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Clean Solar Energy: Teacher Notes

Overview

This series of slides discusses solar as an alternative energy source. It describes what solar energy is, and highlights several solar technologies, including nanocrystalline (“nano”) solar cells.

Slide 1: Title Slide

Consider beginning the slide presentation by posing a few questions posed to your students: What are some things you know about solar energy? Where have you seen it used? What are some possible positive and the negative aspects of solar energy?

Slide 2: What is Solar Energy?

Solar cells, also referred to as “photovoltaic” cells, are devices that covert light energy into electricity. This energy conversion is “clean” (no pollutants produced in the process), although with any energy conversion system the environmental and financial costs of developing and producing the technology have to be taken into account. Until recently, their use has been limited due to high manufacturing costs and the high cost of single-crystal Si. One cost effective use has been in very low-power devices such as calculators with LCDs. Another use has been in remote applications such as roadside emergency telephones, remote sensing, and limited "off grid" home power applications. A third use has been in powering orbiting satellites and other spacecraft [1].

Slide 3: Energy from the Sun is Abundant [2]

Solar power systems installed in the areas defined by the dark disks could provide a little more than the world's current total primary energy demand (assuming a conversion efficiency of 8 %). That is, all energy currently consumed, including heat, electricity, fossil fuels, etc., would be produced in the form of electricity by solar cells. The colors in the map show the local solar irradiance averaged over three years from 1991 to 1993 (24 hours a day) taking into account the cloud coverage available from weather satellites. The following table lists the locations in the map to give an idea of land area requirements, although the particular scenario shown is suboptimal for many political and technical reasons.

	Location (Desert)
	Irradiation (W/m2)
	Area Required (km2)

	Africa, Sahara
	260
	144,231

	Australia, Great Sandy
	265
	141,509

	China, Takla Makan
	210
	178,571

	Middle-East, Arabian
	270
	138,889

	South America, Atacama
	275
	136,364

	U.S.A., Great Basin
	220
	170,455


Slide 4: Current U.S. Energy Demand
The US consumes approximately 25% of the world’s energy, but only has 4.5% of the world’s population (U.S. population: 300 million people; World population: 6.5 billion people.) Solar cells would have to blanket a large area to meet current demands.
Note: Explain to your students that the relative size comparison between the solar panels and the land area of the U.S. is very approximate. It is meant only to convey the general idea that you’d need to cover quite a bit of the U.S. with solar panels to generate enough energy to meet projected needs. 
Slide 5: Projected U.S. Energy Demand in 2050

These projected figures are based on a talk by Richard Smalley in 2005. He explains that the current world need is approximately 15 Terawatts, and the 2050 projected need is 30 to 60 Terawatts. The US consumes approximately 25% of this, or a projected need in 2050 of about 8 to 15 Terawatts.
Explain to your students that conventional solar cells are currently expensive to produce and limited in their efficiency. If we can reduce consumption or improve solar cell efficiency so that the cost per kilowatt-hour is comparable to current fossil fuel rates, solar energy may become a more integrated part of our energy plan in the future. Note also that solar energy may not provide a complete solution, but rather is part of the solution along with other alternative energy sources.

Slide 6: Solar Panel Use Today

This slide highlights the fact that large companies are starting to look at alternative energy sources to help power their operations. The following is a short article on Wal-mart’s plans to start using solar and wind technologies to support the functioning of their business. If you like, you can read this article to your class or select the highlights.

“Wal-mart has announced that energy efficiency and renewable energy such as roof solar panels are part of its corporate goals for its U.S. stores. Wal-Mart's Chief Executive Officer Lee Scott over the next three years he wants to get 100 percent of its energy from renewable sources, cut energy use in stores by 30 percent, and cut fuel consumption in its truck fleet by 25 percent. A test store in Texas has been using solar panels and Wal-Mart's truck fleet is being outfitted with plastic skirts to cut wind resistance. Adding one mile per gallon to the fleet can save the mega-retailer $2 million a year, according to Scott. "If Wal-Mart was a city, they'd be No. 5 in country, so the company's leadership is very important," says Amory Lovins, who heads the Rocky Mountain Institute, an energy think tank in Snowmass, Colo. "If they help introduce similar efficiencies and green practices throughout their supply chain, it could have a huge effect." [5]
Slide 7: Photovoltaic Solar Cells

There are two main types of solar cells: p-n junction cells (silicon-based) and non-p-n (dye-sensitized) cells. The following slides describe these types of cells and the advantages and disadvantages of each type.

Silicon solar cell efficiency (that is, the percentage of light that shines on a solar cell that is converted to electricity) varies from 6% for silicon-based solar cells to 40% or higher with multiple-junction research lab cells. The highest efficiency cells have not always been the most economical to produce, even though they are better at converting light into electricity. 
Slide 8: Solar Cells are Converters of Energy…

This slide simply stresses the idea that solar cells don’t make electricity, but instead are devices that convert energy from one form to another – light energy to electrical energy. You can also point out other “converter” devices such as a stereo speaker (electrical energy(sound energy), a motor (electrical energy(mechanical energy), or a battery (chemical potential energy(electrical energy). You might also want to ask your students why we have these converter devices in the first place (basically to convert energy into more useful forms for the given need.)

Slide 9: …But Not All Energy is Converted

Solar cells are able to absorb light only if the light has a certain amount energy to promote valence electrons into an higher energy state (or band depending on the type of solar cell.) Energy that is not absorbed either goes through the cell (transmittance) or bounces off the cell (reflection.) 

In both the chlorophyll and the solar cell, energy is being absorbed from light, causing an electronic transition. This energy is captured by the electrons and therefore can be harnessed and used. 

Slide 10: A Little Background on Light

This diagram provides a visual representation of the electromagnetic spectrum for your students. They may have seen similar electromagnetic spectrum representations previously.  Point out that the visible range––the part of the electromagnetic spectrum that we can see with our eyes––is a relatively small slice that lies in the middle of the larger electromagnetic spectrum. Also point out that the energy of the electromagnetic wave increases as you go left and that smaller wavelengths correlate with high energies (and can typically penetrate more and more materials (e.g. lead (Pb) can block x-rays but not gamma rays.)

Point out to your students that while looking specifically at the visible light range, the higher energy (shorter wavelength) waves are to the left in the violet region, whereas the lower energy (longer wavelength) waves are in the orange/red region.

[Alyssa has new graphic for this slide]

Slide 11: Absorption of Light by Atoms
This slide focuses on the concept of atoms having discrete energy states or “jumps” that electrons can make. This slide sets up the discussion of silicon-based solar cells having a limited number of energy state transitions when compared to the energy transitions of molecules (discussed in next slide)

Slide 12: Absorption of Light by Molecules
This slide focuses on the idea that because molecules have multiple atoms bonded together, they tend to have many more energy states available. This slide relates closely to energy transitions in the dye-sensitized solar cells.

Slide 13: Absorption of Light by Ionic Compounds
This slide focuses absorption of light by ionic compounds, which is what happens in a traditional, single-silicon solar cell. In the single-crystal silicon solar cell, electrons have to have a minimum “band gap” energy before they can be released. Electrons can jump from anywhere in the valence band to anywhere in the conduction band, so incident light with an energy equal to or greater than the band gap energy can be used to excite the electrons. The valence band and the conduction band overlaps several Si atomic orbitals. For the electrons to jump between the valence band and the conduction band, the valence band has to be partially empty and the conduction band has to be partially full. 
Slide 14: So What Does this Mean for Solar Cells?

In this slide, make reference back to the teacher reading on the two types of solar cells. Highlight with your students the differences between highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) in relation to dye-sensitized solar cells, as well as between HOMO/LUMO and band gap, conduction band, and valence band in single crystal silicon solar cells.
Slide 15: A Closer Look at Solar Cells

This slide sets up a comparison of two solar cell technologies, silicon-based solar cells and dye-sensitized solar cells, which are discussed in detail in the following slides.

Slide 16: How a Silicon-Based Solar Cell Works

When a light strikes a single crystal silicon solar cell, one of three things can happen:

1. The light can pass straight through - this happens for light that is less than the band gap energy for silicon

2. The light can reflect off the surface.

3. The light can be absorbed by the silicon, exciting electrons and creating electron-hole pairs

We are most interested in situation 3––when light is absorbed, its energy is transferred to an electron in the crystal lattice. This electron is in the valence band, and is tightly bound in covalent bonds between neighboring atoms, and hence unable to move far. The energy given to it by the light “excites” it into the conduction band, where it is free to move around within the semiconductor. 

The covalent bond that the electron was previously a part of now has one less electron. This is called a “hole.” The presence of a missing covalent bond allows the bonded electrons of neighboring atoms to move into the hole, leaving another hole behind, and in this way a hole can move through the lattice. Thus, it can be said that photons absorbed in the semiconductor create mobile electron-hole pairs, which create a current across the material.

The silicon itself is made up of two parts: a layer of “N” type silicon (“P” for positive), and a layer of “N” type silicon (“N” for negative). N-type silicon has a small amount of material like phosphorous mixed in (“doped”) to provide a prevalence of free electrons. The P-type silicon is doped with a material like boron that has only three electrons in its outer shell instead of four, thus providing an absence of electrons. When these two types of silicon are put together, an electric field is automatically set up. It is this field that allows the electrons to flow from the P side to the N side, which in turn creates a current.

From this slide, you can play an animation that models how silicon-based solar cells work. Click on the image in the slide to launch the animation (requires web access), or go directly to http://nanosense.org/activities/cleanenergy/solarcellanimation.html. You could also preload the animation in your web browser and switch from the slides to the browser to play and talk through the animation. For more information, see [3] and [4].

Also note that this slide relates heavily to the process described in the Solar Cell Teacher Reading, so it would be good to have this on hand as well when presenting these slides. You can decide how much depth you get into with your students. Perhaps you stay at a general level and discuss light being absorbed, exciting electrons, and producing a current. Or you may want to talk in more detail about the two types of silicon layers, the excited electrons and holes, the internal electric field, etc. Again, you can rely just on these notes here or you can bring in greater discussion by having content from the Solar Cell reading at your disposal as well. 
Slide 17: Silicon-Based Solar Cell Attributes

Solar cells are expensive to manufacture because of the expense of the single crystal silicon substrates that most solar cells use, and also because they must undergo time-consuming thin film deposition in vacuum chambers.

Long return on investment means that it takes a long time for the device to pay for itself. In this case, it usually takes about 4 years to recoup the cost of manufacturing a conventional solar cell when measured by the amount of energy savings due to collecting the solar energy.

Slide 18: How a Dye-Sensitized Cell Works

In a nanocrystalline cell, titanium dioxide nanoparticles are coated with dye molecules. When sunlight with enough energy hits the dye, electrons are promoted into an excited state and infused into the TiO2 that the dye molecules are attached to. These electrons transfer from the dye via the semiconducting TiO2 particle layer to the front conductive plate (electrode). At the same time, a positive charge is transferred to the mediator (iodide) and carried to the back plate (the counter electrode). The electrons at the front electrode flow through a wire to a load (e.g. light bulb, motor) and then to the back plate (counter electrode). As the electrons flow to the counter electrode, they encounter the mediator and bring it to its original form, thus completing the electrical circuit. 

Note that TiO2 nanoparticles are used in nano solar cells due to their large surface to volume ratio, their semiconducting properties, and their “invisibleness” to light (i.e. light in the visible range passes right through the TiO2 if it is not absorbed by the dye molecules. The large surface to volume ratio of the TiO2 helps facilitate the absorption of the dye, which provides a greater number of areas in which a photon can be absorbed by the dye. 

From this slide, you can play an animation that models how nanocrystalline solar cells work. Click on the image in the slide to launch the animation (requires web access), or go directly to http://nanosense.org/activities/cleanenergy/solarcellanimation.html. You could also preload the animation in your web browser and switch from the slides to the browser to play and talk through the animation.

Again, the Solar Cell Teacher Reading provides greater depth that you might want to include in your classroom discussing when showing the slides.
Slide 19: Dye Sensitized Solar Cells

This slide highlights particular characteristics of nanocrystalline cell technology; for example, they are relatively inexpensive, flexible, and pay for themselves fairly quickly.

Slide 20: Dye-Sensitized and Silicon-based Solar Cells Compared

This slide revisits the information on the previous 4 slides, comparing and contrasting some characteristics of the two types of solar cells.

Slide 21: Solar Electric Power Plants

This slide highlights large-scale systems. We have already discussed photovoltaic cells as tools to convert sunlight to electricity. Another way to generate electricity is through the more indirect method of using the sun’s energy to heat liquid that can, in turn, create steam and drive a turbine/generator system. 

You may want to point out to your students that the image at the top is of a solar collection facility owned by PFL Energy, which covers more than 2,000 acres in the California desert. This is currently the largest solar energy generating station in the U.S. The system uses more than 900,000 mirrors that capture and concentrate sunlight. The electricity generated at FPL’s Solar Energy Generating Systems (SEGS) could power approximately 230,000 homes. [6]
Slide 22: Solar Heating Systems

Solar heating systems typically consist of a solar thermal collector and a fluid/pump system. In these systems, the fluid is being heated directly by light rays and then pumped into a chamber to heat water. In effect, the system carries heat energy from the sun into a home or other building, allowing for the transfer of heat energy from sun to the household water supply. This is a different process than how solar cells convert sunlight into electricity, which can then be used to power the electrical device of choice.

Slide 23: Wind Energy is Solar Energy

This slide is intended to highlight the fact that wind is created by temperature differences on earth, which is a result of the sun’s heat. Wind energy is ample, renewable, widely distributed, clean, and reduces toxic atmospheric and greenhouse gas emissions if used to replace fossil-fuel-derived electricity. 
Global Wind Energy Council (GWEC) figures show the 2006 installed wind energy capacity to be 74,223 megawatts [7]. If you figure that a megawatt is enough energy to supply approximately 160 US households, your students can get a sense that in 2006 wind supplied enough energy to power approximately 12 million homes.
Slide 24: Important Summary Questions

This slide revisits some important summary questions that you can use during the class discussion if you like.

References

[1] http://en.wikipedia.org/wiki/Solar_cell
[2] Text and table adapted from http://www.ez2c.de/ml/solar_land_area/

[3] http://www.solarexpert.com/pvbasics2.html

[4] http://en.wikipedia.org/wiki/Solar_panel, http://en.wikipedia.org/wiki/Solar_cell

[5] http://www.terradaily.com/reports/WalMart_To_Go_Solar_To_Save_Energy.html
[6] http://www.fplenergy.com
[7] Global Wind Energy Council (February 2, 2007). Global wind energy markets continue to boom – 2006 another record year (PDF). Press release. Retrieved on 2007-03-11.
[image: image2.jpg][image: image3.jpg]


