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A strengthening global economy and recent unparalleled changes to the industrial environment has meant that it is no longer sufficient to supply better quality products at a faster rate than the competitors to maintain an advantage in the market. To sustain any superiority companies must sought after new innovative products and processes (Dominik, et al., 2020) et al. 
Additive manufacturing using powders has changed the manufacturing world and is set to continue this upward trend over the coming years. Reports suggest that in by 2026, the market for additive manufacturing of metallic powders will exceed $8 Billion, this compares with only $0.30 Billion in 2018 (Ahuja & Singh, 2019). This forecasted growth will have a negative impact on the current long-standing manufacturing techniques such as vacuum sintering – See appendix.
As a result of the markets forecasted growth, many companies have determined that for them to evolve and sustain customer demand, they must build working relationships with other market leaders. This knowledge sharing strategy enables companies to continually improve their process capabilities and technological advancements. Renishaw Engineering’s’ collaboration with Sandvik Additive Manufacturing, has allowed for substantial improvement in their printing capacity capabilities (Renishaw, 2018).
Wall Colmonoy, a long-standing manufacturer of hard-surfacing alloys for highly corrosive and wear resistance alloys, has identified this change to the manufacturing world. Therefore, have initiated the step change required to enter this market. The forecasted growth in AM suggests a realistic potential for opportunities from a financial perspective within the markets. However, consideration must be given to the fact that many competitors are already well established within the AM world. To maintain and ultimately improve their presence in the competitive market, they need to establish potential manufacturing possibilities that are yet to be considered.

[bookmark: _Toc43653652]Main Report
Traditional manufacturing methods and processes have paved the way for companies to become global leaders, however with the fast paced world we currently live in and the shift towards fully automated processes with industry 4.0, only those who think creatively and continue to move forward will remain competitive, else risk falling behind their competitors. W. Edwards Deming (1982), cited by Farfan (2020) “It is not necessary to change. Survival is not mandatory”.
Wall Colmonoy is a market leader in manufacturing and supplying hard surfacing alloys, coatings, and hard-wearing precision components amongst other services for over 80 years. Their materials have excellent physical and metallurgical properties, making them an ideal choice for engineering solutions for wear and corrosion resistance. With various processes and products, the applications for their products include Automotive, Oil & Gas, Steel, and the Food processing industry (Colmonoy, 2020). 
The competitiveness of the manufacturing world has meant that companies are continually looking for improvement strategies within their existing processes to establish potential cost and time savings. One area whereby this is a key factor is the lifespan of the components which are subjected to high levels of continued wear and highly corrosive environments.  Ultimately, the longer the lifecycle of the components, the less downtime will be experienced, therefore reducing customer lead times and production costs. Studies have shown that corrosion costs the U.S. Oil and Gas industry approximately $1.372 Billion a year. This has resulted in many companies in industries such as Oil and Gas moving away from the traditional carbon-based steel manufactured components to more corrosive resistant materials (Popoola, 2013).


[bookmark: _Toc43653653]Selective Laser Melting (SLM)
Selective laser melting (SLM) is a powder bed and laser-based form of additive manufacturing. A CAD model of the finished product is loaded onto the unit, with the design is split into cross sectional increments of down to 20µm (Zhang, et al., 2018) et al. The process begins by layering a powder-based matrix via a feeder on the bed using a roller to generate a consistent layer thickness.  A high-level laser beam is then used to melt the powder layer. This process is repeated on each level of powder deposited until the 3D component has been completed.
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(Frostevarg, 2018)
From an environmental perspective, the process of SLM has minimal impact in comparison to other machining processes. The main hazard posed by the fumes that are extracted for the powder during the lasering process. However, this could also be eliminated by the use of an alternative diode laser which does not produce any harmful contaminants when in contact with the powder (Hussain, et al., 2019). 
Additive manufacturing techniques such as SLM allow for greater freedom in relation to designs and geometrical complexities, however one negative aspect of processing components using SLM is the surface roughness of the finished component. This remains a challenge for supplying into certain industry applications such as aerospace or food processing (chen, et al., 2019). With many products processed using the more traditional methods such as investment or injection moulding, there is limited movement surrounding required design changes. These would require tooling modifications or in some cases new tooling to be produced. This is not only costly in terms of a financial aspect but also time with increased lead time on customer demand. Additive manufacturing enables the user to employ a flexible manufacturing approach, with design changes being simply updated onto the CAD files, significantly reducing an impact to time on production (Seibold, 2019). Unlike many types of additive manufacturing, SLM printed products are not processed with support structures to maintain stability and dimensional accuracy, they are however encased within the excess powder that is not melted by the laser. This excess material is removed by using compressed air or brushing the print and can then be re-used by mixing with virgin powder matrix. One of the main challenges facing manufacturers who have advance into using additive manufacturing on mass scale is the difficulty to achieve the mechanical properties of the material that they would possess from the traditional subtractive manufacturing processes. However, Kruth et al (2014) found that of the additive manufacturing processes available,  SLM appears to be the most adaptable process for creating functional components achieving mechanical properties and material performance comparing to those of alternative manufacturing methods.
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With the emergence of new technological advancements, the way in which manufacturing companies operate is changing. In parallel to this, advances in innovative process may not only impact the manufacturing aspect, but also movement of goods and materials and ultimately result in a sustainability shift towards a circular economy (Despeisse, 2017). With the potential for manufacturing metal components by using digital data, the removal of any need of hard tooling to produce cast components using an alternative manufacturing method and the removal of any post processing operation for the removal of excess material via machining, AM is appealing to manufacturing companies (Das, 2016).
Wall Colmonoy has identified that by establishing themselves within the world of additive manufacturing enables the company to grow, by maintaining their competitiveness within current strategic market sectors but also allows them to enter different markets that would previously have been unachievable. One of the major obstacles facing companies who aim to enter the world of additive manufacturing for metallic powders is not only the cost but the quality the powder used. Powders manufactured via the gas atomisation route have been found to be the most suitable for use in additive manufacturing as opposed water atomised powder. Gas atomised powders produce a more spherical particle unlike the powders produced using water atomisation creating irregular shaped particles impact the flow rate of the material, potentially impacting the packing density of the material (Tobar, et al., 2016). By manufacturing their own powder, Wall Colmonoy can control the biproducts from their processes. With many powders produced for various customer’s, applications and to customer and international standards, only a certain particle size band of the material processed is required. Therefore, a percentage yield of the powder, particularly the fine particles are not required and deemed as waste and would ultimately be reprocessed as revert and formulated into different batches of material (Sun, et al., 2017). Hajnys et al (2020) found that fine particles allow for improved density with additive manufactured products. By using this biproduct for 3D printing would avoid the need to re-process the material. This allows for cost saving by not having to re-melt the material, therefore saving energy costs with SLM units consuming far less power than atomisation furnaces. Liu et al (2018) found the peak usage of SLM units of 3.5kW. Due to the many steps in the process of atomisation, it is difficult to quantify the power usage, however Kruzhanov (2012) found that a typical power usage is 7kWh per 1kg of powder produced. Therefore, using the powder for additive manufacturing rather than re-processing via atomisation will not only result in a cost saving by reducing the amount of power required to process but also benefit from an environmental aspect with reduce carbon footprint. 


[bookmark: _Toc43653655]Impact of 3D Printing
3D printing of metals has had a profound impact on the way in which manufacturing companies are operating in today’s market. Although the automotive industry has long been using 3D printing for prototyping its approach towards the use of additive manufacturing for mass production has been limited. However, Malas (2018) demonstrates evidence to suggest the automotive industry is incorporating 3D printed technologies into its design and manufacturing strategies. This is achievable with continued advancements in additive manufacturing process and improved controlled processes for powder manufacture and finishing operations. These advancements, as well as the capability of producing designs with greater complexities opposed to the more conventional methods of casting and machining allows for an additive manufactured part to produce one-piece assemblies in place of several cast parts. This allows for improved lead times to customers, minimal inventory, and reduced manufacturing costs. Ahuja and Singh (2019) provide evidence that impellers for the oil industry manufactured via AM can be produced within 10 days, as opposed to 3 months when produced via conventional manufacturing methods.
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Most companies set out their strategic plan for stabilisation and growth within specific economic environments that are driven by the customer’s requirement for product and resource availability. However, globalisation of markets has seen technologies and processes becoming quickly redundant, along with new competitors entering the already crowded markets. Therefore, companies must a adopt a strategy to be proactive in their approach. These companies and in particularly their managers must refrain from the narrowmindedness of restrictive boundaries and focus on new innovative ideas, markets, and technologies. This strategic approach has been termed the ’Blue Ocean strategy and fundamentally drives companies to explore new markets aimed at allowing companies to distance themselves from their competitors (Ghura, 2012). 
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Advancements in technologies used in AM have enabled companies to push boundaries of what is achievable in today’s world. One key influence of introducing AM is the possibility of reducing the number of components required and printing complex assemblies as opposed to producing several components via conventional methods (Cuellar, et al., 2018). 
Flexible compliant mechanisms allow for alterations to be made to the small-scale structure of the materials being printed, therefore allowing the user to alter the elasticity in different areas of the design. Finite Element Analysis (FEA) of the design would allow the user to determine the areas of the assembly that would demonstrate the high levels of stress when in a production environment. Evidence from studies conducted in the medical application industry, suggest that components produced via AM with altered structures depending on the design area demonstrate benefits in terms of cost and developing more sophisticated 3D printed structures (Hu, et al., 2019).
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The evolution of the manufacturing industry and continued forecasted growth means that companies cannot afford to continue with their current processing and technological capabilities and must explore new potential avenues to avoid falling behind their competitors (Dominik, et al., 2020).
Technological advancements and in particularly additive manufacturing have had a profound impact on market sectors such as the aerospace industry, allowing manufacturers to develop new innovative products that had previously been unachievable or difficult to produce via the traditional subtractive manufacturing processes.
Although Wall Colmonoy have established a potential avenue to introduce additive manufacturing techniques with the potential to employ an SLM unit, there are many areas that need to be considered. One key factor in the acquisition of an SLM unit is to reduce the amount of unused powder, thereby reducing processing costs and increasing batch yields. However, the route of atomisation can impact the quality of the powder used in the SLM unit.
Fundamentally, Wall Colmonoy are entering the world of additive manufacturing behind many other manufacturing companies and competitors. Although, this can be seen as a negative, by entering this market allows for improved processing capabilities and opportunities. By employing a blue ocean strategy approach (Ghura, 2012), this allows for them to venture into new unchartered markets, that have yet to be considered by their competitors. This will enable Wall Colmonoy to remove themselves from the densely populated red waters that they currently reside in and become a new market leader. 
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1. Vacuum Sintering - One of many applications for powders to be used in coating products to achieve an increased resistance to wear and corrosion. The fundamental process of vacuum sintering is to apply a coating of powder to an alternatively manufactured product via a traversing hopper to create an overlay of known thickness, before heating the powder to temperature just below melting point. This creates intermetallic bonds between the applied powder and substrate. 
For high corrosion resistance and levels of toughness Nickel based powder alloys have been found to be a market choice. However, the chemical composition and particle size distribution of the powder or powder matrices used in the process can vary depending on what characteristics desired. Lee (2019) found that by controlling the particle size distribution and ratio of powder used can improve the levels of porosity present and ultimately improve the materials performance. Although nickel alloys have been a widespread material within the market, the price fluctuation of the raw material over recent years (see appendix) (Anon., 2020) has resulted in the cost of the relatively cheap process of sintering nickel based powders significantly increase. As a result, competitors have been driven into investigating and developing new powder formulations with improved performance levels for mechanical properties and dimensional accuracy, whilst stabilising the alloying cost of the sintered materials and limiting the environmental impacting with a more sustainable solution (Yunjuan Han, 2018) . 




2. Nickel market price fluctuation from April 2015 – April 2020



Nickel Price April 2015 - April 2020




Total	Apr-15	May-15	Jun-15	Jul-15	Aug-15	Sep-15	Oct-15	Nov-15	Dec-15	Jan-16	Feb-16	Mar-16	Apr-16	May-16	Jun-16	Jul-16	Aug-16	Sep-16	Oct-16	Nov-16	Dec-16	Jan-17	Feb-17	Mar-17	Apr-17	May-17	Jun-17	Jul-17	Aug-17	Sep-17	Oct-17	Nov-17	Dec-17	Jan-18	Feb-18	Mar-18	Apr-18	May-18	Jun-18	Jul-18	Aug-18	Sep-18	Oct-18	Nov-18	Dec-18	Jan-19	Feb-19	Mar-19	Apr-19	May-19	Jun-19	Jul-19	Aug-19	Sep-19	Oct-19	Nov-19	Dec-19	Jan-20	Feb-20	Mar-20	Apr-20	8586.59	8732.44	8246.7800000000007	7336.42	6655.96	6471.48	6727.85	6077.2	5809.43	5907.53	5806.51	6127.9	6204.64	5962.91	6288.04	7804.48	7881.12	7757.02	8314.19	8951.7900000000009	8779.1200000000008	8078.51	8525	8274.6299999999992	7605.76	7080.65	6977.3	7306.73	8402.1299999999992	8417.07	8584.94	9065.07	8575.7999999999993	9316.7099999999991	9733.0300000000007	9587.6200000000008	9904.3700000000008	10655.68	11365.36	10475.959999999999	10414.24	9578.52	9465.18	8712.3700000000008	8547.4	8940.7199999999993	9751.7199999999993	9891.0400000000009	9793.0400000000009	9359.2000000000007	9421.9599999999991	10864	12966.21	14285.23	13496.85	11777.17	10532.85	10332.709999999999	9810.5499999999993	9583.9	9512.5499999999993	Month / Year
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