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Cooking with sunlight and producing
electricity using Peltier modules

Philippe Mancini

Pocketful of sunshine: build a solar cooker and learn about the thermoelectric effect

with Peltier modules.

The aim of the project is to test the feasibility of a device that
cooks using energy from the sun and produces electricity to
charge a phone battery. From the viewpoint of sustainable
development, students can consider how to meet the cook-
ing and communication needs of isolated countries.

This project was carried out by 13-14 years old students
during one school year. They named the project Kiluikui,
which is a phonetic rendition of Qui lui cuit (‘the one that
cooks'). The students built a prototype of a solar cooker that
can generate electricity. They adopted an engineering ap-
proach to study existing devices and add innovation.

The project addresses different concepts, ideas, and skills
of the curriculum. Students record physical measurements;
draw graphs; and tackle energy conversion and trans-
fer, electric power, and more to reach their goal. Students
compare the characteristics of different phone chargers: a
solar charger, a Peltier module charger (cook and charge),
and a mains charger. They innovate by studying and build-

ing small solar cookers with reflectors, absorbers, and in-
sulators. Students also find a way to use Peltier modules
as converters of thermal energy into electricity. Finally, they
determine the characteristics of their generator cooker and
propose ways to improve it.

This project can be adapted to different age groups, from 12—
16 years old, by varying the level of scientific explanation and
analysis. It can be run as a longer, more independent project,
with students coming up with their own experimental setups
and designs for each aspect, or as a series of guided activi-
ties over a few lessons.

How does it work?

A solar cooker transfers light to a food container. It converts
light into thermal energy, so food can be cooked. This thermal
energy can also be converted by a Peltier module, using the
thermoelectric effect, into electricity that can be transferred
to a device.
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What is a Peltier module?

Peltier modules take advantage of the thermoelectric
effect, also called the Seebeck-Peltier effect.

Such a module, powered by a current, will have a tempera-
ture difference between its two sides; one side will be cold
side and the other hot. This is the Peltier effect.

The opposite application can also be achieved with this
type of module: a difference in temperature between the
two sides will generate electricity. This is the Seebeck
effect.

Students can experiment with these two effects (Activity 3)
and use the Peltier effect to power a device.

See the Resources section for more information about
Peltier modules and how they work.

In the following activities, the students work towards
replacing the wood-fired cooking method with a solar
cooking method, so this activity helps to set a target based
on a commercial Peltier charger module. If the introducto-
ry activity is skipped because the devices are not available,
the following values can be used: P=2Wand U=5V.

A commercial Peltier module

Gerardtv/Wikimedia, CC BY-SA 3.0

Optional introductory activity: Existing devices

Like engineers, the first task for students is to study different
existing phone chargers. Students can compare the charging
characteristics of different phone chargers: a solar charger,”
a Peltier module charger using wood combustion®, and a
mains charger. This activity should take around 90 min, and
students will have made the first approach towards a ther-
moelectric converter with the Peltier module charger.

Full details for the introductory activity can be found in the
additional material.

Activity 1: Building and testing
mini solar cookers

This activity involves brainstorming sessions related to solar
cookers and then building a solar cooker. It should take
around 180 min spread over several lessons.

Students build two different solar cookers (flat™ and cyclin-
droparabolic) and compare their performances by measuring
the temperature in a food container, the absorber. They then
compare the cookers by measuring the temperature increase
in a black absorber container in each cooker.

Through this activity, students learn about energy conversion
and transfer and draw energy diagrams. The mirror transfers
light from the sun to the food container, which converts light
energy into thermal energy that is transferred to the food.

Materials

e Information on solar cookers e Drawing materials
e Aluminium foil e Cardboard

e Aluminium plate e Drill

e Rope e Thermometer

e Black container e Sun or 400 W light
e Scissors e Tape

e Transparent oven bag e A sunny day!

Procedure

Students should first be introduced to the concept of thermal
cookers. Some useful links are provided in the Resources sec-
tion. This can be followed by brainstorming sessions to dis-
cuss the different elements required to design a solar cooker.

Before building the cooker, students can measure the tem-
perature in different coloured containers in the sun to find
the best light absorber.

Students’ drawing during brainstorming
Image courtesy of the author
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COOKER 1 - FLAT-FACED COOKER

Preparation of the cardboard

1. Measure out the lines on a large piece of cardboard,
as shown in the diagram.

Cut along the dotted lines (2 cuts).

Fold along the bold lines (3 folds).

Glue aluminium foil along all sides.

Folds can be fixed with tape.
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Image courtesy of the author

Measuring the temperature

1. Place the solar cooker outside, facing the
sun on a clear sunny day.

2. Place the black container in the centre of
the first cooker.

Insert a thermometer into the container.
Record the temperature at regular intervals.
Plot temperature versus time on a graph.

T=79°Cin 15 minutes

Image courtesy of the author

COOKER 2 — CYLINDROPARABOLIC COOKER

Preparation of the cylindroparabolic solar cooker

1. Drilla 3 or 4 mm hole at each end of the aluminium
plate (the teacher should do this).

2. The curvature of the plate is held in place by two
ropes, as shown in the diagram.

50 cm

/

rope tied at both ends

3 or 4 mm hole in each corner

wd gz

Aluminium plate

Bent aluminium plate

Image courtesy of the author

Measuring the temperature

1. Find the position of the focus of the para-
bolic mirror by placing it under bright sun-
light, ideally at the same time as, or under
identical conditions to, the first cooker.

2. Place the black container at the focus, i.e.,
the brightest point.

3. Record the temperature in the black
container at regular intervals.

4. Plot temperature versus time on a graph.

Cylindroparabolic cooker

S

T=90°Cin 15 minutes

Image courtesy of the author
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Discussion

Students should discuss which cooker is most efficient based
on their graphs. They can be asked about the differences be-
tween the two cookers to explain their results. The results
should show that the most efficient cooker is the parabolic
cooker, with a final temperature about 10°C higher, 90°C, in
15 min.

The parabolic shape of the oven makes it more efficient.
The light focuses on the black container. However, one can
observe that the aluminium plate is slightly crumpled, and
therefore, assume that it scatters light more. It would be
interesting to use smooth aluminium plates for this type of
cooker.

Ask the students where the energy comes from. They should
discover that, thanks to the parabolic shape of the mirror,
the light is focused on the container. Light is then absorbed
by the container and is converted into thermal energy. Stu-
dents then complete an energy diagram.

Extension activity 1:
Improve the cooker

Ask students what could improve the performance of the
cooker. If necessary, ask where the heat goes. They should
realise that an insulator would help to retain heat in the
cooking area.

This can be accomplished with an oven bag, a transparent

plastic bag that can resist high temperatures.

1. Blow into the bag.

2. Put the absorber (the food container) inside.

3. Insert a thermometer into the container.

4. Record the temperature at regular intervals and compare
these results to those without the oven bag.

Insulator: transparent oven bag
-> high temperature resistant

T (no insulator) = 90°C in 15 minutes
T (insulator) = 94.7°Cin 15 minutes
Temperature gain: 4.7°C

Image courtesy of the author
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Extension activity 2: Cook something
using the solar cookers

As an engaging extension, students can come up with ideas
for something to cook with their solar cooker and try it out.
Some ideas can be found in the Resources section. Ideal-
ly, the recipes chosen should not contain ingredients (like
chicken) that can be unsafe if not thoroughly heated.

Extension activity 3: Create 3D models
and logos using IT tools
To include IT skills, students can create a 3D image of their

cooker design using SketchUp®?and draw a 3D model of the de-
vice they propose. They can also be creative and design a logo!

Okiluikuis

A 3D model of the cooker made using SketchUp, and a logo
designed by the students
Image courtesy of the author

Activity 2: Thermoelectric converter —
Peltier module

In this activity, students use a Peltier module in some simple
experiments to understand the principles of this device. This
activity should take around 90 min.

Materials

Peltier modules

Heat sinks

Water

Container

Thermal conductive paste (or vegetable oil)
Voltmeter

Lighter

Electrical cables, crocodile clips

1.5V battery

12 V supply


https://www.scienceinschool.org/article/2023/sunlight-cooking-Peltier-producing-electricity  

Issue 61 — February 2023

Procedure

Electrical-to-thermal conversion -
feel the temperature difference

Grasp a Peltier module between two fingers.

2. Connect the module to a battery (1.5 V).
Feel the difference in temperature between the two
sides.

4. To go further, fix a thermometer to each side of the Pelti-
er module and measure the temperature.

Image courtesy of the author

Electrical-to-thermal conversion - freezing water

1. Put a Peltier module on the heat sink with thermal con-
ductive paste in between.

2. Soak part of the heat sink in a container filled with wa-
ter.

3. Put one drop of liquid water in the middle of the Peltier
module.

4. Connect the module to a 12 V supply.

5. Water will freeze in less than a minute.

Image courtesy of the author
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Thermal-to-electrical conversion

1. Connect the Peltier module to a voltmeter.

2. Option 1: heat one side of the Peltier module with a
lighter (which should be used with caution and in accor-
dance with safety rules) and measure the voltage.

3. Option 2: put one the side of the Peltier module on a
cold surface, e.g., a metal block in an ice bath; place the
palm of one hand on the other side of the module; and
observe the voltage.

Discussion

Through these experiments, students can observe that,
when using the device for thermal to electrical conversion,
the voltage decreases or the temperature equilibrates after
a while.

Students can discuss how to prevent this from happening,
and how this effect may limit the uses of the device.

They can use an existing device, such as one from BioLite,"
to understand that a heat sink is necessary on the cold side
to maintain the temperature difference for as long as possi-
ble. BioLite uses a fan for this.

Thermal energy - Electricity

A A

Image courtesy of the author
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Extension activity 4:
Comparing heat/cold source pairs

As an extension activity, students can build a setup to com-
pare the performance of three different pairs of heat/cold
sources. See Extension activity 4 in the additional material
for full details.

Power (W)
P=UxlI

P =013 Win 5 min
U=16V

electric power (W)

Alcohol lamp /ice (+30°C)
— Alcohol lamp / water (+5°C)
— Candle / water (+3°C)

200 130 300

time (s}

Image courtesy of the author

Activity 3: Generate electricity with
the solar cooker

In this activity, students apply what they've learned to use
their parabolic solar cooker and a Peltier module to generate
electricity. This activity should take around 60 min.

Materials

e Peltier modules

e Cylindroparabolic cooker

e Heat sinks

e Fan

e Voltmeter

e Ammeter

e Container with water

e Thermal conductive paste (or vegetable oil)

NOTE: Thermal conductive paste can be replaced with
vegetable oil. A heat sink and thermal paste are useful to
avoid the thermal equilibrium between the two sides of
the Peltier module.

Procedure

1. Put a Peltier module on the heat sink with thermal con-
ductive paste in between.

2. Soak part of the heat sink in a container filled with water
(cold source).
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3. Place the absorber and previous insulator on the
Peltier module (heat source).

4. Place the parabolic mirror so that the absorber is
at the focal point of the mirror.

5. Connect a small motor and measure the voltage
and current.

6. You can also measure the temperature at each side
of the Peltier module.

7. Calculate the electric power.

Sun

Reflector
Insulator
(oven bag)
Absorber
(food container)

23IN0s Jeay

Peltier module

Heatsink
Cold water

32n0s pjo)

Electric fan

| generate electricity

Image courtesy of the author

Discussion

The device can cook food using energy from the sun and
produce electricity at the same time. However, the electrical
power is not sufficient to charge a phone.
The students can investigate and suggest ways to improve
this, e.g.:
1. Increase the size of the mirror.
2. Increase the size of the container.
3. Use a more efficient Peltier module.
4. Combine several Peltier modules and use
a 5V DC-DC converter.
5. lsolate the cold source to increase the temperature gap.

You can then discuss the following questions:

e How might the need to maintain a temperature gradient
limit the uses of such devices?

e In what contexts might this setup be useful (e.g., sunny
environments with abundant natural cooling options like
polar regions or potentially space travel)?

e What are the alternatives for harvesting solar power
(photovoltaic solar panels, solar thermal energy, e.g.,
using solar heat to drive steam turbines)? Perhaps stu-
dents can research the pros and cons of different systems.
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Conclusion

Through this project, students apply engineering and experi-
mental approaches. In the context of sustainability concerns,
they implement experimental protocols to investigate the
concepts of energy transfer and electric power. Students also
learn about 3D design and use communication tools. &«
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Resources

e Read about solar cookers.

e Learn about some different types of solar cookers and
find some recipe ideas.

e Try out some easy solar cooker recipes.
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e Discover concentrating solar thermal (CST) technology,
which uses mirrors to heat water, as an alternative to
photovoltaic cells for harvesting solar energy.

Read an explanation of the thermoelectric effect
(Peltier-Seebeck effect).

Watch these videos that explain the Peltier and Seebeck
effects (e.g., how Peltier modules work):
- Make Electricity Go Round and Round -
The thermoelectric effect by Steve Mould
- Seebeck & Peltier Effect -
How Thermocouples & Peltier Cells work?

Read what energy models can tell us what the future of
energy looks like: Siisser D (2023) Clean energy for us:
can sun and wind keep our lights on and homes warm?
Science in School 61.

Teach about electromagnetism using an induction hob:
André P, Bastos AR, Ferreira R (2021) Faraday's law of in-
duction: from classroom to kitchen. Science in School 52.

Learn how the hydrogen economy might work in practice:
Mitov M, Hubenova Y (2014) A classroom hydrogen econo-
my. Science in School 30: 31-35.

Create an installation using old bicycle parts to demon-
strate energy conversions: Martins Raposo-Weinberger P,
Wardell S (2022) From cycling to upcycling: build creative
installations from old bicycles to learn about energy
conversions. Science in School 60.
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