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Abstract: Mitigating the consequences of global warming on the shortage of water 
and sustainable energy requires clean technologies, such as solar energy systems. 
In this regard, integrating multiple clean technologies can provide an effective 
solution for simultaneous sustainable energy and freshwater production. In this 
study, a novel hybrid system integrating a Solar Chimney Power Plant (SCPP), solar 
still, and Concentrated Solar Power (CSP) system are proposed and numerically 
investigated. The proposed design lies in utilizing the CSP system as an auxiliary 
thermal energy source to enhance both airflow inside the chimney and evaporation 
inside the solar still simultaneously. Conducted computational Fluid Dynamics 
Analysis (CFD) for a system comprised of a 12 m height chimney and 3.4 m solar 
collector, accompanied by solar still basins located under the transparent collector, 
and the added CSP system showed that the basin temperature reached 
approximately 72 °C, and the water temperature in the collector outlet increased to 
about 62 °C in the triple system. Also, the chimney inlet velocity reached 2.2 m/s. 
The power generated in the new design showed a 68.2% increase via producing 
0.64 W compared to the base case; meanwhile, the water production was 7554 g, 
indicating 18% rise in desalination capability. The observed results highlighted the 
substantial impact of additional thermal energy on system performance obtained 
from the CSP system compared to conventional hybrid systems. 

 Keywords: solar chimney; solar still; CSP system; sustainable electricity and water 

1. Introduction 

Over the past few decades, there has been a significant growth in the need for energy, which has presented 
human civilizations with many issues, including global warming [1]. The rise in energy demand has diverse factors, 
from population growth and industrial development to modern lifestyle, which, as a ripple effect, led to a noticeable 
increase in water consumption as well [2]. Moreover, climate change poses significant challenges for water 
security, especially for regions suffering severe drought in recent years [3]. In this regard, human society is at a 
turning point in the energy and water provision in this century. Accordingly, the rising worldwide energy and clean 
water consumption have signified the important role of clean energy sources like solar energy systems as one of 
the main promising solutions for tackling global warming repercussions in terms of water and electricity shortage. 

https://crossmark.crossref.org/dialog/?doi=10.53941/tsa.2026.100013&domain=pdf
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It is evident that because of the innately pure and long-lasting superior qualities of clean energies, they are 
not only readily available substitutes for fossil fuels but also greatly safeguard the environment. This idea has 
clearly inspired a lot of scholars to advance technology and implement useful measures in this field [4]. Meanwhile, 
the most recent thermometry research conducted in 2024 revealed that global warming has surpassed the 1.5 °C 
threshold that defines the climate targets outlined in the Paris Agreement, far sooner than anticipated [5]. 
Therefore, for achieving sustainable energy production and proper access to water sources, research activities for 
finding appropriate solutions, including optimization of current technologies and developing hybrid systems, 
should be promoted. 

In this regard, the Solar Chimney Power Plant (SCPP), initially suggested by Cabanyes, is one of the 
underdeveloped methods to accomplish electricity generation from renewable energy [6]. SCPP includes a 
chimney, a collector with a clear roof, and a power-generating device at the base of the chimney, as can be observed 
in Figure 1. Solar radiation warms the airflow beneath the glass collector [7]. Consequently, the rising air flow 
toward the chimney is produced by the buoyancy effect between heated air streams and the surrounding air due to 
the density difference [8]. This phenomenon is accelerated by the tower’s strong updraft conditions, which speed 
up air movement. The turbine next to the chimney transforms the kinetic energy of the airflow into mechanical 
energy as it moves through the system. 

 

Figure 1. Schematic for solar chimney power plant. Reprinted with permission from Ref. [7]. 

In 1981, Schlaich investigated the operation of the first Solar Chimney Power Plant (SCPP) [9]. Afterwards, 
a prototype plant with a 244 m collector diameter and a 194 m chimney height was constructed to produce 50 KW 
of electricity. It is noteworthy that numerous analytical and experimental studies have been conducted in recent 
years to evaluate the efficacy of solar chimney systems, where the performance can be impacted by material and 
thermal storage, system design arrangement, integration with other clean technologies, and climate conditions 
[10]. Ghalamchi et al. compared five different theoretical models regarding the effects of collector radius and its 
inlet height, chimney height, and solar radiation on the performance of solar chimney systems. The results 
demonstrated that larger canopy diameter and column height led to a notable increase in the intended system’s 
energy production [11]. The results demonstrated that larger canopy diameter and column height led to a notable 
increase in the intended system’s energy production. In 2016, a numerical study was conducted for the analysis of 
a solar chimney with an inclined collector roof [12]. The results showed that changes in the collector-roof 
inclination increase the mass flow rate of the system. Raising the outlet collector height while maintaining the 
intake collector height results in a higher power output in SCPP. The impacts of the double roof collector with the 
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co-current and counter-current flow arrangement on the system’s overall performance were assessed in 2020 by 
Nasraoui et al. [13]. They demonstrated that a dual roof collector with a counter-flow configuration may increase 
the solar chimney power plant’s overall efficiency. In another study, a theoretical model was created by Al-Abadi 
et al. [14] to determine how well a SCPP with a black concrete base would absorb and retain more heat at night. 
According to the findings, black concrete improved heat storage at night, which enhanced energy production. 
Afsari et al. [15] examined the impacts of increasing air volume and soil layer in 2024 for a built pilot setup of 
SCPP with a 12 m chimney height under five distinct scenarios. The inclusion of a soil layer enabled the system 
to have thermal storage, which produced an airflow velocity of 0.2 m/s at the beginning of the night, according to 
the findings of the experiments and simulations. While more air height inside the collector might result in a fall in 
flow velocity, the soil layer saw a slight decrease in airflow velocity over the day. Additionally, Li et al. looked 
into the impacts of using Phase Change Materials (PCM) as a thermal storage section for the solar chimney plant 
collector [16]. The improved airflow rate and temperature difference were observed from their study. 

In addition, it is said that because of the low productivity and the substantial amount of space needed for 
construction, combining solar chimney and other technologies may be beneficial, although few experimental 
studies have been conducted for combined systems [17]. In this regard, Mokrani and his colleagues carried out 
experimental studies on hybrid power plants that included geothermal water and solar chimney electricity. Their 
findings indicated an improvement in the system’s overall performance by means of intended integration with 
geothermal energy [18]. Similarly, Sing et al. assessed the combination of photovoltaic systems (PV) with solar 
chimney power plants to improve ultimate power generation. [19]. Additionally, another research by Abdelsalam 
et al. suggested combining a solar chimney power plant with an electrolysis station to produce green hydrogen 
[20]. The findings showed that the SCPP is now competitive with other energy production facilities since its 
Levelized Cost of Energy (LCOE) has improved to 0.51 $/kWh as a consequence of the income generated from 
the production of H2 and O2. In a different study, Sajjadi et al. suggested integrating a solar chimney with a CSP 
system to supply an extra heat source as a supplementary driving force in SCPP, increasing airflow velocity [21]. 
The study’s findings indicated that the secondary heat source improved overall performance and, in comparison 
to conventional designs, this innovation increased the possibility of producing power at night significantly. This 
was because the collector canopy’s temperature difference from the surrounding air was higher. 

On the other hand, it is suggested that merging solar chimney and solar still systems might be beneficial due 
to poor productivity and the huge building space required for both. However, few experimental studies have 
examined the proposed hybrid design [22]. The solar still consists of three primary components: the raw water 
basin, the glass roof, and the collecting channel, which are shown in Figure 2 By capturing evaporating droplets 
and condensing them into its distillation channel, sun radiation is used to directly distill saline or brackish water 
[23]. In order to produce clean water and power at the same time, Zue et al. experimentally evaluated a combined 
solar chimney and desalination system in 2012 [24]. It was discovered that the primary time to produce distilled 
water occurs when there is no sunlight. In the meantime, the first third of the heat collector experiences the greatest 
temperature rise. Mostafa et al. [25] conducted experimental studies for this hybrid system, demonstrating that 
increased salt content inside the systems had a detrimental influence on the system’s overall productivity. 
Meanwhile, increasing salt concentrations lead to greater thermal energy storage during sunny hours. Long et al. 
published research on the efficacy of liquid desiccant regeneration in solar stills and natural convective 
regenerators, with and without the mixed convection effect created by solar chimneys [26]. Its findings revealed 
that the improved mass transfer efficiency caused by mixed convection created by the solar chimney is obvious. 
Kabeel et al. [27]. concentrated their study on boosting the temperature of the water while simultaneously reducing 
the temperature of the glass cover, which had a substantial influence on the overall performance of the production 
process. In recent studies, other aspects of solar desalination have been reviewed as well. Huang et al. [28] studied 
a multifunctional photothermal evaporator based on a black g-C₃N₄ hydrogel. Their research showed how 
photothermal materials can boost sun absorption and interfacial evaporation processes, which improves 
desalination and water purification efficiency. These advancements highlight the significance of effective solar-
to-thermal energy conversion, which can be used in solar still systems to improve desalination efficiency and 
freshwater yield. 

Afsari and his colleagues presented a detailed experimental investigation on a hybrid solar chimney system 
and solar still in 2023, demonstrating the potential for producing power and water at the same time [29]. Their 
findings revealed through experimentation that the intended combination with a water desalination system caused 
the peak times for temperature and velocity profiles among collectors to diverge from those of the typical solar 
chimney design. 
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Figure 2. Solar still water desalination system [29]. 

Therefore, it is clarified in previous studies that hybrid solar chimney and solar still can produce simultaneous 
water and electricity, which would be considered as a promising solution to achieve sustainability in remote areas, 
although this hybrid system needs improvement in various aspects, and thermal performance is one of the main topics. 

Accordingly, in this study, the authors tried to introduce the possibility of overall performance improvement 
by a novel triple integration of solar chimney, solar still, and CSP system. The novelty of the proposed arrangement 
illustrated that the capability of the CSP system can promote heat distribution among system. Not only did it 
provide more desalinated water, but it also generated far more kinetic energy compared to previous combinations 
or conventional designs. Accordingly, to further understand the impact of the intended secondary heat source on 
the production of electricity and desalinated water, a Computational Fluid Dynamics study (CFD) was carried out. 

2. Methodology and Design Development 

2.1. Hybrid System Description 

The proposed triple hybrid design is indicated in Figure 3, comprising a solar chimney, a solar still, and Solar 
Concentrated Power System (CSP). This hybrid design arrangement presents a novel approach to enhancing 
sustainable energy generation and desalinated water production. This triple-integration strategy leverages the 
strengths of each component to maximize efficiency and resource utilization. The solar concentrator system warms 
a heat-transferring fluid medium, as seen in Figure 3. A thermal storage tank can be used to store it if needed. TES 
is made to concurrently control the heat-transferring fluid’s flow rate and save energy. The circulation of the heat-
transfer fluid requires pumping systems whose operational efficiency can significantly influence the overall 
performance of thermal-fluid systems. Previous studies have investigated the efficiency characteristics of pumping 
systems operating with different motor technologies under thermal-fluid applications [30]. Heat is transferred to 
the air under the canopy and to the wall of the basin by the hot fluid that is injected into the center of the collector 
and circulates helically inside the circular coils. The coils are embedded within the sand layer; therefore, heat is 
transferred indirectly to the basin water through conduction across the basin bottom wall and the surrounding sand 
medium. Simultaneously, part of the transferred thermal energy increases the air temperature beneath the collector 
canopy. Although the sand layer introduces additional thermal resistance, it improves thermal storage capability 
and promotes more uniform temperature distribution within the system. After leaving the collector’s edge, it is 
recycled back into the CSP system. Additionally, a layer of insulation beneath the tubes can stop excessive heat 
loss to the earth. 
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Figure 3. Proposed design for triple integration of solar chimney, solar still, and CSP system. 

Additionally, sand is placed in the area between the heat transmission pipes to improve thermal storage and 
temperature dispersion. As a result, the new proposed design raises the temperature and velocity of the air inside 
the collector to produce more power, which is accompanied by a faster rate of water production. Additionally, it 
ensures improved performance while the system is operating at night. In other words, enhancing the collector’s 
thermal performance via the suggested innovation results in achieving the same power output with a smaller plant 
scale compared to traditional design, which also represents an economic achievement for lowering the costs. 
Moreover, considering the thermal potential of the heat-transfer fluid in the CSP system, several opportunities 
exist to further enhance the performance of the solar chimney. For example, a practical application of the proposed 
design is the use of return heat-transfer fluid, such as steam condensate, from an existing CSP plant, which can 
provide additional power generation for the SCPP. 

2.2. Base Case Experimental Setup for Validation 

In this regard, the simulation has been done to analyze the notion of triple integration, and it is validated 
based on the authors’ previous experimental research, which provides a combination of solar still and solar 
chimney. In order to assess the efficacy of the combined system in the current study, a pilot-scale solar chimney 
of 12 m in height and 3.4 m in collector diameter was built in Tehran, as seen in Figure 4. It was integrated with 
eight solar water basins. Table 1 provides a summary of the system geometry. 

Table 1. Geometric parameters of constructed solar chimney [29]. 

Geometric Parameter Dimensions  
Diameter of the chimney 25 cm 

Height of chimney 12 m 
Diameter of collector 3.4 m 

Air entrance gap at collector 6 cm 
Collector sidewall height 60 cm 

Rear wall height of the basin  30 cm 
Front wall height of the basin 10 cm 

To prevent heat loss, a 3 cm layer of glass-wool insulation was placed on the ground under the canopy, and 
the chimney was insulated with 2 cm of mineral fiber. Furthermore, the collector’s canopy’s transparent plastic 
material offered roughly 70% transparency. In order to reduce the impact of wind on the measured data, a 
protective plastic coating was also placed around the collector’s entrance. At the setup location (Lat/Lon: 35.741, 
51.511), the global radiation was recorded close to 900 W/m2, which was valid when compared to the pertinent 
databases. The collector’s initial midsection was where the stills were placed. Originally, the basin’s roof was 
made of glass and sloped 15 degrees to allow for adequate drainage as condensed droplets flowed into the distillate 
collection. To make an appropriate environment in the water basin for better evaporation of water, the walls of the 
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still were insulated. Under the measured peak solar radiation conditions of approximately 900 W/m2, the 
experimental base case produced an airflow velocity of about 2 m/s at the chimney inlet, while the collector outlet 
temperature and basin water temperature reached approximately 59.2 °C and 73 °C, respectively. These measured 
values were later used for validation of the numerical CFD model. 

 

Figure 4. Solar Chimney setup in Iran University of Science & Technology, Tehran [29]. 

2.3. Numerical Model Description 

The hybrid solar chimney and solar desalination system’s governing equations, which include the continuity, 
momentum, and energy equations, are generally as follows [31]: 
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The Rayleigh Number (Ra) is applicable to use for assessing the system’s turbulence level because the solar 
chimney system relies on buoyancy-driven flow [32]. 

𝑅𝑎 ൌ
௚ఉ∆்௅యఘ

ఓ௔
  (5)

According to earlier research, the Ra indicates the air stream turbulence for the solar chimney, and when it is 
larger than 1010, it indicates that the natural convection flow has transformed into a turbulent one. 

Additionally, the desalination part of the hybrid system is regarded as a traditional solar still in earlier 
numerical calculations, except for its roof, which is in contact with airflow amid the collection canopy. There is 
consensus among previous studies to use Dunkel’s heat and mass transfer laws for solar stills because there isn’t 
a precise numerical model created for the planned hybrid system. However, it should be acknowledged that 
applying this model to a coupled hybrid system involving CSP-assisted heating and enhanced airflow may 
introduce additional uncertainties [33,34]. 

Based on the Dunkel mathematical model, the heat transfer from the water surface to the overlying glass 
cover can be determined using Equation (6). 

𝑞௘.௪ ൌ ℎ௘௩.௪.௪ି௚൫𝑇௪ െ 𝑇௚൯ (6)



Sajjadi et al.   Therm. Sci. Appl. 2026, 1(2), 200–214 

https://doi.org/10.53941/tsa.2026.100013  206  

where Tw and Tg are the temperatures of the water and the glass roof, respectively. 
Equation (7) is used to calculate the total evaporative heat transfer coefficient between the saline water and 

the still roof, with Pw and Pg denoting the water vapor partial pressures at the basin temperature and the glass 
temperature, respectively. 

ℎ௘௩.௪ି௚ ൌ 0.016273 ൈ ℎ௖.௪ି௚
൫௉ೢ ି௉೒൯

൫்ೢ ି ೒்൯
  (7)
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hc,w-g is the convective heat transfer coefficient between the desalination roof and, which is determined via 
Equation (10) 
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where working conditions and plant dimensions are needed to obtain C and n values and dimensions of the 
desalination plant. According to the Dunkel model, C = 0.075 and n = 1/3 were proposed. Accordingly, the 
following relation was obtained from Equation (6): 
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Therefore, Equation (12) provides the amount of freshwater production, where hfg is the latent heat of 
vaporization, and Aw is the water surface area: 
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2.3. Numerical and CFD Simulation 

The performance of the hybrid system has been simulated in the current study using a 2D numerical model 
created in ANSYS-Fluent Version 2021. A complex thermodynamic and fluid dynamic mathematical model, made 
feasible by Computational Fluid Dynamics (CFD), a tried-and-true method for simulating fluid behavior in a 
variety of systems, including SCPP and hybrid systems, may provide extensive analysis. 

The Boussinesq hypothesis for density was considered to be true for the solar chimney system, as verified in 
previous publications [35]. Additionally, the discrete ordinates model (DOM) was chosen for the radiation 
phenomena present in the system chimney, water, and collector sections. The Quad/Tri meshing approach was 
used to discretize each. Additionally, an independent study on meshing has been carried out to help authors choose 
models with the fewest possible numerical errors. In simulation calculations, the chimney, the ground area, and 
the basin side walls are considered as adiabatic bounds since they are insulated by glass wool. Additionally, 
calculations for the collector’s surrounding walls and the transparent canopy’s outside surface assume a constant 
temperature of 317 °K with h = 8 W/m2. Additionally, 800 W/m2 is the global solar radiation utilized in 
computations. Since it was close to the highest radiation recorded at the setup position (Lat/Lon: 35.741, 51.511) 
in Tehran city, it was chosen as a typical value based on the experiment’s obtained data. Both the collector input 
flow and the chimney output flow models employ the atmospheric value assumption for the static pressure. Table 
2 provides a summary of the desired simulation’s boundary conditions. 

Table 2. Boundary conditions for CFD simulation. 

Description Type Surface Condition 
Ground Wall Adiabatic  

Basin Body Wall Adiabatic  
Collector roof Wall 900 (W/m2) 

Chimney Wall Adiabatic 
Side Wall Wall T = 317 °K, h = 8 (W/m2·K) 

Inlet Pressure-inlet P (atm) 
Outlet Pressure-outlet P (atm) 
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In the current work, the simulation model has been generated and validated by the outcomes of the intended 
experimental result, which is called in this paper the base case. The performance of a solar chimney with a 
supplementary heat source, such as a CSP system, was then assessed for the same ambient conditions. In this 
regard, it is assumed that the provided power input delivered by the CSP system is equivalent to 30 kg/h and 60 
kg/h of water stream with 20 °C increased temperature, which will be called design case 1 and design case 2, 
respectively. 

2.4. Simulation Validation 

The simulation results for various operational parameters, such as collector outlet temperature, water 
temperature in basins, and air velocity at the chimney’s entrance, have been validated via comparison with obtained 
experimental information, in which proper trends were achieved. The results of this comparison are highlighted in 
Table 3. 

Table 3. Simulation validation. 

Description Collector’s Outlet 
Temperature 

Water Temperature 
in the Basin 

Chimney Entrance 
Airflow Velocity 

Water Production in 
the Basin 

Experimental Data  59.2 °C 73 °C 2 m/s 110 g 
Simulation Results 59 °C 72 °C 1.9 m/s 121 g 

Additionally, a mesh independent study was carried out to find the minimum error in model convergence. It 
was obvious that rising the mesh number can lead to an increase in the computation time and related expenses. In 
the meantime, Figure 5 shows the minimal error point, which is the ideal one to employ in further computations. 
Consequently, a grid of 291,600 cells overall produced the least amount of simulation error. 

 
Figure 5. Grid sensitivity results. 

3. Results and Discussion 

In order to conduct numerical CFD simulations, a 2D axisymmetric model of SCPP has been defined in 
Fluent. The Quad/tri meshing method was used to mesh the geometry. Figures 6 and 7 displayed the contour plots 
for temperature and velocity within the system, respectively. 
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Figure 6. Contour plot for temperature profile in the system. 

The air temperature rose throughout the collection, as shown in Figure 6, and eventually reached its maximum 
of 59 °C at the interface between the chimney inlet and the collector’s output zone. Additionally, it was noted that 
the air velocity reached 2 m/s, as seen in Figure 7. It should be noted that these conclusions are consistent with the 
experimental data from the authors’ earlier study shows that the numerical work was validated. 

 

Figure 7. Contour plot for velocity profile in the system. 

The provided comparative data in Figure 8 illustrate the temperature profiles of a hybrid solar chimney power 
plant (SCPP) and solar still system under three different scenarios: the base case, new design 1, and new design 2. 
This study examined the impact of integrating a Concentrated Solar Power (CSP) system as a secondary heat 
source to enhance the overall performance of the hybrid system, focusing on the simultaneous production of 
electricity and desalinated water. The base case represents the initial setup, validated by experimental results, while 
the new designs involve additional thermal energy inputs from the CSP system. Specifically, new design 1 and 
new design 2 simulate the effects of introducing a water stream heated by 20 °C at flow rates of 30 kg/h and 60 
kg/h, respectively. As illustrated in Figure 8, the basin water temperature is approximately 72 °C, and the water 
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temperature in the collector outlet is around 58 °C. When the CSP system is introduced in new design 1, the 
collector outlet temperature remains relatively stable at around 72 °C, but the water temperature in the basin 
increases to approximately 59 °C. This indicates that the additional thermal energy from the CSP system raises the 
basin water temperature, enhancing the evaporation rate and, consequently, the desalination process. In new design 
2, with a higher water flow rate of 60 kg/h, the water temperature hovers around 78 °C, but the water temperature in 
the collector increases to approximately 61 °C, suggesting an even more significant boost in desalination efficiency. 

 
Figure 8. Collector outlet temperature in different cases. 

The observed increase in water and electricity production in the new designs can be attributed to the enhanced 
thermal energy input from the CSP system. By preheating the water stream before it enters the solar chimney 
system, the overall thermal efficiency is improved, leading to higher temperatures in the basin. This temperature 
rise accelerates the evaporation process, resulting in increased freshwater production. Simultaneously, the higher 
temperatures at the collector outlet enhance the thermal updraft within the solar chimney, driving the turbine more 
effectively and generating more electricity. The combination of these factors demonstrates the synergistic effect 
of integrating a CSP system with a hybrid SCPP and solar still, providing a practical solution for improving the 
performance and output of renewable energy and desalination systems. 

Figure 9 presents the water production performance of the hybrid solar chimney power plant (SCPP) and 
solar still system under three scenarios: the base case, new design 1, and new design 2. This chart complements 
the previous temperature profile analysis by quantifying the amount of desalinated water produced in each case. 
The base case yields a water production of 6404 g, new design 1 produces 6924 g, and new design 2 achieves 7554 
g. These figures clearly indicate a progressive increase in water production as the secondary heat source’s input 
increases. In the base case, the system’s performance was solely based on the solar chimney and solar still’s 
inherent capabilities without any additional thermal energy input. The result is a baseline water production of 6404 
g. With the introduction of a CSP system in new design 1, which heats the water stream by 20 °C at a flow rate of 
30 kg/h, the water production rises to 6924 g. This increase can be attributed to the enhanced evaporation rate due 
to the higher water temperature in the basin, as observed in the previous temperature profile chart. The additional 
thermal energy from the CSP system boosted the overall efficiency of the desalination process. Further 
enhancement was observed in new design 2, where the water stream heated by 20 °C is increased to a flow rate of 
60 kg/h. This design achieved the highest water production of 7554 g. The significant rise in water production 
compared to the base case and new design 1 underscored the positive impact of increased thermal energy input on 
the system’s performance. By providing a larger quantity of preheated water, the new design 2 maximizes the 
evaporation rate, thereby producing more desalinated water. 
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Figure 9. Water production achievement in 3 different cases. 

On the other hand, the impact of additional heat from a CSP system on the inlet velocity of the chimney and 
the subsequent power generation in the hybrid solar chimney power plant (SCPP) and solar still system has been 
shown in Figure 10. In the base case, without additional heat input, the inlet velocity of the chimney is 1.85 m/s, 
resulting in a power output of 0.38 W. When additional heat is introduced in new design 1, which involves heating 
a water stream by 20 °C at a flow rate of 30 kg/h, the inlet velocity increases to 2 m/s, and the power output rises 
to 0.48 W. Further enhancement is observed in new design 2, where the heated water stream is increased to a flow 
rate of 60 kg/h, resulting in an inlet velocity of 2.2 m/s and a power output of 0.64 W. 

The increase in chimney inlet velocity can be attributed to the added thermal energy from the CSP system. 
The rise in kinetic energy production is directly linked to the increased inlet velocity. As the velocity of the air 
entering the chimney increases, the kinetic energy available for driving the turbine also rises. 

 
Figure 10. Effect of secondary heat source on velocity and kinetic power production. 

Figure 11. shows the percentage change in power output and water production for the solar still system and 
hybrid Solar Chimney Power Plant (SCPP) when more heat from a concentrated solar power (CSP) system is 
added. The graph contrasts the new designs 1 and 2’s performance advantages with the base case. In new design 
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1, which involves heating a water stream by 20 °C at a flow rate of 30 kg/h, there is an 8.1% increase in water 
production and a 26.3% increase in power output. This indicated that even a modest addition of thermal energy 
from the CSP system can significantly enhance the system’s performance. Even more notable gains may be seen 
in new design 2, which used a heated water stream with a higher flow rate of 60 kg/h. Power output soars by 68.2% 
while water production rises by 18%. This significant improvement demonstrates the favorable relationship 
between system performance and the amount of additional thermal energy. More warmed water is supplied to the 
system by the greater water flow rate, which greatly increases evaporation rates and desalination efficiency. The 
comparison between new design 1 and new design 2 clearly illustrates the benefits of integrating additional heat 
into the system. 

 
Figure 11. Effect of added heat on system production compared to base case. 

4. Conclusions 

Renewable energy sources, such as solar energy systems, are essential for mitigating the effects of global 
warming on water and electricity scarcity. The proposed triple integration of a solar chimney, a solar still, and a 
CSP system in the current work demonstrates a synergistic approach to achieving more sustainable water and 
electricity production. The CSP system’s contribution of heat not only increases the temperature of the water in 
the solar still, thereby boosting desalinated water output, but also raises the air temperature entering the solar 
chimney, enhancing the updraft effect and resulting in higher turbine efficiency and electricity generation. This 
triple integration exemplifies a multifaceted solution that maximizes the use of solar energy, offering a promising 
pathway for sustainable and efficient use of resources. The key results of the study are summarized below: 
 The basin water temperature reached approximately 78 °C, while the collector temperature in the basin 

reached to about 62 °C in the triple system, compared to the base case temperatures of around 73 °C and 
58 °C, respectively. 

 The amount of produced water increased from 6404 g in the base case to 7554 g in new design 2, showing 
18% improvement in desalination efficiency. 

 The inlet velocity of the chimney increased from 1.85 m/s in the base case to 2.2 m/s in new design 2, which 
corresponded to a rise in power output from 0.38 W to 0.64 W, corresponding to 68.2% increase in power 
production. 

 The results proved that the effect of triple integration made a greater increase in power generation compared 
to water desalination 
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Finally, this paper demonstrated the triple hybrid system’s performance and explained how it differs from a 
traditional solar chimney. Future research on the following topics appears to be required in the meantime to deepen 
our understanding of the system’s actual performance: 
(a) Conducting an experimental study for the intended triple integration system to provide a better understanding 

of various operating parameters 
(b) Investigating scale-up aspects to evaluate the integrated design’s viability and effectiveness in more extensive 

operational applications. 
(c) Assessing the hybrid system’s Levelized Cost of Energy (LCOE) to appropriately define its commercial 

features. 
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Nomenclature 
A Area (m2) r Radial coordinate (m) 
CP Specific heat capacity of the air (J kg−1) ΔT The maximum change in temperature (K) 
d Distance (m) T Temperature (K) 
g Gravitational acceleration (m s−2) u Velocity in the radial direction (m s−1) 
H Chimney height (m) V Air velocity in the chimney (m s−1) 
h Coefficient of heat transfer (W/m2 ⋅K) w Velocity in the axial direction (m s−1) 
k Thermal conductivity (W/m.K) z Axial coordinate 
L Length (m) β Thermal expansion coefficient 
𝑚ሶ ௛  Fresh Water Production rate (kg/h) α Thermal diffusivity 
Nu Nusselt number µ Viscosity (Pa s−1) 
P Pressure (Pa) ν Kinematic Viscosity (m2 s−1) 
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Pr Prandtl number ρ The density of the air (Kg m−3) 
Pe Power (W) ρ0 Reference Density 
Subscripts 
air Air ev Evaporation 
a Ambient h Conduction Heat Transfer 
c Convective Heat Transfer g Glass Roof of Water Basin 
ch Chimney w Water 
Acronym    
SCPP Solar Chimney Power Plant CSP Concentrated Solar Power 
CFD Computational Fluid Dynamics TES Thermal Energy Storage 
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