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Abstract 

In typical solar-assisted Solid Desiccant Cooling (SDC) 

systems, the processed air exhausted after the Sensible 

Wheel (SW) corresponds to wasted useful energy. By 

using the exhausted air from SW as input to the solar 

collector, further improvements in the system’s thermal 

Coefficient of Performance (COPth) and unmet hours can 

be achieved. This research aims to improve the 

performance of an integrated Photovoltaic Thermal Solar 

Air Heater (PVT-SAH) assisted SDC system to cool a 

retail store of a low-rise mixed-use building in a hot and 

humid climate for daytime operation. For this purpose, a 

couple of improvements to an existing configuration are 

proposed, and three different configurations have been 

analyzed and compared. The annual average COPth for 

configurations 1, 2, and 3 comes around 0.95, 1.90, and 

2.23, respectively. It is observed that configuration 3 

offers 135% and 18% improvement in COPth over 

configurations 1 and 2. Configuration 3 achieved 12% 

unmet hours (48% and 33% lower than configurations 1 

and 2, respectively). 

Key Innovations 

The majority of solar-assisted thermally driven cooling 

systems utilize a liquid-based solar collector. However, 

this research proposes an air-based solar collector 

approach towards SDC systems, offering performance 

improvements over the existing solar-assisted SDC 

system configurations. 

In general, performance indicators are usually attributed 

to a thermally driven cooling system's energy or cost. This 

research introduces the use of unmet hours as a thermal 

comfort performance indicator. 

Practical Implications 

Air-based solar-assisted SDC systems have the potential 

to maintain thermal comfort conditions in hot and humid 

climates. The configuration of the integrated system has a 

dominant role in the performance of the systems. 

SDC systems are more sensitive to humidity variations, 

which directly impact the unmet hours. Therefore, using 

this performance indicator is crucial in designing the SDC 

systems. 

Introduction and Literature Review 

The building sector accounts for one-third of the world's 

final energy consumption, which is the highest share 

among all the sectors (Global Alliance for Buildings and 

Construction, 2016)(IEA, 2019c). Total energy-related 

building CO2 and GHG emissions account for around 

28% (IEA, 2019b) and 20% (Global Alliance for 

Buildings and Construction, 2016), respectively. Among 

different end-uses in the building sector, space cooling 

has the major share of building energy consumption (IEA, 

2019a)(IEA, 2019b)(IEA, 2018). Conventional cooling 

systems such as Vapor Compression Systems (VCS) are 

most commonly used to fulfil the building cooling 

requirement. In hot and humid climates, the very energy-

intensive dewpoint dehumidification process renders the 

conventional cooling system's operation inefficient (Fan 

et al., 2019)(Eicker, 2014)(Jani et al., 2016). Although 

these systems offer good overall energy performance, 

they aren't the most suitable options in hot and humid 

climates. The Photovoltaic Thermal Solar Air Heater 

(PVT-SAH) assisted Solid Desiccant Cooling (SDC) 

system is a clean energy technology. These systems 

operate using solar thermal heat and separate components 

to remove moisture and cool the air to achieve thermal 

comfort conditions. These systems offer an economical 

and efficient performance in hot and humid climates(Jani 

et al., 2016). 

An SDC system comprises many components assembled 

in several different configurations (Jani et al., 2016). In an 

SDC, the process air undergoes dehumidification in a 

Desiccant Wheel (DW), followed by humidification and 

evaporative cooling in a Direct Evaporative Cooler 

(DEC), which is supplied to space. The hot air coming 

from the solar collectors and Auxiliary Heater (AH) 

passes over the DW's desiccant material to replenish it for 

continuous operation on the regeneration side. Generally, 

regeneration air temperatures in the range of 50-80oC are 

sufficient to replenish the DW (Ge et al., 2014)(Gommed 

& Grossman, 2007)(Jani et al., 2016)(Li et al., 2011). 

However, in extremely hot and humid regions, DW may 

require higher regeneration temperatures. 

Solar thermal heat is widely regarded as a clean, abundant 

source to provide high-temperature regeneration air for 

daytime operation (Fan et al., 2019)(Jani et al., 2016). 

Among different solar collectors, air-based Building 

Integrated Photovoltaic Thermal (BIPV/T) collectors can 

produce electricity and thermal energy simultaneously. 

However, BIPV/T collectors can't meet the regeneration 

temperature requirements, especially in hot and humid 

climates, without adversely affecting the photovoltaic 

(PV) electrical performance and material integrity of the 

module (Yang & Athienitis, 2016). Solar Air Heater 
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(SAH), such as Flat Plate Collector (FPC), can be 

integrated with the BIPV/T collectors to achieve higher 

regeneration air temperature. Finally, an Auxiliary Heater 

(AH) may be used if the solar collectors cannot achieve 

the required regeneration temperatures. 

Most SDC configurations have been developed over time, 

mainly to improve the overall system performance and 

increase cooling capacity, especially in hot and humid 

regions. Pennington first proposed the basic cycle of a 

Solid Desiccant Cooling (SDC) system consisting of a 

rotary desiccant dehumidifier, a heater, and an 

evaporative cooler in 1955 (Pennington, 1955). The 

Pennington cycle operated in ventilation mode using 

100% fresh air supply. Several studies investigated the 

SDC system by introducing additional components and 

creating new configurations to achieve better 

performance; for instance, Dunkle used additional heat 

exchangers (Dunkle, 1965). A system operating in the 

recirculation cycle helps increase system capacity in a 

warm and humid climate by reusing return air at the 

Desiccant Wheel (DW) inlet (Daou et al., 2006). 

Thorough reviews of various SDC system configurations, 

including the Dunkle cycle, SENS cycle, and Direct 

Indirect Evaporative Cooling (DINC) cycle, have been 

conducted (Daou et al., 2006)(La et al., 2010)(Jani et al., 

2016). Jani et al. concluded that the SENS cycle achieves 

the best thermal coefficient of performance, although this 

cycle's complexity hinders its application. The DINC 

cycle, on the other hand, offers a good thermal COP of 1.6  

at the same time, benefits from a much simpler 

arrangement of components (Jani et al., 2016). Figures 1 

and 2 illustrate the typical SDC system configurations. 

 

Figure 1 Conventional Solid Desiccant Cooling System 

in Ventilation Mode (Jani et al., 2016) 

 

Figure 2 Solid Desiccant Cooling System in 

Recirculation Mode (Jani et al., 2016) 

 

Recently, there is a rise in the research related to the 

feasibility, performance, and optimization of solar-

assisted SDC systems. In a study, Fong et al. conducted a 

simulation-based optimization of a SADCS, concluding 

that yearly average Solar Fraction (SF) of 17% and mean 

COPth of 1.38 can be achieved (Fong et al., 2010). Fan et 

al investigated the performance and optimization of a 

double pass PVT-SAH of varying sizes coupled with a 

desiccant cooling system. They incorporated heat pipes in 

the PVT-SAH to significantly increase the outlet air 

temperature for desiccant regeneration. The optimized 

system achieved annual SF and electrical COP up to 

96.9% and 19.8, respectively, for a commercial building 

case study in a hot and humid climate (Fan et al., 2019). 

It was concluded that a minimum of 0.35 m2 PVT-SAH 

per m2 of the conditioned floor area is required for this 

type of design of a hybrid cooling system to 

achieve/exceed a typical COP for commercial buildings 

(2.6-3.0) (Fan et al., 2019). In another study, a BIPV/T 

component design concept using semi-transparent PV 

modules were developed and implemented for the Fiat 

Research Centre at Orbassano, Italy, by Aste et al. This 

setup can deliver power at 20 kWp and the outlet hot air 

is used for pre-heating the ventilation air in winter and for 

desiccant cooling in summer (Aste et al., 2008). Also, 

Eicker et al. analysed components performance and 

seasonal operational experiences for solid desiccant 

cooling systems powered by solar air collectors in three 

different warm and humid locations. It has been observed 

that solar air collectors with collector areas around 100 

m2, channel depths ranging between 0.095-0.14 m, 

regeneration air mass flow rate up to 3.05 m3/s and 

average velocity of air slightly less than 9 m/s are capable 

of supplying regeneration air between 50-70oC (Mei et al., 

2006)(Eicker et al., 2010). The authors have reported that 

air temperature at 70oC or more was enough for the DW 

regeneration while maintaining the regeneration air 

flow-rate between 0.833-2.5 m3/s and average velocity of 

air between 3-9 m/s (Mei et al., 2006). As an important 

conclusion through a simulation study, Chung and Lee 

concluded that, amongst several design parameters, the 

effect of the regeneration temperature is the most 

dominant on the COP of the SDC system (Chung & Lee, 

2011). Farschimonafared et al. optimized the channel 

depth, air mass flow rate and air distribution duct diameter 

of solar air PV/T collectors connected to residential 

buildings. It was observed that optimum depth value 

varies between 0.095-0.26 m and this value increases as 

the L/W ratio and the collector area increases 

(Farshchimonfared et al., 2015). It is important to mention 

here that in many of the studies, channel height is 0.095 

m. This is mainly attributed to a higher volumetric mass 

flow rate, higher average flow velocity and length of the 

solar air collectors (Aste et al., 2008)(Eicker et al., 2010). 

Typical configurations of the solar-assisted SDC 

integrated system use an "open exhaust air discharge 

approach." In this approach, the process air is exhausted 

after the Sensible Wheel (SW). Also, the SW and solar 

collector do not directly interact with each other, resulting 

in wasted useful energy. Therefore, integrated systems 
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with typical configurations offer a low thermal 

Coefficient of Performance (COPth) and increase the 

unmet hours. On the contrary, in a "closed exhaust air 

discharge approach", the processed air exiting the SW is 

heated further in the solar collector and AH before being 

used for regeneration. The integrated system can attain 

better energy performance using the "closed exhaust air 

discharge approach." However, the "closed exhaust air 

discharge approach" can be unsuitable when space 

exhaust air is strongly contaminated, or there are spatial 

limitations hindering the air circulation possibilities 

(Eicker, 2014). An SDC system achieves cooling and 

dehumidification through ventilation and air circulation. 

A high fresh airflow rate is usually deemed necessary for 

the application of systems, owing to the indoor air quality 

concerns associated with the use of evaporative coolers. 

As a result, traditionally, the SDC systems operate in 

ventilation mode (i.e., using 100% fresh air supply). 

However, a significant reduction in fresh air requirement 

can be achieved when the return air from the conditioned 

space is reused at the DW inlet (i.e., recirculation mode). 

A PVT-SAH offers electrical and thermal gains, which 

can assist the operation of an SDC system. In this study, 

an integrated PVT-SAH-assisted SDC system's 

performance is investigated for a modified configuration 

considering daytime operation in a hot and humid climate. 

The performance of the system is analysed in terms of 

energy efficiency and thermal comfort. 

Methods 

The overall methodology is divided into three sections: 

1. An energy model for a typical low-rise mixed-use 

building in a hot and humid climate is developed. 

2. Energy models of three solar-assisted SDC system 

configurations are developed to cool a retail store in 

the building mentioned above.  

3. These three configurations' performance is 

investigated in terms of COPth, net electricity gains, 

and unmet hours. 

A 4-storey residential building with light commercial use 

representing a typical Indian building in a hot and humid 

climate is selected for this study. The ground floor 

comprises two 50 m2 retail stores and parking in the rear. 

Each of the three floors on top comprises four residential 

units (two 55 m2 and two 45 m2 in area). A 3D building 

model is designed using the TRNSYS 3D plugin in 

SketchUp 17 (Figure 3). The 3D model is used to develop 

a building energy model in TRNSYS 18 to estimate the 

retail store's cooling energy demand (conditioned space). 

Assuming ideal air load with a COP of 3.0 for the cooling 

equipment and daytime operation between 09:00-17:00, 

retail store annual cooling energy demand comes around 

4,100 kWh (sensible heat to latent heat ratio of 0.70). 

 

Figure 3 3D rendering of the selected building 

The application of the Direct Indirect Evaporative 

Cooling (DINC) cycle offers a good balance between 

performance and simplicity (Jani et al., 2016). 

Configuration 1, the baseline, is a typical integrated 

system arranged in the DINC cycle operating in 

ventilation mode, which represents the "open exhaust air 

discharge approach." 

Figure 4 illustrates the schematic of the integrated system 

arranged in configuration 1. Blue and red colors represent 

the supply air (1-5) and the regeneration air (6-12) 

processes. On the supply side, fresh ambient air 

undergoes dehumidification from 1-2 by passing through 

the Desiccant Wheel (DW). This hot and dehumidified 

supply air is sensibly cooled from 2-4 by passing through 

the Sensible Wheel (SW) and the Indirect Evaporative 

Cooler (IEC). This sensibly cooled supply air undergoes 

evaporative cooling from 4-5 by passing through the 

Direct Evaporative Colling (DEC I) to attain the desired 

setpoint conditions for cooling the retail store. 

On the regeneration side, the retail store's return air 

undergoes further evaporative cooling from 6-7 by 

passing through the DEC II. This cooled return air is 

sensibly heated from 7-8 by passing through the SW and 

exhausted. Fresh ambient air is introduced at the inlet of 

the solar collector (PVT-SAH). This air undergoes 

sensible heating from 9-11 by passing through the PVT-

SAH and the Auxiliary Heater (AH). The Auxiliary 

Heater (AH) is used whenever the regeneration air 

temperature is under the setpoint (70oC).  This heated air 

is used for replenishing the desiccant material from 11-12 

by passing through the DW and then is exhausted. 

 

Figure 4 Typical Integrated PVT-SAH assisted SDC 

system (Ventilation Mode) (Configuration 1) 
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Configuration 2 is also a typical integrated system 

arranged in the DINC cycle but operates in recirculation 

mode. Figure 5 illustrates the schematic of the integrated 

system arranged in configuration 2. On the supply side (1-

6), an important change is that a part of return air is 

recirculated and mixed with fresh ambient air at the DW 

inlet, which increases the system capacity in warm and 

humid climates (Daou et al., 2006). Although, 

recirculating return air can cause some indoor air quality 

problems, the system ensures minimum fresh air supply 

as per ASHRAE Standard 62.1. On the regeneration side 

(7-13), ambient air undergoes evaporative cooling from 7-

8 by passing through DEC II. The cooled ambient air is 

sensibly heated from 8-9 by passing through the SW and 

exhausted. The rest of the regeneration process is the same 

as in the case of configuration 1. 

 

Figure 5 Typical Integrated PVT-SAH assisted SDC 

system (Recirculation Mode) (Configuration 2) 

Configurations 1 and 2 both represent the “open exhaust 

air discharge approach.” On the regeneration side, typical 

configurations (1 and 2) of the integrated systems use 

ambient air as the inlet to the solar collector (PVT-SAH). 

In contrast, the air exiting the Sensible Wheel, or SW, is 

exhausted to the environment (figures 4 and 5). Also, in 

configuration 2, a portion of the return air is exhausted to 

the atmosphere (figure 5). In the cases mentioned above, 

the integrated system ends up exhausting processed air, 

which essentially corresponds to wasted useful energy.  

Configuration 3 uses a “closed exhaust air discharge 

approach” to tackle the problems associated with 

configurations 1 and 2. Configuration 3 is an integrated 

system arranged in the DINC cycle operating in 

recirculation mode with a couple of modifications, 

utilizing the processed air entirely. Figure 6 illustrates the 

schematic of the integrated system arranged in 

configuration 3. The supply side works similarly to 

configuration 2. On the regeneration side, part of the 

return air is recirculated and mixed with fresh ambient air 

at the SW's inlet. This air mixture undergoes evaporative 

cooling from 7-8 by passing through the DEC II. In this 

case, the SW outlet is connected with the PVT-SAH inlet. 

Therefore, the regeneration air undergoes sensible heating 

from 8-11 by passing through the SW, PVT-SAH, and 

AH. The rest of the regeneration process is the same as in 

the case of configuration 1. 

 

Figure 6 Integrated PVT-SAH assisted SDC system with 

proposed modifications (Recirculation Mode) 

(Configuration 3) 

The solar air collector (PVT-SAH) is roof mounted 

covering an area of 110 m2 (half of the building rooftop). 

Table 1 presents the PVT and SAH dimensions. The 

optimal collector angle is set at 13o (Latitude) for Chennai 

(India). 

Table 1 Solar air collector dimensions for baseline 

model 

Component Dimensions (m) Area (m2) 

PVT 14 x 7 98 

SAH 1.85 x 7 12.95 

Total 15.85 x 7 110.95 

The solar-assisted (PVT-SAH) SDC system is modelled 

in TRNSYS 18. All the TRNSYS components used to 

model the entire system are presented below. 

Table 2 TRNSYS components details. 

Sr. No. Component Type Description 

1 Type 14, type 41 Forcing function for 

schedule 

2 Type 56 Multi-zone building 

3 Type 569, type 566 Un-glazed BIPV and 

glazed BIPV for BIPV/T 

component 

4 Type 716 Rotary desiccant 

dehumidifier 

5 Type 760 Sensible air-to-air heat 

recovery wheel 

6 Type 663 Unit heater 

7 Type 507 Evaporative cooling 

device 

8 Type 642 Single speed fan/blower 

The PV electrical production depends linearly on the PV 

operating temperature. The impact of temperature on PV 

efficiency is modelled using the Evans-Florschuetz 

correlation and defined as (Florschuetz, 1979): 

𝜂𝑝𝑣 = 𝜂𝑇𝑟𝑒𝑓[1 − 𝛽𝑟𝑒𝑓(𝑇𝑝𝑣 − 𝑇𝑟𝑒𝑓)] (1) 

Where ηpv is the PV electrical efficiency calculated based 

on the cell temperature (𝑇𝑝𝑣). ηref is the PV electrical 

efficiency under standard conditions, βref is the 

temperature coefficient of the module (typically -

0.5%/oC), Tc is the PV module surface temperature and 

Tref is the PV module surface temperature (25oC) at which 

reference PV electrical efficiency is given. 

The solar air collector (PVT-SAH) fan consumption is 

affected by the pressure drop across the length of the air 
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channel. The fan consumption due to pressure drop is 

defined as (Cengel YA et al., 2016): 

�̇�𝑓𝑎𝑛 =  
�̇�ℎ

𝜂𝑓𝑎𝑛𝜂𝑚𝑜𝑡𝑜𝑟

 (2) 

Where Ẇfan (kW) is the electrical fan power due to 

frictional pressure drop along the air channel, Ẇh (kW) is 

the hydraulic fan power, ηfan is the fan efficiency, ηmotor is 

the motor efficiency. 

The hydraulic fan power is defined as (Cengel YA et al., 

2016): 

�̇�ℎ = �̇�(∆𝑃𝑘 + ∆𝑃𝑓) (3) 

Where V̇ (m3/s) is the volumetric flow rate of air through 

the air channel, ∆Pk (Pa) is the kinetic pressure drop and 

∆Pf (Pa) is the frictional pressure drop. 

The frictional pressure drop across the air channel is 

defined as: 

∆𝑃𝑓 = ∆𝑃𝑀 + ∆𝑃𝑚 (4) 

Where ∆PM is the major frictional pressure drop and ∆Pm 

is the minor frictional pressure drop. The major frictional 

pressure drop is the most significant contributing factor 

towards the rise in fan consumption and it is defined as 

(Cengel YA et al., 2016): 

∆𝑃𝑀 =  ∑ 𝑓𝑖

𝐿𝑖

𝐷𝐻𝑖

𝜌𝑉𝑖𝑎𝑣𝑔
2

2

𝑛

𝑖=1

 (5) 

Where fi is the friction factor, Li (m) is the length of the 

air channel, DHi (m) is the hydraulic diameter, ρ is the 

density of air, and Viavg is the average air velocity through 

the air channel. 

The performance of an SDC system can be evaluated 

using thermal Coefficient of Performance (COPth) and 

expressed as (Jani et al., 2016), 

𝐶𝑂𝑃𝑡ℎ =
𝑞𝑐𝑜𝑜𝑙

𝑞ℎ𝑒𝑎𝑡
=

�̇�𝑠𝑢𝑝𝑝𝑙𝑦(ℎ𝑟𝑜𝑜𝑚−ℎ𝑠𝑢𝑝𝑝𝑙𝑦)

�̇�𝑟𝑒𝑡𝑢𝑟𝑛(ℎ𝑟𝑒𝑔−ℎ𝐻𝑋)
               (6) 

Where, 𝐶𝑂𝑃𝑡ℎ is the thermal coefficient of performance 

of the SDC system, 𝑞𝑐𝑜𝑜𝑙  is the cooling energy supplied, 

𝑞ℎ𝑒𝑎𝑡 is the heating energy required, �̇�𝑠𝑢𝑝𝑝𝑙𝑦 is the supply 

air mass flowrate, �̇�𝑟𝑒𝑡𝑢𝑟𝑛 is the return air mass flowrate, 

ℎ𝑟𝑜𝑜𝑚 is the room air enthalpy, ℎ𝑠𝑢𝑝𝑝𝑙𝑦is the supply air 

enthalpy, ℎ𝑟𝑒𝑔 is the regeneration air enthalpy, and ℎ𝐻𝑋 is 

the enthalpy of air at the outlet of the SW. 

The net electricity gain (kWh) is a useful metric to 

quantify the electricity production and consumption 

together. Net electricity gain is calculated as the 

difference between the PV electricity production (kWh) 

and the total electricity consumed by the components 

(mainly auxiliary heater, fans, etc.) during the operation 

of the integrated system (Fan et al., 2019). Net electricity 

gain is calculated as, 

𝑄𝑛𝑒𝑡 =  ∑ (𝑄𝑃𝑉𝑇 − 𝑄𝐴𝐻 − 𝑄𝑎𝑢𝑥𝑖𝑙𝑖𝑎𝑟𝑦)
 

 
        (7) 

Where, 𝑄𝑛𝑒𝑡  is the net electricity gain (kWh), 𝑄𝑃𝑉𝑇  is the 

PVT electricity production (kWh), 𝑄𝐴𝐻 is the electricity 

consumed by the Auxiliary Heater (AH), and 𝑄𝑎𝑢𝑥𝑖𝑙𝑖𝑎𝑟𝑦 is 

the electricity consumed by other auxiliary components 

such as fans, pumps, etc. 

Unmet hours (%) in this study are calculated as the 

percentage of the number of hours in the schedule during 

which the integrated system cannot maintain the room air 

temperature and relative humidity of 26oC and 65% 

(Eicker, 2014), respectively. If the system is unable to 

simultaneously maintain both the temperature and relative 

humidity setpoints, then it is considered an unmet hour. 

Results and Discussion 

Thermal Coefficient of Performance (COPth) 

Figure 7 illustrates the monthly average COPth for the 

three cases. It is observed that the configuration 3 

achieves 135% and 18% improvement in COPth over the 

configurations 1 and 2, respectively. The COPth is 

associated with the enthalpy of air passing through the 

system. The change in the supply air enthalpy is the 

primary reason for variation in the COPth of all the 

configurations. 

 

Figure 7 Monthly Average Thermal Coefficient of 

Performance (COPth) 

Table 3 Annual Average Thermal Coefficient of 

Performance 

Configurations Annual Average COPth 

Configuration 1 0.95 

Configuration 2 1.90 

Configuration 3 2.23 

Net Electricity Gains (kWh) 

It is observed through figure 8 that all configurations 

achieved almost identical net electricity gains (1.5% less 

for configuration 3). The PV electricity production is 

much more dominant compared to electricity 

consumption. Therefore, the graph follows a trend of 

variation in PV electricity production based on the solar 

irradiance in Chennai, India. For instance, the solar 

irradiance is higher in the summer months (March to 

May), however lower during the monsoon months (June 

to August). This phenomenon is also observed with 

respect to the net electricity gains, as illustrated in figure 

8. 
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Figure 8 Monthly Average Net Electricity Gains 

(kWh/month) 

Table 4 Annual Net Electricity Gains (kWh) 

Configurations Annual Net Electricity 

Gains (kWh) 

Configuration 1 16,138 

Configuration 2 16,031 

Configuration 3 15,898 

Unmet Hours (%) 

The unmet hours for configurations 1, 2 and 3 were 23%, 

18% and 12%, respectively. Configuration 3 achieved 

unmet hours reduction by 48% and 33% over 

configurations 1 and 2. 

Table 5 Unmet Hours 

Configurations Unmet Hours 

(hours) 

Unmet Hours 

(%) 

Configuration 1 678 23 

Configuration 2 519 18 

Configuration 3 369 12 

The frequency for room temperature and relative 

humidity is illustrated in Figures 9 and 10, respectively. 

As shown in Figure 9, maximum room temperature does 

not exceed 27 oC during the operation time. Also, the 

relative humidity is mostly kept in the range of 60-65%. 

There are very few hours (9%) in which the relative 

humidity exceeds 65%. Figure 11 illustrates a 

psychrometric chart with steady state operation of the 

integrated system configuration 3 on June 1st at 12 pm. 

 

 

Figure 9 Frequency of Room Temperature (%) 

 

Figure 10 Frequency of Relative Humidity (%) 

 

Figure 11 Psychrometric Chart showing steady state 

operation of integrated system configuration 3 

The integrated system configuration with the proposed 

modifications achieved improvements in COPth and 

unmet hours without sacrificing the net electricity gains. 

The significance of the integrated system configuration 

with the proposed modifications will be further elaborated 

in detail in future works. 

Conclusions 

In this study, the performances of three configurations of 

an integrated PVT-SAH-assisted SDC system are 

investigated and compared considering daytime operation 

in a hot and humid climate. Configuration 1 and 2 

represent typical integrated system operation in 

ventilation mode and recirculation mode, respectively. 

Configuration 3 represents typical system operation in 

recirculation mode with a couple of modifications on the 

supply air and regeneration air sides. The system 

performances were analysed in terms of net electricity 

gain, thermal coefficient of performance (COPth) and 

unmet hours. The main findings of this study are 

highlighted below:  

The integrated system configuration 3 with proposed 

modifications achieved following improvements 

compared to configuration 1 and 2, 

a) 135% and 18% improvement in thermal 

coefficient of performance (COPth), 

b) 48% and 33% reduction in unmet hours, 

c) Negligible impact on the PV electrical 

energy gain and AH energy consumption 

d) The room temperature only exceeds the 

limit by 1oC during the operation time and, 
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the relative humidity exceeds 65% for very 

few hours (9%). 

In conclusion, this study showcases the improvements 

achieved by and the potential of an integrated PVT-SAH-

assisted SDC system with a modified configuration in hot 

and humid climates, which can make this system a viable 

option in such climates. 
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