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STEM Futures Pod 2 Waste

	Overview 

	This pod explores the wastefulness of current manufacturing processes. What are the problems with waste and how can we reduce it?  

Activity 1.1 ‘Is waste a problem?’ gets pupils to sort waste into two main categories: natural materials that can be recycled through natural systems and processed technical materials. Technical materials are not removed by natural systems quickly enough, so they build up in the environment. They can become toxic and damage human health and wildlife.  

Pupils are reminded of the key biological processes in Activity 1.2 ‘Natural processes’. Limited raw materials are being depleted mainly because of our failure to return technical materials such as aluminium to the manufacturing process. 


	Activity 2.1 ‘How much do we recycle?’ explores whether recycling policies alone can stop raw materials running out. 

By dismantling a torch in Activity 3.1, pupils realise how difficult it is to reclaim the useful materials from the components. They begin to think about how torches could be redesigned to facilitate the return of materials to the factory. Precycling is an important prerequisite of Cradle to Cradle design. 

The ideas of precycling and cradle to cradle design are extended in the summative task 4.1 ‘Dragons’ Den: making a pitch for funding’. Pupils are challenged to rethink the design of some familiar household products. They work in groups to produce a funding pitch for a closed loop product, which is judged by an ‘expert panel’.




Closed loop theory cards

Pupils must use closed loop theory as they tackle the activities in this Futures topic.

Issue pupils with a set of three closed loop cards (on the following 6 pages) which explain the key elements
 of closed loop theory. 

There are two versions for each card. A simpler version (a), and a more complex version (b). The cards explain these symbols for closed loop theory.

Linear problems

[image: image1.jpg]



take → make → dump
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linear systems produce toxins

Closed loop solutions
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waste is food
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renewable energy

Sustainable systems
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Pod summary

 I = Information retrieval
C = Communication

T = Teamwork


M = Modelling

P = Planning

	Lesson
	Activity
	Learning outcomes
	Learning  skills
	Code

	1  Natural systems
	1.1 Is waste a problem?

1.2 Natural processes
	Classify waste items as ‘technical’ or ‘natural’.

Show the role of processes in natural closed loop systems.


	Sort images according to category.  

Listen in order to extract information. 

Represent information in the form of graphic notes. 
	C

I

C

	2  Sustainable use of resources
	2.1 How much do we recycle? 

2.2 Can recycling create a closed loop system for aluminium drink cans? 


	Estimate the number of drink cans used in the UK.

Model the effectiveness of different recycling rates.

Suggest strategies to help create a closed loop system for drinks containers.
	Extract information from a bar chart.

Use a spreadsheet to engage with a mathematical model.
	I 

M

	3  Cradle to cradle design
	3.1 Can we make torches more sustainable?


	Explain the source, use and destination of some materials in a product.

Suggest how precycling could improve the sustainability of a product.


	Construct an exploded diagram of an artefact.

Extract information from a fact file.

Work as a member of a team to create a product.

Carry out internet research.
	C

I

T, P

I

	4 and 5 Dragons’ Den: making a pitch for funding
	4.1  Making a pitch for funding
	Use closed loop systems thinking to design a sustainable product. 


	Making a presentation.

Conducting an effective internet search.

Planning and evaluating presentations.
	C, T

I

P
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Lesson plan

1. 
Introduction and film clip 3 (10 mins)

2. 
Is waste a problem? (15 mins)

3. 
Natural processes (30 mins)

4. 
Plenary (5 mins)
Learning skills

· Sort images according to category (C)

· Listen in order  to extract information (I)

· Represent information in the form of graphic notes (C)

Learning outcomes

Pupils will be able to:

· Classify waste items as ‘technical’ or ‘natural’.

· Show the role of processes in natural closed loop systems.

Resources 

· Film clip 3 
· Activity 1.1 ‘Is waste a problem?’ card sort: items found on the beach. Print out and cut up into cards.
· Activity 1.1 instructions on pupil slides.
· Activity 1.2 ‘Natural processes’: passages to be read out. Photocopy the four passages and cut them up so they can be given out one at a time.
· Activity 1.2 instructions on pupil slides.

· Learning Nutshell
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Introductory film clip 3 
(10 mins)
George, Hannah and Spek the alien are on a beach in Cornwall. They discuss the place called ‘away’ where humans send their rubbish, whether or not there is a place called ‘away’ and where rubbish can be thrown. Spek points out that in natural systems waste is food for other organisms. 
Discuss ‘Is waste a problem?’ to establish some of the main problems such as build-up of toxins and depletion of limited resources.

Activity 1.1 Is waste a problem? 
(15 mins) 
Procedure

a 
Get pupils into groups of 2–4. Give each group a set of 15 picture cards.

b 
Get pupils to select three cards that they think have something in common. Discuss pupils’ classifications as a class.

c 
In their groups, ask pupils to classify all the cards into two categories. They need to think of a name for each category. 
d 
Discuss the groups’ classifications. End up with a written definition of natural (biodegradable) and technical (manufactured or processed) materials.

e 
Pupils reclassify cards as ‘technical’ or ‘natural’.
f 
Discuss with pupils what happens to both natural and technical materials once a product is finished with.

Activity 1.2 Natural processes 
(30 mins) 
Procedure

a 
Get pupils into groups of 4. Give out the first passage of the four on the pupil sheet.

b 
Ask the first ‘reader’ to read out the passage slowly. ‘Listeners’ should represent the information graphically. The reader re-reads until the group has built up their graphic note (around 5–6 minutes per passage). 

c 
One pupil is chosen to relay back the information, using their own graphic notes. The reader and other pupils in the groups then tell them what was missing or inaccurate.
d 
Repeat with the next passage and reader so each pupil reads in turn, and each pupil takes a turn at relaying back from their graphic notes.
e 
Help pupils to reflect on the skills of listening carefully, extracting key ideas and producing graphic notes. Discuss how adding the summary sentences is useful for consolidating ideas. Discuss how pupils could add to their notes after future lessons.

This activity is based on Learning Skills for Science and reproduced by permission of Gatsby Technical Education Projects.

Plenary (5 mins)
 
Discuss:
1. What is the difference between technical and natural materials?
2. What are the key natural processes found in natural systems?

Lesson plan

1. 
Introduction and film clip 4 (10 mins)

2. 
Activity 2.1 ‘How much do we recycle?’ (10 mins)

3. 
Activity 2.2 ‘Can recycling create a closed loop system for aluminium drink cans?’ (35 mins)
4.
Plenary (5 mins)
Learning skills

· Extract information from a bar chart (I)
· Use a spreadsheet to engage with a mathematical model (M)
Learning outcomes 
Pupils will be able to: 

· Estimate the number of drink cans used in the UK.

· Model the effectiveness of different recycling rates.

· Suggest strategies to help create a closed loop system for drinks containers.

Resources

· Film clip 4, to be shown before Activity 2.1.
· ‘Aluminium fact file’, one per group needed.
· Instructions for Activity 2.1 ‘How much do we recycle?’on pupil slides.

· Instructions for Activity 2.2 ‘Can recycling create a closed loop for aluminium drink cans?’ on pupil slides.

· Spreadsheet for Activity 2.2 with questions, data and help on Excel formulas. 
· Access needed to computers or suitable hand-held technology.

· Calculators, one per group needed.
See also the alternative Waste activity ‘Can aluminium recycling be part of a closed loop system?’ in the Appendix to this Futures topic
Introductory film clip 4 (10 mins)
Spek points out to George and Hannah that metals are valuable and need to be recovered. In poor countries, people scavenge rubbish tips for valuable waste that others have thrown away. The three discuss how you could reduce the need to mine new metals if they were not wasted by throwing them away. 
After the film, ask pupils what other metals are important to humans, and what would be the consequences of them running out.
Activity 2.1 How much do we recycle? (10 mins) 
Procedure

a 
Get pupils into groups of 4. Give out the aluminium fact file to each group. 

b 
Use the pupil slides to get pupils to estimate the number of cans used every day in the UK. A quick estimate: say a quarter of the (60 million) UK population consume a can a day on average. That would be 15 million x 365 – approximated by 15 million x 300 = 4.5 billion. 

c 
Pupils should use the aluminium fact file and the graph on the spreadsheet to compare recycling in different countries.

Activity 2.2 Can recycling create a closed loop for aluminium drink cans? (35 mins)
Procedure

a 
Introduce the problem of aluminium drinks cans being an example of use of limited resources in a linear system. 

b 
Show the Excel spreadsheet to be used. Pupils can move between questions, data and help on Excel formulas using the tabs. Some pupils will need more help with entering formulas. 

c 
Direct the pupils to table 1 on the spreadsheet. Discuss how a 60-day cycle allows for six iterations a year. Pupils use this information to track what happens over a year to one day’s worth of cans. Start with 100% or 12 000 000 cans which is roughly 200 tonnes in the UK. Carry out further iterations to reinforce the continuing reduction of total aluminium. 

d 
Discuss what information pupils need to calculate how much aluminium is available after one round of recycling at 50% (i.e. amount of aluminium at the start and the recycling rate). Pupils work out how much of the original aluminium would be left at the end of a second round with 50% recycling. Ask pupils to write down the calculation they have used. This should be:

starting amount of aluminium (tonnes or percentage) x recycling rate (expressed as a decimal)

e 
Using table 2, have the pupils carry out iterations for a full year and for recycling rates for five different countries with rates ranging from 31% to over 99%. The graph of recycling data in different countries is provided with Table 2.

f 
Discuss with the class the impact of increasing the recycling rate, and that only a 100% rate guarantees no loss.

Pupils’ solutions might include using a different material for drinks containers. 
Pairs then join together and share ideas. They prioritise the three most significant ideas. 
Take feedback from all the groups and help them frame their findings in closed loop theory.

It is worth pointing out that using aluminium will never be a closed loop solution unless 100% recycling is achieved. The design of drinks containers may need to take into account the fact that most are thrown away, so they need to be ‘food’ within natural systems.
Plenary (5 mins)
 
Discuss:
1. Can recycling materials stop them from running out?
2. How can we design systems to maximise recycling rates?

 
Lesson plan

1. 
Introduction and film clip 5 (10 mins)
2. 
Activity 3.1 ‘Can we make torches more sustainable?’ (45 mins)
3. 
Plenary (5 mins)
Learning skills

· Construct an exploded diagram of an artefact (C)
· Extract information from a fact file (I)
· Work as a member of a team to create a product (T, P)
· Carry out internet research (I)
Learning outcomes

Pupils will be able to:
· Explain the source, use and destination of some materials in a product.

· Suggest how precycling could improve the sustainability of a product.

Health and Safety

Carry out your own risk assessment and take suitable precautions. Do not rely on what is said here. 

Pupils should wear eye protection and care must be taken when handling sharp materials and instruments. 


Resources
· Activity sheet 3.1 ‘Can we make torches more sustainable?’ one set of sheets per group
Instructions – ‘To do’ (side 1)
Successful internet searching (side 2)
Torch product life chart (side 3) 
Torch parts fact files (sides 4–6)
· Film clip 5

· Slide of products made from recycled, upcycled and downcycled materials.

· Slide of sample exploded torch diagram.

Equipment and materials
· Torch which may be dismantled, 1 per group 
(a range of different types would be good)

· Electrical screwdrivers 
· Taper-nose pliers

· Spanners
· Safety goggles for every pupil

· Hammer (to be used under supervision)
· A3 paper

· Coloured pencils and pens

Introductory film 5 
(10 mins)

Hannah is about to get an upgrade on her mobile phone. Spek the alien points out to George and Hannah how many components and materials in a mobile phone could be recycled. The idea that technical materials should be recycled in the same way as the nutrients in natural systems is introduced.

Activity 3.1 Can we make torches more sustainable? (45 mins)
 
Procedure
Carry out your own risk assessment and take suitable precautions. Do not rely on what is said here. 

a 
Discuss recycling, downcycling and precycling using the images in the pupil slide (also see background information). Get pupils to group the materials and products in the images into three categories. Explain that recycling and upcycling are more sustainable than downcycling. We can increase the percentage of recycled materials if we consider the initial design. 

b 
Get the class into groups of 4. They need one torch and one pupil pack per group. You could provide a range of different torches, including a wind-up torch. 

c 
Go through the instructions for the activity and leave the groups time to allocate roles to each member of the group. Make sure they are clear when they need to present their final diagrams and ideas to the class (allocate e.g. 3 minutes per group).

d 
Tell the pupils that they can use the tools available to gently dismantle the torch. (Make it clear whether or not you will allow the pupils to destroy it.)

e 
Each group should identify the materials in each torch component, using the Torch Parts Fact File.
f 
Pupils conduct internet research to find out about the materials in the torch. They use this information to complete the Torch product life chart. This task needs to be shared between the whole group.

g 
Pupils now construct an exploded view of their torch showing the different components. They should annotate the diagram with a summary of information that they have researched: information about the materials used, where they come from, and where they might end up. 
h 
Get pupils to consider how the design of the torch could be improved to allow better recycling. Groups should be given the opportunity to display their exploded diagrams, and present their suggested solutions to the class as a plenary at the end of this activity.
i
Get pupils to reflect on how they worked as a team. Did they allocate tasks successfully, and did this save time? Did they all learn from each other’s work? Are there any aspects of group work that they would improve next time? – for example, would it be a good idea to elect a chair who keeps them to schedule, and make clear deadlines for tasks to be completed?

Plenary (5 mins)

Discuss:
1. How can we design products so that materials are more easily recycled?

 
Lesson plan
1. 
Introduction and film clip 6 (15 mins)

2. 
Planning the groups’ tasks (15 mins)

3. 
Researching (25 mins)

4. 
Planning the presentation (25 mins)

5. 
Presenting, evaluating, funding (30 mins)
6. 
Plenary (10 mins)
Learning skills

· Making a presentation (C, T)
· Conducting an effective internet search (I)
· Planning and evaluating presentations (P)
Learning outcomes

Pupils will be able to:

· Use closed loop systems thinking to design a sustainable product. 

Resources 

· Film clip 6
· Dragons’ Den briefing sheets for each group:
1 Planning your pitch’ 
2A ‘Making a good presentation’ 
2B ‘Evaluating a presentation’
2C ‘Funding panel assessment of presentation’
· Learning Nutshell


Equipment

· Pupil access to internet, PowerPoint and data projectors for presentations
Introductory film clip 6 
(15 mins) 
In the film, George and Hannah are designing a sustainable chair for their D&T lesson. Spek tells them about the ‘Think chair’ and introduces the idea of ‘precycling’. 

Follow this up by discussing briefly how the Think Chair is produced within a closed loop system. Remind pupils of the conditions for closed loop systems (waste is food, reduce toxicity, move towards renewable energy and services, not products). Emphasise the idea that we should consider whole systems rather than individual products.

Activity 4.1 Making a pitch for funding (95 mins)

Procedure

a 
Split the class in half, then divide each half into groups of 4. 

b 
Ask each group to research and redesign an existing product to work in a closed loop system. You can keep this open or suggest a topic (such as street lighting). Groups need to prepare a pitch for funding their sustainable product along with supplementary materials.

c 
Explain the task, the criteria, the evaluation process and skills support sheets available. Each group makes a pitch, evaluates a presentation and acts as a funding panel in rotation within the cluster of three groups (3x5). Make sure pupils know when they are to make their presentations. Keep the groups to a strict timing schedule, leaving time for discussion and reflection at the end.

d 
By taking a single product and redesigning it, pupils should apply information about products and their life cycles studied in this pod. Pupils can research information about adaptations that have been made to their chosen product, and other aspects of its life cycle which can be applied to other products.

e 
Some suggestions for everyday items that pupils could redesign to ‘close the loop’ are: street lighting, torches, light bulbs, electric sockets, baths and showers, domestic white goods, media players, home textiles, home insulation/windows, heating and radiators. 

This activity is based on Learning Skills for Science and reproduced by permission of Gatsby Technical Education Projects.


Plenary (10 mins) 
Discuss:

Where should we intervene in a product’s life in order to make it sustainable?
· Waste is food

· Non-toxic
· Powered by sunshine

Pupils use the Learning Nutshell to record their thoughts about this pod and to discuss their learning. 

Overview 


Pupils classify materials found on a beach into manufactured or processed (technical) materials on one hand and natural materials on the other. They realise that natural materials can be recycled through natural systems but technical materials cannot. Technical materials build up in the environment where they can cause harm. Pupils develop their listening skills by transferring information on natural processes to graphic notes.








Overview 


Pupils explore aluminium as an example of a finite resource that could potentially run out. Pupils consider the quantities of aluminium cans used in the UK and the extent to which they are currently being recycled. They use spreadsheets to model how much aluminium can be retrieved over time. They realise that unless recycling rates are close to 100% materials could quickly run out. Pupils compare the UK recycling rates with rates of other countries and suggest strategies to help close the aluminium loop.








Overview 


If products are to be part of a closed loop system they need to be designed and constructed so that materials can be easily retrieved after their useful life is over. This is precycling: the part of the design process that builds in the potential for easy recycling. Design which includes precycling is sometimes called Cradle to Cradle Design. 


In this lesson pupils disassemble a torch and build an exploded diagram. Pupils extract information from a fact file about the important finite materials contained in the torch, and consider how its design could be made more sustainable. 


Issues around reclaiming materials from complex components arise in this lesson. Recycling and upcycling could be part of a closed loop system, but downcycling is not sustainable.





Overview 


In this two-hour activity pupils assume the role of designers presenting their idea to a Dragons’ Den panel. Their brief is to take an everyday product and redesign it to conform to closed loop principles. This summative task draws on the knowledge, skills and understanding developed earlier in the pod. Although the merit of the product will be assessed against closed loop criteria, the emphasis here is on developing presentation skills.


Each group acts as a panel for one other group’s presentation. At the end, the class agrees on one team they wish to fund, based on the highest funding panel score.


Pupils will need careful prompting by the teacher to direct them to the areas of a product’s life cycle which may benefit from redesign. You need to keep the groups to a strict timing schedule, and leave time for discussion and reflection at the end. 
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