What Does It Mean





Name: ______________________________
to $ave Energy?






Date: ____/____/____ 
Hour: ____
Introduction: 

There is plenty of disagreement over what America should do about energy in the future.  However one thing almost everyone agrees on is the need to conserve energy, and use it wisely—not wastefully.  Energy efficiency, conservation, and savings must be a starting point for any discussion of modern energy use and so it is the focus of this activity.  In it you will assess the electrical energy consumption of a typical family.  Then after implementing certain efficiency measures, you will evaluate the results of your efforts.  Many of the energy-saving measures you consider in this activity will involve choices you will face one day, probably a lot sooner than you think.  Let’s see what conservation can really mean for you, our natural resources, our environment, and our nation.

Materials: 
Computer with Internet access




A recent copy of Wisconsin Energy Statistics Highlights, published by the Wisconsin





Department of Administration, Division of Energy



Energy conservation pamphlets from WPS

Procedure:

1. 
________________---________%  This activity will assess electrical energy use only.  Using the Wisconsin Energy Statistics Highlights, determine the number one fuel used to produce electrical energy in the state of Wisconsin. Write it in the first blank, above.  Next to this fuel source, write down what percent of Wisconsin electricity it is used to generate.

2.
Follow your teacher’s instructions to navigate to the Wisconsin Public Service Electric Appliance Calculator on the Internet.  Once there, look over the Appliance Calculator and take note of the way it is organized.

3.
You will enter data into the Appliance Calculator, but it will not be data from you or your family.  Your usage data would be difficult to determine (but not impossible—you are welcome to use this calculator at home).  Instead, you will read a story about a family that uses the appliances listed, and enter their data into the calculator.  The story is about the Jay family, a family that uses typical electrical appliances more or less the way most people use them.  Read the story The Jays Use Electricity on the next page.  As you read, enter their use for each appliance in the “Usage” box of the calculator.  Take note of how many Watts each appliance uses, and how much it costs the Jays to use that appliance for a year as you enter your data.

The Jays’ Use Electricity

John and Joan Jay are average parents with two average high school age children—James and Jackie.  John, Joan, James and Jackie, use an average number of electric appliances in their home for average amounts of time.  This results in average electrical energy use on their average energy bill.

The Jays have both 19” and 27” TV sets, each of which they watch an average of 3 hours per day.  Sometimes they watch DVD’s on TV (averaging a total of 1 hour of DVD use / day) and sometimes they record and watch videocassettes (averaging a total of 2 hours of VCR use / day, and 22 hours / day on standby).  Together, James and Jackie average 1.5 hours per day playing on an Xbox as well.

The Jays average listening to the clock radios in their kitchen and bathroom about 120 minutes / day.  When not in use, these two clock radios are on standby (total, 46 hours / day).  Like most people, the Jays turn their computer on in the morning and off at night, averaging 15 hours / day on, and 9 hours / day on standby (asleep).

The Jay children always get up before their parents in the morning to make them coffee (average use of the coffee maker, 60 minutes / day).  All together, the Jays use the following kitchen appliances to prepare meals according to these averages:

· Toaster oven

10 minutes / day

· Range



1 hour / day

· Oven



1 hour / day

· Microwave


30 minutes / day    

                          (on standby 23.5 hours / day)

Of course, the Jays keep perishable food cold in the refrigerator 12 months per year.  The Jays also buy a lot of food in bulk and so they operate an upright freezer 12 months of the year.  Like all teenagers, James and Jackie help out by filling the dishwasher after the evening meal.  The dishwasher runs for 60 minutes / day.  James and Jackie always empty the dishwasher before their 9:30 bedtime.

Everyone pitches in at the Jay house to do the laundry, so the washer and electric dryer are each used an average of 2 hours per day.  A little over an hour’s worth of ironing is done on the weekend (average 10 minutes / day).  

John and Joan work hard to provide a comfortable home for their children, so they have central air conditioning, which they use 4 months of the year.  A room air conditioner is used in the family den for 5 months of the year, while a dehumidifier runs in the basement an average of 7 months out of the year.  A 52-gallon electric hot water heater provides nice, hot water for the family on demand all year round.  A ceiling fan (used on average 2 hours / day), window fan (averaging 0.5 hours of use a day), and portable heater (average use 0.5 hours / day) round out the Jay family use of heating and cooling appliances.

Joan and Jackie both use the hair dryer, averaging 20 minutes of use / day between the two of them.  And finally, either James or Jackie vacuums the house each day, averaging 15 minutes / day of vacuum use.  Like all teens, they do this because they know how hard their parents work to pay the bills to make their lives so comfortable every day.

__________________________________________________________________________________________
4.
After entering the appliance usage from the story, verify the TOTAL $ / Year with your teacher.  Then print out a copy of the Appliance Calculator.

5.
On your printout, rank the twelve electric appliances that are the most costly to operate based on 

your $ / Year (annual cost) data.

6.
Now let’s bring energy efficiency into the picture.  You will “purchase” energy efficient appliances to “replace” the twelve most costly to operate electric appliances in the house.  You will assume that each energy efficient version uses only 80% of the energy of the appliance it replaces—a 20% energy savings through efficiency.   Locate the Typical Watts used by each of the twelve most costly to operate electrical appliances.  Multiply each of those numbers by 0.80 (the decimal form of 80%).  Replace the Typical Watts in the Appliance Calculator with your result for each of the twelve appliances.  Note the money saved on each appliance as you do this.

7.
Verify the new TOTAL $ / Year with your teacher.  Then print out a copy of the updated Appliance Calculator and complete the table below.

	Table 7                  Dollars Spent and Saved on Electricity (per year)
	

	Dollars / year spent before buying efficient appliances:
	 $

	Dollars / year spent after buying efficient appliances:
	 $

	Dollars / year saved through energy efficiency:
	 $


8.
Now convert dollars to kilowatt-hours (KWH) of electricity.  Divide each of the dollar figures in the table above by the current charge for electricity from Wisconsin Public Service.  You will find the current electrical rate at the end of the Appliance Calculator.  Enter the results in the table below.

	Table 8                  KWH Used and Saved (per year)

	KWH / year used before buying efficient appliances:
	KWH     

	KWH / year used after buying efficient appliances:
	KWH

	KWH / year saved through energy efficiency:
	KWH


9.
Next, convert kilowatt-hours (KWH) of electricity used and saved, to KWH of coal power used and saved.  Recall that coal is our primary fuel source for electricity in Wisconsin.  Take the percentage of Wisconsin electricity generated from coal (from question 1) and multiply each of the KWH numbers in the above table by that percentage, but in decimal form.  Write the results in the table below.

	Table 9                  KWH of Coal Power Used and Saved (per year)

	Electricity generated from coal before buying energy efficient appliances:
	KWH     

	Electricity generated from coal after buying energy efficient appliances:
	KWH

	Electricity generated from coal saved through efficiency:
	KWH


10.
Now you may convert the above figures to pounds of coal.  It turns out that on average 1.2 pounds of coal are burned in order to generate one KWH of electricity.  Take the coal KWH figures from the previous table and multiply them by 1.2 to get pounds of coal used and saved.  Enter the results below.

	Table 10                Pounds of Coal Used and Saved (per year)

	Pounds of coal burned before buying energy efficient appliances:
	lbs. coal     

	Pounds of coal burned after buying energy efficient appliances:
	lbs. coal     

	Pounds of coal saved from being burned through efficiency:
	lbs. coal     


11. 
Last, determine the emissions released to the air, and air emissions saved through efficiency.  As it happens, for each KWH of electricity generated at a coal power plant approximately 2.2 lbs. of emissions are put into the air (in the form of CO2, SO2, NOx, and particulates).  Take the coal KWH figures from Table 9 and multiply each by 2.2 to get air emissions figures.  Enter the results below:

	Table 11                Pounds of Air Emissions Released and Saved (per year)

	Pounds of air emissions released before buying energy efficient appliances:
	lbs. air emissions     

	Pounds of air emissions released after buying energy efficient appliances:
	lbs. air emissions     

	Pounds of air emissions saved from being released through efficiency:
	lbs. air emissions     


12.
Let’s summarize.  You “bought” 12 energy efficient appliances and plugged them into the Appliance Calculator to determine the energy savings.  All of them, except for the computer, will probably last more than 10 years.  For convenience, let’s use a 10-year savings number to complete the table, below:

	Table 12                Summary Table: Ten Year Savings Through Efficiency



	12a.
	How much money will you save* through energy efficiency over ten years?
	$                                                 saved

	12b.
	How many pounds of coal will be saved from being burned through efficiency over ten years?


	lbs. coal saved

from being burned

	12c.
	How many tons of coal will be saved from being burned through efficiency over ten years (previous answer ( 2000)?
	tons of coal saved

from being burned

	12d.
	How many pounds of air pollution will be saved from being released through efficiency over ten years?


	lbs. air pollution

saved from being released

	12e.
	How many tons of air pollution will be saved from being released through efficiency over ten years (previous answer ( 2000)?
	tons of air pollution

saved from being released


* 
Dollar savings can be a confusing and frustrating issue for consumers when it comes to buying energy-efficient products.  Over time, as energy prices rise, consumers may not see much of a savings.  In time, an energy bill may even increase.  However it is important to know that in “today’s dollars” there is a considerable cost savings.  In fact, as prices rise, energy savings from efficiency actually increase.  Imagine what would happen to energy bills over time without buying energy-efficient appliances!
13.
Recall that not all electricity is generated by burning coal.  So in addition to air emissions savings from not burning coal, other emissions are saved from other energy sources.  Name at least one other  emission, or waste, that is saved when electricity is conserved.

__________________________________________________________________________________


__________________________________________________________________________________


14.
As you have seen, conservation leads to money savings.  Besides money, what else is saved or conserved?

__________________________________________________________________________________


__________________________________________________________________________________


__________________________________________________________________________________


15.
In this activity, you replaced the twelve most costly to operate electric appliances in the Jay home with energy efficient versions.  For most people, it is simply not practical or cost-effective to do this all at once.  Explain why in convincing detail.

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________


__________________________________________________________________________________



16.
Does conservation necessarily mean that people have to live without energy, or live without comfort in their lives?  Explain your answer to this question in convincing detail.

__________________________________________________________________________________


__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________

17.
In this activity, you have not considered “living without,” or eliminating wasteful practices as ways to save energy.  An example of “living without” could be choosing to live without as much air conditioning in the summer to save energy.  Simply turning off the lights when leaving a room is a good example of eliminating an energy-wasteful practice.  Describe some additional choices and behavioral practices you (and most people) can do to save energy.

17a.
______________________________________________________________________________


__________________________________________________________________________________

17b.
______________________________________________________________________________


__________________________________________________________________________________

17c.
______________________________________________________________________________


__________________________________________________________________________________

17d.
______________________________________________________________________________


__________________________________________________________________________________



18.
Now let’s focus on conserving heat in winter.  In Wisconsin, space heating makes up a large part of the wintertime energy bill of every home and business.  There are many traditional energy-conserving applications that can be used to conserve winter heat energy.  These measures usually pay back quickly.  One example is to apply extra insulation, especially in attic areas.  Describe additional energy-saving applications you (or your parents, or most people) could use to conserve winter heat energy.

18a.
______________________________________________________________________________


__________________________________________________________________________________

18b.
______________________________________________________________________________


__________________________________________________________________________________

18c.
______________________________________________________________________________


__________________________________________________________________________________

18d.
______________________________________________________________________________


__________________________________________________________________________________


19.
Is it important for you to save energy and practice energy conservation as an individual?  Explain your answer in convincing detail below.


__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________



20.
Is it important for us to save energy and practice energy conservation as a nation?  Explain your answer in convincing detail below.

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________


21.
Note that in question number 10 you multiplied KWH by 1.2 to get pounds of coal used and saved.  Then in number 11 you multiplied KWH by 2.2 to get pounds of air pollution released and saved.  If you consider these numbers carefully you will realize that coal gives off a greater weight of air pollution than the coal itself weighs.  No, this is not impossible.  In fact, there is a perfectly reasonable explanation for this occurrence.  Try to figure out or research the explanation and explain it below.  If you cannot, be sure to ask your teacher about it.


__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________


22.
Your teacher will assign you to one of the twelve electric appliances that are the most costly to operate (from number 5).  Your job will be to research the best replacement.  There are many online tools available to assist you in performing this task.  Some of these tools are available right on the 

WPS website, or you may be able to link to research tools from there.  Your teacher will be able to assist you with online research if you need help.  Convincingly propose the best replacement appliance in terms of:

· Efficiency

· Required or desired features

· Cost to purchase compared with money saved over time ($ invested vs. $ saved)

Your proposal must furnish a specific appliance brand and model.  You must also explain why several other competing brands and models are not quite as good as your choice.

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________


__________________________________________________________________________________

__________________________________________________________________________________


__________________________________________________________________________________


__________________________________________________________________________________


Unit 2, Lesson 1: What Does It Mean to $ave Energy?

Instructor’s Guide

Objectives:

Students will know the consequences of using energy efficient home appliances in terms of:

· money saved

· electricity saved

· energy resources saved

· air pollution saved

Students will consider other methods of conservation, apart from the use of efficient appliances.

Students will research the purchase of a typical home appliance, focusing principally on its 

efficiency.
Wisconsin Model Science Standards Addressed: 

Science Connections, A.12.1:  Apply the underlying themes of science to develop defensible visions of the future.
Science Connections, A.12.2:  Show how conflicting assumptions about science themes lead to different opinions and decisions about evolution, health, population, longevity, education, and use of resources, and show how these opinions and decisions have diverse effects on an individual, a community, and a country, both now and in the future. 

Science Connections, A.12.3:  Give examples that show how partial systems, models, and explanations are used to give quick and reasonable solutions that are accurate enough for basic needs. 

Science Connections, A.12.5:  Show how the ideas and themes of science can be used to make real-life decisions about careers, work places, life-styles, and use of resources.
Science Connections, A.12.6:  Identify and, using evidence learned or discovered, replace inaccurate personal models and explanations of science-related events. 

Nature of Science, B.12.3:  Relate the major themes of science to human progress in understanding science and the world. 

Science in Personal and Social Perspectives, H.12.1:  Using the science themes and knowledge of the earth and space, life and environmental, and physical sciences, analyze the costs, risks, benefits, and consequences of a proposal concerning resource management in the community and determine the potential impact of the proposal on life in the community and the region.
Science in Personal and Social Perspectives, H.12.4:  Advocate a solution or combination of solutions to a problem in science or technology. 

Science in Personal and Social Perspectives, H.12.5:  Investigate how current plans or proposals concerning resource management, scientific knowledge, or technological development will have an impact on the environment, ecology, and quality of life in a community or region. 

The Main Thing:

Energy efficiency, conservation, and savings must always precede any discussion about renewable energy.  Conservation and renewable energy have a lot in common.  As students will see in this activity, energy conservation saves money in the long run.  So can renewable energy systems.  Conserving energy means preserving natural resources and saving on air emissions, which students will see in this lesson.  Renewable energy systems do likewise.  In addition, several upcoming lessons develop the theme of reducing the energy load of a home or building.  This almost always the first step to be taken before installing a renewable energy system.  Bring these principles up as you proceed through this unit and this lesson.

“Going renewable” doesn’t make a lot of sense without energy efficiency, conservation, and savings first.  That’s why a lesson on energy efficiency leads off this unit.
Activity and Teacher Notes:
This activity will probably work best with students working in small groups at a computer so that data entry is easier.  If a group approach is chosen, it is still expected that each student individually complete the written exercises.  The teacher of this activity will need to complete updated Appliance Calculator answer keys in advance of the lesson so that students may verify their work.  This may have to be done each year as Typical Watts, $ / Month, and electrical cost / KWH figures may change.

1.
The answer will be coal, at around 60%--from Wisconsin Energy Statistics Highlights Wisconsin Electric Utility energy Use, by Type of Fuel.  Actually, the percent of electricity generated by coal is somewhat higher as large shares of our electric imports from other states are generated by coal too.  For simplicity’s sake in this lesson we will use the percentage stated on the graph/chart.

2.
The WPS Appliance Calculator is available at the WPS website.

3.
Students enter data into the Appliance Calculator from the Story The Jays Use Electricity here.

4.
Students will check their TOTAL $ / Year with you to verify that they have entered data from the story correctly.


5.
Students reenter data to the Appliance Calculator per instructions.

6.
Students check their new TOTAL $ / Year with you to verify that they have accounted for better efficiency correctly.

7-8-9-10-11-12.
Students perform the operations according to the instructions in the procedure.  Circulate and check for student accuracy.

13.
Nuclear waste is probably the best answer.

14.
Natural resources are conserved and air emissions are prevented.

15.
The time it takes to recover the money spent to replace the appliances is a point that needs to be developed in this student answer.  Students may also know that energy-efficient appliances typically cost more than their less efficient counterparts, making the cost recovery timeline even longer.


16.
Energy conservation does not necessarily mean that people have to live without energy or comfort.  This activity is proof of that as the actions taken to successfully conserve energy only involved changing appliances.

17.
Students should center their answers on choices and behavioral practices (similar to the examples given) that save energy here.  Answers will vary considerably.


18.
Student answers should center on common energy-saving practices designed to conserve heat in the winter.  Many of these are old, tried-and-true, traditional practices that are almost always cost-effective in the short run.  Common answers should be applications like weather-stripping, caulking, window film, etc.


19-20.  Some discussion prior to answering these questions may be beneficial.  This lesson is designed to show students that as an individual they can:

· have a significant impact on the amount of natural resources they consume

· significantly reduce the air emissions they are responsible for generating

· save a lot of money

As individuals, we make up a nation so these same things can occur at the national level.  You might consider taking the coal and pollution savings calculated by each student and multiplying them on a chalkboard by the number of people in the classroom.  This will show how substantial the impact of just a few people working together can be.  With even more people doing the same, our nation’s air can become cleaner, and we will use smaller amounts of energy resources overall.  This would also improve our nation’s energy security.

21.
Coal is pretty much just carbon (element symbol “C”).  In order for energy to be released in its combustion, it must burn in the presence of molecular oxygen in the air, (element symbol “O”).  In the product, carbon dioxide (CO2), one carbon atom and two oxygen atoms are bonded together and naturally weigh more than just a single, original carbon atom.  Just as naturally, burning a ton of carbon as coal will release considerably more than a ton of air emissions.



C               +               O2               →→→→→→               CO2  


   From the coal:             From the air:                                          Product:


 1 carbon            1 molecule of oxygen                     1 molecule of carbon dioxide

           atom                  (2 oxygen atoms)                     (1 carbon atom + 2 oxygen atoms)    


         12 grams/mole           32 grams/mole                                    44 grams/mole
  

22.
Assign students to investigate the best replacement for one of each of the twelve electric appliances that are the most costly to operate.  The WPS website contains suggested websites students may visit to research potential replacements.  Your suggestions and assistance may be needed as this type of research is not something your students will have much experience with.  You may take the activity a step further and have students hit the local appliance stores instead of, or in addition to online research.  You may have students present their findings orally, or in poster form in place of (or in addition to) their written research.  Students will be learning the real-world art of researching an appliance purchase, an excellent way to conclude this activity.  
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