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Introduction
From a state-of-the-art manufacturing facility near Swansea, LSN Diffusion manufactures atomised alloy powders, primarily focusing on alloys made from Nickel, Cobalt, and Iron ‌(Lsndiffusion.com, 2017). These alloys are melted in large induction furnaces and poured through a stream of water, nitrogen gas, or a combination of the two, this process causes the molten stream to rapidly cool and fracture, resulting in a fine powder. These are then refined further by being passed over various different-sized sieves. Their products are used all over the world in many different sectors, including Automotive, Aviation, Naval engineering, Defence, Glass mold manufacturing, Dental products, Oil and Gas sectors, Nuclear power plants, and Heat exchangers.
Each of the three alloy groups (Nickel, Cobalt, and Iron) also contains up to 23 other elements to make up the required chemical compound whilst maintaining specified hardness (Rockwell). Due to these additional elements and to avoid cross-contamination a very complex production planning process is followed. The customer orders are broken down based on the atomising method (Water, Dry gas, and Hybrid)‌(Lsndiffusion.com, 2017) and then into the main alloy groups (Nickel, Cobalt, and Iron) and then sequenced based on additional elements to avoid contamination, Cleaner (fewer additional elements) first, progressing to the more complex. Each alloy group also requires its own refractory furnace lining (Nickel grouped together, Cobalt grouped together and Iron grouped). Lining changes take between 16 and 24 hours. Each powder produced goes through complex chemical analysis in the on-site laboratory, using ICP (Inductively Coupled Plasma) mass spectrometry machines, oxygen and nitrogen elemental analysers, Rockwell hardness testing machines, and mircotrac particle size analyser.
LSN is constantly looking to improve efficiencies, which include the manufacturing processes (nozzle size, pressures, and feed rates) to improve product yield, material stock control, and process flow. To Improve production planning to avoid unnecessary manufacturing or producing products out of sequence or schedules. Investing in additional or new equipment to remove identified wastes in the manufacturing process, material handling, and warehouse and shipping processes.
9 Wastes relevant to the chosen area: 
· Over Production: Producing more products than is required to fulfil customer demand. This form of waste directly impacts quality and costs, whilst creating other wastes as a by-product (Inventory, transportation) (Boyer, A.L. 2023).
· Waiting: Also known as idle time, usually occurs when interconnected events are not fully synchronised or when working/fit-for-purpose equipment is missing from the process (Boyer, A.L. 2023). 
· Transportation: Inadequate storage planning or poor layout of the warehouse (Boyer, A.L. 2023).
· Inventory: Inefficient inventory management, inaccurate forecasting, or a by-product of overproduction (Boyer, A.L. 2023).
· Motion: Ineffective warehouse layout results in excessive movement by operators (Boyer, A.L. 2023).
· Employees: Unutilised talent is often busy with non-value-added tasks/processes, lacks purpose, and feels overworked (Boyer, A.L. 2023). 

Waste being investigated
· Over-production results in the following waste: tying up raw materials, diluting profit margin by increasing production costs, taking up storage space, and creating unnecessary handling of goods, costing resources whilst also creating opportunities to damage stock.
· Waiting: Resources being tied up waiting for a process to be completed. The wrapping machine is near the end of its life, which is problematic and slow. Manual pallet strapping. 
· Transportation: The movement of goods within the warehouse, slow and fast-moving stock locations not allowing swift access, consumables being stored in inappropriate locations increasing distance travelled to retrieve for usage. Moving pallets from the wrapping machine to the scales for shipping weights
· Inventory: Carrying too much inventory incurs the following wastes:  cost to store, cost tied up in packaging, additional handling, potential damage, using additional resources during stock takes, masks continuous improvement
· Motion: picking from low pallets, manual strapping, moving pallets to scales, shadow Boards
· Employees: Watching processes and asking employees how they perform a process and why. Involving them when suggesting alternative or new processes. Giving them greater purpose and getting them to take accountability for their successes and failures.

Quantification of the Data
· Over-production: Due to the nature of this production method there is always a need for slight overproduction of each alloy to ensure the requirement is met. However, the identification of large quantities is now being caught earlier in the process and sent back to be remelted into other products within the same alloy group.
· Waiting: Each pallet takes 305 seconds to wrap, strap and weigh. The new wrapping machine takes 60 seconds and will remove the weighing requirement, The drive-through strapping machine takes 3 seconds instead of 120 for the manual option.
· Transportation: Rearranging the stock by frequency of sales, saves on average 53 seconds for each pallet retrieval. Moving the consumables nearer to the picking location has saved up to 38 seconds per pallet shipped.
· Inventory: Stock reduction has been addressed, where possible obsolete stock which can be reused within the melting process to make new products, reducing the need for virgin raw materials. 15400Kgs has been reused.
· Motion: Hydraulic lifting tables were installed to reduce the amount of time wasted bending and lifting boxes from low levels onto pallets. Each table can be adjusted quickly to maintain waist height at all times. Saving 116 seconds per pallet. 
· Employees: Whilst this is hard to quantify, engaged members of staff feel valued, tend to align with company goals, and have a high level of morale. All of which increases productivity.
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Proposed improvements
· Over-production: Review sales order acceptance and production planning process, By grouping more similar alloys together would reduce the number of refractory lining changes. Create a live yield database of all alloys, to be reviewed by the production planner when each alloy is planned into production. This gives a more accurate insight into expected finished goods.
· Waiting: The wrapping machine was replaced with a new machine. This modern machine, allows the operator to carry out other duties instead of needing to manually direct the plastic wrap. This new machine also uses less wrapping product by stretching this by up to 200%, which also results in a stronger, tighter finished product. Computer hardware, scan stations, and scanning guns were upgraded, to allow quicker stock movement to be carried out. Over the year based on 3000 pallets despatched, a total of 15.29 days could potentially be saved.
· Transportation: Slow and fast-moving products analysed and a new warehouse layout was created. Fast-moving products are stored nearer the front of the warehouse and the slower-moving items are now stored at the back. Consumables were relocated next to the order-picking location, to reduce the number of steps and time wasted collecting wooden pallet sides and lids.
· Inventory: Inventory reviewed and categorised: Sales department to review products and previous customers to identify opportunities to sell aged products. Obsolete stock identified as unlikely to be sold to be removed from the warehouse and sent to raw materials for recycling back into the production process. These can be reused to make other products in the same alloy family.
· Motion: The new wrapping machine has built-in scales to remove extra steps from the wrapping, strapping, and weighing process. A Drive-through pallet strapping machine was installed to remove the manual strapping process. Hydraulic lifting tables were installed to reduce the time taken bending down when creating picking lists onto pallets. Shadow board installed to reduce time being wasted looking for tools, for warehouse functions.
· Employees: To be more engaged, ask for continuous improvement ideas, install TV screens showing KPI performance, business plans, and company values, and create a training matrix to show available skills and highlight deficiencies. 

Conclusion
Having implemented the above changes, the department now runs smoothly, outputs have increased, morale is extremely positive, and the workforce appears to be more engaged, achieving KPI targets, and is actively looking for ways to improve the department. The efficiencies implemented mean the department is ready for increased quantities under the business's planned growth projections instead of needing to employ additional human resources.
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