivity of solar cell αsc 0.9
Reference solar cell efficiency η0 0.22
Temperature coefficient β0 0.0029 1/°C
Packing factor of PV module β 0.83
Absorptivity of plate αap 0.95
Thermal conductivity of plate kap 384 W/mK
Water flow rate m.

w 0.06 kg/s
Diameter of water tube d 0.0127 m
Spacing between tubes δt 0.1 m
Thermal conductivity of insulation kins 0.03 W/mK
Inclination of PV/T collectors θ 20o

Table 2. Regeneration temperature and air frontal velocity 
values used in analysis

Parameter Range
Regeneration temperature (°C) 50-70 
Air frontal velocity (m/s) 1.3, 2.2, 3.1, 4.1 

Figure 2. Psychrometric diagram for 60 °C regeneration 
temperature and 1.3 m/s air frontal velocity.
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In Figure 3, the variation of the humidity (a) and tem-
perature (b) differences on the process side of the DEW 
with regeneration temperature are presented for four dif-
ferent frontal velocities. It is observed from the figure that 
both the humidity and temperature differences increase 
with the increase of the regeneration temperature. ∆ωpro 
and ∆Tpro increases respectively from 2.27 g/kg and 7.36 
°C to 5.37 g/kg and 18.73 °C when regeneration tempera-
ture is increased from 50 °C to 70 °C at V=1.3 m/s. This 
corresponds 137.04% and 154.45% increase in ∆ωpro and 
∆Tpro, respectively. One of the most important parameters 
triggering dehumidification of the process air in DEW is 
the regeneration temperature, and the amount of dehumid-
ification increased with the increase in the regeneration 
temperature.

Considering the effect of air frontal velocity, the 
humidity and temperature differences decrease with the 
increase of air frontal velocity at a given regeneration tem-
perature, in contrast to the trend seen at the regeneration 

temperature. Because the larger volume flow causes the 
desiccant bed to come into contact with more humid air 
and leads to faster saturation. In addition, the effect of 
air frontal velocity on humidity and temperature differ-
ences is more at high regeneration temperatures than at 
low regeneration temperatures. ∆ωpro and ∆Tpro decreases 
respectively from 5.37 g/kg and 18.73 °C to 4.13 g/kg and 
12.24 °C when velocity is increased from 1.3 m/s to 4.1 
m/s at 70 °C regeneration temperature. This corresponds 
30.08% and 52.97% decrease in ∆ωpro and ∆Tpro, respec-
tively. The observed trends in the moisture removed from 
the process air with air frontal velocity and regeneration 
temperature are consistent with trends reported in the lit-
erature [15, 28, 29].

Considering the variations in dehumidification and 
temperature efficiencies with regeneration temperature, 
it is determined that these parameters exhibit opposite 
trends (Figure 4). The effect of frontal velocity on both 
efficiencies is the same; when velocity increases both 

      
Figure 3. Variation of moisture removed (a) and temperature increase (b) in desiccant wheel with regeneration tempera-
ture.

     
Figure 4. Dehumidification (a) and temperature effectiveness (b) of desiccant wheel.
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efficiencies decrease. ηω is directly related to the humidity 
difference in the process air and is therefore more affected 
by the change of air frontal velocity with the increase in 
regeneration temperature, similar to the results obtained 
in Figure 3-a. 

Compared to higher regeneration temperatures, at low 
regeneration temperatures (especially at 50 °C) ηω values 
are close to each other for all velocities tested. ηω increases 
from 13.94% to 33.04% and, ηT decreases from 61.33% to 
58.52%, when regeneration temperature is increased from 
50 °C to 70 °C at V=1.3 m/s, respectively. 

Variation of the thermal energy required to regenerate 
DEW (Q ṙeg) with regeneration temperature is presented in 
Figure 5 for different frontal velocities. Increase in regener-
ation temperature and air frontal velocity results in higher 
Q ṙeg. The change in air frontal velocity means a change in 
the amount of air passing through the DEW. Therefore, as 
V increases, the thermal energy requirement also increases. 
Q ̇reg increases from 40.74 kW to 132.48 kW (approximately 

225% increase) when velocity is increased from 1.3 m/s to 
4.1 m/s at 70 °C. In addition, Q ṙeg increases from 49.64 kW 
to 132.48 kW (approximately 167% increase) when regen-
eration temperature is increased from 50 °C to 70 °C at 4.1 
m/s. 

The moisture removed from the process air per unit 
regeneration thermal energy expended (Δωpro/Q ṙeg) is an 
important parameter to measure the performance of DEW. 
In Figure 6 (a), the variation of (Δωpro/Q ṙeg) with regenera-
tion temperature is given for different air frontal velocities. 
Increasing regeneration temperature and air frontal veloc-
ity negatively affects the parameter (Δωpro/Q ṙeg). However, 
it should be noted the parameter (Δωpro/Q ṙeg) is strongly 
affected by air frontal velocity at a fixed regeneration tem-
perature. For instance, (Δωpro/Q ṙeg) decreases from 0.13 (g/
kg)/kJ to 0.03 (g/kg)/kJ when velocity is increased from 
1.3 m/s to 4.1 m/s at 70 °C. This can be explained by the 
decrease in dehumidification effectiveness (Figure 4) with 
increasing frontal velocity.

During dehumidification process, temperature of pro-
cess air also increases. This is not desirable as it increases 
the capacity and energy consumption of the cooling sys-
tem used downstream of DEW. Therefore, the parameter 
(ΔTpro/Q ṙeg) should be kept low in desiccant cooling appli-
cations. The parameter (ΔTpro/Q ṙeg) is slightly affected by 
the variation of regeneration temperature, as expected 
(Figure 6 (b)). However, for a unit regeneration thermal 
power expended, the temperature increase of process air 
decreases considerably with increasing air frontal velocity 
and thus air flow rate. It can be concluded from Figure 6 
that low regeneration temperature is desirable for the latent 
performance (Δωpro/Q ṙeg) and unfavorable for the sensible 
heat transfer performance (ΔTpro/Q ṙeg) of DEW. However, 
if the dehumidification rate is the primary design consid-
eration only, dehumidification effectiveness (ηω) is the key 
design parameter. In this case, regeneration temperature 
should be high.

     
Figure 6. Variation of (Δωpro/Q ṙeg) (a) and (ΔTpro/Q ṙeg ) (b) with regeneration temperature

Figure 5. Effect of regeneration temperature on required 
regeneration thermal energy
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Figure 7 presents the variation of the PV/T water col-
lector area needed (APV/T) to generate regeneration ther-
mal energy with regeneration temperature for different 
frontal velocities. APV/T increases with increasing regen-
eration temperature and air frontal velocity, similar to the 
Q ̇reg (Figure 5). It is an expected result as more PV/T collec-
tors are needed as regeneration thermal energy increases. 
However, while the increase in the Q ̇reg exhibits a linear 
variation with regeneration temperature, the increase in 
APV/T surface area shows a polynomial increasing trend. At 
higher regeneration temperatures, the required PV/T col-
lector area increases faster with increasing air velocity than 
at lower regeneration temperatures. 

Thermal efficiency of PV/T water collector (ηth) and 
electrical efficiencies of the cell (ηsc) and module (ηm) 
are presented in Figure 8, respectively. It can be seen 
from the figure that with the increase of the regenera-
tion temperature, no change is observed in all three 

efficiencies until 60 °C regeneration temperature. In this 
region, ηth, ηsc and ηm are 50.78%, 19.90% and 17.02%, 
respectively. After this critical temperature, all three 
efficiencies decrease due to increase in thermal losses 
from the collector. Thermal efficiency decreases from 
50.78% to 33.42% when regeneration temperature is 
increased from 60 °C to 70 °C. Cell and module efficien-
cies decrease respectively from 19.90% to 19.58% and 
from 17.02% to 16.74% when regeneration temperature 
is increased from 60 °C to 70 °C. In general, both effi-
ciencies obtained in the analyzes are consistent with the 
results reported in the literature [8, 30, 31]. 

Variation of Δω/APV/T and APV/T/Q ̇reg, which are two 
important parameters in determining the suitable work-
ing conditions of PV/T supported solid desiccant wheels, 
are illustrated in Figure 9. The regeneration temperature 
that removed the most moisture (Δω) per PV/T area 
(APV/T), is found to be 60 °C for the low air frontal veloc-
ities (1.3 and 2.2 m/s). However, the most suitable regen-
eration temperature is 55 °C for 3.1 m/s. The best results 
for Δω/APV/T are obtained at air frontal velocity of 1.3 m/s. 
It is observed that while Δω/APV/T increases 3.52% when 
regeneration temperature is increased from 50 °C to 60 
°C, Δω/APV/T decreases 37.55% when it is increased from 
60 °C to 70 °C at 1.3 m/s. In addition, the most appropriate 
regeneration temperature value in terms of required the 
least PV/T area (APV/T) per heating load (Q ̇reg) is found to 
be 60 °C for all air frontal velocities conditions. Although 
APV/T/Q ̇reg decreases respectively from 5.50 m2/kW to 
5.00 m2/kW when regeneration temperature is increased 
from 50 °C to 60 °C, it increases respectively from 5.00 
m2/kW to 7.56 m2/kW when regeneration temperature is 
increased from 60 °C to 70 °C at V=1.3 m/s. When PV/T 
water collector investment is considered, it is seen that the 
optimum regeneration temperature is 60 °C for all condi-
tions covered in this study. 

Figure 7. Effect of regeneration temperature on required 
PV/T collector area.

     
Figure 8. Variation of thermal (a), solar cell and module efficiency (b) with regeneration temperature.
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CONCLUSION

Operating parameters are of great importance in renew-
able energy supported air- conditioning systems where dry-
ing wheels are used. The use of PV/T water collectors in 
generating regeneration thermal energy for solid desiccant 
wheels, especially in humid and rural areas, has been the 
focus of attention of many researchers. In this study, a para-
metric study was conducted to investigate the variation of 
the performance parameters of the PV/T supported solid 
desiccant wheel with regeneration temperature for different 
air frontal velocities. The results obtained in the study are 
as follows; 

With the increase of the regeneration temperature, the 
dehumidification capacity (Δωpro) and dehumidification 
effectiveness (ηω) of DEW and the regeneration thermal 
energy (Q ̇reg) required to heat the regeneration increased 
air for all velocities tested. ηω increases by 19.10% and, 
ηT decreases by 2.81%, when regeneration temperature 
increases from 50 °C to 70 °C for minimum air frontal 
velocity value. 

Since Q ̇reg increases more than Δωpro and ΔTpro with the 
increasing regeneration temperature, low regeneration tem-
perature is desirable for the latent performance (Δωpro/Q ̇reg) 
and undesirable for the sensible heat transfer performance 
(ΔTpro/Q ṙeg) of DEW. 

The PV/T area needed per regeneration thermal energy 
(APVT/Q ̇reg ) decreases slightly up to 60 °C and then increases 
with increasing regeneration temperature for all velocities. 
When the whole system (desiccant wheel and PV/T water 
collectors) is considered, the optimal regeneration air tem-
perature for the performance parameters (Δωpro/APV/T and 
APV/T/Q ̇reg) is 60 °C. Thermal efficiency decreases by 17.36% 
when regeneration temperature is increased from 60 °C to 
70 °C. Cell and module efficiencies decrease respectively by 

0.32% and 0.28% respectively, when regeneration tempera-
ture is increased from 60 °C to 70 °C. 

Choosing the appropriate operating parameters con-
tributes to the more energy efficient operation of desic-
cant air-conditioning systems and ultimately to the spread 
of such systems. In this preliminary study, the effects of 
regeneration temperature and air frontal velocity on the 
performance parameters of PV/T supported desiccant 
wheels were investigated under a certain climatic condi-
tion. More studies are needed for different climatic con-
ditions to reveal the effect of these parameters in a more 
detail manner.

NOMENCLATURE

c specific heat (J/kgK)
G solar radiation (W/m2)
N number of PV/T collectors connected in series
Q ̇ rate of heat transfer (kW)
T temperature (°C) or (K)
U overall heat transfer coefficient (W/m2 K)
V air frontal velocity (m/s)
ηsc electric efficiency of solar cell 
ηm electric efficiency of PV module 
ηth thermal efficiency of PV/T collector 

Subscripts
ap absorber plate
e ambient
sc solar cell
m module
o  outlet
pro process air
reg regeneration air
w water

Figure 9. Variation of moisture removed per PV/T area (a) and required PV/T area per regeneration thermal energy 
(b) with regeneration temperature and air frontal velocity.
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Abbreviations
DAC desiccant air-conditioning
DEW desiccant wheel
PV/T photovoltaic-thermal collector
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