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1. History

Solar chimney technology ( http://en.wikipedia.org/wiki/Solar_chimney )

is an electricity power generating method working with the warm air of a large solar
collector up drafting through a tall chimney.
One of the earliest descriptions of a solar chimney power station was written in 1931 by a

German author, Hanns Gunther.

More recently Schaich, Bergerman and Partners, ( http://www.sbp.de) under the direction of
German engineer Prof. Dr. Ing. Jorg Schlaigh, built a working model of a solar chimney
power plant in 1982 in Manzanares (Spain), 150 km south of Madrid, which was funded by
the German Government. This power plant operated successfully for approximately 8 years.
The chimney had a diameter of 10 m and a height of 195 m, and the maximum power output
was about 50 KW. During the final 3 years, optimization data was collected on a second-by-
second basis.

Prof. J. Schlaigh in 1996 published a book [1] in order to present this technology.

Although J. Schlaigh proposed initial physics to explain the solar chimney technology
operation, the theoretical foundation for the operation of solar chimney power plants was
done later by Von Backstrom and Cannon [2], [3].

Prof. J. Schlaigh proposed Power Plants with tall solar chimneys made by reinforced
concrete up to 1000m. Following his ideas the “enviromission” Ltd of Australia

(http://www.enviromission.com.au/ ) with “Solarmission technologies™ of USA,

(http://www.solarmissiontechnologies.com/) were going to build in Australia a Solar

Chimney Power Plant of 200 MW, (this decision recently was revised to a 50 MW Power
Plant). The initial Power Plant of 200 MW shoud have a huge reinforced concrete solar
chimney of 1000 m with internal diameter 130m and a circular solar collector with a
diameter 7000 m.

This Power Plant has the brand name ““Solar Tower”. The construction cost of this “Solar
Tower”” was estimated to be approximately 700 million USD. The plant will produce annually
not less than 600 GWh.

A similar renewable power plant of 200 MW, with wind turbines (50 turbines of 4 MW each
for example) will produce almost the same GWh/year but will have a cost 200 + 250 million
uUsD.

Taking into consideration the construction difficulties of huge reinforced concrete Solar
Towers and the high construction cost of their respective power plants the energy society has
not considered yet the reinforced concrete solar chimney technology as a successful

competitive option in renewable technologies.


http://en.wikipedia.org/wiki/Solar_chimney
http://www.sbp.de/
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http://www.solarmissiontechnologies.com/

2. The Floating Solar Chimney Technology

In order to increase the efficiency of solar chimney power plants and to decrease their cost,
prof. PhD Engineer Christos Papageorgiou, proposed to build higher and less costly solar
chimneys, as lighter than air structures, named Floating Solar Chimneys, with his inventions
[GR 1004334/27-3-03], [GR 10004837/16-3-04] and [PCT/GR03/00037].

The inventor in order to support scientifically his ideas, related to the Floating Solar
Chimney technology, presented a series of papers to various international conferences see
ref. [4,5,6,7,8,9,10,11].

The inventor has shown that a Floating Solar Chimney Power Plant of 100 MW producing
annually not less than 300 million KWh could have a cost of 35+70 million Euros. This Power
Plant will have a Floating Solar Chimney of 2+ 3 km height and 50+85 m internal diameter
and a solar collector with diameter of 2000 m+3000 m.

Taking into consideration that the respective wind farm of 100 MW, producing in average
annually 250 million KWh, will have a construction cost of 100 million Euros, it is evident
that the Floating Solar Chimney technology could be a very interesting option for renewable
electricity generation.

The Floating Solar Chimney power plants were named Solar Aero-Electric Power Plants
(SAEPPs) due to its similarity to Hydro-Electric Power plants. These SAEPPs, equipped
with low cost thermal storage facilities, can operate 24 hours/day for 365 days per year,
producing a guaranteed Power profile. Thus the SAEPPs can replace conventional fuel
consuming Power Plants.

In the following pages a short presentation of SAEPPs is given as appeared in the site

www.floatingsolarchimney.gr



http://www.floatingsolarchimney.gr/

3. Floating Solar Chimney Technology Application

The solar energy arriving on the earth’s ground is approximately ~1.2.10'? Gwh/year or ~
4,2#10° quads/year (1 quad=10"™ BTU). The world energy demand for Electricity and
Transportation Fuels (by a Hydrogen technology) it is in the range of 100 quads and most
probably it will be doubled in 30 years.

This means that if we could convert cost efficiently a negligible fraction of the solar energy
we could cover the world’s future energy demand in Electricity and Transportation Fuels
without any environmental consequences.

For example, in proper sunny places, the solar energy arriving on horizontal surfaces is more
than 2000 KWh/year-m?. This means that using the Floating Solar Chimney Technology by
which we can convert approximately 3-5% of this energy to Electricity (and with electrolysis
to Hydrogen fuels) we can generate Electrical Energy 60+100 KWh/year-m?.

Under this assumption the necessary land to produce fifty percent (50%) of the existing world
energy demand in Electricity and Transportation Fuels (~50 quad/year), using the Floating
Solar Chimney Technology, is 140.000-200.000 square Km (i.e. less than a square of
dimensions 440 Km X 440 Km).

For USA the necessary Electricity generation to cover its Electricity and (Hydrogen made)
fuels is estimated today to 10+15 quads, with its future demands (year 2030) to reach 20
guads. In order to cover 50% of this future demand using Floating Solar Chimney
Technology a land of ~ 40.000 square Km is necessary (i.e. a square of 200 Km X 200 Km).
Appropriate areas for the Floating Solar Chimney Technology application can be found in
South West States (Arizona, California, New Mexico, Nevada etc.) where the high solar
irradiation is combined with mild winds.

In Europe, South Spain, South Italy, South Greece, South Turkey and Cyprus are best
candidate States for Floating Solar Chimney Technology. In China, India, Australia, South
and Central America and Africa there are more than enough places for this Technology.

Thus Floating Solar Chimney Technology can be applied everywhere, where appropriate
climate conditions exist. In certain areas the Floating Solar Chimney Technology can be
combined to special greenhouse agriculture bellow the protected area of their Solar
Collectors. Thus useful agriculture lands will not be lost by Floating Solar Chimney

Technology application but rather promoted.



F loatmg Solar Chlmney Technolegy

This 1s a Solar Technology that can solve the
Energy problem protecting the Environment and
securing world’s Sustainable Development

1. The; Solar Aero-EIecchower Plant |
with Floating Solar Chimneys.

A Solar Aero-Electric Power Plant
(SAEPP) is shown in the following figure
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2 .The Solar Aero-Electric Power Plant
(SAEPP) main components

A SAEPP is made of three components:

A large circular solar collector with a transparent
roof supported a few meters above the ground
(the Greenhouse).

A tall, warm air up drafting, Cylinder on the
center of this Greenhouse (The Floating Solar
Chimney).

A set of Air Turbines geared to appropriate
Electric Generators around the base of the Solar
Chimney(The Turbo Generators).

3.How SAEPPs operate

The Solar energy warms the air inside the
solar collector (greenhouse effect).

The warm air tends to escape through the
Solar Chimney to the upper atmosphere.

This up drafting stream of warm air leaves
part of its thermodynamic energy to the Air
Turbines geared to Electric Generators,
converting this energy to Electrical.



4 Is Solar Aero Electric Power Plants
(SAEPPs) similar to Wind farms?

Although artificial wind 1s generated inside the
solar collector (from its periphery towards its
center) SAEPPs are not similar to wind farms.
The wind Turbines convert the wind kinetic
energy to rotational energy.

The SAEPP’s Air Turbines leave the moving
warm air kinetic energy unchanged,

5 Solar Aero Elecmc Power Plants
similarity to Hydro Electric Power Plants

SAEPPs are similar to Hydro Electric Power
Plants (that is why I called them Aero Electric)

Their Air Turbines convert the up drafiing air
dynamic energy (due to buoyancy) to rotational
energy.as Water Turbines convert the water’s
dynamic energy (due to gravity) to rotational.

In both Power Plants their Power Output is
proportional to H (Floating Solar Chimney air up
drafting height or Dam falling water height)
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6. Typical PP’s operational curves
for constant turbo generator efficiency n,
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7.The SAEPPs™ annual Efficiency 7,
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*The annual efficiency n, of the SAEPP is equal to its annual electrical
energy production divided by the annual solar energy arriving on the
solar collector's area. P___ is the maximum operating Power of the
SAEPP, in the point of optimum operation for the solar irradiance on a
horizontal surface G, (that Maximum is almost proportional to G).

*A_ is the Solar collector's area.

*(3_, is the average operating solar irradiance of the SAEPP i.e. the ratio
of the solar irradiation on horizontal surface divided by the hours of
operation of the SAEPP.

=, is slightly bigger than one due to thermal storage ability of the
ground just around the solar collector of the SAEPP.




8.The effect of FSC’s height H on ne
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9.The floating solar chimney

m In order to build efficient and cheap
SAEPPs we should have taller and less
expensive solar chimneys than the
reinforced concrete “solar towers™.

m Floating Solar Chimneys (FSCs) are lighter
than air structures , invented by the author,
that can be as tall as 1.5 to 3 Km, executing
efficiently their air up drafting operation.



10. The: pmblems relatedtﬁ I1ghter than air )

(Floating) Solar Chimneys.
An effective lighter than air (Floating) Solar

Chimney structure must encounter :

m The operational and wind sub pressure

acting on 1ts wall.

m The external winds™ overall action.

m The variation of wind velocity with
altitude.

11.How the 1nvented FSCS encounter
these problems

The wall sub pressure, acting on the main body cylinder
of the FSC, 1s encountered by the action of the supporting
rings made of Aluminum or air inflated pressurized tubes.
The wind huge forces and respective moments are

encountered through the structure’s ability to tilt, due to
the inclining abality of its heavy base and the action of the

folding (accordion) part that prevents any air escapes.

The wind’s variation with altitude is encountered through
the 1solation relief tubes, separating the upper cylinder in
successive, dynamically independent, parts that are
independently attached by the upper cylinder of the heavy
base.



12 The FSC’ constmctlon "

The main body of the floating
solar chimney is a lighter than
air, warm air up drafting
cylinder made of a set of
successive toroidal tubes filled
with lighter than air gas (He,
NH3).

This air up drafting cylinder 12
made of successive parts
attached separately to a heavy
inclining base with an
accordion folding lower end.
This accordion type folding end
is unfolding partly when the
structure 18 bending, securing
that the warm air does not
escape from its bottom.

13. A posmble FSC S upper part structure

(with an inner fabric wall)

Lifting Tube
Filled with lifting

£ L
i "r’




14. An indicative 3-D animation of the lower
part of a possible structure of the FSC
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16.1s the FSCs™ integrity secured under
external strong winds ?

The existing modern plastic and composite

fabrics and fibers. tested already to air ship and
inflated structures have given valuable
information and know-how for an appropriate
construction of the FSCs ,in order to withstand
external strong winds and high pressures.

The related industry.supported by research of

specialized academic institutions, can solve any
problems that may appear, producing cheap.
strong and enduring FSC’s structures.

& e
T Ex
- LT 5 !

17.The wind effect on the operational

height of the FSCs

Due to the titling property of the
FSC, its operational height is
decreasing under external winds .
The average annual FSC’s height
operational decrease depends on the
average annual wind speed and the
net lifting force of the FSC’s lighter
than air cylinder.
For example, for an average wind
speed of 3 m/sec and a net lift
force assuring a 50% bending for a
wind speed of 10 m/sec, the average
height decrease is 3.7%.
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~ 18.The SAEPPs with FSCs of 3000 m

m  SAEPPs with FSCs of 3 Km height have annual

i efficiencies 3 % to 4.2% (depending on the air speed
inside the solar chimney,i.e. on its internal diameter) .

m  SAEPP’s rated power is defined as the maximum Power
for the annual average solar irradiance on horizontal

| surface for the insolation hours in the place of its

-+ installation Gav.

= ®  SAEPPs with rated power Pmax({Gav) will produce
annually at least 3000 KWh per rated KW, for proper
sunny places of installation, operating 24 hours/day with
artificial thermal storage.

19.The thermal storage effect on SAEPPs

~ m The daily operation curve of a SAEPP depends on daylight
solar irradiance and on the solar collector’s ground or
=4 artificial thermal storage.

: m [f we leave bags or closed tubes filled with water on the
=) ground of the solar collector (covering part of it) the daily
operation of the SAEPP becomes smoother .

m  This means that the SAEPP is producing electric power 24
hours per day with power varying between Puss: 10 P the
difference between Puuz and Pus depends on the thermal
storage water quantity .

- ®  The maximum operating power (on the summer period) can
! be arranged by the quantity of thermal storage water.



20.The thermal storage effect on SAEPP

diumal varation of average Power output for spnng (sutumn) summer and winter

1. Summer

T2 | : A —— | ——

-
=
=]

£
[=]

o
=]

o
=

B

Eleciric Power as % of the average Power
=
(=]

. Unifrn I‘J‘IIH:!'III storage 20 Em :
A ""'E'"'""""""!’"“"'“'""";""""‘""'

[
(=
-

=]

10 15 i
hour of an average day

[=]
[=:]

sy T =
]

l.olar eoéctri Wer- Plantrs--
Material-The Solar Collector

m The roof of the cyclical solar collector of a
SAEPP 1s made by glass or clear plastic (or
any appropriate inexpensive alternative) .

m The supports for the glass roof are made
by steel or hard plastic in concrete
foundation. The supports for clear plastic
roof could be made by a more inexpensive
procedure.



22.SolarA ower Plants |
Material-The Floating Solar Chimney

The main material for the FSCs of the SAEPPs are:

m Strong and enduring artificial fabric. reinforced
with composite fibers for tubes and inner wall.

m  The fabric of lifting tubes should be impermeable
to lifting gas and UV protected as the usual fabric
of air ships or balloons.

m The connecting fibers or ropes of the structure are
of very strong composite yarn (Aramid ).

m The lifting gas could be He or NHs. The later has
a smaller cost and can be found easily.

.'_-:'I::ha_ ‘ ;.l}l' :_1:_-:'::.‘-:;1_?:.. i ﬁ' .. ._,_ - !__:'__ },
23.Solar Acro Electric Power Plants
Equipment-Turbines & Generators

The main equipment are:

m  Axial shrouded Air Turbines

m  The respective one stage Gear boxes

m and Electric Generators ,with their Power electronics
These combined power production units ,are placed with
horizontal axis around the base of the floating solar
chimney.
Their overall rating Power due to artificial thermal storage
can be 60+100 % of the rating power of their SAEPP

(1.e. equal to their maximum Electric power production on
summer).



24. Availab
SAEPPs.

m By the previous presentation it is evident that all the
necessary material and equipment for SAEPPs can be
found easily in the market.

ility for local construction of

m Taking into consideration the construction experience and
Know how of the related companies in similar works ,the
construction of the SAEPPs can executed locally n every
place of the world.

m  The FSC’s tubes can be ordered and constructed by
specialized industrial units and transported locally, where
the final FSC’s construction will be take place .

25.Favorite placeé. of installation for
Solar Aero Electric Power Plants

The best places of installation for the SAEPPs with FSCs should have:
m High annual solar irradiation on honizontal surface (=1600
KWh/sqm,best =2000 KWh/sqm)

Low average annual winds (<3 m/sec)

Limited strong winds (<20 m/sec)

No heavy snow, hail storms. sand storms or dust storms

Seismic activity is not important

In every continent there are excellent places for a broad Floating
Solar Chimney Technology application covering its population
energy demand.

m  [tis possible to combine Electncity production with specific
agnculture production in the Greenhouse and rain or distilled water

collection using the SAEPP’s solar collectors glass roofs or FSCs.




26. Cost and related information of
SAEPPs with FSCs of 1500 m to 3000 m

m  The following tables show the minimum cost and other
information for SAEPPs with FSCs of 1500m to 3000m
with glass or clear plastic roofs in places with annual
irradiation 2300 KWh/sgm

m  The solar collector area for the clear plastic roof 1s larger
of the glass roof SAEPP for the same Power output,
however the construction cost of them 1s almost half due
to the cheaper roof”s material and construction cost.

m  for places with lower irradiations the solar collector
areas should be larger increasing the cost per rated KW of
the respective SAEEPs.

m  For the construction of the first (demo) unit should be
wise Lo assume an increased cost at least 50%.

27.SAEPPs with clear plastic roof, H=3000 m

SAEPP’s Rating Power in MW 50 100 | 200
| FSCs internal diameter in m 35 150 |70
| Solar collector’s area in sqKm 2 327 122
ESC’s construction cost in million € 11 I5.8 (22
| Solar collector’s construction cost in million € 4 74 114.4
B 0 Geuieratons” oanstraotion oost in millon € 45 1|9 18
* PSAEPP’s construction cost in million € 21 133 |55
Annual Energy Production in millions KWh 150 (300 |600




28. SAEPPs with glass roof, H=3000 m

SAEPP’s Rating Power in MW 50 100 |200
| FSC’s intemnal diameter in m 50 |70 100
o Solar collector’s area in sqKm 1.6 |3 &
; FSC’s construction cost in million € 15:8 |22 31.6
= ' Solar collector’s construction cost in million € 136 1255 |51
Turbo Generators® construction cost in million€ |45 |9 18
SAEPP’s construction cost in million € 35 58 103
Annual Energy Production in million KWh 150 1300 600

~ 29.SAEPPs of 100 MW with clear plastic

- roofs and variable FSC’s height H.

| [ESC2s height in m 3000 | 2500 [ 1500 | 1000
“4IFSC’s internal diameter in m 50 |ss 160 |70

’ . 'Sﬁlar Collector’s area in sgkm 37 |44 |57 |79
FSC’s construction cost in million € 158 145 (129 |11.5
- [Solar collector’s construction cost in million € T4 |88 [11.4:115%

::S.&EEE} construction cost in million € 33 34 |35 37




;:: 30.SAEPPs of 100 MW with glass roofs and
- variable FSC’s height H.

[FSCs heightinm 3000|2500 [1500 [ 1000
.pscs internal diameter in m 70 |80 |90 [100
| T ————— 3 |36 |46 |64
| ESC’s construction cost in million € 22 212|184 [16.5

| Solar collector’s construction cost in million € 255 130.6 |39.1 |54.4

?..&EEPJS construction cost in million € 58 62 68 %0

; m TR ;, Ve,
- 31. Comparison of SAEPPs with
~ to conventional Power Stations

""""""""

WETD Warld Energy Techmolegy & climate policy Chilook 2030 data

Eower Station Investment Cost in €W Fue] Cost Mmntenince Cost
Year 2000 Fear 2010

Gas Combinad Cycle | 745 sa Above Average | Average

Coal Supercntical 1970 1303 AVErRge &bore Averags

Coal Gasification 2631 1E0s AvETREe Ahove Average

Hipelear 3612 3574 Above Average | Abose Average

Biomass 2368 2198 Above Average | Abowre Average

Wind 996 11 Zaro Law

Fhoto Vaoltaes 8457 4378 Zero Laow

Floating Solar 350-580 (y 2005) | 300-500 Zero Very Low

Chirnay




32. Comparison of SAEPPs with FSCs
to conventional Power Stations

m Taking into consideration the relatively low
investment cost of SAEPPs

m Combined with their very low operation
and maintenance cost

m Their produced KWh could eventually
cost as low as 50% of the KWh price

produced by any fuel consuming Power
Plant.

33.Hydrogen production by SAEPPs

SAEPPs combined with appropriate electrolysis
units can produce hydrogen and oxygen.

SAEPPs in this case can be electronically confrolled
in order to produce maximun Power for every G.

Due to cheap KWh price of SAEPPs Hydrogen price
could become eventually less than 1.5 USD/Kg.

Hvdrogen can be used with fuel cell technology as
an alternative fuel.

Hydrogen and Oxvgen produced simultancously by
clectrolysis can be used in the promising high
efficiency HsOy motors.




Energy demand will be doubled in the next
30 years.

Most probable scenario “ the future oil
production can not cover the o1l demand”™.

Increase 1n o1l prices.

m Insecurity for oil supplies.

m International tension.
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The annual primary energy world demand (year 2004) was ~1.2*10"8 GWh,
emitting ~26 billion tones of CO2.The figures could be doubled in the next
30 to 40 years.

The annual energy demand for electricity and fuels (Hydrogen generated by
electricity) is not more than 20%6 of this quantity i.e. 24*10°6 GWh.

A reasonable choice could be, for the next 30 years, to build every year
SAEPPs with Floating Solar Chimneys with an overall Power of 330 GW
producing ~ 106 GWh/year.

The annual investment for this choice is 100+150 billion €/year (that is
approximately 25 + 35 % of the forecasted energy investments ( estimated to
400 billion € /year ),

The necessary land annually, for these SAEPPs installation worldwide

will not exceed 20.000sqKm .

The 30 years overall land, for the SAEPPs of rating Power of 10000 GW
{generating 30*10°6 GWh of electric energy per year), will not exceed
worldwide the area of ~600.000 sq Km,

37. Conclusion 1

The presented Floating Solar Chimney Technology is
not an illusion is a serious innovative electric energy
generating method.

The Technology is a many years research project by
many independent institutions supported by experimental
results.

Although the Technology's Power Plant looks like a
perpetual machine, is operating using the solar
irradiation energy collected by the greenhouse effect .
The Technology's Power Plants can be constructed using
existing material and equipment.



38. Conclusion 2

The Floating Solar Chimney technology supported by
the existing renewable technologies can cover the
world's energy demand (in electricity and any future
transportation fuels based on Hydrogen).

The technology can eliminate the CO: emissions below
any safe threshold for our planet .

The technology can be the basic * Power vehicle”
towards the hydrogen era.

The technology ts very competitive to any other fuel
consuming energy technology.

The technology is very reliable (as the sunrise !).

Thus Floating Solar Chimney technology can assure
world's sustainable development.
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Topic: Winds & Atmospheric Physics

= Heinson R.J. and Kabel R.L. “Sources and Control of Air Pollution”, Prentice Hall 1999.
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