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ABSTRACT

An updraft Solar Tower power plant — sometimes also
called 'solar chimney' — is a solar thermal power plant utilizing
a combination of solar air collector and central updraft tube to
generate a solar induced convective flow which drives pressure
staged turbines to generate electricity.

In the paper we first describe the functional principle of
the Solar Tower and give some results from designing, building
and operating a small scale prototype in Spain. Then future
commercial Solar Tower systems like the one being planned for
Australia are described. We present technical issues and basic
economic data.
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Figure 1. Solar Tower Principle

INTRODUCTION

Current energy production from coal and oil is damaging
to the environment and non-sustainable. Many developing
countries cannot afford these energy sources, and nuclear
power stations are an unacceptable risk in most locations.
Inadequate energy supplies can lead to high energy costs as
well as to poverty, which commonly results in population
explosion.

Sensible technology for the wide use of renewable energy
must be simple and reliable, accessible to the technologically

less developed countries that are sunny and often have limited
raw materials resources, should not need cooling water or
produce waste heat and should be based on environmentally
sound production from renewable or recyclable materials.

The solar tower meets these conditions and makes it
possible to take the crucial step towards a global solar energy
economy. Economic appraisals based on experience and
knowledge gathered so far have shown that large scale Solar
Towers (> 100 MW) are capable of generating energy at costs
comparable to those of conventional power plants. This is
reason enough to further develop this form of solar energy
utilization, up to large, economically viable units. In a future
energy economy, Solar Towers could thus help assure the
economic and environmentally benign provision of energy in
sunny regions.

For Australia, a 200 MW Solar Tower updraft power plant
project is currently being developed (http://www.enviromiss-
ion.com.au). Conditions in Australia are very favorable for this
type of solar thermal power plant: Insolation levels are high,
there are large suitably flat areas of land available, demand for
electricity increases, and the country's Mandatory Renewable
Energy Target requires that electricity retailers sell a certain
amount of renewable energy.

FUNCTIONAL PRINCIPLE

Man learned to make active use of solar energy at a very
early stage: greenhouses helped to grow food, chimney suction
ventilated and cooled buildings and windmills ground corn and
pumped water.

The solar tower's three essential elements — solar air
collector, chimney/tower, and wind turbines - have thus been
familiar for centuries. Their combination to generate electricity
has already been described in 1931 (Giinther, 1931).

The principle is shown in figure 1: Air is heated by solar
radiation under a low circular translucent roof open at the
periphery; the roof and the natural ground below it form an air
collector. In the middle of the roof is a vertical tower with large
air inlets at its base. The joint between the roof and the tower
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base is airtight. As hot air is lighter than cold air it rises up the
tower. Suction from the tower then draws in more hot air from
the collector, and cold air comes in from the outer perimeter.
Continuous 24 hours-operation can be achieved by placing tight
water-filled tubes or bags under the roof. The water heats up
during day-time and releases its heat at night. These tubes are
filled only once, no further water is needed. Thus solar
radiation causes a constant updraft in the tower. The energy
contained in the updraft is converted into mechanical energy by
pressure-staged turbines at the base of the tower, and into
electrical energy by conventional generators (Schlaich and
Schiel, 2001).

Power Output
A precise description of the output pattern of a solar

chimney with given structural dimensions like chimney height
and collector diameter under given meteorological conditions is
only possible using a sophisticated thermodynamic and fluid
dynamic computer code. This code must include, e.g., the
equations describing heat transfer between the ground and the
air in the collector, friction losses in the collector and the
chimney, heat storage in the ground, the turbine and its power
control.

In order to make the interrelationships comprehensible, the
fundamental dependencies and influence of the essential
parameters on power output of a Solar Tower are presented
here in a very simplified form: Generally speaking, power
output P of the Solar Tower can be calculated as the solar input

dgmar multiplied by the respective efficiencies of collector,
tower and turbine(s):
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The solar energy input (imar into the system can be written as

the product of global horizontal radiation G, and collector
area Ac()lleclor-

ésolar = Gh o\:ollector (2)

The Tower (chimney) converts the heat-flow produced by
the collector into kinetic energy (convection current) and
potential energy (pressure drop at the turbine). Thus the density
difference of the air caused by the temperature rise in the
collector works as a driving force. The lighter column of air in
the tower is connected with the surrounding atmosphere at the
base (inside the collector) and at the top of the tower, and thus
acquires lift. A pressure difference Lp,, is produced between
tower base (collector outlet) and the ambient:
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withg: gravitational acceleration
H.: tower height
ra: air density in ambient atmosphere
re: air density in the tower

ThusDp,, increases with tower height.

The pressure difference Lp,,, can be subdivided into a static
and a dynamic component, neglecting friction losses:

Dot = Dp + Dpy )

The static pressure difference drops at the turbine, the
dynamic component describes the kinetic energy of the airflow.

With the total pressure difference and the volume flow of
the air at Lp, = 0 the power contained in the flow is now:

Rot = DPyot ®c,mx OQ\: Q)

from which the efficiency of the tower can be established:

he = P%’; (6)

Actual subdivision of the pressure difference into a static
and a dynamic component depends on the energy taken up by
the turbine. Without turbine, a maximum flow speed of v,y 1S
achieved and the whole pressure difference is used to accelerate
the air and is thus converted into kinetic energy:

Ptot = % Q2 rax
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With the simplifying premise that temperature profiles run
parallel inside the tower and in the ambient, the speed reached
by free convection currents can be expressed by the modified
Torricelli equation:
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Figure 2. Solar Tower energy output is proportional to
collector area and tower height.
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