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INTRODUCTION


Non-renewable energy derived from fossil fuels is becoming less viable as resources dwindle and the negative effects on the world’s economy and environment are realized.  This has led to the development of renewable resources as a primary objective for future power generation.  Power output of existing wind farms can be increased by hybridization of wind and solar energy generation.  A design is proposed to combine wind and solar power generation systems making necessary the utilization of a stronger glass (3.5 GPa) and its transparency to ultraviolet and visible radiation.


BACKGROUND AND PURPOSE


Technological advances cannot be made without taking into concern environmental impact and energy savings.  Most of the electricity used in the United States is generated from non-renewable resources such as coal (52%), natural gas (16%) and oil (3%).  In addition, these fuel sources are pollutants which release greenhouse gases and carbon dioxide into the atmosphere [1].  Nuclear energy comprises 20% of the United States’ electricity but creates waste which is difficult to dispose of and is detrimental to the environment.  A movement toward affordable, inexhaustible and non-polluting energy sources is essential to the future of our country, economy and environment.  This has led to increased interest in solar, hydro- and wind power.  

Environmental benefits of wind energy systems include near zero air and water pollution, production of hazardous waste, radiation effects, use of water, and climate change [2]. Additionally, the American Wind Energy Association (AWEA) estimated that the electricity generated on wind farms or wind plants has already reduced the national natural gas shortage by 10-15% and could potentially entirely eliminate this shortage [1].  

With an average annual growth rate of 30%, wind has been the fastest growing power source worldwide on a percentage basis from 1990-2002 [3].  According to the federal research lab Battelle Pacific Northwest Laboratory, wind energy could realistically supply about 20% of the nation’s electricity [4].  The theoretically potential, however, is much higher.  Wind energy is the lowest cost of the renewable energy resources, with the cost of electricity from wind and solar systems dropping over 80% in the last 20 years [5,6] (see Figure 1).

 
Figure 1.  Renewable energy cost reductions. (From American Wind Energy Association [6] )

The wind industry currently contributes to the economy of 46 states.  It has also been predicted that one of the largest sources of new manufacturing jobs worldwide during the 21st century will be provided by wind and solar economies [1].  When considering the expense of solar and wind power, it is imperative to understand the hidden costs associated with fossil fuel derived energy.  For example, over the past 30 years the federal government has paid more than $35 billion in medical expenses of coal miners suffering from “black lung disease”, but this cost is not reflected in the market price of coal [5]. 

PROPOSED IDEA


When air moves, it contains kinetic energy.  Wind turbines convert this kinetic energy to mechanical or electrical energy [7].  Most turbine systems include a rotor or blades (which convert the wind’s energy into rotational shaft energy), a nacelle (enclosure) containing a drive train, a tower to support the rotor and drive train, and electronic equipment [8].  Although wind turbines can vary in size, utility-scale wind turbines can have rotors measuring as much as 90 meters in length with a power rating of 1.65 MW and an annual energy rating of 5,600 MWh [7].


Current turbine blades are composed of glass fiber reinforced polyester laminate.  Reinforced polyester is capable of withstanding the aerodynamic forces, gravitational forces, and bending moments inherent in horizontal wind generation systems.  The reinforced laminate produces a lightweight blade that is optimized for high strength and low rotational inertia.  In work by Ronold and Larsen [9], the characteristic bending moment for a 21.5 meter laminate wind turbine blade was determined to be 482.5 kN m.  The characteristic strength predicted through statistical modeling was determined to be 412 MPa. [9]


Material strength ultimately governs the size of the turbine blade.  A material with a failure stress of 3.5 GPa, which is over 8 times that predicted for the current turbine blades, is capable of producing a larger turbine blade than the current polyester laminate design.  Power output of a wind turbine is proportional to the square of the turbine radius [10].  Therefore, stronger glass turbine blades are capable of producing more power than the polyester laminate blades.  

In effort to utilize both solar and wind power it is proposed that each wind turbine blade contain a number of small photovoltaic cells.  Turbine blades exceeding 20 meters in length are to be constructed from glass with a failure stress of 3.5 GPa.  The thickness of the turbine blade will be reduced to retain the same weight characteristics as existing turbine blades without reducing the blade’s ability to withstand load.  Each set of photovoltaic cells is encapsulated in the glass blade that is transparent to ultraviolet and visible light.  Cells utilizing a spherical geometry will be capable of collecting solar energy at any wind speed or direction.  Additionally, the spherical cells are constructed such that they add mechanical rigidity to the glass blade walls to prevent torsion stress failures.  Possible solar cell substrates for this application include aviation grade aluminum and plastics.    

Another method of solar collection is the deposition of silicon thin film on the interior portion of the glass blade.  The glass blade will be capable of protecting the semiconducting film from weathering and oxidation.  Thin films deposited directly to the glass surface may not collect solar energy as efficiently as spherical collectors but may benefit blade weight reduction.

Power generated from the solar collectors will be converted from DC voltage to AC voltage at the base of the tower and combined with outgoing AC from the turbine generator.  The power density for each tower will therefore be increased.


In addition to using the strengthened glass for the turbine blades, it will be used to construct the nacelle and tower.  One of the environmental impacts which results in the strongest local opposition to wind farms is the visual impact of the wind turbines on the landscape[11].  The use of transparent glass for the rotors, nacelle and tower could lessen this opposition and result in a more aesthetically pleasing system. 

CONCLUSIONS


A hybrid wind-solar power generation system has been proposed.  The new design is made possible by a strengthened glass with fracture stresses on the order of 3.5 GPa.  The use of this strengthened glass results in the utilization of solar cells in combination with the wind energy system, as well as a more aesthetically pleasing system.  It also allows for longer turbine blades, therefore increasing the power generated by each wind turbine.  Another result of the proposed design will be an increase in current density of existing wind farm generation.

Problems such as chemical durability, weathering and environmental effects on the glass, i.e. solarization, are compositionally dependent and are influenced by the geographic location of the wind energy system.  To address these issues, compositional adjustments or polymer thin film deposition can be utilized.   
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