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Introduction

Bass Energy is a company made by members who have had previous experience working within the energy sector through the national grid. They reached out to the university in exchange for new design concepts for their product that they are keen on developing further.
As the demand for electric cars grows within the country, Bass Energy are keen on being involve in this new market through their unique product. This proposed product can be summarised as being a portable electric charging station that can be fitted in the space of a car storage area. They have given both a weight restriction and a variety of different spatial limitations for the design.





















Reflection on design submissions
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Fig. 1 Rounded Design Proposal to Bass Energy, Callum Jackson Welford, 2022

Spring term was taken up with working on our first ideas and initial designs developed from our understanding of the brief given by Bass Energy. I presented my design concepts, how I imagined they would both look and work to the client. These initial designs involved the use of moving mechanisms in order to increase the overall height, the beneficial reasons for this moving mechanism were to ensure it was more noticeable on the street and more compact for the vehicle and carrying thus making it more ergonomic for the user. These designs could be collected and stored within an area inside of the car due to the overall height of the design halving through pivoting motion. Additionally, there were other features, such as the use of an interface that could as an alternative if wireless connection between the phone and the device could not be made.
However, upon receiving Bass Energy’s feedback, I began to understand the various issues that could be found within my designs and made note of some further flaws that Bass Energy had failed to highlight.
The mechanical concept within all the designs was manually controlled by the user, lacking the barest for self-automation, and this would mean potential endangerment to the user as collapsing the design could potentially lead to injuries if the descent of the component was unsuccessfully controlled. Another aspect that was found within all the submissions which became unnecessary was the integration of a touch screen interface as that was redundant if the direct control was available through a wireless connection with the personal device of a theoretical user. 
[bookmark: _Hlk125325658]The final major flawed element that was rectified for the future proposals to Bass Energy related to the assemblage. None of my designs showed any visual evidence of the internal circuitry which evidenced the lack thought of construction. Future design stages would need to show how it could be potentially disassembled for access internally in the event that the electronic system failed. 
Design Methodology

The critical response from Bass Energy in relation to the previous design submissions were significant as this led to focus upon improving my design methodology.  Through the supporting research, I undertook a design thinking approach which revealed elements that needed further consideration, these included the design, the development and incorporation of construction methods.
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Fig. 2 Visualisation of Design Thinking Elements.

The previous design submissions had shown that there was a lack of empathising with the consumer, as Dam and Siang (2022) explained that the results of a potential user’s or consumer’s interactions can be used to “improve products, services and processes”. However, as this was the start of a new design period, it would be difficult to record these interactions, so results on why users would want to invest into electric vehicles were used to help generate and justify design decisions. This concept of empathising was useful when it came to prototyping of potential designs and the incorporation of material research as the results of the prototype designs were used to aid development of the finalised design proposal, Cynnal.
Design generation and a prototype

Following the empathising stage of the design methodology, the next stage was the generation of new designs concepts, which had a heavy emphasis on construction in order to research and document how a proposed product could be dissembled. This design process led towards concepts that gradually show aspects of a column, having a wider base with a narrower body situated within. The reason being was so that the main body could be taken off in one piece while leaving the circuitry still connected to the base for access.  
In order to test the practicability of these concepts, the production of a prototype model became vital and gave information which progressed new design aspects towards the eventual final design. This prototype was of simple construction, made purely from cut cardboard and joined through the use of a glue gun. It was then taken to another university campus to be tested in two different electric vehicles for spatial consideration.
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Fig. 3 Photograph of prototype model in Electric Vehicle, Callum Jackson-Welford, 2022
The results showed that the user would have to squat or bend over to order to pick up the design and therefore the final design would need to have a handle to circumvent this issue. The prototype showed that there was not enough room to increase the height with the base sitting upwards, but when laid sideways, there was potential to double the height, but the base of the design would need to be in line with the rest of the body for space efficiency.

Material Research inspiration
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Fig. 4 Aerial view of the Piyandeling Artisan House, RAW Architecture, 2022
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Fig. 5 Photograph of the Piyandeling Artisan House lower level, RAW Architecture, 2022

It was through the design magazine Dezeen that bamboo plywood was considered as a design material.  The design that started this exploration was an architecture artefact that had been built in Indonesia by a group called RAW Architecture, that contained “various types of bamboo [….] integrated into the structures, from the frame itself through to the floor and ceiling finishes, balustrades, window frames, decorative carvings and even door handles” (Astbury, 2022). The fact that the majority of the building, except the foundation and the roof was made from Bamboo showed confidence in the material. Further research was conducted in order to see other projects that had involved the use of bamboo as the material medium.
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Fig. 6 Yugo by Tanabe Chikuunsai IV, 2022

This installation “titled Yūgo, was crafted from 6,000 pieces of tiger bamboo” (Parkes, 2022) by Tanabe Chikuunsai, through the use of weaving the material, for a fashion brand based in Spain, showed further the potential of bamboo. It was through viewing this artefact that that I began to question if Bamboo’s could be converted into a processed form, like other traditional woods which had been turned into Timber and the implication with regard to tensile strength and design, because as a politically and socially interested individual, I know through projects that I have worked on throughout the years at university the dangers of climate crisis which has been caused by the reckless greed of society. As a designer, I have a responsibility in aiding the prevention of further devastation of our environment, which can be achieved by being carbon neutral or carbon negative.

Material Properties of Bamboo

Whilst searching bamboo plywood, I discovered a company called UK Bamboo Supplies, who sold bamboo boards. It was through direct contact with the company that I gained various important information about bamboo and by association, bamboo plywood as I received responses that either answered my inquiries or transferred documents received from their supplier. 
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Fig. 7 Email response from Emberton, 2022
Through these inquires, I was told that Bamboo plywood had a significant flaw as the material “turns black and become mouldy if left outside as Bamboo absorbs water” (Emberton, 2022) and that the material would need to be treated in order to protect it from the weather elements such as rain, so I therefore determined which oil treatment would be the most effective within wet conditions. 
There were limited amounts of eco-friendly oils, some serious flaws as well, such as linseed oil that had great attributes, but they were outweighed by the negatives of being “flammable, slow-drying, […] sticky finish” (Hardman, 2021). A product that is not only flammable but also sticky to touch would likely be unpopular with consumers. After further research of eco-friendly oil treatment options, the most suitable that was selected was eco-friendly oil treatment produced by OrganoWood. The reason for this selection was due to the chemical composition that not only gave it waterproofing, a long-life cycle and flame protection due to the chemical composition, but additionally, it had been “classified as harmless for the environment according to the Swedish National Chemicals Inspectorate” (OrganoWood AB, 2019).

One of these documents received from UK Bamboo Supplies was a test report, signed by Lab Manager Zou (2019) that discussed the results when a “specimen consisted of 3 pieces of 600mm wide x 2440mm long x 20.2mm thickness and all sections jointed end to end” (Zou, 2019 p.3) which were placed inside of tunnel that contained gas burners. The result show that the bamboo plywood board had a “Flame Spread Index 30 and a Smoke-develop Index 250” (Zou, 2019 p.4), which classified as Class B, suitable for use as “interior wall and ceiling finish” (Zou, 2019 p.4).
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Fig. 8 Flame Spread comparison chart, Zou, 2019

The graph above shows how the test sample, which is bamboo plywood, preformed against red oak when undergoing the same test. The result from this revealed that it took 10 minutes for the flame to spread 8 feet across the test sample, while in the same period of time, the flame had spread 20 feet across the red oak.
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Fig. 9 Smoke Development comparison chart, Zou, 2019

This second graph is similar to the previous graph, however, illustrates how the bamboo plywood generates more smoke than red oak in a period of 10 minutes. This may appear to be a serious issue, but the fact that the material has classified as being fit for use in interior house design shows the opposite.
Further research potentially expands on why bamboo plywood has a slow flame spread could potentially share the reason which laminated bamboo does, as “the geometry of laminated bamboo [….] is able to create char layers that may provide enough insulation to the inner parts of the cross-section, having residual cross-sections with intact mechanical properties that could help to withstand design loads through the duration of a fire” (Gutierrez et al, 2019, p.8). This implies that the manufactured structure of laminated bamboo produces an external layer that will be ignited and burnt by the flame, but this layer of burnt material will serve as protection to the remaining material. However, this potentially could be different for bamboo plywood, so it would be practical to include the application of OrganoWood and add that to the total cost of manufacturing my finalised proposal for Bass Energy.





The boards from UK Bamboo Supplies were not checked and instead another company called HM-Wood-shop, who also sold sheets of Carbonised Bamboo Plywood were used as specific measurements which could be input.
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Fig. 10 First Bamboo Plywood Design Proposal, Callum Jackson Welford, 2022

HM-Wood-shop sold two options for bamboo plywood that could be bought, 12mm and 30mm that could be cut down into any shape including limits for width and length. This came a complicated problem as I was aiming to assess what sheet size of material would be best to purchase for the construction of the prototype, the end result involved multiple strips of 30mm that would be quartered, then attached together to form the main body, with 12mm boards to serve as the different panels and the handles. 
However, through using HM-Wood-shop’s website, the potential cost and weight of the design became apparent, with the cost of the material being £279.68 while the weight was 6.43kg.
  
In order to make the concept of an electric vehicle charger made from bamboo plywood more appealing to Bass Energy, I decided to research manufacturing methods that would be more regularly used in the industry to show the issues they could run into with each method. This would be also beneficial myself in the event that Bass Energy completely were against the concept of a timber product and they wanted something more traditional. 
Fast Radius, a company related to manufacturing, explained in great detail about the pros and cons of plastic injection moulding as potential method that could be summarised as being great for mass production and offering recyclability, but in terms of starting production of “a simple design and a small production run can cost between $2,000 and $5,000” (Fast Radius, 2022). 
Vacuum forming was another manufacturing method, that I research and would have been more suitable for Bass Energy than Plastic Injection Moulding, due to cheaper manufacturing costs, but the main issue with process is that “finished parts may not have a consistent wall thickness” (Formlabs, 2020), meaning that there is a potential chance that one component will be over or under the design’s specifications. 
When researching the topic of manufacturing with fibreglass, it was stated of having multiple benefits, such as being “Cost effective – especially for complex shapes” or “Corrosion resistant”, (Enduro Composites, 2014). However, it has has been proven that this manufacturing process has serious issues to both the environment and people, as an article from the Guardian illustrated in which it was reported boats made from fibreglass were essentially abandoned and left to rot and the environmental concerns regarding this.
The resins used within the construction of fibreglass for these boats had been exposing microparticles that contained “phthalates, a massive group of chemicals associated with severe human health impacts from ADHD to breast cancer, obesity and male fertility issues” (Corina Ciocan, 2020) into the environment. 
If this method of manufacture was chosen by Bass Energy, then if their product were to be abandoned, lost, stolen or not well looked after by the user, then there is the potential for their product to harm the user or their localised environment through use or exposure to the elements.
The Client response to new design

The response that the client Bass Energy, gave when shown the ongoing design direction of their potential product was a sense of curiosity yet cautioned.
They were concerned about the weight of the design which was factually connected to the design decisions that were taken with the material. This was understandable as this was only the external shell, and the design lacked any factual information about how the internal circuitry would add to the weight. This was not intentional, as it was believed that electronics within would be developed by the clients due their previous experience. The material also led to a discussion on potential consumers that this product would be aimed towards – due to the material aesthetics and the artisan involvement of the craftsmanship in assembling the product before treatment. The other element of the bamboo plywood that fed these concerns was its reaction to water when exposed with no treatment, which would affect the lifecycle of the material. This was not helped by a factual error made in the presentation, but this was corrected through personal contact with one member of Bass Energy.
However, the most serious and interesting response that the design material caused was the client questioning or reflecting on their dedication to being sustainable. If they are questioning themselves and by their company being sustainable, then Bass Energy could still be convinced that this is the best direction forward, as long as there is more evidence on why it would be beneficial to stay with bamboo plywood as the material.







The current EV market

After having presented the concept of my design to Bass Energy and having discussed the then design proposal, there was a realisation that material properties would not be solely enough to convince the clients to consider the use of bamboo plywood as a material, so I felt that I needed to justify my design decisions, which led me to including supporting documentation.  The documentation supports design decisions and the argument for an environmental concept to Bass Energy.
Additionally, through research of people’s usage that, “16- to 29-year-old adults who own a conventional vehicle, 52% said they were either likely or very likely to switch to electric in the next 10 years, with similar levels among 30- to 49-year-olds (54%)” (Office for National Statistics, 2021). This figure illustrates the potential demand for electric vehicles, which by extension could be related to interest with investing electric vehicles charging devices. This information is relevant when justifying the use of bamboo plywood or sustainable materials as the demographic who are likely to buy an electric vehicle are most conscious about climate change as “64% of surveyed 18-to-22-year-olds consider it important for employers to act on environmental issues” (Ro, 2022). If the age demographic wants employers to be more environmentally friendly, then there is potentially little reason for them not to be interested in the choice of an electric vehicle charger made from sustainable materials, like bamboo plywood. 
There is potentially once more factor that could encourage production of my design proposal. The Department for Business, Energy & Industrial Strategy or BEIS for short, offers government funding for “investing in green technologies to increase energy efficiency or reduce carbon emissions” (BEIS, 2022), therefore a product made from bamboo plywood might be placed under consideration as “bamboo has significant potential for sequestering carbon” (Gutierrez et al, 2019, p.1).



Prototyping with bamboo plywood

With inquiries that had been made of UK bamboo, it was decided that despite having gathered the relevant information in terms of material properties based around their boards and veneer products, more relevant data could be recorded through producing a prototype through ordering the relevant material from the company itself.
When a design was sketched and created through Fusion 360, measurements used within the model were recorded, prior to an order of bamboo plywood to assess differing thicknesses. When the material arrived, all of it was transferred to an area with machinery and tools that were used for the construction of model. This model lacked the detailed aspects yet would give the viewer a visual understanding of the design measurements. This comparison was to assess the users’ measurements and usability. 
There was no difficulty with shaping the bamboo plywood as there was no negative reaction when being cut down to the correct measurements through the use of the bandsaw and it was also surprising to discover that the bamboo plywood always had incredibly smooth finish after being used with the disk sander, especially when the material was given a newly angled or rounded edge.
However, during this construction process of the prototype’s impractical elements started to appear, this led to changes within the design, including one minor and one momentous change. The minor change was based on the 7mm thick bamboo plywood material which had warped and developed a small arching bow in the centre of the board despite being stored inside a building with heating. It was commented by on-site personnel that this was a serious issue as it meant that gaps would be exist and if parts of the structure within the partly assembled prototype had been thicker, then it could have been fixed. However, there was no spare material left for parts of the design and parts of the prototype had been joined with industrial PVA and nails. This issue was eventually solved by attaching the board with the arch pressed against the main structure and using screws to straighten the material through the connection.
Another problem that was discovered through the prototype was related to how the handle was constructed as it had been designed to be made from multiple elements of 12mm thick bamboo plywood which would be permanently joined together for aesthetics yet when trying to simplify this process, there were still difficulties with assembly. These difficulties eventually caused a prompt undocumented redesign of the handle that was achieved by using the handle measurements to produce two blocks that were joined together permanently.
This block, which was now 24mm thick, had certain points marked out then placed within a drill press, where a 50mm drill bit was used to create the gap in the handle. This handle was then joined to the rest of the body, which caused the total weight of the prototype model to be 3.7KG. The total cost of bamboo plywood materials that were used in the prototype model was £88.71 and with the cost of the OrganoWood treatment plan including 3-part treatment, this brings the total cost of producing the prototype model to £142.22 which included VAT.
It was after the handle had been finished that it was realised how the design could be simplified further and be more efficient in terms of materials used.  Through changing 7mm bamboo plywood within the design with 12mm it decreased the number of boards of differing thickness needed.
Alternatively, the 12mm could have been removed, leaving only the 7mm and 40mm boards, that would produce a design which cost £109.48 for the Bamboo Plywood and OrganoWood. It would also potentially be fractionally lighter than 3.7 KG, due to the handle being made from 7mm.









Comparisons between the prototype, the Cynnal and current EV products

[image: ]
Fig. 11 Cynnal
The total cost of ordering the bamboo plywood boards and the OrganoWood products for treatment purposes of the boards is £136.28 while weighing 5.053kg in total. The final design maybe heavier than the prototype model made from 7mm, 12mm and 40mm which weighed 3.7kg, but in terms of cost, this design is cheaper. It may be argued that it would have been more economical to remove the 12 millimetre and go for a cheaper design, but the fact that the 7mm bamboo plywood had warped within a short time frame made a convincing argument to go with 12mm as that had not wrapped at all despite being stored within the same conditions. With the comparison between boards now made, the final proposals of the product to Bass Energy can be made with the addition of a designated name. The name that was chosen relates to the research and material used. Cynnal, which is the Welsh word for “sustain”. 


	Brand
	Measurements in cm
	Weight
	Cost

	VORSPRUNG
	46.29 x 36.9 x 30.7
	5.19 KG
	£449.95

	EVtools
	‎45.4 x 36.2 x 20.8
	6.06 KG
	£399.99

	Sevadis
	33.6 x 18.7 x 8.5
	3.6 KG
	£649.00

	Wallbox
	‎19.8 x 9.9 x 20.1
	4.74 KG
	£639.00

	CYNNAL
	68.4 x 20 x 17.4
	>5.05 KG
	>£136.28



The table above presents Cynnal as being cheaper than current electric vehicle products that are available for current purchase, but the cost of Cynnal is only covering the external shell, so it would be reasonable to expect that the final costs and weight will be higher when the internal circuitry of Bass Energy’s own design is inserted. 
The Electric vehicle charge from VORSPRUNG is advised being to “Stay robust with industrial grade ABS, an IP65 rating, able to withstand dust, water and even low-pressure water jets” (VORSPUNG, 2022). It could be suggested that from being made out of ABS plastic, the manufacturing process used was either plastic injection moulding or vacuum form moulding, but both methods would have their costs in terms of creating the tooling or moulds.











Exhibition of Cynnal

As part of the Confirmative Praxis module, students were expected to exhibit their outcomes to a professional standard and manner. The room that had been selected to host MA Product and Furniture Design and MA automotive design was the Reading Room, which is central to the ground floor of the Alex building owned by the University Wales Trinity St David. The Reading Room contained furniture with light boxes built in, that needed to be measured for the best solution in order to present the finalised proposal for Bass Energy.  the decision was made to present the boards placed upon the light boxes and the most efficient size for these boards was A2, which gave ample amounts of room to inform the viewer of different aspects within the design and enough room to display four A2 boards, two on each of the light boxes. It was decided that the best elements to show were:
· Having the proposal in context where it could be perceived to be working.
· The measurements of each component within the design.
· Why the final proposed concept was made from the chosen material.
· How the proposed concept was assembled.
The contextual design required the use of a car that was parked in a suitable location to give the appearance of a mock demonstration, which was successful achieved through using the prototype model and placing it near to the car, so that the renders of Cynnal produced in Fusion 360 would be overlaid on top. In order to further help any potential viewer understand Cynnal further, the fuel tank access door was opened as a way of showing an electric vehicle charging cable being connected between the car and the renders, all of this was achieved through Photoshop. The final image was transferred over to an Adobe Illustrator file.
The process of designing the other boards to explain their elements was less experiment than the working in context board with the imagery displayed being a mixture of Fusion 360 renders and photography and with further similarities with the use of written text.  The remaining work that was done on the exhibition boards were visual with an introduction of a colour palette and the use of shapes as a way to separate differing elements within each board. 
Once the exhibition boards had be completed, an order was sent out to Print Partnership Swansea to have them printed with a finish, but before the boards could be transported and placed upon the light boxes, a risk assessment was required for the exhibition. It was decided that along with the boards, the outdated prototype would be used as a white model in order to give visitors to an exhibition a visual sense of scale of the design and a small variety of the bamboo plywood samples, with some that had been used for experimentation within the workshop. Interestingly, it had been decided by the organisers of the exhibition to have computers placed within each individual’s exhibition space, so this gave an opportunity to use animation to as guide for disassembly and repair of Cynnal. 
[bookmark: _Hlk125578091]Once the risk assessment had been approved the boards were collected and transported to the Reading Room, where they were measured and checked before being connected to the light boxes with tape that had be placed on the back of the boards. It was a mistake to not test this method.  The reasoning for this admittance is due to the visual result of the boards being placed on light boxes, as the intensity of the lighting made the work semi-translucent, affecting the visuals so that viewers could see the tape that was used to place the boards onto the light boxes. This issue was easily fixed by turning the light boxes off and focusing the spotlights on the artwork. but from volunteering for invigilation or serving as a guide for the M.A exhibition, there was evidence of other individuals switching the light boxes back on which interrupted the cohesive feel of the exhibition and professionalism of the show.









Conclusion

The thoughts and feelings that I have had about this module and by external project with Bass Energy has been a mixed, it is been a great opportunity to build physical prototypes that eventually led up to Cynnal, which sadly highlights that as a designer I have become too focused working with the use of CAD programmes such as Fusion 360. Working in the workshop using different machinery including the band saw, the disk sander or the drill press with physical material was excellent despite the few frustrations especially with the bamboo warping but again it just felt liberating as making was something I had not felt in a long time in part due the Covid restrictions. 
I also admit the exhibition itself in relation to my work was disappointing as due to the number of people within the exhibition space, the reading room felt empty. This was due to all the work being displayed along the light boxes so there was nothing in the centre of the space and nothing by the entrance or exit to entice people in.  It was frustrating when coming in to invigilate only to discover multiple boards throughout the room had fallen down, even those that had been mounted. These had a back that was not just the printed board and to be honest there were so many issues within the Reading Room itself that I felt it was not suitable for exhibitions in that room because of how it felt, with the emptiness, the non-functioning lights and the leak that had not been fixed. This was not helped by other unknown individuals who had switched the light boxes back on which interrupted the professionalism of the show because of how the boards reacted.
If I was to do this project again from start to finish, I would try and find a different space to exhibit my work because of my experience with the Reading Room along with taking the initiative on the marketing side of the exhibition, as on the days that I was invigilating, the only people that turned up to look around at the artefacts were either students or related to the university in an official capacity and it would have good to have our work shown to a larger public audience. The busiest time was on the open evening, so I now understand that this area needs to be developed for future projects for potential clients and the significance of location and marketing. 
If it were a possibility, I would have considered the Glyn Vivian from across the street of the Alex building as an alternative exhibiting location if they were interested in hosting and understand exhibition spaces are available although may charge to accommodate this.  
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Fig. 12, The exhibition space of Cynnal, Callum Jackson Welford, 2022
In regards to the outcome of Cynnal, I realised that there were some design avenues that I could have explored further, such as making Cynnal more visually appealing by mixed the different variety of Bamboo Plywood, such as combining the natural and caramel finished board in one model, or shown visuals laid on top of Cynnal in order to show the viewer that they can customise their own Cynnal and finally, I could also have ordered some 3mm board/veneer to test the laser cutter for additional texture to the design.
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Figure 1 Flame Spread Chart
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