ECOLOGY, DEVELOPMENT, & SUSTAINABILITY

PART 2: THE MAN-MADE ENVIRONMENT

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 watt meter; a thermometer; a hot plate; a 1 liter Pyrex glass beaker;
a watch glass that covers the beaker; an electric tea kettle that holes 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 light socket with battery clips; a 9.6V cordless drill; a 4.5 amp plugin 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 watt meter with
auxiliary cable and 9-volt battery (the auxiliary cable and 9-volt battery serve to power the
screen on the watt meter 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 molecular movement), 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 costeffective 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 watt meter into the wall then plug the hot plate into the watt meter with the heat turned off.
3) Set the watt meter to read kilowatt hours, making sure you are starting at “zero” (reset if necessary).
4) Record the initial temperature then turn on the hot plate to the maximum setting.
5) Read the watt meter and turn off the hot plate as soon as the watt meter 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 with the top open.
11) Repeat steps 1-6 this time using the immersion heater with the top closed.
Caution: An immersion 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:
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 most efficient for heating water? How do you know?
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

Fig. 2

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

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

Fig. 3

Fig. 4

3) Install the shaft on the motor (Fig. 3) and hold
the motor on the edge of a table (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 / seconds2) × (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:
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 only accomplish 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 light 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

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.

Fig. 7

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 light socket with battery clips (Fig. 5). This time the fan will be your load.

Fig. 8
2) Set the cordless drill so that it rotates
counterclockwise (Fig. 8).
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Fig. 9
3) Adjust the torque setting to the maximum
level used for heavy drilling (Fig. 9).
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Fig. 10

Fig. 11

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.

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.
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. It is important that you never release the trigger on the cordless drill while it is being spun
by the plug-in drill or both the drills may be damaged!

Part C-3: Measuring Generator Efficiency
1) Connect the drill to a plug-in watt meter 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, then 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 watt meter has a steady reading (usually between
280-320 watts).
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
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to electricity generated by the cordless drill:

(watts generated by cordless / watts consumed by plug-in) × 100% = % efficiency
Questions:
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. 1
1) Organize all materials needed for setting up the pumping apparatus (Fig. 1). Note that the aquarium
pump has been opened in order to expose the battery compartment.
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