Compact Fluorescents
Prerequisite: Measuring Electricity
Table 2. Cost Comparisons between CFLs and Incandescents

	 
	27-Watt Compact Fluorescent
	100-Watt Incandescent
	

	Cost of Lamps
	$14.00
	$0.50
	

	Lamp Life
	1642.5 days (4.5 years)
	167 days
	

	Annual Energy Cost
	$5.91
	$21.90
	

	Lamps Replaced in 4.5 years
	0
	10
	

	Total Cost
	$40.60
	$103.55
	

	Savings Over Lamp Life
	$62.95
	0
	


“This table assumes the light is on for 6 hours per day and that the electric rate is 10 cents per kilowatt-hour.”
http://www.eere.energy.gov/consumer/your_home/lighting_daylighting/index.cfm/mytopic=12060
1.  Does Installing a CF Really Save $63?
The US Department of Energy (DOE) claims that a 100-watt equivalent compact fluorescent light bulb will save you about $63 over the life of the light bulb.  These compact fluorescents give off the same amount of light as a 100-watt incandescent bulb, but only use 27 watts of electricity.  We will check their claim.  Assume, as DOE does, that electricity cost 10¢ per kWh.

1.  A 100-watt light bulb turned on for 1 hour, (a) uses how many kWh of electricity? (b) costs how much?

2.  If the 100-watt bulb is on for 10 hours, (a) how many kWh of electricity does it use? (b) what does it cost?

3.  A compact fluorescent providing as much light as a 100-watt incandescent light bulb uses how many watts of electricity when it is turned on?

4.  Assume that the CF is on for 6 hours a day. (a) How much electricity would the CF use in a year? (b) At 10¢ per kWh, the figure that the DOE used, what would this electricity cost? (c) Does your estimate agree with that in the DOE table?

5.  The CF is replacing a 100-watt incandescent bulb.  If a 100-watt incandescent is used 6 hours a day (a) How much electricity would it use in a year? (b) What would this electricity cost?  (c) Does your estimate agree with that in the DOE table?

6. How many years does the DOE say the CF will last if it is on 6 hours per day? 

7. According to the DOE, the life expectancy of CFs is how many hours?

8.  (a) How much will all the electricity used in the whole lifetime of the CF cost?  
9.  (a) How does the DOE get their total cost figure of $40.60? (b) Since CFs cost at most $4 these days, what should the total cost figure actually be?

In addition to saving money on electricity, the CF saves money on replacing the incandescent lamps which burn out much more quickly.  

10. (a) If the incandescent light bulb has a lifetime of 167 days, how many hours of light is it good for? (Assume that a lifetime of 167 days means that the bulb would be on 6 hours a day for 167 days.) (b) How many hours of light do the incandescents need to supply to equal the CF? (c) How many bulbs would you need in 4.5 years? (d) Is the DOE correct on the number of bulbs?

11. (a) How did the DOE get their figure of $103.55 in Table 2?  (b) Is it correct? 

OK.  Now for the big conclusion!  

12.  Using the DOE assumptions, (a) Does the CF save $62.95?  (b) Where does that number come from?

13.  Since CF actually cost $4 (or even less), how much does installing one compact fluorescent bulb actually save?

2.  One CF in Every Household Replaces CO2 of 800,000 Cars?

 “If every American home replaced just one light bulb with an ENERGY STAR, we would save enough energy to light more than 2.5 million homes for a year and prevent greenhouse gases equivalent to the emissions of nearly 800,000 cars.”

http://www.energystar.gov/index.cfm?c=cfls.pr_cfls
Let’s see if we can get the same numbers.  A 100-watt equivalent compact fluorescent light bulb gives off as much light as a 100-watt incandescent light bulb but uses only 27 watts of electricity.  

14.  The CF uses 
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 as much electricity as the incandescent.  Write 
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 as (a)  a decimal (b) a percent (c) approximated by the nearest very common fraction. 

According to the US Census, the average American household size is 2.6 people.

15.  Estimate the number of American households rounded off to two significant digits.
16. If each household replaced only one 100 watt incandescent bulb with one 27 watt compact fluorescent providing the same amount of light for 6 hours a day, (a) how many kWh of electricity would each household save in a year?  (b) Now, what would the total annual electrical saving of all the US households be (kWh)?

17.  Each US household uses about how many kWh of electricity in a year?

18.  All of the 2.5 million US households that the DOE cites in the quote above would use about how much total electricity annually (kWh)?

However only about 9% of the household electrical consumption is for lighting according to the DOE. http://www.eia.doe.gov/emeu/recs/recs2001/enduse2001/enduse2001.html
19.  So 2.5 million households use 9% of their total amount of electricity in 18. for lighting, which is how many kWh? 

The electricity saved if all the households replaced just one incandescent bulb with a CF bulb was calculated in 16. (b) and should have been about 19,000,000,000 kWh. That is, about 19 billion kWh of electricity would be saved if every household installed one CF in a place where it would be used about 6 hours a day.

The electricity needed to light 2.5 million households for a year was calculated in 19.  and was a much smaller number, only about 2 billion KWh of electricity.

However the total electricity used by 2.5 million households, the answer to 18, was pretty close to 19 billion kWh.  So maybe what the DOE intended to say was that

“If every American home replaced just one light bulb with an ENERGY STAR, we would save enough energy to provide all the electricity to more than 2.5 million homes for a year and prevent greenhouse gases equivalent to the emissions of nearly 800,000 cars.”

Lighting 2.5 million households requires 2 billion kWh annually, and 19 billion kWh is saved when all households install just one CF.
20.  Revise the DOE estimate of number of households that could be lit with the energy savings from replacing only one incandescent with a CF in all households.

What about the 800,000 cars?

In 2002 the US Energy Information agency published a report stating that average CO2 emissions for electricity production “declined by 2.7 percent from 0.686 tons per MWH to 0.668 tons per MWH.”   http://tonto.eia.doe.gov/ftproot/environment/e-supdoc-u.pdf
Generating a MWh of electricity puts about 0.668 tons of CO2 into the air.


21.  (a) A MWh of electricity is equal to how many kWh? (b)  Replacing one incandescent with a CF in every US household will save how many MWh of electricity each year? (c)  Replacing one incandescent with a CF in every US household will keep how many tons of CO2 out of the atmosphere.
Driving one mile in an average car puts 1 lb of CO2 into the air. http://www.fueleconomy.gov/feg/contentIncludes/co2_inc.htm
More on that in Unit 35.  CO2 and MPG.

Measures of Energy Demand (US Energy Information Agency)

From Household Vehicles Energy Use: Latest Data and Trends – Sept 2005

http://www.eia.doe.gov/emeu/rtecs/toc.html
	
	Year
	Annual Percent Change

	
	1988
	1991
	1994
	2001
	88-91
	91-94
	94-01

	Households (million)

	91.6
	94.6
	97.3
	107.4
	1.1
	0.9
	1.4

	Vehicles (million) 

	147.5
	151.2
	156.8
	191.0
	0.8
	1.2
	2.9

	Vehicle-Miles Traveled (trillion)
	1.5
	1.6
	1.8
	2.3
	2.0
	3.8
	3.5

	Energy Use (billion gals)
	82.4
	82.8
	90.6
	113.1
	0.2
	3.0
	3.2

	Intensity (gals/1000 miles)
	54.6
	51.8
	50.5
	49.5
	-1.8
	-0.8
	-0.3

	



22.  According to the above table in 2001 (a) what was the number of household vehicles? (b) How many miles did all these vehicles drive? (c)  What was the average number of miles per vehicle?

23.  The average vehicle put (a) how many pounds of CO2 into the air annually?

(b) how many tons of CO2 into the air annually? (see Appendix E)


24.  According to our numbers, if every household replaced one incandescent bulb with a CF (in a light getting 6 hours of use each day), the electricity saved would reduce CO2 emissions by an amount equivalent to removing how many average vehicles from the road.


25.  According to our numbers, did the DOE overstate or understate the CF electricity-saving benefits in (a) the number of households that could be lighted with the electricity saved? (b) the number of cars taken off the road equivalency?
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