
ECOLOGY, DEVELOPMENT, & SUSTAINABILITY    
 

 
 115 

3-8) ENERGY CONVERSION EFFICIENCY 
Objective: This laboratory exercise will show you how to measure the relation between the 
energy applied and work that is accomplished. This serves as a basis for discussing more 
efficient ways to carry out a given task. 
Materials: Part A: a plug-in wattmeter; a thermometer; a hotplate; a 1 liter Pyrex glass beaker; a 
watch glass that covers the beaker; an electric tea kettle that holds at least 1 liter, an immersion 
heater (optional); and a thermos that holds at least 500 mL (optional). 

Part B: A 12-volt DC power source (such as a converter or car battery); a low-speed high-torque 
12-volt electric motor (about 30 rpm); a shaft that can fit over the motor axle whose purpose is to 
wind a string that is pulling up a mass (this can be done by shaping a hollow copper tube to fit 
over the axle); a string that can hold up to 200 grams; a set of masses that range from 20-200 
grams (you can do this with a plastic water bottle that is filled with varying amounts of water); a 
balance; a tape measure or meter stick; a stopwatch; a multimeter, connecting wires and alligator 
clips.  
Part C: a 12V car fan; a 12V vehicle adapter socket with battery clips; a 9.6V cordless drill; a 4.5 
amp plug-in electric drill with variable speed; a double-end drill bit; a plug-in watt meter; 
connecting wires with alligator clips; and two multimeters (two are needed so volts and amps can 
be measured at the same time). 
Part D: Pumping apparatus: a battery-powered aquarium air pump; a DC wattmeter with 
auxiliary cable and 9-volt battery (the auxiliary cable and 9-volt battery serve to power the 
screen on the wattmeter when the power source is below 4 volts); two test leads; two AA 
batteries; a battery holder for two AA batteries; four alligator clips; and a stopwatch. Bottle 
apparatus: a one-gallon glass jug; a rubber stopper with two holes; glass tubing; rubber hose 
assembled for purposes of displacing the water by forcing air through the hose (See Fig. 2 & 5); 
and about one inch of aquarium tubing. For Procedure D-2: a battery holder for a single AA 
battery; and about ten feet of aquarium tubing. 
Introduction: The energy spent to accomplish a task can be divided into two components; work 
and heat. Work is defined as any form of energy other than heat. This includes movement (other 
than the random molecular movement associated with heat), electric current, and even light. 
Consequently, heat is sometimes referred to as the “energy graveyard” that undermines the 
efficiency of all appliances. This can be attributed the second law of thermodynamics, whereby 
all reactions result in more disorder (entropy), with heat as the means whereby exothermic 
reactions release entropy to the surroundings. This also guarantees that no process can ever be 
100% efficient. 
Waste heat can be minimized by good maintenance (such as applying lubricants to minimize 
friction), good planning (such as the laying out of shorter pipes with fewer turns), or switching to 
an alternate system (such as replacing an internal combustion engine with an electric motor). 

Although some economists may single out poverty and underdevelopment as the only 100% 
effective means of conserving energy resources, improved efficiency is what often provides the 
win-win scenario for both economists and environmentalists because it is usually the more cost-
effective strategy. 
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Part A: Efficiency of Using Electricity to Heat Water 
1) Place 500 mL of water and the thermometer into the 1-liter beaker. 

2) Plug your wattmeter into the wall then plug the hot plate into the wattmeter with the heat turned off. 

3) Set the wattmeter to read kilowatt-hours, making sure you are starting at “zero” (reset if necessary). 

4) Record the initial temperature then turn on the hotplate to the maximum setting. 

5) Read the wattmeter and turn off the hot plate as soon as the wattmeter reads 0.04 kilowatt-hours (this is 
equivalent to 40 watt-hours). 

6) Record the final temperature and do the following calculations: (assume 1 mL water = 1 gram) 

a) (g water) × (4.2 J / g °C) × (final temperature – initial temperature) = Joules of heat absorbed 

example: (500 g water) x (4.2 J / g x °C) x (70°C – 20 °C) = 105,000 J heat absorbed 

b) (Watt-hours consumed) × (3600 J / watt-hour) = Joules electricity consumed 

 example: (50 Wh) × (3600 J / watt-hour) = 180,000 J electricity consumed 

c) (Joules heat absorbed) ÷ (Joules electricity consumed) = efficiency ratio 

 example: (105,000 J) ÷ (180,000 J) = 0.58 = 58% efficiency 

7) Empty the beaker, let it the hotplate cool to room temperature, then repeat steps 1-6 this time covering 
the beaker with the watch glass. 

8) Repeat steps 1-6 this time using the electric tea kettle with the top open. 

9) Repeat steps 1-6 this time using the electric tea kettle with the top closed. 

10) Repeat steps 1-6 this time using the immersion heater in a thermos with the top open. 

11) Repeat steps 1-6 this time using the immersion heater in a thermos with the top closed. 

Caution: An immersion heater must always be immersed in water when it is turned on or it will be 
permanently damaged. Furthermore, an immersion heater does not have an “on/off” switch; you can 
only turn it off by unplugging it. Never plug it in unless it is immersed in water!  

Questions for Part A: 
1) Is the heat acquired by the water equal to the electrical energy used to make the heat? Why or 
why not? 
2) Which set-up was the least efficient for heating water? 
3) What is responsible for the energy lost when heating the water? 
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Part B-1: Pulling Up a Mass Using Rotary Motion 

 
Fig. 1 

1) Tie one end of the string to the shaft (Fig. 1). 

 
Fig. 3 

3) Install the shaft on the motor (Fig. 3) and hold 
the motor on the edge of a table (Fig. 4). 

 
Fig. 2 

2) Tie the other end of the string to a 60 gram 
mass (Fig. 2). 

 
Fig. 4 

4) Connect the motor terminal leads to the 
battery to pull up the mass (Fig. 4).

Procedure B-2: Measuring Efficiency of Rotary Motion 
1) Measure the length from the floor to the axle. 

2) Use the multimeter to measure the volts applied to the motor. 

3) Activate the motor and measure the seconds needed for the mass to travel from the floor to the table. 

4) Set up the multimeter to measure the amps and repeat the process of lifting the mass and measuring the 
seconds needed. 

5) Use the following equation to calculate the energy consumed by the motor: 

 (volts) × (amps) × (average seconds) = J electricity consumed 
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example: (13 V) x (0.005 A) x (33 s) = 2.1 J 
6) Use the following equation to calculate the work done by the motor: 

(kilograms) × (9.8 meters / second2) × (total meters travelled) = J work accomplished 
example: (0.080 kg) x (9.8 m / s2) x (0.74 m) = 0.58 J 

7) Use the following equation to calculate the efficiency of using electricity to accomplish this task: 

(J of work accomplished / J of electricity consumed) × 100% = % efficiency 
example: (0.58 / 2.1) x (100%) = 30% 

8) Repeat this evaluation for a range of masses, starting at a minimum of 20 grams and ending at a 
maximum of 160-200 grams. 

Questions for Part B: 
1) Is the work done by an electric motor equal to the amount of electrical energy used to spin the 
motor? Why or why not? 
2) Suppose you apply 100 Joules of energy to a motor, but accomplish only 15 Joules of work. 
What happened to the other 85 Joules? 
3) Which mass was moved the most efficiently? 
4) List two things you can do to minimize the energy wasted when lifting a mass with an electric 
motor. 
5) Which law of thermodynamic makes it impossible to achieve 100% efficiency? 

 
Part C-1: Generating Electricity with an Electric Fan 

 
Fig. 5 

1) Plug the fan into the vehicle adapter socket 
with battery clips (Fig. 5). The fan will be your 
generator. 

Fig. 6 

2) Connect the battery clips to the terminals of 
the LED (Fig. 6) and switch the fan button to the 
“on” position.
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Part C-1: Generating Electricity with an Electric Fan 
 

 
Fig. 7 

 

3) Pull the cage off the front of the fan so you 
can move the fan blades with your hand (Fig. 7). 

4) Move the fan blades vigorously in order to 
momentarily light up the LED (quick jerky 
movements work best). If it does not light, try 
moving the fan blades in the opposite direction. 

5) Remove the LED and connect the battery 
clips to the terminal leads of the multimeter. 

6) Turn the fan blades with your hand and read 
the voltage. 

7) Turn the fan blades in the opposite direction 
and read the voltage.

 
 
Procedure C-2: Generating Electricity with a Power Drill 
1) Plug the fan into the socket adapter (Fig. 5). This time the fan will be your load. 

 
Fig. 8 

2) Set the cordless drill so that it rotates 
counterclockwise (Fig. 8). 

 

Fig. 9 

3) Adjust the torque setting to the maximum 
level used for heavy drilling (Fig. 9). 
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Fig. 10 

4) Remove the battery pack from the cordless 
drill and connect the terminals from the drill’s 
battery compartment to the battery clips on the 
fan. If the clips are too large to do this directly, 
you can use connecting wires and small alligator 
clips to make this connection (Fig. 10). This drill 
will be your generator. 

 
Fig. 11 

5) Insert the double-end drill bit into chuck of 
the plug-in drill and tighten it thoroughly. This 
drill will be the energy source for the generator. 

6) Insert the other end of the drill bit into the 
chuck of the cordless drill and tighten it 
thoroughly. Both drills should now be connected 
to each other at opposite ends (Fig. 11).

7) Set the plug-in drill so that it rotates clockwise (normal setting). The reason you do this is so that the 
movement of the plug-in drill concurs with the movement of the cordless drill when they are facing each 
other. Caution: Steps 8-9 must be done under close supervision of the instructor. 

8) Press the power trigger completely on the cordless drill and hold it down (Fig. 11). Slowly press the 
trigger on the plug-in drill in order to rotate the shaft on the cordless drill. Do not press this trigger too 
abruptly because it may damage the cordless drill. Press this trigger until you see movement in the 12V 
fan. 

9) Release the trigger on the plug-in drill. When all movement has stopped, release the trigger on the 
cordless drill. Caution: To avoid personal injury and/or damage to the equipment you must never 
release the trigger on the cordless drill until all movement has stopped! 

Part C-3: Measuring Generator Efficiency 
1) Connect the drill to a plug-in wattmeter to measure the electricity consumed by the plug-in drill. 

2) Follow the multimeter instructions to connect the two multimeters between the cordless drill and the 
fan to so that volts and amps can be measured at the same time. 

3) Press the power trigger completely on the cordless drill and hold it down. Slowly press the trigger on 
the plug-in drill until the fan moves. Once you generate enough electricity to cause movement in the fan, 
maintain the same pressure on the trigger of the plug-in drill so the wattmeter has a steady reading 
(usually between 280-320 watts). Caution: To avoid personal injury and/or damage to the equipment 
you must never release the trigger on the cordless drill until all movement has stopped! 

4) Record the watts consumed by the plug-in drill and watts generated by the cordless drill. 

5) Repeat step 3 using a higher drill speed that consumes more watts (usually between 350-400 watts). 

6) Use the following equation to calculate the watts generated by the cordless drill: 

volts × amps = watts generated by cordless drill 
7) Use the following equation to calculate the efficiency of converting the work done by the plug-in drill 
to electricity generated by the cordless drill: 

 (watts generated by cordless / watts consumed by plug-in) × 100% = % efficiency 
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Questions for Part C: 
1) What happens when a battery-operated electric motor is spun by an outside force? 
2) What happens to the voltage when you change direction for spinning the fan blade with your 
hand? 
3) Which speed (based on watts consumed by the plug-in drill) was more efficient for generating 
electricity? 
4) What is responsible for the loss of energy when converting the movement of the plug-in drill 
into electricity generated by the cordless drill? How can this loss of energy be minimized? 

 
Part D-1: Measuring Rate of Water Displaced with an Air Pump 

 
Fig. 12 

1) Organize all materials needed for setting up the pumping apparatus (Fig. 12). Note that the aquarium 
pump has been opened in order to expose the battery compartment. 
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2) Organize all materials 
needed for setting up the bottle 
apparatus (Fig. 13). The longer 
glass tube is designed to reach 
near the bottom of the jug once 
the stopper is put in place. The 
longer rubber hose has about 
one inch of aquarium tubing 
inserted on the end so that it 
can be connected directly to 
the aquarium pump. 

 Fig. 13 

 

 

 
Fig. 14 

 

3) Connect the test leads to the 
cathode and anode portions of 
the pump battery compartment 
as indicated (Fig. 14). 
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Fig. 15 

 

4) Connect the other ends of 
the test leads to the 
wattmeter. Insert the batteries 
into the holder and assemble 
the battery clip wires and test 
leads so that the current for 
the pump passes through the 
wattmeter (Fig. 15). 
5) Fill the jug to the brim 
with water and cover it with 
the stopper. Then connect the 
long end of hose to the pump 
(Fig. 16). Turn on the pump 
and use a stopwatch to 
measure how many seconds it 
takes for the air from the 
pump to displace the water in 
the jug. Also note the average 
voltage reading. 

  
Fig. 16 

6) Once the water has been 
displaced to the bottom of the 
long glass tube, turn off the 
pump and record the total 
seconds. Pour any water 
remaining in the jug into a 1-
liter beaker for later 
measurement. 

 
 

 
 

 
7) Repeat steps 5 and 6 until the wattmeter reads exactly 0.1 watt-hour. This may take between 4-5 jugs. 
Be sure to turn off the pump when you reach the 0.1 watt-hour reading (Keep an eye on the meter when 
the product of the amp-hours and average volts = 0.1 because at this point you are very close to the 0.1 
watt-hour reading.). This may take place when the last bottle is only half empty. Do not forget to collect 
the remaining water. 
8) Measure the liter capacity of the jug by filling it near the brim with water, then pouring this water into 
a large graduate cylinder (or simply weighing it, assuming that 1 mL = 1 gram water). Multiply this 
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volume by the total number of jugs displaced; then subtract the total volume of water collected in the 
beaker in step 6 (Equation a). Multiply this total by 10 because it is based on an original reading of 0.1 
watt-hours (Equation b). This is the total liters of water that was displaced by the pump per watt-hour of 
energy applied. Both equations are summarized below: 

a) (Total number of jugs × L per jug) – (L of left over water) = L displaced 
b) (L displaced) ÷ (0.1 watt-hour ×10) = L displaced per watt-hour 

9) Divide the liters displaced by the total seconds, then multiply by 60 (Equation c). This will give you 
the liters per minute displaced by the pump. The formula is summarized below:  

c) (L displaced ÷ Total seconds) × 60 seconds per minute = L displaced per minute 
Part D-2: Effect of Voltage and Hose Length on Water Displacement Efficiency 
1) To evaluate the effect of using a lower voltage, disconnect the battery holder and replace it with the 
alternate holder that holds a single AA battery. Repeat steps 5 to 9, using a single battery.  Don’t forget to 
note the average voltage reading. 
2) To evaluate the effect of pumping air through a longer tube: Go back to the original setup, using two 
batteries. Remove the one-inch portion of aquarium tubing from the hose and replace it with about ten 
feet of the tubing (measure the exact length). Place the pump far enough from the bottle assembly so that 
the tubing is relatively uncoiled (though optionally you may want also want to look at the effect of 
coiling). Repeat 5 to 9 using the longer tubing. Don’t forget to note the average voltage reading. 

3) To calculate the percent relative speed between your different trials, subtract the liters displaced per 
minute in Part A from the liters displaced per minute in Part B, divide this difference by the liters 
displaced per minute in Part A, then multiply by 100%: 

L!displaced!per!minute!Part!B − L!displaced!per!minute!Part!A
L!displaced!per!minute!Part!A ×!100% = %!difference 

4) To calculate the percent relative efficiency between your different trials, subtract the liters displaced 
per watt hour in Part A from the liters displaced per watt-hour in Part B, divide this difference by the 
liters displaced per watt hour in Part A, then multiply by 100%: 

L!displaced!per!Wh!Part!B − L!displaced!per!Wh!Part!A
L!displaced!per!Wh!Part!A ×!100% = %!difference 

5) Organize your data into the following table, placing your baseline data in the first row: 

Average 
voltage 
applied 

Length of 
aquarium 

tubing 

Liters 
displaced 

/Wh 

Liters 
displaced 
/minute 

Relative 
speed 

Relative 
efficiency 

    N/A N/A 
      
      

 
Questions for Part D: 
1) What is the effect of using a lower voltage? What is responsible for this difference? What are 
the advantages and disadvantages to using a lower voltage? 
2) What is the effect of using a long tube? What is responsible for this difference? What are the 
advantages and disadvantages of using a longer tube? 
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3-8)  INSTRUCTOR’S GUIDE TO ENERGY CONVERSION EFFICIENCY 
!
Overview: 

Sample results for Lab 3-8 Part A: 

Set-up kW hrs W hrs 
Joules 
electr. 

Mass water 
(g) 

Δ temp. 
(°C) 

Joules 
heat 

Efficiency 

Hot plate 0.029 29 104,400 500 20 41,800 40% 
Immersion heater 0.020 20 72,000 350 30 43,890 61% 
Electr. tea kettle 0.041 41 147,600 2000 16.7 139,612 95% 
 

Sample results for Lab 3-8 Part B: 

Set-up Volts Amps Watts Sec. Joules 
electr. 

Mass 
(kg) 

Distance 
(m) 

Joules 
work 

Effic. 

30 rpm 
motor 

 
13 

 
0.008 

 
0.104 

 
61 

 
6.3 

 
0.160 

 
0.74 

 
1.2 

 
19% 

Cordless 
drill* 

 
9.5 

 
1.3 

 
12.4 

 
10 

 
124 

 
0.50 

 
1.0 

 
4.9 

 
4% 

* This procedure can also be accomplished by substituting a variable speed cordless drill for the 30 rpm 
motor and a drill bit for the shaft. 
 

Sample results for Lab 3-8 Part C: 
Average watts applied 

from plug-in drill 
Average watts generated 

by cordless drill Efficiency 

290 1.1 0.38% 
330 2.6 0.79% 
350 3.9 1.1% 
400 7 1.8% 

 
Sample results for Lab 3-8 Part D: 

Average 
voltage 
applied 

Length of 
aquarium tubing 

(cm) 

Liters 
displaced 

/Wh 

Liters 
displaced 
/minute 

Relative 
speed 

Relative 
efficiency 

1.9 2  84 0.86 N/A N/A 
1.0 2 112 0.57 -34% +33% 
1.9 370 76 0.76 -12% -9% 

 
Part B: If you choose to substitute a variable speed drill for the 30 rpm motor, you need to apply 
low and steady pressure to the trigger on the drill. Power drills also supply relatively high levels 
of torque, so you need to select your masses accordingly. 

Part C: Students may forget to hold down the trigger on the cordless drill (the one being used as 
a generator), so you may either choose to use duct tape to keep it held down, or simply hold it 
down yourself during this procedure. 
Part D: A lower voltage increases efficiency due to lower resistance in the electrical system and 
the lower pumping speed; this in turn decreases turbulence in the hoses and tubes. Efficiency and 
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speed decrease when a longer portion of aquarium tubing is used because of the increased 
friction of the gas particles with the tubing. Your more ambitious students may want to know the 
absolute efficiency of this setup. A rough approximation can be obtained with the following 
calculation: 

 (kg water displaced per Wh recorded) x (9.8 m/sec2) x 1/2 (m height that water is moved*) 
= kg x m2/sec2 per Wh recorded = total joules work calculated per Wh recorded 

 (total joules work calculated per Wh recorded) ÷ (3600 joules per Wh) = efficiency ratio 
*The height is obtained by measuring from the bottom of the bottle to the height of the hose 
where the water is ejected. The height is cut in half to approximate the net distance travelled by 
the water. Based on these calculations we obtained an efficiency of 3-5%. 

Answers to Questions: Part A: 1) The heat acquired by the water is always lower because no 
conversion of energy is 100% efficient. 2) Answers may vary. Usually the beaker on the hotplate 
is the least efficient. 3) Some heat is lost through the electrical wire and container.  
Part B: 1) No, because no conversion of energy is 100% efficient. 2) It was lost as heat. 3) 
Answers may vary based on the type of motor used. 4) Lubricate the motor, lift the mass that is 
optimum for the motor, etc. 5) The second law. 

Part C: 1) It generates an electric current. 2) It changes sign (positive to negative). 3) Answers 
may vary depending on what is used, but usually the highest speed is more efficient (see table). 
4) Some energy is lost as heat. This can be minimized by lubrication, using the optimum speed, 
etc.  

Part D: 1) Low voltage improves efficiency because it reduces friction. The disadvantage is the 
slower rate of pumping. 2) A longer tube reduces efficiency because it increases friction. One 
advantage is that it transports the water over a longer distance. 
Logistics: Part A-C can be all completed within two hours. You can set up these three activities 
in different “stations” where lab groups are rotated. Part D requires at least an hour. The hose 
where the water is ejected is kept short so that it does not act as a siphon to pull the water down 
and thereby decrease the accuracy of your readings. Older batteries are less likely to maintain a 
consistent voltage, so be sure to use fresh batteries.  If you have a converter that allows you to set 
the voltage and the current, this would be more reliable than batteries, but do not use a higher 
voltage or current than is specified for the product. If you are not sure, it is better to use batteries. 

Degree of Difficulty: 1—These procedures do not require any form of rehearsal. Just make sure 
you know how to set up the apparatus before your students try it. 

Product Guidelines: Part B: The 30 rpm motor was purchased from Scientifics Direct Inc. for 
about $25. Part D: The DC wattmeter used in this lab is called “Watts Up®” and was purchased 
online from Battery Junction for $55. The auxiliary power connector cable called “Watt-
AuxCable®” was purchased online from Powerwerx for $9. A complete description of how to set 
up the auxiliary cable can by found in the Instructor’s Guide to Lab 3-5. 
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3-9) PHOTOVOLTAIC CELL DYNAMICS 
Objective: This laboratory exercise gives you first-hand information for estimating the cost-
effectiveness of solar cells.  

Materials: a photovoltaic cell large enough to power a small motor; a small motor with fan 
blades (1-2 volts); and a DC wattmeter with auxiliary cable and 9-volt battery (the auxiliary 
cable and 9-volt battery serve to power the screen on the wattmeter when the power source is 
below 4 volts), alligator leads, and alligator clips. 

Introduction: In 1839, French physicist Edmond Becquerel observed that exposure to sunlight 
caused certain materials to produce a measurable electric current. This was later attributed to 
Albert Einstein’s “photoelectric effect”, an application of quantum theory that predicts the 
displacement of electrons excited by high-energy photons. During the 1950s, American 
researchers revisited this phenomenon to develop practical photovoltaic cells that could power 
orbiting satellites indefinitely. 

Due to their high cost, photovoltaic panels made up less than 0.1% of grid-connected electricity 
produced in the U.S. in 2008. However, government incentives and sharp declines in cost have 
increased this share to 1.2% in 2014 (1). Unlike wind generators, solar panels are quiet and 
require almost no maintenance, making them more attractive in residential areas. This trend may 
accelerate as average price of photovoltaics continues to fall and more electric companies use 
“reverse metering” to buy up surplus electricity produced by households with solar panels. 

Procedure:  

  

1) Organize all materials 
needed for the photovoltaic 
apparatus (Fig. 1). Note that 
the motor has been taped to a 
bowl so that the fan blades 
can turn freely. Place the 
items on a flat board so you 
can easily carry the apparatus 
outside after it is assembled. 

 Fig. 1 
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Fig. 2 

 
2) Connect the test leads to the 
positive and negative terminals 
of the photovoltaic cell. 
Connect the other ends to the 
corresponding positive and 
negative terminals of the 
wattmeter on the “source” end. 
Finally, use alligator clips to 
connect your motor to wires 
leading from the “load” end of 
your watt meter (Fig. 2). 
 

3) Take the apparatus outside 
on a sunny day and record how 
long it takes for the meter to 
record 0.1 watt-hours. For 
better accuracy, leave it 
outside for 4-6 hours. 

 

Questions: 

1) Given that “watts” are equivalent to “watt-hours per hour”, calculate the average number of watts 
generated by the photovoltaic cell on a sunny day using the following formula: 

average watts = total watt-hours recorded ÷ total hours   (1) 
2) Use a ruler to measure the metric dimensions of the photovoltaic cell (you may find it easier to take 
these measurements in centimeters and divide by 100 in order to convert to meters).  Divide the watts 
obtained in calculation 1 by the total square meters of the cell. This will give you the energy generated per 
square meter per hour. 

 average watts generated per m2 = average watts ÷ total m2 
 or simply; 

 average watts generated per m2 = watts  ÷ (calculation 1)   (2) 
3) A window-unit air conditioner may use on average about 790 watts. Use this information to calculate 
how many square meters of photovoltaic cells you will need to run this appliance during a sunny day.  To 
do this, use the following equation and solve for the “total square meters” needed: 

  total m2 needed = 790 watts ÷ average watts generated per m2 
 or simply; 

 total m2 needed = 790 watts ÷ (calculation 2)     (3) 
4) Based on a comparison of retail prices from 2014, the cost of photovoltaic cells can range from $200-
$650 per m2. On the basis of an average price of about $300 per m2, calculate how much it will cost to 
purchase enough solar panels to run a window-unit air conditioner on a sunny day. To do this, use the 
following equation:  

 total cost = ($300 / m2) × total m2 needed 
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 or simply; 

 total cost = ($300 / m2) × (calculation 3)     (4) 
5) Residential electricity usage is measured in kilowatt-hours (kWh). Use your latest electric bill to 
estimate how much it normally costs to run your air conditioner for a six-hour period of time on a given 
day. To do this, find the cost per kilowatt-hour according your electric bill and use the following 
equation: 

total cost per day = (6 hours per day) × (0.79 kW consumed) × (cost per kWh) (5) 
6) Suppose your solar panel is located in a warm climate that allows it to receive an average of six hours 
of sunlight per day. Assuming that the average price of electricity remains unchanged year after year, 
calculate how long it will it take for you to break even on your investment. To calculate this in terms of 6-
hour sunny days, use the following equation: 

total sunny days needed = (total cost of photovoltaic cells) ÷ (total saved per day)* 
or simply; 

total sunny days needed = (calculation 4) ÷ (calculation 5)*   (6) 
Divide calculation 6 by 365 days per year to get the number of years needed to break even on your 
investment. 

*The total cost per day (calculation 5) is equivalent to the total saved per day because you are using 
photovoltaic cells to generate this power that would otherwise be supplied by the grid. 

Literature Cited: 
1. “2014 Renewable Energy Data Book”, p. 24 (http://www.nrel.gov/docs/fy16osti/64720.pdf) 
 

  



ECOLOGY, DEVELOPMENT, & SUSTAINABILITY    
 

 130 

3-9)  INSTRUCTOR’S GUIDE TO PHOTOVOLTAIC CELL DYNAMICS 
Overview: Occasional clouds will change the rate at which the solar cell generates electricity, so 
choose a cloudless day for taking the apparatus outside. 
Answers to Questions: based on data collected in 2010: 
1-2) Based on a 40-minute trial on a sunny day the photovoltaic cell in the picture which 
measures about 0.0013 square meters and produced an average of 0.10 watts (watt-hours per 
hour). Therefore: 0.10 watts ÷ 0.0013 m2 = 77 watts per m2 

3) 790 watts ÷ 77 watts generated per m2 = 10 m2 
4) ($300 / m2) × (10 m2) = $3,000 

5) (6 hours per day) × (0.790 kW consumed) × ($0.18 per kWh) = $0.85 per day 
6) ($3,000) ÷ ($0.85 saved per day) ≈ 3,500 total 6-hour sunny days needed 

  ÷ (365 days per year) ≈ 10 years 

Logistics: This lab only requires two people, but if you have only one set of equipment for the 
whole class, students who do not set it up can take turns recording voltage and amp-hour 
readings. 

Degree of Difficulty: 1—This lab does not require any form of rehearsal. Just make sure the 
solar cell works before your students try it. 

Product Guidelines: Most items in the lab (including the motor and solar cell) are available at 
Radio Shack. The DC wattmeter used in this lab is called “Watts Up®” and was purchased online 
from Battery Junction for $55. The auxiliary power connector cable called “Watt-AuxCable®” 
was purchased online from Powerwerx for $9. A more complete description of how to set up the 
auxiliary cable can by found in the Instructor’s Guide to Lab 3-5. 


