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ABSTRACT 

Solar Chimney Power Plants (SCPP) are renewable electricity production systems that use greenhouse and 

wind turbine technologies. Due to their large dimensions, they are only installed in rural areas. A few 

studies have addressed the use of SCPP in urban areas, as independent systems. This research aims to 

integrate the chimneys into high-rise buildings, utilizing the roof as a solar collector, in order to minimize 

the necessary land area. The impact of building height and collector configuration on the system outputs 

were investigated using 3D Computational Fluid Dynamics (CFD) and Ansys fluent analysis. The results 

reveal that the highest total energy production can be achieved by installing the turbines both at the top 

and bottom of the chimney, on a building of 140 m height. In this setting the energy production is 6.62 kW 

at the top and 26.81 kW at the bottom, resulting in a total of 33.47 kW. This study highlights the 

effectiveness of the proposed strategy in energy generation systems in high-rise buildings. 
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I. INTRODUCTION  

The concept of energy transition involves a shift from 
traditional fossil fuels to the production of electricity, heat, and 
mechanical energy through renewable energy [1]. SCPP are 
renewable energy systems that convert solar energy into 
electricity, using a combination of greenhouse, chimney, and 
wind turbine technologies [2–5]. These plants consist of a solar 
collector, an updraft tower, and turbines, which generate power 
from the buoyant air flow created by solar heating. Large-scale 
plants could potentially replace fossil fuel-based power 
generation [6, 7]. The first appearance of the SCPP was in 
Manzanares, Spain in 1982 [8-11]. CFD technologies open up 
new opportunities for the development of power engineering 
[12, 13]. Many researchers have extensively used the CFD 
models to investigate various aspects of the plant's 
performance, including the effects of chimney height, solar 
radiation, and atmospheric temperature [14, 15]. Authors in 

[16] found that increasing the height of the chimney leads to 
exponential growth in air velocity and mass flow rate, while 
reducing the temperature in the collector. An analysis of the 
solar chimney's overall efficiency revealed a direct relationship 
with chimney height. It was found that the large-scale up to 
1000 m could produce about 400 MW and could continuously 
generate power, even during the night, due to ground thermal 
capacity [17, 18]. Optimizing collector shape and height could 
increase the annual power output [8, 17, 19, 20]. It is known 
that SCPP is used only in rural areas, as the system is large in 
size and is not compatible with urban areas. Recent research 
has been focused on adapting SCPPs for urban environments 
by scaling down their dimensions, proposing equations that 
demonstrate the relation between scale decrease and air 
velocity, pressure difference, mass flow rate, and generated 
energy [21]. Authors in [22] proposed a novel vertical SCPP 
design for building integration that improved its performance 
compared to conventional systems, with the power output 
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being affected by several factors, such as chimney height and 
diameter. The impact of collector angle (from 360° to 120°) on 
energy outputs in high-rise buildings has also been studied 
[23]. Indeed, the multidisciplinary collaboration encompassing 
architecture, thermal physics, aerodynamics, materials science, 
and biology seem to be necessary for the successful 
implementation of this system in urban areas [24]. It is worth 
noting that previous studies have dealt with the SCPP system in 
urban areas as independent constructions, without 
incorporating it in the building components. Therefore, this 
research aims to integrate the SCPP inside high-rise buildings 
by using a vertical height cavity as a chimney and employing 
the roof area as a collector in order to minimize the use of the 
surrounding area. In addition, the current paper studied the 
impact of building height and collector configuration on system 
outputs including air velocity, air temperature, pressure 
difference, and power generation.  

II. PHYSICAL MODEL 

This study is based on the Manzanares SCPP model, with 
194.6 m, 10.16 m, 122 m, and 1.85 m corresponding to 
chimney height, chimney diameter, collector radius, and 
collector height, respectively [25, 26]. The turbine is positioned 
at the bottom of the chimney, above the collector level. 
Additionally, the ground beneath the collector serves as a 
thermal storage medium, contributing to energy retention and 
heat distribution. 

III. NUMERICAL MODEL 

CFD simulations were performed using Ansys Fluent 
analysis, applying the k-ε turbulence model and Boussinesq 
approximation [27, 28]. Authors in [29, 30] focused on airflow, 
solar radiation, and thermal storage, with optimized collector 
designs proposed for improved efficiency. 

 The equation of continuity: 
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 The Rayleigh number (Ra) measures the buoyancy-induced 
flow strength in the natural convection: 

() = *+∆�-.
)
      (5) 

where ΔT is the maximum temperature difference of the 
system, β is the thermal expansion coefficient, L is the mean 
collector height, and a is the thermal diffusivity . 

 The Reynolds number (Re) exceeds 1010, suggesting the 
potential for turbulent fluid [31, 32]. The RNG k-ε model 

was employed to simulate this turbulent flow [33]. The 
turbulent kinetic energy k, and its dissipation rate ε, were 
derived from the two transport equations [34]:  
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where: 

Gk: Generation of turbulent kinetic energy having resulted 
from the mean velocity gradients  

Gb: Generation of turbulent kinetic energy having resulted 
from buoyancy  

ϭT = 0.9, ϭk = 1.0, ϭε= 1.3 are the T, k, and ε turbulent 
Pranldt numbers, respectively. 

G1ε= 1.44, G2ε = 1.92, and Cμ = 0.09 are the constants for 
the turbulent model. 

 The Turbine: 

The turbines convert the kinetic energy of air into 
mechanical energy and finally to electrical energy [35, 36]. 

The rotor gets the following mechanical power: 

CD = B
A ƞFGHƞFIJFGH;    (8) 

The equation above can be further detailed as:  

CD = B
A KFGHKFIL�B;    (9) 

IV. CONFIGURATION 

In order to better study innovation, several proposals were 
examined, and the three most important models are presented 
in this section. In residential buildings with four apartments of 
135 m2 on each floor, the average of global superficies, 
including circulation and chimney cavity (diameter of 10.18 
m), is 800 m2 (building radius = 16 m). 

First model: The roof of the building serves as ground, on 
top of which a collector with a radius of 11 m is placed. An air 
inlet is provided at the bottom of the building, as depicted in 
Figure 1(a). 

Second model: Similar to the first model, with the addition 
of one more collector around the building, covering the same 
area as the collector on the roof. In this case there is also only 
one inlet at the bottom of the building, as portrayed in Figure 
1(b).  

Third model: Similar to the second model, with the addition 
of an air inlet at the upper collector, as shown in Figure 1(c).  
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Fig. 1.  Solar chimney power plant configuration: (a) first model, (b) 
second model, (c) third model. 

V. BOUNDARY CONDITIONS  

The Ansys Fluent is used to simulate all models, by 
implementing three-dimensional axial CFD for 15° parts of the 
proposed models to accelerate convergence. This study used 
the RNG k-ε turbulence model, the SIMPLE algorithm, and 
PRESTO method to solve the momentum equations, and 
determine the relationship between pressure, air velocity, and 
pressure interpolation, respectively. The non-grey radiation 
(DO) in conjunction with the solar ray tracing technique was 
adopted for radiation calculations. To clarify the relationship 
between temperature and variations in air density, the 
Boussinesq approximation was activated. The material 
properties adopted are presented in Figure 1 and in Table Ι. 

TABLE I.  MATERIAL PROPERIES OF SCPP ADOPTED IN 
THIS STUDY  

 Chimney Glass Ground 

Thickness (m) 0.00125 0.004 0.5 
Density (kg/m3) 8030 2500 2160 

Thermal conductivity 
(W/mK) 

16.27 1.15 1.83 

Specific heat (J/kgK) 502.48 750 710 
Absorption coefficient 0 0.03 0.9 

Transmissivity - 0.9 - 
Emissivity 1 0.9 0.9 

Reflective index 1 1.526 1 
Conditions: Air Temperature of 293.15 K 

 

VI. RESULTS AND DISCUSSION  

Figure 2 illustrates the CFD simulation results of the air 
velocity and temperature for the three models at the outlet of 
the collector at the bottom of the building. The three tested 

models recorded air velocity of 11.1, 9.07, and 8.23 m/s and a 
temperature difference of 3.85, 6.85, and 7.35 k, respectively, 
as evidenced in Figure 3.  

The addition of the lower collector increased the 
temperature between models 1 and 2 by 3 K. On the other 
hand, the horizontal dimension of this collector reduced the air 
velocity at the bottom of the chimney by 2.03 m/s.  

The addition of the air inlet in the upper collector raised the 
temperature inside the chimney tunnel by 0.5 K, while the 
effect of the air movement momentum at the upper collector 
level reduced the air velocity by 0.84 m/s at the bottom of the 
chimney between models 2 and 3. 

 

 
Fig. 2.  CFD simulation results of air velocity and temperature at the outlet 
of the collector at the bottom of the building: (a) first model, (b) second model, 
(c) third model.  
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Fig. 3.  The values of air velocity and air temperature difference at the 
outlet of the collector at the bottom of the building of the three models. 

 
Fig. 4.  CFD Simulation results of air velocity and air temperature 
difference at the upper collector level: (a) first model, (b) second model, (c) 
third model 

 

Fig. 5.  The values of air velocity and air temperature difference at the 
upper collector level of the three models. 

The CFD simulation results of the air velocity and air 
temperature difference at the upper collector level are presented 
in Figure 4. Air velocity recorded 5.87, 5.32, and 6.3 m/s, with 
temperature differences of 7.35, 7.85, and 9.35 K for the three 
models, respectively. 

The addition of the lower collector increased the 
temperature between models 1 and 2 by 0.5 K. The decrease in 
the air velocity at the top of the building by 0.55 m/s is affected 
by the decrease in air velocity in the entire chimney tunnel. The 
new inlet in the upper collector increased the temperature by 
1.5 K and the air velocity by 0.98 m/s, which is affected by the 
complete thermal participation of the upper collector. 

Table II illustrates the energy generated at the upper and 
lower collectors of the three models, as well as the global 
energy. The implementation of the third model can generate 
more energy than the other two, so the rest of the study will be 
based on it.  

TABLE II.  THE GENERATED ENERGY AT THE UPPER AND 
THE LOWER COLLECTORS FOR THE THREE MODELS 

 Model 1 Model 2 Model 3 

Energy (upper collector) 14.42 kW 20.94 kW 20.39 kW 
Energy (lower collector) 5.574 kW 5.395 kW 7.610 kW 

Energy (global) 20 kW 26.33kW 28 kW 

 

VII. IMPACT OF BUILDING HEIGHT ON  PROPOSED 
SYSTEM OUTPUTS 

To study the effect of building height, while maintaining 
the total height of the chimney 194.6 m, four heights, namely 
120, 140, 160, and 180 m were tested for the third model, 
selected from the previous part of this study (a model equipped 
with two collectors, and an air inlet for each collector). 

Figure 6 shows that the increase of the building height 
increases the air velocity at the lower turbine, affected by the 
increased distance of the momentum point of the upper 
collector, according to the following polynomial equation: 

   
2  0.0014 0.5483   37.028 y x x   (10) 
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Fig. 6.  The effect of building height on air velocity for the lower and the 
upper collectors. 

The air velocity at the level of the upper turbine also 
increases, with slower rate, affected by the increase in the air 
velocity in the chimney tunnel, according to: 

   
2  0.0011  0.3934   25.337y x x  (11) 

Figure 7 displays the decrease in air temperature difference 
at the lower and upper turbines, affected by the air velocity 
rise, which accelerates the drain of hot air, according to: 

    
2  7 05 0.0316  14.103  y E x x  (12) 

  
2  0.0003 0.1248  17.825 y x x   (13) 

 

 
Fig. 7.  The effect of building height on air temperature difference for the 
lower and the upper collectors. 

The generated energy at the lower and the upper turbine 
levels, in addition to the global energy are presented in Figure 
8, which shows that the energy produced in the lower turbine 
increases with the building height according to an increasing 
polynomial: 

   
2  0.003 1.0489  61.447 y x x   (14) 

while the produced energy in the upper turbine decreases with 
the building height according to a decreasing polynomial: 

  
2  0.0011 0.239  –  4.699 y x x   (15) 

The total energy versus building height graph shows that 
energy production reaches its peak at 140 m, producing 33.47 
kW, then it begins to decrease according to: 

  
2  0.0042 1.2879  –  66.145  y x x  (16)\ 

 

 

Fig. 8.  The effect of building height on the generated energy at the lower 
collector, the upper collector, and the total energy.  

VIII. CONCLUSION 

The Solar Chimney Power Plants (SCPP) system is used 
only in rural areas as its large size is not compatible with urban 
areas. Previous studies have researched the potential of 
introducing SCPP systems in urban areas as independent 
structures. The present paper proposed the incorporation of 
SCPP within high-rise buildings, aiming to integrate them in 
the urban setting. After testing three models in the first stage, a 
model equipped with two solar collectors (bottom and top of 
the building) was selected, where a limited area of the 
building’s surrounding land was used. The height of the 
building was utilized as a cavity for the chimney. In the second 
stage, the research focused on the effect of the building height 
on the system outputs, using polynomial equations for air 
temperature, air velocity, and energy. The results indicated that 
a system with a top and a bottom turbine, on a building of 140 
m height can achieve the maximum energy production of 33.47 
kW. In this setting, the bottom turbine produces 26.81 kW and 
the top turbine 6.62 kW. This study suggests that SCPP 
systems could be an effective energy generation method for 
high-rise buildings. 
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