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	Diamond Centre Wales
 
The diamond centre Wales (DCW) is a retailer based in South Wales, specialising in luxury custom pieces and jewellery. DCW was founded in 1970 by a husband-and-wife team Kelvin and Sharon James. Since then, they have grown to a small family business of 20 employees, mostly consisting of family members. In the last five years, DCW started investing in their future, in making sure that they had a future-proof production capability, that not only achieved the manufacturing and production that they do now, but also offered them a wider scope of creative designs, but also solved real problems that clients have faced over the past 40 years.

The diamond centre has more than one research and development innovation project running alongside each other, DCW is shining a light on technology for manufacturing, security, and education in the jewellery field. In comparison to other small manufacturers in the UK, they were ahead of the curve of developments happening in the jewellery field, something that the diamond centre prides itself on and pushes its employees to have an inquisitive and problem-solving ethos. The diamond centre’s vision is to be the first to market, with the highest quality product.

Currently, the diamond centre Wales outsources a large proportion of their work at a great cost. To combat rising prices and lengthening lead times, DCW is looking into 3D printing as opposed to traditional casting to manufacture jewellery. This report will explore if this innovation has a profitable return on investment and explores what other hurdles the diamond centre will have to overcome to make it a success.
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The diamond Centre Wales (DCW) holds a monopoly for independent Jewellery manufacturing in South Wales, however, the 20 employees are mostly family and residents and have a traditional view on manufacturing and business development. DCW has largely relied on word of mouth and a local reputation to grow a 3-million-pound turnover yearly. They have always wanted to offer the widest and most varied range of Jewellery and because of this they actively use research and development to avoid becoming stagnant.

DCW started focusing on their manufacturing process and how they could modernise and innovate their methods. Their current production procedure is to outsource their casting which totals an average expenditure of £40,000 a month. To combat this growing figure, DCW looked at alternative manufacturing techniques and decided to focus time and money on 3D printing research.

3D printing, also known as additive manufacturing (AM), can open doors to other benefits such as more varied and unique jewellery design capabilities. Using AM effectively could create jewellery in seven hours that would take months to hand-make, saving human resource time. In addition, it opens a whole scope of Design abilities that have not been created before, for example, hollow and high-resolution parts or articulated moving jewellery with foreign settings, which would be impossible to hand-make thus creating a unique selling point that will be incredibly difficult and expensive for competitors to recreate. This will enable a diverse and wide range of jewellery creating a unique selling point that allows DCW to grow their profits, design innovation must be a central interest to enterprises to fulfil customer expectations (Ali, et al., 2020). Raising profits not only provides security for the future of the business but also creates investment for innovation. 

Furthermore, this promotes an ethos that the company welcomes new design ideas and how the diamond centre can push the boundaries of creativity for their clients. The managing director instils a culture of innovation and enterprise within the company; meaning that the team are open to accepting change. (IndiharŠtembergerRokŠkrinjarVladoDimovski, 2007) explains that when the employees create innovative solutions and their research is upheld, not only job satisfaction is the result but compliance to integrate change amongst staff is higher.

Printing also allows a process that everyone in the company can use, after efficient training 3D printing is a simple manufacturing technique which is very useful for such a small company to keep their manufacturing going 100% of the time even when key personnel are not on site.

[bookmark: _Toc103700723]The barriers and risks faced by the company in developing this innovation. 
Research and development can be a long-term investment with a very staggard and uncertain return. It is not easy for stakeholders to overcome the possibility that the results of the research may not be viable for a commercial return, and it can be seen as capital waste. (Rahmati, et al., 2021) shows in figure 1 a comparison between two businesses: IBM strategising by investing in research and development, compared to Infosys which chose to focus on business alliances. IBM created supplementary income from each dollar expended on Research and Development,[image: ] Business-minded stakeholders may not see the benefit of investing in innovation, especially when the market is volatile and heading towards a recession as it is currently; many businesses will focus on the bottom line. However, I would argue that without regeneration and the desire to move forward, businesses will eventually become stagnant. Figure 1

Competitors in the same market will be investing in research and development and will regenerate. The market they are a part of will have a seismic shift and consumers are likely to respond to new products over products that have been on the market for a while (Namwoon Kim, 2015). Those businesses that do not invest in research and development will be left behind the competition.

Research and development can be a large expense with AM. Printers start at £250K, and the expense is further amplified when the medium of choice is precious metal: 5 Kilos of gold in 2022 costs approximately £237,415.1 (Bloomberg UK, 2022). For a small SME, this is a business-changing investment and a frighteningly large amount of money that could send the company under. In addition, this figure does not include the thousands of pounds needed to modify the building for AM powder handling or the purchase of consumables (NewsRX LLC, 2021), all of which are needed to give this investment a chance of being successful.  Money and cash flow are the biggest risk factors for developing innovation.

Whilst the diamond centre Wales Also up enthusiasm for innovation and modernising their business it is very apparent that the company can lose its focus. With no less than six major projects being researched and developed at the same time, it is easy to get lost within the noise and deadlines not met.  With DCW also being a family business, sometimes colleagues are very lax with chasing each other and there is a strong lack of urgency. This can have a knock-on effect of deflated and frustrated employees which in turn important details can be overlooked, and projects can be rushed and not completed to the standard of what was initially expected (Rui Torres de Oliveira, 2021). Moreover, ideas and responsibilities can fall to fewer employees than anticipated, Lack of collaboration and willingness to evolve as a team can have a detrimental effect on innovation.
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Before a project has legs, market research needs to be conducted to see what the return on investment could be, how viable it is to run the project and what the response from the market and return on investment would look like (Birn, 2004). Investing a small amount of money into market research could save a company thousands of pounds, but a bad business strategy will not only affect the bottom line, but it will also ruin the reputation of a business and as a result, it may never recover financially (Asia Business Newsweekly, 2019).

Investment is often thought of as bringing in new tech, machinery, and consumables. However, without the right staff to drive the project, it could all be wasted. Hiring someone with the credentials to keep the project on the right path can come at a large cost (Stein, 2005). For example, an expert in Additive manufacturing can cost the company £80K per annum, so as the team grows, so will the cost of employment. It can be a struggle for SMEs to balance the sheet when a large proportion of their budget is directed toward staffing costs however resource allocation Is imperative to a project’s success. 

DCW do invest in their employees too, through trade shows to keep them knowledgeable and up to date with developments within the printing field. They also Sponsor staff to upskill, via master’s degrees programs, short courses, and field trips abroad. The correct staff for the job are essential to the success of a project (Bård Kuvaas Anders Dysvik, 2010). Giving employees incentives to stay with the company ensures there is a higher retention rate of highly qualified and skilled staff and creates a company culture of Always bettering themselves and whatever projects their working on. 


[bookmark: _Toc103700725]The processes and technologies which the company used to carry this development forward. 
DCW looked at different ways to receive academia to push innovation, they looked at hiring a grant-appointed researcher funded by Innovate UK. Knowledge transfer partnerships are a bridge between academia and business (KTP, 2022). The researcher will sit in the business to find what areas could evolve to either cost-save or create new business ventures. the researcher feeds back all the research to the university so they can always be at the forefront of innovation in whatever field is necessary, and the business can use the innovation to monetise and expand. This approach to problem-solving means that rather than using a solution that is already on the market they are inventing a solution or creating a solution that hasn't necessarily been done before.

Choosing 3D printing to manufacture their parts means that the diamond centre has start-to-finish control over how that jewellery is made. there are six types of 3D printing in the diamond centre Wales is interested in two different mediums are printing. They're focusing on binder jetting but for the time being, have ordered a selective laser melting printing system from the alpha laser.

Selective laser melting is a process in which a 20 Micron layer of precious metal powder will be scraped along with the plate of a printer in which a laser will come down and shoot the design. This will mean that the atomised powder will well together in a pattern and formation that has been created using CAD previously. Once this is done the steel plate will lower and a new layer of atomised precious metal powder will be scraped along the top. This will repeat itself until the desired piece of jewellery is fully formed (LöberaZ.Wanga.ChaubeyadU.KühnaJ.Eckertae, 2014).

The Diamond Centre, also looking at a different form of 3D printing for Binder jetting. Rather than using lasers like SLM, it suspends the precious metal powder in a resin liquid that will then be cured by blue light, following from this it will then be sintered in a furnace for 24 hours (Prashanth Konda Gokuldoss 1, 2019). the two printers have the capabilities of creating two very different types of jewellery however both can create the traditional jewellery that has been made with the methods and skills used today. However, there is not a binder jetting system on the market currently that is a) financially accessible for an SME business and b) wouldn't require funding for the weight of the precious metal. Binder jetting printing can hold up to 20KG of gold which in 2022 would be over Million pounds. The attraction to Binder jetting comes from the fact that support structures are not needed in comparison to a Selective laser melting system. Furthermore, the build quantities are seven times the size of a selective laser melting machine (Jasveer & Jianbin, 2018), which will reduce lead times and increase productivity.

[bookmark: _Toc103700726]The extent to which the development relied on resources external to the company and how the deployment of these resources was managed. 
One variable in this research compared to most other industries is the fact that the material used is exceptionally expensive gold prices and platinum prices have been volatile for years, with gold prices reaching eighty pounds a gramme this year this leaves no room for experimentation when it comes to the bottom line, meaning that desk research takes priority to see if this is viable. It's my secret that the precious metal market is volatile and external situations can have a great effect on how jewellery is affected, with wars, civil unrest and recessions being the main drivers for escalating metal price rises. Additionally, as the precious metal is atomised, that creates a physical complexity in handling the powder (cooksongold-emanufacturing, 2017), the room in which the powder is touched, needs to have modifications to ensure the least amount of powder travelling in the atmosphere and consume subsequently lost is minimised. The powder can be recovered however as it's contaminated it will have no use for the printers. The contaminated powder can be reclaimed, nevertheless, this comes at a further cost to the diamond centre.

It's also a misconception that on top of the very high printing costs that there will be a lot of consumables that will need to be bought with them consumables alone average around £35,000. This can be from sealants, which will cost a few pounds and are imperative for the machine’s function, all the way to industrial vacuums that will recover precious metal powder that without which will see the company lose hundreds of thousands of pounds a year (TAKAYA, et al., 2019). Furthermore, when embarking on something that hasn't been done before, there needs to be a standard created so other researchers can reliably use and analyse any successes and losses. to do this effectively, investments in lab equipment and personnel are vital. there are strict assaying regulations globally when conducting research and development in precious metals that are stringent processes that must be followed and passed before innovations can be commercialised and advertised. With increasing interest rates, loss of funding due to Brexit, and difficulty importing machinery and equipment from the EU can't create multi-layered Strains and longer lead times for imperative apparatus.

The diamond centre Wales has a constraint as an SME as its sits within a small building, implementing printers will take up 14% of its floor space which it’s already tight on due to the quick expansion of the business in the past few years and new employees needed to push their innovations. DCW has recently added a double Storey extension, in which the company invested a lot of savings resulting in cash flow being pinched and scrutinised more thoroughly. 

Two benefits you would choose 3D printing precious metal overcasting would be the design capabilities which are articulated and moving parts, thin-walled and hollow parts, and light waiting to make use of less metal to keep the parts relatively inexpensive (Mahmood, et al., 2017). The second reason to use precious metal printing in comparison to casting would be for the environmental aspect, there are a lot more carbon emissions emitted when casting in comparison (Nyika, et al., 2021), 3D printing you use creates a lot fewer carbon emissions and runs on electricity which can be offset with solar panelling

[bookmark: _Toc103700727]How management overview of the development was maintained. 
Keeping small deadlines to monitor progress in conjunction with a goal is the most efficient way to monitor progress towards a larger project. Identifying the stakeholders and communicating regularly with progress can impact the direction of a project and make sure that it’s a success. First identifying the stakeholders and what level of interest they have in the project will determine how many meetings are needed to keep the communication high within the project. for the immediate stakeholders, a weekly meeting to check the day-to-day running’s undead lines is being met. Furthermore, quarterly meetings are implemented we would invite the extended stakeholders for larger decision-making and shaping of the direction of the project.

As the Diamond Centre is a small family-run business, they recently come up with the idea of doing a bi-annual general meeting in which the whole company listens to everyone's projects and how they are progressing. this also opens the projects to scrutiny and questions some of which haven't been raised before and gives a new perspective on manufacturing.

Something in which the Diamond centre could do better would be transparency of budgets per project, trying to move the ethos from a small-time family business to a small corporation is a lot more difficult than expected, with a lot of resistance coming from the managing director and his wife. To overcome this bringing in infrastructure and retraining current managers in new ways of negotiating how balance sheets have been imperative for the project progression.

Secondly, due to it being a family business, employees are often given roles within the company due to family Connections rather than experience or knowledge for that job. it can have a great impact on productivity and the general well-being of staff when family members can’t necessarily complete the tasks needed to move the project to where it needs to be. 

Some ideas are met with a lot of resistance, it's become apparent that when an idea isn't liked by the family you must find new ways of marketing changes to them. this can take a lot of resources and time which can be frustrating, however, the size of the company has positive aspects due to it being nimble and easy to push on a different path. It means that we can move quicker

[bookmark: _Toc103700728]The extent to which you feel this innovation process represents best practice. 
DCW follows just-in-time manufacturing, this is due to the fluctuating prices of precious metals and the security risks that come with holding high-value diamonds. Furthermore, no two orders or the same at the diamond centre because that business is centre all-around customization which halts them from creating quantities of stock (García-Alcaraz & Maldonado-Macías, 2016). 

Just-in-time manufacturing also allows a grace period for cash flow to come into the business (Cheng, et al., 1996), this is imperative with how the jewellery market can fluctuate through the year and fluctuates with how the economy is fairing. 

The diamond centre found the criteria that they wanted to standardise was the lead times, currently, they sit at a nine-week lead time from designing two logistics I'm being sent out to the customer, by implementing 3D printing they can reduce and control their manufacturing to give a wider insight into where they could improve. Defining a goal and creating review points makes it easy to compare old practices and keeps the team focused on the implementation of new practices (Lin, 2016). Steady innovation can create normal activity and become customary in the day-to-day running’s of a production line.

Creating Standard operating procedures makes a coherent production cell, with uniform outcomes (Rautalahti, 2012). Additionally, this can help when there's employee turnover or the team grows, following an SOP is a great guide for training and continuity on machinery and all sectors of manufacturing. This can provide a better-quality product that will pass quality assessments before they go to the clientele.

Conversely just in time manufacturing does have negative connotations to it, having to heavily rely on suppliers to meet their targets can put a strain on production. Just-in-time manufacturing also requires to be incredibly organised and have accurate forecasts for the required amount of material (Neffke, et al., 2011), this can be very hard to predict in the jewellery market but has been made more uncertain as the market still has not returned to its usual figures and patterns because of COVID.

[bookmark: _Toc103700729]Your report should also provide your critique of the whole innovation process, and an evaluation (to the extent to which one is possible in the case of very recent innovations of the success of your chosen innovation)
Primarily the innovation done by the diamond centre Wales has been a positive process, they do have the desire to grow not only profits but also manufacturing capabilities. they have a true passion for being able to offer any luxury product to their clientele, this is possibly the best way to ever innovate as there is a drive behind them. However, I do feel that drive can't be the only motivator for innovation success, the core investments need to be in the right management team and employee resources. a large negative to working within a family business is that structure can feel disjointed, and urgency and deadlines are not adhered to (Gallizo Larraz, et al., 2017). Furthermore, when an external event affects the family, most of the workforce can be either absent or working at a lower production capacity and because of this, it has a direct impact on sales and the diamond centres’ financial flexibility for projects.

The diamond centre needs to do clear market research I see if the return on investment a great enough attraction would be to invest in 3D printing (Foroudi, et al., 2017). The start-up capital needed can be daunting so any business, but even more threatening if the company is living month to month.  

A large hurdle the diamond centre will have to come with self-critiquing, monitoring standard operating procedures and working to deadlines.  There is a finite amount of time 3D printers must create the return on investment (Lam, et al., 2019), this is further amplified by the capital needed for the atomised precious metal. the team will need a clear strict goal to make profits from this innovation.

the diamond centre does half the right mentality and outlook on innovation, and with self-control, structured and standard operating procedures the diamond centre will be able to make a success from 3D printing if the right investor or investment is found.
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