AN INNOVATIVE SOLAR SYSTEM WITH HIGH EFFICIENCY AND LOW COST
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ABSTRACT

We present an innovative high efficiency, low cost solar system that can be easily adapted for commercial applications. The solar system separates the wavelengths and concentrates the different wavelengths using one inexpensive Fresnel lens.  This allows the specific solar cells to have concentrated light for a specific region of the spectrum which allows for the solar cell to be optimized for that
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 region of the spectrum. 

INTRODUCTION

Non-renewable energy sources are a well known cause of pollution and carbon dioxide. Solar cells directly convert sunlight into electricity, with no noise and no pollution.  They are reliable and long lasting.  Today solar energy is a rapidly growing and increasingly important renewable alternative to conventional fossil fuels.  Compared to other electricity generating technologies, photovoltaics are relative new, with the first practical solar cell demonstrated in the 1950s. During past decades, solar cell research has been conducted extensively to improve the cell efficiency, to reduce production cost, and eventually to increase the household implementation opportunity [1-2]. There have been more solar applications in recent years due to the improvements in solar cell fabrication process, semiconductor material growth technology, and design innovation in the cell itself and in the architecture of solar cell system.  The efficiency has been improved significantly since the early 1980’s, which had solar cells with 15% efficiency to recent reported 38% efficiency.  This means that solar cell applications will enter new areas for power applications with increased efficiency and the decreasing of cost.  This would allow the profound diminishing of environment pollution by reducing other traditional energy sources.  Although solar cells today are used significantly for practical and economic reasons, a potential benefit of solar energy is that it is one of the most environmentally friendly of any other electrical generating source. The environmental impact of carbon dioxide as a byproduct for current electricity generation causing the Greenhouse Effect, adds an important reason for research in solar cell and its application.

BACKGROUND

This paper presents a novel concentrating refracting system that significant improves solar cell system efficiency with a decrease in final consumer cost. The principle of this technology is by separating and concentrating the solar spectrum, we achieve a much higher efficiency and lower cost versus traditional solar cells or stacked triple junction solar cells which convert less of the incident solar energy from the Sun. The concept was reported in early NASA’s Rainbow Project [3].  This is because of the solar energy can only be absorbed when the semiconductor material band gap energy that used to make solar cell is smaller than the wavelength of the incident light. In other words, the solar cell can only generate current when the wavelength of the incident light is larger than the semiconductor band gap energy. This is expressed by


[image: image1.wmf]1.24

()

()

g

hc

EhEineV

inm

n

llm

===³

(1)

Where E is the incident photon energy, h the plank constant, ( the frequency of the photon, c the velocity of photon, ( the photon wavelength, Eg the semiconductor band gap energy.  Therefore, the photons with wavelengths larger than semiconductor band gap are totally wasted since electrons cannot gain enough energy to be active to conduction band to produce current.  The solar spectrum is a broad spectrum covering a wide number of wavelengths as shown below.  Any one type of semiconductor cell or stack of semiconductor cells can only use a very limited portion of the whole solar spectrum. 
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Figure 1. Solar Spectrum [4]. 

The figure above shows the spectrum of sunlight at the Earth's surface compares to that above the Earth's atmosphere. Note that ozone cuts out the UV and other holes are punched in the spectrum, primarily by water vapor and oxygen, but also by carbon dioxide in the long wavelengths.  

The proposed high efficiency refracting solar system uses a conventional Fresnel lens, splitting solar beam by wavelengths. When the solar light (white color) coming from the Sun enters the surface of the Fresnel lens, the lens act as a prism to separate the light by wavelength (color).  Based on Snell’s Law [5], 
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Figure 2. Sketch of Snell’s Law of reflection and refraction

Where n1 and n2 are the refraction indexes of the incident and the refracted lights. (1 and (2 are the incident and refraction angles. The formula for refractive index is
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Where C is the speed of light in vacuum, and Vp is the phase velocity of light in medium. Where εr is the material's relative permittivity, and μr is its relative permeability. For most materials, μr is very close to 1 at optical frequencies, therefore n is approximately ((r.  Since the speed of light versus wavelength relation is [image: image6.png]A=V



, the effect that n varies with frequency, is known as dispersion, and it is what causes a prism to divide white light into its constituent spectral colors (e.g. rainbows), and is the cause of chromatic aberration in lenses. In regions of the spectrum where the material does not absorb, the real part of the refractive index tends to increase with frequency. The overall result is that n is a complicated function of the frequency.  In many applications, it is useful to describe the dispersion relation in an empirical formula. For example, Cauchy equation shows a short form of the n-( relation. Cauchy's equation is an empirical relationship between the refractive index n and wavelength of light λ for a particular transparent material. The most general form of Cauchy's equation is:
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where A, B, C, etc., are coefficients (usually quoted for λ as the vacuum wavelength in micrometers) that can be determined for a material by fitting the equation to measured refractive indices at known wavelengths. Because the refractive index of a material varies with the frequency (and thus wavelength) of light, it is usual to specify the corresponding vacuum wavelength at which the refractive index is measured. The light from the Sun (white light) consists of a wide spectrum of light. When the Sunlight beams incident to the surface of the Fresnel lens, the beams of different wavelengths are refracted in different angles as shown below. 
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Figure 3. A prism shows the incoming Sunlight and the outgoing  spectrum in various colors (corresponding to different wavelengths) [5].

The advances in semiconductor material growth have made it possible that different band gap materials can be grown in the same substrate. Controlling the alloy composition can change the band gap of a semiconductor material. Hetero-junction solar cell combines several different band gap materials in the same cell, which can serve the purpose to collect light waves in different wavelengths.

A typical Fresnel lens can be shown as below:
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 Figure 4. A typical Fresnel lens concept progress [6].

In order to greatly increase the efficiency of the Sunlight to be utilized, a transmissive Fresnel lens is used as the primary optic. A Fresnel lens, as shown in Figure 4, is a diffractive optic that is capable of forming a focus. It is produced by removing the ‘excess’ portions of a conventional lens and retaining the focusing profile.  Face-on, the lens is made of grooves whose depth and width are matched to the incident wavelength. The resulting optic has a ribbed appearance. When the Sunlight enters a typical Fresnel concentrator, the lens will focus the light at one point.  However due to chromatic aberration, the light will be not have a single point of focus.
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Figure 5. Fresnel lens schematic showing light exiting 

The innovative concept of this project is to use chromatic aberration to our benefit by using only the outer edge.  Since the output beams are refracted in different angle by their wavelengths according to Snell’s Law, it is possible to collect the solar energy grouped by wavelength, which will be directed to a solar cell that is tuned for those wavelengths.  Fortunately, with the rapid progress in semiconductor solar cell technology, there are varieties of solar cells available with different band gap semiconductor material, which correspond to different wavelengths.
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Figure 6. The schematic of the concept of the innovative solar splitting-collecting system

Current multi-junction semiconductor solar cells are arranged from a high energy band gap 2.4eV to low energy gap of 0.7eV which covers a relative wide range of solar spectrum. Therefore, it is possible to improve the solar system efficiency significantly by proper design of a solar power collection system through this novel Fresnel lens.  The schematic of this concept is shown in Figure 6. As shown in the figure, it is possible to adjust the direction of the refracted beam from the Fresnel lens by shifting the angle of each grove. In this way, the fabrication of the Fresnel lens will be much easier and convenient compared to the bending of the lens as described by the Rainbow project mentioned earlier. The whole lens will remain as a flat platform as shown below.
RESULTS AND DISCUSSION

Computer simulations using MATLAB have been conducted for the design of this innovative solar system. The simulation showed the proper small bending of light using a Fresnel lens will lead to a shifting of the refracted solar beam and re-focus of the solar power in the desired position. Figure 7 shows a typical simulation result of refracted beam concentration.  The light beams from different wavelength (shown in different color) are being focused. The insert shows some details of the refraction structure.  Figure 8 shows the focused beam in energy spectrum. The results are as expected. With small angle progressing in the Fresnel lens, the Sunlight will be focused according to their respective wavelengths. The focusing location can be adjusted by altering the distance between the lens and the solar cell itself and by altering the facet angles for the Fresnel lens. 
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(a) 

Figure 7. MATLAB simulation results of the Sunlight splitting and collection (a).The overall picture in arbitrary units
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(b)

Figure 7. (b) Result of (a) shows the enlarged portion
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Figure 8. The simulated power concentration (in arbitrary unit) shown as function of distribution distance.

SECONDARY BENEFITS OF THE NEW SYSTEM

There are many secondary benefits of this system design.  Since the system is efficient and converts more of the energy to electricity, the system will produce less heat, allowing it to use higher concentrations and still be passively cooled, which means fewer moving parts and better reliability.  By not using stacked solar cells, we can use a mirrored backing to use ½ the solar cell material or texture the front and back allowing the cell thickness to decrease allowing us to use less than ¼ of the solar cell material.  Since the system uses multiple single junction solar cells, we do not have to worry about current matching or lattice mismatches.  This system can take advantage of most future advancements in solar cells by making slight alterations in the lens to take advantage of new solar cell technology.
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