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[bookmark: _Toc518059158]Introduction

The report is going to critically appraise the precious plastics’ plastic shredder and compare it to an industrial plastic shredder that you may see in recycling plants. This will help find a compromise for a customised shredder to be made. If all goes to plan the final shredder design will be both functional and socially engaging without going over the budget.
A Product Design Spec (PDS) will be drawn up and both Precious plastics design and my own will be critically appraised. Technical Drawings will be added of my design and sketches of and initial ideas and designs will also be documented, a comprehensive conclusion will be drawn up.


[bookmark: _Toc518059159]About Precious Plastics

Precious Plastics is a global community of people working together with a common goal of reducing the plastic waste worldwide. Dave Hakkens, a young graduate from The Design Academy in Eindhoven, started the idea by making lots of open sourced designs for a ‘do it yourself’ style recycling regime. The projects itself is one that anyone, anywhere in the world can take part in as it is extremely accessible. The concept itself is for community centres and small drop off centres where people get reimbursed for their waste plastic, then to be transformed into purchasable goods. (Rhodes, 2014)
The idea is based on the following steps taking place:
· Collect the raw plastic waste
· Sort the different plastics
· Shred the plastics
· Label the plastics to avoid cross contamination 
· Melt press and cool down (Injection mold)
· Create Products (to sell)
(Precious Plastics, 2018)
Lots of people worldwide are exploring the open sourced ideas and making their own adaptations and concepts and overall its proving to be rather successful. 
The plastic itself is first sorted to get them into groups with similar specific properties. This is quite difficult to do but essential for the next part of the process to take place. The plastic would also need to be clean to avoid contamination (Mantia, 2002). The plastic is then shredded into small pellets through a plastic shredder, Heated in an oven and injection moulded to create resalable products such as phone cases and surf board fins.



 
[bookmark: _Toc518059160]Precious Plastics Shredder 
The precious plastics’ shredder is an opened source design made to be as easy to produce as possible for people to get involved with whether they have an engineering background or not. The primary goal is to shred plastic into small pellets which can then be used again through injection moulding the pellets and creating various products.

[bookmark: _Toc518059161]Process Productivity 
The precious plastics shredder is designed for the purpose of cutting and shredding plastic on a relatively small scale.  The process will be quite timely as you can only realistically process one item at a time. Compare this to commercial shredders that can shred multiple items at any given time and they have a constant feed of plastic to shred so that they are always working whereas the Precious Plastics Shredder you must manually feed items into the machine. The throughput will be much higher on an industrial shredding machine.
[bookmark: _Toc518059162]Health and Safety
Health and safety needs to be considered when looking at the precious plastics design as there are people susceptible to the risks imposed who may not be as well trained as someone who works with a shredder day in day out and therefore they may be less cautious as they are not as aware of those risks.
The Provisions and Use of Work Equipment (PUWER 1998) Regulations requires that equipment is properly guarded and safe for use. This means that Emergency stops should be in place to prevent entanglement and only trained and competent persons should use the machine. (HSE, 2017)

[bookmark: _Toc518059163]Guarding
The open sourced design for the precious plastics shredder does not really have proper guarding and would not meet the HSE standard for provisions of guarding. This is to prevent entanglement and could be a lifesaving bit of equipment
[bookmark: _Toc518059164]Emergency Stop
A commercial shredder will likely come with an emergency stop button in case of entanglement or any unforeseen accidents happening whereas the precious plastics shredder does not have this feature, again minimising the risk of entanglement
[bookmark: _Toc518059165]Maintenance 
As the precious plastics model is open sourced and anyone can use it then maintenance will likely be carried out by the user and they may not be skilled in maintenance. The commercial shredders however will likely have periodical maintenance plans and only trained and skilled staff will be able to carry it out.



[bookmark: _Toc518059166]Social Engagement
A Large part of precious plastics ideology is looking to educate and motivate others to take up the project and start doing it themselves. This could be from schools to open days and road shows. When you compare it to commercial plastic shredding which is mainly kept locked away from public viewing and is simply designed to shred plastic as efficiently as possible. You will however have school trips that go to recycling plants to see how the process works but with these machines being so dangerous the viewer will not get a great view of the shredding process whereas with the precious plastics the user can physically use the shredder and watch as his or her empty plastic bottle is shredded into lots of tiny pellets which are deposited below. (Blum, 2012)

[bookmark: _Toc518059167]Energy Usage
An industrial sized plastic shredder will likely cost a lot more to run as it will require more energy to power it due to its size however some recycling plants are now running off renewable energy such as wind or solar energy and this would reduce costs (although start up costs would be significantly higher). The precious plastics shredder will have considerably less energy usage, but the throughput will obviously reflect this. (Charles, 2015)

[bookmark: _Toc518059168]Reliability
The Precious plastics design seems reliable enough to serve its purpose, but proper maintenance would need to be done for this to continue. The cutting blades will likely need to be changed in time as will the motor as the project is done on a budget whereas the commercial shredders will be designed to last and work to maximum efficiency.


[bookmark: _Toc518059169]Product Design Specification

The design will focus on engaging the public and young people to educate, to do this I feel the shredder needs to be engaging and have an element of fun. The PDS below will look to highlight the key areas that have been considered and this will form the basis of my design. 
1. Performance
1.1 The shredder will cut through everyday plastics such as bottles
1.2 The shredder will deposit plastic pellets through a sieve
1.3 The shredder will have the option of attaching a motor or being pedalled
1.4 The shredder will have more teeth on the cutters to increase productivity
2. Aesthetics
2.1 The shredder will have Perspex guarding so that you can see the shredding process 
2.2  The body of the shredder will be spray painted a bright colour 
3. Competition
       3.1 The only competition is commercial shredders
4. Target Market
4.1 Adults of all ages looking to set up from home
4.2 Companies looking to set up road shows and educational courses for children
5. Quality and Reliability
5.1 The shredder will cut with two blades from two shafts running parallel to each other 
5.2 The shredder will have the ability to switch to a motor if pedal power isn’t shredding
6. Cost
6.1 The cost of the shredder is estimated to be between £250-£450 depending on the availability of recycled parts
6.2 Cost could be minimised if the project could get manufacturing companies on board to donate material.
7. Size and Weight
7.1 The shredder and the stand without the motor will be between 30-50kg
7.2 It will stand at just over a meter so that it can be operated from a standing position
8. Environment
8.1 It will be made from recycled material wherever possible
8.2 The material used will be recyclable
8.3 Option to use pedal power so it can be completely energy efficient
9. Life in Service
9.1 The shredder will last a lifetime if properly maintained although cutters may need to be replaced

10. Quality
       10.1 A one off prototype will be made for testing
10.2 Mass production would be looked at as demand rises
       11. Timescale
11.1 The whole process will take up to 2 months
11.2 Assembly will take a day
       12.  Maintenance 
12.1 Regular maintenance will need to be done including cleaning and monitoring the condition of the cutters and moving parts
12.2 If a motor is used it may need to be serviced annually
12.3 Chains and moving parts will need to be lubricated
13 Manufacturing Techniques
13.1 The body plates will be machined on a milling machine
13.2 The cutters and spacers will be cut with laser cutters 
13.3 The hex shaft will be bought in then a centre lathe will round the ends
13.4 The table and fly wheel will be made with box section and sheet metal
13.5 The Perspex guards will be bought in and cut to size with a saw
13.6 The chain and sprockets will be recycled from old push bikes
13.7 The gears will be bought in externally
13.8 The bearings will be bought in externally
13.9 The motor will be brought in externally
14. Health and Safety
14.1 The machine will be guarded, and all moving parts properly guarded 
14.2 Training packs and maintenance packs will come with the shredder



[bookmark: _Toc518059170]Initial Ideas
There are three different ideas for the shredder, each has been considered and a Matrix analysis will be used when deciding which idea to pursue. The final idea will then be designed and suitable drawings along with an assembly guide will be drawn up.
[bookmark: _Toc518059171]Idea 1 – Cylinder 
This idea consists of a single axel shaft cutting against the wall of the housing (just like the precious plastics design however, this design will have a pneumatic cylinder pushing the plastic into the shredder from the side. As the cylinder returns and any loose plastic collecting on top of the cylinder will be forced off ready to be pushed back into the cutter again. Figure 1 shows a rough sketch of the design. The draw back for this design is the need for compressed air adding to the cost and the machine would need to be completely boxed off which reduces the social engagement.
Key features:
· Cylinder to force plastic towards the cutter
· Single shaft cutting
· Motor to turn shaft
Entry for plastics

[image: ](Fig 1.)Cutter with 5 teeth
Pneumatic cylinder








[bookmark: _Toc518059172]Idea 2 – Motorised two shaft cutters
The second idea is to have two shafts working against one another, powered by a motor that turns the gears against each other. The plastic would be pressed down into the middle and the cutters would cut against the spacer and cutter on the opposite side. Each cutter would have 6 teeth and it would be attached to a hexagonal shaft so that there would be no need to use multiple keyways along the shaft. The side of the housing and the guards would be made from Perspex to make it more socially engaging. The plastic would be dropped in through a hopper at the top and the teeth will be designed to drag the plastic into the shredder. 
Key features:
· Two axel rotating shaft
· Hexagonal shaft to allow easy mounting of spacers and cutters
· Motor turning the gears to turn the shaft
· Perspex guarding
· 6 Teeth cutters

[bookmark: _Toc518059173]Idea 3 – Hybrid two shaft cutter
The final idea will be the same as the ‘Motorised two shaft cutter’ shredder but this one will be pedal powered allowing the user to switch between pedal powered shredding and motorised shredding. This will be done by de-coupling the motor and connecting a bike chain. This idea is both innovative and socially engaging. The only concern is getting the required torque to shred plastic but this is something that can be resolved. 
Key features:
· Two axel rotating shaft
· Hexagonal shaft to allow easy mounting of spacers and cutters
· Pedal power with optional motor attachment
· Perspex guarding
· 6 Teeth cutters
· Sieve insert for multiple size pellets.









[bookmark: _Toc518059174]Matrix Analysis
	
	Priority (1-5)
	Idea 1
	Idea 2
	Idea 3

	Cost
	4
	2
	3
	4

	Health and Safety
	5
	4
	3
	2

	Productivity
	2
	4
	4
	2

	Environmentally friendly
	4
	2
	2
	5

	Low energy usage 
	3
	1
	2
	5

	Socially engaging
	4
	2
	4
	5

	Totals
	
	49
	65
	85


(Fig 2)

[bookmark: _Toc518059175]Evaluation of Initial Ideas
The three initial ideas all offer relatively low cost plastic shredders but I have used a matrix analysis to prioritise the needs and compare the three designs. The matrix analysis in Figure 2 shows that idea 3 is best suited to meet the criteria needed despite scoring low for productivity it ticks a lot of boxes in terms of sustainability. The health and safety score were the lowest of the three ideas due to the risk when connecting a motor and disconnecting the pedal power, but apart from that the Idea will meet UK health and safety regulations.
Idea 2 and Idea 3 were relatively similar apart from the fact that idea 3 offered the pedal power alternative which meant zero running costs. Cost was an important factor in deciding to follow the final idea as well as low energy usage which is great for a company to demonstrate sustainability.
Having two shafts will increase the cost of the parts but this should be easily recuperated by the lack of energy costs. The cost of the cylinder and the cost of energising it was a factor in not choosing idea 1.

[bookmark: _Toc518059176]New Design
The new design aims to improve the social engagement and the health and safety aspect of the shredder. It also aims to cut the energy costs whilst remaining as environmentally friendly as possible. This has been achieved but without a working prototype it is difficult to gauge how successful the new design has been.
[bookmark: _Toc518059177]Process Productivity
The new design has maximised productivity by adding a second shaft full of cutters and each cutter having 5 teeth as opposed to the precious plastic model that has just the two teeth and the one cutter. However, when using pedal power, it may be difficult to generate enough torque to actively cut through a wide range of plastics and the productivity will likely drop in comparison to the original model that is run with a motor, humans tire and its not likely you would have the same through put as you would be using a motor.

[bookmark: _Toc518059178]Health and Safety
The health and safety issue has been addressed as the machine now has Perspex guards which will reduce the risk of entanglement and the gears and motor coupling will also have guarding to meet health and safety standards. In terms of having an emergency stop this would not be needed if we were to use pedal power but when using a motor, it is something that would need to be considered. With the project aiming to get ordinary people involved it would be difficult to ensure operators are trained and competent but the information packs will provide essential information regarding the safe use of the shredder which would be sufficient. 

[bookmark: _Toc518059179]Social Engagement 
The new concept will maximise social engagement not just by allowing them to use their own pedal power to shred plastic, but the Perspex guards will allow the audience to have a full view of the process. Ideally road shows could be set up and it could be good to get schools involved as children and young adults would really engage and find it interesting.

[bookmark: _Toc518059180]Energy Usage
The new design will be able to minimise energy usage by being pedal powered, but this may be counter productive as the amount of actual shredding will be far less than if we run a motor. The option to swap and change between pedal power and a motor gives the user the flexibility to decide whether they need to be productive or energy efficient. If there was more floor space you could add more bikes and pedal power to act as a gym that shreds plastic, both innovative and efficient as the more pedal power we have the more torque applied and hence the more productive the shredder becomes.




[bookmark: _Toc518059181]Reliability
The reliability of the machine will be hard to gauge until there is a working prototype, but regular maintenance will ensure minimal downtime. The cutters may need to be changed periodically depending on usage and moving parts will need lubrication. If used with the motor, then you are dependant on the reliability of the motor as well as the parts.

[bookmark: _Toc518059182]Potential Concerns
The main concern is having a working product and although it should cut without a working prototype it is hard to determine how successful it will be. The torque generated by pedal power will be different for everyone that uses it, so we would need to see whether its enough torque to cut through plastic or whether looking at increasing the torque by adding a fly wheel or additional pedal power would be needed.
The second concern is the budget, as it is very much dependant on scrap and used materials. Partnering with a manufacturing company could result in cost free parts. This could be something that certain companies would like to get involved in as they can get their name on the project and can be shown to be helping ‘save the planet’. It would also be sustainable for them as they are recycling their own materials as opposed to scrapping them and paying to have them removed from their site. 
The other problem with cost is upkeep there are more cutters and more moving parts the cost to replace will double as opposed to the original design.
The new design does have a considerably more complex assembly, and this may cause problems to a user that has limited manufacturing experience. Manuals will be added to aid the assembly, or the shredders could be assembled and sold in parts that can be then connected by the consumer, for example the shredder comes assembled so does the guard and then the table would need to be assembled and attached to the shredder. 
Figure 3 below shows a QFD analysis of the new design with a comparison made with a commercial plastic shredder. The WFD looks at different relationships between what the final design has in terms of customer needs (Demanded quality) and the actual quality Characteristics. 
[image: ] (Fig 3)
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	Name
	Quantity
	Photo
	Estimated Cost

	Spacer
	14
	[image: ]
	

	Hexagonal Shaft
	2
	[image: ]
	

	Key way 
	3
	[image: ]
	

	Table
	1
	[image: ]
	

	Housing
	2
	[image: ]
	

	Perspex Guard
	1
	[image: ]
	

	Gear
	3
	[image: ]
	

	Cutter
	14
	[image: ]
	

	Bearing
	4
	No image available
	



[image: ](Fig 4)

[image: ](fig 5)
Figures 4 and 5 give an idea of what the shredder will look like fully assembled The sieve has not been inserted yet as you can use just a recycled mesh honeycomb sheet to insert which is cost efficient and can offer a multitude of sizes.

[bookmark: _Toc518059184]Assembly
The following instructions should be followed for assembly of the shredder.
· Position table in upright position and secure to the floor.
· Secure box plate to the table
· table using M4 bolt
· Put the shaft through the holes on the box plate applying all the cutters and spacers as you move through
· Grease the shaft and add the bearings, secure with 3mm grub screw.
· Add key to the keyway on the shaft 
· Add gears to each shaft and apply the 3mm grub screws pushing against the key way.
· Attach second gear to one of the gears using 8mm bolts and locking nuts.
· Apply the Perspex guarding over the top so that it rests on the table (secure with 4mm screws)
· Attach chain from your recycled bike to the second gear.


[bookmark: _Toc518059185]Technical Drawings
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[bookmark: _Toc518059186]Solid Modelling
Despite the design appearing to be complex it would be possible to 3D print a prototype to get a feel for the size and assembly. You could spot issues that you may not have found elsewhere. This would be time consuming and relatively expensive and ultimately you would not really be able to shred plastic as the cutters will be different to the actual model. However mounting metal cutters on a 3D model for a trial and would be possible and finding scrap metal where possible to make a makeshift table would be advisable to cut cost. Stress analysis on AutoCAD could also be used to ensure the design can cope with any rotational stress on the gears and the shaft. This could again cut costs by eliminating the need to make a prototype.
[bookmark: _Toc518059187]Material selection and Costing
The material selection will remain the same as the precious plastics model meaning the prices will only increase slightly based on the estimated £360 total cost seen for their shredder but this increase in cost will again be recuperated for the nil energy and running costs.
[bookmark: _Toc518059188]Mass Production
If mass producing the shredder then many different avenues can be explored to bring the expenditure on parts to a minimum. Dependant on volumes having a CNC machine to produce the parts could be used, this would improve tolerances and keep all parts to a standard size. To take a product from prototype stage to mass production it would need vigorous testing and retesting. (Roy, 2014) To mass produce though, you would need orders and a guarantee of sales to make it viable.


[bookmark: _Toc518059189]Conclusion
The original precious plastics’ shredder design was to be a minimalistic shredder designed for home use or very small-scale shredding and that shredder is clearly a success as lots of people worldwide have been using it and the project is growing rapidly. (Precious Plastics, 2018) However, when you compare this to commercial plastic shredders that shreds plastic by the tonne it was clear that some adjustments could be made to maximise the efficiency of the Precious plastics shredder.
The new design is far more sustainable than the original in that it offers nil running costs, however, this is good for small scale shredding, but you are going to be limited to how much plastic you shred due to the power source being human pedal power. This concept could be taken further by incorporating a free to use ‘gym’ where people use the bike while the shredder is fed with plastic, this would reduce downtime of the shredder however realistically this would be difficult to do. If the project was to excel then maybe looking at renewable energy would be a positive option but as fore mentioned the initial costs are very high.
The other main noticeable design feature is the double axial shaft with 5 teeth cutters this will hopefully enable more efficient shredding. Many commercial shredders have a higher amount of teeth and this more than doubles the 2 teeth cutters that precious plastics currently use.
The design does come with potential concerns: 
No working prototype – without a working prototype the product really cannot go much further as it is difficult to see if there are to be any issues.
Cost – the initial cost is higher than the precious plastic motor as there is an additional shaft.
Complex assembly – This could be off putting for your ordinary person looking to do ‘from home’ shredding.
The overall design is an improvement as it sits with precious plastics core values and it is completely efficient as it has no running costs however whether this will be enough to produce enough plastic pellets to then make parts to sell will be difficult to confirm the success of the design until it is shredding plastic. 

[bookmark: _Toc518059190]Recommendations

· Design can be further modified after a successful trial is completed.
· A flywheel could be added to increase the efficiency of the pedal power and torque produced.
· FEA analysis could be completed to see any weakness points of the design
· Mat web could be used to optimise material selection
· Shredders can be bought in from reputable sellers at a fairly similar price.
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