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ABSTRACT:

This paper is a tool to harness some part of solar energy for power generation. Due to greenhouse effect the air is warmed in the solar collector. The warm air is moving from the periphery of the solar collector to its center towards the entrance of the solar chimney, in order to “escape’’ to upper layers of atmosphere due to buoyancy. This moving stream of warm air leaves part of its thermodynamic energy to the air turbines that are geared with appropriate induction electric generators.

A floating solar chimney power station has three major components: 

• A circular solar collector (the greenhouse) 

• A solar chimney on the center of the collector 

• A set of air turbines geared to electric generators.

The power output of an FSCPS is roughly proportional to the area of the solar collector and the height of the solar chimney. In order to increase the efficiency of them we must increase the height of their solar chimneys. This can be achieved using floating solar chimneys. The floating solar chimney (FSC), is a lighter than air construction, made by successive balloon tubes, that are filled with He or NH3. This permits to the FSCs to float in the air and thus to have heights up to several Km. It is shown that the FSCPSs equipped with thermal storage can operate 24 hours per day 365 days per year with a minimum guaranteed power production. This means that the FSCPSs, although renewable by nature, have a similar operation to conventional power stations.
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INTRODUCTION:

The  solar  chimney  power  production  method  was  an  idea proposed  at  1931  by  the  German  writer  Hanns Gunther. Solar chimney power stations were supported strongly by  prof. J. Schlaigh. In his book ref. [1]. Gives an extensive presentation for them.

The  solar  chimney  power  station  is  mainly  a  set  of  three components:

•      A large circular  solar  collector  (  The  Greenhouse)  of external diameter Dc

•      A tall solar chimney in the center of solar collector with internal diameter d and height H

•      A set of air turbines geared to electric generators near the bottom of the solar chimney

Due  to  greenhouse  effect  the  air  is  warmed  in  the  solar collector. The warm air is moving from the periphery of the solar collector to its center towards the entrance of the solar chimney,   in order to “escape’’ to upper layers of atmosphere at the exit of the solar chimney (see fig.1). This moving stream of warm air leaves part of its thermodynamic energy to the air turbines that are geared with appropriate electric generators. The shrouded axial air turbines are placed with horizontal axis in a perimeter around the bottom of the solar chimney.





Fig.01
Prof. Schlaigh believes that reinforced concrete solar chimneys up to 1000 m height can be constructed. The big height H of the solar chimney is necessary, because the efficiency of its respective power station is proportional to H. The efficiency of the solar power station is defined as the ‘ratio of the power produced annually by electric energy to the annual solar   energy   arriving   on   the   surface   area   of   its   solar collector’.   Power plants with very tall   concrete solar chimneys are called “Solar Towers”.
In  order  to  increase  the  efficiencies  of  the  solar  chimney power  stations  we  need  solar  chimneys  of  even  higher heights. This can be achieved with the Floating Solar Chimneys (FSCs) invented by the Papageorgiou C. see ref. [2].  

FUNCTIONAL PRINCIPAL:

The principle is shown in fig 1: Air is heated by solar radiation under a low circular translucent roof open at the periphery; the natural ground below it form an air collector. In the middle of 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 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 at 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 generator.  
CONSTRUCTION:
Floating solar chimney: 

In order to increase the efficiencies of the solar chimney power stations we need solar chimneys of even higher heights. This can be achieved  with  the Floating  Solar Chimneys (FSCs)  invented  by the author  see ref.  [2].  
The forces acting on he FSC are basically two: 

• The sub-pressure forces. The forces, which are resulted from the static pressure difference between the warm stream of air inside the FSC and the air on its exterior. 

• The forces from the external winds, which are appeared at the places where the FSC is installed. 

The FSC construction is made by a series of balloon-rings from light enduring (airship) fabric connected successively in such a way that they form the main cylinder of the solar chimney. 

if necessary, special supporting rings placed between the balloon rings (see figure 2). These rings have negligible thickness and diameters smaller or equal than the diameters of the lifting balloons. 
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                                                                         Fig.02
To encounter external wind’s forces is a rather more complicated issue. To do so the supporting rings are not sufficient, although they do help in this respect. The external winds’ problem is encountered by the FSC’s deflecting ability.

Thus when external winds appear the FSC is deflecting, reaching its angle of balance (figure 3 and 4). In this way, in its balance position, the FSC encounters vertically only the drag forces from the velocity’s normal components, which are counter-balanced from the opposite FSC’s buoyancy components. These normal forces to the FSC’s cylinder are encountered locally with the assistance of the supporting rings. Wind velocity’s tangent component creates a friction force parallel to the FSC’s cylinder without deforming its shape. 

As already stated in order to encounter the winds’ action on the FSC, it should have a deflecting ability. For this purpose two more elements are necessary: 

· A system that will keep the FSC at its position and which will receive the parallel and tangent forces from the external winds. This system is a two-part heavy base, which can incline on the FSC’s seat without parting from it. (Figure 4).

· A flexible (accordion type) folding part of its base which will be unfolded partly as a result of the deflection, preventing the warm air to escape by the bottom of the structure (figure 4).
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                               Fig.03                                                             Fig.04

This wind’s velocity variation creates differential forces along the chimney’s cylinder.

To encounter these differential forces the chimney’s cylinder is separated in parts. These parts are constructed by a fixed number of tube balloon-rings. The parts are separated by isolation tubes filled with environment’s air, which can easily get in and out of them.

These relief tubes isolate dynamically the consecutive parts of FSC from each other, allowing each part to reach its own deflecting angle, depending on the average wind velocity on the altitude
where it is located. 
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                                                                 Fig.05

A  computer  animation  for  a  part  of  a  FSC  is shown  in  fig.  (05). The strength and thus the weight of the supporting rings are defining the dimensions of the lifting balloon tubes. The existing modern plastic and composite fabrics and fibers, tested already to air ship  and  balloon industry have given valuable  information and know-how for an appropriate construction of the FSCs, in order to resist to external strong winds .
Solar collector (The Greenhouse) : 
The FSCPS power output is proportional to collector area and tower height, i.e. proportional to the cylinder in fig.06.
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Hot air from the solar tower is produced by the green house effect in a simple air collector consisting of a glass or plastic film glazing stretched horizontally two to six meters above the ground. The height of the glazing increases adjacent to the tower base, so that the air is diverted to vertical movement with minimum friction loss. This glazing admits the solar radiation component and retains long-wave re-radiation from the heated ground. Thus the ground under the roof heats up and transfers its heat to the air flowing radially above it from the outside to the tower.
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                                                                           Fig.07
The area under the roof is used for agricultural purpose, so that large area invested for FSCPS is not gated wasted.

Storage:

If additional thermal storage capacity is desire, water filled black tubes are laid down side by side on the radiation absorbing soil under the collector. The tubes are filled with water once and remain closed thereafter, so that no evaporation can take place. Since even at low water velocities from natural convection in the tubes the heat transfer between ground surface and the soil layer underneath, and since the heat capacity of water (4.2 kJ/kg) is much higher than that of soil (0.75-0.85 kJ/kg) the water insides the tubes stores a part of the solar heat and releases it during the night, when the air in the collector cools down. This enables the plant to run for 24th per day on pure solar energy.
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Fig.08
Air turbines and Generators:
The basic unit that transforms the dynamic energy of moving air into electric energy is the axial air turbine. In large power STPS there will be one or several air turbines always ducted.

These air turbines transform the dynamic energy of moving air with constant speed, using the

Pressure drop, in rotating mechanical energy and finally through a gear box and an electric generator of the same power, into electric energy.

Turbines in solar tower do not work with staged velocity like free-running wind turbo generator, in which, similarly to hydroelectric power station, static pressure is converted to rotational energy using a cased turbine. The output achieved is proportional to the product of volume flow per time unit and the pressure differential over the turbine.

Blade pitch is adjusted during operation to regulate power output according to the altering airspeed and airflow. The output is maximum if the pressure drop at the turbine is about 80% of the total pressure differential available. 

Comparison with other Electric power station: 

The FSCPSs are assumed installed in places with annual solar irradiation ~2300 KWh/m2. For these places the FSCPSs construction cost will be in average in the range of 850 USD/KW (700 €).As FSC’s technology experience for material and construction will be accumulated, estimate that a 15 % decrease in 2005 prices is reasonable to be expected. This means that in next to years the cost could be as low as 700 USD/KW (600   €). The operation and maintenance cost for FSCPSs is very small in comparison to any other system of power production. The only substantial maintenance expense is the renewal cost for Helium or NH3 escapes. It is estimated that a compromise between the purchase cost of fabric for lifting tubes, and its impermeability to the lifting gas, could limit the escapes to less than 10% per year. A prototype helium filled    airship made by Koch Membranen GmbH&Co, had a 1% helium escapes per year. Thus maintenance and operation cost for FSCPSs should be less than 1.5% of their construction cost. In order to compare FSCPSs with other non renewable power stations, we should take into consideration that all the fossil fuel power stations in average can operate easily above 6000 hour per year, thus they can produce in average the double output energy for the same power rating with the FSCPSs. However their maintenance and operation cost due to the fuel consumption is far more expensive in relation to FSCPSs costs. In the following table a rough comparison of FSCPSs with conventional power stations is given. 
	WETO World Energy Technology & climate policy Outlook 2030 data 

	Power Station
	Investment Cost in €/kW
	Fuel Cost
	Maintenance Cost

	 
	Year 2000
	Year 2010
	
	 

	Gas Combined Cycle
	745
	587
	Above Average
	Average

	Coal Supercritical
	1970
	1303
	Average
	Above Average

	Coal Gasification
	2631
	1805
	Average
	Above Average

	Nuclear 
	3632
	3574
	Above Average
	Above Average

	Biomass
	2368
	2198
	Above Average
	Above Average

	Wind 
	996
	911
	Zero
	Low 

	Photo Voltaic 
	6457
	4378
	Zero
	Low 

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


Table no.1
Where are the appropriate locations to perform the Floating Solar Chimney Power Stations efficiently?

The appropriate locations for FSC's Technology Power Stations installation should have the following characteristics:

- High annual solar irradiation on horizontal surface (>1700 KWh/m2)

- High insolation (>3000 hours/year)

- Low average annual winds (<3 m/sec)

- Limited strong winds (<25m/sec)

- No snows, hail or sand storms.

- Between the geographical latitudes 20o-40o (in north and south hemispheres) there can found plenty 

Of appropriate places for a broad FSC Technology application. For the USA e.g., excellent places for 

FSC Technology application can be found in the following States: Arizona, New Mexico, California, and Nevada.

Future Scope-

Hydrogen Production: 

Doubly Fed Induction Generators(DFIG) or Synchronous generators (SG) should be used appropriately controlled in order to supply a constant  voltage  output  that  is  necessary  for  the  electrolysis  production  units.  Their  frequency variation does not have any effect on the electrolysis procedure  because between the AC electric generators  and  the  electrolysis’s  unit,  an  AC  to  DC  converter  is  inserted,  accompanied  by  an appropriate transformer. The supplied DC current to the electrolysis’ units is producing proportional quantities of Hydrogen, and oxygen as a by-product.

Theoretically for electrolysis taking place in an environment of 25oC and Po=101.300 Pa, 2gr H2 (1 moll) and 16 gr O (0.5 moll) can be produced by 18 gr H2O (water) with 237, 1 KJ of Electric energy and 48,7 KJ of thermal energy. Thus theoretically by electrolysis we produce 1 kg or H2 by ~142 MJ of electric energy (HHV) or   by ~ 120 MJ (LHV) (if 22 MJ thermal energy is offered by the environment). The electrolysis technology today can produce 1kg H2 by 158 MJ of electric energy (I.e. by 43.7 KWh), without the compression energy for H2. As a main byproduct, oxygen of 8 kg is produced simultaneously with a quantity of Heavy Water.

Combined solar chimney system for power generation and seawater desalination:
It is an alternative method of heat and moisture extraction from seawater under the collector of a solar chimney system for power generation and seawater desalination is investigated using one-dimensional compressible flow model. Water and energy are two inseparable items in our lives in recent years; both energy crisis and freshwater shortage problem posing great threat to the humans are attracting great importance around the world owing to rapid development of global economy, fresh water pollution, Increase in population, and improvement of living standards, Seawater desalination is one of the prevalent methods of obtaining large amounts of fresh water. The power generation–seawater desalination coupling scheme is very suitable for regions adjacent to the sea or natural alkaline lakes. The combined system consists of four components, i.e. the solar collector, the solar chimney, the turbine generators, and the high-efficiency condenser.
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                                                 Fig.10. Schematic diagram of CSCS.                                                                                               

02. Water layer.                                                                                   03. Seawater layer.                                             
04. Thermal resistance bed and ground.                                              05.Cool & dry ambient air.                                                                                                        

06. Warm & saturated operating air.
                                            07. Transparent cover.
08. Guiding cone.                                                                                 09.Air turbines.                                                                                                 10.Chimney.                                                                                         11.water falls trough.
12.High efficiency condenser.                                                              13.Cool & dry ambient air                                                                                                                                                      
14.Warm ambient air.                                                                               around the chimney outlet.                                                                                             
15. Condensation water.                                                                        16. Water generator. 
Prototype:
Detailed theoretical preliminary research and a wide range of an experimental plant with a peak output of 50 kW on a site made available by the Spanish utility Union Electrica Fenosa in Manzanares in 1981/82, with funds provided by the German Ministry of Research and technology (BMFT)The aim of this research project was to verify, through field measurements, the performance projected from calculation based on theory, and to examine the influence of individual components on the plant’s output and efficiency under realistic engineering and meteorological conditions. The main dimensions and technical data for the facility are listed in table 2.
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Fig.10, Prototype at Spain

	Tower height
	194.6 m

	Tower radius
	5.08 m

	Mean collector radius
	122.0 m

	Mean roof height
	1.85 m

	Number of turbine blades
	4

	turbine blade profile
	FX W-151-A

	Blade tip speed to air transport velocity ratio
	1:10

	Typical collector air temp. increase
	ΔT=20K

	Nominal output
	50 kW

	Collector covered with plastic membrane
	40000 m2

	Collector covered with glass
	6000 m2


                                                           Table no.2           .
Conclusion:

· this  technology  could  supply  cheap  and clean electricity and hydrogen securing the world economic development and leading to a safer and less tensioned sociopolitical   environment. That is why we can say that Floating Solar Chimneys is the link towards a solar future.
· No costly consumption of fossil fuels.

· Beneficial for the developing countries.

· There is no ecological harm and no consumption of resources.    
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