Laboratory Exercises for Electricity from Light Module (#4)
#1. Creating a PV circuit 
PV cells are produced in various sizes, but they are usually fairly small, some 10 cm2 or less.  Each cell produces about 0.6 volts. That may be enough voltage to run some small electronics, such as a digital watch. Applications requiring higher voltage rely upon numerous PV cells linked together in a series circuit. For example, linking together five of these cells will produce 5 x 0.6 = 3.0 volts. In this exercise we will use a Digital Multi Meter (DMM) to test the output of a single PV cell, and that of several in series.
a. Use a Digital Multi Meter (DMM) to test the electrical potential (volts) produced by one PV cell. Put the cell in sunlight and take a reading. How many volts are produced?
b. Now obtain one of the PV modules designed to charge a car battery. Place it in the sunlight and record the volts produced. What is it? Count the number of PV cells contained in the module. How many are there? Now calculate the theoretical number of volts that could be  produced. What is it? Does this match what you measured?
c. Now link five of these modules in series (Pos to Neg) and place in the sunlight. How many Volts did you measure? Does this match expectations?
d. Link two of the panels together in parallel (Pos to Pos and Neg to Neg). Put in sunlight and measure the production of volts. What did you measure? Why is the result different from putting the modules in series? 
#2. Determining the optimal orientation of a PV module. Electrical potential is only one measure of the electricity produced by a PV module. The other important value to consider is how much charge, or how many electrons are moving at that electrical potential (voltage). This is the concept of current and it is measured as amperes (amps). 
a. Orient a PV module at different angles to the sun and using a DMM record the electrical potential in volts and the current in amps. Use the table below to place your results.   Which is more sensitive t o orientation, voltage or current (amps) and why?  

	Orientation toward sun
	Volts
	Amps

	0 deg
	
	

	45 deg
	
	

	90 deg
	
	



#3. Determine the effects of shading on PV module output. Use a piece of cardboard or other opaque object to shade different percentages of the PV module and record your results in the table below. Them make two graphs of your results, one for electrical potential vs. shading and the other for current vs. shading. Remember to put the independent variable on the X-axis (horizontal) and the dependent variable on the Y-axis (vertical). Be sure to explain what happened and why.
	Percent shaded 
	Volts 
	Amps

	0
	
	

	20
	
	

	40
	
	

	60
	
	

	80
	
	

	100
	
	



#4. Using PV to produce hydrogen gas. The experiment below is from: http://www.nmsea.org/Curriculum/7_12/electrolysis/electrolysis.htm
http://www.nmsea.org/Curriculum/Listing.htm#Special Projects/Topics

Electrolysis: Obtaining hydrogen from water: The Basis for a Solar-Hydrogen Economy

[image: http://www.nmsea.org/Curriculum/7_12/electrolysis/electrolysis.gif]
This project involves a fascinating experiment in electrochemistry that illustrates several important energy-related processes, and provides an ideal context for discussion of several issues related to electricity generation. 
Introduction to Electrolysis: Hydrogen from Water
As covered in the discussion section below, it is possible to use hydrogen as a fuel, that is, a way to store energy, for days when the sun does not shine, or at nighttime, or for powered mobile devices such as cars. And hydrogen burns clean!  H2 + O2  -> H2O and energy. So water is the only “waste product.”
The process by which we generate hydrogen (and oxygen) from water is called electrolysis. The word "lysis" means to dissolve or break apart, so the word "electrolysis" literally means to break something apart (in this case water) using electricity.   
Electrolysis is very simple — all you have to do is arrange for electricity to pass through some water between two electrodes placed in the water, as shown in the diagram above. The principle of electrolysis was first formulated by Michael Faraday in 1820. 
If the electricity used for electrolysis is generated from fossil fuels, then carbon dioxide would be emitted in support of our electrolysis process, and the advantage of using hydrogen as a fuel would be lost. But if the electricity is produced by solar cells, as we suggest in the diagram above, then there will be no pollutants released by our process.   
Decomposition of water is a redox reaction. The oxidation reaction occurs at one electrode, and the reduction reaction at the other electrode.
Water is oxidized at the anode. The reaction is:
2H2O ---> O2 + 4H+ + 4e-
Water is reduced at the cathode. The reaction is:
4H2O + 4e- ---> 2H2 + 4OH-
The summary reaction is:
2H2O ---> 2H2 + O2
Note that twice as much H2 is liberated as O2.
Materials you will need
· A solar panel with a voltage greater than 1.5 volts.
· Two number 2 pencils 
· A jar full of tap water
· small pieces of cardboard
 Procedure
1. Remove the erasers and their metal sleeves from both pencils, and sharpen both ends of both pencils. 
2. Fill the glass with warm water.
3. Attach wires to the electrodes on the solar cell or battery, and the other ends to the tips of the pencils, as shown in the diagram above. It is important to make good contact with the graphite in the pencils. 
4. Punch small holes in the cardboard, and push the pencils through the holes, as shown in the diagram above.
5. Place the exposed tips of the pencils in the water, such that the tips are fully submerged but are not touching the bottom, and adjust the cardboard to hold the pencils.
6. Wait for a minute or so: Small bubbles should soon form on the tips of the pencils. Hydrogen bubbles will form on one tip (associated with the negative battery terminal — the cathode) and oxygen from the other.
7. From your observations, which tip (+ or -) is producing O2 and which is producing H2? Explain how you know (hint, review the reactions of hydrolysis).  
8. Observe the rate of hydrogen bubble production under three circumstances: a) the PV panel turned upside-down; b) the PV half shaded; c) the PV in full sunlight. Explain what you saw and why.
Note:
· Electrolysis does not depend intrinsically on the generation of heat (although some may be produced, for example, from the turbulence created by the bubbles of gas in the liquid). Therefore, it is not subject to a fundamental thermodynamic limitation on efficiency, which would be the case if a fixed fraction of the energy used was converted into heat (since creating heat creates entropy). Therefore, electrolysis can be (and is) performed at very high efficiencies close to 100%. 
· We use pencils as electrodes because the carbon (in the form of graphite) that they consist of will not dissolve into the water under the influence of the electron current — the carbon is electrically neutral. 

#5. Distribution of Solar Energy by Latitude
 
Look at the graph of solar insolation (the solar energy in watts per m2) versus time of year below. Note that data are presented for different latitudes. The area under each line indicates the total annual solar energy reaching the earth at that latitude. Count the number of boxes under the line for the equator (0o) and for the subarctic (60o). How many boxes did you count for each? Considering your counts, which would be the better location for locating a solar energy device? Also, do your counts tell you anything about why it is hot near the equator and cold near the Arctic?
[image: http://www.physicalgeography.net/fundamentals/images/insolation_latitude.gif]
 #6.  To do on your own:
A.  Go to the US Energy Information Administration URL and view the map of states.  http://www.eia.gov/todayinenergy/detail.cfm?id=4850
1.   What is the status of your state?  
2.   Where are the states located without any Renewable Standard? What might be driving this? What   
B.    Look up online the most recent reports for installed solar energy capacity for the following countries: United States, China, Italy, Spain, and Germany. Which is the world leader? Is it because that country is so sunny, or is something else driving its success?
[bookmark: _GoBack]#7.  How is using solar energy to produce electricity different from using a fossil fuel such as coal? This is a systems-thinking question. Which one is considered a renewable resource and which one is not? If the number of generating plants using coal doubles, what will that do to the availability of coal and its price? Compare that to a doubling of the number of solar-electric plants.  
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