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 ii  

I n t r o d u c t i o n  

The “Solar Energy – Awareness & Action” [SEAA] is a Comenius 1 project with 5 partner 
schools from Portugal, Spain, Italy, Malta & Greece [(Escola Antré Soares (PT), Colexio de 
Educación Infantil e Primaria Froebel (ES), Scuola Secondaria di 1° Grado C.B. Cavour (IT), Stella 
Maris College Junior School (MT) & 9th Primary School of Rethymno (EL)]. The main aim of the 
project has been to sensitise the pupils on issues and aspects of solar energy, within a framework 
of sustainable development and environmental and ecological awareness, both at conceptual and 
at practical-experiential level. Furthermore, the pupils have been encouraged to act as conscious 
citizens, construct their own devices, which work with solar energy and present them to local 
communities within open science fair procedures and activities, in an attempt to inform and 
sensitise the general public. A thematic approach to solar energy has been planned to interweave 
formal, non-formal and informal teaching and learning approaches. These include investigations, 
hands-on activities and project work within formal and non-formal educational settings, but also 
within a free-choice learning environment involving outside classroom activities (e.g. on site visits 
and science fairs). Shared project activities have been planned and conducted by groups of 
children in each partner school, encouraging pupils to learn from the experience of working on a 
contributed set of ideas and projects from all participating countries. These activities, either core 
and/or peripheral, have been accumulated throughout the three-year project period and are 
presented and disseminated to the public through the SEAA website (URL: < http://9dim-
rethymn.reth.sch.gr/contents_en/Comenius.htm >). 

In the following pages, a set of 20 hands-on investigations, activities and constructions on solar 
energy applications is presented, with original text and drawings. These activities have been 
developed throughout the three-year SEAA project period, 2005-2008. The activities include 
investigations with “hot boxes”, solar collectors, model greenhouses and photovoltaic cells and 
motors. Constructions on solar energy applications include solar cookers (box and open panel 
ones), solar dehydrators, solar water heaters and solar toys, like solar toy cars and boats etc. This 
appears to reflect on a core set of SEAA project activities, mainly focusing on approaches of 
hands-on and inquiry-based learning in science and environmental education, which have been 
conducted to a great extent by all partners within the school partnership. The project activities are 
published, and in this way disseminated, on the SEAA project web site. They may be downloaded 
and used for educational purposes in schools, provided that the appropriate source of reference is 
kindly acknowledged. 
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E x p e r i m e n t i n g  w i t h  “ h o t  b o x e s ” …   
Horace-Bénédict de Saussure (1740-1799), one 
of Europe’s foremost naturalists of 18th century had 
observed that “it is a known fact, and a fact that has 
probably been known for a long time, that a room, a 
carriage, or any other place is hotter when the rays 
of the sun pass through glass”. In 1767, de 
Saussure set out to determine how effectively glass 
“heat traps” could collect solar energy and heat up. 
He built a miniature “greenhouse complex box” of 
five walls thick. He constructed it from five square 

boxes with glass tops that fitted one inside the other (see drawing aside). The bases of the boxes 
were cut out so the five boxes could be stacked one inside the other atop a black wooden table. 
After exposing the apparatus to the sunshine for several hours, and rotating the model so that 
solar rays always struck the glass covers of the boxes perpendicularly, de Saussure measured the 
temperature inside. The outermost box was the coolest, and the temperature increased in each 
succeeding smaller box. The innermost box had the highest temperature of approximately 88 °C. 
He wrote in his diary that “fruits exposed to this heat were cooked and became juicy”. De 
Saussure was not very sure how to explain the phenomenon, which appeared to be rather 
confusing at that time and he wrote that “physicists are not unanimous as to the nature of 
sunlight. Some regard it as the same element as fire, but in the state of its greatest purity. Others 
envisage it as an entity with a nature completely different from fire, and which, incapable of itself 
heating, has only the power to give an igneous fluid the movement which produces heat”. 
Today we have a better explanation on what went on inside de Saussure’s “hot boxes” or what 
actually occurs in any glass covered container or even glass-walled building exposed to the sun. 
Sunshine penetrates the glass covers of the boxes, and is absorbed by the black surface of the 
table on which the boxes are rested. In this process, the light energy is “converted” into “heat”. 
Much of this heat is released into the glass boxes as thermal radiation, which warms up the air 
making it hot. But, clear glass has a peculiar “property”, which easily allows sunshine to pass 
through, but inhibits thermal radiation from doing the same. Therefore this “traps” energy and 
heats the air inside the box. The glass walls also block the heated air from escaping, but some 
heat is “lost” by conduction through the glass, in the outer environment. This phenomenon is 
called “the greenhouse effect” and despite its global application, it may also be technically 
recreated inside the “hot boxes” or solar cookers and even solar collectors and solar water heaters. 
Nowadays, “hot boxes” can be easily constructed and studied by using readily available materials 
like cardboard boxes of various sizes, placed one inside the other, and pieces of plastic film or 
pieces of Plexiglas to cover the top openings each time (see drawing below). 

Materials 

 2 or 3 parallelepiped cardboard boxes with top lids, 
perhaps small and big shoe boxes and/or in a 
combination with a cardboard box used to store 
packs of A4 paper etc. 

 pieces of transparency, transparent film and/or 
pieces of Plexiglas to cover the openings of the top 
lids of the boxes 

 a strong and transparent adhesive tape 
 1 or 2 alcohol thermometers of -10 up to 110 °C 
 scissors, cutter, ruler, pen or pencil 
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Let’s put it together 

1 Find a parallelepiped cardboard box with a lid, 
which can be a small shoe box (see drawing 
aside). It is better to choose a durable cardboard 
box. 

 

2 Take the top lid of the box and use a pen or a 
pencil to mark a rectangular frame spacing two 
cm all around the edges of the sides of the lid. 
Then, carefully use scissors and/or a cutter to 
take out that rectangular frame (see drawing 
aside). 

 

3 A piece of plastic frame has to be glued at the 
opening and cover it. A variety of materials can 
be used for this purpose. The easiest to find 
and effective material is a piece of 
transparency used for writing on the overhead 
projectors, whereas any other kind of 
transparent film can be used and appears to be 
equally effective (see drawing aside). 
Alternatively, a frame of Plexiglas can be cut 
and used. Anyhow, glue the transparent 
material on the inside part of the box lid. 

 

4 Place the lid on top of the box and the first part 
of the hot box is now ready (see drawing 
aside). 

 

5 Find another bigger shoe box to use and make 
sure that the smaller box with its lid, which you 
have just transformed, fits nicely inside it (see 
drawing aside) 
Then take the top lid of this second box and 
repeat steps 3 and 4. 
Now the outer box is ready. 
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6 Take the small box and put it inside the 
bigger one, with both of their top lids with 
the transparent films adjusted on the 
boxes. 
Draw a line 2-3 cm from the bottom of the 
outer box and make a tight hole in the 
middle of it, to pass through and fix the 
alcohol thermometer. Do the same for the 
inner box in order to be able to pass the 
thermometer inside the second box as well 
(see drawing aside). 
The “double hot box” is now ready! Set it 
out in the sunshine and record temperature 
measurements both inside the outer and 
the inner box every 5 minutes or so. You 
may use the indicative table below to 
record the measurements. What do you 
observe? 

 

 
 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

Temperature inside 
the outer box 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

Temperature inside 
the inner box 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

 

7 Find an even bigger box to fit the two 
boxes set you have just built, perhaps a 
cardboard box used to store packs of 
A4 paper. Repeat steps 3 and 4 to 
modify its lid and make it transparent 
(see drawing aside). 
Draw a line 2-3 cm from the bottom of 
the outer box and make a tight hole in 
the middle of it, to pass through and fix 
the alcohol thermometer. Try to match 
the holes of the other two inner boxes 
constructed earlier, in order to pass the 
thermometer inside the second and the 
third box (see drawing aside). 
The “triple hot box” is now ready! Set 
it out in the sunshine and record 
temperature measurements inside the 
outer box, then the middle inner box 
and then the innermost box every 5 
minutes or so. Insert the thermometer 
consequently inside the boxes and 
every time measure the temperature 
before reaching the next box. What do 
you observe? 
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 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

Temperature inside 
the outer box 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

Temperature inside 
the middle box 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

Temperature inside 
the innermost box 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

 

You may continue experimenting with more 
“hot boxes” one inside the other, perhaps with 
four and even five consecutive boxes, if you 
wish to investigate de Saussure’s original idea. 
Moreover, you may use some insulation in 
between the boxes, like cotton or hey, repeat 
your measurements and compare the insulated 

boxes with the original ones. Look at the drawing above, for a more advanced of Saussure’s ideas 
on hot boxes, using insulation and notice how the thermometer is inserted inside the two boxes. 
Nevertheless, do not forget to record your measurements and discuss your observations with 
classmates and the teacher, develop and refine your arguments and arrive at collective 
conclusions. 
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C o n s t r u c t i n g  a  m o d e l  g r e e n h o u s e   
Greenhouses are used extensively by botanists, commercial plant growers and dedicated 
gardeners. Particularly in cool climates, greenhouses are useful for growing and propagating plants 
because they both allow sunlight to enter and prevent heat from escaping. The transparent 
covering of the greenhouse allows visible light to enter unhindered, where it warms the interior as 
it is absorbed by the material within. The transparent material which covers the sides and top of a 
greenhouse also prevents the heat from leaving by “reflecting the energy” back into the interior 
and preventing outside wind currents from carrying it away.  

All greenhouses operate on the same basic principle. Radiant energy (light) from the sun can pass 
through transparent and semi-transparent materials. When the light arrives inside a “closed 
space”, it is absorbed by the surfaces within and then radiated back as thermal energy (heat). 
That energy is “less able” to pass through the transparent or semi-transparent materials, so the 
heat is trapped inside (the greenhouse effect). Anyone who has entered a car parked in a sunny 
location realises what trapped heat is and what it feels like! Inside the greenhouse, this heat 
energy warms the air, enabling plant growth.  

As a simple but powerful exploration of this phenomenon, you could place a thermometer inside a 
transparent plastic bottle and leave it in the sunshine for a while. Place a second thermometer 
next to the plastic bottle. After half an hour or so, compare the two temperatures, inside and 
outside the plastic bottle. The difference between the two thermometer readings might be 
surprising. Nevertheless, to study the “greenhouse effect” a model greenhouse can be built out of 
a cardboard box and readily available materials, as it is described below. 

Materials 

 one parallelepiped cardboard box with a top lid, 
perhaps a big shoe box and/or a cardboard box 
used to store packs of A4 paper appears to be ideal 

 pieces of transparency, transparent film and/or 
pieces of Plexiglas for the transparent frames to be 
glued all around and on the top lid  

 a strong and transparent adhesive tape 
 an alcohol thermometer of -10 up to 110 °C 
 scissors, cutter 
 ruler, pen or pencil 

 

 
Let’s put it together 

1 Take a parallelepiped cardboard box with a lid, 
which can be a big shoe box and/or a cardboard 
box used to store packs of A4 paper (see drawing 
aside). 
It is better to choose a durable cardboard box, in 
order to withstand the abstraction of frames from 
its sides and top lid. 
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2 Use a pen or a pencil and mark rectangular 
frames spacing two cm all around the edges on 
the sides of the cardboard box. Then carefully 
use scissors and/or a cutter to take out those 
rectangular frames. Repeat the same process 
with all the other three sides of the cardboard 
box (see drawing aside). 
After you finish that, you will have a box with 
open sides all around, apart from the base of 
course.  

3 After that, plastic frames have to be glued at 
the open frames all around and cover them. A 
variety of materials can be used for this 
purpose. The easiest and effective material to 
use is pieces of transparency used for writing 
on the overhead projectors, whereas any other 
kind of transparent film can be used and 
appears to be equally effective (see drawing 
aside). Alternatively, frames of Plexiglas can be 
cut and used.  

4 Take the top lid of the box and use a pen or a 
pencil to mark a rectangular frame spacing two 
cm all around the edges of the sides of the lid. 
Then carefully use scissors and/or a cutter to 
take out that rectangular frame (see drawing 
aside). 

 

5 A piece of plastic frame has to be glued at the 
opening and cover it. A variety of materials can 
be used for this purpose. The easiest to find 
and effective material is a piece of 
transparency used for writing on the overhead 
projectors, whereas any other kind of 
transparent film can be used and be equally 
effective (see drawing aside). Alternatively, a 
frame of Plexiglas can be cut and used. 
Anyhow, glue the transparent material on the 
inside part of the box lid. 

 

6 Place the lid on top of the box and the model 
greenhouse is now ready!  
Frames from all the sides of the box and the 
top lid are covered with transparent material, 
which allows the Sun light to get inside the box 
creating conditions for the “greenhouse effect” 
Several experiments and/or investigations can 
be conducted with this simple device (see 
drawing aside). 
Greenhouses like this one can be easily 
constructed in a class, one every group of 4 
children for instance. 
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7 Take the greenhouse out in the school yard on 
a sunny day and put an alcohol thermometer 
inside the box (-10 up to 50 or 110 °C) and 
leave it in the sunshine for a while. The idea is 
to investigate how the temperature inside the 
box changes over time. Additionally, you can 
place another “control” thermometer outside, 
next to the box to compare the temperature 
with that of the surrounding environment. 
You may use a table, like the one that follows 
and record the measurements. Later, posters 
and/or charts can be drawn by hand or 
computer software. This is an introductory 
activity to understand the greenhouse effect 
and how it “works” inside this model 
greenhouse, which you will also have to discuss 
with classmates and the teacher. 

 

 
 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

Temperature inside 
the greenhouse 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

Temperature 
outside the 
greenhouse 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

 

Some photos from the construction of model greenhouses … 
Some children of the 6th grade constructed and experimented with models of greenhouses out in 
the school yard in an inquiry-based learning mode. After studying the “greenhouse effect” with 
these model greenhouses, they expressed the interest and the idea to grow their own plants in 
“real greenhouses” out in the school garden and so they did! 

Photo 1: Constructing the model greenhouses 
inside the classroom in groups of four. The boxes 
used were cardboard boxes for storing packs 
of A4 paper. 

Photo 2: Children sticking plastic transparency 
films at the sides of the box, using strong 
adhesive tape. 
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Photo 3: Sticking the plastic transparency film 
inside the box lid to cover the opening.  

Photo 4: Out in the school yard experimenting 
with the model greenhouses, keeping records on 
paper using a relevant table. 

Photo 5: The greenhouses out in the school 
garden, where children grow their seed-plants. 

Photo 6: The seed-plants inside soil pots 
marked with labels are growing inside the 
greenhouse. 

 

References & Resources 
Boyes, E. & Stanisstreet, M. (1993). The 'Greenhouse Effect': children's perceptions of causes, 

consequences and cures, International Journal of Science Education, Vol. 15(5), pp. 531-552. 
Eastland, C. (1999). Teaching about Energy: Practical activities for 7-11 year-olds, The Centre for 

Alternative Technology (CAT) Publications. 
Groves, F.H. & Pugh, A.F. (1999). Elementary Pre-Service Teacher Perceptions of the Greenhouse Effect, 

Journal of Science Education and Technology, Vol. 8(1), pp.75-81. 
Kaufman, A. (1989). Exploring Solar Energy: Principles and Projects. Prakken Publications, Inc. 
Lee F. (2000). Construct-A-Greenhouse, NY: National Science Teachers Association. 
Narayanaswamy, S. (2001). Making the Most of Sunshine: Α Handbook of Solar Energy for the Common 

Man. New Delhi: Vikas. 
School Greenhouse Guide, National Gardening Association. (Available at URL: < 

http://www.kidsgardening.com/greenhouseguide/1.asp >). 
Smith, S. (1992). Greenhouse Gardener's Companion, Fulcrum Publishing, Golden, CO. 



  SSSooocccrrraaattteeesss   CCCooommmeeennniiiuuusss   PPPrrrooojjjeeecccttt  
  SSSooolllaaarrr   EEEnnneeerrrgggyyy   AAAwwwaaarrreeennneeessssss   &&&   AAAccctttiiiooonnn   
 

 9 © Nektarios Tsagliotis: ntsag@edc.uoc.gr 

H a v i n g  f u n  w i t h  a  p i z z a  s o l a r  b o x  c o o k e r  
The pizza box solar cooker is a great project for children and young scientists because it 
demonstrates basic principles of passive solar design working in concert with each 
other to accomplish a goal the kids can really relate to: making something yummy! 

The principles demonstrated are: 
• “Solar Gain” - arranging for sunlight to enter a device as a source of energy. In this 

case, the gain is accomplished both by reflection and direct gain. This principle also 
includes using dark coloured surfaces to absorb the solar energy that enters a device. 

• Insulation - containing heat by trapping air inside and around a device to contain 
heat, and reflecting thermal radiation back into a device. 

• Thermal mass, can also be experimented with the solar cooker, either this simple 
one or more advanced box cookers. Large amounts of food will provide some thermal 
mass, causing the oven to heat up more slowly. 

Cooking food takes a lot of energy! By using solar energy, we can save a lot on fuel. 
Cooking takes time, and the Sun will change position during that time. Therefore, 
somebody, such as a vigilant cook, may need to align the solar cooker now and then to 
keep the sunlight entering the box. 
 

Materials 

 a pizza box 
 a bottle of black tempera and/or a black piece 

of carton 
 piece of plastic transparent film, or plastic wrap 
 aluminum foil or aluminum tape 
 white glue 
 some wire or a small piece of wood 

 scissors, cutter, ruler, pen or pencil 

 
 

 
Let’s put it together 

1 Assemble the pizza box, and open it up. 
On the top flap of the pizza box draw a square 
with a pen with edges spaced 2-3 cm from the 
four sides of the box. 
Cut along three of the lines, on the sides and 
on the front edge of the box, leaving the 
fourth line along the box's hinge uncut. Then 
fold open the flap, making a crease on the 
fourth line (see drawing aside).  
Note: Extra supervision make be needed 
during this step, because children often cut 
along the fourth line as well by mistake. 
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2 Lift the top flap up bending it over the uncut 
side. This is the reflector of the pizza box 
cooker. Then glue aluminium foil to the  
flap, with shiny side visible! This will reflect 
sunlight into the oven. 
 
Be careful to make as few wrinkles as possible, 
and smooth out whatever wrinkles occur by 
using a wet piece of cloth, rubbing it back and 
forth on the surface of this reflector. 
 

 

3 Glue the black carton or construction paper at 
the bottom of the box and paint with black 
tempera the inside surfaces of the sides except 
the top of the box. This will create a "radiation 
trap" or a “heat trap”, which will hold inside 
the box, by reflection, invisible (low-frequency) 
radiation that is radiated by the food and air 
inside the box. 
Carefully stretch the plastic wrap over the 
opening of the box, sealing the edges with 
tape, to seal the air in. 
Cover any air leaks around the box edges with 
tape, except while making sure that the box 
can still be opened, so you can place food 
inside the box and remove it later. 

 

4 Go outside in the sunlight and place the pizza 
box solar cookers on a flat, level surface. 
Place food on some foil (or a paper plate) and 
place inside the cooker. This can be a couple 
of slices of bread with cheese and thin slices of 
tomato. 
Use a piece of wire or wood and masking tape 
to adjust the reflector, so that sunlight is 
reflected into the cooker, and especially onto 
the pie tin (see drawing aside). 
Let the food cook, and check reflector angle 
every now and then to make sure sunlight is 
getting inside the oven without shading. Enjoy 
your solar treat! 
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Without the reflector flap, the solar cooker becomes what is called a "flat plate solar 
collector". Solar collectors are used for many applications, such as heating water (the 
reason for not using a reflector is that it is not really needed for these applications- and 
thus alignment difficulties associated with reflectors can be avoided). One of the first 
known uses of solar hot boxes was by the cooks of the Roman Emperor Tiberius who 
wanted to eat cucumbers all year round. The cooks satisfied his regal appetite by using a 
solar “hot box”, a kind of flat plate solar collector like a basic greenhouse, to grow the 
cucumbers all winter long! Nowadays, many people also use flat plate solar collectors to 
heat water for their pools and houses. 
 

Optional Features 

• Add addition flaps to reflect sunlight into the pizza box solar cooker. This can 
substantially increase the gain of the solar cooker. This will require some extra pieces 
of cardboard (from some old boxes for example), and some extra foil, glue, and 
string to adjust the flaps.  

• Crumple up some sheets of newspaper and stuff them around the inside of the 
box, to provide extra insulation. 

• Add an additional layer of plastic wrap or plastic film across the box opening, 
but attached to the inside surface of the top flap, such that an air space is created 
between the layers of wrap (the plastic is bound to stick together in some places: 
don't worry about this too much). Alternatively, use an oven bag, which can provide 
a double layer plastic film at once. 

• Place a thermometer inside the oven as well, to measure the temperature. 
• Construct another double pizza solar box cooker with a bigger pizza box and put 

one inside the other with some crumpled paper for insulation in between. Be careful 
how you fit one box inside the other and how you adjust the reflectors (see drawing). 
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C o n s t r u c t i n g  a  s o l a r  b o x  c o o k e r ,  w i t h o u t  a  t o p  
l i d  a n d  w i t h  o n e  r e f l e c t o r  

Solar cookers are not a new invention. Ever since 1767 the Swiss scientist Horace De 
Saussure, constructed “hot boxes”, where he could cook food, in a much similar way we 
cook in solar ovens today. Nevertheless, a more general spread and use of solar ovens 
begun in the ΄70s. Nowadays, it is estimated that over a few millions solar cookers are 
used worldwide, most of them in China, in India and in African countries. Approximately 
65% of these solar cookers or solar cookers are made out of two boxes, one fitted inside 
the other, with insulation between them and 1-4 reflectors adjusted on the outer box. The 
rest appear to be parabolic and semi-cylinder solar cookers, whereas the recent 
advancement of open solar panel cookers tends to become very popular, especially in 
Africa. 

Materials 

 2 cuboid cardboard boxes, the smaller with base 
dimensions at least 38 ×  38 cm 

 a glass frame 3-4 mm thick in relevant dimensions to 
the open top of the cooker base 

 a wooden knob and a piece of felt cloth 
 aluminium foil and pieces of cardboard or a few old 

newspapers 
 white glue, tape, aluminium tape (optional) 
 a small piece of wood or a piece of thick wire 
 scissors, cutter, ruler, pen or pencil  

 

 
Let’s put it together 

1 Take the outer box and glue 3-4 pieces of foiled 
cardboard at the bottom for insulation.  
Do not cut out the four flaps, because they will be 
used later on to form the open top frame of the 
cooker base, where the glass frame will be placed. 

 

2 You may insulate the bottom of the inner box in 
the same way and then put it inside the outer box.  
It is better to choose boxes that fit one inside the 
other, reaching roughly the same height, leaving 
an empty space of 3-6 cm wide, in every side all 
around. 
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3 You may insulate the sides of the two boxes by 
inserting crushed pieces of newspaper inside the 
empty space left between them. 

4 Alternatively, you can cut and fold pieces of 
cardboard and then insert them in the empty space 
between the outer and the inner box, in order to 
insulate the cooker base.  
No matter which insulation technique you will use, 
the insulated space between the two boxes will 
then have to be closed from top, using the flaps of 
the outer box. 

 

5 Take each flap of the outer box, fold it along 
the continuous lines and cut it along the dotted 
lines.  
Notice that flaps b & d are treated differently 
from flaps a & c (see drawing). 

6 After cutting along the dotted lines, the four flaps 
are shaped as shown in the drawing. Fold each 
flap over the insulated area and glue it inside the 
inner box. 
If the flap comes a bit short and does not cover 
the whole side, you may glue extra pieces of 
cardboard to cover that area. 

 

7 Glue the dull side of aluminium foil all around the 
sides of the inner box.  
The base of the solar box cooker is now ready. 
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8 To construct the reflector, take a piece of cardboard, 
roughly at the same dimensions of the base open top.  Add 
an extra strip 5-8 cm wide, which will later be glued on a 
side of the cooker.  
Glue aluminium foil on the surface of the cardboard, using 
its dull side. The reflector can be fixed and adjusted by 
using a piece of thick wire in a “Z” shape, as shown in the 
drawing below or by using a piece of wood, as shown in the 
first drawing. 

9 A glass frame needs to be cut in a shape to fit the open top 
of the base. The glass frame is safer and has greater 
endurance if its sharp edges are buffed.  
You may glue pieces of felt along the top edges of the box 
to provide a smooth, firm resting place for the glass frame 
and to seal in the heat. Optionally, a wooden knob can be 
fixed on the glass.   
The solar box cooker is now ready to cook! 

 
 

 
Useful information and comments 

This solar box cooker can reach temperatures up to 150 ºC, depending on the construction and 
weather conditions. It can cook nearly everything, from pies, cakes, and biscuits to chicken and 
fish with vegetables, rice or even spaghetti. You can cook in dark metal pots or casseroles with 
lids, in Pyrex glass pots with lids (preferably the brownish ones) or even in recycled glass jars with 
lids. Be careful to use oven gloves when you take your pots out of the solar box cooker, because 
they are hot! 
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Photos from the construction of a solar box cooker with children at school … 
 

 

Photo 1: Finding the appropriate boxes appears to be 
a rather difficult task. 

Photo 2: Transforming and reshaping the boxes in a 
way … 

Photo 3: Sticking extra pieces of cardboard at the 
bottom of the inner box. 

Photo 4: Sticking extra pieces of cardboard at the 
bottom of the outer box. 

Photo 5: After putting insulation in between the 
boxes, we now stick aluminum foil at the bottom … 

Photo 6: Sticking aluminum foil at the sides of the 
box ... 
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Photo 7: We have constructed the reflector and now 
we stick it on one of the sides of the cooker base ... 

Photo 8: Sticking some pieces of felt on the top 
frame of the box cooker, so the glass rests firmly … 

  
Photo 9: Painting the outer part of the box ... Photo 10: Well, now the solar box cooker is ready!!! 
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C o n s t r u c t i n g  a n  o p e n  p a n e l  s o l a r  c o o k e r  b y  
t e a r i n g  a p a r t  a  c a r d b o a r d  b o x  

Perhaps the simplest idea for making an open panel solar cooker is the one out of a torn 
cardboard box. Basic information for this construction can be found in “The Bernard Solar Panel 
Cooker”, a paper available at the Solar Cooker Archive, supported by the Solar Cookers 
International (cf. URL: < http://solarcooking.org/plans/spc.htm >). All you have to do is find a 
rather tall and broad cardboard box, tear it apart following the instructions below, glue aluminium 
foil all around the inner sides of the torn box to create reflective surfaces and you are ready to use 
the cooking space of this simple, albeit very effective, construction. Moreover, its minimal cost, 
estimated less than 3 Euros, makes it the best choice to start experimenting and cooking with 
solar cookers, using basically low cost, everyday materials, easily found around the house. 

Materials 

 a large cardboard box, rather tall and of good 
cardboard quality 

 aluminium foil 
 white glue and a paint brush 
 scissors, cutter 
 ruler, pen or pencil 
 some stones for supporting the solar cooker on the 

ground  
 

 
Let’s put it together 

1 Find a rather tall and broad cardboard box used 
for the packing of a big object, like a TV set etc. 
Make sure that you choose a durable cardboard 
with three or four layers of sandwiched, wavy 
carton. 
For example, the cardboard box we had found for 
our first construction had 45 cm height, 35 cm 
width and 38 cm length. It provided us enough 
with enough space for cooking as well as with a 
good set of surrounding reflectors of broad 
dimensions.  

2 First, cut off the flaps of the box, because you 
will not need them anyway, unless you use 
them for insulating the cooking surface a bit 
later. 
Then, cut along the seams at FG and GC. Over 
the opposite side of the box cut along the 
seams EH and HD (see drawing aside). 
The carton of the cardboard box folds out to a 
flat assembly of five rectangles forming a “T” 
shape surface. 
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3 The flat, “T” shaped carton of 5 rectangles is 
shown in the drawing aside. 
Letters appearing twice on this drawing 
indicate two points which were the same point 
before cutting.  
If the cardboard box you have found is not as 
thick and durable as desired, you may glue 
another one or two rectangular pieces of 
cardboard on top of the CDHG rectangle, which 
will later form the cooking surface. You may 
also do this for better insulation with the 
ground (see drawing aside). 

 

4 Glue aluminium foil to one side of the five 
rectangles (the inside of the original cardboard 
box), with its shiny side facing outwards. 
Now, keeping the rectangle CDHG horizontal on 
the ground, position the other four rectangles, 
as shown in the drawing aside. 

 

5 The front reflector, rectangle EFGH, is tilted 
about 30 degrees above the horizontal plane 
and you may achieve that by sliding a small 
stone under it, adjusting it in position (see 
drawing aside). 
The two side reflectors, the “wings” of the solar 
cooker, rectangles BFGC and AEHD are vertical 
to the ground and the angles GCG and HDH 
are positioned at about 45 degrees. The 
rectangle ABCD is also positioned in a vertical 
mode, following the two side reflectors of the 
solar cooker (see drawing aside). 

 

6 Using a few stones to support and adjust the 
front and side reflectors might prove to be 
useful on a windy day (see drawing aside). 
Alternatively, if you happen to have placed the 
solar cooker on a soil ground you may use a 
few long nails to support and adjust the 
reflectors in position.  

7 Place the cooking pot on the horizontal cooking 
surface (originally rectangle CDHG) with a 
reversed transparent salad bowl on top of it. 
This replaces the glass window of the classic 
designs of “box solar cookers”. 
Alternatively, you may put the cooking pot 
inside an oven cooking bag, as discussed 
elsewhere, but in any case, do not forget to 
raise the pot slightly off the cooking surface.  
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Some more tips for cooking with an open panel solar cooker … 

 (a) 

  (b) 

Solar cooking can also be done by using 
suitable and recyclable transparent glass 
vases, by arranging them in pairs that can 
easily fit one inside the other (see drawings a 
& b).  
Once you have found such pairs of vases, you 
may clean them and use them for solar 
cooking many times. Notice that you only 
need the top lid of the inner vase and not the 
one of the outer, since it is turned upside 
down, covering the inner vase. This top lid of 
the inner vase should be made out of metal, 
since a plastic one would easily melt under 
high temperatures. 

 

For the large cooking space provided by this 
open panel solar cooker, you may use two 
pairs of vases for cooking, for instance rice in 
one pair and tomato sauce inside the other.  
Be careful to add an appropriate amount of 
water in both inner vases and to leave some 
space on top, at least 1/5 of the vase height, 
for boiling. 
It would also be wise to find a way to lift the 
inner vases slightly off the cooking surface by 
using a small kitchen grid or a flat stone. As 
an effect, the hot air inside the solar “heat 
trap”, formulated by the outer vase, circulates 
under inner vase for a more even cooking. 

Furthermore, this open panel solar cooker, constructed out of a suitably torn box, appears to be 
one of the favourite constructions and/or solar energy projects for children and teenagers, since it 
is very easy and effective (see photos below). 

  

Photo 1: An open panel solar cooker out of a torn box in 
action, cooking a pie at a school science fair. 

Photo 2: A group of 6th grade children 
presenting their solar cooker project to 
the visitors of a school science fair. 
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C o n s t r u c t i n g  a  c o l l a p s i b l e  o p e n  p a n e l  s o l a r  
c o o k e r  w i t h  t w o  p i e c e s  o f  c a r d b o a r d  

The idea of open panel solar cookers, basically constructed with pieces of cardboard covered 
with reflective materials such as aluminium foil and arranged all around a central cooking area, 
appears to be a rather recent one developed in the early 90’s by Roger Bernard and his colleagues 
(cf. Bernard, 1999; Koflak, 1995; Halacy & Halacy, 1992; Narayanaswamy, 2001; Anderson & 
Palkovic, 2006). Nevertheless, the original idea of using solar radiation to heat up objects is 
perhaps as old as Archimedes and his legendary “burning mirrors”, which reflected solar beams 
and managed to burn Marcellus ships at a distance from the port during the siege of Syracuse, 
215-212 BC.  

Perhaps the easiest way to construct an open panel solar cooker is to find two rather large pieces 
of cardboard, say (a) and (b), as shown in the drawing below. Then fold them accordingly and 
glue aluminium foil to their inner surfaces (see steps 1 and 2 below). Finally, put one piece of 
cardboard on top of the other creating the reflectors and the cooking area (see steps 3 and 4 
below). The disadvantage of this design is that it cannot withstand any sort of wind without being 
blown away. Thus, we must invent an elaborated construction, where the two pieces of cardboard 
are fixed and gripped together, but at the same time our solar cooker remains collapsible and 
easily assembled … 

 

Materials 

 2 large pieces of cardboard, possibly cut out of 
the sides of big cardboard boxes  

 aluminium foil 
 white glue and a paint brush 
 scissors, cutter 
 ruler, pen or pencil 
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Let’s put it together 

1 Find a large piece of cardboard for reflectors or 
cut a piece out of the sides of a big cardboard 
box used of packing a refrigerator or a washing 
machine etc. The important thing is to leave two 
rectangular tabs in each folded side of the 
cardboard, as shown in the drawing  

2 Find another big piece of cardboard for the 
base and the front reflector of the solar cooker. 
Fold it roughly in 2/3 by leaving the bigger part 
for the base of the solar cooker and the smaller 
part for the front reflector.  
Glue aluminium foil on top of the inner surface 
of both pieces of cardboard, with its shiny side 
facing outwards. 

 

3 Then fold the reflector cardboard and roughly 
adjust it on the base of the other piece of 
cardboard. 
Mark with a pencil the 4 spots where the tabs 
touch the base (see drawing aside). Then 
remove the reflectors and gently use a cutter 
or scissors to intersect along the 4 lines marked 
before.  
Those sections will be used to fix and stabilize 
the top reflectors in the right place.  

 

4 Insert the top reflectors into the base of the 
bottom piece of cardboard by aligning the tabs. 
Bend the tabs under the base, so that when a 
cooking vessel is placed on top the tabs will be 
locked down and held affixed by the weight of 
the vessel. 
The front reflector can easily be adjusted up 
and down by inserting a small stone 
underneath it, pushing it towards the base.  

 

5 The open panel solar cooker with two pieces of 
cardboard is now ready to cook!  
Its advantage is that the top reflectors can be 
steadily affixed to the cooking base and will 
remain in place on a rather windy day. 
For additional reinforcement and stability 
against stronger winds you can put a couple of 
stones at the sides of the base of the solar 
cooker, behind the top reflectors. 
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Some tips for open panel solar cooking … 

As one of the pioneers of solar cooking Barbara 
Kerr recomends, we should “place the cooking pot 
in an oven cooking bag with the opening at the top 
we can open the bag, check the food and seal it 
again without disturbing the cooking. And that part 
of the bag is usually dry. This is important because 
food in a panel cooker usually does need to be 
stirred and checked, since the heat is not as even”, 
as it is in solar box cookers.  
She then describes her methods for sealing the 
oven bags. “First I closed the baking bags with 
clothes pins-too heavy and bulky. Then with paper 
clips tore up the baking bag which otherwise was 
good for many uses. Then with a thin piece of wire 
worked well but the twisted wire broke after 
several uses. Now I am using wire but simply 
wrapping it tightly around the baking bag top, 
without twisting. Since there is no pressure, it 
works fine and the twist ties last a long time”. (cf. 
URL: < http://solarcooking.org/plans/spc.htm >). 

 

Alternatively, we can use pairs of vases that fit one 
inside the other. The outer vase is turned 
upsidedown, in the same manner like the salad 
bowl in the last construction drawing. It then 
provides a heat trap for the inner vase or the inner 
space of the salad bowl respectively.  
In any case, solar cooking becomes more effective 
if we lift a bit the cooking vessel, pot, vase etc. a 
couple of centimetres above the base of the 
cooker, within the area of the heat trap provided 
by the outer vessel (reversed salad bowl, vase or 
the oven bag). This can be achieved even with a 
flat black stone or a kitchen grid. As an effect, the 
hot air inside the solar “heat trap” circulates under 
the vessel for a more even cooking. 
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C o n s t r u c t i n g  a  p o r t a b l e  o p e n  p a n e l  s o l a r  c o o k e r  
w i t h  t w o  p i e c e s  o f  c a r d b o a r d  

A frequent problem with the construction of a portable open panel solar cooker, based on the 
original idea of the collapsible solar cooker made out of two pieces of cardboard, is to find an 
alternative of fixing the “V” shaped reflectors on top of the base. A solution provided here is to 
construct a supporting base with two thin pieces of board on which 2 or 4 pairs of round wooden 
sticks are attached. The “V” shaped cardboard reflectors are then inserted and gripped in between 
these round wooden sticks (cf. Tsagliotis, 2004). 

Materials 

 2 large pieces of cardboard, possibly cut out of 
the sides of big cardboard boxes  

 2 pieces of a thin board, in relevant dimensions 
to the base and reflectors cardboards 

 4 or 8 round wooden sticks used for craftwork 
and/or technology projects, in relevant 
dimensions to the height of the “V” shaped 
reflectors 

 2 pieces of self adhesive Velcro tape 
 aluminium foil 
 white glue and a paint brush 
 scissors, cutter 
 ruler, pen or pencil 

 

 
Let’s put it together 

1 Find a large piece of cardboard for the “V” 
shaped reflectors or cut a piece out of the sides of 
a big cardboard box used for packing a 
refrigerator or a washing machine etc. 
Fold it in the middle as shown in the drawing. 

 

2 Then unfold the cardboard and glue aluminium 
foil on the inner surface of the reflectors, with 
its shiny side facing outwards (see drawing).  

 

3 Find another big piece of cardboard for the 
base and the front reflector of the solar cooker. 
Fold it roughly in 2/3 by leaving the bigger part 
for the base of the solar cooker and the smaller 
part for the front reflector. 
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4 Unfold the cardboard and glue aluminium foil 
on the inner surface of the base and the front 
reflector, with its shiny side facing outwards 
(see drawing).  

 

5 Next, the supporting base for the “V” shaped 
reflectors needs to be constructed. 
Take two pieces of thin board with relevant 
length according to the width of the cardboard 
used for the base and the front reflector of the 
solar cooker. Ask for assistance from an expert 
adult to drill one or two pairs of holes in each 
board, to the diameter of the round wooden 
sticks you have available. These holes are 
opposite to one another, in a rather diagonal 
mode.  
Then, glue the wooden sticks in the right 
places on both pieces of board (see drawing)  

 

6 Adjust roughly the two pieces of board with the 
vertical wooden sticks on the surface of the 
cardboard base and mark their desirable 
position. Then stick one piece of the self 
adhesive Velcro tape along the two lines you 
have marked and the other piece under the 
two pieces of board (see drawing). 

 

7 Place the two pieces of board on top of the two 
pieces of the Velcro tape stuck on the base of 
the cardboard and press to grip and fix them 
firmly. 
The two pieces of board are now in place and 
the wooden sticks are ready to hold the “V” 
shaped reflectors. 
In the drawing aside, there are only two pairs 
of sticks fixed on each piece of board. You may 
also fix another two pairs of sticks, one on 
each piece of board respectively, for a more 
durable construction.  

8 Insert the reflectors in between the two round 
wooden sticks fixed on each piece of board and 
push it down to grip firmly. The friction in 
between the sticks and the cardboard of the 
“V” shaped reflectors will hold them in place, 
even if it gets windy. 
This version of the open panel solar cooker in 
now ready! 
Whether you wish to disassemble it, lift off the 
reflectors, remove the two pieces of board 
from the cooker base and fold the two pieces 
of cardboard together.  
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Some more tips for cooking with open panel solar cookers … 

As it can easily be retrieved from the Solar Cookers: 
How to make, use and enjoy (2004) e-book, you may 
“put the pot in a clear, heat-resistant plastic bag and 
bind the open end of the bag or simply fold it under the 
pot in such a way as to prevent air from escaping. The 
bag should be loose enough that a small, insulating layer 
of air exists around the pot.” (p. 13) 

 

Moreover, the “cooking efficiency may be marginally 
improved by placing the pot on a pot “stand” - three or 
four stones, a couple of twigs, a small wire rack, etc. - 
located inside the bag. This helps create a thin layer of 
air under the pot, reducing heat loss to the cooker 
itself.” (p. 14)  

For optimal performance, Dr. Steven Jones of Brigham 
Young University recommends “raising the pot 6 cm with 
an open-mesh wire stand located inside the bag (see 
image aside). This allows sunlight to be reflected 
underneath the pot as well as on the sides and top. For 
best pot stability, make the wire stand slightly wider 
than the pot, and slightly taller than 6 cm, so that the 
pot can rest inside the stand on two crossed wires at the 
6 cm height.” (ibid. p. 14) 

Constructing this version of open panel solar cooker in class has been a rather easy task, 
provided that the two pieces of board with the affixed round wooden sticks were constructed by 
the teacher and/or an adult supervisor of the group of children who carried out the relevant 
project. The portable and rather durable nature of this construction has turned it to a favourite 
solar cooker for demonstrations and for science fair projects and activities (see photos that follow). 

Photo 1: Constructing in class a portable open 
panel solar cooker with two pieces of cardboard. 
Notice the two pieces of board with the two 
pairs of round wooden sticks supporting the 
“V” shaped reflectors (front view). 

Photo 2: Constructing in class a portable open 
panel solar cooker with two pieces of cardboard. 
Notice the two pieces of board with the two 
pairs of round wooden sticks supporting the 
“V” shaped reflectors (side view). 
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Photo 3: A portable open panel solar cooker 
cooking a cake during a science fair at the school 
yard.  

Photo 4: Children discussing with a visitor how 
a portable open panel solar cooker works during 
a science fair at the school yard … 
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C o n s t r u c t i n g  t h e  “ C o o K i t ” :  
a  f o l d a b l e ,  o p e n  p a n e l  s o l a r  c o o k e r  

In 1994 Roger Bernard and colleagues developed the “CooKit”, an open panel solar cooker which 
appears to be “elegant and deceptively simple looking, it is an affordable, effective and convenient 
solar cooker. It requires a dark, covered pot and one plastic bag per day or one high-temperature 
plastic bag per month. With a few hours of sunshine, the CooKit makes tasty meals for 5-6 people 
at gentle temperatures, cooking food and preserving nutrients without burning or drying out”. (cf. 
URL: < http://solarcooking.wikia.com/wiki/CooKit >). A rather simplified version of the original 
CooKit design is initially presented here. 

Materials 

 a large piece of cardboard, 122 cm long and 105 cm 
wide 

 aluminium foil 
 white glue and a paint brush 
 scissors, cutter 
 long ruler, pen or pencil 
 some stones for supporting the solar cooker on the 

ground 
 

 

 
Let’s put it together 

1 Find a rather large and durable piece of cardboard box, with 122 cm length and 105 cm width, out 
of the sides of a big box used for packing a refrigerator etc. (see drawing below for dimensions). 
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2 It appears to be difficult to find such a large 
piece of cardboard, readily available in the 
desirable dimensions. Thus, it is suggested that 
the design is split symmetrically in half along 
the vertical axis and construct the solar cooker 
in two phases (see drawing aside). 
If this pattern is followed, two pieces of 
cardboard are needed with 105 cm length and 
61 cm width. The exact design is marked on 
the cardboard and then cut accordingly. The 
same process is repeated once again. 
The two pieces of the solar cooker are then 
ready to be joined together. A stripe of 
cardboard with 105 cm length and about 5 cm 
width can be used to glue the two pieces 
together in order to a form a unified 
construction. 
With the aid of a long ruler fold the constriction 
along the two discontinued lines marked on the 
cardboard (see drawing) 

 

3 Close to the two front corners, two narrow 
slots, each 12 cm long, need to be created. 
They are used to insert and grip the corners of 
the two side reflectors when the solar cooker is 
folded in position. 
After the glued parts dry, glue aluminium foil 
on the flat surface of the joint cardboard, with 
its shiny side facing outwards. 
Then fold the back and side reflectors forward 
and insert the corners of the side reflectors to 
the slots created at the corners of the front 
reflector. The solar cooker is ready to be used 
(see drawing aside). 

 

4 With this solar cooker, same as with all other 
open panel designs, food can be cooked with a 
variety ways as follows: 
• Raised pot inside a reversed salad bowl 
• Raised cooking vessel inside a bigger glass 

bowl 
• Raised cooking vessel inside an oven bag 
• Raised cooking vessel inside a variety of 

constructions combining a sort of wire base 
covered with a plastic or oven bag 

• Raised vase inside bigger reversed vase 
The pot, casserole or cooking vessel is always 
raised slightly off the cooking base by using a 
metal grid or a flat stone, in order for the hot 
air to circulate evenly within the cooking space, 
even under the various pots. 
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5 The idea of cooking in two pairs of vases is 
depicted in the drawing aside. 
Find two transparent vases that fit one inside 
the other and reverse one to cover the other 
completely, even when the inner vase is 
slightly raised off the cooking space. You may 
cook peas or beans in one pair of vases and 
the sauce in the other. 
Make sure you include adequate amount of 
water and do not forget to leave 1/5 of the 
inner vase-space empty, to be used for boiling. 

 

Nevertheless, there are ready-made plans for constructing a CooKit exactly as Solar Cookers 
International manufactures them. You will have to start with a big piece of cardboard about 1m x 
1.33m (or 3'x 4'). Cut along the continued lines and fold along the discontinued lines as shown in 
the detailed drawing below. Optional dotted lines for a foldable and compact storage of CooKit are 
also marked. The angles and folds shown are best, but small variations are OK. 
 

 
Available at the Solar Cookers Archive Wiki at URL: < http://solarcooking.wikia.com/wiki/CooKit >.  
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Some tips and uses of CooKit around the world and in class … 
An alternative for supporting any cooking vessel 
inside the cooking space of this open panel solar 
cooker, as well as in several other similar designs, 
can be constructed out of a piece of rabbit-wire 
formulated to a cylinder, which can hold the vessel 
up off the bottom of the cooker (see photo aside). 
The whole construction is then covered with a plastic 
or oven bag. 
In this way, solar radiation “strikes” essentially all 
surfaces of the cooking vessel, including the bottom 
by reflection (cf. McMillan, & Jones, 2001). 
Similar constructions have also been discussed in 
other open panel solar cookers, i.e. the portable and 
the collapsible ones etc. 

Wietske Jongbloed from Indonesia has created a 
simple frame construction to allow the use of normal 
plastic bags, instead of heat-resistant oven cooking 
bags, in places that they were not readily available. 
The frame consists of a cyclical wire base and two, 
vertical to that, semi-cyclical pieces of wire, fixed to 
the base in diametrical points, which give rise to an 
inner space for the cooking vessel. The whole 
construction is covered with a normal, transparent 
plastic bag which can it be used several times (see 
photo aside). 
[cf. URL: < http://solarcooking.wikia.com/wiki/CooKit >]. 

The CooKit weighs half a kilogram, folds to the size of a big book for easy transport. CooKits are 
now produced independently in 25 countries from a wide variety of materials at a wholesale cost 
of 1,5 to 3 Euros [cf. URL: < http://solarcooking.wikia.com/wiki/CooKit >]. 

Photo 1: The Cookit, an open panel solar 
cooker as it is sold and/or distributed to people in 
25 countries around the world (cf. URL: < 
http://solarcooking.wikia.com/wiki/CooKit >. 

Photo 2: Using CooKit solar panel cookers at 
the Iridimi Refugee Camp, Chad, 2005, hosting 
17.000 refugees from the Darfur region (cf. URL: 
< http://solarcooking.wikia.com/wiki/CooKit >. 
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Photo 3: In Ghana, Zouzugu villagers, like this woman prevent 
dracunculiasis and other waterborne diseases by pasteurizing 
water in open panel solar cookers like CooKits (cf. URL: < 
http://solarcooking.wikia.com/wiki/CooKit >. 

Photo 4: The CooKit folds to be 
about the size of a large notebook 
when not in use (cf. URL: < 
http://solarcooking.wikia.com/wiki/
CooKit >. 

 

Once the cardboard pieces are found and 
marked according to the design pattern, the 
construction of this open panel solar cooker 
becomes a fascinating and enjoyable activity. 
The initial stages, though, need to be seen as 
problem solving activities in design and 
geometry, where teachers and/ or helping 
adults might need to draw attention on a 
couple of conceptual issues for a successful  
construction. 
Moreover, this construction can be discussed 
and supervised as a project activity for school 
science fairs on solar energy etc. (see photo 
aside).  

 

 

Photo 5: The simplified version of the “CooKit”, a 
solar cooker constructed by primary school children. 

Photo 6: Testing the open panel solar 
cooker out in the school yard. 
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Photo 7: Solar cooking cookies in this open 
panel cooker during a school science fair. 

Photo 8: Solar cooking okras with tomato 
sauce during a school science fair. 

 

Photo 9: Groups of children testing open panel 
solar cookers out in the yard, in preparation for a 
school science fair. 

Photo 10: Happy faces of a group of 6th grade 
children presenting their solar cooker project to 
the visitors of a school science fair. 
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C o n s t r u c t i n g  a n  o p e n  p a n e l  s o l a r  c o o k e r  w i t h  
t w o  r e f l e c t o r s  i n s i d e  a  b o x   

The open panel cooker was improved in 1994 by Roger Bernard. He proposed a more advanced 
design (“reflective open box”, ROB), with two reflectors of the solar cooker fixed inside a main 
box, which is used as base forming the cooking space. This construction is still easy to build, light 
and portable, in a way, but simultaneously it appears to be a more concrete and stable design. 

Materials 

 one rather tall cardboard box (indicative dimensions: 
length 45-55 cm, width 35-45 cm and height 40-50 cm) 

 a long piece of cardboard cut out of a large box to be 
folded in the middle to form the reflectors inside the 
base box 

 a piece of wood to be used as a prop for the front 
reflector, or a piece of thick wire to be used for the 
same purpose 

 3-4 wood dowel pins for the construction of the prop 
 aluminium foil, white glue and a paint brush 
 scissors, cutter 
 ruler, pen or pencil 

 

 

 
Let’s put it together 

1 Cut out the top flaps of the cardboard box, but 
keep them aside because you can still use the 
carton for insulation. 
In one of the broad sides of the box draw a line 
BC, approximately 5-6 cm from the bottom. Make 
sure that you mark not to cut along or further 
down that line. 
Mark lines AB and CD perpendicular to the bottom 
of the cardboard box (see drawing aside). 

 

2 Cut along the seams AB and CD up to points B 
and C respectively. Use a long ruler to help you 
bend the front panel ABCD using BC as a hinge 
(see drawing). 
This is a good time to glue a few rectangular 
pieces of cardboard to the bottom of the box to 
raise it a bit and to achieve better insulation 
with the ground contact. 
After you finish that, you may glue a 
rectangular piece of aluminium foil to the 
bottom of the box with its shiny side facing 
outwards. 
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3 Cut and fold another piece of cardboard to be 
used as reflectors inside the box. 
A useful hint is to measure with a piece of 
string the distance of the “V” shaped reflectors 
inside the box to make sure you cut them in 
the right dimensions. Do not forget to add 
approximately 5 cm at each side of the 
reflectors in order to create two long stripes of 
cardboard in each side to be glued at the sides 
of the box (see drawing). 

 

4 Glue aluminium foil, with its shiny side facing 
outwards, on all reflectors and the base if you 
have not done that already (panels 1-4). 
Adjust and glue the reflectors inside the box 
(panels 1 & 2). Any angle between 60° and 90° 
appears to be a good compromise and works 
fine. Smaller angles concentrate the Sun more, 
but require frequent adjustments to follow its 
path. 

 

5 Use a piece of wood to construct a prop to hold 
and adjust the front reflector. 
Ask an expert adult to drill two holes at the one 
end of the piece of wood close to each other 
and in a rather slanting arrangement with one 
another. These holes should have same 
diameter of the wooden dowel pins (usually 5-6 
mm) in order to be glued inside them. 
Then drill a few more holes along the piece of 
wood with the same diameter as the first two 
holes (see drawing aside) 
Get another dowel pin, make a hole at one of 
the box sides and glue it steadily with half of it 
sticking out of the box. 

 

6 Grip the front reflector of the solar cooker in 
between the two dowel pins glued in the front 
part of the piece of wood. Then adjust it by 
inserting the other dowel pin, the one sticking 
out of the side of box, into one of the holes of 
the piece of wood (see drawing aside). 
Now the front reflector can move up and down 
and be stabilized at the desired position with 
this wooden prop. 
Alternatively, you can still glue a wooden dowel 
pin at one side of the box and use it to support 
a prop made out of a piece of thick wire.   
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7 The open panel solar cooker with two reflectors 
inside a box is now ready!! 
You have to adjust the orientation of the solar 
cooker, fix the front reflector and start cooking. 
For instance, you may bake a cake using a 
baking pan, which fits inside the cooking space 
of the solar cooker and under a reversed glass 
salad bowl (see drawing). The salad bowl has 
to rest firmly on the base of the solar cooker. 
A useful hint is to raise the pan slightly off the 
solar cooker base, by using a flatted stone or a 
kitchen metal grid, in order to assist hot air 
circulation under the pan, inside the reversed 
salad bowl space. 

 

 

Some more tips for solar cooking … 
As Bernerd (1994) claims the “salad bowls and oven 
bags share the following disadvantages: they hamper 
access to the food, and they retain the moisture 
coming from the heated food and need periodic drying. 
These drawbacks can be avoided if we put only the 
lower part of the cooking pot inside of a glazing [see 

figure above], instead of the whole pot with its lid. This can be done by placing the dark pot into a 
glass dish whose diameter is slightly larger than that of the pot. Obviously the advantages of such 
a system are partially offset by extra heat loss from the uninsulated lid. By raising the pot off the 
ground a further gain is achieved. In fact, my experiments have shown that cooking times with 
this new system are no longer than with the original design with a salad bowl up-turned over the 
pot”. 
The “reflective open box” solar cooker will be more stable against a strong wind if we put some 
stones inside the tall triangular spaces that are formed behind the two reflectors inside the box, 
where they appear to be not only functional, but also “invisible”. 

Photo 1: The first “reflective open box” solar 
cooker we constructed out of a cardboard box 
and two reflectors. The front reflector is adjusted 
for the early morning Sun. 

Photo 2: A side view of the solar cooker at the 
school yard, with the front reflector adjusted for 
the noon Sun. 
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Photo 3: Testing the solar cooker by cooking a 
pie, inside an aluminium pot raised slightly with a 
kitchen grid, all under a reversed salad bowl.  

Photo 4: Two pupils testing the solar cooker by 
cooking croissants, which look ready to be eaten. 

 
 

Photo 5: A “reflective open box” solar cooker 
presented in one of the school science fairs. The 
outer sides of the cardboard box have been 
painted for decorative purposes. 

Photo 6: Another “reflective open box” solar 
cooker presented in a school science fair. Notice 
the piece of wood used as a prop to hold and 
adjust the front reflector. 
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C o n s t r u c t i n g  a  s o l a r  d e h y d r a t o r  o u t  o f  o n e  c a r d b o a r d  b o x  

Drying out food in the sun is an ancient technique and practice, know 
even to the ancient Egyptians and to the nomads of Asia, Latin America 
and Africa. Dehydrating food, not only preserves it in high quality, but it 
also makes it storable in a fragment of space, since dehydrated food 
occupies 1/3 to 1/6 of its original dimensions and keeps about ¼ of its 
original mass. 

A solar dehydrator, or a solar dryer is a rather easy device to construct 
and a variety of materials may be used. A cuboid cardboard box painted with non-toxic black paint 
can be cut out in a certain way to make a simple solar dryer, with the solar collector and the 
drynig space arranged in a single volume. The top of the dryer can be covered with a piece of 
plastic film, adjusted to the box open frame. Alternatively, it can be covered with a piece of clear 
Plexiglas. A wooden frame with a piece of thin metallic mesh attached on it can create a sort of 
grid, which can be the drying base for fruits and vegetables. Eventually, holes have to be oppened 
at the bottom of the cardbox and the top sides to ensure proper hot air flow and ventilation. 

Materials 

 a durable, cuboid cardboard box, rather tall at the 
sides 

 a piece of plastic film to be adjusted to the front 
opening of the solar dryer 

 alternatively a piece of Plexiglas in the dimensions 
of the cardboard box opening 

 a piece of thin metallic mesh 
 a piece of wood frame to be cut and fixed to create 

the grid with the metallic mesh attached on it 
 a couple of meters of self adhesive Velcro tape to 

attached the piece of plastic film on the box opening
 a couple of pieces of corrugated paper or pieces of 

scrap cardboard 
 white glue, adhesive tape, black tempera or black 

non-toxic paint 
 stapling machine, staples 
 scissors, cutter, ruler, pen or pencil 

 

 
Let’s put it together 

1 Take the selected cardboard box and mark 15-18 cm from 
the bottom of the box, at both sides of the front frame and 
then draw a level line across the front side of the box. Then 
draw a line starting from the previous one up to the opposite 
dialogical corners, towards the two opposite sides of the box 
and cut along those lines (see drawing aside, where the 
orange part of the box needs to be cut off). 
Cutting the cardboard box in this way allows the solar rays to 
enter the front part of the box without shading its interior. 
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2 After cutting the front part of the box, what is left is the 
base of the solar dryer. Notice that the back side of the 
box appears now to be high and the front part is low. If 
the box is not durable enough, this is a good time to add a 
couple extra pieces of corrugated paper glued on all of its 
sides and the bottom. This will reinforce the construction. 
As soon as it gets dry, all the inside parts of the box need 
to be painted with black tempera or any other sort of flat, 
non-toxic black paint. The outer parts of the box may be 
decorated with paint at a later instance. 

3 A rectangular frame needs to be constructed with pieces 
of wood frame stapled together with a staple machine and 
the help of an experienced adult. A piece of thin metallic 
mesh needs to be attached on this frame, to create a sort 
of grid, where the pieces of fruit and vegetables will be 
placed for drying (see drawing aside). 
Alternatively, a few pieces of thin round wood can be cut 
out and fixed at the opposite sides of the box, with a piece 
of mesh attached on them, to create the drying base. 
A few holes need to be opened at the bottom and the top 
sides of the box, left and right, with an approximate 
diameter of 5 mm. The solar dryer box needs to be raised 
slightly and this can be achieved by attaching a couple of 
pieces of dense polystyrene (Styrofoam) at the sides of 
the bottom of the box. This will allow the “cold air” to 
enter the box from the bottom (see drawing aside).  

 

4 A piece of clear plastic firm needs to be cut 
and adjusted to fit the front opening of the 
solar dryer box. It can be attached to the box 
with pieces of Velcro tape, which will allow 
the plastic film to open and close accordingly. 
Alternatively, a piece of clear Plexiglas can be 
cut and attached to the sides of the front 
opening of the box using pieces of Velcro 
tape (see drawing aside).  
The solar dryer is now ready! Thin slices of 
fruits and vegetables can be cut and placed 
on the grid of the drying base. Then, the 
solar dehydrator needs to be oriented 
towards the sun in a way that it absorbs as 
much of solar radiation as possible. The “cold 
air” enters the solar dryer from the bottom of 
the box, then it heats up inside the box 
becoming lighter (less dense) and it goes up 
towards the top parts of the box, to escape 
from the side holes of the box. This air 
heating and flow takes away with it the water 
vapors from the dehydration of fruits and 
vegetables, speeding up the process and 
making it controllable.  
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About solar drying … 
Solar drying is a fast way of dehydration, which also preserves 
nutrients better. It takes about three days for fruit/vegetable strips 
and slices to dry out and about two days for leaves and herbs. No 
chemicals are added and the only source of energy needed for the 
process is the renewable solar energy. Basically, when food is 
dehydrated, its moisture is taken away, in order not to get spoiled or 
rotten.  

The content of water in fruits, vegetables and herbs is at the 
range of 5% to 25%. The temperature inside the dehydration 
boxes should be enough to evaporate food moisture without 
“cooking” the food. Approximately 50-60 °C appears to be an 
adequate temperature. Constant flow of dry, hot air inside the 
dehydration box is needed in order to evaporate the food 
moisture and water. It is important for the process of 
dehydration to be completed in the shorter possible time and in 
a temperature which will not affect the quality, taste and colour 
of the food. Dehydrated fruits, vegetables and herbs should be 
stored in airtight containers and treated accordingly before 
consumption. 

 



  SSSooocccrrraaattteeesss   CCCooommmeeennniiiuuusss   PPPrrrooojjjeeecccttt  
  SSSooolllaaarrr   EEEnnneeerrrgggyyy   AAAwwwaaarrreeennneeessssss   &&&   AAAccctttiiiooonnn   
 

 43 © Nektarios Tsagliotis: ntsag@edc.uoc.gr 

Photos from the construction a solar dehydrator out of one box by a group of 
children to be presented at a science contest … 

Photo 1: The children have found the proper box, 
which has now been cut accordingly and is being 
reinforced with extra pieces of corrugated paper. 

Photo 2: The extra pieces of corrugated paper are 
glued all around the inside parts of the box. 

 
Photo 3: This is how the box was left to dry for the 
following day … 

Photo 4: The cardboard in excess was cut off and the 
box takes the desirable form and shape. 

Photo 5: The inside part of the box is painted black 
all around ... 

Photo 6: … and the outside of the box is decorated in 
a multicolor way  
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Photo 7: The framework of the grid with the metallic 
mesh has been put in place. The holes at the bottom 
and sides of the box have been opened and it has also 
been raised up slightly with pieces of Styrofoam… 

Photo 8: The box from the front side … Notice the 
wooden framework covered with aluminium tape and 
the thin metallic mesh attached to it, forming a grid. 

 
Photo 9: The clear plastic film is about to be 
attached to the front side of the box with self 
adhesive Velcro tape. 

Photo 10: The solar dehydrator in a science contest, 
with the plastic film attached to its front part with 
Velcro tape and some slices of dehydrated tomato and 
banana on its grid, dried out at an earlier instance. 
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C o n s t r u c t i n g  a  s o l a r  d e h y d r a t o r  o u t  o f  t w o  c a r d b o a r d  b o x e s  
 

At grape-harvest time during August or September, the grapes 
are laid out in the sun to dry out, dehydrate and become 
delightful raisins. It takes approximately 15 days for the 
grapes to get solar dried. 
Unfortunately, sometimes when strong 
winds are blown or when heavy rainfall 
comes, raisin producers are confronted 
with a serious problem and most, or 
perhaps all, of their production is 
endangered.  

 

Tomatoes are vegetables which have been dried out in the 
Sun for thousands of years. They are cleaned cut out and 
spread on the ground and after a few days they become sun 
dried tomatoes. But, they are also 
vulnerable to the dust and harmful 
micro-organisms and have to be 
appropriately protected using various 
techniques. If the weather is not 
good and sunny and they do not dry 
out fast enough, there is always the 
danger get mouldy and rotten.  

 

Thus, is there an alternative way to dehydrate fruits vegetables and herbs 
without being exposed to micro-organisms and dust and also becoming less 
dependent from sudden weather changes? Is it possible for dehydration to 
occur faster and in a more controllable way? 
The idea of solar dehydrators is a very old one, whereas these days we can 
use readily available materials and build solar dryers out of cardboard boxes, 
like the one that follows. 

Materials 

 two cardboard boxes, a large and rather shallow 
parallelepiped box for the collector and another cuboid, 
rather tall on for the dryer box 

 a piece of Plexiglas 2-3 mm thick, in relative dimensions 
to the top side of the big parallelepiped box, to cover its 
opening 

 approximately 1 m2 of thin metallic mesh to make the 2 
or 3 drying grids inside the dryer box. 

 a piece of collapsible aluminium tube with diameter of 
about 10 cm. 

 2-3 m of Velcro tape to hold the Plexiglas in place etc. 
 a 3 m piece of wood frame to be cut and fixed to create 

the drying grids with the metallic mesh attached on them 
 a few pieces of corrugated paper or scrap cardboard 
 white glue, adhesive tape, aluminium foil, black tempera 

or black non-toxic paint, stapling machine, staples 
 scissors, cutter, ruler, pen or pencil  
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Let’s put it together 

1 It is important to find the right cardboard boxes. They 
must be carefully selected to have roughly the same 
width, so to fit together as they will be placed one on 
top of the other. The shallow parallelepiped box will 
become the collector where the air will get heated 
and the cuboid tall one will become the dryer. 

2 Take the shallow parallelepiped box and cut off its 
flaps. If it is possible, try to save a cardboard 
frame of about 2-3 cm all around before cutting off 
the flaps. It will be useful to fix the Plexiglas on top 
of the box opening with Velcro tape later on. 
A couple of pieces of corrugated paper or scrap 
pieces of cardboard can be glued all around the 
sides of the box, as well as at the bottom, to make 
it more stable and durable. 

 

3 As soon as the box gets dry, it can be painted with 
black tempera or any sort of black non-toxic paint. 
In this way, the box becomes a “solar collector”, 
which can absorb solar radiation and later on heat 
up the air, as it will pass through it from openings 
at the bottom part of the box.  

 

4 Four to five holes of 2-3 cm diameter have to be 
opened at the bottom part of the box. Another 
hole, with a diameter slightly bigger than 10 cm, 
needs to be opened at the top part of the box, for 
the flexible and collapsible aluminium tube of 10 
cm diameter to fit in and pass through that hole, 
connecting the collector to the dryer box (see 
drawing aside). 
A piece of Plexiglas is cut out at the dimensions of 
the top box frame to cover that opening. Adhesive 
Velcro tape, 2 cm wide, is used to fix it on top of 
the box frame, sticking one side of the Velcro tape 
on the Plexiglas and the other on the box frame.  
The solar collector is now ready! 
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5 Take the other cuboid and rather tall box, cut off 
its flaps and use a couple of pieces of corrugated 
paper or scrap cardboard to stick around the sides 
and the bottom of the box for reinforcement.  
As soon as it gets dry, cover all the inner parts of 
the box with aluminum foil, in order to protect the 
inner parts of the box from the water vapours 
during the process of dehydration and also make it 
easier to clean afterwards. 

 

6 Take another piece of cardboard to make a top lid 
for the dryer box (see drawing aside) 
Turn the box upside down and draw with a pencil 
the frame of the box opening on the piece of 
cardboard to become the top lid. Add and extra 10 
cm all around the sides of that frame and then cut, 
fold and glue accordingly. 

 

7 A chimney is needed, where from the hot air will 
come out of the dryer box, also taking away the 
water vapours during the dehydration of fruits and 
vegetables.  
Approximately 10 cm from the top of a 2 litre 
orange juice box can be cut off to create the 
chimney. Alternatively, extra pieces of cardboard 
can be glued together to construct the chimney 
(see drawing aside). 
A respective frame of cardboard has to be cut off 
from the centre of the top lid, for the chimney to 
be adjusted in its place.  

8 Another hole, with a diameter slightly bigger than 
10 cm, has to be opened at the bottom part of the 
dryer box, for the flexible and collapsible 
aluminium tube of 10 cm diameter to fit in and 
pass through that hole, connecting it with the 
collector box. 
A few holes of 2-3 mm diameter need to be 
opened at the sides of the chimney box, in order 
for the hot air to come out of the dyer box (see 
drawing aside). 
A couple of rectangular frames need to be 
constructed with pieces of wood frame stapled 
together with a staple machine and the help of an 
experienced adult. Two pieces of thin metallic 
mesh need to be attached on these frames, to 
create a sort of grid, where the pieces of fruit and 
vegetables will be placed for drying (see drawing 
aside). 
The dryer box is now ready! 
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9 The dryer box needs to be placed higher than the 
collector box on top of a stool or something like that. 
The collector box is fixed in front of the stool and the 
flexible and collapsible aluminium tube is put in place 
to connect the two boxes (see drawing aside). 
The solar dehydrator is now ready to be used!  
Pieces of fruit, slices of vegetables and also herbs can 
be spread on the mesh of the grids inside the dryer 
box and then they can be left there for 2-4 days to dry 
out, depending on weather conditions and kind of 
materials to be dried out. During the night the 
dehydrator can be easily moved indoors for better 
protection. 
The fruits, vegetables and herbs are being dehydrated 
in a protected box, not only form the dust and micro-
organisms, but also from solar radiation, which may 
degrade the nutrient value of minerals and vitamins.  

 

Photos from the construction a solar dehydrator out of two cardboard boxes to 
be presented at a science contest … 

Photo 1: Searching for the right cardboard boxes … Photo 2: The two cardboard boxes are found … 

Photo 3: Sticking pieces of corrugated paper … Photo 4: Sticking more pieces of corrugated paper … 
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Photo 5: The cardboard box of the collector is 
reinforced and the top opening is formed with a 3 cm 
cardboard frame all around, left for the Plexiglas. 

Photo 6: The cardboard box for the collector is nearly 
finished … 

Photo 7: Both of the cardboard boxes are ready and 
in the desirable condition ... 

Photo 8: The collector box is painted inside with 
black, non-toxic paint ... 

Photo 9: The top lid of the dryer box is cut out, 
folded accordingly and its sides are glued together. 

Photo 10: Aluminium foil is glued all around the inner 
sides of the dryer box. 
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Photo 11: The collector box and the dryer box with 
its top lid are now ready! 

Photo 12: Trying out the flexible and collapsible 
aluminium tube, passing it through two connecting 
cardboard pieces. The tube needs to be shortened! 

Photo 13: With the aid of a supervisor adult, the two 
holes at the sides of the collector and dryer box, to fit 
the aluminium tube, are to be cut off... 

Photo 14: The collector box is being painted and 
then decorated from the outside … 

Photo 15: The top lid of the dryer box is being 
painted too … 

Photo 16: A rectangular frame with pieces of wood 
stapled together, covered with aluminium tape. 
Metallic mesh is attached on one of its sides … 
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Photo 17: The two grid-frames placed and fixed 
inside the drying box, viewed from top. 

Photo 18: The dying box is being painted and 
decorated at the outside … with happy faces … 

Photo 19: The decorated dryer box, with its top lid 
with the chimney and the hole at the bottom of the 
front side, for the aluminium tube to be attached. 

Photo 20: The solar dehydrator (front view), with the 
two boxes in place, connected together with the 
flexible piece of aluminium tube. 
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Photo 21: The solar dehydrator from the right side … 
ready! 

Photo 22: The solar dehydrator from the left side … 
ready! 

The solar dehydrator out of two cardboard boxes, as it was presented in a science contest. 
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E x p e r i m e n t i n g  w i t h  s i m p l e  s o l a r  c o l l e c t o r s  o u t  
o f  a l u m i n i u m  c o n t a i n e r s  o f  v a r i o u s  s i z e s  

Heating up water in aluminium containers of various sizes and shapes, left out in the sunshine for 
a period of time, can be a rather interesting and educational set of activities. The aluminium 
containers are available in round shapes, used for various sizes of pizzas, as well as in 
parallelepiped or even cuboid shapes, used for packing food in restaurants. They are also cheap 
and easy to find in supermarkets. They can be filled up with certain amounts of water, covered 
with plastic films on top or even with pieces of Plexiglas, painted black inside or not and then left 
in the sunshine for testing and inquiry-based investigations. If the experiments are conducted out 
in the school yard, it is better to put pieces of Styrofoam under the aluminium containers for 
insulation with the ground. Moreover, whatever experiment you do, always remember to do a “fair 
experiment”. That is, take care of what you keep the same and what you change, in order to be 
able to observe and measure accurately and eventually arrive at reliable conclusions. 

Materials 

 several aluminium containers of round, 
parallelepiped and/or cuboid shapes 

 a roll of plastic kitchen film used for wrapping up 
food and/or pieces of plastic film or transparencies 

 alternatively, pieces of Plexiglas to cover the top of 
the various aluminium containers in use 

 flat, non-toxic black paint, to paint some of the 
aluminium containers inside 

 scissors, cutter 
 ruler, pen or pencil  

 

 
Let’s set it up 

1 Take two parallelepiped and/ or cuboid aluminium 
containers with the same dimensions and paint 
the interior of one of them with black non-toxic 
paint.  
Leave it to dry for a while, preferably outside.  

2 Put the same amount of water in each 
container, 300 ml for example and leave them 
both in the sunshine for 30 minutes or so (see 
drawing aside).  

 

3 Take water temperature measurements every 5 
minutes using two alcohol thermometers (see 
drawing aside). You may use the indicative 
table below to record your measurements.  
What do you observe? How does the 
temperature increase in the black painted 
container and how in the other one? Record 
and compare your measurements. 
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 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

water in the 
unpainted container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

water in the black 
painted container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

 

4 Take two parallelepiped aluminium containers 
with the same dimensions and put the same 
amount of water in each one, 300 ml for 
instance. Then, use a piece of plastic film 
and/or Plexiglas to cover one of the two 
containers on top. Take them out and leave 
them in the sunshine for half an hour or so. 
What do you observe? How does the 
temperature increase in the covered container 
and how in the other one? Record and 
compare your measurements. You may use the 
indicative table below (see drawing aside). 

 
 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

water in the open 
container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

water in the 
covered container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

 

5 Take two parallelepiped aluminium containers 
with the same dimensions and paint them both 
black inside, using non-toxic black paint. Leave 
them to dry for a while and then put 300 ml of 
water in each one. Then, use a piece of plastic 
film and/or Plexiglas to cover one of the two 
containers on top. Take them outside and leave 
them in the sunshine for half an hour or so 
(see drawing aside). 
What do you observe? How does the 
temperature increase in the covered container 
and how in the other one? Record and 
compare your measurements. You may use the 
indicative table below. 

 
 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

water in the open 
black container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

water in the 
covered black 
container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 
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6 Take two parallelepiped aluminium containers 
with the same dimensions and paint one of 
them black inside, using non-toxic black paint. 
Leave it to dry for a while and then put 300 ml 
of water in both of them. Use two pieces of 
plastic film and/or Plexiglas to cover both 
containers on top. Take them outside and leave 
them in the sunshine for half an hour or so 
(see drawing aside). 
What do you observe? How does the 
temperature increase in the black and covered 
container and how in the unpainted and 
covered one? Record and compare your 
measurements. You may use the indicative 
table below. 

 

 
 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

water in unpainted 
covered container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

water in the black 
painted & covered 
container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

 

7 Take two round aluminium containers, mostly 
used for pizzas, with the same dimensions and 
paint the interior of one of them with black non-
toxic paint.  
Leave it to dry for a while, preferably outside. 

 

8 Put the same amount of water in each 
container, 100 ml for example and leave them 
both in the sunshine for 30 minutes or so (see 
drawing aside).   

9 Take water temperature measurements every 5 
minutes using two alcohol thermometers (see 
drawing aside). You may use the indicative 
table below to record your measurements.  
What do you observe? How does the 
temperature increase in the black painted 
container and how in the other unpainted one? 
Record and compare your measurements. 

 

 
 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

water in the round 
unpainted container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

water in the round 
black painted 
container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 
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10 Take two round aluminium containers with 
the same dimensions and put the same 
amount of water in each one, 100 ml for 
instance. Then, use a piece of plastic film 
and/or Plexiglas to cover one of the two 
containers on top. Take them outside and 
leave them in the sunshine for half an hour 
or so (see drawing aside). 
What do you observe? How does the 
temperature increase in the covered 
container and how in the other one? Record 
and compare your measurements. You may 
use the indicative table below. 

 

 
 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

water in the open 
round container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

water in the 
covered round 
container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

 

11 Take two round aluminium containers with 
the same dimensions and paint them both 
black inside using non-toxic black paint. 
Leave them to dry for a while and then put 
100 ml of water in both. Then, use a piece of 
plastic film and/or Plexiglas to cover one of 
the two containers on top. Take them outside 
and leave them in the sunshine for half an 
hour or so (see drawing aside). 
What do you observe? How does the 
temperature increase in the covered 
container and how in the other one? Record 
and compare your measurements. You may 
use the indicative table below. 

 

 
 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

water in the open 
black & round 
container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

water in the 
covered black & 
round container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

 



  SSSooocccrrraaattteeesss   CCCooommmeeennniiiuuusss   PPPrrrooojjjeeecccttt  
  SSSooolllaaarrr   EEEnnneeerrrgggyyy   AAAwwwaaarrreeennneeessssss   &&&   AAAccctttiiiooonnn   
 

 57 © Nektarios Tsagliotis: ntsag@edc.uoc.gr 

12 Take two round aluminium containers with 
the same dimensions and paint one of them 
black inside, using non-toxic black paint. 
Leave it to dry for a while and then put 100 
ml of water in both of them. Use two pieces 
of plastic film and/or Plexiglas to cover both 
containers on top. Take them outside and 
leave them in the sunshine for half an hour 
or so (see drawing aside). 
What do you observe? How does the 
temperature increase in the black and 
covered container and how in the unpainted 
and covered one? Record and compare your 
measurements. You may use the indicative 
table below. 

 

 

 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

water in unpainted 
round & covered 
container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

water in the round 
black painted & 
covered container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

 

13 Take one round aluminium container and a 
parallelepiped one. 

 

14 Put the same amount of water in each one, 
200 ml for instance. The round container may 
look “more full” than the parallelepiped one, 
especially if it is rather shallow. Take them 
outside in the sunshine and leave them for 30 
minutes or so. 

 

15 Take water temperature measurements every 
5 minutes using two alcohol thermometers 
(see drawing aside). You may use the 
indicative table below to record your 
measurements.  
What do you observe? How does the 
temperature increase in the two containers? 
Record and compare your measurements. 

 

 start 5 min. 10 min. 15 min. 20 min. 25 min. 30 min. 

water in the round 
container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 

water in the 
paral/ed container 

__ °C __ °C __ °C __ °C __ °C __ °C __ °C 



  SSSooocccrrraaattteeesss   CCCooommmeeennniiiuuusss   PPPrrrooojjjeeecccttt  
  SSSooolllaaarrr   EEEnnneeerrrgggyyy   AAAwwwaaarrreeennneeessssss   &&&   AAAccctttiiiooonnn   
 

 58 © Nektarios Tsagliotis: ntsag@edc.uoc.gr 

There are many other combinations of containers and covers you may wish to experiment with, 
but always bear in mind what you keep the same and what you change, in order to conduct a fair 
experiment. 

Some photos from children experimenting with aluminium containers filled 
with water, out in the school yard … 

Children of the 6th grade have experimented in pairs with various settings of aluminium containers 
heating up water out in the school yard on a sunny day, recording their measurements in relevant 
tables and creating charts and posters afterwards. 

Photo 1: A class of 6th grade children 
experimenting out in the school yard with simple 
solar collectors in aluminium containers, heating 
up water in the sunshine. 

Photo 2: A pair of children experimenting with 
round aluminium containers, uncovered, with one 
painted black inside. 

 

Photo 3: Another pair of children experimenting 
with different settings of aluminium containers. 
Notice the Styrofoam frames under the aluminium 
containers, providing insulation with the ground.  

Photo 4: Another pair of children experimenting 
with different settings of aluminium containers. 
Notice how the alcohol thermometer is being 
used in the correct angle to measure the water 
temperature in a shallow aluminium container. 

 

References & Resources 
Eastland, C. (1999). Teaching about Energy: Practical activities for 7-11 year-olds, The Centre for 

Alternative Technology (CAT) Publications. 
Narayanaswamy, S. (2001). Making the Most of Sunshine: Α Handbook of Solar Energy for the Common 

Man. New Delhi: Vikas. 
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E x p e r i m e n t s  w i t h  s i m p l e  s o l a r  c o l l e c t o r s  
h e a t i n g  u p  w a t e r  i n  p l a s t i c  b a g s  

We can easily construct and experiment with simple solar collectors, which can actually 
become basic solar water heaters. They provide an opportunity for children and young 
scientists to have a lot of fun experimenting with solar water heating. 

Materials 

 3 A4 pieces of carton, one black, one white and a shiny one 
created by gluing a piece of aluminum foil on an A4 page 

 a few plastic bags in dimensions a bit smaller than the A4 
carton pages 

 a laminating machine in order to plastic laminate the 
cartons or A4 coloured pages 

 3 alcohol thermometers -10 to 110 °C 
 a volume cylinder or jar of 500 ml 
 some strong tape 
 scissors, cutter, ruler, pen or pencil 

 
 

 
Experiment set up 

1 Take 3 A4 cartons or coloured paper. One black, 
one white and one with aluminum foil glued on it. 
Plastic laminate the paper or carton for greater 
endurance and for making it water proof. 

 

2 Use 3 plastic bags that can hold up to 500-600 
ml of water in dimensions a bit smaller than 
the A4 cartons or papers. 

 

3 Stick with strong sticking tape the plastic bags 
on top of the coloured cartons or laminated 
paper (see drawing aside). 
Use the volume cylinder to add 300 ml of water 
inside the plastic bags. 
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4 Take all three collectors with the plastic bags 
filled with water out in the sunshine. 
Find a way to support the laminated cartons 
with the plastic bags. Use some books, bricks 
or pieces of wood or any other supporting 
construction. 
Put an alcohol thermometer inside each bag 
with the water to measure its temperature over 
time. 

 

 

 

Measure the temperature of the water inside the plastic 
bag every 3 minutes for half an hour and make a table 
and/or a chart out of your measurements. 
 
Questions: 
• What do you observe? 
• In which setting the water got warm faster? 
• What would happen if you put 200 ml of water in each 

bag? 
• What would happen if you put 400 ml of water in each 

bag? 
• What would happen if you used different plastic bags? 
• What would happen if you put a couple of table spoons 

of salt in the plastic bags or use concentrated salt 
water? 

• What would happen if you put a couple of table spoons 
of sugar in the plastic bags or use concentrated sugar 
water? 

 
Keep on having fun … with solar energy 

activities!!! 
 

References & Resources 
Eastland, C. (1999). Teaching about Energy: Practical activities for 7-11 year-olds, The Centre for 

Alternative Technology (CAT) Publications. 
Kaufman, A. (1989). Exploring Solar Energy: Principles and Projects. Prakken Publications, Inc. 
Narayanaswamy, S. (2001). Making the Most of Sunshine: Α Handbook of Solar Energy for the Common 

Man. New Delhi: Vikas. 
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C o n s t r u c t i n g  a  s i m p l e  s o l a r  w a t e r  h e a t e r  w i t h  a  
c o l l e c t o r  a n d  a  b o t t l e  t a n k  

Solar water heaters appear to be a widespread technology in Greece, where roughly 30% 
of the solar collectors amongst E.U. countries are set up on the roofs of houses, hotels 
factories, etc. This fact makes children very familiar with solar water heaters, increasing 
their interest to learn more about them. 

Materials 

 a shallow parallelepiped box with a lid, out of a shirt box or 
any other box with a lid, roughly 30x25x10 cm or bigger 

 approximately 3 m of soft plastic tube 14-16mm inner 
diameter, either cheap transparent to be painted black or 
original black tube used as watering pipes in the fields 

 2 or 3 plastic pipettes with an end tube matching a 14-16 
mm pipe, the ones used in order to drill a whole and 
connect a piece of thinner tube with a bigger main tube for 
watering purposes in the fields 

 black tempera or black plastic paint & some aluminum foil 
 an empty plastic soda bottle with its top 
 a piece of plexiglas or plain glass 
 some wire and some silicone 
 a piece of polystyrene and some tooth sticks 
 scissors, cutter, ruler, pen or pencil 

 

 
Let’s put it together 

1 Find a shallow parallelepiped box with a lid, out of a 
shirt box or any other bigger box with a lid, roughly 
30x25x10 cm or bigger. 
Be sure it is a strong box, in order to handle the 
plastic tube inside it. Otherwise, enhance the sides 
and the bottom of the box by gluing extra pieces of 
carton or corrugated paper. 

 

2 Paint the inside of the box with black tempera or 
non-toxic black plastic paint, the bottom and the 
sides of the box. 
Alternatively, you may paint the bottom black and 
glue aluminium foil at the sides for more 
reflections inside the box. 
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3 Insert the plastic tube inside the box from its lower 
right side. Set the tube in a continuous “S” shaped 
mode, creating a serpentine like arrangement. Exit 
the tube from the upper left side of the box (see 
drawing aside). 
You will need to tie the tube at the bottom of the 
box in order to keep it always in the right 
serpentine arrangement. For this purpose you will 
have to drill holes in pairs, one above and one 
below the tube, in all of its length, fixed at the 
bottom of the box. Then, you use some wire to tie 
the tube. Later, you may need to seal the holes 
with glue or stick a piece of corrugated paper on 
the outside back of the box, also achieving better 
insulation. 
You may use black tube or paint the tube black 
after you set it up in the box. 

 

4 Draw a frame on top of the box lid roughly 2-3 cm 
from its edges. Use a cutter to take out that frame. 
Glue with silicone a piece of Plexiglas or plain glass 
inside the lid, covering the opening from the 
extracted frame. Ask the help of an adult for this 
process and always glue use silicon in an open 
area, preferably outside. 

 

5 Put the lid on top of the box with the tube 
arrangement.  
The collector is now ready to be connected to a 
sort of tank to complete the construction of the 
solar water heater.  
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6 An empty soda bottle or any other similar plastic 
container can be used as a tank for the solar water 
heater. 
It is important to find a way to connect the tubes 
to the tank avoiding water leaking. One way is to 
use appropriate pipettes used to branch bigger 
plastic pipes for watering gardens and fields (see 
left drawing). The tube has to match the one end 
of the pipette. 
Use two pipettes, one 5 cm from the bottom of the 
bottle and one 5 cm or so from the top of the 
bottle (see right drawing). 
Additionally, you may glue the pipettes with 
silicone at the sides of the bottle, to avoid possible 
water leaking. The water tank is now ready. 

 

7 Connect the lower input tube 
part of the collector with the 
lower pipette of the bottle-tank. 
Then the higher output tube 
part of the collector with the 
higher pipette of the bottle.  
Do not forget to drill a small 
hole at the bottle top to avoid 
troubleshooting air pressure 
inside the bottle. 
You may insulate the bottle-tank 
by cutting and assembling a 
box, using dense polystyrene 
frames (Styrofoam), tooth picks 
and/or self sticking Velcro tape 
(see drawing). 
In simple solar water heaters 
such as this one, functioning in 
a rather mechanical way, with 
the aid of the gravitational field, 
we actually take advantage of 
the thermosiphon effect. That 
is, the heavier (more dense) 
cold water, coming from the 
bottom of the tank, is pushing 
the water heated inside the 
collector, which becomes lighter 
(less dense) and climbs up back 
to the tank, to start over the 
cycle again and again …  
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Photos from the construction of a bigger serpentine solar water heater, with 
children at school. We had constructed a box out of polystyrene, which became 

the solar heater collector … 

Photo 1: Inserting the black plastic tube inside the 
collector box made out of dense polystyrene … 

Photo 2: Arranging the tube and tying it with pieces 
of wire … 

Photo 3: Tying the tube in its place, forming a 
serpentine or continuous “S” arrangement … 

Photo 4: Cutting out a piece of corrugated paper to 
form the top lid of the solar collector … 

Photo 5: Gluing the flaps of the lid … Photo 6: Painting the lid and then the collector ... 
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Photo 7: The testing of a “serpentine solar heater” 
constructed with flexible black tube, inside a collector 
box and a plastic can used as a water tank. 

Photo 8: Final presentation of the “serpentine solar 
heater” in a science fair, with an improved incline for 
the serpentine loops, an improved water tank and 
some decorative coloring 

 
Nearly in all cases children have to resolve construction problems, which can even make their 
devices inefficient, as in the case of the “serpentine solar water heater”. When we had initially 
constructed that solar water heater we were very pleased and left it in the sun for an hour or so in 
a morning session. Surprisingly enough, the water got hot inside the tubes and we could feel that, 
but we did not have the “thermosiphon effect”. That is, the water did not circulate from the 
plastic tank inside the collector and back to the tank again, due to the density difference the cold 
water has compared to the hot. It took us quite a while to find out that we had our water tank, 
the plastic can, tapped with its lid and that had some air trapped inside, the pressure of which 
created difficulties in water circulation. The problem was resolved as soon as we drilled a small 
hole in the lid of the can to equalise the pressures. One more thing we did to improve our model 
was to make the serpentine incline more steep avoiding the initial “curvy loops”, which “created 
problems in the circulation of water” because it appeared to stay within these curved parts of the 
tube longer, trapped in a way. The improved model was presented in a science fair was 
constructed accordingly in order to “ease the way of the hot water climbing up the tube” towards 
the water tank (see Photo 7, compared to Photo 8). 
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C o n s t r u c t i n g  a  c l a s s i c  s o l a r  w a t e r  h e a t e r  w i t h  a  
h o r i z o n t a l  a n d  v e r t i c a l  t u b e  a r r a n g e m e n t  

The most common kind of solar water heaters, settled on the roofs and terraces of 
houses, is the one with tubes arranged horizontally and vertically. This solar water heater 
is very familiar to children and it tends to be the “classic image” of a solar heater for them. 
You will find out that such a solar water heater is not very difficult to construct, perhaps 
with the assistance of an adult in some phases, but with rather common materials … 

Materials 

 a long and shallow parallelepiped box with a lid, 
roughly 100x50x10 cm or bigger 

 approximately 10 m of soft plastic tube 14-16mm 
inner diameter, either cheap transparent tube to 
be painted black or original black tube used as 
watering pipes in the fields 

 2 plastic pipettes with an end tube matching a 14-
16 mm pipe, the ones used in order to drill a 
whole and connect a piece of thinner tube with a 
bigger main tube for watering purposes in the 
fields 

 10 “T” tube connections and 2 “L” connections 
(90°), for the tube diameter used in the 
construction and in this case 6 vertical tubes are 
arranged in the collector box 

 black tempera or black non-toxic paint & some 
aluminum foil 

 a 2 liters empty plastic soda bottle with its top 
 a piece of Plexiglas or plain glass to cover the 

collector opening 
 a few pieces of corrugated paper or scrap 

cardboard 
 some pieces of wire and some silicone 
 scissors, cutter, ruler, pen or pencil 

 

 

 
Let’s put it together 

1 Find a long, shallow parallelepiped box with a top lid, 
roughly 100x50x10 cm or bigger. If the top lid is not 
available it has to be constructed. Turn the box 
upside down and draw with a pencil the frame of the 
box opening on the piece of cardboard to become the 
top lid. Add and extra 5-10 cm all around the sides of 
the frame and then cut, fold and glue accordingly. 
Be sure it is a strong box, in order to handle the 
plastic tube inside it. Otherwise, enhance the sides 
and the bottom of the box by gluing extra pieces of 
corrugated paper and/or scrap pieces of cardboard 
box. 
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2 The “T” and the 90° “L” connections are needed 
for putting the tubes together in a vertical and 
horizontal arrangement. They are two basic sorts 
of connections used to connect plastic tubes for 
branching or creating watering networks in a 
garden and in the fields. The tubes are just 
inserted in the endings of the connections, they 
are pressed forward a bit and then they grip and 
hold in place (see drawings aside). 

     

3 Start with a “T” connection on the top left side of 
the arrangement and connect a piece of tube 
vertically, in a length to fit the length of the 
collector box. Then add a 90° “L” connection at 
the bottom end of this tube and continue with 
another horizontal “T” connection. Then go up 
again with another piece of tube and connect with 
a “T” connection to the previous arrangement, 
using small pieces of tube.  
Continue like this, going up and down connecting 
the tubes with “T” connections until you finish at 
the top left side with a 90° “L” connection, where 
the arrangement will fit the width of the collector 
box. In this case the tube arrangement is a 2 
horizontal by 6 vertical pieces (see drawing aside). 
Notice that the top left and the bottom right parts 
of the arrangement finish with a free “T” 
connection ending, that is for connecting the 
extension pieces of tube to be connected to the 
tank (see drawing aside). 

 

4 Paint the inside of the collector box with black 
tempera or non-toxic black paint, the bottom and 
the sides of the box. Alternatively, you may paint 
the bottom black and glue aluminium foil at the 
sides for more reflections inside the box. 
Adjust and fix in position the plastic tube 
arrangement, previously constructed, inside the 
collector box. Make a hole in the diameter of the 
tube on the top left side of the box to exit one 
extension to the tank. Do the same at the bottom 
right side of the box to connect the other 
extension to the tank (see drawing aside). 
It is better to tie the tube arrangement at the 
bottom of the collector box, in order to keep it 
stable at the right place. For this purpose, seek the 
aid of an adult to open or drill some holes around 
the tube arrangement and use pieces of wire to tie 
it firmly. Later, you may need to seal the holes 
with silicone and/or glue in order to avoid heat 
losses from the collector box. 
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5 Draw a frame on top of the box lid roughly 2-3 cm 
from its edges. Use a cutter and perhaps adult help 
to take out that frame. 
Glue with silicone a piece of Plexiglas and/or plain 
glass inside the lid, covering the opening created 
from the extracted frame. Ask the help of an adult 
for this process and always glue with silicone in an 
open area, preferably outside. 

 

6 Put the lid on top of the collector box with the 
horizontal and vertical tube arrangement.  
The collector is now ready to be connected to a 
sort of tank to complete the construction of the 
solar water heater. 

 

7 A 2-liter empty soda bottle or any other similar 
plastic container can be used as a tank for the 
solar water heater. 
It is important to find a way to connect the tubes 
to the tank avoiding water leaking. One way to do 
this is to use appropriate pipettes used to branch 
bigger plastic pipes for watering gardens and fields 
(see left drawing). The tube has to match the one 
end of the pipette. 
Use two pipettes, one 5 cm from the bottom of the 
bottle and another one 5 cm or so from the top of 
the bottle (see right drawing). 
Additionally, you may glue the pipettes with 
silicone on the sides of the bottle to avoid possible 
water leaking. The water tank is now ready. 
You may insulate the bottle-tank by cutting and 
assembling a box, using dense polystyrene frames 
(Styrofoam), tooth picks and/or self sticking Velcro 
tape (see right drawing). 
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8 Connect the input part of the tube 
arrangement coming out from the bottom 
right corner of the collector box with the 
lower pipette of the bottle-tank. Later, you 
will need to connect the higher output part 
of the tube with the higher pipette of the 
bottle. Do not forget to drill a small hole at 
the center of bottle top to avoid 
troubleshooting air pressure inside the 
bottle. 
Fill the bottle-tank with water, then turn on 
the lower bottle pipette and hold the other 
end of the tube arrangement below the 
surface of the water in the bottle. Consider 
the tube arrangement full of water when it 
comes out of the tube you are holding. 
Then, quickly plug it with your thumb and 
connect it to the other bottle pipette 
located higher. 
In simple solar water heaters such as this 
one, functioning in a rather mechanical 
way, with the aid of the gravitational field, 
we actually take advantage of the 
thermosiphon effect. That is, the heavier 
(more dense) cold water, coming from the 
bottom of the tank, is pushing the water 
heated inside the collector, which becomes 
lighter (less dense) and climbs up back to 
the tank, to start over the cycle again and 
again (see arrows in the drawing aside). 

Photos from the construction of classic solar water heaters with horizontal and 
vertical tube arrangements …  

 
Photo 1: Fixing the tube arrangement inside a 
collector box made out of dense polystyrene … 

Photo 2: The classic solar water heater with 
horizontal and vertical tubes in a school science fair. 
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C o n s t r u c t i n g  a  s p i r a l  s o l a r  w a t e r  h e a t e r  w i t h  a  
c o l l e c t o r  a n d  a  b o t t l e  t a n k  

Solar water heaters may not always use the “thermosiphon effect” as a functioning 
principle. The solar water heater constructed out of a long black tube, curved around in a 
spiral arrangement, actually heats up water inside the tube without circulating it inside a 
tank. All that is needed is a constant supply of water. Therefore, a connection to the water 
pipe network and/or a tank is needed to fill the pipe up at all times. Usually, the amount 
of hot water stored in a big spiral tube arrangement is enough for a hot bath. That is 
because several meters of tube can be curved in a spiral arrangement and the water 
heated inside the tube is usually enough. The principle is simple: the more spirals in the 
tube, the more heated water can be used. Otherwise we have to wait for a while for solar 
energy to heat up the “new water” in the tube … 

Materials 

 a shallow parallelepiped box with a lid, roughly 
50x40x10 cm or bigger 

 approximately 10 m of soft plastic tube 14-16mm 
inner diameter, either cheap transparent tube to be 
painted black or original black tube used as 
watering pipes in the fields 

 2 plastic pipettes with an end tube matching a 14-
16 mm pipe, the ones used in order to drill a whole 
and connect a piece of thinner tube with a bigger 
main tube for watering purposes in the fields 

 black tempera or black non-toxic paint & some 
aluminum foil 

 a 2-liter empty plastic soda bottle with its top 
 a piece of Plexiglas or plain glass 
 a few pieces of corrugated paper or scrap cardboard
 some pieces of wire and some silicone 
 a piece of dense polystyrene and some tooth sticks 
 scissors, cutter, ruler, pen or pencil 

 

 
Let’s put it together 

1 Find a shallow parallelepiped box with a top lid, 
roughly 50x40x10 cm or bigger. If the top lid is not 
available it has to be constructed. Turn the box 
upside down and draw with a pencil the frame of the 
box opening on the piece of cardboard to become the 
top lid. Add and extra 5-10 cm all around the sides of 
the frame and then cut, fold and glue accordingly. 
Be sure it is a strong box, in order to handle the 
plastic tube inside it. Otherwise, enhance the sides 
and the bottom of the box by gluing extra pieces of 
corrugated paper and/or scrap pieces of cardboard 
box.  
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2 The soft black plastic tube needs to be arranged in 
a spiral form, that is you start somewhere in the 
middle and then you keep on curving the tube to 
create the spiral. Group work is needed for this 
task since the tube has to be held at many 
different places simultaneously, as the spiral grows 
bigger, before it is tied and attached to a base. 

 

3 Paint the inside of the collector box with black 
tempera or non-toxic plastic paint, the bottom and 
the sides of the box. Alternatively, you may paint 
the bottom black and glue aluminium foil at the 
sides for more reflections inside the box. 
Make a hole at the centre of the bottom side of the 
box and insert the plastic tube through it, keeping 
at least one meter out of the box from that end of 
the tube. Start curving the tube in a spiral 
arrangement until it reaches the sides of the box. 
Exit the tube from the lower right side of the box 
(see drawing aside). 
It is better to tie the tube at the bottom of the 
collector box, in order to keep it always at the right 
place. For this purpose, seek the aid of an adult to 
open or drill some holes around the tube and use 
pieces of wire to tie it firmly. Later, you may need 
to seal the holes with silicone and/or glue in order 
to avoid heat losses from the collector box. 

 

4 Draw a frame on top of the box lid spacing roughly 
2-3 cm from its edges. Use a cutter and perhaps 
adult help to take out that frame. 
Glue with silicone a piece of Plexiglas and/or plain 
glass inside the lid, covering the opening created 
from the extracted frame. Ask the help of an adult 
for this process and always use with silicon in an 
open area, preferably outside. 

 

5 Put the lid on top of the box with the spiral tube 
arrangement.  
The collector is now ready to be connected to a 
sort of tank to complete the construction of the 
solar water heater.  
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6 A 2-liter empty soda bottle or any other similar 
plastic container can be used as a tank for the 
solar water heater. 
It is important to find a way to connect the tube 
coming out of the centre, at the back of the 
collector box with the tank, avoiding water leaking. 
One way to do this is to use appropriate pipettes 
used to branch bigger plastic pipes for watering 
gardens and fields (see left drawing). The tube has 
to match the one end of the pipette. 
Use one pipette approximately 5 cm from the 
bottom of the bottle (see right drawing). Use 
another one at the end of the spiral tube 
arrangement to control the water flow and use it 
as a tap to be turned on and off accordingly. 
Additionally, you may glue the pipette with silicon 
at the side of the bottle, to avoid possible water 
leaking. The water tank is now ready! 

 

 

8 Connect the tube sticking out of the 
bottom of the collector box with the 
pipette of the bottle-tank. Fill the 
tank with water and keep filling it as 
it empties. Turn on the bottle 
pipette as well as the pipette 
located at the end of the tube, 
sticking out of the collector. Wait 
until the tube is filled with water, 
actually until it comes out of the 
other end and then turn off the tube 
pipette at the end (on the right of 
the drawing).  
You may insulate the bottle-tank by 
cutting and assembling a box, using 
dense polystyrene frames 
(Styrofoam), tooth picks and/or self 
sticking Velcro tape (see drawing 
aside). 
In this solar water heater the water 
heats up being steady in the spiral 
tube arrangement inside the 
collector and it comes out hot at the 
end of the tube after a while. If the 
hot water is used then the tube has 
to be filled again with fresh, “cold” 
water and then it starts heating up 
again.  
Always add water in the bottle-tank 
to maintain constant flow while 
presenting this solar water heater at 
a science fair and/or contest. 
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Photos from the construction of a spiral solar water heater with a group of 
children, to be presented at a science fair … 

Photo 1: Inserting the black plastic tube inside the 
cardboard box leaving a meter or so for later 
connection with the bottle tank … 

Photo 2: Arranging the tube in a spiral mode using as 
many hands as possible … 

Photo 3: The spiral tube is now in place inside the 
cardboard box and needs to be tied … 

Photo 4: The collector with it top lid and the spiral 
tube tied with pieces of wire … 

Photo 5: The collector upside down. Notice the tube 
coming out of the centre and the right side … 

Photo 6: The spiral water heater in action at a 
science fair with visitors in the school yard … 
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E x p e r i m e n t s  w i t h  p h o t o v o l t a i c  c e l l s  a n d  m o t o r s  
Solar cells, also called photovoltaic or PV cells, change sunlight directly to electricity. When 
sunlight strikes the solar cell, electrons are knocked loose. They move toward the treated 
front surface. An electron imbalance is created between the front and back. When the two 
surfaces are joined by a connector, like a wire, a current of electricity travels between the 
negative and positive sides. Solar cells are used to power calculators and watches as well 
as lights, refrigerators, and even cars … or toy solar cars (see following construction!). 

Materials 

 a photovoltaic cell 
 a couple of wires with crocodile clips 
 an electric motor 
 a 10-15 cm diameter cardboard circle 

with a dot drop drawn on it. 
 a plastic wheel or pulley with an axle 

whole in the centre 
 some black construction paper or carton 
 several sheets of coloured transparency 

film, in a variety of colours 
 a stopwatch 
 scissors, cutter, ruler, pen or pencil 

 

 
Setting up the experiment 

1 Take the motor, preferably a low friction solar 
motor, and attach the plastic wheel to the motor 
by gently pushing the wheel onto the shaft of the 
motor. 
Cut and glue or attach a 10-15 cm diameter 
cardboard circle on the face of the wheel, with a 
black dot drawn on it (see drawing aside). 
This dot will be used as a frame of reference to 
measure the speed that the wheel is spinning. 

 

2 Connect the photovoltaic cell with the wires and 
the crocodile clips to the motor with the dotted 
circle. 
Observe the spinning motion. (If the motor does 
not spin the wheel, check the wire connections.) 
Using the stopwatch and watching the dot, count 
the number of spins in 15 seconds. Multiply this 
number by 4 to obtain the number of spins per 
minute. Record the spinning rate on a piece of 
paper. 
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3 Shade one area of the solar cell with the black 
construction paper. Note down the portion of the 
cell shaded and record observations on a piece of 
paper and/or a chart. 
Repeat the experiment by shading different areas 
and/or sections of the solar cell. 

 

4 Cover the solar cell with a piece of transparency 
film. Count the number of spins in 15 seconds. 
Multiply this number by 4 to obtain the number of 
spins per minute (see drawing aside).  
Record the spinning rate in a table and/or chart. 

 

5 Cover the solar cell with a piece of coloured 
transparency film. Count the number of spins in 15 
seconds. Multiply this number by 4 to obtain the 
number of spins per minute. Record the spinning 
rate in a chart similar to the one below. 

Colours Number of Spins 
Sunlight  
Red  
Yellow  
Blue  
Green  
Black  

Repeat the experiment with other colours of 
transparency film. 

 

 
What did you observe? 

• How did the spinning motion change 
when you covered different parts of the 
solar cell?  

• How did the spinning motion change 
when shading or covering the entire cell? 

• Which colours slowed down the spinning 
of the motor and the attached disk the 
least? 

• Which colours slowed down the spinning 
the most? 
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C o n s t r u c t i n g  a  s o l a r  t o y  c a r  w i t h  a  p h o t o v o l t a i c  
c e l l  a n d  a  m o t o r  

The preparation and the experimental construction of solar toy cars takes some time and 
effort, since quite a few detailed problems have to be resolved and an appropriate 
combination of materials needs to be arranged and then purchased (cf. CAT, 2001; NREL, 
2001). Furthermore, the suitable kind of solar cells should be used for each construction to 
be functional (Komp, 2001). 

Materials 

 a piece of Plexiglas, or balsa or corrugated 
cardboard for the car chassis 

 4 plastic pulleys with “O” rings to be used as the 
wheels of the car, perhaps two small and two big 
ones 

 2 iron axels for the wheels roughly 2-3 mm 
diameter 

 4 pieces of rigid plastic tube, to be glued on the 
chassis in opposite pairs, for the axels of the wheels 
to pass through them 

 a big plastic pulley, to be used in the transmission 
system on the axle of the back wheel 

 another plastic or metal small pulley, to be placed 
on the motor shaft and used in the transmission 
system 

 some rubber bands to be used in the transmission 
system 

 a low friction solar motor 
 a proper photovoltaic cell able to produce a 

potential up to 2 Volts 
 a couple of pieces of wire with crocodile clips 
 silicon glue and glue gun 
 scissors, cutter, or a small saw 
 ruler, pen or pencil 

 
 

 
Let’s put it together 

1 Draw and then cut out a piece 
of balsa, corrugated cardboard 
or Plexiglas, in the shape 
depicted on the drawing.  
This will be the chassis of the 
toy car. 
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2 Take four pieces of proper, rigid, plastic tube 
and make sure that the wheel axels move 
freely inside them, without a lot of friction. 
Glue those pieces of plastic tubes in opposite 
and parallel pairs, two in the front and to at the 
back of the chassis of the toy car.  
You may try to adjust the back pulley used in 
the transmission system now, or you can do it 
later (see drawing aside). 

 

3 After you glue the plastic tubes and pass 
the axels through them, then the chassis 
of the toy car will look like this drawing. 
Cut out and extract a rectangular piece 
from the back side of the chassis for the 
central pulley to move freely (see side 
drawing). 

 

4 Place the wheels at the end of the axels 
… and there you are. You have a toy car 
ready now! 
Well, if you want to “transform” it a solar 
toy car, then you have a few more steps 
to go … 

5 You have to find the low friction solar motor 
and adjust the small plastic or metal pulley at 
its shaft (see drawing aside). 
 

 

6 Then you have to adjust and/or glue 
the motor, i.e. using silicon from the 
glue gun, at the back side of the niche 
cut out of the chassis of the toy car 
(see drawing aside). 
Alternatively, if you have a plastic or 
metal motor base, you can use it to 
fix the motor in its place … 
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7 Now, you have to adjust the 
photovoltaic cell on the chassis and 
connect it with the motor. 
You may hold the photovoltaic cell 
steady in its place by gripping it with a 
couple of elastic bands or by 
constructing a base out of balsa or 
corrugated cardboard etc. 
Use two pieces of wire with crocodile 
clips to connect the PV cell and the 
motor (see side drawing). 

 

8 All that is left to do now is to connect 
the motor with the axle of the back 
wheels, for the solar toy car to start 
moving. This can be done with a small 
elastic band, which plays the role of the 
“transmission belt” between the motor 
and the axle of the wheels.  
Unfortunately, with this arrangement, 
you need to take the back wheels out of 
their axle in order to add or replace that 
elastic band. This is a minor deficiency 
of a rather successful model of a solar 
toy car!!! 

 

Some more tips for the solar toy car construction … 
The solar motors, which are used for the toy cars, have to be of low friction and function with a 
voltage of 0,45-4 V with 2000-6000 rpm, suitable for photovoltaic cells, which could produce a 
potential up to 2 V (see photo below). The chassis of the toy cars can be made out of wood (balsa 
and pine), corrugated cardboard and Plexiglas. Their wheels can be plastic pulleys with “O” rings 
around them, affixed on iron axels, which move inside small pieces of plastic rigid tubes, glued at 
certain places on the chassis. 

 
Another major problem in the construction of the solar toy cars is the transmission, which is 
actually the part that connects the motor shaft to the wheels or the axle. We have experimented 
with gears, worm-screws and gears and with pulleys and rubber bands and found out that the 
latter has been the most efficient of all, at least for our toy cars. Thus, we prefer to fix small iron 
pulleys at the shafts of the motors and 4-6 times bigger plastic pulleys to the axles of the wheels 
(see Photos 1 & 2). With this we have achieved higher performance in terms of torque and speed 
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for our solar toy cars, which make them more attractive, even for car races during a science fair. 
We have constructed 7 or 8 different designs out of different materials and shapes (see last photo 
below). 
 

Photo 1: A solar toy car … on the move during a 
science fair, on the asphalt surface of the school 
yard.  

Photo 2: A solar toy car made out of a Plexiglas 
chassis with a rubber band used for transmission, 
connecting the two pulleys between the shaft and 
the axle of the wheels. 
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C o n s t r u c t i n g  a  s o l a r  c a t a m a r a n  w i t h  a  
p h o t o v o l t a i c  c e l l  a n d  a  m o t o r  

The construction of a solar catamaran appears to be rather simple, easy and amusing. It can be 
used to introduce a set of constructions based on the idea of two floaters connected with a piece 
of balsa, thin plywood, foam paper board, plastic, Plexiglas or any other kind of material one can 
imagine and find readily available. The solar motor is fixed on top of a sort of tower, at some 
height from the connecting board of the floaters and that is needed in order to create some space 
for the helix to rotate freely without obstacles. Again, this tower can be easily constructed with a 
piece of dense polystyrene (Styrofoam) or any other sort of rather light and easy to handle 
material (cf. CAT, 2001). Furthermore, the suitable kind of solar cells should be used for each 
construction to be functional (Komp, 2001). 

Materials 

 2 plastic bottles with their tops, water or 
refreshment bottles, 500 or 750 ml are fine, to 
construct the floaters of the catamaran 

 a piece of plywood, balsa or corrugated cardboard 
or even Plexiglas, or a piece of foam paper board 
for the connection of the two floaters 

 a low friction solar motor 
 a helix with two or three blades 
 a piece of dense polystyrene (Styrofoam) 
 one or two proper photovoltaic cells, even low 

efficiency ones of 0,5 Volt will work fine 
 a couple of pieces of wire with crocodile clips 
 silicon glue and glue gun 
 scissors, cutter, or a small saw 
 ruler, pen or pencil 

 

 
Let’s put it together 

1 Find two plastic water and/or refreshment bottles 
with their tops. It is better to be of the same kind 
in order to have symmetry and balance in your 
construction. 
Choose either 0,5 or 0,75 litre plastic bottles, 
transparent or coloured is up to you. Make sure 
they are in good shape and they do not have any 
holes. You do not want your solar catamaran to 
sink after all … 
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2 You will need a connecting piece of material to 
connect the two bottles together, which will 
then become the two floaters of the 
catamaran.  
That piece of material can be plywood, balsa 
plastic or corrugated cardboard or even 
Plexiglas, or a piece of foam paper board etc. 
Depending on the choice of material you make, 
you will need an appropriate kind of glue to fix 
it together with the bottles. That can be 
silicone, a glue gun, super glue or whatever, 
provided that you do not destroy or melt your 
materials. Ask for adult advice if you have 
doubts what kind of glue to use. 

 

3 The shaft of the solar motor has to be attached 
to the helix of 2 or 3 blades. Usually, the 
diameter of the motor shaft is 2-3 mm and the 
hole of the helix is of the same size, so they 
match together. If not, minor adjustments 
need to be done for the helix to be fixed firmly 
on the motor shaft. It is better not to use any 
glue, just in case you want to change the helix 
and put another one at later instance.  

4 The motor with the helix needs to be placed on 
top of a “tower”, which can be easily 
constructed out of a dense polystyrene 
(Styrofoam) column and then glued on the 
deck of the catamaran. It should be centered 
and slightly moved to the back of the deck of 
the catamaran, in order to leave some space 
for the photovoltaic cell to be placed in the 
front part of the deck later (see drawing aside). 
The reason that the motor with the helix is 
placed high up is to enable the helix to move 
freely, without hitting the deck or the 
photovoltaic cell. Moreover, it appears to be 
“catching” the air more effectively.  

5 Two pieces of wire, most preferably with 
crocodile clips, are needed to connect the 
motor with the photovoltaic cell to be placed at 
the front part of the catamaran deck (see 
drawing). 
Alternatively, the wires can be twisted around 
the motor contacts and the photovoltaic cell 
contacts and/or be soldered with adult help. 
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6 Place the photovoltaic cell at the front part of 
the catamaran deck and raise it slightly from 
the back side, to be more effective against the 
Sun rays. Then, connect it to the wires coming 
from the motor. If you have any trouble, 
experiment a bit or ask for adult assistance. 
The solar catamaran is now ready to go! 
Harness the solar energy and power this toy, 
having hours of fun. No use of batteries 
needed, just let the Sun beams do the job!  
The motor will rotate using the energy from the 
Sun and the helix will move around pushing the 
air backwards and the solar catamaran will 
move forward in a pond or small pool. 

 

 

Solar catamarans constructed by children for science fairs … 
The solar catamarans are easy to construct, even by children who are not very experienced in 
handling every day materials and simple tools. They are simple to put together and children can 
have immediate fun with their construction (see photos below). 
 

  
Photo a: A solar catamaran made out of two 
water bottles (500 ml), a piece of foam paper 
board connecting the two floater bottles. The 
tower for the motor is built out of pieces of thin 
foam paper board and the helix used has 3 fins. 
Two cheap and easy to find photovoltaic cells of 
0,45 Volts are used as solar energy converters to 
power the electric motor. 

Photo b: A solar boat made out of two floaters 
of dense polystyrene (Styrofoam), which have 
been sandpapered to get a hydrodynamic shape 
in order “save energy” and/or to prevent 
otherwise energy degradation due to “water 
friction”. The connecting pieces of the floaters 
and the tower are also built out of Styrofoam, 
whereas the helix has 2 blades in this case. 
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Photo c: Another model of solar catamaran also 
built out of Styrofoam floaters with a connecting 
piece out of thin plywood used as deck. Notice 
the decoration and the cartoon figure at the back. 

Photo d: This is an idea of a solar river boat with 
two floaters out of Styrofoam and a deck of thin 
plywood. The interesting piece in this 
construction is the water wheel made out of a big 
gear with plastic fins attached to it, cut out of a 
plastic soda bottle. 

During the school science fairs all solar boats and solar catamaran constructions were exhibited to 
the local community in a small wooden pool at the school garden. The visitors as well as pupils 
amused themselves by examining the constructions and playing with them (see photo below). 
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C o n s t r u c t i n g  s o l a r  b o a t s  m o v i n g  w i t h  a  
p h o t o v o l t a i c  c e l l ,  a  m o t o r  a n d  a  p r o p e l l e r  

The construction of solar boats out of plastic toys and/or dense Styrofoam can be rather amusing, 
but a bit more difficult than the construction of solar catamarans with floaters. That is because 
they have to come in one piece and the construction must also be balanced to float and travel 
smoothly on the water (cf. CAT, 2001). Furthermore, the suitable kind of solar cells should be used 
for each construction to be functional (Komp, 2001). 

Materials 

 a toy boat to be converted to a solar boat 
and/or a piece of dense Styrofoam 
(polystyrene) to be shaped with sandpaper 
to a boat 

 alternatively a piece of plywood or balsa for 
the construction of the boat hull 

 a piece of paper foam board, 4-5 mm thick 
 a low friction solar motor 
 a toy boat propeller with two or three fins 
 a small connecting piece of thin silicone tube 
 one or two proper photovoltaic cells, even a 

couple of low efficiency ones of 0,5 Volt will 
work fine 

 a couple of pieces of wire with crocodile clips
 silicone glue and glue gun, sandpaper 
 scissors, cutter, or a small saw 
 ruler, pen or pencil, flat screwdriver 

 

 
Let’s put it together 

1 Either find a plastic toy boat you 
can convert to a solar boat or 
cut out a piece of dense 
Styrofoam (polystyrene) to the 
shape depicted in the drawing 
and sandpaper its sides to 
construct a hydrodynamic boat 
hull, which will move smoothly, 
that is with less friction in the 
water. 

 

2 If you are using the piece of 
dense Styrofoam as a 
construction option for the 
boat hull, then a small hollow 
has to be carefully sculptured 
somehow, perhaps with the 
aid of an adult and a flat 
screwdriver (see drawing 
aside). 
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3 A toy boat propeller can be purchased from a 
toy shop or a technology store, although it can 
also be constructed with an adult help. 
In the second case, you will need a thin metal 
tube and a metal axis of 2-3 mm diameter, to 
fit inside the tube and be able to rotate with 
little friction inside the tube (lubrication may 
also be added). Then a plastic propeller has to 
be purchased to fit the metal axis. Alternatively 
a propeller can be used from another toy. 
Notice the small connecting piece of silicone 
tube, which has to be attached to the other 
end of the axis in order to be fixed to the 
motor shaft (see drawing aside). 

 

4 With the aid of an adult, a small hole has to be 
drilled trough the boat hull, at the centre of its 
back part, and the propeller, actually its outer 
tube, has to be inserted through there. Some 
silicone may be spread around the hole for 
water proofing (see drawing aside).  

5 You have to obtain the low friction solar motor 
and adjust its shaft to the metal axis of the 
propeller with the aid of the small piece of 
silicone tube. This way they will rotate together 
simultaneously and turn the propeller around in 
the water (see drawing). 

 

6 All that is now needed is to connect the 
photovoltaic cell with the motor using the two 
pieces of wire with the crocodile clips. Put the 
solar boat in the water and have fun! 
Alternatively, you can use a piece of light 
plywood and/or balsa for the basis of the boat 
hull and pieces of paper foam board for the 
sides, back and top parts of the boat to 
construct it differently (follow phases a-g 
below). 

 
 

a Seek for adult help and cut a piece of light 
plywood and/or balsa 4-5 mm thick, in the 
shape of the drawing aside, to construct the 
basis of the boat hull. 

 

b Cut along a piece of paper foam board to fit 
one of the sides of the basis of the boat hull 
and glue carefully with a glue gun or silicone.  

c Do the same for the opposite side and the 
back. Now you have the body of the boat hull 
ready (see drawing aside). 
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d Make a hole in the middle at the back part of 
the boat hull to insert the propeller tube. Make 
sure you put some silicone around the hole for 
water proofing (see drawing aside).  

e Cut another piece of paper foam board to cover 
the front top part of the boat and at the same 
time to create a basis for the motor (see side 
drawing).  
Alternatively, you can cover most of the top 
part of the boat creating a deck, but carefully 
leaving an opening for placing the motor and 
allowing the axis of the propeller to move 
freely. 

 

f Fix the motor firmly on the deck of the boat 
and connect its shaft with the axis of the 
propeller using a thin silicone tube, in order to 
synchronize their movement.  

g Connect the photovoltaic cell with the motor 
using the two pieces of wire with the crocodile 
clips and the solar boat is now ready to travel 
in the nearest pond or swimming pool!   

 
 

Some photographs from the construction of solar boats … 
Most of the solar boats constructed with children for a school science fair on solar energy were 
made out of balsa wood, for the basis of the boat hull, whereas paper foam board was used for 
the sides, back and deck (see photos 1-10 below). The boats where put in a small water pool and 
school children had fun during science fairs (see photos 11-12 below). 
 

Photo 1: Pieces of paper foam board have been 
glued around the basis of the boat hull made out 
of balsa wood. Some extra white glue is added 
from the inner part of the construction for better 
fixing. 

Photo 2: Two more boats being constructed in 
the same way. 
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Photo 3: A hole is carefully drilled at the bottom 
of the boat hull by an adult (teacher).  

Photo 4: Children are adding extra glue to the 
constructions. 

 

 

Photo 5: Details of the propeller being fixed to 
the boat (below) and the motor being fixed on 
the deck attached to the propeller with the 
silicone tube (above).  

Photo 6: The same boats upside down with the 
end parts of their propellers in vision. 

 

 

Photo 7: Gluing an extra piece of balsa as a 
centreboard (keel) for better balance and 
floatation. 

Photo 8: Connecting the motor shaft with the 
axis of the propeller using a piece of the silicone 
tube, depicted on the right. 
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Photo 9: Painting the solar boats, many colours 
to choose from and mix ...  

Photo 10: Painting the solar boats appears to be 
a dedicated, but rather fascinating task. 

 

Photo 11: Having fun with the solar boats in the 
pool in a school science fair.  

Photo 12: Younger children appear to have 
more fun with the solar toy-boats ... 
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