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My project aims to design a self powered, wearable temperature tracker, using a triboelectric
nanogenerator (TENG). Triboelectricity is the energy produced when two oppositely charged
substances come into contact with one another. Whilst working towards a more sustainable future, the
use of alternative energy sources is important. I hypothesized that triboelectricity could be generated
from the friction between one’s skin and a negatively charged material placed on the inside of a shirt, to
power a biosensor. 

Texan summer temperatures regularly rise over 100° F. This coincides with activities such as band,
athletics, summer and scouting camps. Heat exhaustion is a common occurrence I have personally
experienced with my peers. This leads to serious consequences including heatstroke. According to the
CDC, there were 702 annual heat related deaths from 2004-2018. My device aims to prevent these
heat emergencies by alerting users before reaching the point of heat exhaustion.

I tested multiple designs of TENGs, and gathered data on how variables such as surface area,
material, and contact patterns affect power generation. My analysis revealed silicone to produce 5%
more voltage than teflon, and 295% more than acrylic. Power generation increased linearly with
surface area. I designed and tested multiple iterations of a prototype TENG. 

Prior studies on wearable TENGs centered on contact and separation mode. My project is novel
because it utilizes the friction between silicone and skin to generate power. I conclude that TENGs are
well suited for portable, low energy devices, and are an excellent option for energy scavenging.
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Procedure:

I. Test TENGs made with scotch tape, Teflon, and silicone for voltage generation
II. Program temperature sensor and set thresholds using an Arduino UNO and 

MAX30205 ProtoCentral library
III. Experiment with different shapes of silicone to evaluate contact surface area with the 

body whilst attached to the inside of a shirt
IV. Build rectifier to convert AC → DC and a switch to power an LED when the 

threshold is tripped
V. Test completed prototype for energy generation, make further refinements as needed

• I conclude that a wearable TENG can be used to successfully power a 
temperature sensor, or other low power devices

• Although the power generation of Teflon and silicone based TENGs 
were quite similar, silicone was used in the prototype due to its 
comfort

• The following shape maximized contact surface area and power 
generation:

• The completed prototype of my wearable generator produces around 
3 volts from walking, and up to 5 volts from running and strenuous 
exercise

• The results of my experiment illustrate that triboelectricity is an 
optimal candidate for energy scavenging applications

• Harvesting energy from human motion is an efficient and sustainable 
approach to support low powered bio sensors

Objective: My project aims to design, build, and test a working prototype of a self powered, wearable temperature sensor, using a 
triboelectric nanogenerator (TENG).

Hypothesis: I hypothesized that triboelectricity could be generated from the friction between one’s skin and a negatively charged material 
placed on the inside of a shirt. This can then be used to power a biosensor or other low power devices.

Future Refinements:
• Attaching the conductive surface, aluminum, to the shirt would allow 

for a more streamlined device
• Transmitting temperature data wirelessly for personal and group 

applications
• Using nanotechnology to increase the surface area of the silicone 

would provide a higher power output
• Experiment with more efficient conductive materials to increase 

power generation
Current Studies:
• Somkuwar et al. (2020) have created and tested a textile based 

TENG that can be woven into clothing to further progress on 
wearable generators

• Li et al. (2016) demonstrated the use of sandpaper in creating 
microstructures on TENGs, therefore increasing surface area and 
power generation

• Bai et al. (2013) researched the use of a compact, multilayered 
TENG that can be used as a shoe insert

Future Applications:
• Future applications of the wearable TENG designed in my 

experiment include the use of:
• Bioimpedance sensors: the data from this sensor can be used to 

track one’s hydration and alert users of dehydration before it 
reaches a dangerous level

• Heart rate trackers, to alert a user of abnormally high or low heart 
rates

• Temperature sensor can also be used to alert the user of 
hypothermia level skin temperatures

• Triboelectricity is the phenomenon in which two oppositely charged 
materials come into contact with one another and transfer electrons 
to produce electricity

• Examples of this effect in our everyday lives include rubbing your 
hair with a balloon, and the hair standing up, or getting a static shock 
when touching a door handle

• Although first discovered by the Greek philosopher, Thales of 
Miletus, the triboelectric effect wasn’t fully understood until recently

• Triboelectricity is derived from the Greek word “tribo,” which 
means rubbing

• The triboelectric series is a chart that ranks materials based on their 
charge affinity; the difference in two material’s charge affinity is 
proportional with power generation

• The materials that comprise a TENG are the primary variables that 
determine its power generation

• There are many types of triboelectric generators, such as contact-
separation, sliding, and rotary TENGs

• My experiment utilizes a hybrid TENG, that incorporates elements 
of both contact-separation and sliding mode TENGs

Wiring Diagram
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Prototype:
• Silicone was the negatively charged material used in the experiment due to its superior power 

generation compared to that of acrylic and Teflon
• The        shape was used to maximize the effective surface area of the conductive surface, 

aluminum, and the negatively charged surface, silicone
• A generator was included on the front and back side of a shirt to double power generation
Circuitry
• The MAX30205 temperature sensor was programed using an Arduino UNO and the 

MAX30205 ProtoCentral Library to set temperature thresholds
• As seen in the wiring diagram, the circuitry is broken up into two main parts: powering the 

temperature sensor and lighting the LED
• To most efficiently convert between AC → DC, a full wave rectifier and smoothing capacitor 

was used
• A transistor, connected to the T_OS (Overtemperature shutdown) pin of the MAX30205 

sensor served as a switch, and when the threshold was tripped, lit up the LED

• My experiment is important as it showcases Triboelectricity - an 
underutilized source of alternative energy. My prototype impacts 
society as it showcases a novel application of using bio sensors 
powered by harvesting energy from human motion.

• The low, continuous power generation from a TENG makes it ideal 
for energy scavenging application

• In Texas, it is not unusual for temperatures to rise over 100° F in the 
summer, which coincides with various summer programs and 
athletic activities

• According to a study done by the Centers for Disease Control and 
Prevention (CDC), during 2004-2018, there were an average of 702 
heat related deaths annually. One way to track and prevent these heat 
emergencies is with temperature trackers powered by TENGs

Variables Controls

Variability occurred in speed of taps when conducting 
energy generation tests of tapping triboelectric generators.

Controlled by using a metronome to ensure a steady tapping speed at 90 taps per 
minute.

Variability could be found in temperature sensor readings 
whilst in different ambient temperatures.

Controlled by testing the MAX30205 temperature sensor in a range of ambient 
temperatures to confirm consistent and accurate temperature readings.

Variability in size of conductive surface area on which the 
electrode was placed.

Controlled by measuring and using the same relative size aluminum foil cut outs 
for each generator.

Box and whisker plot of 
180 observations 
illustrating a linear 
relationship between 
Surface Area of TENG 
and Voltage Generation, 
with Silicone producing 
the most power

Distance between the 
conductive surface and 
the positive layer of the 
TENG varies inversely 
with power generation 
as illustrated in the 
bubble chart of 60 
observations 

Range of AC and 
DC voltage 
generation of 
wearable prototype 
generator for 60 
measurements 
during running and 
walking.

Shape of the silicone 
layer in my wearable 
TENG. I experimented 
with various shapes to 
maximize skin contact 
and increased surface 
area, to increase power 
generation.
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Definitions

• Silicone Sheets
• Teflon Sheets (PTFE)
• Scotch Tape (acrylic)
• Aluminum Foil
• Assorted Wires
• Assorted LEDs
• Capacitor
• N-P-N Transistor
• Diodes
• Breadboard

Triboelectric 
Effect:

The phenomenon in which two oppositely 
charged materials come into contact with
one another and transfer electrons to produce 
electricity

Electrostatic 
Induction: 

The modification in the distribution 
of electric charge on one material under the 
influence of nearby objects that have electric 
charge

Energy 
Scavenging: 

Energy scavenging is the process in which 
energy is captured from a system's 
environment and converted into usable 
electric power. Energy harvesting allows 
electronics to operate where there's no 
conventional power source, eliminating the 
need to run wires or make frequent visits to 
replace batteries

Series: A closed circuit that increases voltage in 
which all the components are connected in 
opposite polarity (positive-negative), and the 
current has one pathway through the circuit

Transistor: A transistor is a device that regulates current 
or voltage flow and acts as a switch or gate 
for electronic signals.

Charge 
Affinity: 

Charge affinity is defined as the change in 
energy of a neutral atom when an electron is 
added to the atom to form a negative ion. In 
other words, the neutral atom's likelihood of 
gaining an electron

Detailed Procedure
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• Arduino UNO
• MAX30205 Temperature Sensor
• Shirt/Jersey
• Medical Tape
• Electrical Tape/Glue
• Thermometer
• Multimeter
• Soldering Iron
• Solder

MAX30205 circuitry MAX30205 Arduino code excerpt

Triboelectric Generator:
I. Create basic 2x4 inch generator made with paper, aluminum foil, and scotch tape

Ia. Generator is made by separating a 2x4 inch piece of paper (positively charged material) and a 2x4 inch piece of Scotch tape (negatively 
charged material) by air allowing the generator to compress and expand when pressed. The outside surface of the paper and scotch
tape is covered by aluminum to capture and transfer the electricity produced

II. Test the voltage produced by the generator created in step 1 using a multimeter to establish a baseline for power generation
III. Create two 2x4 inch generators made with paper and aluminum foil, but switch the negatively charged material from scotch tape to silicone        

and Teflon
IV. Test the two generators created in step 3 for voltage using a multimeter to determine their power generation
V. Evaluate which material is better suited for use in a wearable generator, based on power generation capabilities, comfort, and ease of use

Temperature Sensor:
I. Using an Arduino UNO and the MAX30205 ProtoCentral library, establish temperature thresholds of the sensor with desired low/high body 

temperatures, as seen in the highlighted Arduino code excerpt
II. Develop/build circuitry needed for temperature sensor: refer to wire diagram
III. Test the temperature sensor with another thermometer to verify accuracy and consistency across a range of ambient temperatures

Prototype:
I. Create two 10x12 inch prototypes of triboelectric generator made with of material chosen in triboelectric generator, step 5
II. Affix generator created in previous step to the front and back of a shirt/jersey
III. Conduct tests of prototype triboelectric generator with multimeter to measure its voltage and amperage generation from a spectrum of 

physical activity (walking, running, going up/downstairs) over a set period of time
IV. Attach the temperature sensor to the triboelectric generator by connecting the temperature’s sensors power pins to the ends of the 

rectifier/smoothing capacitor unit
V. Test completed prototype model when doing physical activity (walking, running, going up/downstairs) to see time interval between

warnings (LED on)
VI. Make further refinements to increase energy output/temperature sensor accuracy

Raw Data Tables

Acrylic (V) Teflon (V) Silicone (V)
Surface Area: 2 inches² 0.098 0.284 0.244
Surface Area: 2 inches² 0.076 0.272 0.261
Surface Area: 2 inches² 0.081 0.189 0.287
Surface Area: 2 inches² 0.077 0.224 0.351
Surface Area: 2 inches² 0.072 0.314 0.191
Surface Area: 2 inches² 0.084 0.245 0.264
Surface Area: 2 inches² 0.115 0.299 0.243
Surface Area: 2 inches² 0.107 0.326 0.295
Surface Area: 2 inches² 0.104 0.209 0.178
Surface Area: 2 inches² 0.096 0.163 0.143
Surface Area: 2 inches² 0.054 0.175 0.244
Surface Area: 2 inches² 0.085 0.155 0.249
Surface Area: 2 inches² 0.082 0.211 0.257
Surface Area: 2 inches² 0.081 0.315 0.238
Surface Area: 2 inches² 0.084 0.249 0.098
Surface Area: 2 inches² 0.1 0.202 0.328
Surface Area: 2 inches² 0.093 0.216 0.234
Surface Area: 2 inches² 0.107 0.203 0.416
Surface Area: 2 inches² 0.084 0.312 0.198
Surface Area: 2 inches² 0.092 0.278 0.326

Acrylic (V) Teflon (V) Silicone (V)
Surface Area: 4 inches² 0.196 0.947 0.433
Surface Area: 4 inches² 0.147 0.836 0.656
Surface Area: 4 inches² 0.256 0.768 0.78
Surface Area: 4 inches² 0.287 0.953 0.697
Surface Area: 4 inches² 0.433 0.822 0.743
Surface Area: 4 inches² 0.357 0.915 0.585
Surface Area: 4 inches² 0.345 0.867 0.837
Surface Area: 4 inches² 0.262 0.698 0.692
Surface Area: 4 inches² 0.348 0.756 0.628
Surface Area: 4 inches² 0.432 0.579 0.883
Surface Area: 4 inches² 0.251 0.932 0.892
Surface Area: 4 inches² 0.208 0.764 0.729
Surface Area: 4 inches² 0.276 0.855 0.84
Surface Area: 4 inches² 0.401 0.739 0.95
Surface Area: 4 inches² 0.244 0.582 1.047
Surface Area: 4 inches² 0.426 0.794 0.704
Surface Area: 4 inches² 0.383 0.531 0.757
Surface Area: 4 inches² 0.224 0.598 0.803
Surface Area: 4 inches² 0.475 0.634 0.829
Surface Area: 4 inches² 0.341 0.661 0.971

Acrylic (V) Teflon (V) Silicone (V)
Surface Area: 8 inches² 0.687 1.357 1.347
Surface Area: 8 inches² 0.849 1.276 1.463
Surface Area: 8 inches² 0.874 1.752 1.512
Surface Area: 8 inches² 1.247 0.972 1.365
Surface Area: 8 inches² 0.901 1.106 1.775
Surface Area: 8 inches² 0.843 1.682 1.456
Surface Area: 8 inches² 0.837 1.324 1.329
Surface Area: 8 inches² 0.932 1.227 1.278
Surface Area: 8 inches² 1.186 1.136 1.378
Surface Area: 8 inches² 1.392 1.059 1.394
Surface Area: 8 inches² 0.932 0.835 1.586
Surface Area: 8 inches² 0.643 0.793 1.247
Surface Area: 8 inches² 0.802 0.694 1.747
Surface Area: 8 inches² 0.947 0.894 1.469
Surface Area: 8 inches² 1.072 1.237 2.34
Surface Area: 8 inches² 1.029 0.947 1.749
Surface Area: 8 inches² 0.832 0.901 1.59
Surface Area: 8 inches² 0.88 1.471 2.145
Surface Area: 8 inches² 1.018 1.503 2.02
Surface Area: 8 inches² 1.094 1.283 1.843

Distance Voltage
0 0.075
0 0.072
0 0.068
0 0.072
0 0.073
0 0.075
0 0.075
0 0.074
0 0.075
0 0.074
0 0.073
0 0.074
0 0.074
0 0.073
0 0.074
0 0.073
0 0.071
0 0.07
0 0.072
0 0.073
1 0.068
1 0.064
1 0.07
1 0.066
1 0.067
1 0.068
1 0.068
1 0.066
1 0.066
1 0.066
1 0.064
1 0.065
1 0.068
1 0.066
1 0.068
1 0.068
1 0.069
1 0.07
1 0.07
1 0.067

2 0.066
2 0.065
2 0.062
2 0.063
2 0.061
2 0.062
2 0.065
2 0.064
2 0.063
2 0.062
2 0.063
2 0.061
2 0.061
2 0.063
2 0.062
2 0.065
2 0.064
2 0.063
2 0.064
2 0.062
3 0.058
3 0.055
3 0.057
3 0.056
3 0.056
3 0.058
3 0.058
3 0.06
3 0.059
3 0.058
3 0.056
3 0.059
3 0.058
3 0.055
3 0.056
3 0.056
3 0.058
3 0.059
3 0.058
3 0.057

4 0.054
4 0.056
4 0.054
4 0.055
4 0.052
4 0.05
4 0.051
4 0.052
4 0.052
4 0.056
4 0.058
4 0.056
4 0.054
4 0.055
4 0.056
4 0.053
4 0.049
4 0.056
4 0.055
4 0.05
5 0.046
5 0.047
5 0.048
5 0.048
5 0.046
5 0.046
5 0.048
5 0.047
5 0.048
5 0.048
5 0.044
5 0.042
5 0.044
5 0.046
5 0.044
5 0.047
5 0.045
5 0.046
5 0.047
5 0.046
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