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1.0 Introduction. 
This report Is written to analyse the waste currently ongoing through a service, or process at Tata Steel Port Talbot and to determine how these can be mitigated against to improve the efficiency, and effectiveness through the implementation of lean manufacturing principles. 
The report will delve into the wastage, mismanagement and financial strain that the Tata Steel Port Talbot Blast Furnace Refractory team encounter along with an understanding of what refractories are and what is required of them. It will also help the reader understand how these are now being dealt with to aide in reduction of those burdens. 
2.0 Main Body of Content.
Refractories are ceramic materials that are designed to withstand the very high temperatures encountered in modern manufacturing, more closely linked to TSPTs blast furnace casthouses. Their purpose is to withstand these high levels of heat, physical wear and corrosion caused by chemical agents (www.refractoriesinstitute.org, 2020). They’re essential to modern day life and play a role in the manufacturing of many everyday products people take for granted. Refractories fall into one of two broad categories: Preformed (Shaped, bricks) and unformed (Monolithic, aggregate) (www.refractoriesinstitute.org, 2020). At TSPT blast furnaces monolithic refractories are widely used as the chosen material within the runner systems. The report is written to analyse the value from TSPT perspective in relation to the control of refractory material management must require an understanding on the specific needs, expectations, and other factors when dealing with refractories within the given environment – 
2.1 Performance and reliability. 
Performance needs to emphasised that’s it is concerned from the point of view of the behaviour of the given refractory material during application, not in equal to its high property. Performance of refractories mean that any recognised accomplishment, of a process or any manner assessing to the functioning or operating behaviour. For certain materials which operate in an environment where it is designed to withstand in will not necessarily be referred to as a higher performing product; because it is designed to be within that given location (I.e. refractory material designed to withstand higher levels of acidic slag competing with a product designed to withstand Fe isn’t a comparable scenario) (Li, 2017). Criteria for high performance cannot be given to a simple, and can relate to an array of things, below are some examples – 
Refractoriness, this is the resistance the refractory material is susceptible to in relation to its melting point when in service. Refractoriness is dependant on the chemical composition, and the content of its fusible impurities (FeO, NaO, etc..). Refractories do not represent the actual humidity of the material, because under load (I.e. Iron, steel, slag, etc..) the softening temperature will be reduced, so the actual allowable use of the given refractory material must be higher (Li, 2017).
Thermal and volume stability, these refer to the stability in change without the refractory material inhibiting any form of premature failure; cracking, flaking and is reference to the ability to withstand rapid cooling (Li, 2017). Volume changes are similar , as the refractory repeats its heating/cooling cycle the volume change percentage alters, thus enabling the material to withstand the environment in which it operates.
Bulk density, porosity, and permeability. Bulk density (=BD) refers to the total unit of refractory product, this includes the overall weight of the unit. Porosity (%) is divided into two categories, porosity and true porosity. The apparent porosity of a product is the ratio of the volume a hole within to the total volume of the refractory product to the atmosphere (Li, 2017). True porosity is the ration of the volume of those holes to the total volume that does not communicate with the atmosphere. 
For context the refractory management at the blast furnaces at TSPT casthouses unfortunately gather an extensive, varied list of waste, through the nature of the local workplace to the potential negligence of the local teams. This undoubtedly has a negative effect that impacts the efficiency, costs and associated performance of the area. The key stage to overall improvement is to identify, and address the areas where these types of waste can be assessed so that they can be optimised to improve the standards throughout. Below are some of the main wastage areas that concern TSPT –
 
2.2 Financial waste. 
Financial waste is any activity, or resource that does not add value to the customer (in this case TSPT). Scrutinizing the financial waste can be done at TSPT by looking at the spending patterns vs actual budgets, tracking inventory, employee productivity, defects and wastage. These can be measured using KPIs. Financial waste is the face of the overall waste that occur at TSPT, an overall ‘umbrella’ as any waste has the potential to incur those unwanted/unneeded additional costs. The following is a closer look at the potential wastes occurring – 


2.3 Material waste. 
Scrap, and defective material. This can be caused through a number of things, negligence from the local refractory team (=DRT), exposure to the elements, poor quality control, and lack of planning. The listed can be caused from the lack of control from any given supplier in initial manufacturing, these can range from the aggregate to the key additives introduced while being manufactured if these are out of specification by even 0.5% of the specification then this can have devastating effect to the integrity of the product. Exposure to the elements and lack of planning can be deduced to the poor management, at TSPT blast furnaces the given area has one allocated refractory management shed (see Appendix ‘A’ for image) that is used to house the refractory materials used. Poor planning has a detrimental effect on the given material and its lifespan. Once refractory material is manufactured the material must be stored in a dry, well-ventilated space and installed within three months (Boyden, 2023), as the refractory material used within TSPT blast furnace casthouses are monolithic (Aggregate, like cement) any water, or moisture ingress will have a severe impact on the quality of the product when finally installed. This poor planning can also be associated when coming into consideration when there is an excess of materials left over at the end of any given job. 
For context on this extent that affects TSPT, during a full campaign (all runner systems on a blast furnace casthouse is wrecked and recast) on average 200t of material is ordered to be installed, at all times in the case of an emergency TSPT refractory team house ~20t of material, bringing the total at a full campaign housed at the blast furnaces to a total of ~220t. During a full campaign on average there is a total usage recorded of ~210t, meaning an additional ~10t is used somewhere, this is to the detriment of waste/defects occurring. To put into perspective 200t of refractory material is around £380,000, this is what’s budgeted, when an additional £19,000 is spent (based on the average cost of 1t of refractory material being £1,900). Throughout a year, just on full campaign alone there is a budget for seven full campaign per casthouse over the previous year where four casthouses have been in service this brings a total waste of material, and refractory spend to around £532,000 per year. This is an astronomical figure and something that is unfeasible for many businesses. 
2.4 Labour waste. 
Labour waste, this is directly associated with poor management when it fails to ensure that all the potential within a team isn’t fully utilised to its optimum potential. Not utilising the talent at hand is to the detriment of the team, and the wider area. Collaboration between teams and individuals should be celebrated, adopting these lean principles enables the teams to proactively challenge all problems they should face (Construction, 2023)
2.5 Operational waste. 
Inefficient operational waste of refractories within the blast furnace casthouse can be linked with poorly managed material choice, this will directly lead to inefficient furnace operation, this increase the energy consumption, degradation of materials and thus reduces the potential output of the furnace. Refractories are specialised materials that are designed to withstand the extreme conditional environmental effects. The choice of wrong refractory materials has the potential to lead to disastrous consequences, if using the blast furnace casthouse material as the temperature rises within the troughs (see Appendix ‘B’) poorer materials crack, degrade, or break completely which results in the costly downtime, repairs and possible safety risks (Ceramic, 2024).
2.6 Environmental waste. 
Refractories are heterogenous materials that are made up of a complex microstructure with constituent properties. Traditionally these materials are produced in an abundance (SiO2, Al2O3 etc..) within the steel and iron industry. When refractories are used, wrecked or wasted these have an additional knock on expense and are most commonly scrapped within a landfill. As a result, the disposal of refractories has become a greater issues, considering the composition of the material could potentially contain hazardous components (Germán Ferreira and López-Sabirón, 2015, pp.242–253). As a result these refractory materials have to be disposed of in a controlled manner, through a recycling process. This process is carried out by contracting partners associated with TSPT and incur additional costs as the materials require to be quantified and analysis’ to determine there process. 
3.0 Lean Possibilities.
Making the refractory management process of these wastes leaner involves identifying the wastage occurring. These lean principles focuses on the value creation and waste minimization, this can be applied to varying aspects of refractory management on the blast furnace casthouses, an evaluation of these leaner possibilities can be seen below – 
Lean project management (=LPM) systems is the application of the lean manufacturing principle to the overall practice of project management. The goal is to maximise value while minimising waste. As with VSM lean project management was developed by Toyota to combat the issues the company faced during the 1970s. Lean manufacturing management systems identify three types of waste: Muda, muri, and mura (Known as the 3Ms). LPM is an approach that manages projects with a view of reducing waste (Muda) as much as possible while delivering the maximum value. It integrates lean principles and practices into a whole management tool. LPM uses a varied system below are some examples that would aide TSPT in better managing the refractories at the blast furnaces – 

3.1 Process Visualization – 

Value stream mapping is a diagramming tool used to aid every step involved with the material and information flows needed to bring products from order to delivery. This is applicable through blast furnace refractory management in the sense of order of material to delivery in installation. The tool was first developed by Toyota, and is still used today as a key part of the Toyota production systems (Lean Enterprise Institute, 2024). 
[image: ]

3.2 Optimise inventory management. 
Inventory optimisation is the practice of having the right inventory to meet the demand, and to aid in the buffer against potential unexpected disruption, while avoiding the unwanted excessive surplus. Inventory management refers to the high productivity and efficiency and the targets set for all inventory operations. The modern supply chain planning technologies support the processes by allowing greater visibility across all links within the chain. The optimisation part is a subset of that management and refers to the more specific profit margins and the minimisation of potential loses (SAP, 2023). Options for managing/optimising the system a concept that can be used is just in time (=JIT), this can be used when the customer receives goods from a supplier as and when they are required, rather than stocking large quantities all at once (Babington, 2022). JIT is known to reduce waste, a faster turnaround of stock prevents the materials getting damaged/wasted while sitting in a storage place, reducing the wastage occurred. This is ideal for managing the refractory materials and the turnaround in the future potential in wastage that is currently occurring in TSPT. 

Another methodology used could be the introduction of Vendor Managed Inventory (=VMI), VMI is a method in which material is managed by the supplier where they streamline inventory management through collaboration and a point-of-sale and demand forecast system. The system works by receiving data from a distribution partner, this then compiles and reports the information, from that it sends a replenishment order, this Is then reviewed by the supplier and a purchase order (=PO) is created where orders can then be shipped directly to the customer (TrueCommerce, 2023). In this instance the collaboration between refractory supplier and customer (TSPT). 

3.3 Continuous Improvement (Kaizen). 
Continuous improvement is the ongoing improvement of products, services or processes through incremental and potentially breakthrough improvements. Among the widely used continuous improvement tools used is the four-step model of Plan, Do, Check, and Act (ASQ- Excellence Through Quality, 2021) –
Plan – Identifying an opportunity and plan for change 
Do – Implement the change on a small scale 
Check – Use data to analyse the results of the change and determine whether it will make a difference 
Act – If the change was a success implement on a wider scale and continuously monitor the results. 
PDCA is a foundational tool used for improvement, or Kaizen (ASQ- Excellence Through Quality, 2021). TSPT DRT leaders must set targets against a baseline key performance indicator (=KPI), the teams are then tasked with Doing the task to achieve the given goals. Then when these are complete (I.e. full campaign with <2t wasted) the change can be evaluated and performance against the target. If the team has achieved the desired targets then Acting to standardise this approach must be achieved and new methodology to standardise the work. 
[image: ]
4.0 Appendices.
Appendix ‘A’ –
[image: IMG_7314.jpg]
Refractory storage shed.
Appendix ‘B’ – 
[image: Cracked refractory panels can be a major safety hazard in the home. - Clean  Sweep Chimney]
Refractory material cracked.
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