
 

Abstract—Electricity production generated by sufficient 

amount is a critical issue over the entire world. The global 

warming is another critical issue. Currently, renewable energy 

sources are ones of the most important solutions to deal with 

these two issues. Aswan city is one of the hottest and sunniest 

cities in the world. This climate conditions makes the city an 

ideal place for Solar Chimney Power Plant (S.C.P.P) to 

produce electrical energy. In this study, a very small model of 

chimney height of 6m, collector diameter of 6m and chimney 

diameter of 0.15m is installed. The mathematical model which 

is based on the thermodynamic analysis of the flow inside the 

SCPP, is used to predict its performance .The experimental 

performance and the theoretical one–calculated from the 

mathematical model- are found to be in a good agreement. 

This model is used to predict the output power of a bigger 

model of 20m chimney height, 30 m squared collector  and 1m 

chimney diameter which is still under construction. The results 

show that the bigger model can produce a theoretical power of 

about 600 hundreds times the smaller one. This study helps in 

selecting the generator power for the bigger model. 

 

Index Terms—Solar chimney, axial turbine, collector. 
 

I. INTRODUCTION 

In Egypt, fossil fuel resources mainly dominate electricity 

production. However, high solar radiation and large desert 

area are available. These two main factors encourage the 

full development of solar power plants for thermal and 

electrical energy productions. 

Herein, the solar thermal power plants have many 

advantages, the priorities of consistent power output and the 

ability to incorporate storage. One of the options that will 

help in global electricity production is the Solar Chimney 

Power Plant (SCPP). The SCPP is a natural driven power 

generating system. It can convert solar energy first into 

thermal energy then into kinetic energy finally into 

electrical power. It combines the concept of solar air 

collectors and a central updraft chimney to generate a solar 

induced convective flow which drives turbines to generate 

electricity. The SCPP consists of a greenhouse roof 

collector and updraft chimney that is located at the center of 

the greenhouse roof collector. The SCPP has been proposed 

as a device to economically generate electricity from solar 
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energy in commercial-scale in the future.  

In 1982, the first pilot plant of the S.C.P.P was built in 

Spain, since then many prototypes of the S.C.P.P had been 

built by experts in various countries. Australian intends to 

construct the largest SCPP in the world at present with the 

generation capacity reaching up to 200 MW in New South 

Wales of Australia. A chimney in the plant will be 1000m in 

height and the collector is 7 km in diameter, the system 

would cover a ground area of 38 km
2
 [1]. Experimental 

work and numerical calculation method can be used to study 

on the performance of the S.C.P.P, but the large scale 

system is hard to establish. However, with the development 

of computer technology and commercial software 

techniques, both temperature and pressure distribution in the 

large system can easily be obtained by numerical calculation 

method [2]. More analytical models to predict the 

performance of solar chimney power plants have been 

proposed since the early 1980s. Haaf et al. [3] presented a 

simple model, which they used for the design of the pilot 

plant in Manzanares. Pasumarthi and Sherif [4] showed a 

more detailed model, which they verify against their own 

experimental results and results of the Manzanares pilot 

plant (Pasumarthi and Sherif) [5]. Gannon and Von 

Backström [6] adapted the standard gas turbine cycle to 

define a standard solar chimney cycle. Bernardes et al. [7] 

have developed recent comprehensive models, and Pretorius 

and Kröger [8] presented some techniques to predict the 

SCPP performance. Koonsrisuk and Chitsomboon [9] 

predicted the performance characteristics of large-scale 

commercial solar chimneys, indicating that the plant size, 

the factor of pressure drop at the turbine, and solar heat flux 

were important parameters for a performance enhancement. 

The collector radius and chimney height of 200 m and 400 

m, respectively, were built. Furthermore, the optimum ratio 

between the turbine extraction pressure is shown and the 

available driving pressure for the proposed plant is 

approximately 0.84. A simple method to evaluate the 

turbine power output for solar chimney systems was also 

proposed in the study using dimensional analysis.  

Backström and Gannon [10] presented analytical 

equations in terms of turbine flow and load coefficient and 

degree of reaction, to express the influence of each 

coefficient on turbine efficiency. Characteristics measured 

on a 720 mm diameter turbine model confirm the validity of 

the analytical model. Application to a proposed large solar 

chimney plant indicates that a peak turbine total-to-total 

efficiency of around 90 % is attainable, but not necessarily 

over the full range of plant operating points. 

The present study aims to measure and predict the 

performance characteristics of a small S.C.P.P of a collector 

diameter of 6 m and chimney height of 6m from which a 
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bigger model of 20 m chimney height and 30m squared 

collector -under construction- can be predicted to select the 

generator power. 

 

II. MATHEMATICAL MODEL 

The thermal analysis of the S.C.P.P depends on 

parameters such as the ambient conditions and structural 

dimensions of the system. The former includes quantities 

such as the solar radiation and ambient temperature, 

whereas the latter includes the height and radius of both the 

chimney and collector. The mathematical model of 

Koonsrisuk and Chitsomboon [9] is used with modification 

of calculating the mass flow rate entering the chimney 

instead of assuming it. With the stations numbered as in Fig. 

1, the temperature rise can be estimated from the energy 

equation across the roof portion: 
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For simplicity, the kinetic energy term has been ignored 

because the flow is in the very low Mach number regime, 

therefore; 

 

           ̇                                   (2) 

 

where  ̇ is the mass flow rate,    is specific heat (kJ/kg.C), 

   refer to the temperature differences between inlet and 

outlet from the solar collector. 

 

 
Fig. 1. Schematic layout of SCPP. 

 

Instead of assuming the flow rate in Ref. [9], it can be 

calculated from the following equation [11]; 
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where 𝜌    the is density at the inlet of the chimney refer by 

point 2,     is the chimney area, ℎ  denotes to the chimney 

high, 𝑔 is the gravity acceleration,    is the temperature at 

outlet of the chimney and    is the ambient temperature. 

The heat added can be represented by: 
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   is the collector absorption coefficient,   denotes to 

solar radiation,    is the overall heat transfer coefficient. 

By synthesizing equations for continuity, momentum and 

energy of the flow under the roof it is proposed that: 
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where p1, ρ1 and T1 are approximated as p∞, ρ∞ and T∞.    

and    are the pressure at the outlet and inlet of the solar 

collector respectively, ℎ  is solar collector height refer to 

the distance from the ground to the solar collector cover, 𝜌  

is the density of air at the inlet of the solar collector,    is the 

collector radius,    is the chimney radius,    and    efer to 

the area of the solar collector at outlet and inlet respectively. 

If the work extraction process at the turbine is assumed to 

be an isentropic process, then; 
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where    and    refer to the temperature and pressure after 

the turbine- generator unit. 

Furthermore, by rearranging the momentum and 

continuity equations for the flow through a constant area 

vertical tower of height, hc,    can be considered as follow; 
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p4 is the pressure at the outlet of the chimney, 𝜌  and 𝜌  

are the densities at the chimney outlet and at the location 

after the turbine respectively, ℎ  is the chimney height. 

Assuming that the air obeys the ideal gas equation of state, 

p4 is represented by: 
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The air moves in and out of the solar chimney system 

continuously, driven by the pressure difference between the 

inside and outside. This pressure difference is called the 

“available driving pressure” and symbolized as dptot. 

Neglecting friction losses, dptot can be subdivided into a 

turbine extraction component representing the pressure 

extracted at the turbine, and a dynamic component 

describing the kinetic energy of the airflow: 

 

                                           (9) 

 

where       and        are the pressure differences on the 

turbine and overall pressure differences for the system 

respectively. 

The ratio pturb/ptot can be defined as x, so that 
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where   and    are the outlet and inlet temperatures 

respectively for the collector,   is the velocity nearly at the 

chimney inlet,   is the velocity at the inlet of the solar 

collector,       denotes the heat added to the collector 

according to its area   .



                                           (10) 

 

The result for the optimal pressure ratio is; 

 

  
 

 
                                         (11) 

 

The theoretical turbine power extracted by the turbine can 

be determined from the energy equation:  
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Accordingly, the available turbine power is computed 

using the following expression:  
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III. EXPERIMENTAL TEST RIG AND MEASUREMENTS 

The experimental test rig used in the present work to 

evaluate the S.C.P.P is shown in Fig. 2 [11]. The small test 

rig consists of a solar collector of thin sheets of plastics 

(instead of glass), chimney, turbine and measuring 

instruments. Its main dimensions are: the collector diameter 

is 6.0 m, the chimney is constructed from PVC pipe with 

diameter of 0.15 m and height of 6.0m, the collector is 

constructed using steel beams with wooden wired network 

to support the plastic cover. The collector surface is 

designed with inclination; its height from the ground is 0.25 

m at the outer rim and 0.5 m at the inner core. A single stage 

turbine, Fig. 3, with vertical axis is designed and 

manufactured with hub diameter is 0.02 m and the tip 

diameter is 0.14 m. Fig. 4 shows the bigger SCPP which is 

20m chimney height and 1m diameter and 30m squared 

collector, which is still under construction.  

Measurements of temperature are carried out at locations 

1, 2, 3 and 4, shown in Fig. 1 by K-type thermocouple.  

 

 
Fig. 2. Small SCPP with a zoomed collector. 

 

 
Fig. 3. Axial turbine. 

 
Fig. 4. Bigger SCPP. 

 

The solar radiation is measured using Protective Glass 

Dome and Solar Shield (pyranometer) with an uncertainty 

of ±0.1 W/m
2
. The rotational speed of the turbine rotor is 

measured using Extech 461895 Combination Contact/Photo 

Tachometer that has an accuracy of 0.05% rdg +1 digit. 

Electric power is measured using a multimeter.  

 

IV. RESULTS AND DISCUSSIONS 

Series of test runs have been carried out in ten days of 

May and June 2015 with different conditions to test the 

performance of the S.C.P.P in terms of the outlet collector 

temperatures, chimney temperature and heat added. 

Moreover, comparisons between present work and 

theoretical results are carried out.  

Fig. 5 shows hourly variations of the measured solar 

radiation I over time for the ten days shown in the figure. 

The maximum solar radiation is found at 6th of June at noon 

and recorded a value of 1200 W/m
2
. Fig. 6 illustrates the 

hourly variation of ambient air temperature for all 

measuring days. It is shown from the figure that the day 6
th

 

of June has the highest value of temperature that reaches 48 

degrees Celsius. It is also shown that the peak value of 

ambient temperature occurs three hours after the time of 

maximum solar radiation due to the heat storage.  

 

 
Fig. 5. Hourly variation of solar radiation. 

 

 
Fig. 6. Hourly variation of ambient air temperature. 

 

Fig. 7 illustrates the electric power measured from the 

turbine-generator unit through all measuring days. It is 

observed that the curves presenting all measuring days 

nearly have the same trend, that is as electric power 

increases from the beginning of operation hour at 6:00 AM 

until maximum value at 2:00 PM and then decreases until 

the end of operation at 6:00 PM. The maximum power is 

recorded also at 6th of June of a value of 0.85 W at 2:00 PM. 

Fig. 8 shows a comparison between the measured input 

power (or available turbine power) and the theoretical one. 

A good agreement between the two curves is obtained. The 

available turbine power can be calculated for the bigger 

model (20 m chimney height). Fig. 9 shows the available 

0

200

400

600

800

1000

1200

1400

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

So
la

r 
ra

d
ia

ti
o

n
, W

/m
2 

Time of day, hours 

30-May 

31-May 

1-Jun 

2-Jun 

3-Jun 

4-Jun 

6-Jun 

7-Jun 

9-Jun 

cloudy 6 MAY 

20

25

30

35

40

45

50

55

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Te
m

p
e

ra
tu

re
 (

 o
C

) 

Time of day, hours 

30-May

31-May

1-Jun

2-Jun

3-Jun

4-Jun

6-Jun

7-Jun

9-Jun

6 May cloudy

Journal of Clean Energy Technologies, Vol. 5, No. 4, July 2017

296



turbine power for the bigger model. It is shown from the 

figure that increasing the chimney height (from 6 m to 20 m) 

increases the maximum theoretical power from 3 W to 2 kW 

approximately. 

 

 
Fig. 7. Variation of exit power from the turbine-generator unit. 

 

 
Fig. 8. Comparison between experimental and theoretical available turbine 

power. 

 

 
Fig. 9. Available power for the bigger model. 

 

V. CONCLUSION 

A very low cost and very small SCPP is installed to 

verify the theoretical model used for predicting its 

performance. The mathematical model of Koonsrisuk and 

Chitsomboon [9] with some improvements is used. 

Performance measurements of SCPP are carried out. The 

results show that the solar intensity has a major effect on the 

ambient temperature and the power generated. The 

comparison between the theoretical and experimental power 

is fairly good. The model is used to predict a bigger size 

SCPP which is planned in cooperation between Aswan 

University (Aswan, Egypt) and RUB (Bochum, Germany) 

and BUW (Wuppertal, Germany) [12]. The bigger model is 

currently under construction. 
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