	From Trash to Gas: Biomass Energy



Project Summary

	Difficulty
	 4  –  6 

	Time required
	Long (a couple of weeks)

	Prerequisites
	This science fair project requires access to a well-ventilated area, away from open flame or electrical sparks.

	Material Availability
	A small quantity of fresh cow manure is required.

	Cost
	Low ($20 - $50)

	Safety
	This science fair project produces a small amount of a flammable gas, so it must be conducted in a well-ventilated area, away from any source of open flame or source of electrical sparks. Use caution and have an adult's help when using the bleach, as it can cause chemical burns.


Objective

To compare the amount of biogas that is produced from different types of biomass.

Introduction

It can be fun to take a drive through the beautiful countryside on a summer day, with the windows rolled down and your hair flying in the breeze. If you drive past a cattle farm though, you may be inclined to roll your windows back up! Although the smell of manure from cows and other ruminants can be strong and unpleasant, the waste is a rich source of energy that can be used to run the farm.

Manure is not the only waste that is a rich source of energy. What you might think is "just garbage," might actually be turned into energy. Dead plants, rotting food, wood chips, sawdust, leftover crops, nut shells, and paper products are all examples of biomass, which are natural materials or organic matter that can be used to make energy.

Is it hard to get energy out of biomass? No; in fact, people have been doing it for thousands of years. If you've ever sat around a campfire or fireplace, you've been warmed by burning biomass. Biomass can be burned on a larger scale to create electricity. Biomass (such as decaying plant matter, farm waste, wood waste, or industrial waste) is brought by large trucks to a huge incinerator where it is burned and the heat is used to boil water, create stream, and drive a steam generator that can produce electricity. Biomass energy is considered a form of renewable energy, meaning it can be replaced by nature. Biomass energy, along with other renewable sources, like hydroelectric, solar, geothermal, and wind energy, provide 7 percent of the total energy needs of the United States, and that percentage is expected to rise.

What other ways, besides burning, can you get energy out of biomass? You can turn it into a liquid or a gas. Turning it into a liquid involves a process called fermentation, which changes some forms of biomass—like corn, sugarcane, or switchgrass—into a alcohol-based fuel, called ethanol, which can power cars and be used as cooking fuel. Turning it into a gas is basically what cows do naturally in their digestive system, using bacteria to change biomass into methane, which is the main component in natural gas. Natural gas is an important fuel for heating homes; running stoves, ovens, and dryers; producing electricity and fertilizers; and running special cars and trucks. When made from biomass, natural gas is called biogas. 

In aerobic sports—like running, walking, swimming, dancing, and bicycling—oxygen is used to generate the energy needed to continue the physical activity for a long period of time. For the creation of biogas, the opposite type of environment is needed to generate energy. Biogas is made by special anaerobic bacteria, microorganisms that live in environments without oxygen. The anaerobic bacteria break down the biomass into methane in a series of processes called anaerobic digestion. Biogas can be tapped directly from landfills,where sanitation workers dump and cover up everyone's trash, or from biogas generators where farmers or engineers mix biomass with anaerobic bacteria.

In this energy science fair project, you'll explore what kinds of biomass are good at making biogas. You'll fill empty soda bottles with different types of biomass, seal each bottle with a balloon, and measure the inflation of the balloons over several days to see which type of biomass creates the most biogas.

Terms, Concepts and Questions to Start Background Research

· Manure

· Ruminant

· Energy

· Biomass

· Organic matter

· Steam generator

· Renewable energy

· Hydroelectric

· Geothermal

· Liquid

· Gas

· Fermentation

· Ethanol

· Methane

· Natural gas

· Fertilizer

· Biogas

· Aerobic

· Anaerobic bacteria

· Microorganism

· Anaerobic digestion

· Landfill

· Biogas generator

· Global warming

· Carbon-neutral

· Delignification

· Lignin

· Negative control

Questions

· How can you get energy out of biomass?

· Does biomass energy impact global warming? 

· Is biomass energy a carbon-neutral source of energy?

· What is special about the bacteria that make biogas?

Bibliography

These sources describes what biomass is and how it can be used to make energy: 

· Energy Information Administration. (2007, November). Energy Kid's Page: Biomass—Renewable Energy from Plants and Animals. Retrieved February 26, 2009, from http://www.eia.doe.gov/kids/energyfacts/sources/renewable/biomass.html
· California Energy Commission. (2006). Chapter 10: Biomass Energy. Retrieved January 24, 2009, from http://www.energyquest.ca.gov/story/chapter10.html
· National Renewable Energy Laboratory. (2008, July 25). Biomass Energy Basics. Retrieved January 31, 2009, from http://www.nrel.gov/learning/re_biomass.html
This source describes the different types of renewable energy and the role each plays in the United States:

· Energy Information Administration. (2007, November). Energy Kid's Page: Renewable Energy. Retrieved February 26, 2009, from http://www.eia.doe.gov/kids/energyfacts/sources/renewable/renewable.html
This source describes what biogas is, how it is made, and how to build a biogas generator: 

· The Pembina Institute. (2007). Build Your Own Biogas Generator. Retrieved February 9, 2009, from http://www.scribd.com/doc/8679538/Build-Your-Own-Biogas-Generator
This source describes how a California power, gas, and electric company gets auto fuel from cow manure: 

· Environmental Leader. (2008, March 5). PG&E Gets Energy from Cow Manure. Retrieved January 31, 2009, from http://www.environmentalleader.com/2008/03/05/pge-gets-energy-from-cow-manure/
Visit these pages, from PG&E, a California power, gas, and electric company, for more information about electricity:

· Pacific Gas and Electric Company. (2002). Electricity Generation and Distribution. Retrieved March 4, 2009, from http://www.pge.com/microsite/pge_dgz/more/electricity_gen.html
· Pacific Gas and Electric Company. (2002). Alternative Energy Sources. Retrieved March 4, 2009, from http://www.pge.com/microsite/pge_dgz/more/alternative.html
For information about white rot fungus, particularly if you try one of the Variations found at the end of this science fair project, check out this website:

· Biggs, A.R., Rytter, J.L., and Travis, J.W. (n.d.). White Rot. Retrieved March 1, 2009, from http://www.caf.wvu.edu/Kearneysville/disease_descriptions/omwhiter.html 

For help creating graphs, try this website: 

· National Center for Education Statistics (n.d.). Create a Graph. Retrieved February 26, 2009, from http://nces.ed.gov/nceskids/CreateAGraph/default.aspx 

Materials and Equipment

· Soda bottles, 2-L, empty and clean (9)

· Masking tape

· Wax paper

· Scissors

· Disposable gloves; available at drug stores

· Fresh cow manure, approximately 1 cup; available from farms and some petting zoos. To find a small, local dairy farm, try this source: www.realmilk.com/where2.html 

· Kitchen scale, capable of distinguishing between 1-g quantities, or a mini balance scale and weights; available from www.sciencekit.com, catalog #WW17115M04.

· Two types of biomass, approximately 1 cup of each: 

a. Uncooked, chopped-up vegetable peelings (can be all one type of vegetable or mixed vegetables)

b. Mashed banana

· Latex balloons, large, round (9)

· Distilled water (20 L), available at grocery and drug stores

· Kitchen funnel

· Bleach 

· Tape measure, cloth or vinyl, metric 

· Lab notebook

· Graph paper

Disclaimer: Science Buddies participates in the Science Education Affiliate Network (SEAN). For more information, visit our Science Fair Supplies & Materials page. 

Experimental Procedure

Preparing the Soda Bottles for Filling

1. Wash and dry the soda bottles. Throw their caps away.

2. With masking tape and a pen, label three of the bottles Cow Manure.
3. With masking tape and a pen, label three of the bottles Cow Manure + Vegetable Peelings. 

4. With masking tape and a pen, label three of the bottles Cow Manure + Mashed Banana. 

5. Cut out 15 small, equally sized (approximately 1-inch) squares of wax paper to use with your mini balance scale. These small papers will be placed on the scale before you take each measurement. They will help you carry your biomass from the scale to the bottles, and will help keep your scale and hands clean.

Preparing Cow Manure Bottles

1. Put on a pair of gloves. 

2. Lay one of the pieces of wax paper on the balance scale, and measure out 10 g of cow manure on top of it. Place the 10 g of cow manure (not the wax paper) in one of the soda bottles labeled Cow Manure. Throw the piece of wax paper away.

3. Repeat step 2 until all three bottles with this label have each been filled with 10 g of cow manure. 

Preparing Cow Manure + Vegetable Peelings and Cow Manure + Mashed Banana Bottles

1. Using the balance scale and a fresh piece of wax paper, measure out 5 g of cow manure and place the 5 g of cow manure (not the wax paper) inside one of the soda bottles labeled Cow Manure + Vegetable Peelings. Throw the piece of wax paper away. Repeat this step until all three bottles with this label have 5 g of cow manure inside. 

2. Using the balance scale and a fresh piece of wax paper, measure out 5 g of vegetable peelings and place the 5 g of peelings inside one of the bottles labeled Cow Manure + Vegetable Peelings. Throw the piece of wax paper away. Repeat this step until all three bottles with this label have 5 g of vegetable peelings inside. 

3. Repeat steps 1–2 for the Cow Manure + Mashed Banana bottles, substituting mashed banana for the vegetable peelings.

4. Take off your lab gloves and throw them away. Wash your hands with soap and warm water, and dry them well. Put on a fresh pair of lab gloves.

Finishing the Bottles

1. Place the funnel in one of the soda bottles.

2. Carefully fill the bottle to the top with distilled water. Pour very slowly as you near the top so that the bottle does not overflow.

3. Cover the mouth of the filled soda bottle with an uninflated balloon and secure the balloon at the mouth of the soda bottle with a strip of duct tape.

4. Repeat steps 1–3 until all soda bottles have been filled and topped with balloons.

5. Take off your lab gloves and throw them away. Wash your hands with soap and warm water. Because you were working with waste, it's important to thoroughly clean the scale, funnel, and work area with a bleach solution. Review the Science Buddies Microorganisms Safety Guide for more information.

Testing the Bottles

1. Place the soda bottles in a well-ventilated area, away from open flame or sparks of electricity, such as outdoors on a porch or balcony.

2. Each day, at approximately the same time, use the measuring tape to measure the circumference (in mm) of each balloon, at its fullest part. Record the date, time, and measurements in a data table in your lab notebook.

3. Repeat step 2 for a total of 12 days.

Analyzing Your Data Table

1. For the bottles labeled Cow Manure, make a graph that plots the circumferences of the balloons on the y-axis and the day number (1–12) on the x-axis. You can make the graph by hand or use a website like Create a Graph to make the graph on a computer and print it.

2. For the bottles labeled Cow Manure + Vegetable Peelings, make a graph that plots the circumferences of the balloons on the y-axis and the day number (1–12) on the x-axis.

3. For the bottles labeled Cow Manure + Mashed Banana, plot the circumferences of the balloons on the y-axis and the day number (1–12) on the x-axis.

4. Comparing the three graphs, which type of biomass produced the fastest inflation of the balloons? Which type of biomass produced the greatest inflation of the balloons?

Variations

· Investigate how the following affect biogas production: 

a. Temperature

b. pH

c. Antibiotics 

d. Detergent

· Using the resources in the Bibliography, above, and with the help of an adult, devise a way to test whether the biogas you produced is flammable.

· Biogas production can be increased by delignification (removing lignin) in the biomass before putting it into the biogas generator. One way to achieve delignification of a biomass is through white rot fungus. For more information about white rot fungus, check out the Bibliography, above. Compare the biogas production of the same biomass with and without an initial treatment of white rot fungus.

· Add negative controls to the main experiment above by including six additional test bottles. Fill three of the bottles with 5 gm of mashed banana only (add no manure), and three of the bottles with 5 gm of vegetable peelings only (add no manure). Add distilled water to the bottles, then seal and test them with the other nine bottles, as directed above. How do your negative controls compare to the mashed banana and vegetable peelings test bottles that do contain cow manure? What happened with the addition of the cow manure? What component of the cow manure do you think accounts for the differences?

· For more science project ideas in this area of science, see Energy & Power Project Ideas. 

This science fair project idea was based on an 8th grade, first-prize-winning project:
	Shaking Up Some Energy


Project Summary

	Difficulty
	 4 

	Time required
	Very Short (a day or less)

	Prerequisites
	None

	Material Availability
	Readily available

	Cost
	Very Low (under $20)

	Safety
	When working with electricity, take precautions and beware of electric shock.


Objective

In this experiment you will make a simple generator and investigate the relationship between magnetism and the induction of electrical current.

Introduction

	Caution: This project requires careful adherence to the instructions to generate enough voltage and current to light the LED. We are doing additional research to determine more precise limits for the procedure and will post them as soon as possible. You should also note that while the principles behind this project are sound, there are counterfeit “Shake Lights�? for sale at a very low price that simply run on batteries. 


One of the coolest new battery-free flashlights is the Shake N' Light. You may have seen this demonstrated on the TV, but I bought mine at Walgreen's for 5 bucks! The secret to this fun, energy-saving device is a creative way to make electricity. The Shake N' Light flashlight is powered by the principle of magnetic induction described by Faraday's Law. A magnet is surrounded by a copper coil which "induces" a small amount of voltage in the coil when it is shaken. Because the voltage is very low, there is not enough energy to power a traditional light bulb. Instead the flashlight uses a low voltage, but very bright LED. A re-chargeable battery stores the energy so that you can use it later to power your LED flashlight. 
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	The Shake N' Light (available at Walgreen's or Geeks.com)


How does the generator work? "A generator works by a magnetic field inducing a voltage into a coil of wire. Important points to note are that the voltage increases as the number of turns of wire on the coil, the size of the coil and the strength of the magnetic field increases. The magnetic field (or the coil) needs to be in constant motion to produce/induce the electricity into the coil. This can be done by moving the magnet or by moving the coil—the effect is the same. The coil (or the magnet) needs to move in such a way that the coil continually passes through the magnetic field." (Hare, 2006)

The generator inside the shake light resembles the Shake-A-Gen, a simple device developed by Dr. Jonathan Hare at the Creative Science Centre to teach the fundamentals of electricity generation (Hare, 2002). In this experiment you will build this very simple generator made using only wire, a 35mm film canister and a magnet. All you need to do to create electricity and light the LED is shake the film can !! How will the number of magnets you put in the canister effect the amount of electricity generated to light up a light? 

Terms, Concepts and Questions to Start Background Research

To do this type of experiment you should know what the following terms mean. Have an adult help you search the Internet, or take you to your local library to find out more! 

· power 

· generator 

· electricity 

· magnet 

· coil 

· charge 

Questions 

· How is electricity generated? 

· How is the magnet used? 

· Does using more than one magnet (joined together) at a time make a difference in the brightness of the light? 

· Do you get twice as much light with twice the number of magnets? 

Bibliography

· Here is the original source and inspiration for this project: 
Hare, J.P., 2002. "Physics on a Shoestring: The Shake-A-Gen," Journal of Physics Education, volume 37, p.436-439 [accessed: 3/18/06] http://www.creative-science.org.uk/gensimple1.html 

· This additional information from the CSC describes how a crank style electrical generator is made and gives some background on how generators work: 
Hare, J.P., 2006. "Making an Electrical Generator," The Creative Science Centre (CSC) based at the University of Sussex at Brighton. [accessed: 3/18/06] http://www.creative-science.org.uk/gen1.html 

· Here is another interesting experiment from the Creative Science Centre using the Shake-a-Gen to make electrical power from ocean waves: 
Hare, J.P. and McCallie, E., 2005. "Starting to Experiment With Wave Power," Journal of Physics Education, volume 40, p.574-578 [accessed: 3/23/06] http://www.creative-science.org.uk/wavegen.html 

· This site has a java applet you can use to make printable, color graphs of your data: 
NCES, 2006. "Create a Graph," National Center for Education Statistics (NCES) U.S. Dept. of Education. [accessed: 3/3/06] http://nces.ed.gov/nceskids/createagraph/ 

Materials and Equipment

· 35mm film canister 

· scotch tape and electrical tape 

· fine grit sandpaper 

· cardboard 

· scissors 

· small but very powerful neodymium magnets 

· a low-current, low-voltage LED lamp available at RadioShack or most electronics stores (Look for an LED specified as follows: less than or equal to 2.1 volts (typical) and less than or equal to 30 mA (maximum). The lower the better for both voltage and current. Most red, green, or yellow LEDs will meet this spec. Blue and white LEDs require a higher voltage and should only be tried if you have first proven that your setup works with a red, green, or yellow LED.) 

· a 1/4 lb spool (usually about 784 feet) of 30 gauge (AWG) enameled copper wire (also called magnet wire). This wire must be extremely fine in order to get enough turns in the coil (1000 turns or more). This wire should also be in a single length; do NOT splice together shorter pieces! I found mine at my local electronics hobby store, but you can also order them online. One good source is Action Electronics which sells one for $7.12 (GU-QPM30 1/4# 30AWG Mag Wire - $7.12). 

Experimental Procedure

Note: Before you begin, read the first bullet point in the "Variations" section below to see if there is a shortcut you can use to build your generator! 

1. Find a 35mm plastic film can and remove the lid. 

2. Place the canister on the cardboard and trace around the outer edges of the circle. Repeat to make the other one. 

3. Cut out the middles and edges of each circle. 

4. Fit the circles snugly around the middle of the canister, spacing the two circles about 2cm apart. 
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	Picture showing various stages of making the generator. Shown in the middle is one of the small (but strong) neodymium magnets (Hare, 2002).


5. Wind on a few turns of insulation tape on to the can, either side of the cardboard to hold them in place. 

6. Use the cardboard circles as a bobbin (or former) on which to wind the coil. Wind on 1000 to 2000 turns of thin, insulated copper wire. When you start winding, be sure to leave several inches of the inner end of the wire free so that you can connect the LED in a later step below. You must have easy access to both ends of the wire, even the one at the inside of the coil! 

7. Add a layer of Scotch tape to keep them from un-winding, while leaving about 10cm of wire free at each end. 

8. Scrape off some of the insulation (5mm or so) from the ends of the wire with a small piece of sandpaper. 

9. Connect the ends of the wire to the LED (it does not matter which way around) by soldering the connections (if possible) or twisting the wire ends together. 

10. Use some Scotch tape to secure the wire and LED to the bottom of the can. 

11. Put a small (but powerful) magnet into the can and snap the lid back on. 
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	Close up of the Shake-a-Gen with 1000 turns (Hare, 2002).


12. Hold the can between thumb and forefinger at the two ends of the can and shake while keeping your finger on the lid to keep it from coming off. The LED should light up! 

13. Now you are ready to test if the number of magnets will change how bright the light will be when you shake the generator. 

14. First test the generator with one magnet inside, shake, observe the brightness of the light and write the result in a data table: 

	Number of Magnets
	Brightness of LED (check box) 

	
	Off
	Dim
	Medium
	Bright
	Very Bright

	1
	 
	 
	 
	 
	 

	2
	 
	 
	 
	 
	 

	3
	 
	 
	 
	 
	 

	Etc..
	 
	 
	 
	 
	 


15. Repeat the experiment with 2, 3, 4 or more magnets, each time writing the results in the data table. 

16. Make a bar graph of your results at Create-A-Graph, a website at the National Center for Education Statistics (NCES) that has a java applet you can use to make printable, color graphs of your data. 

Variations

There are many variations for this experiment that each test a different aspect of how the generator works. Try a few: 

· Another quick way to make this project is to use the spool directly, instead of using a film canister. For this to work, you need to check the inside of your spool to see if the inner end of the wire is sticking out. If it is, then here is a simple way to cheat and build your Shake-A-Gen in about 5–10 minutes! Carefully unravel about 2 inches of wire from the spool, and then re-tape the spool to secure the wire and keep it from unravelling. You should now have two ends of wire sticking up from the spool, one from the inside and one from the outside of the spool. Trace the two circular ends of the spool on some cardboard and cut out the two circles. Poke two tiny holes in one of the circles and stick the two ends of wire through the holes. Glue the cardboard down with hot-glue, keeping the wire ends out. Strip the ends of the wire with sandpaper and then attach to the LED light. Tape the light down to the lid with clear tape. Now add the magnets to the other side and glue the other cardboard circle onto the spool. Shake and see your LED light up! 

· There are many different types of magnets, each with different magnetic strength. Try different sizes, strengths and styles of magnets. Do they produce similar or different results? Which ones work the best? 

· Try varying the number of turns: 500, 1000, 1500, etc. Is it always true that the voltage goes up with number of turns for this simple generator? What happens when the coil gets so large that most of it is no longer very close to the magnet? Does it matter how compactly the coil is wound along the outside of the can? You might want to make a winding device for this variation to help you keep track of the number of turns you have around the canister. 

· Does the thickness of the wire matter? Try using thick and thin wire, which one works best? Observe things like the brightness of the light, the neatness of the coil, the number of coils possible. What are the benefits and/or trade-offs of using different sized wire? 

· Instead of using the LED to measure the electricity generated, try using a Voltmeter to get quantitative (numerical) data. Does this match your data for brightness? Which set of data is most accurate or reproducible? 

· Why does the LED only shine when you shake the film canister? In this simple circuit there is no method of storing the energy produced for later use. You can build a simple storage device using a rectifier, a simple circuit to make DC voltage from the Shake-a-Gen, and a rechargeable battery or capacitor to store the energy. If you look closely at a Shake N' Light, you will see such a storage system between the light and the coil, underneath the switch plate. How does this device expand the potential usage of the Shake-a-Gen to power small devices? 

· There are many other creative ways to use this simple generator to power simple devices like the Shake N' Light with motion. Can you think of your own invention? How about trying other sources of motion to power the device like wind or wave power? Here is another interesting experiment from the Creative Science Centre using the Shake-a-Gen to make electrical power from ocean waves: Starting to Explore Wave Power. 

· You can investigate another way to make a generator in this Science Buddies project: Use a Fan to Generate Electricity. 

· There is another type of LED called a bicolor LED. These devices are actually two LED's contained within one package; a red and a green LED. The two LED's are wired so that one will light (say the red one) when connected one way round and the other (the green) will light when the connections are reversed (or the power is reversed). This is a common property of alternating currents (AC). What happens if you use this type of LED on your Shake-a-Gen? Is the Shake-a-Gen an AC or DC generator? You can use the Shake-a-Gen to investigate the difference between alternating current (AC) and direct current (DC). Can you build-in a moving switch to make the voltage direct (DC) instead of alternating (AC), a device called a commutator? 

· If you remove the magnet from the Shake-a-Gen, you can use the generator as a "search" coil for detecting magnetic fields. Try putting it next to different appliances, like microwaves, computers, stereos, etc. to pick up electrical signals. Which appliances generate the strongest electromagnetic fields? Try putting it next to a speaker playing loud music, will the LED flash with the music? 

· For more science project ideas in this area of science, see Energy & Power Project Ideas
	Put Your Water to Work: Using Hydropower to Lift a Load


Project Summary

	Difficulty
	 4 

	Time required
	Short (several days)

	Prerequisites
	You must have access to a drill.

	Material Availability
	Readily available.

	Cost
	Very Low (under $20)

	Safety
	This science fair project requires drilling holes in plastic. Adult help is required. Always wear safety goggles when using power tools.


Objective

The goal of this science fair project is to understand hydropower. You will convert the energy in falling water to mechanical energy to lift a small weight. 

Introduction

About 70 percent of the Earth is covered with ocean water. 98 percent of the water on Earth is in the ocean and is undrinkable because it is salty. 2 percent of the water on Earth is freshwater and is drinkable. However, 1.6 percent of freshwater is frozen in the polar ice caps. But no matter where the water is, it is moving and it is part of the global water cycle. The water cycle is shown in Figure 1, below. The water cycle occurs when water evaporates from bodies of water on Earth, like oceans, and then condenses into clouds. Eventually, the clouds become too heavy and the water returns to Earth in the form of rain or snow, also called precipitation. When the water comes back to Earth, some of it flows back into the ocean. As water moves back to the ocean via rivers or waterfalls, it carries a lot of energy with it. We can harness this energy to make electricity or to power machines. This is called hydropower. Because water is constantly and endlessly moving through the water cycle, hydropower is a renewable form of energy, which means the energy can be obtained over and over through natural processes. 
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	Figure 1. The water cycle.


Hydroelectricity is a type of hydropower. According to the United States Department of Energy, in the year 2005, hydropower accounted for 7 percent of the total U.S. electricity generation and 73 percent of generation from renewable energy sources. The advantages of hydropower are that it creates no pollution and it is available whenever it's needed. We create hydropower in hydropower plants. There are three kinds of hydropower plants: impoundment, diversion, and pumped storage. Some power plants have dams and some do not. In each type of power plant, flowing water pushes a turbine that generates electricity.
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	Figure 2. The Grand Coulee Dam.
	Figure 3. The Hungry Horse Dam.


Humans have been using hydropower for centuries, harnessing the change from potential energy to kinetic energy of water. Potential energy is the energy stored in an object. For example, if you stretch a rubber band, it now has potential energy; it is ready to snap back to its original state. Kinetic energy is the energy of motion. Once you let go of the rubber band and it is moving through the air, it has kinetic energy. The potential energy stored in the stretched rubber band changes to kinetic energy as soon as you let go of it. The Greeks attached waterwheels to grinding wheels and used the kinetic energy in falling water to grind grain into flour. Waterwheels have also been used to saw logs in sawmills and to provide irrigation for farms along rivers. In this science fair project, you will extract energy from water. You will convert the kinetic energy from falling water into mechanical energy. See how falling water can lift a small weight. If just a little flow of water can lift a weight, imagine the amazing energy of the Niagara Falls!
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	Figure 4. The Niagara Falls.


Terms, Concepts and Questions to Start Background Research

· Water cycle 

· Condensation 

· Precipitation 

· Hydropower 

· Impoundment plant 

· Diversion plant 

· Pumped storage plant 

· Turbine 

· Potential energy 

· Kinetic energy 

· Mechanical energy 

· Energy 

· Power 

Questions

· What is hydropower? 

· What are the advantages of hydropower? Are there any disadvantages? 

· How many different kinds of hydropower plants are there? What are the differences between the different kinds of power plants? 

Bibliography

The following websites are full of interesting information on hydropower. The Department of Energy website allows you to research many different kinds of renewable energy.

· United States Department of Energy. (2008, June 23). Energy Efficiency and Renewable Energy. Retrieved June 20, 2008 from http://www1.eere.energy.gov/windandhydro/hydro_technologies.html 

· Wikipedia Contributors. (2008). Water wheel. Wikipedia: The Free Encyclopedia. Retrieved June 20, 2008 from http://en.wikipedia.org/w/index.php?title=Water_wheel&oldid=219009066 

· Wikipedia Contributors. (2008). Hydropower. Wikipedia: The Free Encyclopedia. Retrieved June 23, 2008 from http://en.wikipedia.org/w/index.php?title=Hydropower&oldid=221028761 

· Wikipedia Contributors. (2008). Hydroelectricity. Wikipedia: The Free Encyclopedia. Retrieved June 23, 2008 from http://en.wikipedia.org/w/index.php?title=Hydroelectricity&oldid=220461543 

This website has facts on water: 

· HowStuffWorks.com. (2000, April 1). How much water is there on Earth? Retrieved June 20, 2008 from http://science.howstuffworks.com/question157.htm 

This website defines the different forms of energy. 

· Henderson, T. (n.d.). The Physics Classroom Tutorial: Lesson 1. Retrieved June 21, 2008 from http://www.glenbrook.k12.il.us/gbssci/phys/Class/energy/u5l1d.html 

Want to know the definitions of energy and power? This article will help you learn about these terms: 

· Rathjen, D. (2001). Watt's a Joule. Science Wire. Retrieved June 24, 2008 from http://www.exploratorium.edu/theworld/energy/joules.html 

Materials and Equipment

· Aluminum pie plate, 9 inches; available at all grocery stores 

· Scissors 

· Permanent marker 

· Waterwheel template; use Figure 5 as your model. 

· Ruler 

· Drill with 3/8-inch drill bit or other bit size slightly larger than the dowel width; available at hardware stores 

· Optional (if you don't use a drill): hammer, available at hardware stores 

· Optional (if you don't use a drill): nail, 5/16-inch width; available at hardware stores 

· Nylon spacer, 3/8-inch inner diameter and 3/8 inch thick. The spacer must fit in the center of the waterwheel. These are available at hardware stores. See Figure 7, below, to see what a nylon spacer looks like. 

· Epoxy glue; available at hardware stores 

· Scotch® tape 

· Wood dowel, 5/16 inch wide and 2 feet long; available at craft stores 

· Plastic bucket with removable handle, 14 quarts 

· Cotton string, 30-inch-long piece 

· Metal nut or other small metal object that string can be tied to 

· Measuring cup, 2-cup is best 

· Stopwatch 

· Lab notebook 

Experimental Procedure

1. Take your scissors and cut out the flat bottom part of the aluminum pie plate. 

2. With the permanent marker, copy the design from the waterwheel template (Figure 5) onto the circle of aluminum. Draw the lines from the edge of the circle to about 2 centimeters (cm) from the middle of the circle. 
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	Figure 5. Waterwheel template (Courtesy of AFRED, Railroad Commission of Texas).


3. Cut the aluminum circle along the eight solid lines. End each cut at 2 cm from the center. These are the paddles of the waterwheel. 

4. Carefully bend each paddle at its dotted line. Put the ruler at each dotted line so that you can make a straight bend. See Figure 6. 
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	Figure 6. This waterwheel has eight paddles. Bend each paddle at its dotted line.


5. Drill a 5/16-inch hole through the middle of the waterwheel. Ask an adult to help you and always wear safety goggles when using power tools. You could also use a hammer and nail to make the ¼-inch hole in the middle. If you use a hammer and nail, clip off any sharp metal edges around the hole with the scissors. 

6. Glue the nylon spacer to the middle of the waterwheel. Be careful to follow the instructions on the epoxy glue package. Ask an adult for help. The nylon spacer stiffens the waterwheel. 
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	Figure 7. Here is a completed waterwheel.


7. After the glue dries, use thin strips of Scotch tape to secure the nylon spacer to the waterwheel. Make sure that the hole in the center is not covered with tape. Set the waterwheel aside. 

8. Remove the handle from the bucket. Now ask an adult to drill two 3/8-inch holes where the ends of the handle use to be. Always wear safety goggles when using power tools. Make sure that the wood dowel can fit comfortably through the holes and spin freely. It should not be a tight fit. 
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	Figure 8. The wood dowel fits comfortably through the two drilled holes.


9. Wind a piece of Scotch tape around the middle of the wood dowel. This is to add some thickness in order to keep the waterwheel in place. Now insert the dowel through the holes of the bucket. Move the dowel out of one of the holes and carefully slip the waterwheel onto the dowel over the piece of tape. Reinsert the dowel through the hole in the bucket. Turn the waterwheel and make sure that the wood dowel turns as well. If the dowel doesn't move, you should gently move the waterwheel off of the tape and wind another piece of tape over the original piece of tape to add thickness so the two objects move at the same time. The waterwheel must sit tightly on the dowel so that when the waterwheel turns, the dowel turns. 
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	Figure 9. Waterwheel apparatus.


10. Take the cotton string and tie one end to the metal nut. Tie the other end of the string to one end of the wood dowel, outside of the bucket. Tie the end such that when the dowel starts to turn, it immediately starts to wind up the string. You need to pay attention to how the waterwheel turns to do this; either clockwise or counterclockwise. 

11. Wind some tape and make a little tab (by folding the end of the piece onto itself) on the dowel outside of the bucket on both ends so that the waterwheel and dowel don't move horizontally too much—you don't want the dowel slipping out of the holes. The waterwheel should be sitting in the middle of the bucket and should be able to turn freely, without hitting the bucket. Now you are ready to start converting the kinetic energy in falling water to mechanical energy. 

12. To do these experiments you can use any source of moving water, like a sink or bathtub faucet, or an outdoor hose. 
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	Figure 10. Using the sink faucet to turn the waterwheel.
	Figure 11. Using the garden hose to turn the waterwheel.


13. Using the measuring cup and the stopwatch, first calculate the flow rate of the water source you are using. You will do this by seeing how long it takes to fill 2 cups of water. Note this time down in your lab notebook in a data table like the one below. Divide 2 cups by the number of seconds it took to fill 2 cups. This is the flow rate and its unit of measure is cups per second. Note down the flow rate in your lab notebook. Do not turn off the water between measuring the flow rate and testing the waterwheel or else you will have to redo the flow rate calculation (you might turn the faucet on harder or softer the next time, which would negatively affect your results). 

14. Make sure that the string and weight are unwound before you begin. Place the waterwheel under the flowing water. Measure the height of the flowing water with the ruler. Record this information in your lab notebook. Using the stopwatch, time how long it takes to wind the weight up. Note this time in your lab notebook. Repeat this measurement two additional times at the same water height and record the information in your lab notebook. One thing to keep in mind is to not let the bucket get too full of water or else the bucket water will get in the way of the waterwheel. Once you've filled the bucket to the point where the waterwheel won't turn anymore, don't just waste it—you can use this water to water your garden or put it in your dog's water bowl. Note: Make sure that the water hits the waterwheel in the same spot for every trial. The waterwheel should go either clockwise or counterclockwise each time. Record all information in your lab notebook. 

15. Now you do want to change the flow rate of your water source, so adjust it and repeat steps 13 and 14. Make sure that the trials are all done at the same water height. Change the flow rate one more time and repeat steps 13 and 14 again. So you should have three trials each for three different flow rates. 

16. Does the time it takes to wind the weight change? Is there a limit to this time? 

17. Plot your data on a scatter plot. Plot the flow rate on the x-axis and the wind-up times and the average wind-up time on the y-axis. If you need help making scatter plots you can check out this website: Create a Graph 

	Flow Rate (cups/second)
	Wind-up Time (seconds)

	 
	 

	 
	 

	 
	 

	 
	Average:

	 
	 

	 
	 

	 
	 

	 
	Average:

	 
	 

	 
	 

	 
	 

	 
	Average:


Variations

· Keep the flow rate the same and change the height between the water source and the waterwheel. How does the time to wind up the weight change? 

· Change the design of the waterwheel. Change the number of paddles or change the size of the bend in the paddles. How does this affect the time to wind up the weight? 

· Increase the weight and see how this changes the wind-up time. 

· For more science project ideas in this area of science, see Energy & Power Project Ideas. 

	Veggie Power! Making Batteries from Fruits and Vegetables



Project Summary

	Difficulty
	 4  –  7 

	Time required
	Short (several days)

	Prerequisites
	None

	Material Availability
	Readily available

	Cost
	Low ($20 - $50)

	Safety
	Do not eat the fruit or vegetables that have been used to make batteries!


Objective

The goal of this project is to make batteries from fruits and vegetables using metal electrodes. You will use a digital voltmeter along with resistors and other loads to determine the voltage, current, and power that your batteries can produce.

Introduction

Batteries are like mini power plants that derive electrical energy from chemical reactions. You can make batteries with some pretty simple everyday materials. In general, all you need are: 

· two different kinds of metal to act as electrodes (though not just any kind of metals will work), 

· a liquid solution, called the electrolyte, which will react chemically with the metal electrodes, and 

· a way to conduct the electricity from the metal electrodes to something that is using the energy that the battery provides. 

Different kinds of batteries will have different characteristics. Some produce different voltages than others—like a flashlight battery at 1.5 volts and a car battery that is typically about 12 volts. Some can deliver a lot of current, and some will deliver less current. You'll learn more about voltage and current as you work on this project, but as you might already know, some things won't work at all unless the battery can provide a high enough voltage. Once this voltage is applied some things will draw more current from the battery than others. Current is a measure of how many electrons are flowing per second. The more electrons that flow per second (or the higher the current) the faster the battery will discharge. Also, if the item that your are trying to power with the battery tries to draw two much current then the voltage of the battery will drop and again the item might not work.

Many batteries are made up of more than one battery cell, also called a voltaic cell. When these voltaic cells are hooked up in series (see Figure 1, below), the voltage of the battery becomes the sum of the voltages provided by each cell. Car batteries typically have six cells, each producing about 2 volts, which added together provides a 12-volt battery. (This is why you see six little caps on most car batteries, allowing you to add water to each of the six cells.) The battery below is made up of 4 1.5 V cells in series, producing 6 V total.
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	Figure 1. Pictorial (top) and schematic (bottom) diagrams of batteries connected in series. Connecting battery cells in series increases the total voltage available. The total current available remains equal to the current of a single cell.


If a battery or a voltaic cell doesn't provide enough current, you can connect a number of batteries or cells together in parallel (see Figure 2 below). This keeps the total voltage the same, but now the total current that can be provided is the sum of the currents from each of the cells. Another reason to connect more cells or batteries together in parallel is so that they will power an item for a longer time before discharging. You'll learn more about this as you work on this project.
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	Figure 2. Pictorial (top) and schematic (bottom) diagrams of batteries connected in parallel. Connecting battery cells in parallel increases the total current available. The total voltage available remains equal to the voltage of a single cell.


Probably one of the most interesting things about batteries is the way that different materials and the way in which they are used can affect the characteristics of the battery. This means they can affect the output voltage and the amount of current that the cell can deliver. They can also affect something called the "internal resistance" of the battery. A battery cell made with a potato might provide a different amount of current than a battery cell made with a lemon or an onion. Battery cells made with different electrode materials, like copper, nickel, or zinc might produce different voltages. Batteries with different electrode shapes or surface areas might have different internal resistances. You will learn that the way the battery cells are made and connected with each other will determine if you can generate enough voltage and current to run a portable radio, a digital clock, or whatever small electronic device you choose to try.

So, go to the grocery store, buy some fruits and vegetables and then have some fun!

Terms, Concepts and Questions to Start Background Research

To do this project, you should do research that enables you to understand the following terms and concepts: 

· voltage, current, resistance, energy, and power; 

· parallel and serial connections of power sources (batteries) and loads (resistors); 

· Ohm's law; 

· operation of a volt/current meter (also called a multi-meter); 

· resistor values and color codes; 

· batteries and the chemistry of batteries. 

More advanced students should also study: 

· voltage dividers, 

· internal resistance of a battery, 

· Kirchoff's laws, and 

· ionic bonds. 
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Buchmann, I., 2001. "Chapter 1: When Was the Battery Invented?" Batteries in a Portable World [accessed April 24, 2006] http://www.buchmann.ca/chap1-page1.asp. 

· This is a great site with a lot of basics on electronics:
Hewes, J., 2006a. "Welcome to the Electronics Club," The Electronics Club [accessed April 24, 2006] http://www.kpsec.freeuk.com/index.htm. 
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Materials and Equipment

Here some basic materials that can be used. However, you should use your imagination and try some others. 

1. Electrodes: The easiest materials to use with vegetable and fruit batteries are probably zinc-coated nails and copper wires. Nails are easy because you can just stick them into the fruit. It is also possible to push coins into some vegetables, like a potato. 

· about 20 large (~3 in long) zinc-coated ("galvanized") nails;
Note: you can get zinc coated nails at almost any hardware store where they are usually referred to as galvanized nails. 

· galvanized metal squares (optional);
Note: you can get small rectangular pieces of galvanized sheet metal at the hardware store. These can be cut with tin-snips into strips approximately 1/2 in × 3 in that will make even better electrodes than nails. 

· 3 feet of 12 gauge bare copper wire.
Note: You will be cutting this wire into segments of about 3 in to use as copper electrodes. As with the galvanized metal, if you can find small sheets of copper and cut them into 1/2" in × 3 in strips, these will make even better electrodes. 

2. Wires and connectors to hook up the various electrodes: 

· 10–20 jumper leads (with alligator clips), available at Radio Shack. Note: in many cases you can use the alligator clips to connect up to the battery terminals of an electronic device you'd like to try. If you need additional connector(s) for your electronic devices, Radio Shack is a good place to try. 

3. Fruits and vegetables to provide the electrolyte liquid: 

· potatoes, 

· citrus fruits, 

· onions, 

· whatever! 

You will probably need more than one of each. In some cases you can cut them into multiple pieces to make more than one cell. 

4. Various loads to hook up to the batteries: 

· various resistors (you can get a pack of assorted resistors at Radio Shack), 

· other loads.
Note: These are things like battery-operated timers, calculators, low power buzzers, 3-volt radio, etc. For example, Radio Shack has a package of 3 calculators for $7; a piezo buzzer, 3–28 V, 5 mA for $4, and an ear-plug FM radio for $2.) It is best to look for items that run at 3 volts or less. Also, look for things that draw less than 0.5 mA (500 μA). These will be things that run on small watch-like batteries. It is best to use only things that you're willing to destroy in the process. Some things, like the buzzer mentioned above, will work "partially." The buzzer works; it just isn't very loud. 

5. Tools: 

· voltmeter or multimeter,
Note: you will need a volt meter or multi-meter. If you don't have one or cannot borrow one, they range in price from about $14 to several hundred dollars. Radio Shack has them, as do most hardware stores. You can get analog or digital meters. The digital meters are easier to read, but are a little more expensive. The lower-priced meters will work pretty well for this experiment. In general, look for a meter that will measure volts and resistance. If you can find a meter that measures current on a 200 μA scale this could be useful, but it is not really necessary. In general, the price starts to go up as you look for meters that can measure smaller amounts of current. 

· wire cutters, 

· tin snips (optional), 

· soldering iron and rosin-core solder (optional). 

Experimental Procedure

	Note Before Beginning: This science fair project requires you to hook up one or more devices in an electrical circuit. Basic help can be found in the Electronics Primer. However, if you don't have experience in putting together electrical circuits you may find it helpful to have someone who can answer questions and help you troubleshoot if your project isn't working. A science teacher or parent may be a good resource. If you need to find another mentor, try asking a local electrician, electrical engineer, or person whose hobbies involve building things like model airplanes, trains, or cars. You may also need to work your way up to this project by starting with an electronics project that has a lower level of difficulty. 


Safety note: do not eat the fruit or vegetables that have been used to make batteries!
To get you started, here are two simple experimental procedures to make one- and two-cell batteries. You'll see how to increase the available voltage by connecting individual cells in series. There are many more ideas in the Variations section (below) to get you thinking about experiments you can design for yourself.

Experiment 1

How much voltage can be generated using a zinc-copper potato cell? How does the voltage change as you hook up different loads (values of resistance) across the terminals of the potato battery? 

1. Create a voltaic cell by poking one zinc (galvanized) nail and one copper wire (3 in) into each end of a potato. The buried ends of the electrodes can actually be pretty close together (maybe an inch apart), but they should not touch each other. The zinc nail will become the "−" or negative terminal of the battery (also called the anode) and the copper wire will become the "+" or positive terminal of the battery (also called the cathode). 

2. Hook up the voltmeter across this voltaic cell by connecting the "+" terminal of the voltmeter to the copper wire and the "−" or "common" terminal to the zinc nail. 

3. Measure and record the voltage. This voltage is referred to as the open-circuit voltage, because this is the voltage present when nothing is connected across the terminals of the battery—the circuit is "open". (For more information on using a multimeter, see the Science Buddies page How to Measure Voltage and Current.) 

4. While leaving the voltmeter connected across the battery, use the wire jumpers to connect a 10 kohm resistor across the battery terminals. Record the voltage. 

5. While leaving the first resistor in place, connect another 10 kohm resistor across the battery. Record the voltage. 

You will note that the voltage dropped as you connected the loads (the resistors) across the battery. This is because current is being drawn through each of the resistors and the total current that is drawn also has to flow through the internal resistance of the battery. For this simple "veggie" battery cell the internal resistance is pretty high, so a noticeable portion of the battery cell's voltage is dropped across its internal resistance. This in turn reduces the amount of voltage that you measure at the terminals of the battery.

Experiment 2

How much voltage can be generated using two zinc-copper voltaic potato cells hooked up in series? Can this be used to power up something like a calculator or a low-voltage (ear-plug) transistor radio?

1. Create two separate cells like the one in Experiment 1, step 1, above. If you are using large potatoes, you can cut them into pieces and then use each piece as a separate cell. 

2. Measure and record the open-circuit voltage of each of the cells. 

3. Using jumper leads hook these two cells up in series to make a two-cell battery. (Note: Figure 1 in the Introduction shows how to connect cells in series.) 

4. Measure and record the open-circuit voltage of the two-cell battery. 

You should find that each individual cell has an open-circuit voltage of about 0.75 volts. When you connect the cells in series and measure the open-circuit voltage of the two-cell battery you should measure about 1.5 volts (maybe a little less). Now this is a battery that you can actually use to power any electronic device that is designed to operate at about 1.5 volts and that does not draw too much current. You will find that this means it will probably only power up things that will run on small watch-sized or calculator-sized batteries.

On Your Own

Working with veggie batteries is a lot more fun and interesting if they actually do something! Try powering up a calculator (see Figure 3, below) or maybe a small buzzer or low-voltage transistor radio. 
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	Figure 3. Running an electronic calculator on veggie power! This is an illustration of a multi-cell veggie-power battery, described in Experiment 2, above.


There are even talking greeting cards that you might be able to find. You might need to get some help opening up the back of the calculator or other device and getting wires attached to the electrodes that normally hold the battery. (If you find that you need to solder a connector, the Science Buddies resource How to Solder has some helpful tips on using a soldering iron and making good, lasting connections between electrical components.) See the Variations section (below) for more ideas to get you thinking about experiments you can design for yourself.

Variations

There are many factors that can affect the performance of batteries and many variations can be done on the simple experiments suggested above. Here are some things you might think about to lead you to other variations that you can devise on your own. These are not listed in any particular order. They are just a number of different things you might think about or try.

1. How does varying the amount of load (resistance placed across the battery terminals) affect the voltage and current output from the battery? 

2. By applying different loads on a battery can you determine its internal resistance? (See the references on internal resistance in the Bibliography, above.) What do you think you could do to lower the internal resistance of veggie cell battery? (For some ideas, see Variations 3, 4, and 5 below.) 

3. With a particular set of electrodes and electrolytes, the battery voltage should be about the same (when driving high-resistance loads). Are there things that can be done with the configuration of a voltaic cell to change the amount of current that it can deliver before the voltage drops considerably? Does the distance between the electrodes matter? If so, why? Does the surface area of the electrodes in contact with the electrolyte matter? If so, why? 

4. How do other materials affect the characteristics of the battery? For example: 

· What happens if you use other kinds of fruit or vegetables? 

· What happens if you use different metals for the electrodes? 

5. Would the battery work with just vegetable juice? How about just vinegar or salt water? 

6. Increase the number cells that you hook up in parallel, or in series, or both. How does this affect the voltage and current that the battery can deliver? Can you predict based on the characteristics of a one-cell battery how a given configuration of similar cells hooked up in series or parallel will behave? Could you build a multiple-cell battery that would power up a flashlight light bulb? How about a 9-volt transistor radio? How many cells in parallel and/or series would this take? (Remember for something like a transistor radio you have to provide both the right voltage and sufficient current.) 

7. In general, given the specifications (voltage and current requirements) for a load (the thing that you are trying to power up with the battery), can you predict how may cells (of a given configuration) it will take to power the load? 

8. How much power can a particular veggie cell or battery produce? 

9. How long does it take for a veggie battery to run out of "juice" (electrical juice that is)? Why does it run out? 

10. Using fruits and vegetables (or pieces of them), can you think of other physical configurations that will make good batteries? How about a little piece of potato sandwiched between a penny and 1-inch squares of galvanized (zinc) sheet metal? Can you stack up these penny-potato-zinc cells to create a higher voltage battery? 

· For more science project ideas in this area of science, see Energy & Power Project Ideas. 

