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We are al l  on the eve of a transit ion to 

a wor ld that is  less dependent on foss i l 

fuels .  These are st i l l  needed today to 

produce of al l  k inds of utensi l s ,  bui lding 

mater ials ,  energy, food and medicines.

 

As we transit ion to this  wor ld, we str ive  

for an economy that uses biomass as i ts 

main raw mater ial ,  otherwise known as  

a 'bio-based economy'.

This  t ransit ion wi l l  also require smart 

people in the future. The Nether lands, 

and therefore also our region, wants to 

have enough people to maintain and 

renew our knowledge and bio-based 

economy. Reaching this  aim starts  in 

pr imary education.

Activ i t ies involving technology at 

school make pupi ls  cur ious whi le giv ing 

them a better understanding of this 

important theme. Cur ios i ty and posit ive 

exper iences are the foundations of 

interest and talent development.  There is 

a lot to be discovered up close through 

the use of s imple raw mater ials  and 

mater ials  f rom the local area. 

Al l  topics become more interest ing 

to pupi ls  when they can invest igate, 

exper iment and design for themselves.

The lesson programme is  a result  of 

a col laborat ion between teachers, 

students,  the School of Education at 

Avans Univers i ty of Appl ied Sciences and 

Walter Ivens of HZ Univers i ty of Appl ied 

Sciences’ School of Education. 

We made s ignif icant st r ides in improving 

this  in 2017, in col laborat ion with 

Centrum Jongeren Communicatie 

Chemie (the centre for introducing 

chi ldren and young people to chemistry 

and l i fe sciences).

For more information, please contact:

Centre of Expert ise Biobased Economy,

Margot Verwei 

info@coebbe.nl

Website:  www.coebbe.nl

Designed by Br i l jantNet

©2018 Centre of Expert ise Biobased Economy

No part of this  publ icat ion may be reproduced, 

stored or publ ished in whole or in part without 

express permiss ion f rom the publ isher

Bio-based lesson programme for pr imary schools
FOREWORD
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Introduction
We make thousands of products 
in factor ies every day, including 
toothpaste, shoes,  cars,  medicines 
and newspapers.  Many of these 
products contain raw mater ials 
f rom the petroleum industry.  In the 
factory of the future, we wi l l  use 
natural ly occur r ing raw mater ials 
that replenish themselves over and 
over instead of f in i te resources 
such as petroleum. These natural ly 
occur r ing raw mater ials  are 
returned to the cycle after use. 
This  means that there is  no actual 
waste anymore, as the res idues 
are continual ly reused. Moreover, 
i t  i s  also clever to use res idual 
mater ials ,  such as those produced 
by the agr icultural  sector,  to make 
useable substances. With this 
lesson programme, we wish to show 
pupi ls  the poss ibi l i t ies of the new 
green  industry. 

THE FOLLOWING THEMES WILL BE ADDRESSED 
IN THE COMPLETE LESSONS PROGRAMME:

AIMS AND AUDIENCE

-  Turning plants into plas t ic
- F ibres can take you places .
-  Making the most of plants .
-  This wi l l  give you some bioenergy!

The lessons are suitable for pr imary school 
pupi ls  f rom 5 to 13 years old. The lessons cover 
technical subjects f rom dif ferent methods and 
main goals 42,  44 and 45 of pr imary education. 
The lessons can therefore effect ively replace 
exist ing technology classes.
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How to  
offer i t?

You can give the lessons at your 

school.  In a classroom or in a room 

where crafts  or technology classes 

are given, such as dur ing a themed 

afternoon.

Depending on the t ime and poss ibi l i t ies 

avai lable to you, you can put together 

a teaching programme. For example, 

you can use a group discuss ion as an 

introduction and then choose from the 

var ious exper iments.

You can also use the teaching 

mater ials  for a project.  We can set up 

a programme in consultat ion with you.

If you want to put together a programme, please contact 
the Centre of Expertise Biobased Economy of Avans 
University of Applied Sciences and HZ University of Applied 
Sciences. For more information, please visit www.coebbe.nl.

P last ic can also be made from cane sugar!
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Turning 
plants  
into plastic 
Program and mater ials 
required

The teacher introduces 
the topic with a group 
discuss ion or the quest ion 
box alternative that was 
indicated as appropr iate 
for groups 7 and 8 (chi ldren 
between ages 9 and 13). 

To f ind out more about 
the theme, you can watch 
the video cl ips or review 
the included background 
information (see page 36).

Pupi ls  can car ry out the 
exper iments and ass ignments 
in smal l  groups 

or as group ass ignments. 
As the pupi ls  car ry out these 
exper iments,  they wi l l  learn 
more about green and 
alternative raw mater ials  for 
plast ics and the advantages 
and disadvantages of plast ics 
and bioplast ics respectively. 
They wi l l  also make products 
f rom plant-based mater ials . 
We recommend discuss ing 
the exper iments after they 
have been car r ied out.  The 
quest ions that are l i s ted after 
the exper iments are a great 
way of start ing discuss ions.

In addit ion, there are also 
extra in-depth ass ignments 
for pupi ls  who can and 
want to do more. These 
ass ignments are more t ime-
intensive. 

It  can help to collect all  mater ials in advance.  
This can be done with the pupils. 

– Several types of plastics and bioplastics

– Several types of foodstuffs such as potatoes, 

 maize, rice, beans, wheat (or flour)

– Potato starch or maize starch

– Glycerine (available in pharmacies)

– Iodine or betadine

– Olive oil or another type of oil

– Honey

– Your choice of sugar, rolled oats, coconut, 

 or aniseed (for making a scrub)

– Plastic tubs

– Measuring cups

– Jam pots

– Small knives, forks, tea spoons, and tablespoons

– Shampoos, scrubs, and shower gels

– Funnel and a coffee filter

– Old pans

– Ladles

– A large flat tray with soil
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With the class,  col lect var ious objects made of plast ic  
as wel l  as plast ic made of plant-based sources.

Group discuss ion

Pupi ls  learn about the advantages and disadvantages  
of plast ics.
Pupi ls  learn that there are dif ferent types of plast ics.
Pupi ls  learn what bioplast ics are.

The class form a circle with the plastic objects in the middle

Introduction  
by the teacher
Plast ic is  everywhere. I t  i s  used 
to make many things such as 
clothing, car parts,  aeroplanes, 
ships,  bott les,  bags and packaging 
mater ials .  Alongside steel,  wood 
and stone i t  i s  one of the most 
important mater ials  that we 
humans use. I t  i s  not a natural ly 
occur r ing mater ial ;  we humans 
have to make i t.  What do we know 
about plast ics and bioplast ics? 
What are they made of ? Are they 
reusable? Are they biodegradable? 
Are they harmful  or not? These are 
quest ions that wi l l  be answered 
by car ry ing out exper iments 
and ass ignments as this  theme 
is  discussed.

BEFORE YOU GET STARTED

TEACHING METHOD

LEARNING OBJECTIVES

FORMAT
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20
Introduction by the teacher
During this  group discuss ion, the teacher determines what pr ior knowledge the class has on plast ic. 
Consider the fol lowing quest ions:
Which dif ferent types of plast ic exist? What are most plast ics made of ? What are the propert ies 
of plast ic? I t  i s  l ight,  st rong, cheap, does not absorb moisture – what else? Does plast ic also have 
disadvantages? I t  often ends as l i t ter in nature, animals mistake i t  for food. What happens to the plast ic 
i f  i t  ends up in the environment? Has anyone ever heard of plast ic soup? Does anyone know why we 
now have to pay for plast ic bags? Who has heard of bioplast ics? What are bioplast ics? Does anyone 
know of any examples?

Background information
Plastic has many qualities: it is lightweight yet strong, it can be pliable or rigid and can be formed in all manner of colours and shapes. 

Plastic is usually made from petroleum. The manufacturer processes the petroleum and extracts from it the raw materials that are used to 
make plastic. The raw materials for plastics are small molecules (monomers) which are formed into long chains (polymers) by heat and 
pressure  How the molecules are connected determines the type of plastic. This creates different types of hard or soft plastic such as LEGO 
blocks or plastic bags.

A problem that we are currently facing is that the petroleum supply is slowly being used up. Some plastic products are only used for a very 
short time and end up in nature. Plastic does not biodegrade easily. Fortunately, a lot of plastic is recycled nowadays.
Page 35 contains a link to a film about plastic soup and an in-depth assignment.

Plastic is also increasingly being made from plant-based sources that are readily available, such as starch from potatoes or maize.  
We call these plastics 'bioplastics'.
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Alternative to 
group discussion: 
question box
During this  act iv i ty,  pupi ls  formulate 
their  own quest ions and try to f ind 
answers together.

Before you get started: place the 
col lected plast ic in a vis ible place 
in the room. You wi l l  also need pens 
and paper.

Learning object ives:  pupi ls  learn 
how to formulate quest ions.  
Pupi ls  learn about the propert ies 
and or igin of mater ials .

This  act iv i ty can also be used as 
a way to close the theme. 

45

Give each pupi l 
a piece of paper 
on which they can 
write a quest ion 
about the dif ferent 
k inds of plast ics.

Put al l  quest ions 
in a box, let them 
take turns picking 
1 and then discuss 
these quest ions.

The pupi l  who 
draws the card,  
or the teacher,  
can point to a 
pupi l  they would 
l ike to hear an 
answer f rom. 
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Before you  
get started
Have the class col lect 
var ious foods that 
contain starch such as 
tubers,  potatoes,  grain 
products and legumes. 
Have the class also 
col lect a number of 
products that do not 
contain starch such 
as granulated sugar 
or water,  as wel l  as 
foodstuffs  that may or 
may not contain starch, 
in the pupi ls '  opinion. 
Further requirements:
iodine or betadine 
and 4 tubs,  a knife and 
a fork per group

Learning 
objectives
Pupi ls  learn what 
starch is  and in which 
crops i t  can be found. 
Pupi ls  learn about the 
character ist ics and 
appl icat ions of starch. 
Pupi ls  learn how to 
per form a s imple 
exper iment as wel l  as 
col lect and interpret 
results .

Teaching method
An exper iment 
conducted in smal l 
groups or as a 
demonstrat ion in f ront 
of the class.

Introduction  
for the exper iment
Provide the information 
descr ibed in the introduction 
of the exper iment.  The 
introduction should clear ly 
state that there are plant-
based alternatives f rom which 
products such as plast ics 
can be made. Starch is  the 
example in this  case. Ask or 
discuss what starch is  and 
which purposes we can use 
i t   for.

Invite pupi ls  to guess in which 
crops starch is  present. 

Explain that we can use iodine 
to ident i fy starch. A bond 
is  formed when starch and 
iodine come into contact with 
each other.  This  bond gives off 
a colour that ranges f rom dark 
blue to purple.

introduction 
(5 minutes) 
preparat ion 
(5 minutes) 
execution 
(20 minutes) 
c lean-up and 
discuss ion 
(15 minutes)

Discuss the questions listed with the experiment with 
the class. Did each group have the same result? 

45

Information for the teacher.

Identifying starch
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This v ideo cl ip explains the fol lowing: when 

plast ic was created, what i t  i s  made of,  how it  

i s  made, what types of plast ic there are and  

the impact of plast ic on the environment.

T ime: 4.06

“What really happens to the plastic you throw away”

Emma Bryce

TED - Ed 

https://www.youtube.com/watch?v=_6xlNyWPpB8

THE LIFE CYCLE OF A PLASTIC BOTTLE
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‘How much plast ic is  in the ocean’ . 

( I t ’s  ok to be smart)

T ime: 4.59

https://www.youtube.com/watch?v=YFZS3Vh4lf I

HOW MUCH PLASTIC IS IN THE OCEAN
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This v ideo cl ip explains how petroleum is 

processed into dif ferent types of products.

T ime: 9.06

Link:  

https://www.youtube.com/watch?v=aXQ5iJ5lagg

FROM OIL TO PLASTIC: STOP WASTE
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Where can we find 
starch?
Most plast ics are made from petroleum. Petroleum is  a 
resource that is  s lowly deplet ing. There are other ways 
to make plast ic such as us ing starch from plants.  In this 
exper iment you wi l l  invest igate which plants contain 
starch.

First things f irst, what is starch?

Plants make sugar f rom carbon dioxide, water and 
sunl ight.   They need this  sugar as a fuel  to supply 
energy.  

 
In order to store sugar,  the plant converts the sugar  
into starch. 

 Think of starch as a chain of sugar part icles.  Many 
products contain starch. Starch dissolves wel l  in warm 
water,  result ing in a paste. That is  why i t  i s  often used 
as a thickener in soups and sauces, as wel l  as in 
l iquor ice. Starch is  also used as a raw mater ial  in the 
glue and paper industr ies.

Starch is common in:
Tubers such as potatoes,  cereals  
such as wheat,  maize or r ice  
and legumes such as beans.

Exper iment 1

Starch as a raw mater ial for bioplastics
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Cut al l  the food-
stuffs  into chunks.

See i f  i t  changes  
colour.

Add a smal l 
amount of water.

#1

#3

#4 #5

Shopping l is t

•  water
• dif ferent foodstuffs 
• plast ic tubs
• a smal l  kni fe,  fork or pest le
• iodine or betadine

Grind with the  
pest le into a paste.#2

Add 5 droplets 
of iodine to them.

Exper i-
ment 1

Flour

Flour
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Does the iodine turn a bluish-purple? 
YES/NO

Potato

Is starch present?
YES/NO

Can you see which foodstuff contains the most starch?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Which plants may also contain a lot of starch?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Why is starch so suitable to make things such as glue or plastic?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

#1
#2

#3

Experi-
ment 1



Before you  
get started
Collect the ingredients and 
mater ials  descr ibed in the 
exper iment and copies 
of the descr ipt ion of the 
exper iment.  The shapes 
(e.g. clay shapes) and dye 
are optional. 

I f  there are insufficient 
faci l i t ies to heat the water, 
the exper iment can be 
done as a demonstrat ion.  

Learning 
objectives
Pupi ls  learn to 
independently 
car ry out a s imple 
exper iment.  Pupi ls 
learn to make a new 
product by mix ing 
dif ferent products. 
Pupi ls  learn to think 
about alternat ives 
to car ry out an 
exper iment.

Teaching method
An exper iment 
conducted in smal l 
groups or as a 
demonstrat ion in f ront 
of the class.

Introduction  
for the exper iment
Tel l  the class that they are 
now going to make their  own 
bioplast ics.  Repeat what 
bioplast ics are and what they 
can be made of. 

Discussing  
the exper iment
Discuss the quest ions l i s ted 
with the exper iment with the 
class.  One of the reasons 
starch is  used is  because i t  i s 
water-soluble when heated. 
Glycer ine is  added to make 
the plast ic more supple.

F inal ly,  discuss the information 
with the class in the context 
of the news f i le on plast ic, 
which notes that a factory 
in Oosterhout uses res idual 
mater ials  f rom the potato 
process ing industry to make 
bioplast ics.  Why is  that better? 

introduction 
(5 minutes) 
preparat ion 
(5 minutes) 
execution 
(20 minutes) 
c lean-up and 
discuss ion  
(10 minutes)

40

Information for the teacher.

Make your own  
bioplastic

Bio-based lesson programme 
Turning plants into plastic20
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You wi l l  make bioplast ic f rom starch. Make i t  look nice by mix ing in some dye or us ing an interest ing mould such as 
clay shapes. Do not add too much bioplast ic to the mould, otherwise i t  wi l l  not dry.

PLEASE NOTE: ASK AN ADULT TO HEAT THE STARCH.

We can use starch that is  found in  
some plants to make bioplast ics.

Exper iment 2

Making bioplastics
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Shopping l is t

•  water
• starch or cornf lour (avai lable in supermarkets)
• glycer ine (avai lable in pharmacies)
• vinegar
• tablespoons, teaspoons, a ladle
• an old pan
• baking paper or aluminium foi l
• moulds or dishes ( i f  poss ible)
• dye ( i f  poss ible)

Add 3 ml of 
v inegar and 
2 drops of 
glycer ine. 
St i r  wel l .

#3

Pour 75 ml of cold water 
into a saucepan.

Put down 
some baking 
paper and 
put the 
moulds on 
top.

Gradual ly br ing the mixture  
to the boi l .  Keep st i r r ing wel l . 

#1

#4

#5

Add 15 ml of starch  
or cornflour.#2

Pour the 
mixture into 
the moulds 
and let i t  dry.

Exper i-
ment 2

#6
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Descr ibe your plastic Use the following words: f lexible, thin, thick, br itt le,  
rough and transparent.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Why do you add glycer ine to the plastic?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

What do you think wil l  happen if  you add more starch? What i f  you add less?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

#1

#2
#3

Bioplastics
More and more factor ies are taking better care of the environment.  They are try ing to use less toxic substances. 
They also recycle as much waste as poss ible or use renewable raw mater ials .  For example, there is  a plast ic 
factory in Oosterhout that makes plast ic in a special  way. They use potato res idues f rom chips and cr isps 
factor ies to make plast ic.  This  al lows them to address several  i ssues at once, including disposing of the chip 
factory’s waste in a good way. 
Many people are st i l l  confused by the name ‘bioplastics’, as they believe that bioplastics biodegrade easi ly in 
nature. That is  not always the case. 

Experi-
ment 2



Bio-based lesson programme 
Turning plants into plastic24

In-depth assignment

Using bioplastics in plastic bags
Below are 2 ass ignments,  pick 1 and develop i t.

Write a story about plant-based plastics for the local paper. Explain what i t  is and what 
the advantages and disadvantages of bioplastics are.

Design a poster about the use of bioplastics in plastic bags. Show the following:

-  What is  a bioplast ic?
- The cycle including raw mater ials ,  production, use and reuse.
-  The advantages and disadvantages of us ing bioplast ics in plast ic bags. 

Use text spar ingly with plenty of pictures.

#1

#2
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Before you  
get started
Collect as many 
bioplast ic packaging 
mater ials  as poss ible 
with the class (see the 
information provided 
with the exper iment). 
You wi l l  also need a 
large f lat t ray with 
soi l ,  toothpicks and 
paper to make f lags.

Learning 
objectives
Pupi ls  learn to 
independently set up 
and car ry out a s imple 
exper iment.  Pupi ls 
learn that mater ials 
can biodegrade in 
dif ferent ways.  Pupi ls 
learn to col lect and 
interpret results .

Teaching method
Group activ i ty,  the 
fol lowing tasks can be 
al located: col lect ing 
bioplast ics,  making 
the ' indication 
f lags'  and creating 
and maintaining 
a  logbook. 

Introduction  
for the exper iment
Explain that we are going 
to invest igate how quickly 
bioplast ics biodegrade.  
Go through the descr ipt ion  
of the exper iment.

Discussing  
the exper iment
Discuss the quest ions l i s ted 
with the exper iment with 
the class. 

E i ther the ent i re class or 
a s ingle group can car ry 
out the 'accelerat ing or 
s lowing down' in-depth 
ass ignment.  This  ass ignment 
can also be discussed by 
way of a conclus ion. Which 
circumstances could cause 
the decomposit ion process of 
plast ic or bioplast ic to speed 
up or s low down? 

introduction 
(5 minutes) 
preparat ion 
(5 minutes) 
execution 
(15 minutes) 
c lean-up and 
discuss ion  
(10 minutes)

35

Group activ i ty:

How quickly do  
bioplastics biodegrade?
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Many products are comprised of mater ials  that do not biodegrade at al l ,  or  hardly biodegrade. 
For example, look in the ditches next to the cycl ing path when you are cycl ing home.  
Dur ing the next ass ignment you wi l l  invest igate how quickly or s lowly the dif ferent types of 
bioplast ics biodegrade. To do this ,  col lect as many dif ferent types of bioplast ics as poss ible, 
such as Coca-Cola’s plant bott le,  a bag made of bioplast ic and the bioplast ic i tems you made 
yourself .  Natural ly,  other bioplast ics are also al lowed. In addit ion, use 1 plast ic made from 
petroleum. Most plast ics are st i l l  made from petroleum.

Exper iment 3

How quickly do bioplastics biodegrade?
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Shopping l is t

Biobag
Biobag

• a flat tray with soil
• cocktail sticks with a flag 
•  for example, pieces of a plant bottle, a bioplastic bag, bioplastic made 

by the pupils themselves and a piece of petroleum-based plastic
• water
• a photo camera (if possible)

Use the f lags to indicate 
each dif ferent plast ic.

Make sure that the 
soi l  remains damp.

#1

#3 #4

Keep a piece of each piece of 
plastic behind, as a control group.#2

Cover the plast ics with 
soi l  and mark the plast ics 
with their respective f lags.

Biobag
Biobag

Biobag
Biobag

Exper i-
ment 3



Bio-based lesson programme 
Turning plants into plastic28

Which plastics biodegraded the quickest? 

Which plastics only changed slightly or not at all? 

Did this match your prediction? Give an explanation or possible explanation.

#1
#2
#3

Assignment

Keep a physical or digital logbook in which you note the results each week or every  
2 weeks. You can sort the plastics by column for example.  
You could also take a picture each time you record the results.

Make a prediction with the class: which plastics wil l  biodegrade first? Note this prediction and 
wr ite down why you think that is the case.

Dig out the different pieces of plastic after a week has passed and check what has happened to 
them. Compare them with the pieces of plastic in the control group. Log the results in the logbook 
together with the date.

Repeat this after 2 weeks, then after 4 and for as long as you wish to continue the exper iment.

#1

#2
#3

#4

Questions to accompany the exper iment

Experi-
ment 3
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In-depth assignment

Speeding up or slowing down?

You wi l l  invest igate how you can speed up or s low down how quickly a bioplast ic 
biodegrades. Think about how to do this .  Consider warm, cold, dry or moist  environments  
and dif ferent mater ials  in which the plast ic would biodegrade.

Car ry out the same exper iment with 4 or 5 pieces of the same bioplast ic.  You wi l l  also need 
several  t rays and mater ials  in which you want the pieces of plast ic to biodegrade.

Answer the fol lowing quest ions after several  weeks:

Which plastic biodegraded the quickest?

Which plastics only changed slightly or not at all?

Which set of conditions is best for making bioplastics biodegrade quickly?

#1
#2
#3
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Before you  
get started
Collect the mater ials 
as descr ibed in the 
experiment. Ensure that 
products containing 
microplast ics are 
included in the 
exper iment (see the 
descr ipt ion).

Learning 
objectives
Pupi ls  learn to look 
at what products are 
made of and what 
the function and 
propert ies of several 
ingredients are. Pupi ls 
learn to col lect and 
interpret results

introduction 
(5 minutes) 
preparat ion 
(5 minutes) 
execution 
(20 minutes) 
c lean-up and 
discuss ion 
(15 minutes)

Introduction  
for the exper iment
Explain that some products such 
as gel,  scrub washes or toothpaste 
contain smal l  plast ic granules. 
Ask the pupi ls  why manufacturers 
add this  ( for the abrasive effect). 
Discuss the exper imental design 
with the pupi ls . 

Discussing the exper iment
Discuss the quest ions l i s ted with 
the exper iment with the class. 
Ask what the consequences are 
i f  these microplast ics enter the 
sewage system (see background 
information on p36) .  This 
exper iment is  a good introduction 

to the ‘make your own scrub’ 
experiment because i t  makes the 
pupi ls  think about alternat ives 
to microplast ics.  More and more 
manufacturers no longer add 
microplast ics to their  products, 
because consumers (people who 
buy products) and organisat ions 
such as the North Sea Foundation 
put pressure on the manufacturer.

45

Teaching method
Group activ i ty: 
demonstrat ion 
exper iment,  poss ibly 
as an activ i ty that 
pupi ls  can do in smal l 
groups.

Information for the teacher.

Microplastics
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Many products contain plast ic,  including products that you would not expect.  The next 
exper iment wi l l  surely be an eye-opener.  You wi l l  need several  shampoos, scrubs or hair  gels  
for this  exper iment.

Read the ingredients on the product packaging. A magnify ing glass would come in handy. 
Read and see whether the fol lowing ingredients are l i s ted: polyethylene (PE),  polypropylene 
(PP),  Polyethylene terephthalate (PET) or copolymer.  Sort  the products based on whether they 
contain these ingredients or not.  You do not need the products without the l i s ted ingredients 
for the rest of the exper iment.

Smal l  pieces of plast ic are often added to shampoo, scrub or toothpaste. These plast ics are 
also cal led 'microplast ics ' .  You wi l l  demonstrate the presence of these microplast ics in the 
fol lowing exper iment.

Exper iment 4

Smaller, smaller.. . smallest: microplastics
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Shopping l is t

Mix a tablespoon of a care product 
with 250 mi l l i l i t res of warm water in the 
large measur ing cup.

Examine what remains  
on the f i l ter.

Pour this  mixture through the f i l ter  
into the other measur ing cup.

#1

#4

#5

St i r  wel l .  The care 
product must dissolve 
almost ent i rely. 

#2

•  di f ferent shampoos, scrubs and hair  gels
• a funnel with a coffee f i l ter
• 2 measur ing cups, of which one that the funnel f i ts  into
• a tablespoon
• a magnify ing glass ( i f  poss ible)

Wait a whi le.
#3

Experi-
ment 4
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A lot Some A little None

Which product contains the most microplastics?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Which product contains the least microplastics?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Did you expect to see this?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Why do you think that these products contain  
microplastics?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

#1
#2

#3
#4

Expanding on this exper iment
You could also compare several different products. To do so, repeat the experiment several times, each 
time with a different product. Take notes on what you see each time. Use the available chart for this 
purpose.

The amount of microplast ics

P
ro

d
u

c
ts

Questions to accompany the exper iment.

Exper i-
ment 4
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Before you  
get started
Collect the mater ials 
and copies of the 
descr ipt ion of the 
exper iment.  In this 
exper iment,  i t  would 
be useful  to have 
the class think about 
alternat ives you could 
add to the scrub for 
an abrasive effect 
such as:  sugar – 
brown or otherwise –, 
coconut,  sand, 
aniseeds.

Learning 
objectives
Pupi ls  learn to prepare 
a s imple recipe and 
come up with a 
number of alternat ives 
to microplast ics.

Teaching method
Pupi ls  conduct an 
exper iment in smal l 
groups

Introduction  
for the exper iment
Explain the exper iment to the 
pupi ls .  Tel l  them that everyone 
can make their  own product 
with a homemade label.  The 
other pupi ls  may know of other 
things to add to the scrub such 
as essent ial  oi l s  or lemon juice. 

Discussing  
the exper iment
Review and discuss the 
dif ferent scrubs with each 
other.  Al low the pupi ls  to hold 
a smal l  presentat ion.

introduction 
(5 minutes) 
preparat ion 
(5 minutes) 
execution 
(20 minutes) 
c lean-up and 
discuss ion 
(10 minutes)

40

Information for the teacher.

Make your own scrub



Bio-based lesson programme 
Turning plants into plastic 35

You wi l l  s tart  making a scrub that does not contain microplast ics. 

Before you do this ,  f ind out the fol lowing: 

What is  a scrub?
Why do people use scrub?
What can you add to your mixture for an abrasive effect?

Exper iment 5

Clean, cleaner... cleanest. Make your own scrub
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Shopping l is t

•  2 tablespoons of ol ive oi l
• 2 tablespoons of honey
• 1 smal l  cup of granules chosen by you
• a tablespoon
• an empty jar
• paper,  glue and penci ls  or felt-t ip pens

Mix everything wel l  
in the empty jar.#1

#3

Think of a name for  
the homemade scrub.#2

NAME?

Design a nice label and  
st ick i t  on the jar.

............

Exper i-
ment 5
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In-depth assignment

Dangerous soup

Plast ic ends up in our environment and seems to eventual ly disappear.  This  exper iment has 
showed you that ‘disappear’ does not real ly mean disappear,  only that we cannot see 
i t  anymore. The plast ics have become very smal l  part icles.  For this  ass ignment,  you wi l l 
make a presentat ion in which you wi l l  explain what happens to plast ic when i t  enters the 
environment.  You wi l l  also explain how these part icles enter the food chain. 

For further information you can consult  the fol lowing resources:
Plast ic Soup Foundation
Beat the microbead
Expo216.com: history of plast ic
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Background information
Different types  
of plastic
There are dif ferent 
types of plast ic 
Plast ics that always 
remain pl iable are 
cal led elastomers. 
Hard plast ics that 
are not f ragi le, 
such as wal l  sockets 
or sur fboards,  are 
cal led thermosets. 
Thermoplast ics are 
a type of plast ic 
that changes shape 
when heated, such 
as plast ic bags, soft 
dr inks bott les or cups. 

What is plastic?
All  substances 
consist  of molecules. 
Molecules are smal l 
part icles that st i l l  have 
a chemical property. 
P last ic consists  of 
chains of molecules 
cal led ‘polymers’. 
‘Poly’ means many.

Polymers
Natural  polymers are 
created by plants or 
animals.  For example: 
leather,  wool,  cotton 
and starch are 
polymers that were 
made by parts of 
plants or animals. 
Art i f ic ial  polymers are 
created by chemists  in 
laborator ies f i rst  and 
then produced on a 
large scale. 

What is 
a bioplastic?
Plast ic that is  made 
from a plant-based 
polymer is  also cal led 
bioplast ic.  Some 
bioplast ics are made 
from starch. Potatoes 
and maize contain a 
lot of starch. These 
plants convert sugar 
into starch to store i t 
as food for the winter.

Compostable 
plastic
Micro-organisms 
natural ly biodegrade 
this  plast ic.  You can 
recognise this  mater ial 
by the fol lowing logo:

Microplastics
Very smal l  pieces of 
plast ic,  microplast ics, 
are often added to 
self-care products as 
abrasives.  Micro means 
'smal l ' .  These plast ic 
part icles go down the 
drain and into the 
sewage system, before 
pass ing through the 
sewage system's f i l ters 
and ending up in the 
sea. F ish eat these 
part icles and so the 
part icles end up in our 
food as wel l .  Smal ler 
plast ic part icles can 
also enter the food 
chain after being 
created as a result 
of wear and tear,  the 
beating of the waves 
on larger pieces of 
plast ic which causes 
them to break apart 
and ult ra violet l ight.
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CHAPTER 2
FIBRES CAN TAKE  
YOU PLACES.
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THE FOLLOWING THEMES WILL BE ADDRESSED  
IN THE COMPLETE LESSONS PROGRAMME:

AIMS AND AUDIENCE

-  Turning plants into plast ic
- F ibres can take you places.
-  Making the most of plants.
-  This  wi l l  give you some bioenergy!

We make thousands of products in factor ies every 

day, including toothpaste, shoes,  cars,  medicines 

and newspapers.  Many of these products contain raw 

mater ials  f rom the petroleum industry.  In the factory 

of the future, we wi l l  use natural ly occur r ing raw 

mater ials  that replenish themselves over and over 

instead of f in i te resources such as petroleum.

These natural ly occur r ing raw mater ials  are returned 

to the cycle after use, which means that there is  no 

actual waste anymore as the res idues are continual ly 

reused. Moreover,  i t  i s  clever to use res idual 

mater ials ,  such as those produced by the agr icultural 

sector,  to make useable substances again.

With this  lesson programme, we wish to show pupi ls 

the poss ibi l i t ies of the new green industry. 

The lessons are suitable for pr imary school 
pupi ls  f rom 5 to 13 years old. The lessons 
cover technical subjects f rom dif ferent 
methods and main goals 42 ,  44  and 45 
of pr imary education. 
The lessons can therefore effect ively 
replace exist ing technology classes.

Introduction
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How to offer it?

If you want to set up a programme, please contact the 
Centre of Expertise Biobased Economy that is owned by Avans 

University of Applied Sciences and HZ University of Applied 
Sciences. For more information, please visit www.coebbe.nl.

The lessons consist  of several  teaching 

methods:

an introduction (group discuss ion),  a learning

ass ignment and ass ignments that focus on 

invest igat ive and design-based learning. 

These are optional ass ignments in which the 

pupi ls  can fol low a step-by-step plan that 

is  der ived from the design cycle created 

by Wetenschapsknooppunt Zuid-Hol land 

(a col laborat ion to foster the inquis i t ive 

att i tude and cur ios i ty of chi ldren and future 

teachers).  They can use the worksheet on 

page 50 for this  purpose.
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Program and materials required

Fibres can take you places

To find out more about the theme, you can watch the video clips or review the included background information. After the group 
discussion there is a learning assignment, followed by several assignments. Pupils will carry out these assignments in small groups or 
as a group assignment.
 
As the pupils carry out the assignments, they will learn more about raw materials, alternative or otherwise, that are used in making 
materials. They will investigate all kinds of applications of fibres, the advantages and disadvantages thereof as well as design and 
make product from natural materials. The pupils can present the results to the class.

The idea is that it is up the pupils themselves to imagine which materials they need to carry out an assignment. The materials  
(and tools) must be easily available.

Required mater ials

The underlying themes of this chapter are:
1. the use of natural fibres since ancient times. 
2. the rise of synthetic fibres at the beginning of the twentieth century
3. the renewed interest in the alternative applications of natural fibres.

With the information that the pupils collect and the designs they create, they can set up a themed table or put together 
a timeline.
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Information for the teacher
What are fibres?
If you look closely at your surroundings you will see that many materials contain fibres. Fibres ensure 
that a material is sturdy and they are the building blocks of a certain type of structure or texture. 
They can be of natural origin, such as wool, wood, reed or bamboo. Fibres can also be artificially 
produced, for example polyester, acrylic or nylon. Artificially produced fibres are usually made of 
petroleum or coal and on a large scale. 

Production methods
Fibres can be processed in different ways, including weaving, braiding, knitting or melting. Take a 
good look at your jeans, your sweater or a wicker basket. What are these examples of? Fibres can 
also be mixed with another material such as a plastic. 
When you combine 2 materials, you create a composite material. A simple example of this is when 
you mix mud and straw to create a building material.

History
In the past, humankind used only fibres of natural origin. From the start of the twentieth century 
onwards, most natural fibres were replaced by synthetic fibres. In the past, hemp or flax was used 
to make ropes, but now ropes are usually made of polyester or nylon.
Many producers today see the advantages of using natural fibres in materials. They require less 
energy during production, are lighter and produce less waste. 
At present, fibres are increasingly being extracted from unused plant residues, such as pepper or 
tomato stalks, from the agricultural sector.
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Before you get started A few days before the start of this 
group discussion, instruct pupils to bring along materials 
that are composed of fibres.

It is not a problem if they forget to bring some materials 
to class. The classroom contains enough materials that 
are comprised of fibres, such as rope, paper, wool, 
clothing or a wicker basket.

Alternative:  Review the materials and discuss with the 
class which materials are made of fibres. 

Lesson objectives This group discussion serves as an 
introduction to the various assignments as well as a way 
to assess and activate prior knowledge on the topic. 
Framing the topic and making the objective clear.

Teaching methods Group discussion, teaching 
consultation 

Group discussion

30

Format: The class sits in a circle, each pupil 
has holds the materials they brought with 
them in their lap or places the materials in the 
circle.

Afterwards: You can set up a themed corner 
or an exhibition with the materials and 
products that were brought into class or made 
during the assignments.
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Introduction to the group discussion

During this group discussion you will ask about the materials that 
were brought in or the materials in the classroom.
Can you see what the materials are made of? Take a closer look 
at your jumper for example. You can let them guess and then 
check by looking at the label with washing instructions. Ask if 
they know what raw material the jumper is made of and where 
it comes from. For example: cotton comes from the cotton 
plant, polyester is made from petroleum and wool comes from 
sheep. Other examples are: paper, which is usually made of 
waste paper and wood fibre, or rope, which is usually made of 
polyester, nylon or hemp.  

Explain that these materials are comprised of fibres. Fibres are 
long, thin threads that are longer than their diameter. Fibres 
ensure that a material is sturdy.

Explain that there are natural and artificial fibres. Ask the class 
what the difference is, or explain it to them. Can you tell whether 
a material is comprised of fibres by looking it? Explain that 
artificial fibres are usually made from oil or coal and natural 
fibres come from plants or animals.

Provide examples (see also the background information). Ask if 
it is possible to tell how the fibre or the fibre yarn has been pro-
cessed, including braiding, knotting, weaving, knitting or melting.

Lastly, explain the example of the bamboo bicycle to the pupils 
(see the next page).
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A bicycle made of fibres? 
Most bicycles are still made of metal, usually steel. Steel is affordable, strong and easy to shape. 
Usually racing cyclists search for and experiment with new materials. This is how aluminium 
bicycles were made. Aluminium is lighter than steel and is less prone to rusting. Extracting ores and 
producing raw materials for steel requires a lot of energy.

The picture shows a bicycle made of bamboo. Bamboo is also strong and light in addition to other 
advantages. Consider the other advantages bamboo may have. Bamboo is a fast-growing plant, 
can be harvested annually and requires no maintenance. After use, you can compost bamboo. 
Does bamboo also have disadvantages? Bamboo grows mainly in China and Africa. Which other 
materials could be used to make a bicycle frame?

End the group discussion. Explain that we are going to address the following 
question:

‘Which materials in the world grow over and over again and have the same 
properties as the artificially produced materials that we currently use for many 
things?’  

Artificially produced materials are mainly made from finite resources such as 
petroleum. It takes energy to make these materials, and using them creates 
waste. That is why we are trying to answer this question.  
The pupils will approach this question as young investigators and designers.
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Learning assignment: Bicycle

Before you get started
The group discussion is intended as a starting 
point for this assignment. Make copies of the 
written assignment. Explain the assignment by 
using the introduction that is provided with it.

Lesson objectives 
Pupils learn about the different materials,  
their properties and applications. 

Teaching methods:
Written assignment that pupils work on 
individually or in small groups. You could  
do this with the class as a whole.

Time: 30 minutes

Afterwards: 
Discuss the assignment with the class as  
a whole. Multiple answers are possible.  
Ask the pupils to explain why they chose  
a specific answer.

(Information for the teacher)



Bio-based lesson programme
Fibres can take you places.50

Carbon
Cardboard
Bamboo
Steel
Aluminium
Wood

properties advantages / disadvantages

light and strong does not rust / (still) expensive

heavy lasts for a long time, is not expensive

Material properties

Material
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Rope assignments

Afterwards:
Discuss the results of the assignments  
with the class as a whole.

Tip:
Help the pupil with the first task by 
asking guiding questions. 

Examples:
• What do you think it is made of?
• Why do you think that? 
• Can you see or feel that?
• What are the differences?

Introduction 
There are 2 assignments on the topic of rope. During the assignment ‘All kinds 
of rope’, pupils investigate from which raw materials rope is made. During the 
assignment ‘Strong rope’, pupils investigate the tensile strength of different types 
of wire and rope. You can divide the assignments among the group, or offer 
them as an optional assignment. First, read the introduction that accompanies 
the assignment. Explain to the pupils that they are going to investigate what 
rope is made of or that they will determine the strength of the rope.

Before you get started 
Collect as many different types of thread and rope as possible with the class. 
Ensure that they differ in size and thickness.

Lesson objectives
Pupils learn about different raw materials as well as their properties and 
applications. Pupils learn to set up and carry out an investigation.  
Pupils independently search for background information.

Teaching methods 
Optional assignments in small groups.

Time: 
The assignments consist of 2 parts:

1) come up with a plan and (2) carry out the plan.

The pupils estimate how much time they need to complete the assignment.  
They discuss their plan with the teacher.

(Information for the teacher)
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Rope was indispensable even in prehistor ic t imes. 
Rope was used to t ie things together.  Cables (thick 
ropes) were used for hoist ing or l i f t ing. Without ropes, 
i t  would not have been poss ible to bui ld pyramids, 
temples or cast les.  Try to imagine sai l ing ships 
without rope.
 
These ropes were made of natural  f ibres such as 
hemp, f lax and cotton. I f  you look closely at a rope, 
you wi l l  see that i t  consists  of several  wires or f ibres 
that are twisted or braided together.

Rope that consists  of natural  raw mater ials  i s  mainly 
used in gymnasiums, for cl imbing nets or tug of war 
ropes. The Scouts,  sai l ing industry and art ists  l ike to 
use rope made of natural  mater ials . 

Nowadays,  rope is  made of synthet ic f ibres such as 
nylon or polyester.

All kinds of rope
You are going to investigate the rope you have  

collected to see which raw mater ial i t  is made of.

1. Collect as many 
different types of rope 
as possible.

2. Examine the materials. 
Can you see or feel 
what it is made of?

3. Discuss how you  
can investigate which  
raw material the rope  
is made of.

4. Write down your plan.

a.  Write down what you need 
regarding materials, tools or 
information.

b.  Write down how much time you 
will need.

5. Discuss your plan with 
the teacher.

6. Carry out the plan.

Afterwards:
If you have collected many different types of rope and you know  
which materials they are made of, you can make a rope board. 

You paste the ropes on a piece of cardboard and write what it is used  
for as well as which material it is made of.
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Strong rope
Rope or wire can be used for different purposes

The rope you use during P.E. must be very strong, 
of course.
 
Imagine what would happen if that would break. 

Thread that you use to sew a button onto clothing  
is much thinner 
and will therefore break more quickly. The strength  
of a rope or wire is determined by the type of fibre,  
the length of the fibre used and how it is made.

Afterwards:
Discuss the results of 

your investigation with the teacher.

1.  Collect wire and rope. 
When you unwind a wire, 
you can see that it consists 
of several wires.  
Put the single and the 
composite wires together.

2.  Discuss how you can 
determine the strength of  
a wire or rope.

3. Write down your plan.
a.  Write down what you need 

regarding materials, tools or 
information.

b.  Write down how much time you  
will need

4. Discuss your plan with  
the teacher.

5. Make a prediction. 
Which wires will break at 
which weight? Why?
Carry out the plan.
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The story of 'Ötzi and 'fibres then and now’
(Information for the teacher)

Introduction 
There are 2 assignments on the topic of fibres. 
During the assignment ‘The story of 'Ötzi’,  
the pupil will investigate the prehistoric world 
and the use of fibres at the time. During the 
assignment ‘Fibres, then and now’, pupils will 
investigate the applications of fibres in the 
automotive industry. 

During this assignment, a bioplastic is made.  
This requires starch and a heating element.  
The experiment could be carried out in front of 
the class as a demonstration (see chapter 1: 
‘Making bioplastics’ for the instructions).

Explain to the pupils that they will investigate  
how fibres were used in prehistoric times as 
well as how fibres are currently used in the 
automotive industry. 

Before you get started:
‘The story of 'Ötzi’ assignment requires computers with internet access, a 
printer, paper and stationery. The assignment ‘Fibres, then and now’ refers to 
a list of ingredients. In addition, pupils must collect fibre material themselves.

Lesson objectives
Pupils learn about the properties and applications of fibres over the centuries. 
Pupils learn to set up and carry out a simple experiment.
Pupils learn to independently search for background information.

Teaching methods
Assignments in small groups.

Time: 
‘The story of 'Ötzi’ assignment: approximately 30 minutes
‘Fibres, then and now”: assignment  approximately 45 minutes

Afterwards: 
Discuss the results of the assignments with the class as a whole.  
What did you notice?
Which similarities are there? Which differences are there?
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The story of Ötzi

It is the oldest human body ever found, predating even the 
mummies found in the Egyptian pyramids. 
This glacial mummy was dressed and equipped to travel 
through the mountains. Everyone was greatly intrigued by the 
quality of the shoes, clothes and weapons Ötzi was carrying. 
He lived in the Stone Age and is called Ötzi because of where 
he was found. It turned out that he had been hit by an arrow. 

It was a happy coincidence for us that he died in a place 
where the snow froze him. Everything is well preserved due to 
the ice.

Naturally, Ötzi has been the subject of a lot of research.

Which clothes was he wearing and what was he carrying?
An example of this was a cloak of knotted grass that Ötzi 
wore.
Hay was wrapped in a mesh structure in his shoes for thermal 
insulation. With him, he was carrying a lot of knotted and 
braided rope as well as a net of knotted grass.

In 1991, mountain hikers found a body in the Ötztal Alps at an altitude of 3000 metres.
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The story of Ötzi
You are going to investigate for which purposes Ötzi used fibres.

1. Search the internet for images of Ötzi's clothing and equipment.

2. Create a table with the following columns. 
 
First column:  paste a picture of part of the equipment here.

Second column:  give a brief description of this part of Ötzi's equipment: 
what is it made of and how was it made?

Third column: what did Ötzi use this piece of equipment for?

Present the result to the teacher afterwards.
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Fibres, then and now

Reinforces your car with jute and flax
Plastic car parts can be reinforced with flax and other 
natural fibres. It is better and cheaper, according to 
the researchers from Wageningen.... 
(article in de Volkskrant, 5 May 2007).

This newspaper article was published in 2007. Yet in 1941, Henry 
Ford designed the Ford Model T, which contained parts that were 
reinforced with hemp plant fibres. According to Henry Ford, this made 
the car stronger and lighter, therefore reducing its fuel consumption.

Bugatti, Mercedes and Jaguar use a natural fibre mixed with 
another fabric to make door panels, dashboards and parcel shelves. 
This may be a plastic or a bioplastic. 

You will now try for yourself whether you can also mix a natural fibre 
with a bioplastic as a preliminary investigation for a car part.

Bio-based lesson programme
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Step 2: Making bioplastic
Make bioplastics according to the recipe in chapter 1
(this can be done with the teacher).

Step 5:  Reviewing  
the final results

1. Which mixture is best to make something of?
2. Why?

Step 3: Mixing
1. Mix the bioplastic with the fibres.
2. Try out different mixtures. Add more or less fibres.
3. Spread out the mixtures on sheets of paper or small plates.

Step 1: Collecting materials
1. Use the ingredients and recipe to make bioplastics from the experiment  
in chapter 1. 

2. One or more natural fibres. 
You can determine the size of the fibre yourself:
You can grind or cut the fibres.
You can weave a mat comprised of grass reeds for example.

Step 4: Drying it
Allow to dry for as long as possible, at least 1 day and 
1 night.

Afterwards: 
Present the results to the teacher. 

Fibres, then and now 
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Several optional assignments follow during which the pupils will go through a design cycle. 

The pupils will receive an assignment or a problem which they have to address. By following the step-by-step 
plan on the worksheet, they create a proposal to present to the teacher. 
Once the idea has been approved and the materials are collected, the pupils implement their idea, 
improve it if necessary and finally present it.

Before starting, consider whether you want the class to do the assignments in small groups (and let them 
choose from different assignments), or whether you prefer doing 1 assignment together with the class as a 
whole (see teaching method). Adapt the introduction of the assignments accordingly.

Design assignments

Introduction

Lesson objectives

Pupils carry out a step-by-step plan independently and come up with solutions for existing technical 
problems by using natural alternatives from their own area. Pupils learn about the properties of materials as 
well as how they are processed. Pupils learn to independently search for background information.

(Information for the teacher)
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Homemade paper
Paper is usually made of wood and recycled paper. These ingredients are made into a pulp with 
water. The pulp is then dried and flattened into paper. Paper and cardboard can be used over 
and over again. Over time, however, paper loses its sturdiness. The solution lies in adding other 
natural fibres. This keeps the cardboard or paper strong. Trees grow slowly, but other natural 
materials that contain fibres and grow much faster exist,
such as roadside grass.

Assignment
You will make your own paper according to your own recipe. In addition to used paper, you also 
use natural fibrous materials from your own area. The paper is not meant to be ready to write on 
immediately. Use the step-by-step plan on the worksheet to carry out the assignment.

Tip: Watch the following video clips:  
“Making paper from plants, beach grass”.https://www.youtube.com/watch?v=R1Fs_X34pAU
“How to make paper from plant fibers”.https://www.youtube.com/watch?v=jzps7M5neVw

Extra assignment / in-depth assignment
1. Find out why a wasp is also called ‘the first paper manufacturer'.

2.  Collect as many different types of paper as possible  
(one way of doing this is asking all pupils to bring a special type of paper from home). 
Investigate all the different types of paper. 
What are the differences? 
Can you tell what the paper is made of?
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You know that means of transport such as bicycles, scooters, sailing boats or skateboards 
can be made of different materials. You know that each material has its advantages and 
disadvantages. Steel, for example, is stronger than cardboard. Then again, cardboard is 
easier to process.

You will be tasked with making a design for one of the means of transport mentioned 
above by using natural resources that continually regrow.

You will then adapt your design into a scale model, such as a miniature sailing boat, 
bicycle or scooter. 

Use the step-by-step plan on the worksheet to carry out the assignment.

Design a bicycle, scooter or……. 
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New craze
Rainbow Loom, Scoubidou, Logobugs and Pogs were crazes that were very popular for a very brief time. 
They are often made of plastic and are sold in large amounts. What happens to all those materials after  
the craze dies down?

Assignment:
Think up a new craze for children between 10 and 12 years old. The craze consists of an activity that 
features natural materials. This assignment has 3 requirements.
 
 1. The material must be readily available. 
 2. The material is made of natural raw materials.
 3. The other pupils in class think it is a great idea.

Tip:  First, investigate the crazes: What makes them so popular?  What are the properties of the materials?  
Why do people like using these materials? Use the step-by-step plan on the worksheet.

Bio-based lesson programme
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Wrapping paper that you can pass on
Wrapping paper is always used for a very short time. The salesperson wraps 
something in the shop, you unpack it and throw the wrapping paper away.  

It is quite a waste of paper!

Assignment

Design a way of packaging gifts that you can use over and over again. 
It does not need to be made of paper. You can make it look nice so 
that people will want to use it over and over. It would be best to make 
the packaging from natural materials. Use the step-by-step plan on the 
worksheet to carry out the assignment.
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Well insulated
Concrete and brick are used to build most houses. These days houses are well insulated with glass and 
rock wool. This allows only a small amount of heat to escape from the houses. These materials have many 
advantages: they are light, water-repellent and cheap. People are increasingly interested in using natural 
materials, such as straw, hemp, flax and loam for building and insulation. Using these materials for construction 
has advantages such as:
 
• the low energy costs of using these materials
• the materials being renewable
• the materials being recyclable

Assignment
Design your future home. Show what you will use to insulate your house and how. Show the following in 
your design:
1. Which layers make up each part of the house. 
2. The thickness of the layers.

You only use natural materials from your area.
Use the worksheet to carry out the assignment. 

Extra assignment, in-depth assignment
1. Investigate which building materials different animals use to make their nests.
2.  Find out which materials the nomads on the steppes in Mongolia use to build their tents. 

Which materials did they use? How did they process them?
3.  Watch the following video clip:  

“How to build a Straw Bale house”. H. Tang 1:51https://www.youtube.com/watch?v=4LU0vIitCwo
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Natural fibres
These fibres come from plants such 
as cotton, hemp or flax. Animals also 
produce fibres such as wool, silk, 
angora or cobwebs. Natural fibres are 
used for many things such as clothing, 
furniture, building materials and even 
money. The advantages of these 
fibres include production that costs 
little energy, less waste production 
and that the material breaks down in 
the area. These fibres are also lighter. 
A car made with sheet material that 
contains natural fibres is lighter than 
a conventional car of comparable 
size. This ensures that the car uses 
less fuel. That is why natural fibres are 
increasingly being used today.

Cotton (seed fibre)
The balls of cotton from the cotton 
plant look like white cotton balls. 
Cotton is still the most widely used 
resource in making textiles. Just 
check the washing instructions in 
your clothing.

Hemp (stem fibre)
There are several types of hemp, 
ranging from those that produce 
a lot of fibre to the well-known 
type that produces hashish. In the 
Netherlands, due to the climate, the 
fibre-producing plant was mainly 
grown on hemp fields for rope and 
canvas in the shipping industry. Hemp 
is an annual plant with green flowers. 
Hemp fibres are very strong and 
produce a fibre that is longer than flax 
fibres. These days, the use of hemp is 
increasing in things such as building 
materials.

Flax (stem fibre)
The flax family includes plants that 
have blue or white flowers which are 
used for their fibres. The fibres are used 
to make rope and linen fabric.  
Flax is mainly grown in Zeeland 
because of the type of soil and the 
maritime climate.

Stinging nettle (stem fibre)
Until the rise of cotton in the 16th 
century, we made clothes from nettle. 
These days, nettle fibres are being 
used in clothing once again.

Jute (stem fibre)
Jute is not as strong a material 
as hemp or flax. It is often used 
in packaging, rope and bags. 
'Sinterklaas’ (Saint Nicholas) usually 
carries a sack made of jute.

Coconut (fruit fibre)
Everyone knows about coconuts and 
that they grow on coconut trees.  
The tough fibre comes from the 
bark. The fibres do not absorb dirt or 
moisture, are elastic and lightweight. 
Everyone knows about coconut-fibre 
doormats. Brushes can also be made 
of coconut fibre.

Background information
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Bamboo (stem fibre)
Bamboo is a type of grass that mainly 
grows in China and Africa. It grows 
very quickly and is easy to harvest. 
It is light and very strong. It is used to 
make things such as floors, kitchen 
worktops and bicycle frames. If you 
crush it to a pulpy mass and comb it 
into fibres, you can use it to spin yarn 
and make soft clothing.

Sisal (leaf fibre)
We mainly know sisal due to the rough 
rope that loose fibres hang on.  
It is cheaper but weaker compared 
with hemp.

Wool
Wool is made from the fur of some 
animals, usually sheep. Wool is good 
at insulating heat because it retains 
air. It is well-suited to spin into a thread 
because the wool fibres easily hook 
into each other.
Most wool is produced in Australia.
Pure wool is relatively expensive. 
Acrylic is usually used.

Glass wool and fibreglass
Glass consists of sand, soda and lime. 
By significantly heating the mixture, 
you can create a liquid mass from 
which you can pull glass fibres. Glass 
fibre is often used as an insulting 
material as it withstands heat very 
well. 

Rock wool
Rock is significantly heated and the 
liquid mass is pulled into threads, 
which can be used to make rock 
wool. Rockwool is also an ideal 
insulation material as it withstands 
heat well and it repels both moisture 
and water.

Artificially produced fibres
In the nineteenth century, more 
chemical research took place. 
Since then, humans have used 
petroleum, coal and natural gas 
to make synthetic fibres such as 
acrylic, polyester, polyethylene, 
polypropylene and polyamide.

Fibre processing techniques
Fibres can be processed in several 
ways such as spinning and weaving 
of wool or cotton. Other examples 
include braiding, knotting, making it 
into felt or melting.

Fibres can also be processed into 
a composite: a material that is 
comprised of several substances 
such as a fibre that provides structural 
strength and a resin that holds the 
structure together.

Background information
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CHAPTER 3
MAKING THE MOST  
OF PLANTS
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Introduction
We make products in factories every day, 
including toothpaste, shoes, cars, medicines 
and newspapers. Many of these products 
contain raw materials from the petroleum 
industry. In the factory of the future, we will use 
naturally occurring raw materials that replenish 
themselves over and over instead of finite 
resources such as petroleum. These naturally 
occurring raw materials are returned to the 
cycle after use, which means that there is no 
actual waste anymore as the residues are 
continually reused.
It is also clever to use residual materials,  
such as those produced by the agricultural 
sector, to make useable substances again.

THIS CHAPTER CONSISTS OF 2 PARTS:

AIMS AND AUDIENCE

Part 1:  Use grass for more. 

Part 2:  Colour your world with natural materials.  

The lessons are suitable for primary school pupils from  
5 to 13 years old. The lessons cover technical subjects from 
different methods and main goals 42, 44 and 45 of primary 
education. The lessons can therefore effectively replace 
existing technology classes.
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Making the 
most of plants
Materials required

The research and design assignments are 
optional assignments in which the pupils follow 
a step-by-step plan. They can use the worksheet 
on the next page for this purpose. Before starting,  
consider whether you want the class to do the 
assignments in small groups, or whether you 
prefer doing 1 assignment together with the 
class as a whole. Pupils make their own proposals 
for the necessary materials and tools for these 
assignments.

It is useful to collect all materials. 
You can also do this with the pupils.

- Several types of grass

- Several types of insulating materials

- Ice cubes

- Sandwich bags

- Tubs with lids

- Saucers

- Spoons

- Yoghurt

- Food colourings (available at a general shop)

- Mortar and pestle

- Brightly coloured sweets

- Brightly coloured lemonade

- Pots

Pupils will also indicate what they think 

they need.
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USE GRASS 
FOR MORE
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Instruct pupils to bring a type of grass into class and not  
just some grass. Ensure that you yourself bring some 
different grass species in to class such as corn, reed, straw, 
hay or bamboo. 

You could also prepare some images of grass species  
to show on the interactive whiteboard.
You can find suggestions for video clips on pages 10 
and 11.

Pupils learn about grass and its many different applications. 
Pupils learn to brainstorm in groups.

Group discussion, assignment in small groups.

BEFORE YOU GET STARTED

TEACHING METHOD

LEARNING OBJECTIVES:

Introduction 
by the 
teacher 
(group discussion)

An example of bio-based thinking based on 
grasses such as garden grass, roadside grass, 
hay, straw, wheat, barley, bamboo and reed. 
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Introduction by the teacher
During this group discussion the teacher will ask the following: (1) What are grasses? The most 
common plant in the world. They grow all over the world, even in Antarctica. They have a 
hollow, round stem, long narrow leaves and the inconspicuous flowers form a spike, a raceme 
(cluster with no branches) or a panicle (loose cluster). (2) Take a good look at the grass 
species that were brought into class. Which similarities and differences do you see? (3) How 
many different kinds are there? The grass plant family has over 10,000 species, including all 
types of grain. (4) What do we use grass for? They form the basis of our food, for example. 
Grazing animals eat the stems and leaves of grasses. We eat rice or use grain to make bread. 
(5) Which applications of grass are there? That is the subject of the next assignment.

In short, there are many types of 
grass and we humans can use 
grass in many different practical 
and useful applications. 
After grass is used, including its 
use in products, these natural 
raw materials are absorbed 
back into the cycle.

15 + 30

GROUP DISCUSSION 
+

LEARNING ASSIGNMENT
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Learning assignment: grass

Divide the pupils into groups of 4. Give each group a sheet 
of paper that is divided into 4 sections and has a circle in the 
middle containing the word ‘grass’. The pupils will brainstorm 
to fill the 4 sections with examples of types of grass and 
applications thereof.

Example:
1. Food: cereals, bread and beer.
2.  Construction materials/Insulation: bamboo for 

scaffolding, pipes and furniture, straw for straw 
bale houses.

3. Fuel: elephant grass.
4. Other: grass for football pitches.

After the brainstorming session, make an inventory of what each 
group has written down.  

Consider whether we can think of more applications. This may 
be difficult for the pupils. The text box contains examples. 

Theme board
Set up a table on the theme of grass applications in the form 
of real objects, printed images and newspaper articles on 
the subject.

• Fibres for paper and cardboard.
• Proteins for animal feed.
• Roofs made of grass, grass mats.
• Bamboo: clothing, water pipes.
• Maize: starch for bioplastics.
• Sugar cane: sugar
•  Reed: roof thatching, chairs, baskets, musical 

instruments, constructed wetland.
•  Cut roadside grass: processing fibres in sheet 

material, burning it with other fuels.                                  
•  Chlorophyll as a natural dye (think about how you 

get green knees when you fall on the grass).

UNEXPECTED APPLICATIONS FOR GRASS

 
Possibility for follow-up assignment
The groups will continue to collect information on 
and applications for each type of grass. Which 
applications can they think of and potentially test?
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A video clip on using straw  
in construction:

How to build a Straw Bale house 
H. Tang

https://www.youtube.com/
watch?v=4LU0vIitCwo

Time: 1:51

Video clip about paper 
made from grass:

"Making paper from plants,  
beach grass". 

or
"How to make paper from plant fibres".

Time: 3 minutes

Video clips
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Video clip about bamboo:

"Build tree house with bamboo". 
https://www.youtube.com/

watch?v=XhrWmV-K-yQ

Time: 9:51

Video clip about building with reet:

Building Reeds Boats  
at Celebration Park. 

https://www.youtube.com/
watch?v=gRZ0pUrxM14

Time: 6:53

Video clips
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What do we use  
to insulate our 
houses?
We insulate most houses with synthetic materials such 
as rock wool, PUR foam or polystyrene foam. These are 
materials that are not made from natural raw materials. 
There are increasing numbers of people who insulate 
their homes with natural materials such as straw, wool, 
flax, cork or shells. 

Why would people do that?
•  It does not cost much energy to produce these 

materials.
• The materials grow back each year.
• The materials can be recycled after use.

During this experiment we will investigate which type of 
grass is the best for insulation. You can expand on the 
experiment by using other insulation materials.

Exper iment 1

Which material insulates the best?
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Shopping l is t

Exper i-
ment 1

Take a small tub and fill it 
halfway with pressed straw.

Fill the small tub to the brim  
with straw and press it in firmly. 
Put the lid on the small tub.

Take another small tub, put 3 ice 
cubes in a plastic bag and put 
the plastic bag inside the tub.  
Put the lid on the small tub.

Place the saucer and the 
little tubs together at room 
temperature.

Put 3 ice cubes in a plastic bag 
and put it on a saucer.

Put 3 ice cubes in a bag  
and put it on the straw.

#1

#3 #4

#6#5

#2

• grasses (e.g. hay, straw)
• other insulation materials 

(you can think of these 
yourself)

• ice cubes
• sandwich bags

• small tubs with lids
• saucers
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What is your conclusion? Which material insulates best?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Exper i-
ment 1

Questions
Make a prediction. What do you think will happen to the ice after 2 hours?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Carry out steps 1 to 3 of the experiment with different insulation materials. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Make a prediction of what will happen to the ice each time.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

#1

#2

#3

#4

Did you know that most insulation materials consist mainly of air?
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INTRODUCTION

In the past, on the southern 
plains of America, the Indians 
built what we call grass houses. 
They were round cabins with 
a wooden frame that was 
covered with grass. This kept 
it cool in the summer. Grass is 
still being used in construction 
today, such as when making 
grass roofs or construction panels 
made of compressed straw.

Bio-based lesson programme 
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A house 
made 
of  
grass
DESIGN
ASSIGNMENT 
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Make your own house

ASSIGNMENT
You are tasked with making scale models of a modern grass house from dif ferent 
types of grass.  The house must be able to withstand strong winds (f rom a hairdryer) 
and rain (f rom a water ing can).  Of course, you wi l l  test  this  out!

F i rst ,  do some research and sketch a design. 

Pay attention to the following things  
when creating your design:

• Which parts do you need?
•  Which type of construction do you need?  

What makes it sturdy?
• Which types of grass are suitable for building? 
 
Tip 
Use the following search terms when searching on the 
internet: ‘bamboo houses’ or ‘grass houses’.

Tests and questions
When you have completed your house, test how sturdy 
it is. Can the house withstand a severe storm? How about 
a heavy shower? How could you improve the design? 
Could you recreate the house at full scale as well? 
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COLOUR  
YOUR WORLD 
WITH NATURAL 
MATERIALS
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Introduction  
by the teacher
Before you get started:  
(Have 2 pupils prepare this in advance in a separate 
room.) 
You will need: 
• yoghurt
• food colourings (available at a general shop)
• small tubs
• spoons

The pupils will fill 5 tubs with yogurt and mix 4 tubs with 
different dyes, resulting in green, blue, red, .......... yogurt.

Collect several items in which dyes have clearly been 
used, such as a brightly coloured garment, a coloured 
soft drink, brightly coloured sweets, colourful toys or 
a book with a colourful cover. An old and a modern 
painting (image). Put all the items in the middle of 
the circle.

Learning objectives: 
Pupils learn about dyes  
and pigments. 

Teaching methods:  
group discussion

45
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2 pupils are to enter the classroom with the tubs of yoghurt. 
Instruct the pupils to rank the yoghurts on appearance from best 
to worst. Establish a system to allocate points.

Use the pupils’ responses to create a graph on the whiteboard/
blackboard. Which colours are the most and least popular in 
this group?

Conclusion: attractive colours can influence people's choices 
and companies apply this by using appealing colours in clothing, 
sweets and food.

Now have a look at the items that were brought into class.  
What was used to paint them?  Which dyes were used?  
How would you make paint? 
Now would be a good time to play the episode of Het Klokhuis 
titled ‘Verffabriek’.  
(http://www.hetklokhuis.nl/tv-uitzending/870/verffabriek) 
(Only available in Dutch).
This video clip explains how pigments were used to make paint 
and how paint is made in factories today.

87

In the past, painters used natural pigments and 
dyes of plant or animal origin. A dye easily adheres 
to fabric. Pigments and dyes can be of natural or 
synthetic origin. 

Pigments can also be of mineral origin (e.g. rock)  
and often have to be processed into a powder. 

Nowadays, synthetic dyes are widely used because 
the materials remain colourfast for longer under the 
influence of light and washing, for example, and 
there are more possibilities to make different dyes.

DYES

Coloured yoghurt

Bring the group discussion to a close. Which conclusions can we draw? You can also use dyes from plants and minerals 
for painting. What are the advantages of painting with plants? Explain that the class will be investigating natural and 
synthetic dyes. This will include research into the substances in plants that you can use for painting and how you can 
make your own paint with dye. 



Assignments 
on dyes
Next are several assignments 
that focus on investigative 
and design-based learning 
on the subject of dyes. Pupils 
will investigate natural and 
synthetic dyes in products. 
What is a food colouring, for 
example? Which colourings 
are used for this purpose? 
What is a synthetic dye?

Pupils will then start looking 
for dyes derived from plants. 
Which plants are suitable for 
this? Can you make your own 
paint with a natural dye? 
Pupils will investigate this in 
small groups.

Before you get started
Pupils submit a proposal 
for the materials and tools 
needed for the assignments. 
The condition is that the 
materials must be easily 
available. Prepare a sufficient 
number of copies of the 
worksheet.

Learning objectives:
Pupils must independently 
carry out a step-by-step 
plan and come up with 
solutions that include natural 
alternatives. Pupils learn 
about the properties of 
materials as well as how they 
are processed. Pupils learn 
to set up and carry out an 
investigation.

Teaching method
Optional assignment in smaller 
groups. Or: 1 assignment 
together with the class as 
a whole.

Time
The assignment consists of 
2 parts:
- come up with a plan
- carry out the plan

The pupils can estimate  
how much time they need 
to complete the assignment. 
They should inform the 
teacher of this.

Introducing the assignments
Explain that each pupil in 
the class will work on an 
assignment on their own. 
Hand out copies of the 
worksheet to the pupils 
and then go through the 
assignment with them step  
by step. Make sure to point 
out the tips to the pupils as 
these can provide direction 
for the assignment.
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Food colouring 
in sweets

Introduction
Manufacturers add colouring to sandwich fillings, 
pudding, soft drinks, yoghurt drinks and sweets to make 
them appeal to consumers. There are different ways 
to colour foods. 

Assignment

1) Investigate what you can use to colour products. 
2) Which classification can you make? 
3) Which conclusions can you draw?

Present the results of your investigation to the class and 
make a recommendation: which 
sweet / lemonade / yoghurt drink would you recommend 
to your classmates and why?

Questions

1)  Did you come across any E-numbers during your 
investigation? 

2) What does the term E-number mean?



Painting with dyes 
derived from plants

Introduction

By now you already know that you 
can colour materials with a pigment or 
a dye. A dye easily adheres to fabrics 
(textiles). You can easily obtain dyes 
from plants. Pigments, such as those 
derived from soil or stone, must first be 
ground with a pestle and mortar. 

Assignment

1)  Consider and investigate from 
which plants you can obtain 
dyes for colouring. 

2)  Investigate how you can 
easily obtain substances from 
a plant. 

3) Make a dye.

Tip

Every day, you probably come across 
plants that contain substances you can 
use to make dyes. Have a look in your 
kitchen or in the fruit bowl.

Make several dyes which you can use 
to make a piece of art together.

Information

The pigments are found in the cells  
of plants. By doing something such  
as grinding or heating the plant,  
its cells fall apart and the pigments  
are released.
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Making your own paint

Introduction

If you want to make your own paint, 
there are several ways to do so. 
In ancient times, egg yolk, water 
and pigment were mixed into what 
they called egg tempera. Egg yolk 
is an oily substance that ensures the 
paint remains supple. This paint spoils 
quickly. To prevent that, the painter 
also added vinegar.

This egg tempera was later replaced 
by oil-based paint, such as a paint 
that was made by adding linseed oil 
to pigment.

You can easily make your own paint 
with oil, water, a dye and chalk or 
plaster. 

Assignment

1) Create a recipe to make paint from 
natural materials. Use the internet for 
research or ask someone who knows 
more about it. Remember that the 
materials should be easily available.

2) If another group from the class  
has been instructed to make a dye, 
you can add it to the paint later.

3) Have your recipe approved by  
the teacher. Collect the materials  
and make the paint.

4) Make a beautiful painting with  
the homemade paint (on real linen).

Tip

• Try out different recipes. 
• Exchange these with other 

groups. 
• Try to find the perfect recipe 

together.



In-depth assignment

Jeans

How many pupils in your class are 
wearing jeans? How many different 
shades of blue do you see?

Nowadays, jeans all look different 
and come in all sorts of shades 
of blue. Jeans undergo many 
treatments in order to look so nice. 
This often requires a lot of water.

Assignment

You are going to investigate what 
was previously used to dye jeans 
and how it is currently done. Jeans 
are often made in India or China. 
Always consult multiple sources.

Put together a small presentation  
of your investigation and show it to 
the class.

Tip

Use plenty of pictures in your 
presentation, such as images of the 
plants that were previously used to 
dye the fabric. 
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How are colours 
structured?

Assignment

Collect the following materials: several white coffee filters, scissors, different 
brands of felt-tip pens, tall glasses, water, cocktail sticks and your homemade 
dyes!

Cut the filter into strips and use a different colour of felt pen or paint to dot  
each strip about 1 centimetre from the bottom.

Use a cocktail stick to hang the strip of coffee filter so that the dot is at the 
bottom of the bowl of water.

What will happen? Tip
You can also find a description 
of this experiment (with further 
information) on proefjes.
nl (‘gekleurde stiften’) and 
C3.nl/kids (only available 
in Dutch).
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BACKGROUND
INFORMATION
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Grasses
The grass family is large and contains many species. 
There are over 8000 species spread over the entire 
world. Grass is an important source of food for 
grazing animals as well as humans. Humans can only 
digest grass seeds. Grass has many other important 
applications.

Natural dyes
Natural dyes are created by plants, fungi or animals. 
Many plants contain substances that you can use for 
painting. The dye comes from the root, leaves, flower  
or bark. Examples of local plants that are easy to find 
and from which dye can be made are: 

Nettle (whole plant), parsley (whole plant), cleavers 
(root), sorrel (root), elder (berry, leaf), tansy (flowering 
top), onion (skin), walnut (cap and skin), turmeric (root). 
Vegetable and fruit residues such as peppers, red 
cabbage, carrots, beetroot, spinach and berries.
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Natural pigments
Pigments can be found across the world. Pigments 
can be derived from plants, animals and minerals. 
Pigments often have to be processed into powder,  
for example by cutting or filing them down, after 
which a cohering agent can be used to bind them.  
A pigment usually does not dissolve in water. 

Some examples of pigments are:
• Plant-based: madder, indigo or charcoal
• Animal-derived: sepia or bone black
• Mineral: green earth, brown earth or ochre.

Synthetic dyes
Most dyes are chemically produced in a laboratory. 

E-number
This is a code for an additive that has been approved 
for use in the European Union. The 'E' stands for 
European.
The E numbers 100 to 199 all function as dyes.

Imprint
General: Centre of Expertise Biobased Economy, 
a partnership between Avans University of Applied 
Sciences and HZ University of Applied Sciences.

Website: www.coebbe.nl

Contact person: Margot Verwei: info@coebbe.nl

Designed by BriljantNet

Source: Het aanverven van textiel
A. H. Luiken TNO Industrie

Year of publication: 2016, revised in 2017
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CHAPTER 4
THIS WILL GIVE YOU 
SOME BIOENERGY!



Bio-based lesson programme 
This will give you some bioenergy!98

CONTENTS
P99

PROGRAM 
AND REQUIRED 
MATERIALS

P109P101

P120

P105

P129P125

SOME QUICK 
CALCULATIONS 
WITH BIOMASS

BIOMASS AND 
BIOENERGY

USING WASTE 
TO PRODUCE 
ENERGY

ENERGY RESOURCES 
THROUGH  
THE CENTURIES

SOURCES  
AND IMPRINT

BACKGROUND 
INFORMATION



Bio-based lesson programme 
This will give you some bioenergy! 99Bio-based lesson programme 
This will give you some bioenergy! 99

Programme
The teacher introduces the topic with a group 
discussion. To find out more about the theme, 
you can watch the video clips or review the 
included background information. The video 
clips are also noted separately with each 
assignment.

Pupils can carry out the experiments and 
assignments in small groups or individually:  

As the pupils carry out the assignments, they 
will learn about green energy sources for fuel 
and electricity. This chapter ties in with subjects 
such as history, geography, mathematics and 
technology. Pupils will investigate which energy 
sources were used in the past and solve maths 
problems using units such as kilojoules and 
kilowatt hours. Pupils will design a power station 
and build it.

THE CHAPTER CONSISTS OF THE FOLLOWING:

AIMS AND AUDIENCE

• Biomass and bioenergy.
• Energy resources over the centuries.
• Calculations with biomass. 
• Using waste to produce energy. 

The lessons are suitable for primary school pupils from 5 
to 13 years old. The lessons cover technical subjects from 
different methods and main goals 42, 44 and 45 of primary 
education. The lessons can therefore effectively replace 
existing technology classes.
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Materials 
required
The research and design assignments are 
optional assignments in which the pupils 
follow a step-by-step plan that is that is 
derived from the design cycle created 
by Wetenschapsknooppunt Zuid-Holland 
(a collaboration to foster the inquisitive attitude 
and curiosity of children and future teachers). 
They can use the worksheet for this purpose. 
Before starting, consider whether you want the 
class to do the assignments in small groups, 
or whether you prefer doing 1 assignment 
together with the class as a whole. Pupils make 
their own proposals for the necessary materials 
and tools for these assignments.

-Materials for drawing and writing

-A computer with internet access

-Materials that the pupils themselves suggest

-A 0.5-litre plastic bottle

-A round balloon

-Dried yeast

-Sugar

-A set of digital scales

-A measuring cup

-A small spoon

-Vegetable, fruit and garden waste

-Resealable plastic bags
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BIOMASS AND 
BIOENERGY
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Read the introduction and 
go through the background 
information (at the end of 
this chapter).

BEFORE YOU GET STARTED

Group discussion.

TEACHING METHOD

Pupils learn how energy has 
been generated over the 
centuries. What is biomass 
and how we extract energy 
from it.

LEARNING OBJECTIVES

Introduction  
by the teacher
(group discussion)

Energy is something you work with on a daily basis, whether you realise it  
or not. The TV or your mobile phone charger are not the only things that 
need energy: you yourself need energy, too. You eat and drink to move, 
to learn or to do other activities. Mopeds, cars and aeroplanes also need 
energy in the form of fuel. 

Fossil fuels such as coal, petroleum and natural gas are forms of stored 
solar energy. They are the remains of plants that received solar energy 
millions of years ago, died and – over a long period of time – changed 
into the fossil fuels that we use today as an energy source. These fossil 
fuels are running out, which is why we are looking for other sources of 
energy on earth. One of the alternatives is using biomass as an energy 
source. Biomass is a collective term for mainly plant-based substances and 
products, but these could also be from animals. This biomass can replace 
fossil fuels in various ways.



Bio-based lesson programme 
This will give you some bioenergy! 103103

Introduction  
by the teacher
During this group discussion the teacher will ask the 
following: 
Which things do we use energy for? 
Look around. Examples include heating, light, movement 
and the computer. Where does this energy come from?
In order to obtain energy, you need an energy source. 
Examples of energy sources are: the sun, the wind, gas, 
petroleum and coal. 
Which of these are renewable energy sources? And what 
are fossil fuels? What is a disadvantage of using fossil 
fuels? Fossil fuels will eventually run out. Another problem 
is the emission of CO2 (carbon dioxide) and, as a result, 
the greenhouse effect. How can we address this? Use 
alternative energy sources (as well as reduce energy 
consumption). Biomass could be used as an energy 
source, for example. But what is biomass? Biomass is dead 
plant or animal material that can be used as a source 
of energy. One example is the fermentation of sewage 
sludge, which releases biogas. Check it out on: https://
www.engie.com/en/businesses/gas/biogas/

You can also watch the video clips that accompany 
the assignments to find out more about biomass and 
bioenergy.

20

GROUP DISCUSSION
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Video clips Energy explained
Energy explained: where does it come from and 
how much do we use?  
https://www.youtube.com/watch?v=ejI4yia-YOY
(Duration: 3:25)

Biomass, renewable energy
Biomass, renewable energy 101:  
biomass electricity (green mountain energy)  
https://www.youtube.com/watch?v=nVl17JLn_u0
(Duration: 1:30)

Fossil Fuels
Fossil Fuels 101 (student energy):  
https://www.youtube.com/watch?v=zaXBVYr9Ij0
(Duration: 2:42)

How biomass works
How biomass works  
https://www.youtube.com/watch?v=-jln6yi7LF0
(Duration: 3:23)
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ENERGY RESOURCES 
OVER THE CENTURIES
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Information  
for the teacher
For this assignment, the pupils will investigate which 
energy sources were used by people in the past as well 
as those used in the present. They can think of their own 
time allocation for this assignment. It would be easiest 
for them to work with the same timeline they use during 
history lessons. This may enable them to combine some 
of the historic periods.

If the pupils do not discover it for themselves, you can 
hint that dried peat was previously used as a fossil fuel.

Materials required
Paper, pens, pencils and computers with internet 
access are required for this assignment. 

Watch the following video clips together:
•  Energy explained: where does it come from and 

how much do we use? (duration: 3:25)
• Fossil Fuels 101 (duration: 2:42)

Lesson objectives:
• Pupils learn to collect data and present it in an 

attractive and clear way.
• Pupils learn about the origin and use of energy 

sources in the past and present.

Teaching methods:
Assignment in small groups.

Afterwards: 
When discussing the presentations, it is important for the 
class to draw conclusions together. 

Consider the following questions: What do you notice?  
What caused it? Why is that the case? Do you think this is 
linked to...? What is important here?

452x
at least 2 x 45 minutes, 
depending on how in-depth  
the investigation and the 
presentation will be.
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INTRODUCTION

In the past, we used biomass as 
an energy source.
Naturally, the simplest example is 
lighting a campfire for heat and 
warmth. Wood was and still is an 
important fuel!

As time progressed, other 
energy sources were also used 
for lighting, heating or cooking. 
Which energy sources do we 
use  nowadays?

Energy 
resources 
over the 
centuries

RESEARCH
ASSIGNMENT  
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Assignment 1

ASSIGNMENT
Invest igate which energy sources people have used s ince the beginning of 
humankind and st i l l  use today. What are these energy sources used for?

• Discuss amongst yourselves how you can 
process the information in a presentation 
while using plenty of images.

• Present what you have worked on to the 
class and teacher.

• Include at least 5 energy sources.
 
Tip 
You can expand your assignment by noting 
where each energy source comes from.
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SOME QUICK 
CALCULATIONS 
WITH BIOMASS
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Information  
for the teacher
Introduction 
Below you will find several maths problems on the 
topic of converting biomass into energy. This includes 
concepts such as kilojoules and kilowatt hours, which 
may be new to you. The maths problems are quite 
simple, but may seem more difficult due to the use of 
these units.

Before you get started:
Explain the terms by using the following information:

Food and biomass can provide energy, heat is released 
when something is burned for example. 

In order to be able to compare these forms of energy, 
the amount of energy is indicated in kilojoules (which is 
often abbreviated to kJ). 
Electricity is often expressed in Watts: the amount of 
energy per unit of time. 
Kilowatt-hour (kWh) is means 1000 watts of energy are 
used during 1 hour.

Lesson objectives:
• Pupils learn about the units kilojoules and kilowatt-hours. 

Pupils learn to solve maths problems with these units.

Teaching methods:
With the class as a whole or as individual maths problems.

45
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Assignment 2

1. WHAT GIVES YOU ENERGY?
You may have eaten a peanut butter sandwich today. 
A small jar contains 200 grams of peanut butter.  
These 200 grams of peanut butter contain energy, 
6000 kilojoules in fact.

a) During P.E. classes you use 3000 kilojoules per hour.

  How much peanut butter do you have to eat to be able 
to do P.E. for 1 hour?

b)  If you run at a speed of 10 kilometres per hour you will 
also use 3000 kilojoules per hour.

  How many kilometres could you run at a speed of 
10 kilometres per hour if you eat 1 small jar of peanut 
butter?

2. USING GRASS TO PRODUCE ENERGY.
A power plant can convert the energy in biomass into 
electrical energy (electricity). We often use kilowatt-hours 
to measure electricity. 

a)  If you cut the grass on a football pitch, you will have 
100 kilograms of grass. This grass contains energy, 
namely: 1800 kilojoules.

  The grass is biomass and can be used as fuel in 
a biomass power plant. 

  The power plant converts the energy from the grass into 
electricity (kilowatt-hours). Assume that 3600 kilojoules 
are equal to 1 kilowatt hour.

  If you watch an hour of television, the TV uses 
0.1 kilowatt-hours of energy. 

 How many hours of television could you watch from   
 the energy generated by using the grass cut from the   
 football field?

111Bio-based lesson programme 
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3. USING WOOD TO PRODUCE ENERGY.
A biomass power plant can also use wood as fuel. 
The energy in the wood is converted into electricity. A kilogram of 
wood provides 4 kilowatt-hours of energy. 

a)  Charging a mobile phone requires 0.01 kilowatt-hours of energy.

  How often could you recharge a mobile phone with the energy 
provided by 1 kilogram of wood?

b)  In your home you use about 3200 kilowatt hours of electricity 
in 1 year. You can ask at home: how many people are in your 
household and how much energy does your household use 
each year?

  How many kilograms of wood would be needed to provide 
1 household with energy for 1 year?

Did you know that a lamp with an electric capacity of 1 watt consumes 1 joule of electrical energy per second?
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BUILD YOUR OWN 
BIOMASS POWER PLANT 
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Information  
for the teacher
During this assignment, pupils will investigate what they 
can do with 1 kilogram of biomass. 
It is up to the pupils to decide how to get biomass from 
their local area. 

After they have done so, they must think of and 
build a simple set-up to demonstrate to the class 
how they can process and convert the biomass into 
energy. They can use the step-by-step plan on page 
20 that is derived from the design cycle created by 
Wetenschapsknooppunt Zuid-Holland (a collaboration 
to foster the inquisitive attitude and curiosity of children 
and future teachers).

Before you get started:
Ensure you have a sufficient number of copies of the 
worksheet to hand out. Watch the following video clips 
together:

• Biomass, renewable energy 101: biomass electricity 
(green mountain energy) (duration 1:30)  
(https://www.youtube.com/watch?v=nVl17JLn_u0)

• Renewable energy 101: (student energy)  
(https://www.youtube.com/watch?v=T4xKThjcKaE

• How biomass works (duration 3:23)  
(https://www.youtube.com/watch?v=-jln6yi7LF0

Lesson objectives:
• Pupils learn how to follow a step-by-step plan to create 

a design and implement it.
• Pupils learn what biomass is.
• Pupils obtain a general impression of how a biomass 

powerplant works.

Teaching methods:
Design assignment in small groups.

Tip: 
By going through the maths problems with the class first, they 
will learn that a certain amount of biomass can produce 
a certain amount of energy, for example in the form of 
electricity.

??

The assignment consists of 2 parts:
1) Come up with a plan and 2) Carry 
out the plan.
The pupils can estimate how much time 
they need to complete the assignment. 
They should inform the teacher of this.
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Assignment 3
Build your own biomass 
power plant 

You are going to investigate what 
you can do with 1 kilogram of 
biomass that you collect close to 
your school or home. 

What needs to be done with 
the biomass before electricity is 
generated?

Assignment 

Think of and build a set-up to 
demonstrate how you can 
process and convert biomass into 
electricity. 

Use the step-by-step plan on the 
worksheet.

Tip

Investigate which resources are used 
in a biomass power plant.

115Bio-based lesson programme 
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PRODUCING BIOGAS 
WITH BIOMASS

INTRODUCTION

Biogas is a fuel that can be 
used in power plants, cars or 
for cooking at home. 

Biogas can be produced 
by fermenting biomass. 
Fermentation is a way for 
bacteria to convert organic 
material (such as plants or 
manure) into biogas. 

photograph: component of a biogas tank



Information 
for the 
teacher
During this experiment 
pupils will see how gas can 
be made. By mixing yeast, 
sugar and water (typically 
warm) in a bottle, a reaction 
is triggered which releases 
carbon dioxide. The gas is 
captured in a balloon. 

Carbon dioxide is not 
harmful, but do not inhale it 
directly from the balloon.

When biomass such as 
manure, sewage sludge or 
vegetable, fruit and garden 
waste is fermented, a similar 
reaction occurs in which 
methane gas (a suitable 
biofuel) is produced.

Preparation
Ask each pupil to bring the 
following into class: a 0.5-litre 
plastic bottle, a balloon, 
2 bags of dried yeast (or 
approx. 20 grams) and a bag 
of sugar (about 20 grams).
This assignment also requires 
water (preferably warm), 
several digital scales, 
measuring cups and spoons.

Before you get started
Explain that we are going 
to investigate how gas is 
made. Use the information 
from the introduction to 
clarify this.

 
Divide the class into groups. 
Decide how many grams 
of yeast and how many 
grams of sugar each group 
should weigh and add to 
the bottle. 

Lesson objectives
• Pupils know an example 

of how gas is generated.
• Pupils independently 

carry out a practical 
assignment in which 
they learn to work with 
variables.

• Pupils learn how to 
interpret data and draw 
conclusions.

Teaching method
Group assignment, but 
the practical assignment is 
carried out independently.

Tip: Pupils can make 
predictions in advance such 
as: if we use more yeast, 
then...

Afterwards:
Together, look at the size of 
the balloons. What do you 
notice? Which conclusions 
can you draw? 

Please note: when you are 
cleaning up, do not take 
the balloons off the bottles. 
Instead, carefully empty 
them at a sink. Otherwise 
the results will be messy.

20 + 60

EXPERIMENT 
+ 

WAITING TIME

The first part of the assignment 
takes between 15 and 
25 minutes. After that, put the 
bottle away and you can 
start another activity in the 
meantime. After about an hour, 
the results can be viewed.
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Producing biogas with biomass

Exper iment 1

How can gas  
be produced?

During this experiment, pupils will see how gas can be 
produced. The gas that is produced is carbon dioxide.
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Shopping l is t

Gist Suiker

0,00 gr

Exper i-
ment 1

Weigh out the yeast and sugar. 
You determined the amount 
with the teacher. Always make 
sure that the scale is set to '0' 
when you weigh something. 
Add the yeast and the sugar 
to the bottle.

Put the balloon on the bottle. 
Carefully shake it just a little bit!

Wait for roughly 1 hour and then check to see what happened.

Note which quantities you used 
and leave that information with 
your bottle. Put the bottle away.

Mix in about 100 ml of warm 
(approx. 35°C) water.

#1

#3 #4

#2

• yeast
• sugar
• warm water and cold 

water if necessary
• an empty 0.5-litre bottle
• a tea spoon

• a round balloon
• a measuring cup
• a set of digital scales
• paper to put the yeast 

or sugar on while you 
weigh them

0,00 gr
Yeast Sugar

Yeast Sugar
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USING WASTE  
TO PRODUCE ENERGY



Information  
for the teacher
You can use biomass to make fuels such as biogas and 
biodiesel. There is an ongoing debate as to whether 
this happens at the expense of valuable agricultural 
land. For this experiment we will use vegetable, fruit and 
garden waste as biomass to produce biogas. Which 
conditions lead to the highest gas production?

Before you get started:
Collect fruit and vegetable peels as well as resealable 
plastic bags. 

Tip:
Discuss in advance how you will carry out the 
experiment. What will you collect? what will you put in 
the bags and where will you put the bags? Moisture, 
water, light and temperature can influence the process.

Lesson objectives:
• Pupils know an example of how gas is generated.
• Pupils independently carry out a practical assignment 

in which they learn to work with variables.
• Pupils learn how to interpret data and draw 

conclusions.

Teaching methods:
The experiment can be carried out in different ways such 
as a demonstration in front of the class, or in small groups.

Afterwards: 
Wait a week and then look at the results before discussing 
them together. Which conclusions can you draw?

10
Carrying out the experiment will take 
roughly 10 minutes. Then, observe the 
bags with the vegetable, fruit and 
garden waste with the class for roughly 
1 week.
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How does smelly 
vegetable, fruit and 
garden waste turn 
into biogas?
The next experiment will show you another way in which 
gases can be produced. A mixture of different gases, 
called biogas, is created.

If you have an organic waste container at home or  if 
you have passed a household waste recycling centre, 
you have probably noticed that fruit, vegetable and 
garden waste is smelly. 
 
The smell is caused by the fact that as the waste 
biodegrades, stinking gases are produced.

Exper iment 2

Using waste to produce energy
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Shopping l is t

Exper i-
ment 2

Put roughly 50 grams of peelings 
in a resealable plastic bag.

Place 2 bags in a warm 
(room temperature) location 
that receives direct sunlight. 

Place 2 bags in a warm 
(room temperature) location 
that does not receive direct 
sunlight (shade). 

Place 2 bags in a warm 
(room temperature) location 
in the dark. 

Check the bags every day to see 
what is happening. After about 
a week the most noticeable result 
will be visible. Compare and 
discuss the results. 

Squeeze all of the air out of the 
bag and then seal it airtight.

#1

#3 #4

#2

• fruit or vegetable peels
• resealable plastic bags
• Water

7
days
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BACKGROUND
INFORMATION
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Renewable energy sources
There are various sources of sustainable energy including 
the wind (for wind energy), the sun (for solar energy), 
water (for tidal energy and hydropower plants such as 
dams or waterfalls) or biomass.

Biomass
Biomass is dead plant or animal materials that can be 
converted into energy. Examples of biomass include: 
wood cuttings, vegetable, fruit and garden waste as 
well as chicken, pig or cow manure.

Biomass can be classified as wet or dry biomass.

• Dry biomass comprises things such as wood pellets, 
sawdust or vegetable, fruit and garden waste, 
which is often burned in a power plant.

• Wet biomass is a moist material such as manure, 
fresh vegetable, fruit and garden waste or sewage 
sludge. This biomass can be dried or fermented 
into biogas.
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Processing biomass
Biomass must be processed before it can be used.

Grinding: when you grind down pruning waste, 
you can process it into wood pellets.
Fermentation: is done in an airtight space with 
bacteria. This process creates biogas 
(methane gas, the foundation of natural gas).
Compression: by compressing wood waste or waste 
paper into compact blocks, you create a material 
that burns for longer.

Vegetable oils and fats
Rapeseed oil or sunflower oil is an example of a 
vegetable energy source that can be used as a fuel 
for vehicles. 

Fossil fuels
Coal, natural gas and petroleum are fossil fuels. 
Coal is used as fuel in coal-fired power stations to 
generate energy (electricity) and to produce heat. 
Natural gas is also often used in power stations, for 
heating houses or for cooking. Petroleum is often 
processed into plastics and transport fuel for cars, 
ships or aircraft.
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Disadvantages of fossil fuels
Using fossil fuels releases CO2 (carbon dioxide) that has 
been stored for millions of years and was not part of the 
current carbon cycle. This intensifies the greenhouse 
effect. In addition, fossil fuels will eventually run out, and it 
is predicted that this will happen between 2050 and 2100. 

Electricity or electric current
In the Netherlands, (almost) all households are connected 
to the electricity grid. Most of the electricity is supplied 
by power plants that produce heat by burning fossil fuels 
such as coal or natural gas or burning biomass. The heat 
generates steam that powers a turbine, which is attached 
to a generator that generates electricity.

Peat
Peat consists of old, dead plants in swamps that have 
been preserved in a wet, oxygen-deficient environment. 
If you dry it, you can use it as a fuel. Peat that is deep in 
the soil and kept under high pressure at high temperatures 
becomes lignite or coal.

Fermentation
Fermentation is a way for bacteria to convert organic 
material (such as plants or manure) into biogas. This is a 
natural biodegrading process. Fermentation generally 
only occurs without the presence of oxygen. If oxygen is 
present, we call it composting.
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