
 

Activity Title:  R4 - There is a lot of energy in there 

Total Time: 3 weeks. 

Student Age: 12-18 years. 
 
Application Area:  Renewable energy, environmental science, microbiology, fuel cell 
engineering, electrical and electronics engineering. 

Key Words: Urine, Nitrogen, germs, bacteria, alternative energy sources, Microbial fuel cell 
(MFC),  Electrode, Shewanella, Geobakter, Electrons, Electrical, Power outlet, resistance, 
Ohm's law, Watts (W), Voltage (V), Ohms (Ω), sterile. 

Materials/Materials (Microbial Fuel Cell Kit-1, Picture 1, (Homescienetools, 2022)) 

• Microbial Fuel Cell containers (2) 

• Anodes (2) 

• Cathodes (2) 

• Hacker panels (2) 

• Condensers (2) 

• LEDs (2) 

• Digital clock/thermometer (1) to be operated by the microbial fuel cell 

• Seven sets of resistors 

• Alligator clips and jumpers (2) 

• Digital multimeter 

• Nitrile gloves (1 pairs) 

 
Picture 1. Microbial Fuel Cell Kit 

 

 



 

Theme: 
 
• Renewable Energy 

Considerations: 
 

• Make sure that no pesticides are applied to the soil you will be sampling. Pesticides 

can cause the application to fail because it will damage bacteria and insects in the soil. 

• If you want to buy the soil you will sample, do not use small white foam balls, 

vermiculite parts or perlit soils used to ventilate the soil and avoid soil with peat algae. 

• Make sure that the urine sample you will receive is not taken from anyone known as 

bladder, kidney or urinary tract infection. 

• When handling the electrodes (cathodu and anodu) of the microbial fuel cell, always 

wear the gloves supplied with the kit. 

• Electrodes are made from a conductive material called graphite fibers and should not 

be placed near electrons or electrical plugs or scattered fibers in the air. 

• Wear gloves when working with human urine. 

• Adult supervision is recommended during the activity. 

 

Introduction: 
 

This activity consists of three main steps. Step one, students understand the process of 

treatment facilities. For this purpose, digital tools can be used or a trip to a treatment facility 

in your province can be planned. The second step, students design using microbial fuel cells. 

This design include different types of soil and measure the amount of energy produced. Step 

three, students add human urine to the soil species and compare the amount of energy they 

have achieved. There is humanity in this project, and it is intended to make it realize that 

there is a very long source of energy (Picture 1), (Logan, 2022; ScientificAmerican, 2022). 



 

 
Picture 1. Source of energy 

 

People create a lot of sewage waste every day (Stool, urine-filled waste water).  

• Do you know that the amount of urine produced worldwide is 6.4 trillion liters?  

• How much energy do you think this amount of waste is spending to be processed and 

disposed of?  

• What if there was a way to evaluate these sewage waters? To generate energy?  

That idea means there's a lot of energy in humanity. Sound like an exciting and limitless 

source of energy? Human urine is rich in minerals and electrodes, and some bacteria actually 

develop by taking these substances. In this project, observe the increase in energy by adding 

human urine to devices called microbial fuel cells that can generate electrical energy using 

certain bacteria with students (Ieropoulos et al., 2012). 

 

Aim of The Activity: 
 

The purpose of this activity ; 

• Familiarize students with renewable energy sources, 

• Introduction students to electrical physics, 

• Learn students with the process in treatment facilities 

• Recognize students to bacteria living in the soil 



 

• Review the effect of adding different amounts of urine to the microbial fuel cell on the 

power output intended. 

 

 
 

Activity Process: 
 

Preparation Phase: 

At this stage, students watch with a number of videos to help them recognize the 

problem. The content of these videos should be about the damage fossil fuels cause to the 

world, the importance of renewable energy sources, what human resources can be (such as 

biofuels). An overview of the project carries out later and warnings are given. Students think 

about the following questions before starting the design. Please ask this questions to the 

students? 

• What nutrients can bacteria eat in human urine? 

• How does the MFC work? 

• How soil bacteria can help generate electricity in an MFC 

• How do you think adding a small amount of human urine to the MFC will affect the 

power output? Do you think, adding a lot more urine? 

Watch these videos and documents with students: 

1. https://youtu.be/5iMw7-GIJFE 

2. https://youtu.be/p2q6BGJuxRk 

3. https://youtu.be/ZotwUJAb8R4 

4. https://www.sciencebuddies.org/science-fair-projects/project-

ideas/EnvSci_p061/environmental-science/microbial-fuel-cell-urine#procedure 

 

Design Steps: 

STEP 1. Understanding the process at wastewater plants (ScienceBudies, 2022a). 

Please watch the video with students (https://youtu.be/s8IVjQg7yno) 

 

STEP 2. Preparing the energy assembly using a microbial fuel cell. 

At this stage, students combine two identical microbial fuel cells containing the same 

soil material. Later in the procedure, students add a different amount of urine to each and 

compare the power outputs. 

https://youtu.be/p2q6BGJuxRk
https://youtu.be/ZotwUJAb8R4
https://youtu.be/s8IVjQg7yno


 

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

assemble the microbial fuel cells. (https://www.youtube.com/watch?v=5iMw7-

GIJFE&t=12s)  

2. Adjust students to the dirtiness of the world. To do this, collect your soil samples 

from various areas (Rear garden, park, open area and riverbed), (Picture 2). 

  
 

Picture 2. Collect soil samples. 

 

3. After taking the soil samples, sift the soil by placing a plastic strainer or colander 

over a plastic mixing bowl. This process will ensure the removal of hard particles 

(rock, gravel, etc.) from the soil. Because these particles aerate the soil and can 

prevent the growth of the desired type of bacteria. The amount we need is 400 g of 

sifted soil. 

4. Add distilled water to the sifted soil and get a sludge (Picture 3). 

 
 

 

Picture 3. Water to soil 

 

5. Stick labels on the fuel cans for different amounts of urine to be used in the design 

(1 ml urine, 5 ml urine, 7 ml urine, etc.). 

6. Put on the gloves that come with the MFCs and start building the first microbial 

fuel cell. 

7. Disconnect the green and orange wires that came with the MFC electrodes. Bend 

each wire in a 90o L shape to where the plastic part ends (Picture 4). 

https://www.youtube.com/watch?v=5iMw7-GIJFE&t=12s
https://www.youtube.com/watch?v=5iMw7-GIJFE&t=12s


 

 
Picture 4. L shape 

8. Remove the MFC anode from its pouch. (The anode is the thinner, black, felt-like 

circle.) 

Note: The cathode and anode ( electrodes ) of the MFC are made of a conductive 

material called graphite fiber. Do not place the cathode or anode near electronics or power 

plugs, and do not scatter the fibers in the air, because when the fibers come into contact with 

electronics, it will cause power outages. 

9. After preparing the green metal L-shaped wire, carefully insert it into the anode 

disc. Make sure that the wire goes straight and does not protrude from the upper or 

lower sides of the anode. 

 
Picture 5. Insert into the anode disc 

10. Insert the orange wire (which is shorter than the green wire) straight into the 

cathode disc, as you would do with the green wire (Picture 6). 



 

 
Picture 6. Orange wire 

 

11. Fill the soil mud you have prepared with 1 ml in the container. When this process is 

finished, wash the mud from the gloves, but do not remove the gloves for other 

procedures (Picture 7). 

 
Picture 7. Fill the soil 

 

12. Put the anode disc on the mud as shown so that there is no air left. The presence of 

air in the mud can prevent the reproduction of anaerobic (living without oxygen) 

bacteria. Pay attention to the fact that the green wire protrudes perpendicularly along 

the edge of the container. Don't let the wire get into the mud (Picture 8). 



 

  
Picture 8. Inserting disc 

 

13. After inserting the anode disc, put mud on it until it reaches the level of 5 ml. 
When this process is finished, wash the mud from the gloves, but do not remove 
the gloves for other procedures (Picture 9). 

 
Picture 8. Put mud until the 5ml. 

14. Place the cathode disc to which the orange wire is attached so that it does not touch 
the mud on the top. The orange wire at the cathode should be located 1-2 cm to the 
left of the green wire. 

       



 

Picture 9. Place the cathode disc 

 

15. After waiting for a few minutes, carefully pour out any excess water that may exist 

in the container and clean the container. After this step, take off your gloves. 

 
Picture 10. Pour out 

 
16. Take the white plastic cover and thread the wires through the small holes in the 

cover. When viewed from the front, the half-moon-shaped structure should have 
orange wire on the left side and green wire on the right side (Picture 11). 

 
Picture 11. Small holes 

 

17. After passing the wires through the holes of the lid, carefully place the lid on the 
container. Remove the small green circuit board and insert it into the rectangular 
recess in the cover. (Picture 12) 
 

 



 

      
Picture 11. Place the lid 

 

18. Place the cathode wire (orange) at the + end of the circuit board, the anode wire 
(green) at the – end of the circuit board (Picture 12). 

       
Picture 12. Place the cathode wire 

19. Connect the ends of the capacitor to ports 1 and 2. The point you should pay 
attention to here is that the long end of the capacitor is connected to port 1 and the 
short end is connected to port 2. Otherwise, your project will not work and your 
circuit board may be damaged (Picture 13). 



 

 
Picture 13. Connect the ends of the capacitor to ports 

20. Connect the red led to ports 5 and 6. ports 3 and 4 will remain empty. The point 
you should pay attention to here is; The long end of the LED should be installed at 
port 5 and the short end at port 6. Otherwise, your project will not work (Picture 
14). 

 
Picture 14. Connect the red led to ports 

 

21. This is how your circuit board should look when you finish all operations. Check 
the accuracy (Picture 15.) 



 

 
Picture 15. Output 

 

After preparing the first microbial fuel cell, prepare the other microbial fuel cell with 
the same steps. There is no difference between the two boxes for now. Dec. We haven't added 
urine to the cans yet! 

• After preparing both microbial fuel cells, place the boxes indoors, at normal room 
temperature (about 19 -25°C), in an environment where they will not be moved. After the 
installation is completed, it is necessary not to move the boxes for the bacteria that multiply in 
them. Movement disrupts bacterial growth. 

• You will see that the led lamps are lit in the boxes you have prepared within 3-7 days. This 
is evidence that bacteria produce energy by consuming substances in the soil. 

STEP 3. Measuring power output (ScienceBudies, 2022b). 

Watch the vide in the link (https://www.youtube.com/watch?v=p2q6BGJuxRk). 

Students will measure the power output of both your microbial fuel cells every day. 

When the power output appears to be constant, you will add different amounts of urine to 

each one. Urine will change the amount of power output in fuel cells.  

• What kind of change are you expecting? 

Detect the flashing December of the LEDs. To do this, count how many times the led 

flashes in 10 seconds. And dividing this number by 10, reach the number of flashes per 

second. Make this measurement for both boxes for 3 consecutive days and record it in your 

laboratory notebook. The purpose of doing this is to observe how stable the energy coming 

out of the box is. Measure the power output in fuel cells using a multimeter (Picture 16). 

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


 

 
Picture 16. Measure the power 

 

1. For this you need to connect the multimeter to your circuit board. Follow the 

following steps. Remove the led lamp and capacitor from your circuit board 

Remove the orange wire from the + end and place it in the connection zone No. 3. 

Do not change the location of the green cable (Picture 17). 

 
Picture 17. Remove the led lamp 

 

          

2. Insert the resistor with a value of 220Ω into ports 5 and 6 on the circuit board 
(Picture 18). 

 



 

 
Picture 18. Insert the resistor 

 

3. Connect the red cable that comes with the multimeter to the VΩMA port on the 
multimeter. Connect the black cable that comes with the multimeter to the COM 
port on the multimeter (Picture 19). 

   
Picture 19. Connect VΩMA and COM 

 

4. Turn the multimeter dial to the level of 2000 m to measure the direct current (DC) 
voltage. Attach the green clip to the red cable, the white clip to the black cable. 
Connect the other end of the green clip to the connecting wire No. 5 of the resistor, 
and the other end of the white clip to the connecting wire No. 6 (Picture 20). 

 
Picture 20. Measurement 

 



 

• Measure the value on the multimeter after waiting for 5 minutes. This value is in 
millivolts. This value is insufficient to determine the performance of the microbial fuel cell. 
For the correct result, you must turn millivolts into watts (W). 

• This procedure is described at https://www.sciencebuddies.org/science-fair-
projects/project-ideas/EnvSci_p061/environmental-science/microbial-fuel-cell-
urine#background 

NOTE: If you want to make this project difficult, you can take these measurements 
separately in all types of resistors. 

Note your wattage values in your lab book by measuring them for both boxes. You 
must do this at the same time for 7-14 days. at the end of day 14, the power output will be 
fixed. At the end of day 14, the LED is expected to generate enough energy to flash every 30 
seconds. 

NOTE: Why are we waiting for the power to stabilize? The point is that for 7-14 days, 
power is variable. Because the bacterial growth continues. This experiment affects our 
outcome. We're waiting for the value to stabilize so we don't associate the power increase 
with urine. After you have finished measuring voltage with the multimeter, restore the circuit 
board. 

When you understand that the power output is equal in both microbial fuel kits, close 
the caps by adding 1mL mL urine to one of the boxes and 5 mL urine to the other. Install all 
connections correctly. 

 

 

Assessment: 
Ask your students the following questions during the valuation process; 

1. What happened to the power outlet the day after adding urine and the frequency of the 

LED flashing in both microbial fuel kits (MFC)? Has there been an increase or 

decrease in the power output? How big a change has happened? 

2. Where was the power output in the 2.1 mL urine microbial fuel cell stabilized compared 

to the other 5 mL urine? 

3. How long did the power output stabilize after adding urine? 

4. based on your results, do you think it would be appropriate to use urine (and/or other 

human waste) to help generate power? Why not or why not? 

5. Can we repeat this experiment with more urine (10 mL, 30 mL)? Does the volume of 

the added urine always have a positive effect, or is there a urine volume that reduces the 

output of power? 

 



 

The design of students can be displayed within the school. Different products can be created 
by diversifying waste materials used. 

 

Goals Must be 
improved (1) 

Medium 
(2) 

Good  
(3) 

Very 
good (4) 

Task sharing, teamwork, effective 

communication during group work 

    

Accuracy of business safety     

Ability to perform mathematical 

operations 

    

Ability to use phase elements in 

series 

    

Ability to produce solutions to 

potential problems 

    

Ability to access information using 

digital tools 

    

Patience and discipline in long-

term projects 

    

Total     
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