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Project SHINE / SPIRIT2.0 Lesson: 

How Good Is Green?
==========================Lesson Header ==========================

Lesson Title: How Good Is Green?
Draft Date: 7/14/2010
1st Author (Writer): Randy Stribley

Industry Partner: NPPD

Instructional Component Used: Power Consumption

Grade Level: 9-12

Content (what is taught): 

· Power Consumption

Context (how it is taught):

· Kill A Watt Meter Activity
Activity Description:

The core of this lesson is focused on power monitoring activities.  All plug in appliances and electronic devices use some type of electricity that ends up costing money.  What some people don’t realize is the actual amount or impact these different devices have.  The power monitoring activities will investigate these devices.  

Optional Activities That Could Enhance the Activity:
Training - Explanation of a Kill A Watt electronic device

http://www.p3international.com/products/special/P4400/P4400-CE.html
Video - Many videos exist about energy monitoring, conservation and the Kill A Watt meter.  These can be found on the Internet.  Once example is “The Kill-a-Watt Competition at University of Central Florida” found at http://www.youtube.com/watch?v=dXpoMDdhfUI.

Food - You could add an activity involving toasting bread or pop-tarts and calculating related costs.  http://digital.ipcprintservices.com/display_article.php?id=313811
NPPD Background - A local power company could be utilized to help make a strong 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: SA1
Technology: TB4, TC2, TC4, TD3
Engineering: EA1, EB3, EE3
Math: MD1, ME1
Materials List: 

· Kill A Watt electronic devices

· Incandescent lamps

· Compact Florescent Lamp (CFL)

· Power strip

· Common electronic appliances and devices

Asking Questions: (How Good Is Green?)
Summary: There will be a class discussion centered on routine power consumption in school and at home.

Outline: 

· Discussion of electrical energy usage in the home

· Discussion of electrical energy usage at school

Activity: The teacher will guide a class discussion about electrical consumption in the home and at school.  Students will think about how much electricity is used, how much it costs, and how to change usage and cost.

	Questions
	Answers

	At this moment, how is electricity being used in this classroom?
	Answers will include lights, clock, computers. 

	What does this cost?  Is there any way to determine the cost?
	Answers vary.  Yes it can be determined if one knows the actual wattage being used and the cost of the electricity. 

	At this moment, how is electricity being used in your home?
	Similar answers to the classroom.

	Have you heard of “electricity vampires?”
	??  Explain that this is electricity used by items even when they’re not being used.

	Are there any electricity vampires in the classroom?
	Battery chargers, computers or televisions on standby…  If a computer lab is available, students could conduct research into electrical vampires and other energy wasters, below.

	Which might we have in our homes?
	There are often 50 or more in a home.

	Do all lights and appliances use similar amounts of electricity?
	No!  Incandescent vs. fluorescent.  Older appliances generally use more power.  

	Why did the federal government have a rebate incentive program for people to buy new appliances?
	To decrease electrical usage by getting rid of older appliances.

	Does it make financial sense for a homeowner or school to throw away perfectly good light bulbs or even refrigerators in order to replace them with energy efficient versions?
	Yes, it often does.  

	How could we figure out if it makes financial sense?
	We would have to measure the electricity being used, multiply it by the cost of the electricity, and then multiply that by the expected life span.  Then do the same with a more energy efficient item and compare them.


Resources:  

· Compact Fluorescent Bulbs and Mercury: Reality Check

http://www.popularmechanics.com/home/reviews/news/4217864
· NPPD Background:  http://www.nppd.com/About_Us/ 

· Electrical Use In Your Home

http://www.nppd.com/My_Home/Product_Brochures/Additional_Files/electric_usage.asp 

Exploring Concepts: (How Good Is Green?)
Summary: Students will use a Kill A Watt meter to measure power consumption of different items.

Outline: 

· Student will learn to use a Kill A Watt meter

Activity: Students utilize a Kill A Watt meter in order to determine the power consumption of various devices.

Kill A Watt: The Kill A Watt device is able to measure power consumption at specific time or over a period of time.  Ideally, a classroom would have enough of the Kill A Watt devices for each small group.  The realities of budgets, however, make it more likely that one may be available for the classroom (it is possible that others might be obtained from parents or a utility company).  In order to create an inquiry experience for students, each small group of 2-3 students can design an experiment, which they will then conduct for the class and/or in their group while the rest of the class works on something else.  Potential inquiries include:

1) Show the difference between incandescent and CFLs.

a. Hook up a similar light admitting incandescent and CFL.  If you have a light meter, you can use it to show similarity of lumens but these meters can be expensive.  Students should be able to see that they are about the same brightness. 

b. Use the Kill A Watt meter on each separately to show the difference in Watts used.

2)  Vampire Electric usage 

a. Hook up any type of portable electronic device power pack or charger.  This could be for a laptop, cell phone or music device.  Televisions, dvd players, or computers on standby or “off” could also be checked.

b. Use the Kill A Watt meter to show the vampire effect of the device.

3) Exploration around school: use the Kill A Watt meter to determine electric usage on refrigerators, microwave ovens, vacuum cleaners, etc.  Comparing different sizes and brands would be instructive.

4) Exploration at home 

a. Kill A Watt meters could be checked out to volunteers to monitor small group-planned situations at home over a period of time, recorded, and shared with the class.

Materials:
· Kill A Watt meter(s)

· Incandescent and compact fluorescent bulb

· Lamp for use with the bulbs

· Various electrical appliances

Instructing Concepts: (How Good Is Green?)
Electrical Power Consumption

Key Ideas:

· Electricity is the flow of electrons and is a force that can “do work”. 
· You must have a complete circuit for electricity to do work. 
· Energy is used by all electronic devices when running.  
· Modern electrical devices are being engineered to reduce the amount of electricity used while both actively being used and while turned off.
· Some devices don’t need to be switched on to still use electricity, these standby losses are often called electrical “vampires”. 

· The amount of standby power wasted varies among electronic equipment, but overall, the cost to consumers and businesses for all the electricity lost to vampire power in the US is estimated to be $4 billion annually.  Approximately 5%-10% of all household use is this type of loss. 
Vocabulary: 
· Electricity: a fundamental form of energy observable in positive and negative forms that occurs naturally (as in lightning) or is produced (as in a generator) and that is expressed in terms of the movement and interaction of electrons
· Vampire Power: Wasted Standby Power in Home Electronics and Appliances.
· Watt: a standard unit of measurement for electricity.  The wattage of devices provides a means of determining relative electrical consumption.
· The rate at which power is consumed by a device or unit (such as a building) is often expressed in kilowatt-hours.
· Kilowatt Hour (kWh): the basic unit of electric energy equal to 1 kilowatt or 1,000 watts of power used for one hour. The amount of power the customer uses is measured in kilowatt hours (kWh). A 100-Watt light bulb operated for 10 hours uses 1 kWh.
Organizing Learning: (How Good Is Green?)
Summary: Students will use a Kill A Watt meter to measure power consumption and calculate the operating cost of different items.

Outline:

· Students will test different appliances to find power consumption.

· Students will compute energy cost for appliances for a year and over the lifetime of the appliance.

Activity: Students will complete an activity utilizing a Kill A Watt meter.  In the activity, the power consumption of different appliances will be measured.  This information will be used to compute power usage of the appliance over time (ie. for a year and for the lifetime of the appliance).  Finally, the cost to own the appliance will be calculated.

Attachments:
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S086-SHINE-How_Good_is_Green-O-Activity.doc

Resources:
· How to Calculate the Cost of a Running Appliance:

http://www.ehow.com/how_2319652_calculate-cost-running-appliance.html 

· Electric Usage in Your Home:

http://www.nppd.com/My_Home/Product_Brochures/Additional_Files/electric_usage.asp 

Understanding Learning: (How Good Is Green?)
Summary: Students will determine the cost effectiveness of replacing a less efficient device.

Outline: 

· Formative assessment of power consumption

· Summative assessment of power consumption

Activity: Students will be assessed on their understanding of the functional properties of electrical power consumption and their ability to relate it to cost of living. The teacher will model one example, such as an incandescent vs. compact florescent bulb.  

· Energy used by incandescent: 60 watts x 1,000 hours / 1,000 (to convert to kWh)  x $.10/kWh = $6.00 per thousand hours of use.

· Cost of operation of CFL: 13 watts x 1,000 hours / 1,000 x $.10/kWh = $1.30 per thousand hours of use.  

· To operate a CFL for its expected life: 8 (number of thousand hours) x $1.30 = $10.40

· To operate an incandescent over the same period: 8 x $6.00 = $48.00

Since 8,000 hours is the life expectancy of a CFL, you’d need to purchase one of them, at a cost of $1.25.  Total cost of the CFL for 8,000 hours is $11.65.
Since the expected life expectancy of an incandescent bulb is 1,300 hours, you’d need to purchase 6.15 of them.  6.15 x $.34/bulb equals $2.09.  Add this to energy cost and the cost to use incandescent bulbs over the same 8,000 hours is $50.09.  Local costs and kWh costs should be used.  Clearly, the CFL is superior.  

Formative Assessment

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

1) How much does it cost to run an incandescent light bulb for one week?

2) How much does it cost to run a CFL for one week?

3) Does it always make sense to replace a less-efficient appliance with a more efficient one?

Summative Assessment

Students will each be provided a data set to analyze. See attached file:

S086-SHINE-How_Good_is_Green-U-Assessment.doc  The students will use the power consumption information along with the costs of replacement and life expectancy data in order to determine if replacement of the device with a more energy efficient device is cost-effective.  This example is for LED vs. CFL bulb  (LED’s are highly efficient lighting devices.  They may become the CFL of the future once their purchase costs decline.)

The teacher may wish to provide more locally-specific data and/or use a different example such as replacing an older refrigerator or washing machine with a new one.

Attachments:
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