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Summary
Renewable and sustainable energy sources are nowadays considered to be a key element
for sustainable development of the worldwide economy. The Solar Updraft Power Plant
technology addresses a very challenging, not yet exploited, idea of combining both
kinds of renewable energy: wind and solar.
The working principle is simple: a Solar Updraft Power Plant (SUPP) consists of a
collector area to heat the air due to the wide-banded ultra-violet solar radiation, the
high-rise solar chimney to updraft the heated air to the atmosphere, and in between the
power conversion unit, where a system of coupled turbines and generators transforms
the stream of heated air into electric power. However, a good efficiency of the power
plant can only be reached with extra-large dimensions of the tower and/or the collector
area. Therefore, the potentials of an unrivalled economical energy production can be
achieved only through the highest degree of optimization of the structural behavior, the
thermodynamic efficiency and the construction costs.
From the structural viewpoint, one of the major objectives is to construct the solar tower
as thin as possible. This can be achieved by using high-strength concrete and/or by
installing stiffening rings along the chimney height and on top. They can be realized in
several ways, e.g. with classical RC-beams, with composite steel-concrete or with
spoked wheels. The stiffening rings improve the structural behavior of the tower by
avoiding ovalling deformations of the cross section.
Such very high-rise and extremely thin shell structures are mainly affected by the wind
action, which thus decides the feasibility of this new technology. The modeling of the
wind action and the stochastic analysis of the structural response need to be up-graded,
since the tower height and the loading models are far beyond the current experience.
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1. Solar Updraft Power Technology: Introduction and Working Principles
Renewable and sustainable energy sources are nowadays considered to be a key element
for sustainable development of the worldwide economy. The Solar Updraft Power Plant
technology (Figure 1) addresses a very challenging, not yet exploited, idea of
combining both kinds of renewable energy: wind and solar. The basic idea is the
conversion of solar radiation into electric power.

Figure 1. Solar Updraft Power Plants
The working principle is simple (see Figure 2): a solar updraft power plant (SUPP)
consists of the collector area, the turbine(s) with coupled generator(s) as power
conversion unit, and the solar chimney. In the collector area, a large glass-covered area,
wide-banded solar radiation heats the collector ground and consequently warms up the
air inside the collector area, through the mechanism of natural convection. The buoyant
air rises up into the chimney of the plant, thereby drawing in more air at the collector
perimeter and thus initiating forced convection which heats the collector air more
rapidly. The driving force or potential that causes air to flow through the solar tower is
due to the pressure difference between the column of cold air outside and the column of
hot air inside the chimney. The power conversion unit is at the foot of the tower. There,
as the collector air flows across the turbines, the kinetic energy of the air turns the
blades of the turbine which in turn drives the generators, so that the energy in the stream
of warm air is transformed into electric power.
The production of energy is then based on the natural updraft of heated air, and the
natural fuel of SUPPs – solar radiation – is inexhaustible and practically unlimited.
Moreover, the building components of a SUPP are worldwide “usual” – concrete, glass
and steel – which makes this technology interesting especially for developing countries.
Its energy generation does not need water for cooling and is free of direct carbon
dioxide emissions. If one incorporates all energies required for the plant construction in
the evaluation of greenhouse gas emissions, one ends up with 70 to 170 g of CO2–
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equivalents per kWh of produced electricity, depending on the life duration and the
installed capacity of the plant. Intended design aims are of 80 to 120 years, with longperiod renewals of the turbo-generators and of the glass-roof.

Figure 2. Solar Updraft Power Plants: the working principle (Schlaich, 1995)
However, such power station concepts will only deliver sufficient efficiency in areas
with solar radiation input higher than 2.0-2.3 MWh/a, as it occurs in all great deserts up
to ± 30° of latitude (north or south of the equator).
The distribution of yearly solar radiation is shown in Figure 3.

Figure 3. Distribution of yearly solar irradiation
The working principle is then simple, but what makes it interesting - a real challenge, in
fact - is the huge dimension of the power plant. The tower has a height of more than 500
m and structures up to 1500 m are envisaged. The diameter of the collector is up to 7
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km. Why such huge dimensions? The degree of efficiency of a SUPP depends primarily
on the size of the collector area (it influences the temperature rise of air) and on the
height of the tower (it determines the pressure gradient and guarantees a good updraft to
the air). A plant with a collector area diameter of 7 km and with solar tower height of
1500m is estimated to deliver a max (peak) electricity power of 400 MW (Pretorius &
Kröger 2006). This assumption has been recently assessed, experimentally as well as
theoretically for a wide range of plant geometries, as a reasonable global assumption
(Fluri 2008). In particular, the production of energy is proportional, in a non-linear
manner, to the volume of the cylinder having the height of the tower and the diameter of
the collector. It means that the power delivered by a small power plant is only a little,
but a small increase in dimensions of sufficiently large power plant increases the output
more than proportionally. A tower of 500 m in height can deliver about 50 MW of
energy, but if its height is doubled (1000 m), the power can be four times more (200
MW), if a collector of 5 km in diameter is provided.
However, due to the huge dimensions of the power plant, the potentials of an unrivalled
economical energy production can be achieved only through the highest degree of
optimization of the structural behavior, the thermodynamic efficiency and the
construction costs.
The high-risk of the project consists in the very narrow boundaries within which all
SUPP design parameters must be defined correctly. This means, that all dominant
factors (i.e. loads by natural hazards, static and stochastic dynamic response, thermofluid-dynamic profiling of the tower, construction technology, economic estimates)
shall be determined with a high degree of accuracy, i.e. with very low tolerance for
uncertainties. Only in this case, the industrial viability and acceptance by investors will
be guaranteed.

Figure 4. From the world-highest cooling tower to pre-designs of future SUPPs
(Krätzig&Partner GmbH Bochum, Germany)
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On the other hand, the high-win character consists in the definite affirmation and
consequent diffusion of a new generation of renewable energy sources deployment,
which could give a tremendous and positive impulse to the economic and environmental
benefit of many developing areas and regions of the world.
In the following sections, the main issues concerning the production of energy and the
structural design of Solar Updraft Power Plants are addressed.
Section 2 will briefly summarize the origins of the idea, which goes back to the early
„900 (Cabanyes, 1903). It was re-evoked in 1931 (Günther, 1931), but the first modern
feasibility studies have been carried out only since the early 80s (Schlaich, 1995).
In Section 3, several plant configurations will be investigated by the study of the airflow
through the collector, the heat source analysis from solar radiation and the coupling
with the chimney pressure.
Section 4 describes the enormous glass collector roof at the tower feet.
Then, in Section 5, all the actions involved in the structural designed are introduced.
They are the self-weight, the wind load, the thermal action, shrinkage effects, seismic
action, differential soil settlements, construction loads. However, from all these actions,
the wind load plays the most important role and thus decides on the feasibility of solar
towers.
The wind action and the wind-induced effects will be largely described in Section 6.

Figure 5. Solar Updraft Power Plants (http://www.greentower.net/)
Section 7 analyzes the structural behavior of solar towers, highlighting the peculiar
beam-like behavior of such a high and slender structure. In fact, the ovalling
deformations of the shell are prevented by some stiffening rings along the height and on
top. The ring beams play a key-role in the structural design and are the most important
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parameter in the structural optimization of solar towers. Strategies of optimizations are
presented in Section 8.
Last, but not least, Section 9 deals with the construction process. Indeed, it is a crucial
key for a break-through to realization of Solar Updraft Power Plants.

Figure 6. Solar Updraft Power Plants (http://www.greentower.net/)
2. History of the Solar Updraft Power technology
The Solar Updraft Power generation was first proposed in 1903 by the Spanish Colonel
Isidoro Cabanyes (Cabanyes, 1903). His apparatus consisted of an air-heater attached to
a house with a chimney. Inside the house, there was a wind propeller for electricity
production (Figure 7).
Another early description can be found in the work of the German author Hanns
Günther (Günther, 1931). This name is just the pseudonym for Walter de Haas. In 1931,
in his most important book (“In hundert Jahren - Die künftige Energieversorgung der
Welt” – “In a hundred years: the world's future energy supply”) he wrote that the
humanity would have run out of petrol and coal, so he went through other sources of
energy. He wrote about some renewable energy technologies already existing at that
time (e.g. geothermal power), and then he also mentioned the solar updraft tower. The
idea of the author was a solar chimney on the slope of a mountain (Figure 8). The very
high air speed could deliver an enormous amount of energy which could be extracted by
means of wind turbines.
Around 1975, a series of patents were granted to the US engineer R.E. Lucier in
countries with deserts suitable for SUPPs, like Australia, Canada, Israel and the US.
These patents concerned: “Apparatus for converting Solar to Electrical Energy",
"Utilization of Solar Energy", "System and Apparatus for Converting Solar Heat to
Electrical Energy", "System for converting solar heat to electrical energy".
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Figure 7. Part of the article of Isidoro Cabanyes, published on “La Energia Electrica”
(1903) and his “Proyecto de motor solar”. (De Los Archivos Históricos De La Energía
Solar http://www.fotovoltaica.com/chimenea.pdf)

Figure 8. Proposal by Günther: a solar chimney on the slope of a high mountain.
(Günther, 1931)
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Starting in 1980, a team led by the German engineer Jörg Schlaich took the initiative
and constructed a prototype in Manzanares (Spain) with 200 m high solar tower and a
maximum power output of 50 kW. This plant operated successfully for more than six
years (Schlaich, 1995). A more detailed description of the project is given in the
following section.
In 1987, Pasumarthi and Sherif erected a small prototype installation in California and
published the first thermo-mechanical plant model (Pasumarthi&Sherif, 1998).
Since those days, projects of SUPPs have been developed in arid zones all over the
world. For example, in Spain there was a proposal for a 750 m Solar Tower with an
expected production of 40 MW. Enviromission projects concerning Solar Updraft
Tower were also proposed in Australia. In Namibia, the so-called Greentower (a name
which combines, in its meaning, a greenhouse with a Solar Tower) is an innovating
project proposal involving the construction of 1.5 km tower able to generate 400 MW of
electricity. However, none of these projects has been brought to realization, up to now.
2.1. Solar Tower Prototype in Manzanares (Spain)
Jörg Schlaich, Rudolf Bergermann and their team have been very active in developing
and spreading the Solar Updraft Power Technology. Thanks to them, a solar tower
prototype was built in Manzanares (Spain), in order to test the new technology and
confirm analytical results through experimental data.
Their first idea goes back to 1972, when they were invited by the power industry to
develop a large scale cooling tower for dry cooling. Then, a new question soon arose,
whether the natural updraft which is produced in such chimney tubes could not be
utilized to produce electricity, provided an additional “fire” at the base of the chimney
tube. And why not to use solar radiation and collect solar warm air by means of a large
greenhouse roof? All of that resulted, in 1979, in what they called the “Solar Chimney”.
(Schlaich, 2010)
The plan was built in 1980 in Manzanares (about 150 km south of Madrid) thanks to a
grant by the German Ministry for Research and Technology. The prototype is
represented in Figure 9. “The aim of this research project was to verify, through field
measurements, the performance projected from calculations based on theory, and to
examine the influence of individual components on the plant‟s output and efficiency
under realistic engineering and meteorological conditions” (Schlaich, 1995). The
prototype was only designed for experimental purposes, to collect measurements for a
period of three years. It was intended to be removed without trace after that. Because of
that, the chimney was made of a corrugated metal sheeting, whose thickness was only
1.25 mm and which could be used again after the experiment. This solution only made
sense for the specific use it had been planned for, i.e. a temporary structure. It would not
be reasonable for solar towers intended to have a long life-span, which should be
reinforced concrete shells.
The chimney was a cylindrical tube of 195 m in height and 10 m in diameter. It was
surrounded by a collector of 240 m in diameter. Since the type of collector roof
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primarily determines a solar chimney‟s performance costs, different building methods
and materials for the collector roof were also tested in Manzanares. The 45000 m2 of the
prototype were covered with various plastic films and glass, to establish the optimum
and cheapest material in the long term. Moreover, an experimental planting was also
carried out under the roof, to investigate additional use of the collector as a greenhouse.
The original plan was to take measurements in 1981 and 1982 and dismantle the
structure in 1983, after three years from the construction, since the grant did not permit
regular corrosion protection especially for the stay-cables. Anyway, years passed away
permitting them to take more measurements. However, corrosion was on the way and
by spring 1989 the cables had rusted so badly that they broke in a storm and the
chimney fell down. It was expected, but the chimney still lasted for eight years rather
than the initially requested three and when it failed the necessary measurements had
long been completed.
Experimental results were very promising, a detailed analysis can be found in (Schlaich,
1995).
Schlaich, Bergermann and their team developed this challenging idea on their own, and
only at the end of the 1980s they got hold of the paper written in 1931 by Günther,
describing the basic principle of the solar updraft tower. So they frankly admitted that
they did not invent but “only” developed the solar updraft technology. However, such a
fact makes this new technology even more promising.

Figure 9. J. Schlaich‟s prototype SUPP in Manzanares/Spain (Schlaich, 1995)
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