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ABSTRACT 

This work investigates integrating vegetation into solar chimney power plants (SCPPs) using numerical 

simulations of an SCPP prototype in Spain. A 2D axisymmetric computational fluid dynamics model with 

radiation heat transfer was employed to evaluate the impact of vegetation beneath the solar collector roof 
on system performance. Different SCPP configurations were analyzed: a standard design, one with a 

secondary collector roof, and another with secondary and tertiary collector roofs. Results indicate the 

secondary and tertiary roof configuration exhibited the highest annual electricity generation capacity of 

34-80 kW. While introducing vegetation under the collector appears feasible, it is likely to reduce the 

overall energy output. In summary, simulations suggest that vegetation influences SCPP operation, 

decreasing power production, while incorporating multiple collector roofs enhances the generation 
capacity. 
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I. INTRODUCTION  

The growing energy demand and reliance on non-
renewable fossil fuels has raised many environmental concerns. 
Solar Chimney Power Plants (SCPPs) offer a promising clean 
energy solution. This renewable technology harnesses solar 
radiation to heat air and convert its energy into electricity using 
wind turbines. The concept of utilizing air flow for power 
generation was first proposed in the early 1900s [1]. In the 
1980s, researchers built and tested a prototype Solar Upwind 
Power Plant, also called a Solar Chimney Energy System or 
Solar Tower, based on that idea [2]. Solar upwind/chimney 
systems provide a green method to harness solar energy for 
electricity generation [3]. The Solar Chimney Power Plant 
converts solar energy into thermal energy, then thermal into 
kinetic, and ultimately kinetic into electrical energy [4]. The 
design was introduced in the late 1970s and a prototype 
constructed from that design was demonstrated in Manzanares, 
Spain in the early 1980s [5]. 

In recent times, several pieces of sofware, like FLUENT 
and TRNSYS, have utilized the widely employed 
Computational Fluid Dynamics (CFD) software to analyze 
SCPP performance [6-12, 31]. Authors in [13] reviewed the 

impact of crosswind velocity on SCPP efficiency. Authors in 
[10] evaluated SCPP performance through CFD simulations in 
TRNSYS. Authors in [14] modeled a Spanish prototype plant 
using Boussinesq and Discrete Ordinates (DO) models for 
natural convection and radiation simulations. They found that 
higher solar radiation increases temperature differentials and 
pressure at collector intake/outflow and between collector and 
chimney transition. Authors in [9] deployed a 3D CFD model 
with a two-band radiation model to simulate the greenhouse 
effect and heat transfer in the system, demonstrating the 
importance of modeling the greenhouse effect for SCPP 
performance evaluation. Authors in [15] integrated models of 
radiation, solar load, and actual turbine systems to investigate 
power regulation strategies for solar chimney turbines, 
comparing fan and real turbine model results. Several 
computational studies utilizing CFD software have examined 
crucial system factors like radiation, convection, greenhouse 
effects for solar chimney prototype plants to evaluate 
influences on system efficiency and power output regulation. 

Other recent studies have looked at various aspects of solar 
chimney performance. Authors in [16] explored the effect of 
Corona wind on solar chimneys and authors in [17] optimized a 
small-scale (3 m height, 3 m collector diameter) pilot solar 
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chimney design. Authors in [18, 19] assessed the thermal 
efficiency of solar chimneys using phase change materials. 
Authors in [20] compared a 3D CFD model of a SCPP with the 
Manzanares prototype to evaluate SCPP viability in Tunisia. 
Authors in [21] examined the economic efficiency of a 200 
MW coal-fired SCPP in India. Authors in [31] studied a 
modified solar chimney design that combines power generation 
and vegetation cultivation. The work in [32] focuses on 
optimizing and controlling a large-scale SCPP [32]. 

The objective of the current study is to investigate the 
feasibility of incorporating vegetation under the collector roof 
of a solar chimney to impact performance. Integrating 
vegetation into SCPP designs offers several compelling 
justifications worth considering. The heated air and greenhouse 
effect under the collector roof could enable agricultural 
integration, allowing the facility to combine solar power 
generation with sustainable agriculture or plant cultivation 
practices. This diversification expands the system's 
functionality beyond mere energy production. Furthermore, the 
presence of vegetation can provide an aesthetic appeal by 
creating a more natural, green environment around the solar 
chimney facility. While the simulation results indicate that 
vegetation may reduce the overall power output, this potential 
drawback could be outweighed by the environmental benefits it 
offers, such as carbon sequestration, improved air quality, 
shade provision, and an overall more eco-friendly design 
approach. Looking ahead, future research could explore design 
modifications or optimized operating conditions that minimize 
any power reduction from the vegetation integration while still 
preserving the intended agricultural, aesthetic, and 
environmental advantages. With further optimization, the 
integration of vegetation may enable solar chimney facilities to 
become multifunctional sustainable systems. 

In comparison to [31, 32], while sharing the common theme 
of SCPPs, the present work investigates a distinct objective of 
assessing the feasibility of integrating vegetation into SCPPs in 
the Tamanrasset region of Algeria through numerical 
simulations using a 2D axisymmetric CFD model with 
radiation heat transfer. The acquired results suggest vegetation 
incorporation is viable, but likely to reduce energy generation, 
with the SCPP configuration incorporating secondary and 
tertiary collector roofs disclosing the highest electricity output 
capacity. In contrast, authors in [31] studied a modified SCPP 
design that combines power generation and vegetation 
cultivation, utilizing both CFD simulations and experimental 
measurements. Their findings revealed that the modified design 
improved energy efficiency and enabled vegetation growth 
beneath the collector. Authors in [32] focused on optimizing 
and controlling large-scale SCPP systems in general, 
employing techniques like optimization methods and control 
strategies to enhance the overall system performance. While 
the current study centered on a specific region and evaluated 
various SCPP configurations with and without vegetation, 
authors in [31] proposed a modified design for integrated 
power and crop production. Authors in [32], however, tackled 
optimization and control challenges applicable to large SCPP 
facilities. 

 

II. PHYSICAL MODEL  

A physical model of a SCPP was developed to study the 
effects of buoyancy on flow and heat transfer. The design is 
based on the Manzanares prototype, with a 194.6 m tall 
chimney (Hch) of 10.16 m diameter (rch). The collector has a 
122 m radius (Rcol) and an average 1.85 m height (Hcol), with 
the turbine located 9 m above the ground. Near the chimney 
base, the collector height increases up to 6 m, redirecting 
airflow upwards before the turbine. The ground acts as a 5 m 
thick energy storage medium.  

III. ELECTRICITY PRODUCTION 

The effectiveness of the SCPP is dictated by the functioning 
of its separate components. 

A. The Collector 

The formula for the heat gained by air in the collector is 
[11, 12]: 

col col
Q A G      (1) 

where 
col

 , 
col

A , and G represent the area of the solar collector 

(Acol= πRcol
2 ), the solar radiation, and the efficiency of the solar 

collector, respectively. Q signifies the heat generated due to the 
greenhouse effect in the collector and can be articulated as: 

P.
Q C m. T      (2) 

with:    

air ch ch
m V A      (3) 

Subsequently, the efficiency of the solar collector can be 
expressed as:  

air ch ch P

col.

col

V A C T

A G

 
      (4) 

where m stands for the mass flow, Ach indicates the surface 
area, and Vch refers to the velocity at the chimney entrance. 

B. The Chimney 

The efficiency of a chimney is given by [11, 12, 22]: 

��� =
�.��	


��

       (5) 

where Hch denotes the chimney’s height, Ta is the temperature 
of the surrounding air, and the total flow power Ptot is calculated 
by:  

���� = ��� Q =
���	

�

�������Δ����       (6) 

The difference in pressure between the base of the chimney 
and its environment, is calculated by: 

Δ���� = ���� ����

��

�

             (7)      

C. The Turbine 

Turbines are installed at the bottom of the chimneys to 
transform the kinetic energy of the air flow into mechanical 
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energy through rotation. The maximum amount of mechanical 
power that can be generated by the turbine is [11, 12, 22]: 

�� =
�

�
����������� G                  (8) 

The amount of electrical energy generated by the central 
solar chimney is determined by: 

� =
�

�
���� ��!"#

�


��

�������G      (9) 

IV. INCORPORATION OF VEGETATION UNDER THE 
COLLECTOR ROOF  

To incorporate vegetation under the solar chimney collector 
roof, modifications are made to the existing physical model. As 
displayed in Figure 1, the collector is split into two zones - one 
for vegetation and one for the bare ground. The vegetation is 
assumed to fully surround the collector circumference (360 
degrees), planted from the collector perimeter inward to a 
defined radius (Rveg). This vegetation configuration positions it 
under the collector roof while avoiding the high temperatures 
nearer the chimney base. The model is adapted to analyze 
integrating vegetation into a solar chimney plant. The collector 
has distinct ground and vegetation zones, with plants fully 
encircling the perimeter at a set radius under the collector roof 
to prevent exposure to excessive temperatures closer to the 
chimney. 

 

 
Fig. 1.  Placement of plants beneath the collector roof results in the 

formation of two distinct areas within the collector: the vegetation area and 
the ground area. 

V. BOUNDARY CONDITIONS 

In this section, the boundary conditions that are relevant to 
the physical model are outlined. The various locations in the 
model and the types of boundary conditions implemented, 
along with their specific values are enumerated. These include: 

 The heat storage layer’s sides are represented as an 
adiabatic wall. 

 The bottom wall is represented with a heat transfer 
coefficient of K = 300 W/m2K and a Ta equal to the ambient 
temperature. 

 The collector cover is represented as a semi-transparent 
wall, with solar irradiation and a heat transfer coefficient of 
K = 5.9 W/m

2
K. 

 The chimney’s surface and junction are represented as 
adiabatic walls. 

 The collector inlet is represented with a pressure inlet gage 
pressure of 0 Pa. 

 The chimney outlet is represented with a pressure outlet 
gage pressure of 0 Pa. 

 The pressure drop across the turbine is computed using an 
iterative method. 

VI. PARAMETERS EMPLOYED IN THE POROUS 
MEDIA MODEL 

The vegetation cover is modeled as a porous medium using 
the Fluent 17.1 program for solving fluid dynamics equations, 
which combines the traditional porous medium approach with 
the discretization of Darcy and Forchheimer equations. The 
vegetation cover in this study consists of a row of young 
cowpea plants surrounding the collector in a 360° orientation, 
extending to a specified radius, Rveg, with a height of 0.3 m. 
The intrinsic permeability of the porous medium is defined as 
0.884 and the nonlinear pressure drop coefficient as 1 [23]. 

VII. SIMULATION AND RESULTS 

Four solar chimney power plant simulations were 
conducted: 1) without radiation/vegetation, 2) with radiation/no 
vegetation, 3) no radiation/with vegetation, 4) with radiation/ 
vegetation. These simulations are based on the previously 
described plant specifications, the properties of the vegetation, 
and an assumed maximum temperature of 39 °C at which the 
vegetation can operate without disrupting photosynthesis 
(lower than the values determined in [24]). The study examines 
the incorporation of vegetation under the collector’s roof, 
which extends to 106.5 m radius (Rveg). 

Figures 2-3 portray the temperature and velocity profiles of 
the fluid in the collector with and without vegetation for a 
specific solar radiation level (Q = 1000 W/m

2
). Both increase 

approaching the chimney base. In the vegetated zone, the 
velocity slightly declines and then gradually increases near the 
chimney. The highest temperature/velocity values are acquired 
in the case without vegetation and with radiation. This indicates 
that vegetation and radiation influence performance. 

Simulations were run for three different SCPP 
configurations as described in [11]: a reference plant, one with 
a secondary collector roof, and one with both secondary and 
tertiary collector roofs. The simulation results observed in 
Table I suggest that the plant designs incorporating secondary 
and tertiary collector roofs generated the most electricity. 
However, when vegetation was integrated into any of the solar 
chimney systems, the amount of power output was reduced. 
Therefore, even though adding vegetation coverage is a viable 
option for SCPPs, doing so leads to a considerable decrease in 
the electricity generation capacity of the plant. 
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Fig. 2.  Velocity profile of the different SCPP systems in the collector  at  Rveg = 106.5 m, Y = 0.2 and Tsol-air = 324 K and solar insolation of 1000 W/m

2
. 

 
Fig. 3.  Temperature profile of the different SCPP systems in the collector at Rveg = 106.5 m, Y = 0.2 and Tsol-air = 324 K and solar insolation of 1000 W/m2. 

TABLE I.  COMPARISON OF POWER OUTPUT, WHICH 
SHOWS THE IMPACT OF ADDING VEGETATION UNDER 

THE COLLECTOR ROOF  

Systems 
Power output (kW) 

With vegetation Without vegetation 

Reference plant 31.2 50.01 

Plant with secondary 

collector roof 
39.6 59.7 

Plant with secondary and 

tertiary collector roof 
60.04 80.2 

Conditions: solar irradiation of 1000 W/m2 and a ground temperature of 324 K. 

 

VIII. A CASE STUDY 

The functioning of solar systems is strongly tied to the 
amount of the solar radiation received. The initial focus of the 

current study was on this key factor, since Algeria has a higher 
solar potential than other countries in the Mediterranean region 
[25-30]. This study focuses on Tamanrasset, a city in southern 
Algeria with an ideal location for utilizing solar energy and its 
associated technologies. The city's geographical coordinates are 
listed in [12]. The average monthly daily solar radiation data, 
measured in MJ/m

2
/day, were obtained from various national 

and international databases, including the Solar Atlas of 
Algeria [12, 27, 28], the Photovoltaic GIS, and Metronome, 
which is a commercial data source. The Tamanrasset region is 
located in the southern part of Algeria and has a dry Saharan 
climate with abundant sunshine and flat, unused areas, making 
it an ideal location for solar energy utilization and the adoption 
of SCPP technology, which will provide electric power to 
remote villages in southern Algeria. Additionally, harnessing 
thermal energy in the collector zone through greenhouse 
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farming practices will significantly reduce the cost of energy 
production. Tamanrasset experiences high levels of solar 
radiation (28.8 MJ/m

2
/day) [12] and the highest levels occur in 

June. The average ambient temperature in Tamanrasset can 
reach 29 °C [12]. 

Three simulations were conducted for three SCPP 
configurations: a reference plant, a plant with a secondary 
collector roof, and a plant with both secondary and tertiary 
collector roofs. The simulations were based on previously 
established plant design parameters, vegetation properties, and 
maximum allowable vegetation temperature as described in 
[11]. The integration of vegetation under the collector roof was 
examined, with the vegetation extending from the perimeter 
edge out to radius Rveg. The simulations compared the three 
plant configurations located in the Tamanrasset region. The 
results, displayedin Figures 4-6, demonstrate that the secondary 
and tertiary roof system generates the highest amount of 
monthly electricity in the Tamanrasset climate. Adding 
vegetation to the reference solar chimney system reduces the 
electricity output compared to the same system without 
vegetation. In general, the secondary and tertiary roof system 
performs the best out of the three configurations examined, but 
incorporating vegetation into any of the systems lowers the 
power generation capacity. 

 

 
Fig. 4.  Monthly average productivity of the SCPP at Tamanrasset. 

 
Fig. 5.  Monthly average productivity of the SCPP at Tamanrasset. 

 
Fig. 6.  Monthly average productivity of the SCPP at Tamanrasset. 

IX. CONCLUSION 

This paper studied numerically Solar Chimney Power 
Plants (SCPPs) with and without vegetation integration under 
the collector roof. The primary objective was to assess the 
vegetation's effect on the power output. A reference SCPP 
design, one with a secondary collector roof, and configurations 
with secondary and tertiary collector roofs were analyzed, both 
with and without vegetation. The results demonstrated that the 
secondary and tertiary roof system achieved the highest annual 
electricity generation of 34-80 kW. The findings indicate that 
while incorporating vegetation into solar chimney plants is 
likely viable, it would substantially reduce the electricity 
production capacity. In summary, simulations evaluated the 
impacts of vegetation and collector roof designs, revealing that 
vegetation integration decreases the output while implementing 
secondary and tertiary collectors increases the plant's 
production capability. 
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