Proportions Group Activity: Overall cost of wind power
TEACHER’S INSTRUCTIONS:
1. Break the class into groups of 9-12 students.  (There will be 3 small groups within each larger group). 
2.  Explain to the students that direct proportions are based off a y = mx equation.  There must be a common factor between the independent and dependent variables.  
3. Explain that each group is going to make three relationship tables by solving proportions.  The tables will give the students information on average electricity produced by a small wind turbine, average household usage of kWh, and the average cost of kWh.  (The tables will be completed by three smaller groups within each larger group.) 
4. After the tables are completed, the smaller groups will get back into their larger groups and discuss and analyze their findings.  They should also be given copies of the following article to assist in answering the final group questions.
http://www.skystreamenergy.com/documents/datasheets/skystrea_%203.7t_datasheet.pdf 
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Exercise: The power adapter on your laptop computer says its output is 24V and
1.875 amps. The input specs aren't listed for some reason. What's the maximum
number of watts your computer could ever use? (see answer

Electrical usage U.S. household energy

of household
items

Of course, knowing that your
refrigerator uses, say, 350 wats
when the compressor's on doesn't
tell you how much energy it uses in
2 month, because the compressor's
not on 24/7. The chart at right
shows how the average home used
energy (not just electricity) in 2007.
(Source: Deot. of Ensray) O course,
air conditioning uses a bigger chunk of the pie in the summer. According to Austin
Eneray, AC accounts for 60-70% of the average home's summertime power bill
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Here are some websites that give sample costs for various household items
considering how much those items are used:

o University of Nebraska-Linceln
o Seatle Light
o Cornhusker Public Power District

Appliances that create or remove heat use the most electricity. In the
table, appliances that make things hot are listed in red and ones that make things
cold are listed in blue. As you can see, together they dwarf everything else on the.
lit.

Don't like my table? Here's another table from GeneratorSales.com. Databases

which list power data for specific models of products include the Power Consumption
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Evaporative cooler
Whole-house fan

Floor or boxfan (high speed)
52 ceiling fan (high speed)
48" ceiling fan (high speed)
36" ceiling fan (high speed)
42" ceiling fan (low speed)
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4400 wiatts Clothes drer (electric)

Washing machine

Water heater (slectric)
Reffigerator (compressor)
Refrigerator (average)
Dishwasher (washer heats water)
Electric oven, 350°F

see sep. page
3800 watts
200700 watts
57160 watts
3600 watts
2000 watts

Electric oven, self-cleaning mode
iakes 2.5 s, 5.3 K total)

Dishwasher (washer doesnit heat
water)

Juoing = ——
60 watts 60-watt light bulb (incandescent)
18 watts CFL light bulb (60-watt equivalent)
5 Nintign
05 LED mntiont

150-340 watts Desktop Computer & 17" CRT
monitor

1.20 watts Desktop Computer & Monitor (in
sleep mode)

90 watts 17" CRT monitor
40 waatts 17" LCD monitor

178 watts

1200 watts

45 watts Laptop computer

;s

@) welcome - 18M Lotus Notes |[ 28 How much electricity .. € Wind Eneray Basics - ... | (i 6 Microsoft Office Word _+| () Ciipy Documertstveron.. |

0 [ [ 8 memet

[

[«@S 1aom

‘Wind turbine produces 400 KWh per month.
Average US household uses 920 KWh per month.
1kWh costs approximately $0.12

ttp:fswnw awea org/faq st basics htmi (electricity info and electricity production of wind
turbines)

ACTIVITY:

Have the class get into groups of 9-15 students. (There will be 3 small groups within each larger
‘group). Explain to students that direct proportions are based off 2 -1y equation. There must
‘bea common factor between the independent and dependent variables. Each group is going to
‘malke three relationship charts by solving proportions and following the directions on the
worksheet

‘Once the small group worksheets are completed and the charts are made, have the students get
‘back into their large groups and answer the questions analyzing their discoveries.

Electricity produced by small wind turbines
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ELECTRICITY produced by wind turbines




I.

1)   [image: image26.png]4 x

1600 4400



 


2)   [image: image28.png]4400

o lx






3)   [image: image30.png]Nl

NI





4)   [image: image32.png]


 


5)   [image: image34.png]





6)   [image: image36.png]






7)   [image: image38.png]s

f

4400






8)   [image: image40.png]N

400






9)   [image: image42.png]



10)   [image: image44.png]





11)   [image: image46.png]





12)   [image: image48.png]



	Months
	k
	2
	q
	4
	z
	6
	7
	8
	w
	10
	x
	n

	kWh
	400
	y
	1200
	1600
	2000
	r
	t
	h
	3600
	p
	4400
	f


II. 

	Months


	
	
	
	
	
	
	
	
	
	
	
	

	kWh


	
	
	
	
	
	
	
	
	
	
	
	


Group Member Names _________________________________________________________

Date ___________________
Household Usage of kWh


I.

1)   [image: image50.png]4 x

3680 10120




 

2)   [image: image52.png]10120

o lx






3)   [image: image54.png]Nl

NI





4)   [image: image56.png]


 


5)   [image: image58.png]





6)   [image: image60.png]






7)   [image: image62.png]s
B

f 10120






8)   [image: image64.png]N

920






9)   [image: image66.png]



10)   [image: image68.png]





11)   [image: image70.png]





12)   [image: image72.png]



	Months
	k
	2
	q
	4
	z
	6
	7
	8
	w
	10
	x
	n

	kWh
	920
	y
	2760
	3680
	4600
	r
	t
	h
	8280
	p
	10120
	f


II. 

	Months


	
	
	
	
	
	
	
	
	
	
	
	

	kWh


	
	
	
	
	
	
	
	
	
	
	
	


Overall cost of wind power
 SHAPE  \* MERGEFORMAT 



1. Follow the steps below to find out how much money a household cold save in 6 months with their own wind turbine.

a. In 6 months, how many kWh of electricity is produced by a small wind turbine?

b. In 6 months, how many kWh of electricity are consumed by an average household?

c. About how much would 6 months of electricity cost an average household? (Hint use your answer from part b.)

d. Suppose that a family has their own small wind turbine.  How much electricity would they be consuming that they are not producing? (Hint: subtract part a from part b.)
e. About how much would their new 6 month cost be?

f. Not considering building and operating costs, about how much money could a household save in 6 months with their own wind turbine?

2. Following the same process outlined in number 1, how much could a household save in 12 months if they built their own wind turbine?

3. What percent of an average household’s annual electric bill is this savings?

4. According to the article, is the percent annual savings you calculated accurate?

5. According to the article, how much does a skystream 3.7 cost? (Note: Be optimistic! Use the lowest value on the range and subtract the reimbursement.)

6. According to the article, how many years would a skystream take to pay for itself?

7. According to the annual savings you calculated in number 2 and the cost of the skystream from number 5, how long would a skystream take to pay for itself?

8. Compare your answers from number 6 and 7.  If they are not close, why do you think there is such a big difference? (Hint: Look in the article to find what factors into the cost of a skystream and the productivity of it.)

9. Consider what you have learned about renewable energy and the cost of a skystream, do you think that this would be a good investment? Why or why not? 
ANSWERS:

COST OF KWH:

1. x = 11,000 

2.   y = 240 

3.   t = 840 

4.  w = 9000

5. z = 5000

6.   f = 1440 

7.  n = 12,000 

8.  k = 1000

9. q = 3000

10. r = 720

11. h = 960 

12. p = 1200

	kWh
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000
	10000
	11000
	12000

	Cost $
	120
	240
	360
	480
	600
	720
	840
	960
	1080
	1200
	1320
	1440


ELECTRICITY PRODUCED BY WIND TURBINES:
1. x = 11
 

2.  y = 800 

3.  t = 2800 

4.  w = 9

5. z = 5


6.  f = 4800 

7.  n = 12
 
8.  k = 1

9. q = 3


10. r = 2400

11. h = 3200 

12. p = 1200

	Months
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	kWh
	400
	800
	1200
	1600
	2000
	2400
	2800
	3200
	3600
	4000
	4400
	4800


HOUSEHOLD USAGE OF KWH:
1. x = 11
 

2.  y = 1840 

3.  t = 6400 

4.  w = 9

5. z = 5


6.  f = 11,040 

7.  n = 12
 
8. k = 1

9. q = 3


10.  r = 5520

11.  h = 7360 

12.  p = 9200

	Months
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	kWh
	920
	1840
	2760
	3680
	4600
	5520
	6440
	7360
	8280
	9200
	10120
	11040


OVERALL COST OF WIND POWER:

a.  2400 kWh

b.  5520 kWh

c. Between $600 and $720; ≈ $660

d. 3120 kWh

e. Slightly over $360; ≈ $375
f. ≈ $285 in 6 months

1. $1325 - $750 ≈ $575 a year

2. 575/1325 ≈ 43%

3. The article reports, “up to 50 percent savings”.  So, yes this is pretty accurate.
4. The article quotes the approximate cost to be between $12,000 and $18,000 with a $4,000 reimbursement.  So if we are being optimistic, then the cost would be about $8000.

5. “Skystream 3.7 can pay for itself in as little as five years.”

6. $8000/$575 ≈ 14 years

7. Answers vary: (Make sure students’ answers seem reasonable and that they back up their thinking with facts from the article.)

8. Answers Vary. (Make sure students explain their thinking!)

DIRECTIONS:


Read the spotlights on the background information and the electricity information.  (This project won’t make sense if you don’t!) 


As you learned from the reading, wind turbines’ energy production varies dramatically with different things.  In this activity, you are going to discover the kWh produced by a small wind turbine.  


Work together to solve the proportions in section I.  (Remember, once you have found a solution for a variable, you can use that solution to replace the variable in the next proportion.) 


Using the answers you found in section I and the table outline from section I, fill in the blank table in section II. (Be sure to give your table a title!)








ELECTRICITY INFO:


The ability to generate electricity is measured in watts. Watts are very small units, so the terms kilowatt (kW, 1,000 watts), megawatt (MW, 1 million watts), and gigawatt (pronounced "jig-a-watt," GW, 1 billion watts) are most commonly used to describe the capacity of generating units like wind turbines or other power plants.


Electricity production and consumption are most commonly measured in kilowatt-hours (kWh). A kilowatt-hour means one kilowatt (1,000 watts) of electricity produced or consumed for one hour. One 50-watt light bulb left on for 20 hours consumes one kilowatt-hour of electricity (50 watts x 20 hours = 1,000 watt-hours = 1 kilowatt-hour).








BACKGROUND INFO:


The cost of electricity depends on where you live, how much you use, and possibly when you use it. Average rates are misleading, because most utility rates are tiered, meaning that excessive use is billed at a higher rate.  For example, you may pay 9¢/kWh for the first 500 kWh, and then 15¢/kWh for use above that.  The chart below is the average use of electricity in 2003 per state. (In April 2009, prices ranged from 7¢ in North Dakota to 26¢ in Hawaii.) 





DIRECTIONS:


Read the spotlights on the background information and the electricity information.  (This project won’t make sense if you don’t!) 


As you learned from reading, wind turbines’ energy production varies dramatically with different things.  In this activity, you are going to discover the kWh produced by a small wind turbine.  


Work together to solve the proportions in section I.  (Remember, once you have found a solution for a variable, you can use that solution to replace the variable in the next proportion.) 


Using the answers you found in section I and the table from section I, fill in the blank table in section II. (Be sure to give your table a title!)








ELECTRICITY INFO:


The ability to generate electricity is measured in watts. Watts are very small units, so the terms kilowatt (kW, 1,000 watts), megawatt (MW, 1 million watts), and gigawatt (pronounced "jig-a-watt," GW, 1 billion watts) are most commonly used to describe the capacity of generating units like wind turbines or other power plants.


Electricity production and consumption are most commonly measured in kilowatt-hours (kWh). A kilowatt-hour means one kilowatt (1,000 watts) of electricity produced or consumed for one hour. One 50-watt light bulb left on for 20 hours consumes one kilowatt-hour of electricity (50 watts x 20 hours = 1,000 watt-hours = 1 kilowatt-hour).








BACKGROUND INFO:


The output of a wind turbine depends on the turbine's size and the wind's speed through the rotor. Wind turbines being manufactured now have power ratings ranging from 250 watts to 5 megawatts (MW).


Example: A 10-kW wind turbine can generate about 10,000 kWh annually at a site with wind speeds averaging 12 miles per hour, or about enough to power a typical household. A 5-MW turbine can produce more than 15 million kWh in a year--enough to power more than 1, 400 households. The average U.S. household consumes about 10,000 kWh of electricity each year.








DIRECTIONS:


Read the spotlights on the background information and the electricity information.  (This project won’t make sense if you don’t!) 


As you learned from the reading, actual electricity consumed in each house depends upon many different factors.  In this activity, you are going to discover the average kWh consumed by a United States home in 2008.  


Work together to solve the proportions in section I.  (Remember, once you have found a solution for a variable, you can use that solution to replace the variable in the next proportion.) 


Using the answers you found in section I and the table outline from section I, fill in the blank table in section II. (Be sure to give your table a title!)








BACKGROUND INFO:


The actual amount of kWh used in a home depends a lot upon the climate area, season, and what is running in the house. The information provided in this activity is an average kWh usage for a United States home.  Below is a chart that shows how the average home used energy (not just electricity) in 2007.   Notice that heating and 


cooling cover 


more than half


 of the energy 


consumption? 


That is because 


appliances that 


create or 


remove heat 


use the most


electricity.    





ELECTRICITY INFO:


The ability to generate electricity is measured in watts. Watts are very small units, so the terms kilowatt (kW, 1,000 watts), megawatt (MW, 1 million watts), and gigawatt (pronounced "jig-a-watt," GW, 1 billion watts) are most commonly used to describe the capacity of generating units like wind turbines or other power plants.


Electricity production and consumption are most commonly measured in kilowatt-hours (kWh). A kilowatt-hour means one kilowatt (1,000 watts) of electricity produced or consumed for one hour. One 50-watt light bulb left on for 20 hours consumes one kilowatt-hour of electricity (50 watts x 20 hours = 1,000 watt-hours = 1 kilowatt-hour).








DIRECTIONS:


Have someone from each small group explain to the rest of the group members what you learned from reading the Background Information on your small group handouts and what your table represents.


Answer questions 1-3 below using the information from the tables each small group created.


Read the skystream 3.7 article and answer the rest of the questions.














