



Precious Plastic- A step forward
Introduction to vacuum forming
In the manufacturing industry, the term “Thermoforming”, describes any process where polymers are heated and formed into desired shapes. This is usually done by either pressure, or vacuum moulding.
We have been asked to come up with a solution to how we can increase the throughput, capability and reliability of the “precious plastic” set-up. This is a small, independent company that’s leading the war against plastic pollution. Our solutions must be in keeping with the companies’ philosophy and ideals, whilst still meeting basic industry standards for safety. This can be achieved by the design and manufacture of a machine that utilises the process of vacuum moulding.
This method of thermoforming essentially involves heating a sheet of thermoplastic until a durable level is reached, then drawing it around a mould with the aid of a vacuum and once cooled and removed from the mould, a perfect plastic piece will have been manufactured. There are several types of machines that perform this task but they all produce their product the same way.
[image: Image result for vacuum molding][image: Image result for vacuum molding]	
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Applications- where this is used and on larger scale in industry 
The UK is the birthplace of plastics, the first patented in 1856, and now ranked 15th in the world for plastic consumption. We export plastic products and materials more than £8.2 billion a year (BFP, 2017) . Vacuum forming is one of the oldest and most common ways of processing plastic material. Vacuum formed products are all around us and play a major part in our daily lives. (www.bpf.co.uk, 2018)
· Baths & Shower Trays
· Yoghurt Pots
· Ski-Boxes
· Boat Hulls
· Machinery Guards
· Vehicle Door Liners
· Refrigerator Liners
· Sandwich Boxes
· Parts of vehicle cabs
· Road signs
(www.bpf.co.uk, 2018)







































Industrial examples

Formech compact mini vacuum former                      
	Model:
	Compac Mini Vacuum Former

	Material Size
	300 x 250mm

	Aperture Size
	280 x 230mm

	Max. Mould Height
	130mm

	Max. Material Thickness
	4mm

	Weight
	35kg

	Dimensions
	420(W) x 810(D) x 420(H)mm

	Dimensions (with stand)
	465(W) x 810(D) x 1155(H)mm

	Power Requirements
	240V 5A, 13A Socket
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Clarke 725 Vacuum former

	Model:
	725 FLB
	750 FLB

	Material Sheet Size
	458 x 254mm
	508 x 458mm

	Aperture Size
	432 x 228mm
	482 x 432mm

	Max. Mould Height
	140mm
	140mm

	Max. Material Thickness
	6mm
	6mm

	Weight
	68kg
	91kg

	Dimensions
	710(W) x 940(D) x 640(H)mm
	760(W) x 1350(d) x 640(H)mm

	Power Requirements
	240V 9A, 13A Socket
	240V 12A, 13A Socket


 [image: Clarke 725 FLB Vacuum Former]

	








(Techsoft, 2018)



These two models are good examples of the formers however their size, weight, expense make them very impractical for our purpose. 


Techsoft primary thermoformer

[image: TechSoft Primary Thermoformer]I believe this model is a far more replicable
Model as it is designed for children with more
Of an educational purpose in mind.
The positives include
· Fixed heater for safety
· This also protects the forming tool
· Weighs 12 kg	
· Doesn’t require compressed air supply
· Comes with education safe © starter materials
· No electrical motors or moving parts
· Uses a hand pump vacuum 
(Techsoft, 2018)

These features make this vacuum former an ideal basis for our concept design. I found an excellent video which demonstrates the ease of use of this machine and can be seen below.
https://www.youtube.com/watch?v=wo9wXTOKf1Q























The Process

In its simplest form the process consists essentially of inserting a thermoplastic sheet in a cold state into the forming clamp area, heating it to the desired temperature either with just a surface heater or with twin heaters and then raising a mould from below. The trapped air is then evacuated with help of a vacuum system and once cooled, the mould is released from the plastic, often with aid of a reverse air supply. (Formech, 2017)
The vacuum forming process is generally used to manufacture parts in preliminary product development phases due to its low cost and short lead time to tooling and parts manufacture. This process allows prototype parts to be manufactured during initial product development phases. (Macarrão, 2007)
This is ideal for precious plastic’s set-up because it needs to be as cheap and fast as possible but we will still encounter a few problems some solvable, some not. Firstly, this process uses pre-set plastic sheets of varying thickness rather than the raw shredded, pellet form that is put into the other machines. We could overcome this however by the using the already present compression moulding machine to make the sheets. This would mean the compression machine has two jobs but would always have a purpose and a need to be constantly in operation or, as we already have the plans, a second compression moulder could be made and even adapted to cope exclusively with the demand for sheet material. Ideally, we would create a stacked, multiple sheet mould for the compression machine to create multiple sheets at a time for our vacuum moulder.
It is obvious that thicker sheets of plastic will require varying levels of heat to make them mouldable. This will be a very much a trial and error process as we are unsure for now how exactly much heat will be available on our machine and every machine will be different based on available materials near to each precious plastic site. This is also true of the vacuum system, how much suction it will deliver will have to be assessed and adjusted for the perfect mould. As well as this it will be difficult to ensure a totally even wall thickness especially with deep parts. Therefore, male moulds are much more accurate as opposed to female.
Another problem is that of wastage or swarf that is cut off after we’ve formed our vacuum mould. This is not a problem as we would collect it and just shred it into pellets once more for reuse in any of the machines. As well as this we could also manufacture different size sheets for different moulds to solve the problem of double shredding. 
Precious plastic does however use machines such as a traditional oven which could result in high running costs. This method however does require very little energy in terms of heating the small sheet of plastic and the vacuum itself so running costs will be low. As there are low pressures we know that the strength of the mould we use is not an issue as it will not be under excess stress.  






Plastics
When sorting plastic to be recycled, precious plastic uses 7 main groups for indentification. These plastics all have different properties and melting points 
1. PET ( Polyethylene Terephthalate) – commonly consumer products, water bottles, some packaging 
2. HDPE ( High-Density Polyethylene) - milk jugs, detergent and oil bottles, toys, and some plastic bags 
3. PVC ( Polyvinyl Chloride) – plumbing pipes, cooking oil bottles, highly toxic 
4. LDPE (Low-Density Polyethylene)
5. PP (Polypropylene) – bottle tops, cereal film, margarine/yoghurt containers.
6. PS (Polystyrene) – Lightweight, food containers, foam packaging etc
7. Other – any other plastics are sorted together 
(Eartheasy, 2012) 
These plastics all have different properties, i.e. Formability, melting temperatures etc which make some more suitable than others for vacuum forming (Formech, 2017). These below are all perfect. 
Acrylonitrile Butadiene Styrene ABS
Polyester Copolymer PETG
Polystyrene PS
Polycarbonate PC
Polypropylene PP
Polyethylene (sheet and foamed sheet) PE
Polyvinyl Chloride PVC
Acrylic PMMA
(www.bpf.co.uk, 2018)

Moulds
Preparing moulds for vacuum forming can be a tricky and time-consuming task depending strongly on the method. The benefits however, are that many different materials can be used as they will be subjected to very small direct heat and pressures.
Within the precious plastic container there will be no facilities for forming complex moulds but that doesn’t mean that cannot be fabricated elsewhere and brought down to the container. Basic fabricated wood designs will work fine as well as cast moulds like fibreglass or cast resin.
CAD design will really unlock the machines full potential as what you draw is exactly what you’ll get out. 3D printed parts as well as CNC machines pieces will guarantee better degrees of accuracy. Most moulds will work for this process whether made of plaster or cast aluminium but there are still a few issues to consider when designing the mould.
Webbing can occur when the mould is too tall or when the mould lacks a sufficient taper angle. 
This taper or draught angle of at least 3 degrees is also essential to ease the removal process once its cooled if we don’t have the option of blowing air back in to make it easier.
A very important feature of the mould is the vent holes for the evacuated air to pass through. This is most crucial for the last place the plastic will touch on the mould as well as edges and crevices to ensure a tight seal round the mould. Ideally, they’ll be as small as possible to prevent a dotted pattern on your piece. 
If its unavoidable that you have a crevice or cavity to be filled on your mould, you could use a plug to help you push the plastic material down. This is a last resort as it will affect the even coat of plastic and therefore weaken it in these areas. For this reason, its crucial to plan your mould and optimize its ability to do its job. 

Finishing
Once you have your finished mould there will be a bit of excess plastic sheet. This must be trimmed so that you won’t damage your finished piece. Below is a list of the preferred methods of cutting swarf for different plastics, although a basic handsaw could be used in this instance
Material Thickness Preferred 2nd 3rd 
· P.S < 3mm Die Shear Band Saw 
· P.S > 3mm Circular Saw Router Band Saw 
· ABS < 3mm Die Shear Band Saw 
· ABS > 3mm Circular Saw Router Band Saw 
· HDPE < 3mm Shear Die Circular Saw 
· HDPE > 3mm Shear Router Circular Saw 
· LDPE < 3mm Shear Die Circular Saw 
· LDPE > 3mm Shear Router Circular Saw 
· PP < 3mm Shear Die Circular Saw 
· PP > 3mm Shear Router Circular Saw
(Formech, 2017)




Alternatives to moulds in the vac forming process
To truly engineer this concept further we must ask, why do we need a mould? There must be a way of creating a machine that uses actuators and a vacuum moulding system so that we can rapidly create any product within the realms of possibility. If it can be drawn it can be mapped onto a system whereby pins a lifted into the appropriate position and then the plastic sheet lowered, we could create anything without a mould. 
This process maybe a little advanced for precious plastic but it is something to think about moving forward.

Conclusion

We have seen how plastic can be shaped using this process and its conceivable that a machine can be designed and manufactured to give precious plastics a real boost with their design possibilities. A Vacuum forming machine would be a fantastic addition and give a much greater variety of moulds and completed recycled products to help tackle the global problem of waste plastic.


























Design Specification
This vacuum former is still not in the design stage yet and will have to be carefully and meticulously designed not only for successful performance, but in-keeping with the precious plastic model of easy to build and replicate in any site or nation. Once we have a finished prototype, analysis in the forms of QFD’s and FMEA’s can be performed to finalize our final design.
Market Requirements
This design will effectively be “sold” to Precious Plastic and although it may help us with our potential site in the Swansea Valleys, we would love to contribute further and make our model part of their format. From researching how their machines are constructed, it makes sense to try to design a machine that is made in similar fashion and out of similar materials to the existing compression, shredding, extrusion and injection machines.
This will ensure they like the idea as nobody, in this case, Dave Hakkens, will think their own ideas are bad necessarily as well as knowing that it can be made with no trouble.

Life in Service Requirements
From research its confirmed that this machine will be compatible with the types of plastic already collected by Precious Plastic and as this design will try to be as un-cumbersome as possible so it can fit seamlessly into the set-up within the confines of the container. As previously stated, based on the techsoft primary thermoformer, our design should not have electric motors or spinning or moving parts that may require maintenance or replacement. The simpler the better really is key here.

Production requirements
These products have no shortage of recyclable material and therefore need to be operating as quickly and efficiently as possible to get finished products out. There needs to be a balance of size and speed of mould as obviously a larger sheet will require more energy and take longer to process but also has greater capabilities like multiple moulds being formed. It is therefore crucial to finalize how big a sheet it can melt. 
With regards to design the machine will have to have these things
· A heat source	
· Clamps to hold the sheet stationary
· A sealed vacuum
· A means of creating a vacuum below the mould. 
· A bed with holes for the air to escape through
· Safe Operations i.e guards/ no pinch points etc
· Possibly a means of blowing air back in to ease the release once cooled.
· Lightweight design
· A means of recording time so you know for sure the piece is ready to be formed


Conformance Requirements
First off, the idea is to spread knowledge and enthusiasm for the subject and get people into recycling, so we would not want to patent this machine, quite the opposite by imploring other to make their own. 
It does however have to be totally safe as it will be operated by mainly unskilled workers or people with little manufacturing or machining experience. Once fully designed, it will comply with all industry standards for safe use in the workplace. It would also be ideal to design it to withstand being shipped from site to site where needed so a design that can cope with those demands is preferred.
These requirements have been addressed now the next stage is preliminary design of this piece and manufacture of the basic prototype. 






















[bookmark: _Hlk512614445]Design appraisal
We now look at the possible designs in more detail, discussing the positives and engineering solutions to necessitate any changes. 
From the design specification last time we highlighted certain key features our machine must have or be capable of performing.  They have been ranked below in order of significance to ensuring a successful finished product. 
[image: ]Customer requirements



 









[bookmark: _Hlk512614458]
This table allows us to identify which aspects of design are vital for a successful product. We have not compared the design to other Vacuum formers as they are all produced on a commercial scale and that is not what we are competing with. However, obviously we have considered the successful features of those machines into our design and tried to simplify them as much as possible. 
This table has allowed us to assess and discuss workable solutions for final design. We can see here the correlations and coming out on top is ease of use with the main importance going to a stable sheet, in a sealed vacuum that requires as little air as possible to be withdrawn. If the vacuum is compromised, it’ll be impossible to achieve good vacuum moulds. Another vital aspect is having a safe to use heat source, that requires as little energy as possible.




Aspects of a successful design

1. A sealed vacuum.
From what we have seen during research, the best way to achieve a good vacuum mould is through having the best seal possible between the plastic sheet and the chamber to which the air is evacuated from. This will drastically increase the pulling power of our pump. From the initial design this will be achieved by two rubber sealers with one on the frame in which the sheet is clamped into and the other surrounding the vacuum bed/mesh. Its also vital to make sure every joint, seal and edge of the vacuum box has been covered in some sort of sealant to ensure a flawless vacuum pull with no air leaks. 
	Fulfilment of Function
	The rubber two rubber sealers will ensure the entire arm is sealed the bed and the sheet is sealed between the two arms.

	Reliability
	If the rubber seal is not compromised or damaged it will form a perfect seal.

	Life
	5+ years

	Ease of Maintenance/Replacement
	No maintenance, simply remove and replace

	Ease of Manufacture 
	Bought most likely, EDM tape/neoprene strip/ rubber wire/window sealant/CT1

	Efficiency of Operation
	No operation

	Simplicity of Layout
	Simple

	Cost
	Cheap <£5 (Affixit.co.uk)



2. Vacuum below mould
The machines ability to evacuate the air from the chamber is key to ensuring an accurate mould. What’s imperative when designing the chamber, is making the volume as small as possible so less air needs to be evacuated to get a good pull on the heated plastic. Most machines use some sort of electric vacuum pump or even simple domestic hoover which could work fine but this machine needs to be cheap and simple, so a manual hand pump will be sufficient.
This could be done by using some sort of modified hand pump/large syringe for a bicycle or sports ball attached to the chamber itself. 
	Fulfilment of Function
	As long as the chamber small and the pull great enough, the manual hand pump will work

	Reliability
	High, few moving parts

	Life
	Long

	Ease of Maintenance/Replacement
	None/ straight replacement on front of vacuum box

	Ease of Manufacture 
	Easier to by but could be made simply with some one way valves and a syringe

	Efficiency of Operation
	Hand operated-easily

	Simplicity of Layout
	Simple

	Cost
	<£4 (JDsports.co.uk)




3. Clamps to hold arms together
These toggle latches will hold the two arms together and keep the plastic sheet securely in place. This coupled with the rubber sealant around it will add to the flawless seal and give a greater pull.
	Fulfilment of Function
	Clips secured correctly will ensure success

	Reliability
	High

	Life
	Very long- steel

	Ease of Maintenance/Replacement
	None/ straight replacement; unscrew screws

	Ease of Manufacture 
	None

	Efficiency of Operation
	Simple

	Simplicity of Layout
	Simple

	Cost
	Cheap 2 X toggle clips £1.62 (RScomponents.co.uk)




4. Vacuum bed
	Fulfilment of Function
	Mesh would be perfect

	Reliability
	Very

	Life
	Steel – very long

	Ease of Maintenance/Replacement
	None/ straight replacement

	Ease of Manufacture 
	None

	Efficiency of Operation
	Simple 

	Simplicity of Layout
	Would probably require removal of vacuum box rubber seal so would have to be replaced together

	Cost
	Cheap- 200mmx200mm sheet @ 2mm round hole £4.49 (themeshcompany.com)


 From research this can be done a number of ways. A CNC machine could cut out a perfect bed and partially cut out reservoirs in the wood for air. It could be done twice then two pieces glued together to give a few tunnels for our evacuated air. However, if a greater seal is established then it is unnecessary for this needless complication when a mesh can bought or better yet found.
 Unlike some vacuum beds that have a directed passage for the excavation of the air, centre of bed for example, we will just have a mesh directly above the chamber and rely on our air-tight seal from the rubber and this will give us an even pull on the plastic sheet as the suction will be distributed evenly across it. It would be better however to have the pull from the vacuum chamber centred from a small hole beneath the mesh to maximize its pull.







5. Safe operations 
This machine has very few moving parts and none of which are particularly dangerous apart from the heater. Of these parts, none actually move without the manual control of the operator so it would be impossible to get anything e. g. hair caught in it.
If possible, a safety switch or an isolator could be employed so that the heater can only come on when the arm is in its upright position and therefore, the plastic sheet covering the heating element. The element itself will have a protective mesh to prevent direct contact with the operator. There are also small plastic protective coverings for the arms pivots. Overall, the machine is very safe. 

6. A heat source
Similarly to the vacuum bed, this crucial piece of the machine can be designed a few ways. Lights, gas jets and other heaters could be used however, the easiest, cheapest and probably most be-fitting the precious plastic model, is to use the heating element from a deconstructed toaster. This would just require the simple removal of the plastic coating and the re-assembly at the back of the machine. This has the added bonus of a built-in timer. 
This means once the desired time setting has been established to heat the plastic to moulding temperature, from cold, it could just be set and left and, turn itself off and further prevent injury when ready. There could be a simple arm or lever on the arm the plastic sits in that could turn the heater on when in the upright position.  
	Fulfilment of Function
	This would generate enough heat and is obviously designed for this purpose 

	Reliability
	Very and consistent

	Life
	Long

	Ease of Maintenance/Replacement
	None/ remove heat shield at back to access

	Ease of Manufacture 
	None

	Efficiency of Operation
	Its in its design but maybe a reflective plate might be necessary for a more even heat distribution 

	Simplicity of Layout
	Simple

	Cost
	Cheap £6.49 (Currys.co.uk)




7.  Lightweight design 
The majority of the machine body could be made from wood. Its possible to CNC a solid wooden block for the vacuum box although it would be more difficult to attach the arms. If not, welded steel could be an alternative. If the machine is not screwed to a table or platform, it could have a welded frame also and just be screwed to it for ease of transport. As the dimensions for this machine are small, and it has few moving parts e.g. motors, it will be lighter than any machine in the current setup anyway. This machine must conform to HSE regulations of manual handling in order to be transported safely and moved without incident 


[image: Image result for hse lifting guidelines]











[bookmark: _Hlk512614583]The net weight of the machine must be <15Kg to avoid anybody causing injury to themselves.

[bookmark: _Hlk512614595]8. Timing Device
There should be some sort of digital display showing how long the plastic sheet has been heated for to know the exact time for best results. Exactly what this is will have to be established once its being built with what’s to hand but it should present any significant problems. This aspect really does not need to be over-engineered.   
9. Possibility or reverse suction
Once the plastic had formed around its mould and cooled, removing it can be tricky. Some vacuum formers use a short blast of air to blow the finished product from the moulded part. If this were possible, it would rapidly increase the down time in our recycling plant as less time would be spent physically removing the part. However, it may compromise the strength of our vacuum by letting air flow the other direction and put more strain on the one-way valves. 
This in effect, may cause more harm than good and may be looked into during further improvements. 







[bookmark: _Hlk512614613]Preliminary Design sketches
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[bookmark: _Hlk512614646]The arm that holds the plastic has been left out for ease of drawing at this stage. Also there will be a centred hole for the vacuum chamber and a mesh on top.
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[bookmark: _Hlk512614677]A plan view of the hinged arm that will hold the plastic sheet together. This will attach on the sides to where shown in the first diagram. This is actually lacking a handle to maintain a firm pressure on the bottom base which will give us our seal. The two sides will clip together and form a seal for the sheet then be held down onto the base to get the seal for the vacuum. We could use more clips to the base, but this is not needed. 
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[bookmark: _Hlk512614716]A side view of how the completed machine will look with the arm attached. 

Vacuum box construction
The box itself is to be made from wood to save cost. It’s imperative that we use wood with good thermal resistance to ensure the highest levels of safety as it will be very near to the heating element. The R-value shows the resistance to heat flow in the material can be calculated as shown. U values which we are more familiar with, is simply the reciprocal of R, i.e. 1 over R. R value is measure in M²K/W

R value = Temperature difference X Area X Time
                                         Heat loss
(www.thegreenage.co.uk, 2018)
The higher the R value, the greater insulation properties of the material. Woods with good R values include Pine, Cedar and Larch and whichever one is the cheapest at the time of production will be used. No CNC machines need to be used just a simple 45-degree angle on each length and wood should suffice and also a second application of sealant to ensure no air loss. 

The heating element
The most difficult to model as without practical, hands on experimentation, We don’t know exactly how this fill fit together. What we do know however is that a reconstructed toaster is the cheapest, easiest and most practical way of heating our plastic sheets. It’s a device everyone has used in their lives so presents no significant health risks or nasty surprises. It will suit our purpose as the glass transition temperature of ABS plastic is 105 degrees Celsius, more than capable for most toasters elements which glow red hot. This will heat the plastic very quickly enabling the plastic to be formed much fast and increase production. 


















Final Design Solution
The construction of the machine will need a certain number of materials to complete and to comply with our weight and cost restrictions should be sourced as cheap as possible.  Below the construction process has been broken down into several stages. All dimensions are in mm and are based upon prospective components.
1. Wooden frame and angled Aluminium reinforcements.
The wooden box is constructed with the longer back for the heating to attach later. Lengths of wood cut at 45 degrees and glued together. There is a base and another wooden lid directly underneath the mesh with a centralized cavity for air to be drawn through. The angle metal adds reinforcement, strength and longevity to our machine and the mesh is attached by if possible, a light weld. We can see the hole here. The interior should be glued again on all joints to make sure its sealed.
Box dimensions- 450x250x15
Front and middle- 250x150x15
Mesh- roughly 212 but can be cut to fix 
Angled Al- 12.65x20.65x1.6
[image: ][image: ]








2. Rubber seal and hand pump
[image: ]A rubber seal roughly 15mm wide should give us ample seal for our arm to come down on and create a vacuum. Once we have altered our hand pump or designed the vacuum pump itself, that too is added onto the front of our box. The rubber strip is just less tan the box at 248x248x10mm. As the volume of air in the vacuum box to be expelled by the handpump is very small i.e 220x220x160=0.00744m³ of air, the handpump itself will not need a large amount of suction. Rather the importance is just to maintain total airtight conditions. 




3. Back base and heat shield
The back of our machine is added with a protective heat shield to direct the heat away from the wood and towards the plastic sheet to be moulded.
[image: ]wooden back- 450x250x15
Plate 150x250x10









4. [image: ]The hinged arm to hold the plastic.










This piece again made from angled Al that will have to have the right angle cut off with a grinder and edges filed down is what will hold our plastic sheets in place and move 90 degrees up to the heater and then be held down by a handle to the vacuum box. Once the plastic is placed inside, it is clamped together with simple toggle latches. We can use the same rubber strip seals as before so the arms are airtight to the box. The dimensions must be so that it fits perfectly over the vacuum box and that the hinge on the back ensures the top arms sits flush on the rubber seal. 


5. The heat source and guard
This is more a visual representation of how it will look rather than an exact portrayal as we will have to source and modify the toaster first and then decide how we will build the machine around. Manipulation of the toaster will require the removal of the outer plastic and ensuring the element faces the correct direction and performs correctly. It is important however that the toaster has a heating area roughly 250x250 as this is the size of the sheets that will come out of the plastic compression oven in the precious plastic model so it makes perfect sense that they can work together, although the sheets could be cut, it would waste time and energy. 
[image: ]











The guard is vital for health and safety and should be in place at all times. 
6. Final assembly
Once the heater is working correctly and is plugged in and the arm has perfect motion and a perect seal, our machine will be able to vacuum form as look like this. 
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Conclusion 

The design of this machine works off basic theoretical principles rather than customer reviewed standards of excellence and recommendation. It is more a set of guidelines to achieve a target with what is available to us, especially using the ‘precious plastic’ philosophy and models of machinery.
Its inception is out of necessity to further the excellent work they have started and better engineer the process of recycling in this case. It has been difficult however, as this machine is a prototype and we don’t have the luxury of identifying the pro’s and con’s of previous designs and moving forward with what’s worked well and what hasn’t. During the background research it was possible to see which aspects of successful vacuum formers could aid us in the design work moving forward. It was problematic however as we are not a large industrial company with workshops and materials to hand to aid us in the design process. 
This project moving forward will benefit from practical based trial and error and it goes against the very idea of engineering that this prototype is the best finished product and the end of our search for a perfect vacuum former. 
What it has given us though is a good foundation to move forward with this idea. The ‘precious plastic’ model is one that prides itself on being physically possible in any environment on earth and every design will be slightly different due to the available materials in each location at a certain time. 
The whole premise of this idea, and of the world moving forward, is to re-use as much material and resources as possible and this machine will in no doubt, be replicable in every site they set up. Once this machine has had a few prototypes made and our own personal knowledge of the subject and engineering principles has greatly improved, we can make better strides towards efficiency and success in this field. 
As stated, the next step in this lengthy process is to build a successful model of these principles and establish our own recycling plant in the Swansea valleys, which will spread the knowledge further and increase the companies network and flow of ideas across the globe. This work shall be carried out in the summer of 2018 with a view to completion by the Autumn.
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