Juniata College   Science in Motion


THE ELECTRIC HOOKUP

[image: image2.wmf]In Conjunction with The Ecological Footprint

Objectives:

The student will do the following:

1. Determine the wattage of various household appliances.

2. Calculate the number of kilowatt-hours used by appliances.

3. Identify the need to limit the use of appliances to conserve energy.

4. Identify costs per kilowatt-hour (kWh) of appliances.

5. Explain how the actions of a society may or may not lead to sustainability.

6. Compare electrical energy demand and usage in our part of the world to other parts of the world… and tie this to the Ecological Footprint. 

Subjects:

General Science

Physical Science

Environment 

Time:

3 class periods (over 2 weeks)

Materials:

Student sheets (included)

KilaWatt Meter

Various light bulbs

Holiday lights

Other Appliances as desired

Background Information

A list of all the energy-using appliances and equipment in an average American home

would show why it is estimated that a well-equipped home consumes as much as

35,000,000 British thermal units (BTU) of energy each year to operate. Considering that

much of this energy is wasted; a great opportunity for energy conservation exists.

The first step toward conservation is to gain a better understanding of the energy

consumption of each appliance or piece of equipment. An appliance's wattage is an

indicator of how much electricity is used while operating the appliance. An appliance

requiring 1,000 watts would use one kilowatt-hour of electricity during one hour of

operation. For example, the average mixer uses 127 watts. This 127 watts divided by

1000 watts/kilowatt-hour of operation equals 0.127 kilowatt-hour. If the mixer is used for

6 minutes, 0.0127 kilowatt-hour of electricity has been used.

Procedure


1. Introduce the activity by sharing with the class the information in the background section above.


2. Distribute the student sheet "Wattage Ratings," included. Have the students bring in wattage ratings from various appliances around their homes. Ask each student to choose appliances that use different amounts of energy and that produce different kinds of energy from the electricity they use (e.g., heat, sound, or motion). Caution the students not to move large appliances by themselves to obtain wattage ratings. Have them seek permission and aid from parents to locate wattage rating information. (Check the owner's manuals before moving appliances.) Use appliances in the school as examples. Students may be assigned different equipment to ensure a wide range and thorough investigation of household appliances. Student sheet answers (in terms of kilowatt-hours of energy required) may be expanded to annual use by determining daily or weekly use and multiplying. If you prefer, use the student sheet "APPLIANCE ENERGY USE," included.


3. Distribute the student sheet "HOW TO READ YOUR METER," included.


A. Tell the students to record daily meter readings at home for two weeks, 
 and then to bring in an old utility bill along with the data they will have accumulated.


B. Review the information recorded on their utility bills. Then, have each student calculate the charge per kilowatt-hour by dividing the energy charge by the number of kilowatt-hours used in his/her home for that month's bill. (Be sure to use only the energy charge; do not include other fees the utility may assess.) Typical residential rates in the Valley region average less than $0.06 per kWh.

C. Have each student relate the amount spent on one month's electric bill to something that is pertinent to his/her own life. For example, students may relate the electric bill to car payments, the cost of music tapes, stereo equipment, schoolbooks, or athletic shoes. Solicit several examples from the class.


4. After completing the activities on the student sheets, distribute the student sheet


"MAKING CHOICES" included. Are the students willing to change their habits 
and attitudes, and possibly their lifestyles, to conserve energy?


5. Continue with the follow-up below.

FOLLOW-UP

1. Discuss the negative feelings the students may have about conserving electrical energy. What are the negative aspects of conservation? (By now, the benefits should be obvious-saving money and resources.) Conservation often takes self-discipline, development of routine habits, imposing rules upon oneself, lifestyle changes, and changes in purchasing patterns. Oftentimes these things are not fun or easy for people to accept. What ways can the students think of to motivate themselves and others to conserve?

2. Discuss some practical ways in which students can improve energy conservation in their own homes. Ask, "In what area is your family conserving energy best?" (for example, turning off lights). Ask, "In what area is your family not conserving energy well?" (for example, leaving the TV on while no one is watching). Are any of the students' families involved in serious energy conservation efforts such as the use of solar water heaters, automatic timers on heating/cooling systems, high-efficiency appliances and/or lighting, or other innovative conservation methods? Can the students recommend effective conservation practices to their classmates?

Student Sheet

WATTAGE RATINGS

Check four different appliances for their wattage ratings. Using the conversion to kilowatt-hours (kWh) calculate the electricity usage for each appliance.

Appliance: ______________________________

_______watts/1000 watts/kWh per hour of operation = _______ kWh

Appliance: ______________________________

_______watts/1000 watts/kWh per hour of operation = _______ kWh

Appliance: ______________________________

_______watts/1000 watts/kWh per hour of operation = _______ kWh

Appliance: ______________________________

_______watts/1000 watts/kWh per hour of operation = _______ kWh

Appliance: ______________________________

_______watts/1000 watts/kWh per hour of operation = _______ kWh

ELECTRICAL APPLIANCE ENERGY TABLE

	Appliance Wattage

Rating


	Kilowatt-hours of

Electricity Used per

Hour


	Ounces of Oil

Burned per Hour


	Ounces of Coal

Burned per Hour



	10
	0.01
	0.01
	0.13

	25
	0.025
	0.025
	0.33

	40
	0.04
	0.4
	0.5

	60
	0.06
	0.6
	0.8

	100
	0.1
	1
	1.33

	150
	0.15
	1.5
	2

	200
	0.2
	2
	2.66

	300
	0.3
	3
	4

	500
	0.5
	5
	6.66

	750
	0.75
	7.5
	10

	1000
	1
	10
	13.33

	1500
	1.5
	15
	20

	2000
	2
	20
	26.66

	5000
	5
	50
	66.66

	10000
	10
	100
	133.33


Student Sheet

APPLIANCE ENERGY USE

Think about burning ten 100-watt light bulbs for one hour. That's the amount of electricity equivalent to one kilowatt-hour. Just as you pay for gallons of gas, quarts of milk, and loaves of bread, you pay for kilowatt-hours of electricity.  The chart below shows the average number of kilowatt-hours of electricity that various

appliances use.*     If you are interested in how much it costs to operate one of these appliances for a month or a year contact your local utilities company or see the brochure that is provided.

Average kWh Used

Kitchen Appliances 


Annually
 Average kWh Used Monthly
· Range w/self-cleaning oven 

1224



 102

· Range w/oven 



1152



 96

· Microwave oven 


300 



25

· Frying pan



 190



 16

· Coffee maker 



110 



9

· Toaster 



40



 3

· Mixer 




10 



1

· Food disposer



 30 



3

· Dishwasher



 1560** 


130

· Refrigerator/freezer

    16-25 cu ft side-by-side

     model, automatic defrost

2160 



180

· Refrigerator/freezer

    4 cu ft automatic defrost

1800



 150

· Refrigerator/freezer

     14 cu ft manual defrost

1200



 100

· Refrigerator/freezer

     17 cu ft, 2-door, high

     efficiency, automatic defrost

1200



 100

· Freezer, 15 cu ft automatic

      defrost




1200 



150

· Freezer, 15 cu ft manual

      defrost




1800 



100

Laundry Appliances

· Clothes dryer 



1000



 83

· Clothes washer 


624**



 52

· Hand iron 



150 



13

Other Appliances

· Quick recovery water heater

 5400*** 


450

· Vacuum cleaner 


50 



4

· Clock 




18



 2

· Toothbrush



 0.5 



0.04

Student Sheet

APPLIANCE ENERGY USE

(continued)

Average kWh Used

Entertainment Appliances 


Annually
 Average kWh Used Monthly
Color TV 




660


 55

Tube Type




 440 


37

Solid State 




440


 37

B&W TV

Tube Type 




350 


29

Solid State




 120 


10

Radio/phonograph



 110


 9

Comfort Appliances

Electric furnace



 13200***** (Seasonal)

Heat pump




 66000**** (Seasonal)

Air conditioner, Central, per

ton







1500***** (Seasonal)

Air conditioner, Room, one

Ton





1500 (Seasonal)

Dehumidifier




 400


 33

Electric Blanket 150 (Seasonal)

Attic fan 




300 (Seasonal)

Ceiling fan 




130 (Seasonal)

* These figures are averages and will vary depending on the user's habits and lifestyle

** Includes kWh for heating water used by appliance.

*** This value accounts for all hot water usage, including dish washing and clothes washing.

**** Heat only.

***** Based on 1,500 sq. ft house insulated to meet TVA standards for energy efficiency.

If your house does not meet these standards it may use considerable more electricity

during the heating and cooling seasons.

The Electric Hook-Up

Teacher Notes

PA Standards:

Environment and Ecology Standards

4.2 Renewable and Nonrenewable Resources 

4.2.7

A. Know that raw materials come from natural resources.

· Identify resources used to provide humans with energy, food, housing and water.

· Identify types of minerals and fossil fuels used by humans.

B. Examine the renewability of resources.

· Identify renewable resources and describe their uses.

· Identify nonrenewable resources and describe their uses.

· Compare finished products to their original raw material.

· Identify the waste derived from the use of renewable and nonrenewable resources.

· Determine how consumption may impact the availability of resources.

· Compare the time spans of renewability for fossil fuels and alternative fuels. 

C. Explain natural resource distribution. 

· Distinguish between readily available and less accessible resources.

· Identify the locations of different concentrations of fossil fuels and mineral resources.

· Analyze the effects of management practices on air, land and water in forestry, agriculture, fisheries, wildlife, mining and food and fiber production that is unique to different climates.

D. Describe the role of recycling and waste management.

· Identify materials that can be recycled in the community.

· Explain the process of closing the loop in recycling.

· Compare the decomposition rates of different organic materials.

· Describe methods that could be used to reuse materials for new products.

· Evaluate the costs and benefits of disposable products.

4.2.10
A. Explain that renewable and nonrenewable resources supply energy and materials.

· Identify alternative sources of energy.

· Identify and compare fuels used in industrial and agricultural societies.

· Compare and contrast the cycles of various natural resources.

B. Evaluate factors affecting availability of natural resources.

· Describe natural occurrences that may affect the natural resources.

· Analyze technologies that affect the use of our natural resources.

· Evaluate the effect of consumer desires on various natural resources.

C. Analyze how man-made systems have impacted the management and distribution of natural resources.

· Explain the complete cycle of a natural resource, from extraction to disposal, detailing its uses and effects on the environment.

· Analyze energy uses and energy conservation in different regions.
· Examine conservation practices in different countries.

· Analyze the costs and benefits of different man-made systems and how they use renewable and nonrenewable natural resources.

· Analyze the impact of information systems on management and distribution of natural resources.
D. Explain different management alternatives involved in recycling and solid waste management.

· Analyze the manufacturing process (before, during and after) with consideration for resource recovery.

· Compare various methods dealing with solid waste (e.g., incineration, compost, land application).

· Differentiate between pre/post-consumer and raw materials.
·  Illustrate how one natural resource can be managed through reduction, recycling, reuse or use.  
4.2.12

A. Analyze the use of renewable and nonrenewable resources.

· Explain the effects on the environment and sustainability through the use of nonrenewable resources.

· Evaluate the advantages and disadvantages of reusing our natural resources.

B. Analyze factors affecting the availability of renewable and nonrenewable resources.

· Evaluate the use of natural resources and offer approaches for using them while diminishing waste.

· Compare the economics of different areas based on the availability and accessibility of the natural resources.

C. Analyze factors that influence the availability of natural resources.

· Compare the use of natural resources in different countries.

· Determine how delivery systems influence the availability of resources at the local, regional and national level.

4.8  Humans and the Environment 

4.8.7

A. Describe how the development of civilization relates to the environment.
· Explain how people use natural resources in their environment.

· Locate and identify natural resources in different parts of the world.

· Compare and contrast how people use natural resources throughout the world.

B. Explain how people use natural resources.
· Describe how natural resources are used for survival.

· Explain how natural resources and technological changes have affected the development of civilizations.

C.  Explain how climate and extreme weather events (e.g., drought, flood) influence people’s lives.
Explain how human activities may affect local, regional and national environments.

· Describe what effect consumption and related generation of wastes have on the environment.

· Explain how a particular human activity has changed the local area over the years.

D. Explain the importance of maintaining the natural resources at the local, state and national levels.

· Explain how human activities and natural events have affected ecosystems.

· Explain how conservation practices have influenced ecosystems.

· Define the roles of Pennsylvania agencies that deal with natural resources.
4.8.10
A. Analyze how society’s needs relate to the sustainability of natural resources.

· Explain why some societies have been unable to meet their natural resource needs.

· Compare and contrast the use of natural resources and the environmental conditions in several countries.

· Describe how uses of natural resources impact sustainability.

B. Analyze the relationship between the use of natural resources and sustaining our society.

· Explain the role of natural resources in sustaining society.
· Analyze the effects of a natural resource’s availability on a community or region.

C. Analyze how human activities may cause changes in an ecosystem.

· Analyze and evaluate changes in the environment that are the result of human activities.

· Compare and contrast the environmental effects of different industrial strategies (e.g., energy generation, transportation, logging, mining, agriculture). 

D. Explain how the concept of supply and demand affects the environment.

· Identify natural resources for which societal demands have been increasing.

· Identify specific resources for which human consumption has resulted in scarcity of supply (e.g., buffalo, lobsters).

· Describe the relationship between population density and resource use and management.


4.8.12
A. Explain how technology has influenced the sustainability of natural resources over time.

· Describe how technology has changed the use of natural resources by business and industry.
· Analyze the effect of natural resource conservation on a product over time (e.g., automobile manufacturing, aluminum can recycling, paper products).
B. Analyze technology’s role on natural resource sustainability.

· Explain how technology has decreased the use of raw natural resources.
· Explain how technology has impacted the efficiency of the use of natural resources. 
· Analyze the role of technology in the reduction of pollution.
C. Analyze how pollution has changed in quality, variety and toxicity as the United States developed its industrial base.

· Analyze historical pollution trends and project them for the future.

· Compare and contrast historical and current pollution levels at a given location.
D. Analyze the international implications of environmental occurrences.

· Identify natural occurrences that have international impact (e.g., El Nino, volcano eruptions, earthquakes).

· Analyze environmental issues and their international implications.

Lab Time:
This laboratory assignment will usually take at least two days and up to four days or more days.  

Preparations:

Students should be cautious when dealing with all electrical appliances. 
Keep cords away from water and heat sources.

Do not leave appliances unattended and do not leave bulbs lit for extended lengths of time.

Considerations/Students should already know:
Students should be familiar with concepts of electrical and water conservation.
Students should know the meaning of the vocabulary words. 
Vocabulary:

Ampere: 
1 : the practical meter-kilogram-second unit of electric current that is equivalent to a flow of one coulomb per second or to the steady current produced by one volt applied across a resistance of one ohm
2 : the base unit of electric current in the International System of Units that is equal to a constant current which when maintained in two straight parallel conductors of infinite length and negligible circular sections one meter apart
Conserve:   

1: to keep in a safe or sound state <he conserved his inheritance>; especially : to avoid wasteful or destructive use of <conserve natural resources>
2 : to maintain (a quantity) constant during a process of chemical, physical, or evolutionary change


Energy:  
1 : the capacity for doing work
2 : usable power (as heat or electricity); also : the resources for producing such power
Kilowatt: 1000 watts

Kilowatt-hour: a unit of work or energy equal to that expended by one kilowatt in one hour or to 3.6 million joules

Ohm:  : the practical meter-kilogram-second unit of electric resistance equal to the resistance of a circuit in which a potential difference of one volt produces a current of one ampere

Sustainability: 
1 : capable of being sustained or perpetually maintained.
2 a : of, relating to, or being a method of harvesting or using a resource so that the resource is not depleted or permanently damaged <sustainable techniques> <sustainable agriculture> b : of or relating to a lifestyle involving the use of sustainable methods <sustainable society> 

Sustainable development is an approach to economic planning that attempts to foster economic growth while preserving the quality of the environment for future generations. 
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Watt: the absolute meter-kilogram-second unit of power equal to the work done at the rate of one joule per second or to the power produced by a current of one ampere across a potential difference of one volt : 1/746 horsepower
Watt-hour: a unit of work or energy equivalent to the power of one watt operating for one hour

Volt: the practical meter-kilogram-second unit of electrical potential difference and electromotive force equal to the difference of potential between two points in a conducting wire carrying a constant current of one ampere when the power dissipated between these two points is equal to one watt and equivalent to the potential difference across a resistance of one ohm when one ampere is flowing through it.  It is the unit of electrical potential, potential difference and electromotive force in the metre–kilogram–second system (SI); it is equal to the difference in potential between two points in a conductor ... in a vacuum produces between the conductors a force equal to 2 x 10-7 newton per meter of length
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