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Lesson Title: Howdy Neighbor

Draft Date: 6/14/2010
1st Author (Writer): Randy Stribley

2nd Author (Editor/Resource Finder): NPPD
Instructional Component Used: Power Grid

Grade Level: 9-12

Content (what is taught): 

· Power generation, distribution, and consumption

Context (how it is taught):

· Grid overview
· Grid activity
Activity Description:

The core of this guide addresses a group activity called the Power Grid Simulation (PGS).  The PGS is a role-playing activity that gives students specific responsibilities in a model of a potential power grid arrangement.  

Optional Activities That Could Enhance PGS:
Training: Overview of Power Grid basics:  http://www.howstuffworks.com/power.htm
Activities: Any activity from Nebraska Public Power District related to energy use or safety

http://www.nppd.com/EnergyEducation/resources.asp 

Math: Measurement with a multimeter could be added to this activity.  Calculations with the data from the meter could be used to enhance it further. 

Video: Related to future issues of the power grid.  Example is the video “Down the Lines: Our Delicate Electrical Grid” by Powering a Nation at the University at North Carolina at Chapel Hill. http://vimeo.com/7645659 (video)  http://unc.news21.com/ (Powering a Nation’s site)

NPPD background:  The PGS activity is based on a workshop done by Chad Johnson at Nebraska Public Power District.  With his permission I have summarized and generalized the activity for this lesson.   Any local power company could be substituted to help make a stronger connection for the students.  Your power company may also have an education specialist willing to visit your classroom. http://www.nppd.com/About_Us/ 

Standards:

Science 
Technology 
Engineering
Math

SA1, SF5
TA3, TB4, TF3                     EA1, EB1, EE5
         MA3

Materials List: 

· Genecon Handheld Generator (recommended because of durability to cost ratio)

· Old strings of holiday lights (separated into individual lights leaving 3 inches of wire on both ends.  Strip the wire 1/2 inch on each end.  Some should be left in small strands)
· Alligator clip wires (>10 per group)
· Small DC motor(s)

Asking Questions: (Howdy Neighbor)
Summary: Discussion well center around and prepare students for further exploration of a power grid.  

Outline: 

· Concepts are introduced re: the power grid.

Activity: Students will be asked guided questions about the power grid.

	Questions
	Answers

	How does the electricity get here when I turn on this switch (teacher turns on the room lights)?
	Varied answers—the teacher does not provide answers or confirmation of student responses. 

	Work with your partner to sketch the major components of a power supply system—called a power grid.
	Students present their ideas.  Following the presentations, the teacher summarizes their ideas and perhaps shows a video on the grid.

	Are there limits to how much electricity a power plant can supply?  If so, what creates the limitation?
	Yes.  The number of electrical generators and/or the supply of energy which turns the generators.  Electrical power cannot be stored for times of higher demand.

	Have you ever heard of a brown-out or black-out?  What are they—what causes them?
	Brown-out is when power supply is reduced to consumers—so that all electrical equipment is not able to be operated.  Black-out is when there is no power being supplied to consumers.

	When would electricity demand be highest during the day/year?
	Demand is highest during the day in the summer.  More electricity is used for residential cooling than lighting in the US.

	What do you suppose has to happen at a power plant during the hottest days of summer?
	More equipment is used to create electricity—less efficient equipment which is more costly to run is used—or power is bought from other parts of the country.  This explains and  is a benefit of “the grid”—communities from across the country are interconnected.

	What happens to a generator as more electricity is demanded from it?
	It becomes more difficult to turn the generator—more energy is required to turn it.

	Power companies often give larger customers lower electricity rates when electricity demand is lowest—why?
	It encourages them to reduce their demand for electricity during peak demand times—this lets the power company reduce their use of extra, less-efficient equipment.


Resources:
· Description (low quality) of the nation’s power grid:

http://www.ehow.co.uk/video_4997866_national-grid_.html
· How Stuff Works: Electricity -- http://www.howstuffworks.com/electricity-info.htm
· Overview of the basics on the Power Grid -- http://www.howstuffworks.com/power.htm 

· Any activity from Nebraska Public Power District related to energy use or safety. 

http://www.nppd.com/EnergyEducation/resources.asp 

Exploring Concepts: (Howdy Neighbor)

Summary: Students will role-play a power grid setup.  They will use components to model a power grid and how it works and can be expanded. 
Outline: 

· Power Grid Simulation.
· Students watch videos about electricity production. 

Activity: Students will complete a Power Grid Simulation to experience what increased load does to the grid.  Finally, the class will watch a video regarding electricity production and the power grid.  The video is called “Down the Lines: Our Delicate Electrical Grid” by Powering a Nation” and can be found on the Internet at: http://vimeo.com/7645659
Power Grid Simulation (PGS):

Students will work in small groups of 3-4.  Each group must have a set of supplies (see below).  

1. Student 1 is the generator, thus starting a new neighborhood 

a. Have him/her start cranking

2. Student 2 moves into the neighborhood

a. Adds a single holiday light to the circuit using alligator clips

3. Student 3 moves into the neighborhood with a bunch of friends

a. Adds a small strand of holiday lights

4. Student 4 builds a factory nearby.

a. Adds a DC motor

Exploratory Options -- Add more students and:

· Connect more generators and/or change directions of one or both of the generators (WARNING: let one generator spin the other generator up before engaging it in either direction i.e. generator 1 starts spinning while the other generator is allowed to spin freely for a moment before the student engages it.   Note: a generator can be used in two ways: to create electricity (as a generator) or to use electricity (as a motor).  Many motors can also be generators—one simply has to turn them in order to create electricity with them.

· Experiment with series vs. parallel wiring (see link below).

Safety note:  While not capable of producing dangerous levels of amperage, classroom-appropriate hand-cranked generators can provide unpleasant electrical shocks.  The teacher will discuss the concepts of insulation and safety and strictly enforce a zero tolerance for any unsafe practices.
Materials: 

Genecon Handheld Generator (recommended because of durability to cost ratio)

Old string of Christmas lights (separated into individual lights leaving 3 inches of wire on both ends.  Strip the wire 1/2 inch on each end.  Some should be left in small strands)

Alligator clip wires (@10 per group), Small DC motor(s)

Resources:
· Down the Lines: Our Delicate Electrical Grid” by Powering a Nation:  http://vimeo.com/7645659 

· NPPD Background:  http://www.nppd.com/About_Us/ 

· Explanation of series and parallel circuits:  http://www.allaboutcircuits.com/vol_1/chpt_5/1.html
Instructing Concepts: (Howdy Neighbor)
The Power Grid

Definition: Power Grid: the entire interconnected system of power plants and transmission lines that extends throughout the United States and into Canada and Mexico. The grid is divided into three "interconnections" that serve all of the consumers in each region. Smaller distribution points within these interconnections make the supply more manageable as it makes its way to consumers.

Key Ideas:

· Power is produced at power plants and transferred to homes via the power grid. 

· Generators in plants produce AC power. 

· Each generator can only handle a certain load (their peak capacity) before producing brown outs and black outs. 

· Power plants often have generating equipment which operates at varying levels of efficiency.  The less efficient equipment can be used during periods of peak demand.

Vocabulary:

· Energy is the ability or capacity to do work.

· Generators are machines that convert fossil fuel, nuclear fuel, water, wind, solar, and/or other energy into electricity.

· Circuit(s) - A conductor or a system of conductors through which electric current flows in a complete path.  Different configurations of circuits are possible, two of these are parallel and series.

· Alternating Current/AC:  the standard form of electricity supplied to consumers in the US.  Transformers are used to increase voltages for more efficient transmission.

· Direct Current/DC: a form of electricity in which electrons flow in only one direction—storage batteries use this form of electricity.

· Peak load or demand: the maximum amount of electricity needed during the time of greatest demand.

· Peak capacity:  the maximum amount of electricity of which a power plant is capable of producing.

· Kilowatt: 1,000 watts

· Kilowatt hour: the energy of 1,000 watts used for one hour (a 100 watt lightbulb used for ten hours is one kilowatt hour).

· Megawatt: 1,000,000 watts

· Megawatt hour: the energy of 1,000,000 watts used for one hour.  
A Final Thought

Society as we know it relies on the power grid for its very existence.  The continual demand for more energy will continue to strain the capacity of the power grid.  Brownouts or even blackouts will become more common.  The current infrastructure will not be sufficient in the near future.  We will have to make investments in growing and improving the power grid which costs money, time and resources if we are to meet our growing energy needs.
Organizing Learning: (Howdy Neighbor)
Summary: Students role-play a power grid setup and will actually measure what happens to the grid as load is added to it.  They use components to model a power grid.

Outline: 

· Students will simulate a power grid.

· Students will measure the power in the grid as load increases.

Activity: Students will create a model of a power grid.  They will also use multimeters in order to measure the volts and amps created during the power grid simulation.

Power Grid Simulation (PGS): Students will work in small groups of 2-3.  Each group must have a set of supplies (see below).  Students will operate the generator while adding lights, motors, and another generator, if available.  Before a light is added, a student will use the multimeter to determine the volts and amps being generated.  The students will attempt to both turn the generator at a constant speed, perhaps in tempo with a metronome, and as fast as possible.  See resources below for a link to teach how to use a multimeter to determine volts and amps.  The volts and amps will be recorded (amps will later be converted to watts using the formula of volts x amps = watts).  Lights and a motor(s) will then be added.  Volt and ampere readings will be taken after each addition.  Changes in the brightness of the lights as well as the difficulty of cranking will be recorded.  It would be useful for the students to create a simple scale to rate the difficulty of cranking (ie 1= cranking with no resistance and 10=barely able to crank the generator).  The inquiry might also explore these same variables with both series and parallel circuits.  Students will use the data to create line charts showing the effect of additions to the grid in terms of wattage, difficulty of cranking the generator, and/or brightness of lights/speed of motors.

Safety note:  While not capable of producing dangerous levels of amperage, classroom-appropriate hand-cranked generators can provide unpleasant electrical shocks.  The teacher will discuss the concepts of insulation and safety and strictly enforce a zero tolerance for any unsafe practices.
Materials: 

· Genecon Handheld Generator (recommended because of durability to cost ratio)

· Old string of holiday lights separated into individual lights leaving 3 inches of wire on both ends.  Strip the wire 1/2 inch on each end.  Some should be left in small strands.

· Alligator clip wires (@10 per group)
· Small DC motor(s)

· Multimeter for each group

· Metronome.

Resources:

Ehow link to measure volts and determine watts with a multimeter:

http://www.ehow.com/how_5978513_calculate-watts-electric-use.html
Understanding Learning: (Howdy Neighbor)
Summary: Students will demonstrate their knowledge about the effects of increased demand on the power grid.

Outline: 

( Formative assessment of the power grid

( Summative assessment of the power grid

Activity: Students will be assessed on their understanding of the functional properties of a power grid and important issues related to the grid.  The assessment phase of the lesson will begin with a debriefing of the “E” or “O” activity of the Power Grid Simulation.  Students will share their findings (re: the effects on the generator and light brightness as additional load is placed on the grid).  Sample questions/assessments are below.  

Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) What components are needed for a functioning power grid?

2) How do these elements impact the grid? 

3) What types of people make an electrical grid possible?

Summative Assessment

Students will create a drawing of a functioning power grid.  Each drawing must include a power plant(s), transmission lines, and multiple consumers.  Students will attach a written description of a power grid and explain the concepts of capacity and load as well as potential causes of brown outs or black outs.
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