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Teachers manual secondary schools: Single Use Plastic Waste

Preparing young people for a future of circularity

WP C deliverable 5.1


Teachers Manual Secondary Schools



Preparing young people for a future of circularity

One way to reduce our plastic consumption and build a circular economy in the future is to make today’s children aware of the amount of plastic we use and throw away. Most people have little idea about the amount of plastic waste generated in particular, that they as individuals use, let alone the scale of plastic that ends up in landfills or the environment across the world. Few also realize that many types of plastic can be recycled and turned into useful products and then recycled again and again.

Against this background, a set of lesson plans have been designed to teach children about the positive and negative aspects of plastic, how they can reduce their personal consumption of plastic, and how and what types of plastic can be recycled. Today’s children are, after all, the ones who will have to embrace the concept of recycling and circularity and move it forward into the future. 
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TRANSFORM-CE, an Interreg NW Europe funded project, created this lesson plan. In this teacher’s manual you will find guidance on how to deliver the lesson plan. The lessons are on recycling and circularity for children in secondary schools aged 12 to 14 years old and will be used in United Kingdom, Germany and The Netherlands.

































Introduction
[bookmark: _Toc501116468]We use a lot of plastic. Plastic can be convenient to use, but it often becomes waste, ending up in landfill or being burned for energy, it may even find its way into the environment, polluting our oceans, rivers, and landscapes. In addition, the raw material we use to make plastic, petroleum, is not only environmentally damaging but will eventually run out. So, we have to use this raw material more wisely. Fortunately, we are working hard to recycle waste plastic, by turning the raw materials into a new product. So no more; take-make-use-discard. Instead, with new techniques, which can be applied locally, plastic waste can be turned into new products. 

Indeed, plastics can be used up to ten times, which makes it almost comparable to the recyclability of glass. By using less single use plastic, we can enjoy the benefits of plastic for longer. 

This set of lessons focusses on the recycling of plastic waste, which is a key mechanism in achieving a circular economy. Students will explore: what kinds of recycling techniques there are, why is recycling necessary, and what can you do to reduce your own use of plastic? 

Secondary schools:
Time:		90 – 120 minutes
		The lesson can be broken up into parts (1- 4 and 5 - 7)		
Age: 	 	Students aged 12–14 years old
Subjects: 	Technique, crafts, social studies, drawing/art

In advance:
· Print attachment ‘Product design’ for each student. This contains the assignment for part 7; make your own design. 

Needed: 
· The PowerPoint. This helps to carry out the educational activities with the students. View the PowerPoint beforehand to make it easier to teach.

[bookmark: _Hlk123036190]Goal of the lessons
These lessons contribute to a better knowledge of the circular economy, with a focus on recycling. More (lesson materials) on the circular economy can be found here:
· https://ellenmacarthurfoundation.org/

Learning goals:
The students:
· Can explain how new plastic is being made.
· Can explain how recycled plastic is made with the IEM and AM technologies. 
· Can explain how they can contribute to the recycling plastics themselves.
· Can make a design for a recycled product with IEM or AM.
· Are aware of the value of plastic.
· Are prepared to handle plastic consciously.
· Can formulate an opinion on the use of plastic and recycling.
· Can name 5 environmental impacts of not recycling plastic waste: consumption of finite resources, plastic pollution, microplastics in the food chain, infrastructure disruption, release of carbon dioxide (a greenhouse gas) into the atmosphere leading to climate change (in case of incineration).

Concepts, that are taught of used: 
· Single use plastics
· Intrusion Extrusion Moulding (IEM)
· Additive Manufacturing (AM)
· Higher quality plastic
· Lower quality plastic
· Circular
· Waste = resource
· Reduce
· Reuse
· To recycle
· Optional: plastic footprint, 10R-ladder
















Roadmap

	[bookmark: _Hlk115425211]Activity
	Description
	Indication of time
	PowerPoint slide

	Introduction	
	

	1. Mind map
	Write down all associations and knowledge about plastics in a mind map.
	10
	4

	2. Role model
	The inspiring story of The Plastic saver
	10
	7

	3. Plastic hunt
	Take three pieces of clean plastic to class and divide them in a contest in groups into the right plastic types
	10
	8, 9, 10 and 11

	Central part
	

	4. Our plastic production process, now and in the future
	What does the current process look like and how will it be in the future. Explanation on circular and linear. 
	
	13

	5. R-ladder
	Deep dive into how we are moving towards a circular economy with the help of the R ladder.

	
	14

	6. Plastic recycling techniques
	Deep dive into the production process and recycling of plastics, videos, photos , infographics and interesting facts as examples 
	20
	15, 16, 17, 18, 19 and 20

	7. Make your own design
	Make a product out of PET-bottles
	30
	22, 23 and 24

	Wrap-up
	

	8. Reflection
	Look at your own life: what can you do differently?

	10-20
	25 and 26

	Optional 
	Excursion to plastic fab lab, “Plastic Fantastic” truck or other place.
	
	


[bookmark: _Toc501116469]Welcome!
Watch the introduction video https://www.youtube.com/watch?v=ViEKQA9G0Ys&t=1s
Mind map (slide 4)
Goal:  activating existing knowledge.

· The whole class or in groups of 4 students.
· Write the work 'plastic' in the middle of the board or paper.
· Write around it all associations with the word plastic: knowledge about plastic, positive associations, negative associations, what is plastic?

Save the mind map, so it can be looked at again by the students at the end of the lesson. 

	When making the mind map, a good balance between positive and negative (properties/associations/) is desired. Possible questions for the students;

1. Plastics are nice because….? (Keep something dry, clean, and fresh, it can be flexible, hard and supple, etc.)
1. What's annoying about plastic? (It does not digest, plastic soup, litter, etc.)
1. What do you do with the plastic waste after use?
1. Types of plastic: hard/soft
1. Types of plastic packaging: throw away or reuse (lunch box)
1. What is plastic made of? (Petroleum, now also increasingly from plant material)
Check with the students whether there are positive and/or negative relationships between the different words in the mind map. Connect the positive or negative words together.




Conclusion: Review with the students which good things they have noted. The more open and positive, the more motivated they start!
Role model (slide 7)
Watch video 2 about the Plastic Saver. 
The inspiring story of the Plastic saver.
https://www.youtube.com/watch?v=CtWfYm5UxHU




The Plastic Hunt (slides 8, 9, 10 and 11)
Goal: awareness of single used plastics in your own life.

In everyday life we ​​throw away more than we realize. In particular, single-use plastic end up in the rubbish bin after just one use. In order to be able to recycle this flow of plastic, the plastics must first be sorted.
[image: Afbeelding met tafel

Automatisch gegenereerde beschrijving]
Homework assignment
· Take two clean pieces of plastic with you from your home to school
· Clean them yourself (this is part of recycling plastic). 

In the classroom
· Make groups of 4.
· Throw all pieces on 1 table as a team, select them per category (tally list in class, see figure 1 and appendix 1).
· Set a timer, see which group is fastest in dividing into types of plastics. 

Discuss the questions with the students:
· What is an advantage of so many different types of plastic?
Answer: you can make many different products from plastic. From shampoo bottles to water bottles.Figure 1: Tally list

· What is a disadvantage of recycling?
Answer: If there are too many types, recycling becomes more difficult. The fewer types of plastic, the easier it is to recycle.
·  What should be done in the recycle plant with so many types of plastic?
Answer: All types of plastic must be separated. This takes a lot of time and work.

Key learning – Plastic isn’t inherently ‘bad’ – it depends on context and how it is handled.

Alternative 1:
· Go to your fridge and collect all items wrapped in single use plastic (SUP).
· Present on the table or floor and make an 'artsy' picture.
· Count the number of SUPs. 

[image: ]Alternative 2:Figure 2: types of plastic

· Make a list of all the single-use plastics you can think of.
· First in pairs, then with the whole class.
· How far will you get?
· Group them in different types of plastic. 






DEEPENING: 

Did-you-know:
Discuss with the class some things worth knowing about amounts of discarded plastic.
· What surprised you the most?
· What do you do yourself to reduce plastic use?
· Think about what action or challenge you can set up at home or with friends to use less plastic.




















Our plastic production process: now and in the future (slide 13)
In this chapter you go through the shape of a pyramid with the students from broad to specific: What, Why, How. First tell about how we usually deal with plastic production (linear). Then you deal with the circular economy with the r-ladder. Finally, you discuss how plastic is recycled

Figure 3 Funnel model: What, Why, How


Linear versus circular: What is the problem?
Linear process
Single use plastic is currently used in a linear process. We create it, use it and then throw it away. This way, valuable raw materials are lost. 

Where and how are new plastics made? 
Plastic is made from raw materials such as petroleum and natural gas. Petroleum was formed from organic matter. The organic material was deposited in a marine environment and remained buried under anoxic conditions for 100-400 million years. Due to the increase in pressure and temperature, the organic matter was slowly converted into hydrocarbons (kerogen, oil, gas). Also, plate tectonics (continents floating over the underlying mantle) caused the petroleum to spread in oceans and continents over millions of years.
Petroleum is a finite resource for plastics which cannot be renewed easily. If it ends up in the environment, it creates pollution and can fall apart in microplastics e.g. 

Deepening of the material: Plastic consists of polymers. Polymers are long molecules consisting of a repetition of the same building blocks. Comparable to a necklace with the same beads. Polymers appear naturally in many materials: wood, cotton, rubber, and DNA.| Link (watch until 00:48 min) https://www.youtube.com/watch?v=6qQS4VMeh1s

Circular process
In a circular process, products are not thrown away but reused. The stream of waste is reduced as much as possible, to create less pollution. This can be done, for example, through recycling. 

Teacher information: Want to know more about the circular economy? Watch this video: https://www.europarl.europa.eu/news/en/headlines/economy/20151201STO05603/circular-economy-definition-importance-and-benefits 



Why are we using the R-ladder? (slide 14)
[image: Afbeelding met tafel

Automatisch gegenereerde beschrijving]You can go through various strategies for a circular economy. These different strategies are included in the so-called R-ladder. In a circular economy, we use fewer raw materials and raw materials are not discarded after use but reused. To succeed in this switch, we will have to deal with our stuff and waste differently. The higher you go on the R ladder, the lower the resource use. R1 is the highest step and R10 is the lowest.Figure 4: R-ladder


To help plastic move towards a circular economy, we look at R9 - Recycling, but it is also good to think about reusing (R4) plastic or even refusing plastic (R1), for example in the supermarket by bringing your own bag.





How will we apply the R-ladder? Plastic production and recycling. (slide 15, 16, 17, 18, 19 and 20)
Plastic is a valuable material, which is worth the effort of recycling. There are two techniques to do this in Europe: through Intrusion-Extrusion Moulding (IEM) and Additive Manufacture (AM). 

Single-use plastic is only used once. After that, the quality deteriorates to such an extent that you can only throw the object away. Think for example of plastic bottles, cups, plates, cutlery, straws, and packaging material. The materials used in these examples are usually of very high quality and are often recyclable (e.g., in AM & IEM), especially food packaging. As these materials are still very valuable, they are sorted for recycling rather than being sent to incineration or landfill (two waste management options that should be restricted). To improve the residual value even more, the waste plastic should be kept clean and separated into different types. You can also discuss different recycling methods – e.g., sorting, washing, separating by polymer type using density, removing metals with magnets, and more. Explain that this has energy, resource, and financial costs. So, it might be better to keep materials clean and separate, e.g., in deposit schemes.

Plastic recycles techniques
Plastic can be recycled mechanically by applying heat. By melting the plastic, we are able to reshape it. Examples of plastic recycling can be found in Europe, in Almere and Manchester. 
In this set of lessons, we discuss the following two methods:
1. High-quality plastic in Additively Manufactured products (Additive Manufacture, AM). The first is AM (Additively Manufactured) at the R&D centre in Manchester, where the melted material is wound like a tread around a pulley and then is squirted through a nozzle, tracing out each layer of a product one on top of another. This is done with the help of a 3D printer. 
1. Low-quality plastic (e.g., film) is converted into moulded products by means of Intrusion-Extrusion Moulding (IEM). For IEM in the Green Plastic Factory (Almere), we push the melted plastic between two halves of a mould under pressure, which squeezes the material so that there are no gaps, and the plastic takes on the shape of the mould that it is in.

Questions for students – in pairs
Find plastic product in the classroom, in your bag for example.
· What parts and materials are they made of?
· Where do the parts and materials come from?
· What happens with those when the product is not needed anymore?

Extra:
Look at the size of your plastic footprint | link
Plastic Soup Foundation gives advice on how to reduce plastic use with the app| Link

[image: ]

Show the students the video’s explaining IEM and AM | Link
https://www.youtube.com/watch?v=2_orGl_s7UY&t=60s

Extra information about the IEM and AM techniques for the teacher can be found in appendix 3: teacher information IEM &AM. 



Test your knowledge:
Time to test if you know which methods are used with which product. For this we use recycled plastic. What method do you think we use to make the products below?
· Park bench (IEM)
· Shoes (AM)
· Roadside pole (IEM)
· Personalized cup (AM)
· Cleaning bottle (IEM)

Design your own product (slide 22, 23 and 24)
[bookmark: _Hlk117674754]Goal: integrate knowledge, stimulate creativity

Make something out of plastic yourself to promote products made from recycled plastic.

Print out appendix 3 for all students. The exact assignment is explained here. Students get to work designing prototypes (sketches for a product) from recycled plastic. They opt for the technology of IEM or AM.

Show the PowerPoint slides with Rhiannon and Stefan in class. These two employees of the IEM and AM factory ask concrete design questions to the students, from which they will choose.

Optional: Circular business models
Think about how the company recovers used and unwanted phone cases and benches to reprocess them into new products (for example, when customers change phone models to a newer one). Examples are "leasing", "product take-back", "cooperation with waste collection and recycling companies". What will make customers hand in their phone case?

Optional/alternatives:[image: Free From above of crop anonymous female artist painting picture and using netbook while working on project Stock Photo]
· Present to your fellow students.
· Make an exhibition of your designs in a place where other students and teachers can see them.
· Work in groups, choose one design and make a short promotional video.
· If your school has a 3D printer: print your design (order filament from Transform-CE)
Discuss the prototypes made and ask the students how they have ensured that the plastics can be used again later to make plastic products.

Conclusion: retrieve the previously created mind map to complete and discuss.
· What have you learned from the manufacturing process of this product?
· What can you do yourself?
· How do you go from linear to circular?



Evaluation (slide 25 and 26)
Reflection, linking own behaviour, critical thinking.
· Look back on mind map: add new insights
· Look at your own life: what do you want to do differently?

Evaluation questions:
1. What did you think of the lessons? What went well?
2. Did you learn something you did not know before? If yes, what?
3. Describe in two sentences what the lesson was about. 

























Contact information:

Mathilda Vautier
M.Vautier@mmu.ac.uk

Carly Fletcher
Carly.Fletcher@mmu.ac.uk 
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The Tally list
	Type of plastic
	Type 
	Examples
	Picture
	Tally list

	PET

	[image: ]
	Thin, transparent plastic in water and soda bottles.

	[image: Water Spa Reine Blauw Petfles 0.50L]
	

	HDPE

	[image: ]
	Thicker, harder, non-transparent plastic. Examples: plastic milk cartons, juice bottles, bags, buckets, shampoo bottles, detergents, and toys.

	[image: Shampoo Levendige Kleur - Butlon Boodschappen]
	

	LDPE

	[image: Afbeelding met tekst, illustratie

Automatisch gegenereerde beschrijving]
	Used for soft products like plastic grocery bags, plastic covers, and squeezable bottles. This also includes films, such as over meat in the supermarket.
	[image: Plastic zakje, afvalzak of folie weggooien | Afvalscheidingswijzer]
	

	PP
	[image: Afbeelding met tekst, illustratie

Automatisch gegenereerde beschrijving]
	Harder and flexible plastic, like butter tubs, straws, ice cream tubs, Tupperware. 

	[image: Blue band met roomboter kuipje 225 gr]
	

	Other plastics
	
	Like Styrofoam, which is not recyclable.
	[image: Maaltijd XPS box 1 vak WIT]



	








Appendix 2: Teacher information IEM & AM techniques
	AM Manchester
R&D centre Manchester 
	IEM Almere
Green plastic factory Almere

	Input
	Input

	Plastic sorted, cleaned, dried and broken into small pieces.

	Low-grade mixed plastic waste is separated from other plastic waste.

	Steps
	Steps

	· The pieces of plastic are heated and melted
· Then they turn it into filaments; long wires
· Filament is wrapped around large spools, ready to print
· Filaments can be made in different colours, sizes, and materials
· The printer heats the filament and melts in different layers; one layer on top of the other
	· The plastic is shredded and melted.
· Then it is poured into a mould and cooled again so that it hardens.
· Plastic goes into the shredder
· The chips go into the extruder. Here it melts, turning it into a kind of thick clay.
· Now it can go into the mould. The mould ensures that the molten plastic comes into the shape we want.

	Output
	Output 

	· With the filaments you can 3D print all kinds of objects, such as: phone cases, dishes, vases, glasses, leg prostheses, toys, suitcases.
· We discover (in research) how many times plastic can be recycled to new products, for a circular economy.

Video: link

	· With the filaments you can 3D print all kinds of objects, such as: phone cases, dishes, vases, glasses, leg prostheses, toys, suitcases.

The advantage of IEM is that it is cheap. A disadvantage is that you cannot vary in sizes. With one mould, you can make one type of product. Do you want another product? Then you need a different/new mould.






Appendix 3: product design – help the client
Name student:

Imagine that you have been appointed as a designer to improve the circularity of one of the above products. Choose for either Rhiannon or Stefan’s question, which are on the PowerPoint.

	Done?
	Product requirements
	Brainstorm

	
	Choose which designer will help you (Stefan or Rhiannon) and design your own product.

	

	
	Design a product that can be produced with AM or IEM. 
	e.g., a vase

	
	Design a product that you can use in your daily life. 
	

	
	Answer these questions via, for example, a mind map, video, photo collage with caption: 
1. Why did you make a circular product?
1. What are its benefits?
1. What steps in the production process are required to make the product?
1. How can you sell the recycled product attractively to the consumer, so that they opt for circular instead of linear?
	

	
	Make a technical sketch of the product, including schematic description of the production process:
1. What goes into the machine?
1. Production process
1. What happens to it if the product is broken or too old?
For the answer, use all the steps covered earlier in the lesson.

	

	
	Make a prototype: a drawing, a prototype in clay or other materials to make the product design in 3D
	

	
	Be creative and innovative! Think outside the box as much as possible
	



What


Why


How


Teaching package secondary schools, students 12-14 years old
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