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Experimental Procedure

Microbial Fuel Cells in Science Fairs

Working with microbial fuel cells involves growing soil bacteria. Because of this, many science fairs, including those associated with the International Science and
Engineering Fair (ISEF) have requirements which need to be met before you start your project. We recommend you:

Check with your teacher or science fair coordinator about any requirements
Read the Science Buddies Microorganisms Safety Guide (http://www.sciencebuddies.org/science-fair-projects/references/microorganisms-safety) to learn how to safely handle
bacteria
Fill out a Risk Assessment Form (https://sspcdn.blob.core.windows.net/files/Documents/SEP/ISEF/2018/Forms/3-Risk-Assessment.pdf) (required by ISEF affiliated science fairs for all
MFC projects)

Setting up the Microbial Fuel Cells

You will assemble two microbial fuel cells that each contain a different type of soil. Throughout the experiment you will monitor their power outputs and then compare
which soil produces the most electricity. Which soil do you think will work best?

First, watch the video or follow the step-by-step instructions to see how to assemble the microbial fuel cells.1. 

https://www.youtube.com/watch?v=5iMw7-GIJFE (https://www.youtube.com/watch?v=5iMw7-GIJFE)

Prepare your two different soil muds. Start preparing your first soil for the first microbial fuel cell.
Place a plastic strainer or colander over a large mixing bowl.a. 
Measure a total of about 2 cups (about 500 milliliters [mL]) of your soil into the strainer. Gently shake the strainer over the bowl so that the soil is strained
and any small, hard particles (such as rocks, pebbles, twigs, etcetera) are removed from the soil. You will likely need to be patient; it may take several
minutes to strain the soil. When you are done, you should have about 200 g of fine, sifted soil in the bowl.

b. 

2. 
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It is important to remove these particles from the soil because they can aerate the soil and inhibit the desired bacteria from growing (the bacteria
do not want to be exposed to oxygen).

i. 

Add distilled water and mix it in until your topsoil mud feels like cookie dough. Add more water if the mud is too crumbly, or add more topsoil if the mixture
feels too wet.

c. 

When you have prepared your soil mud, set it aside and wash your hands.d. 
Carefully take the MFC pieces out of the box and lay them out. Identify the different components and use masking tape and a permanent marker to label both
devices with one soil type each (for example "forest soil" or "garden soil").

3. 

Put on the gloves that came with the MFCs and start assembling the first microbial fuel cell.4. 
Take out the green and orange wires that came with the MFC electrodes. Bend each wire where the plastic part ends so that each wire is now at a 90° angle
(shaped like a capital "L"), as shown in the video above.

5. 

Remove the MFC anode from its bag. (The anode is the thinner, black, felt-like circle.)
Safety Note: The MFC's cathode and anode (its electrodes) are made of a conductive material called graphite fiber. Do not put the cathode or anode
near electronics or power plugs, and do not disperse the fibers in the air, as the fibers will cause electrical shortages when in contact with electronics.

a. 
6. 

Straighten the metal part of the green wire and carefully insert it into the anode, as shown in Figure 3. Make sure the wire goes straight and does not poke out
on the top or bottom sides of the anode.

7. 

Figure 3. Insert the metal part of the green wire into the anode circle.
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Repeat steps 6 and 7 using the cathode (the thicker, black, felt-like circle) and the orange wire (which is shorter than the green wire).8. 
Take the soil mud of your first soil type that you prepared in step 2 and use it to fill the first vessel up to the line next to the "1" on the plastic vessel (marking 1
centimeter [cm]). Once filled, pat the mud so that its surface is smooth.

Tip: You may want to cover the surface you are working on with old newspapers to prevent mud from getting on it.a. 
When you are finished, rinse the mud off your gloves and dry them (but do not take them off yet).b. 

9. 

Put the anode on top of the mud in the vessel, as shown in Figure 4.
The green wire from the anode should be sticking up. The green wire should not be stuck down in the mud.a. 
Gently press the anode flat against the mud so that no air bubbles are under the anode. Note: Removing the air bubbles is important, as the trapped
oxygen can prevent the formation of an anaerobic bacterial biofilm and reduce the power output of your microbial fuel cell.

b. 

10. 
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Figure 4. Place the anode on top of the 1 cm of mud.

Use more soil mud to fill the vessel up to the line next to the "5" mark (marking 5 cm). Once filled, again pat the mud so that its surface is smooth.
Run the green wire along the side of the vessel.a. 
Rinse the mud off your gloves and dry them.b. 

11. 

Gently place the cathode on top of the mud and press it as flat as you can, as shown in Figure 5.
The orange wire from the cathode should be sticking out of the top side.a. 
Do not let any mud or liquid cover the top of the cathode.b. 
It is best to arrange the cathode so that its orange wire is about 1–2 cm to the left of the green wire.c. 

12. 
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Let the mud rest in the vessel for a few minutes. Then carefully pour off any excess liquid.d. 

Figure 5. Add the cathode on top of the 5 cm of mud.

Use a clean paper towel or rag to wipe any mud off the vessel's rim. Then take off your gloves.13. 
Take the white plastic lid and pass the wires through the small holes in the lid. Arrange the wires so that the orange wire is on the left and the green wire is on
the right when the semicircular indentation on the lid is facing the front. Then carefully snap the lid onto the plastic vessel.

14. 

Take out the hacker board (the small green circuit). Attach it into the lid's rectangular indentation.15. 
Locate the "+" and "-" ports (holes) on the hacker board. Plug the cathode's wire (orange) into the "+" port and the anode's wire (green) into the "-" port.16. 
Locate ports 1 and 2 on the hacker board. Plug the blue capacitor (the small, cylindrical item with two longer metal prongs) into these ports. The blue capacitor's17. 
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longer prong should go into port 1 and the shorter prong into port 2. Note: The orientation of the capacitor is important. If you reverse the short and long prongs,
it will not work and might even damage the capacitor. You may need to bend the capacitor's longer end slightly so that the capacitor's prongs fit into the ports
well.
Plug the red LED below the capacitor into ports 5 and 6 (ports 3 and 4 will remain empty). The LED's longer prong should go into port 5 and the shorter prong
into port 6. Note: The LED will only work if inserted in this orientation. If you accidentally reverse the prongs, the LED will not light up. You may need to bend the
LED's longer end slightly so that the LED's prongs fit into the ports well.

18. 

Make sure that the wires, capacitor, and LED are all securely in place. The assembled hacker board on the top of the MFC should now look like Figure 6.19. 
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Figure 6. When you have finished assembling your MFC and its hacker board, the top should look like the one in this image.

After assembling the first MFC, prepare your second soil type and set up the second microbial fuel cell using your second soil type starting at step 2.20. 
Once both microbial fuel cells are assembled, set the MFCs indoors, at normal room temperature (about 19–25° Celsius [C], or 66–77° Fahrenheit [F]), in a21. 
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place where they will not be disturbed. The MFCs should remain in the same location the entire time after you set them up because if they are moved, this could
disrupt the growth of the bacteria. It should take 3–7 days before the red LEDs on the hacker board start blinking, but you will start taking measurements before
that, as described in the next section. Note: Temperature variations can cause changes in the power output of the microbial fuel cells due to different bacteria
activities.

Measuring Power Output

You will measure the power output for both of your microbial fuel cells every day. Once the power output seems to have stabilized, you will analyze your data and be
able to compare the performance of both of your soils.

One day after setting up your microbial fuel cells, check to see if the LEDs are blinking. Most likely, they will not be, but check to make sure. Watch the LEDs for
2 minutes to see if they are blinking.

If one or both of the LEDs are blinking, time how many seconds apart the blinks for each one are.
To do this, start a stopwatch as soon as you see the LED blink and stop the stopwatch when the LED blinks again.i. 
If the LED is blinking faster than once every 5 seconds, do not time the seconds between blinks, but instead time the blinks per second. Time a
10-second interval and count how many times the LED blinks in this period and then divide this by 10 to get blinks per second.

ii. 

Repeat step 1.a.i. or 1.a.ii. two more times so you have a total of three counts.iii. 
Record your results for each MFC in your lab notebook in a data table like Table 2. (If you counted blinks per second, as in step 1.a.ii., change the
heading from "Seconds Between Blinks" to "Blinks per Second.") Calculate the average for your three counts and record that, too.

iv. 

a. 

1. 

Seconds Between Blinks

Day Count #1 Count #2 Count #3 Average

1

2

3

Table 2. Check both MFCs each day to see if the LEDs are blinking. If they are, record how many seconds elapse between the blinks (or how many blinks there are
per second) for each, resulting in three separate counts. Record the results for each microbial fuel cell in a data table like this one in your lab notebook.

Next, measure the power output for both of the MFCs using the multimeter that comes with the Microbial Fuel Cell kit. You can either watch the video below or
follow the step-by-step instructions. If you need help using a multimeter, consult the Science Buddies reference How to Use a Multimeter (http://www.sciencebuddies.org

/science-fair-projects/references/how-to-use-a-multimeter), as well as the instructions that came with your multimeter.

2. 
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https://www.youtube.com/watch?v=p2q6BGJuxRk (https://www.youtube.com/watch?v=p2q6BGJuxRk)

To measure the MFC's power output, remove the capacitor and LED from the hacker board. Then remove the orange wire from the "+" port and plug it
into port 3. This means that the orange wire should be in port 3, the green wire should still be in the "-" port, and all other ports should be empty.

a. 

Place a resistor between ports 5 and 6, as shown in the video above. For the resistors the orientation does not matter.
Several resistors come in the MFC kit. Start with the largest-capacity resistor, which will be a 4.7 kΩ resistor. (Ω, the capital Greek letter Omega, is
the symbol for ohms, the unit used to measure resistance. 1 kilo-ohm, or 1 kΩ, is 1000 ohms.)

i. 

Resistors' values are labeled using color-coded bands. Use Figure 7 to determine the resistance for each resistor.
Tip: If you want, you can confirm the resistance of any resistor using your multimeter by setting it to measure resistance (usually a "Ω"
symbol for ohms) and connecting the multimeter's leads on the wire ends of the resistor.

1. 

Figure 7. Use this resistor color chart to determine the resistance for each resistor.

ii. 

Leave the resistor plugged in for 5 minutes.iii. 

b. 

After the resistor has been plugged in for 5 minutes, use your multimeter to measure the voltage across the resistor.
Make sure the multimeter's black wire is plugged into the "COM" port and its red wire is plugged into the "VΩMA" port on the multimeter.i. 
Set the multimeter to measure DC voltage. This is marked as "V" with a straight line next to it. Specifically turn the dial to "2000 m."ii. 
Clip the multimeter's red lead to the resistor's metal wire that is plugged into port 5. Then clip the multimeter's black lead to the resistor's metal
wire that is plugged into port 6, as shown in the video. Read the multimeter's screen to see what the voltage is (in millivolts [mV]).

iii. 

If the voltage seems to be changing a little, such as decreasing slightly over the period of a few seconds, watch the readings on the multimeter for
a few seconds more until they stabilize (and stay the same for a few seconds). Use the stabilized value.

If the readings are still changing after several seconds, or if your readings are 0 mV, make sure all of the wires are correctly and securely
plugged into the circuit (both the cathode and anode wires, and the resistor's wires), disconnect the multimeter's leads from the resistor,
and come back in another 5 minutes. Then repeat step 2.c.

1. 

iv. 

Record your results for both of the microbial fuel cells in your lab notebook in a data table like Table 3.v. 

c. 
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Day and Time:

Resistance (ohms) Voltage (mV) Power (µW)

4700

2200

1000

470

220

100

47

Table 3. In your lab notebook each day, create a data table like this one for each microbial fuel cell to record your voltage measurements. Do not forget
to write down the date and the time you started taking measurements on the top line.

Disconnect the multimeter's clips from the resistor. Remove the resistor.d. 
Repeat steps 2.b.–2.d. until you have tested the MFC with all of the resistors in the kit. Start with the resistor with the largest resistance value and end
with the resistor with the smallest resistance value.

e. 

Once you have finished taking your voltage measurements for the first MFC, plug the wires, the capacitor, and LED back into the hacker board, as described in
steps 16–18 (#step16) in the Setting Up the Microbial Fuel Cells (#mfc-setting-up) section, and repeat steps 2 and 3 for the second microbial fuel cell.

3. 

Calculate the power output (in microwatts, or µW) for each resistor and both microbial fuel cells. You can calculate this by using a derivation of Ohm's law, as
described in the Introduction (#background), Equation 1.

Note: It is important to convert the voltage measurements into power output measurements. The power output depends on the resistors you use, so you
cannot determine how well the MFC is performing by just looking at the voltage measurements alone; they need to be converted into power for them to
be meaningful.

a. 

To use Equation 1, you will need to convert your voltage readings from millivolts (mV) to volts (V). To do this, divide the millivolt values by 1000 to give
you volts.

For example, if you had a voltage reading of 45 mV, this would equal 0.045 V.i. 

b. 

Using Equation 1, your answer will be in watts (W). Convert watts to microwatts by multiplying your answer by 1,000,000.c. 
Once you have calculated it, record the power for each resistor in the data table (such as Table 3) in your lab notebook.d. 

4. 
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Determine what the peak power of your MFCs is.
In your data tables for both microbial fuel cells, look at the power produced using each resistor. The peak power is the highest power produced by any of
the resistors.

a. 

If you want to visualize this, you can plot your data for the day on a graph, putting the resistance of the resistors on the x-axis (horizontal axis) and the
power on the y-axis (vertical axis) for both MFCs. A sample graph is shown in Figure 8.

You should see a curve, with the peak power at the top of the curve, as shown in the sample graph.i. 

b. 

Make a note in your lab notebook of what the peak power for both MFCs is each day, by circling or highlighting this value in your data table. Do these
values change over time? Why do you think might this be the case? Remember that the peak power tells you what the internal resistance of your MFC is.

c. 

5. 

Figure 8. This sample graph shows possible power output data using the resistors with the MFC. In this sample, the peak power was found using a 17nbsp;kΩ
resistor, and the peak power is about 45.5 µW.

Repeat steps 1–5 each day until it looks like the power output (the peak power) for both of your microbial fuel cells is stabilizing.
Take these measurements around the same time every day. This will limit variables affecting your results (such as changes in temperature).a. 
For step 1, it should take 3–7 days for the LEDs to start blinking. However, even if the LEDs never blink, you may still be able to do this science project;
be sure to continue to take the power output measurements every day.

Tip: See the Frequently Asked Questions (#help) section for what to do if the LEDs do not blink, or if they were blinking and unexpectedly stopped
blinking.

i. 

b. 

For step 2, you should see the power output slowly increase.
For each day, make a data table, like Table 3, for each MFC in your lab notebook to record your results and use them to determine the peak
power.

i. 
c. 

6. 
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After about 7–14 days, the power output should stabilize.
It may stabilize anywhere between 10 μW to 200 μW or more. It will depend on the soil you are using and other factors. Wherever it stabilizes, it
should make enough power to blink the LED at least once every 30 seconds.

Tip: If the power output seems low, see the Frequently Asked Questions (#help) section for suggestions on what to check and try.1. 

i. 

When it stabilizes, the peak power should not change by more than about 10% for at least three days in a row.
Do not worry if your peak power changes by a little more than this. If it has been at least 14 days and when you graph the peak power (as
described in step 6.d.iii., following) it looks like it is stabilizing (meaning it is not steadily increasing or steadily decreasing from day to day),
then it has probably stabilized enough.

1. 

Keeping this in mind, if it still does not look like your peak power is stabilizing, see the Frequently Asked Questions (#help) section for
suggestions on what to check and try.

2. 

ii. 

Tip: Making graphs of your data as you collect it for both MFCs may help you see if the power output is stabilizing. If you do this, put the date on
the x-axis and the power output (peak power) for each day on the y-axis. Does the peak power appear to be stabilizing?

iii. 

The time between LED blinks should also stabilize.iv. 

d. 

Analyzing Your Results

Make two graphs of your data for each microbial fuel cell, one showing how the power output changed over time and one showing how the frequency of LED
blinks changed over time.

For the graph showing power output over time, put the number of days after setting up the MFC on the x-axis and the peak power output (in µW) on the
y-axis.

a. 

For the graph showing the frequency of LED blinks over time, put the number of days after setting up the MFC on the x-axis and the blinks per second on
the y-axis.

If you recorded the time between blinks in your data table, convert this to blinks per second by taking the data for the average seconds between
blinks that you collected each day and calculate what 1 divided by this number is. For example, if your LED blinked an average of once every 15
seconds, 1 divided by 15 is 0.067, which is the number of blinks per second it made.

i. 

b. 

1. 

Analyze your graphs.
What happened in both microbial fuel cells to the power output and frequency of the LED blinks over time? How quickly did these measurements
stabilize?

a. 

When was the power output and blinking frequency the highest for both of the microbial fuel cells? What was the peak power at this time?b. 
Did one MFC outperform the other? Why do you think this is the case? Think about what differentiates the one soil from the other.c. 
Did you see many differences in how the power output changed versus how the frequency of blinks changed? Why do you think this might be?d. 

2. 

Look back into each data table for your voltage sweeps to identify the highlighted resistor values that resulted in the peak power output for each of the MFCs.
The resistor you use to find the peak power tells you what the internal resistance of the MFC is. If you have to use different resistors over time to find the peak
power, this means that the internal resistance of the MFC is shifting. Do you see a shift happening throughout the experiment? Was there a difference between
the two different soils? What does this tell you about the internal resistance within both of the MFCs?

3. 

Frequently Asked Questions (FAQ)
FAQ for this Project Idea available online at https://www.sciencebuddies.org/science-fair-projects/project-ideas/Energy_p042/energy-power/microbial-fuel-cell-
mud#help (http://www.sciencebuddies.org/science-fair-projects/project-ideas/Energy_p042/energy-power/microbial-fuel-cell-mud#help).
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