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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 CO,—
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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 long-
period renewals of the turbo-generators and of the glass-roof.
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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 MWHh/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.
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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 &
Kroger 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, thermo-
fluid-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.
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Figure 4. From the world-highest cooling tower to pre-designs of future SUPPs
(Kratzig&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 (Ginther, 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
Gunther (Giinther, 1931). This name is just the pseudonym for Walter de Haas. In 1931,
in his most important book (“In hundert Jahren - Die kiinftige 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 Historicos De La Energia
Solar http://www.fotovoltaica.com/chimenea.pdf)
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Figure 8. Proposal by Giinther: a solar chimney on the slope of a high mountain.
(Glnther, 1931)
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Starting in 1980, a team led by the German engineer Jorg 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 hame
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)

Jorg 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 m? 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 Gulnther,
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)

©Encyclopedia of Life Support Systems (EOLSS)



SOLAR ENERGY CONVERSION AND PHOTOENERGY SYSTEM - Solar Updraft Power Plant Technology: Basic Concept
and Structural Design - Francesca Lupi, Claudio Borri, Wilfried B. Kratzig, Hans-Jurgen Niemann.

TO ACCESS ALL THE 69 PAGES OF THIS CHAPTER,
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx

Bibliography

Borri C., Lupi F., Marino E. (2010b). “Optimum shell design of Solar Updraft Towers”, SCPT2010, Proc.
2nd Int. Conf. Solar Chimney Power Technology, Bochum, Germany. [It studies the structural role of
stiffening rings along the tower height]

Borri C., Lupi F., Niemann H.-J. (2010a). “Structural optimization of solar towers to minimize wind
induced effects”, SEMC2010, Proc. 4th Int. Conf. Structural Engineering, Mechanics and Computation,
Cape Town, South Africa. [The paper presents strategies of structural optimization of Solar Towers]

Bottenbruch H., Kratzig W.B., (2010). “Optimum design concept for Solar Power Plants”. SCPT2010,
Proc. 2" Int. Conf. Solar Chimney Power Technology, Bochum, Germany. [This proposes a model to
evaluate the energy production of the Solar Updraft Tower thanks to solar radiation]

Cabanyes 1., (1903) “Las chimeneas solares” (Solar chimneys). La ernergia eléctrica. Wikipedia. [It is the
first study on the SUPPs technology]

CICIND (2001). “Model code for concrete chimneys — Part A: The Shell”, CICIND London, 1-59. [Itis a
Code for design of concrete chimneys]

Dos Santos Bernardes M.A. (2004). “Technische, 6konomische und O6kologische Analyse von
Aufwindkraftwerken” (Technical, economical and ecological analysis of updraft power plants). Bericht
Nr. 95, University of Stuttgart, IER. [This dissertation outlines the main issues concerning the feasibility
of the SUPPs technology]

EN 1990:2001-11, “Eurocode - Basis of structural design”, CEN 2001. [It is the European Code for
structural design]

ESDU 74030 : Characteristics of atmospheric turbulence near the ground. Part I: definitions and general
information. [Guideline for wind loading on structures]

ESDU 82026 (1982). “Strong Winds in the Atmospheric Boundary Layer. Part 1: Mean hourly wind
speeds”, Engineering Sciences Data Unit, London. [Guideline for wind loading on structures]

ESDU 83045 (1983). “Strong Winds in the Atmospheric Boundary Layer. Part 2: Discrete Gust Speeds”,
Engineering Sciences Data Unit, London. [Guideline for wind loading on structures]

ESDU 85020 : Characteristics of atmospheric turbulence near the ground. Part II: single point data for
strong winds (neutral atmosphere). [Guideline for wind loading on structures]

ESDU 86010 : Characteristics of atmospheric turbulence near the ground. Part 111 variations in space and
time for strong winds (neutral atmosphere). [Guideline for wind loading on structures]

ESDU 96030 (1996). “Response of structures to vortex shedding”, Engineering Sciences Data Unit,
London. [Guideline for wind loading on structures]

Fluri T.P. (2008). “Turbine layout for and optimization of solar chimney power conversion unit”. PhD-
thesis, University of Stellenbosch, South Africa. [It focuses on the thermodynamic efficiency and the
power conversion unit of Solar Updraft Towers]

Fluri T.P., Von Backstrom ThW. (2008). “Comparison of modelling approaches and layouts for solar
chimney turbines”. Int. J. Solar Energy, 82, 239.-246. [It studies the turbine layout for Solar Updraft
Towers]

©Encyclopedia of Life Support Systems (EOLSS)


https://www.eolss.net/ebooklib/sc_cart.aspx?File=E6-106-43-00

SOLAR ENERGY CONVERSION AND PHOTOENERGY SYSTEM - Solar Updraft Power Plant Technology: Basic Concept
and Structural Design - Francesca Lupi, Claudio Borri, Wilfried B. Kratzig, Hans-Jurgen Niemann.

Goldack, A. (2004). “Tragverhalten und Aussteifung hoher Stahlbetonrohren fuer Aufwindkraftwerke”
(Load-bearing behavior and stiffening of high-rise RC-tubes for updraft power plants). Dissertation,
University of Stuttgart. (in German) [It studies the structural role of the stiffening rings]

Gould R.W.E., Raymer W.G., Ponsford P.J. (1968). “Wind tunnel tests on chimneys of circular section at
High Reynolds Number”, Proceedings of a Symposium on wind effects on buildings and structures,
Loughborough University of Technology in collaboration with National Physical Laboratory, Royal
Aeronautical Society, Ed. D.J. John, C. Scruton, A.M. Ballantyne. [It studies the wind flow around
circular cylinders]

Giinther H. (1931). “In hundert Jahren - Die kiinftige Energieversorgung der Welt” (In hundred years -
future energy supply in the world). Kosmos, Franckh'sche Verlagshandlung Stuttgart. [One of the first
studies on the SUPPs technology]

Harris R.I., Deaves D.M. (1980). “The structure of strong winds”, Proc. CIRIA Conference. London,
Construction Industry Research and Information Association. [A study on the structure of strong winds at
high altitudes]

Harte R., Graffmann M., Wdrmann R. (2010), “Progress in the structural design of solar chimneys”,
SCPT2010, Proc. 2nd Int. Conf. Solar Chimney Power Technology, Bochum, Germany. [It focuses on the
structural design of Solar Towers]

Harte R., K. Stopp, M. Andres (2010), “Soil-structure-interaction of large concrete shells”, SCPT2010,
Proc. 2nd Int. Conf. Solar Chimney Power Technology, Bochum, Germany. [The problem of soil-
structure interaction is addressed in this paper]

Harte R., van Zijl G.P.A.G (2007). “Structural stability of concrete wind turbines and solar chimney
towers exposed to dynamic wind action”. Journal of Wind Engineering and Industrial Aerodynamics, vol.
95., pp. 1079-1096. [Comparison between structures for renewable energy: wind turbines and Solar
Updraft Towers]

Hoffer R., Wevers C., Gdrnandt V. (2010). “Transport and deposition of dust on the collector surface”,
SCPT2010, Proc. 2nd Int. Conf. Solar Chimney Power Technology, Bochum, Germany. [It studies the
problem of deposition of dust on the collector]

Holscher N., Hoffer R., Niemann H.-J., Tschersich M. (2010). “Aerodynamic basics of wind loading
patterns at the collector glass roof”, SCPT2010, Proc. 2nd Int. Conf. Solar Chimney Power Technology,
Bochum, Germany. [It investigates the wind load on the collector]

Holscher N., Niemann H.-J., (1993). “On the flow around finite circular cylinders in turbulent shear
flows. Physics of separated flows — Numerical, experimental and theoretical aspects”. Ed.: Kl. Gersten,
Notes on numerical fluid mechanics, Vol 40, pp. 216-244. [It studies the flow around circular cylinders]

Kritzig W.B. (1997): “Multi-level modeling techniques for elasto-plastic structural responses”. In Owen,
D. et al. (eds.) Computational Plasticity, Proc. 5th Intern. Conf., Part 1: 457-468. Barcelona: CIMNE-
Intern. Center for Num. Meth. in Engineering. [An advance theory for elasto-plastic structural responses]

Kratzig W.B., Harte R., Montag U., Graffmann M. (2010). “On structural engineering problems of solar
updraft chimneys”. Proc. 4th Int. Conf. Structural Engineering, Mechanics and Computation, Cape Town,
South Africa. [It discusses structural problems related to the SUPPs technology]

Kritzig W.B., Harte R., U. Montag, Wormann R. (2009) “From large natural draft cooling tower shells to
chimneys of solar upwind power plants”. Proc. of the Int. Association for Shell and Spatial Structures
(1ASS), Valencia, Spain. [It discusses structural problems related to the SUPPs technology]

Kratzig W.B., Harte R., Wormann R. (2008) “Large shell structures for power generation technologies”.
Proc. 6th Int. Conf. IASS-IACM 2008, Cornell University, Ithaca, NY, USA. [It discusses structural
problems related to the SUPPs technology]

Kritzig W.B., Petryna Y.S. (2001). “Assessment of structural damage and failure”. Arch. of Appl.
Mechanics 71: 1-15. [It evaluates structural damage and failure]

Lorenzo E., “De los archivos historicos de la energia solar: Las chimeneas solares: De una propuesta
espafiola en 1903 a la Central de Manzanares” (in Spanish) [It reviews the history of the SUPPs
technology]

©Encyclopedia of Life Support Systems (EOLSS)


http://www.fotovoltaica.com/chimenea.pdf
http://www.fotovoltaica.com/chimenea.pdf

SOLAR ENERGY CONVERSION AND PHOTOENERGY SYSTEM - Solar Updraft Power Plant Technology: Basic Concept
and Structural Design - Francesca Lupi, Claudio Borri, Wilfried B. Kratzig, Hans-Jurgen Niemann.

Lupi F. (2009). “Structural behaviour, optimization and design of a solar chimney prototype under wind
loading and other actions”. Master Thesis, University of Florence in cooperation with Ruhr University
Bochum. [It proposes a strategy of structural optimization of Solar Towers]

Niemann H.-J, (2008). “Prototyp eines Aufwindkraftwerks. Windeigenschaften, winderregte
Schwingungen und Windlasten zur Bemessung des Stahlbetonturms”, Report, Bochum. (in German) [It is
a calculation of the wind loading on a Solar Updraft Tower prototype]

Niemann H.-J-, Holscher N., Meiswinkel R. (2007). “A probabilistic approach for the determination of
extreme actions with respect to the structural design”, Proc. of ICAPP 2007, Nice, France. [It is a
discussion on probabilistic approaches to evaluate extreme actions]

Niemann H.-J. (2010). "Static, quasi-static and resonant wind effects on solar towers”, 2nd International
Conference on Solar Chimney Power Technology, Bochum. [It investigates peculiar wind effects on Solar
Towers]

Niemann H.-J., Flaga A., Hoffer R., Holscher N., Kasperski M. (1996). “Structural response to wind”. In:
Dynamics of Civil Engineering Structures, Wilfried B. Krétzig & Hans-Jirgen Niemann (Eds.) A.A.
Balkema, Rotterdam. . [It investigates the dynamic response of structures to wind loading]

Niemann H.-J., Hoffer R. (2007). “Wind loading for the design of the solar tower”. Proc. 3rd Int. Conf.
SEMC, Cape Town, South Africa. [It outlines the main issues for a correct evaluation of wind loading on
Solar Towers]

Niemann H.-J., Lupi F., Hoffer R., Hubert W., Borri C., (2009b). The solar updraft power plant: design
and optimization of the tower for wind effects, in: Proceedings of the 5th European and African
Conference on Wind Engineering EACWEDS, Florence, Italy. [It proposes strategies for structural
optimization]

Niemann, H.-J. (1991). Dynamic response of cantilevered structures to wind turbulence. Structural
Dynamics, W.B. Kraetzig et al. editors, 1123-1131, A.A. Balklema. [It investigates the dynamic response
of structures to wind loading]

Niemann, H.-J., (2009a). “A Refined Approach to Wind Loading for the Design of the Solar Tower”,
CICIND Report, Vol. 25 (2). [It outlines the main issues for a correct evaluation of wind loading on Solar
Towers]

Pasumarthi N., Sherif S.A. (1998). “Experimental and theoretical performance of a demonstration solar
chimney model”. Int. Journal of Energy Research, vol. 22. [Studies on the SUPPs technology]

Pretorius J.P. (2007). “Optimization and control of a large-scale Solar Chimney Power Plant”. Dr.-ME
Thesis, University of Stellenbosch, South Africa. [Thermodynamic investigation of the SUPPs
performances]

Pretorius J.P., Kroger D.G. (2005) “Critical evaluation of solar chimney power plant performance”, Solar
Energy 80, pp 535-544. [Thermodynamic investigation of the SUPPs performances]

Pretorius J.P., Kroger D.G. (2006) “Solar chimney power plant performance”. ASME J. Solar Energy
Engineering 128, NO. 3, 302-311. [Thermodynamic investigation of the SUPPs performances]

Pretorius J.P., Kroger, D.G. (2008). “Thermo-economic optimization of a solar chimney power plant
Performance”. ASME J. Solar Energy Engineering 128, NO. 3, 302-311. [Thermodynamic investigation
of the SUPPs performances]

Pretorius J.P., Kroger, D.G. (2010) “Basic theory and numerical simulations of large-scale solar updraft
power plants”. SCPT2010, Proc. 2nd Int. Conf. Solar Chimney Power Technology, Bochum, Germany.
[Thermodynamic investigation of the SUPPs performances]

Schlaich J. (1995). “The Solar Chimney, Electricity from the Sun”, Edition Axel Menges, Stuttgart. [It
encourages the production of renewable solar energy through SUPPs]

Schlaich J. (2010). “Concept and motivation of solar updraft power technology”, SCPT 2010, Proc. 2nd
International Conference on Solar Chimney Power Technology, Bochum, Germany. [It highlights the
motivations of the SUPP technology]

©Encyclopedia of Life Support Systems (EOLSS)



SOLAR ENERGY CONVERSION AND PHOTOENERGY SYSTEM - Solar Updraft Power Plant Technology: Basic Concept
and Structural Design - Francesca Lupi, Claudio Borri, Wilfried B. Kratzig, Hans-Jurgen Niemann.

Schlaich J., Bergermann R., Schiel W., Weinrebe G. (2005). "Design of Commercial Solar Updraft Tower
Systems", Journ of Solar Energy Engineering, 127, 117-124. [It studies design aspects of the SUPPs
technology]

Schlaich J., Schiel W., Friedrich K. (1989). “Aufwindkraftwerke — Technische Auslegung,
Betriebserfahrung und Entwicklungspotential“, IRB Verlag, Stuttgart. [It studies the working principles
of Solar Updraft Towers]

Strauss J., A. Kreiner (2010), “Optimized erection technology of giga towers”, SCPT 2010, Proc. 2nd
International Conference on Solar Chimney Power Technology, Bochum, Germany. [It investigates
possible construction technologies for Solar Updraft Towers]

Stull, R.B. (Ed.) (1988). “An introduction to boundary layer meteorology”, Kluwer Academic Publishers,
Dordrecht, The Netherlands. [It is a basic text for the study of boundary layer meteorology]

VGB (2005) “Structural design of cooling towers”. Guideline VGB R 610Ue, VGB PowerTech, Essen.
[It is a German guideline for cooling towers design]

Von Backstrom Th. W., Harte R., Hoffer R., Kratzig W.B., Kroger D.G., Niemann H.-J., van Zijl
G.P.A.G. (2008). "State and Recent Advances in Research and Design of Solar Chimney Power Plant
Technology”, VGB PowerTech 88, 64-71 [It gives an outline of the main problems and possible solutions
to increase the feasibility of SUPPs].

Biographical Sketches

Prof. Dr.-Ing. Claudio Borri is Full Professor of Structural Mechanics and Chair of Computational
Mechanics and Wind Engineering at the University of Florence, School of Engineering. He studied in
Florence, Bochum and Karlsruhe; he has received a CNR, a DAAD, and an A von Humboldt research
fellowship and has served as Visiting Prof. in several European and USA Universities.

Prof. Borri is Author of approx. 220 scientific publications and 3 books; he is Editor of 5 volumes (conf.
Proceedings). In 1994 he was awarded with the Max Planck research Prize (jointly awarded by the A. von
Humboldt Foundation and M. Planck Gesellschaft) and, later on, he has received Honoris Causa (h. c.)
degrees at UACEG Sofia, Bulgaria in 2000 and at TU-Tallin, Estonia in 2007.

Prof. Borri serves also as structural engineering consultant and proof engineer for statics; in 2010 he was
appointed in Higher Scientific Advisory Board of the Stretto di Messina Soc. for the project of the
3,300m suspended bridge over the Strait of Messina (largest bridge ever designed).

Prof. Dr.-Ing. habil. Dr.-Ing. E.h. Wilfried B. Krétzig was born in 1932 and raised up in
Hamburg/Germany. From 1952-1957 he studied Civil Engineering at the Technical University of
Hannover, finishing this time with the degree of Diplomingenieur. After this studies he joined the German
civil industry (Ed. Zublin AG) and worked there as a project engineer and site manager until the end of
1961. At the beginning of 1962 he returned back to the Technical University of Hannover to the Institute
of Reinforced and Concrete Engineering (Professor Dr.-Ing. W. Zerna) as Senior Engineer
(Oberingenieur) finishing his Dr.-Ing.-degree in 1965 and his habilitation (Dr.-Ing. habil.) in 1969.

From 1969-1970 he served as Associate Professor at the University of California in
Berkeley/California/USA, returning to Germany at the end of 1970. From then on he stayed as Full
Professor of Structural Engineering at the Ruhr-University Bochum/Germany, becoming Professor
Emeritus in 1998. Professor Krétzig has published more than 320 publication in national and international
journals as well as congress reports, on topics like theory of structures, analysis of structures, shell theory
and dynamics of structures. He has given approximately the same number of scientific lectures.

Besides this he was working as Consulting Engineer, State-authorized Verification Engineer and State-
authorized Expert for the Safety of Structures. He is a partner in the Engineering Consultant Office
Kratzig & Partners, Bochum/Germany and in this position he was involved in the design and construction
many important civil engineering structures. He was member of several National Standardizing
Committees.

Professor Krétzig is member in many national and international scientific organizations, and has received
a large number of academic as well as professional honors, e.g. the degree of Dr.-Ing. E.H. (honorary
doctoral degree) of the Technical University of Dresden/Germany.

©Encyclopedia of Life Support Systems (EOLSS)



SOLAR ENERGY CONVERSION AND PHOTOENERGY SYSTEM - Solar Updraft Power Plant Technology: Basic Concept
and Structural Design - Francesca Lupi, Claudio Borri, Wilfried B. Kratzig, Hans-Jurgen Niemann.

Dipl.-Ing. Francesca Lupi, born in 1984 in Prato (Italy), graduated “cum laude” in Civil Engineering at
the University of Florence (Italy) in 2009. She prepared her Master Thesis, entitled “Structural behaviour,
optimization and design of a solar chimney prototype under wind loading and other actions” at the Ruhr-
University of Bochum (Germany), where she attended a training period at Niemann&Partner (February-
May 2009).

From 2010, she is a PhD student in the International Graduate College “Mitigation of risk due to natural
hazards on structures and infrastructures” jointly run by the University of Florence (Italy) and the
Technical University of Braunschweig (Germany). Her research topic is structural wind engineering,
focusing on the investigation of wind loading models for evaluation of local effects on Solar Updraft
Towers.

Prof. Dr.-Ing. habil Hans-Jirgen Niemann, born 1935 in Lueneburg, Germany; studied Civil
Engineering at the Universitaet Hannover, graduated as Diplomingenieur (corresponding to the master
degree); worked as a design engineer in Bremen; worked as research assistant at the Universitaet
Hannover and the then newly established Ruhr-Universitaet Bochum; graduated as Doctor of Civil
Engineering and obtained the “authorization for lecturing” (Habilitation) in Structural Engineering from
the Ruhr-Universitaet Bochum; was appointed Prof. of Wind Engineering and Fluid Mechanics;
established the Boundary Layer Wind Tunnel Laboratory at the RUB.

Co-chairman of two Collaborative Research Centers funded by the German Science Foundation, namely
“Structural Dynamics® (1982-1994) and “Life-time oriented Design Concepts® (1995-2001).

Dean of the Department of Civil Engineering, Ruhr-Universitaet Bochum from 1997-2001.

Published around 120 papers, editor and co-editor of several books. Chairman and co-chairman of several
conferences in the fields of Wind Engineering, Cooling Tower Design, and Structural Dynamics.
Advisory Professor at the Shanghai-University of Technology since 1987; was awarded the Humboldt-
South-Africa Research Award 1997.

Chairman of the code committee ,,Wind Actions on Structures® since 1993; member of 4 more code
committees.

Founded the Engineering Company Niemann und Partner, Bochum, in 2001; Consulting Engineer for
various national and international projects. Recent examples are the stadia in Bern, Hannover, Duisburg,
Moscow; high-rise buildings in Doha, Katar; Rhine crossing Wesel, a cable-stayed steel bridge; numerous
Natural Draught Cooling Towers in Germany, India, Poland; other structures in power plants.

©Encyclopedia of Life Support Systems (EOLSS)



