I. Objectives : This exercise examines the amount of energy on individual uses. In this lab, the student will:

1. Calculate energy savings from reducing the size of a window or changing the kind of window.
2. Calculate energy loss from a dripping hot water faucet.
3. Examine the implications of an individual's lifestyle on energy consumption.

II. Introduction
Except for the small countries of Luxembourg, Bahrain, Qatar, and Oman, North America uses more energy per person than all other parts of the world. This is true because historically we have always had abundant, inexpensive energy in the form of wood, coal, and oil. Because we have had a large supply of inexpensive energy, there has been less interest in developing ways to use energy more efficiently.

There are several categories of personal energy consumption that we all have some control over. In our homes we can regulate heating and air conditioning, heating water, lighting, and the purchase and use of electrical appliances. We also can determine the methods of transportation we use, and how often we use them.

The units used in North America to measure quantities of energy are quite diverse. Quantities of heat energy are commonly given in British thermal units (BTUs), whereas electrical energy is usually measured in kilowatt-hours. Rather than try to convert all of the different units to the metric equivalent, we will use the standard units used in ordinary commerce.

BTUs in various amounts of fuel
1 gallon of fuel oil: 145,000

1 cubic coot of gas: 1031

 kilowatt-hour of electricity: 3412

1 ton of coal: 25,000,000

1 cord of wood: 20,000,000

1 gallon of gasoline: 125,000

III. Relevance: Living More Efficiently
The purpose of achieving a sustainable lifestyle is not to make people uncomfortable, or to send them back to "living in trees." Sustainability merely means  living within limits that ensure future availability of resources for all species, not just the current generation of humans. Each human has an impact on the environment, but some have a greater impact than others, depending on the amount of energy and resources each person uses. Throughout the day, the amount of electricity, water, gasoline, and lighting that a person uses can be a personal decision. If each person were to turn off unnecessary light, turn the air conditioner to a more efficient setting, use a bike instead of a car, plant native plants instead of water intensive exotics, and so on, the cumulative impact of society on the environment would greatly decrease. Becoming more aware of the energy and resources one used, and then acting to decrease what is used, may be hard at first, but can become an ingrained habit, just like brushing your teeth. A sustainable lifestyle starts with the individual, making choices that decrease his or her impact on the environment.

IV. Activity
This lab examines the types of energy students use (or misuse!) during a normal day. The energy choices people make to heat and cool their living areas, to light their houses, in their electrical appliances, and in the types of transportation they use all put an enormous burden on the environment. Before anyone can make a wise decision on how to increase his or her personal efficiency, the first step usually involves an assessment of how much energy that person uses. Students in this lab will, either individually or in groups, measure that amount of energy would be lost by inefficient appliances, as well a energy that would be saved by switching to efficient appliances.

V. Procedure
Note: If there are time constraints that do not allow the student to do all of the following activities, the class can divide into groups. Each group will then be responsible for gathering data on : (1) lights, (2) major appliances, (3) heating water, (4) transportation, and (5) heating and air conditioning. In class, the groups can then pool their data, and fill in the data sheet. An alternative idea can be for the students to gather information for a shorter time period (e.g., 2 hours), and then extrapolate this information to provide data on an entire 24-hour period. For example, if lights are left on for 1 out of 2 hours, then the data could be extrapolate to mean that, during periods of darkness, the light is on 50 percent of the time.Fill in the following information in the appropriate tables of Data Sheets 20.1 and 20.2.
Heating and Air Conditioning
One of the major ways that energy leaves or enters buildings in through windows. A single-pane window has a R-value of 0.9. I/R is equal to the number of BTUs that would pass through a 1-square-foot surface in 1 hour if the difference in temperature on opposite sides of the surface is 1oF. Therefore, we can calculate heat loss or gain through a window by using the following formula:

heat loss/gain in BTU per hour = ft2 x difference in temp.(oF)
                    R-value 

Record all results from steps 1-8 on Data Sheet 20.1.

1. Choose a single-pane window in your classroom or home and measure its surface area.
2. Measure the difference in temperature between the inside and the outside of the window.
3. Calculate the rate of heat transfer through the window by using the formula above.
4. Assume the same temperature conditions existed for an entire year. Calculate the heat transfer.
5. Double-pane windows have an R-value of 1.85. Triple-pane windows have an R-value of 2.8. Calculate the effect on the rate of heat transfer if the single-pane window were replaced with double- or triple-pane windows.
6. Obtain the R-value for special low-emission glass and calculate heat transfer for these windows.
7. Calculate the effect a 5oF decrease in the temperature on the inside of the window will have on the rate of heat transfer.
8. Calculate the rate of heat transfer if the size of the window were reduced by 50 percent.

Heating Water 

Water resists changes in temperatures. In other words, it takes a lot of hear energy to make a small change in the temperature of water. Therefore, water heaters are quite expensive to operate. It takes 1 BTU of heat energy to raise the temperature of 1 pound of water 1oF. Record all your results on Data Sheet 20.1. 

1. Turn on a water faucet so that it is leaking at a rate of about one drip per second.
2. Capture this water for a period of fifteen minutes.
3. Weigh the amount of water you have collected (in pounds).
4. Multiply this number by 35,040 to find the amount of water that would be lost in one year.
5. Assume that water entering the water heaters enter at 40oF and leaves the heater at 120oF.
6. Calculate the number of BTUs of heat energy that would be lost in one year if the leak were not fixed. 

        Number of BTUs/year = pounds of water in 15 min x 35,040 x 80 =

7. Calculate the number of kilowatt-hours of electricity it would take to produce this much heat.

            kilowatt-hours = BTU
                                     3412 

8. Calculate the cost associated with water loss by multiplying the number ob kilowatt-hours by the cost of a kilowatt-hour of electricity. (Obtain the cost by looking at your electric bill.) 

Lighting 

 Lighting is something that we take for granted. We usually simply flip a switch and it is instantly there. However, what does it cost in energy to provide the light we use and does it make a difference what kind of light we use? 

1. In a dark room, hold a light meter exactly 10 feet from a 40-watt incandescent light bulb.
2. Record the reading on the light meter.
3. Use the light meter to measure the amount of light coming from a 40-watt fluorescent light bulb.
4. Since both bulbs have the same wattage, they use the same amount of electrical energy in the production of light. Which of the bulbs is more efficient is providing light?
5. Approximately how much more efficient is this bulb?
6. Record your results on Data Sheet 20.1.

Transportation
North Americans look at freedom of movement as a right. We drive and fly more than any other people in the world. In some urban areas, trains provide efficient ways to travel about the city, reducing traffic jams and air pollution.

1. For three days, keep a log of all the miles you travel by the following methods:

a. Foot
b. Bicycle
c. Automobile
d. Train or other rapid transit
e. Plane
f. Other

2. Approximately what percentage of each of these was done just for fun?

a. Foot
b. Bicycle
c. Automobile
d. Train or other rapid transit
e. Plane
f. Other

3. Record your results on Data Sheet 20.2.

Electrical Appliances
Electrical Appliances are very convenient. They allow us to do things quickly and relieve us of distasteful or tedious tasks. How much energy do you use as a result of such devices? It is important to recognize that the total energy cost of an appliance also includes the energy necessary to manufacture, distribute, and merchandise the item. However, it might be instructive to determine how much energy is consumed by the use of the carious electrical appliances. You can find the wattage of an electrical appliance on a label on the appliance.

1. Keep a log of all the electrical appliances you use in a one-week period. List the appliance and the number of minutes it was used per week.

2. Record the wattage of the appliance from the label on it. If the label does not show the wattage but gives the volts and amperes, you can calculate wattage as follows:

                    Watts = Volts x Amperes

3. If you know the wattage and the number of minutes it was used, you can calculate the number of kilowatt-hours of energy used (see the equation below).

                Kilowatt-hours used = (watt rating)(total minutes used/60)
                                                                    1000 

4. If 1 kilowatt-hour is equal to 3413 BTUs, how does energy consumption by using electrical appliances compare to energy consumption by automobiles or for home heating and cooling? 

5. Record all results on Data Sheet 20.2. 

  

  

 

 

Data Sheet 20.2
 
Transportation
1. For one week, keep a log of all the miles you travel by the following methods:

a. Foot ___________________
b. Bicycle __________________
c. Automobile ________________
d. Train or other rapid transit ______________
e. Plane ____________
f. Other ____________

2. Approximately what percent of each of these was done just for fun? 

a. Foot ___________________
b. Bicycle __________________
c. Automobile ________________
d. Train or other rapid transit ______________
e. Plane ____________
f. Other ____________ 

 

 

Appliance
Wattage
Minutes used
Kilowatt-hours used

Microwave




Electric stove




Hair dryer




Stereo system




Home computer




Television




Dishwasher




Garbage disposal




Electric shaver




Space heater




Electric fan




Washer




Electric blanket




Vacuum cleaner




Electric clothes dryer














Data Sheet 20.1
Personal Energy Consumption
Heating and Air Conditioning
Window
Surface area ft2
Inside temperature 0F
Outside temperature 0F
Temperature difference
R-value
Heat loss or gain/hour (BTU)
Heat loss or gain/year (BTU)

Single-pane
 
 
 
 
.9
 
 

Single-pane (inside temperature 50F cooler)
 
 
 
 
.9
 
 

Single-pane (surface area /2)
 
 
 
 
.9
 
 

Double-pane
 
 
 
 
1.85
 
 

Triple-pane
 
 
 
 
2.8
 
 

Low-emission glass
 
 
 
 
 
 
 

The rate of heat lost/gain/yr if there is a 50% decrease in the outside temperature, with a single-pane glass: ________________

The rate of heat lost/gain/yr a single-pane glass window were reduced 50% in size: ______________

Heating Water
Number of pounds of water collected in 15 minutes
Amount of water lost per year
BTUs needed to heat water lost

x 35,040 =                                                                         x 80 =                       

        Kilowatt-hours of electricity needed to heat the water lost: _________________

        Cost of the kilowatt-hours of electricity used: ____________________

Lighting
 
40-watt incandescent
40-watt fluorescent

Lighting meter reading
 
 

        How much more efficient is the fluorescent bulb? ______________

