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Abstract: One of the ways to generate power from the solar energy is to use the solar chimney technology. In the present study, by examining the weather map of Iran and using 
GIS software for selecting the appropriate area for the power plant site, the four physical models proposed studied for the solar chimney. This study is a numerical simulation (by 
MATLAB) regarding four physical models of solar chimneys in the city of Bam site, in Kerman province. The difference between the four mentioned models of the solar chimney 
is in storage system and the use of air diffuser. The behaviors of all four models were examined according to the valid meteorological information on a specific day from the target 
site. According to the results of the simulation, which includes airflow speed in several internal parts of the chimney and the production capacity of each of the mentioned models, 
the best and most proper model of solar chimney can be selected for the studies site and a proper estimation of the final production can be obtained.  
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1     INTRODUCTION 

 
The quantity of energy consumption has significantly 

increased with the advancement of technology and 
industrialization of countries. Increasing the capacity of 
power grids depends on the investment and production of 
new power plant units. Due to declining fossil fuel reserves 
and increasing air pollution and global warming, researchers 
are trying to replace production units based on new and 
renewable energy instead of conventional units. The use of 
solar energy as a green and sustainable energy has always 
attracted the attention of researchers. Solar Chimney Power 
Plant is one of the new projects that will always be a place 
for innovation and research, and so far, general research has 
been done on this type of technology in Iran, but 
unfortunately, so far, no detailed study has been done due to 
the weather conditions in a specific place in Iran. The first 
example of this power plant was established in the 
Manzanares region of Spain, where researchers, after 
conducting research on the unit and other units, have reached 
better and more complete results about this technology. The 
effective parameters in the design of the solar chimney have 
been studied in [1]. These studies include changing the outlet 
and inlet radius of the chimney [2], types of heat storage 
systems and its effect on the solar chimney [3] and [4], the 
effect of collector surface on output power [5] and the effect 
of collector radius and the intensity of solar radiation [6] and 
the study of variables to increase the outlet of the solar 
chimney. Research(s) has also been conducted on the cost 
estimate for this project in India [7, 8 and 9]. Regarding the 
climatic conditions of Iran, which has desired areas for the 
construction of this type of power plant, such new and high-
yield projects can be used as alternative infrastructure 
projects and other advantages of using this type of power 
plant can be applied. With a brief review of Iran's climate 
maps, especially in the central and eastern regions, it will be 
founded out that this new and clean technology is applicable 
there. We also consider the country's climate maps to find an 
ideal site over a 25-year period in terms of cloudiness, 
temperature, sunlight and wind intensity for establishing a 
site for Solar Chimney Power Plant [10]. Unfortunately, 

studies on this case have rarely been done in the Iranian 
climate. In the present study, by examining the four physical 
models [11] of the solar chimney and simulating the results 
of the existence of each and finally the output power of each 
model [12], a proper result can be obtained regarding the 
operation of the appropriate model for the site. 
 
2     INVESTIGATION OF IRAN's WEATHER CONDITIONS 

 
With reference to the necessary factors to study the 

mentioned plan, it is essential to study the whole area of Iran 
in terms of the rate of sunlight, the duration of sunlight, the 
rate of cloudiness and wind conditions in the studied areas. 
Iran, with an area of about 1,648,591 square kilometers, is 
located between 25 degrees and 3 minutes to 39 degrees and 
47 minutes north latitude and 44 degrees and 5 minutes to 63 
degrees and 18 minutes east longitude, so in terms of 
receiving Solar energy is among the highest in the world. Due 
to this feature, it has great potential for exploiting natural 
resources and energies. In order to reach the best and most 
proper place in Iran to establish the Solar Chimney Power 
Plant site, we need to study the desired parameters, such as 
the amount of sunlight, the amount of cloudiness in the area 
and the intensity of the wind. 

 
2.1  Zoning of Iran's Regions in Terms of Solar Radiation 
 

Iran has a four-season climate. As observed in the Fig. 1, 
Iran is divided into four climatic zones on the map. The 
Northern Belt (Region1) has a humid and rainy climate. The 
western region (Region2) has a temperate and cool climate, 
the central and southeastern regions (Region3) have hot and 
dry climates and the southern belt (Region4) has a warm and 
humid climate. 

This division can also be considered based on the 
intensity of the sun's radiation. Fig. 2 indicates the hourly 
average of solar radiation through the years 1981-2007. As 
shown in Fig. 2, the most sunlight radiated areas of Iran are 
in Region 3. 

Fig. 3 indicates the average hours of solar radiation 
through the months of the years (1986-2005) that the region 
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(3) is marked in red, which is higher than other highly 
sunlight radiated areas, including areas 2 and 4 which are the 
highest ones. 
 

 
Figure 1 Climate map of Iran 

 

 
Figure 2 The average hourly sunlight through the years 1981-2007 

 

 
Figure 3 The average hours of solar radiation in the months of the year 

 
2.2  Zoning of Iran's Regions in Terms of Cloudiness  
 

One of the main factors in choosing the right site to 
establish Solar Chimney Power Plant is the low cloudiness of 

the region. Fig. 4 indicates the annual zoning of Iran in terms 
of the number of days with the least amount of cloudiness. 
As observed, parts of Kerman province and South Khorasan 
province are the most sunlight radiated regions of Iran based 
on the least cloudy days. 

 

 
Figure 4 Annual zoning of Iran in terms of the number of days with the least 

amount of cloudiness 
 
2.3  Zoning Regions in Terms of Temperature 
 

Fig. 5 indicates the average temperature map of all 
regions of Iran. It is observed that the maximum temperature 
is related to the southern belt and southeastern region of Iran 
[16]. 
 

 
Figure 5 Average temperature map of regions in Iran 

 
2.4  Zoning Regions in Terms of Wind Intensity  
 

Toward using solar chimney technology, in addition to 
high solar radiation, high temperature and a dry, cloudless 
area, a low wind area without sandstorms is needed. The 
lower the wind, the more proper the site will be. Fig. 6 
indicates a map of Iran in terms of average wind speed [17]. 
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Figure 6 Average wind speed map of regions in Iran 

2.5  The Average Amount of Solar Radiation in Four Climatic 
Zones  

 
As observed in Fig. 1, four climatic regions have been 

identified for Iran, and Fig. 2 compares these areas based on 
the hours of solar radiation. Tab. 1 lists the cities in each area, 
and for each of these cities, the average hours of solar 
radiation in the seasons of spring, summer, autumn, and 
winter, as well as the average annual hours of solar radiation 
through the years of 1981 and 2007, are listed. Tab. 1 
indicates that the city of Bam in Kerman province has the 
highest amount of radiation and Ramsar has the lowest 
amount of solar radiation. 
 

 
 
Table 1 The average hours of solar radiation in spring, summer, autumn and winter, as well as the average annual hours of solar radiation through the years 1981 and 2007 for 

the Iranian cities
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3    SELECTING THE PROPER AREA FOR THE SITE   
 

Through observing the weather map of Iran and 
estimations in terms of temperature, solar radiation, cloudy 
days, the lowest amount of wind and data analyze with GIS 
software, one may select the most proper place for Solar 
Chimney Power Plant site. In keeping with the mentioned 
information, Region 3 is the best area in terms of solar 
radiation and according to Fig. 4, Kerman and Fars Provinces 
have the fewest cloudy days. In line with Fig. 5, the provinces 
of Kerman and Sistan and Baluchestan have all the required 
conditions based on the above results. Tab. 1 indicates that 
the highest hours of annual solar radiation relate to the city 
of Bam, which is located in Kerman province. Therefore, it 
can be stipulated that the city of Bam is a proper choice for 
the power plant site. Bam is located in the eastern part of 
Kerman province. The city has latitude of 29 degrees and 9 
minutes north and a longitude of 58 degrees and 21 minutes 
east, which is 1067 meters above sea level. Fig. 7 indicates 
the average annual temperature in Bam. The maximum 
temperature of this city is 39 degrees Celsius, which is 
practically a proper temperature for exploiting this 
technology. Fig. 7 indicates the difference between the 
maximum and minimum temperatures of the city, which is 
very important and practical. The highest temperature will be 
on 3rd day of July, according to which Fig. 12 and Fig. 13 
will be extracted [18]. 
 

 
Figure 7 Average annual temperature in Bam 

 
4     THE STUDIED SOLAR CHIMNEY MODELS  
 

Four physical models of solar chimneys are examined in 
this study. For the ease of review and the same results, the 
collector surface and its material and the height of the 
chimney and its material are considered the same in all four 
models. The height of the chimney of all four models is 200 
meters with a diameter of 10 meters. The collector has the 
same material and specifications, 245 meters in diameter and 
2 meters above the ground. Fig. 8 indicates the first model of 
a solar chimney, in which water and soil are used as storage 
systems. In addition to using soil as a proper storage, it is 
covered with water to a height of 10 cm. The water is covered 
with a transparent coating to prevent surface evaporation of 
water. 

 

 
Figure 8 The first model of the solar chimney 

 

 
Figure 9 The second model of the solar chimney 

 

 
Figure 10 The third model of the solar chimney 

 

 
Figure 11 The fourth model of the solar chimney 

 
Fig. 9 indicates the second model of the solar chimney 

that uses a diffuser at the entrance to the chimney. 
Fig. 10 indicates the third model with soil storage. Fig. 

11 indicates the latest model of solar chimney, having a soil 
storage system and a distributor at the entrance to the 
chimney. 
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5     EQUATIONS GOVERNING THE SOLAR CHIMNEY 
 

Eq. (1) shows the efficiency of the solar chimney. In Eq. 
(1), Q is the power inlet from solar radiation based on w, pelec 
is also the electric power of the solar chimney based on w, ηt 
is the efficiency of the turbine based on kg/m3. ρa,o is the 
density on kg/m3. At and ut respectively are area and velocity 
based on m2 and m/s. G is the intensity of the solar radiation 
is based on w/m2 and Acoll is the collector surface in m2. 
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The maximum efficiency can be obtained from the Eq. 

(2). Rcoll is the radius of collector based on meter. 
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But the maximum power can be obtained from the Eq. 

(3).  
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In Eq. (3), po and pi is the static pressure outside and 

inside of the chimney based on w, cp is the specific heat 
capacity of the air based on J·kg‒1k‒1; To is ambient 
temperature based on k and g is gravitational acceleration 
based on m/s2. The electric power can be obtained Eq. (4). ηg 
is the efficiency of the generator. 
 

elec gp pη=                                                                         (4) 
 

Eq. (4) can be expressed in another way [13]. 
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In Eq. (5), H is the height of the chimney tower in meters. 

Regarding our specifications and information about the 
environment and the solar chimney, it is possible to obtain 
maximum electrical power using Eq. (6). Using Eqs. (7), and 
(8), the efficiency of other parts of the chimney can be 
obtained [14, 15].  
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In Eq. (6), m  is the mass flow rate based on kg/s and ∆h 
is the airflow enthalpy J/kg. based on meter. In Eq. (8), the 
efficiency of the solar chimney power plant is obtained with 
the multiplication of the whole efficiency where ηch is the 
efficiency of the chimney, ηT is the efficiency of the turbine 
and ηg is the efficiency of the generator. 
 
6     RESULTS FROM THE SIMULATION  
 

In order to perform this simulation and simplify the 
assumptive computations that have considered through this 
study, the relative input pressure of the collector is 
considered zero (0) and the temperature of the storage system 
is considered constant. The chimney tower also has 
insulating walls. The studies were carried out based on the 
weather conditions in the central region of Iran, Kerman 
province, the city of Bam and according to the temperature 
and the amount of solar radiation on the third day of July. In 
Fig. 12, the temperature of Bam was given for the 24 hours 
of the third day of July [18]. 
 

 
Figure 12 The city of Bam temperature during the 24 hours of the third day of July 
 

Fig. 13 indicates the amount of solar radiation for 24 
hours based on kW on the third day of July [18]. 
 

 
Figure 13 The amount of solar radiation during the third day of July 

 
Depending on the temperature and the amount of 

radiation in the studied site, the necessary results can be 
extracted. Fig. 14 indicates the average airflow speed at the 
collector outlet. 

Fig. 15 also indicates the average airflow speed at the 
chimney inlet at a height of 2 meters. 

Fig. 16 indicates the average speed of airflow at the 
chimney inlet at a height of 6 m inside the chimney. 

Fig. 16 indicates the average speed of airflow at the 
chimney inlet at a height of 6 m inside the chimney. Fig. 17 
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indicates the airflow speed at eight meters’ height of 
chimney. 
 

 
Figure 14 Airflow speed at collector outlet 

 

 
Figure 15 The airflow speed at a height of two meters in the collector 

 

 
Figure 16 Airflow speed at six meters’ height of collector 

 
The results of the above figures are significant. It is 

obvious that the highest airflow speed occurs during solar 
radiation times. In models (1) and (2) where the storage is 

used, the average rate of airflow at sunset is much higher than 
in models without storage. In the case of the diffuser, which 
is in models 2 and 3 at the collector outlet, it increases the 
airflow speed at the collector outlet and the 2 meters height 
of the chimney. But at a height of 6 and 8 meters, the chimney 
has the opposite effect and reduces the speed of airflow. 
Another point is that during the hours when we have the 
highest amount of solar radiation, between 11:00 and 16:00 
o'clock, in models that have a storage system (models 2 and 
4), the average air speed decreases compared to similar 
models without a storage system. 
 

 
Figure 17 Airflow speed at eight meters’ height of collector 

 

 
Figure 18 The average production capacity of a solar chimney in terms of kW 

 
Fig. 18 indicates the average production capacity in kW, 

based on the 24 hours of the third day of July. The maximum 
power output is 300 kW, which is produced by Model 3. The 
second production of 260 kW is related to model 1. The 
fourth model has about 200 kW in maximum production 
mode and 170 kW is the share of the fourth model. Figure 18 
indicates that at sunset, models 2 and 4 that have a storage 
system with more production capacity than similar models 
without storage. It is important to note the effect of the 
diffuser that models without distributors (models 1 and 3) 
have far more power production, having more significant 
power than models with diffusers (models 2 and 4). The 
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reason for this could be a decrease in the level of the inlet 
section as well as an increase in the chimney inlet, which 
reduces the production capacity. The use of airflow diffuser 
at the collector outlet at a height of 6 meters and higher 
heights will be efficient and will increase the airflow speed. 
However, at lower heights, it will have the reverse effect. 
 
7     CONCLUSIONS 
 

Numerical analysis of airflow in the case of four models 
of solar chimney and production capacity of each model on a 
specific day (July 3rd) based on annual meteorological 
patterns was performed on the site of the city of Bam of 
Kerman province. Comparing the results, it was found that 
models that have a heat storage system (water and soil) 
without an air diffuser will be more efficient and effective. 
The use of solar chimneys in Iran can be a proper solution to 
increase the capacity of the network and the use of clean and 
new technologies. Taking into consideration the results of the 
study of four models of solar chimneys, a good viewpoint is 
available about the use of the optimal model in the desired 
site. Taking into account this technology of energy 
production and investment in renewable energy issue, the 
most sunlight radiated areas can be considered as a hub for 
the use of this type of technology, which will not only benefit 
from the energy produced, but also the target site may be the 
research site for this technology. Many other articles have 
discussed the use of other benefits, including the greenhouse 
space under the collector, which can also be used on the site. 
Due to the novelty of the mentioned technology, several 
additional research can be done on the production costs of 
this technology based on the generated electric power, the 
study of other materials that can be used in the construction 
of chimneys and collectors and estimating the costs of the 
project implementation in terms of affordability.  
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