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Abstract 
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The solar chimney is a natural draft device which uses solar radiation to provide 
upward momentum to the in-flowing air, thereby converting the thermal energy into 
kinetic energy through an air turbine which in tum can be converted into electrical energy. 
The main parts of the solar chimney power plant are a large circular solar collector , tall 
chimney and air turbine. In this paper a theoretical study was perfonned to evaluate the 
performance of a solar chimney power plant system in Basrah city where the sunny days 
and the solac radiation i8 high. A mathematical model was developed to study the effect of 
various .P8n1JI!eters on the output power of the solar chimney. I1 was found that the output 
power depends strongly on the chimney tall and the difference between the collector air 
temperature and the ambient air temperature as well as the outside heat transfer 
coefficient which essentially depends on the wind speed. 
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Nomenclature 

Au, Cross sectional area of the solar 
chimney (m2

) 

A..i1 Area of the solar collector (m2) 

Cp Specific heat of air (kJ/kg K) 
G Solar heat flux (W /m2l 
H Solar chimney height (m) 
h Outflow heat transfer 

Coefficienl(W /m2 K) 
m Air mass flow rale (kg/s) 
P "'"' Max, output mechanical power (W) 
Q Heat absorbed by air in the 

collector (W) 
T 0011 Temperature of air in the collector ( K) 

1. Introduction 

One of the most important 
renewable energy used for generation 
electricity from the sun is solar chimney 
povver plant. A typical solar chimney 
power plant is sketched in fig. 1. A solar 
chimney consists of three main 
components: (1) the solar collector, (2) 
the chimney, and (3) the turbine. The 
collector supported several meters above 
the ground is covered by transparent roo£ 
Its main objective i.s collecting solar 
radiation to heat up the air mass inside it. 
Buoyancy drives the warmer air into the 
chimney which is located at the center of 
the collector. A turbine is set in the path 
of the air flow to convert the kinetic 
energy of the flowing air into electricity. 

The solar chimney ·was originally 
proposed by Schlaich 1968 hut the first 
power plant based on the solar chimney 
effect was constructed in Manzanares, 
Spain in 1981. This is a SO kW 
experimental plant was built which 
proouce electricity for eight years, thus 
providing the feasibility of this new 
technology. The results and a theoretical 
description of this plant was presented by 
HaatJl,2] 1983, 1984. 

T • Ambient temperature (K) 
u Air velocity of the solar chimney (m/s) 

Greek Symbols 

a Ab,iorbance of the solar collector 
Tlco1, Efficiency of solar collector 

Tl. Electrical generator efficiency 

Pco1t Air density in the collector {kg/m3
) 

P. Ambient air density (kglm3
) 

Ap Pressure difference between the 
chimney base and lhe surroundings 

Dai ct al. [3 J 2003 studied solar 
chimney power plant in China of 110-190 
kW electric power on a monthly average 
solar radiation. The collector diameter is 
500 m and the height lllld diameter of the 
chimney are 200 m and l O m 
respectively.Dos et al. [4) 2003 developed 
an analysis for solar chimneys. Their 
model were developed to estimate power 
output of solar chimneys as well as to 
examine the effect of various ambient 
conditions and structural dimensions on 
the power output. The results show that 
the height of chimney, the diameter and 
optical properties of the collector are 
important parameters for the design of 
solar chimneys. 

Bilgen and Rheault [SJ 2005 
designed a solar chimney system for 5 
MW power production at high latitudes in 
Canada. The results showed that the solar 
chimney power plants at high latitudes 
may have satisfactory thermal 
performance and produce as much as 
85% of the same plants in southern 
locations with horizontal collector field. 
Schlaich et al[ 6 ]2005 presented a 
simplified theory, practical experience, 
and economy of solar updraft towers. 
The results from designing, building and 
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operating a small scale prototype in Spain 
are presented. Also they presented 
eventually technical issues and basic 
economic dara for future commercial 
solar tower systems of one being planned 
for Australia in 2008. 

Pretorius and Krogerl 7) 2006 
studied the influence of convective heat 
transfer coefficient , turbine inlet loss 
coefficient, quality collector roof glass 
and various types of soil on the 
perfonnance of a h1rge . scale solar 
chimney power plant. '!be results indicate 
that the outdoor heat transfer coefficient 
is of considerably effect on the plant 
power output while the better quality 
glass enhances plant power production. 
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A pilot experimental solar chimney 
power setup consisted of an air collector 
IO m diameter and 8 m tall chimney has 
been built by Xinping Zhou et al [8] 
2007.The temperature difference between 
the collector outlet and the ambient reach 
24.1 °C. They found from the analysis of 
temperature distribution in the solar 
chimney that air temperature inversion 
appears in the latter chimney after 
sWlrise. 

A 200 MW capacity sol!II' chimney 
power plant is constructed in Australia 
during 2008. This plant has a solar 
collector of 7000 m diameter, a chimney 
of 1000 m height and 130 m diameter as 
well as 32 turbines. 
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Fig.!. Solar chimney power plant 

2. Mathematical Model 

The analysis presented in this paper is 
ba~cd on the following simplifying 
assumptions: 

1- Uniform heating of the solar 
collector surface. 

2- No tcmperalure gradient of the air 
inside the collector. 

3- No heat loss from the chimney 
walls. 

4- Friction losses of the flowing air 
in the chimney are neglected. 

2.1. The Solar Collector 

The heat balance equation of the collector 
can be simplified as: 

ttGA..i1 -hA,..1(Too11 -'J~)= ritcP (f.,," -T0 ) 

Where 
(l) 
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(2) 

The efficiency of lhe solar collector can 
be defined as{3 J: 

11 .. 11 = (l 
h(T"'11 -T0 ) 

G 

2.2. The Chimney 

(3) 

Prcssw-e developed due to the air 
density between entrance at temperature 
T,.11 and exit at T

0 
in the chimney is 

calculated as: 

ti 

ti.p = g f(p., -p0011 )dz 
0 

{4) 

For a vertical adiabatic chimney, the 
integration of equation ( 4) gives: 

(5) 

The air velocity in the chimney can be 
evaluated using Bernoulli equation us 
follows: 

(6) 

Substitution of equation (5) into equation 
(6) gives: 

U"" (7) 

Using the following approximation for 
ideal gas[l 1]: 

(8) 

The air velocity in the chimney can be 
written as: 

U= 
2gH(T,011 - T

0
) 

T. 
(9) 

Combine equations (I} and (9) yields: 

_u
2
_T_0 _ aGAC<>J1 = 0 

2gH hAoo11 + P..,nA<b ucP 
(10) 

The last equation c1111 be solved 
numerically to evaluate the air velocity 
through the chimney. 

2.3. The Turbine 

Turbines are located at the bottom 
of the chimney. The maximum 
mechanical power taken up by the 
turbines as recommended by Schlaich[ 9 ] 
is: 

(11) 

Where 
(T T) Ap=p gH ..ii - 0 

,ou T 
• 

(12) 

The heat absorbed by the solar colh:ctor 
can be written as: 
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(13) 

Substitution of equations (12) and (13) 

into equation (11) gives: 

(14) 

ff the generator efficiency defined as17, , 

the electric power from the solar chimney 

becomes: 

(15) 

A flow-chart of the solution procedure is 

sho\lon in the appe-0dix (Fig.7.) 

3. Results and Discussion 

The maximum horizontal solar beat 

gain and ambient temperature for Basrah 

city which will be used in analyzing the 

solar chimney power plant perfonnance 

are shown in table(! ). The ambient 

temperature is taken as an average of the 

monthly maximum temperature for the 

last four years (2004 • 2007) ( 1 o ) . 

The pcrfonrumoe of the solar 

chirnney power plant in Basrah is based 

on the mathematical model mentioned 

s 

previously. The calculations show the 

effe(:t of the chimney height and 

diameter, the solar collector diameter and 

the outdoor beat transfer coefficient 

which is related to the wind velocity on 

the power generation. The results display 

on Figures (2-S). ln general, the output 

power increase during the summer 

months as solar beat flull increases. 

Fig.(2) indicates that the power 

production(P. )of the solar chimney 

power plant increase with increasing the 

chimney height since the pressure 

difference increases. Larger chimney 

dillfllCter gives a higher power produciion 

due to the higher air mass flow rate which 

in tum a higher kinetic energy as shown 

in Fig.(3) . 1n Fig. {4), the power 

production increase as the solar collector 

diameter increases since the solar energy 

absorbed increases. As it expected the 

incNa.~e of heat transfer coefficient of the 

outdoor (or increase in the ,.yjnd velocity) 

decreases the power generation due to the 

increase in the heat losses from the solar 

colle,:tor and then decrease in the air 

temperature of lhe collector as the beat 

transfer coefficient increases as it clear in 

fig.(.S). The comparison of the present 

work with that of Schlaicb et al.{6] is 

shown in Fig.(6). A good agreement 

between the two works is obtained. 

Table. I. Maximum b<>riiontal solar beat gain and max. Monthly aver11ge tempera!Urc for Ba$nlh Cify 

for years 2004-2007. 

Month 
fan. 
Peb. 
Mar. 
Apr. 
May 
Jun. 
Jul. 
Aug. 
Sept 

Solar Heat Gain (W/m1
) 

592 
714 
817 
868 
879 
g74 
&64 
848 
795 

Max. Monthly avenge Temp. (°C) 

16.2 
19.7 

25.8 
31 
38.5 
43.J 
44.8 
44.7 
41.1 
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Oct. 
Nov. 
Dec. 

708 
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Fig.2. Effect of chimney height on 
the output power. 
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Fig.3. Effect of chimney diameter on the 
output power. 

36.2 
24.7 
17.2 

Fig.5. EITect of outdoor heat transfer 
coefficient on the output power. 

3000 4000 liOOO """' ColltOilot 0'8m&•rlm) 

Fig.6. Comparison between the present 
model and Schlaich modelf6). 

4. Conclusions 

7UlO 

1. A solar chimney power plant has been 
designed and analyzed according to 
Basrah climate conditions. 

2. Construction of solar chimney power 
Plant in Basrah is feasible since high 
solar inten5ity and long sunny days are 
available. 

3. The cnpacity of power generation 
depends on some panuneters such as 
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solar nidiation, chimney height and 
diameter as well as collector diameter. 

4. The wind velocity has important 
effect on the power generation of 
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Appendix 

The solution procedure of the mathematical model may be summurized in the 
following flow-chart: 

Input, Acoll,A.h H, h, G, To, Cp, o., Tie 

Guess p 0011 

Calculate u from 
eq.(IO) 

Calculate T 0011 

fromcq.(9) 

Calculate p:01, from 
eq.(8) 

Calculate Tlcol, from 
eq.(3) 

Calculate P max 

from cq.(14) 

Calculate P .,from 
eq.(15) 

End 

No 

Fig, 7. Flow chart of the solution procedure. 
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