





Introduction
As a business that desires financial gain and customer growth in a competitive market, it is key that we investigate ways in which we can eradicate waste from our manufacturing system when making steel. Waste surrounds primary steelmaking entirely through the waste of materials being contaminated, waste of energy and waste of finished products through missing our customer driven specification of steel or molten iron.  
Within this project I aim to investigate ways in which our process in ironmaking is wasteful and also ways in which to become more lean as a business through ways that benefit the business financially and also benefit the process of the blast furnace. 
Types of waste
In ironmaking there are many types of material related waste that can occur. The iron containing materials that we use on the furnace burden are very expensive therefore a careful analysis of what we material we must use in the furnace to make the highest quality of iron we can yet also using the least amount of material as possible. This all depends on the quality of our material.  Waste is very process critical in ironmaking as it is the start of the ironmaking process and will have an inevitable “knock-on” effect on downstream operations.
One main type of waste is the contamination of raw material in the stockyard area, this will lead to unexpected furnace condition and also quality of our iron. This can either happen at the stockyard after the discharge of a vessel or at our material stock house where materials are sometimes mixed purely down to human error. If the contamination is too severe to be used in the furnace, the material will be completely wasted, however that is in the case of the contamination becoming known. If the contaminated material is able to enter the furnace top without being known about, it has the potential for an unsafe and erratic furnace condition.  For example, if ferrous material is mixed with coke, the blast furnace could become cold leading to low silicon readings in our iron which would not be accepted by the BOS plant to be turned into steel. This works vice versa in the case mixing coke with ferrous material, a “warm” furnace condition can also lead to the total waste of our product. In this scenario, there is also another potential waste occurring as iron become more difficult to extract from the furnace in the case of high silicon’s and high temperatures due to the viscosity of the molten iron and slag, therefore having the potential to waste the time of the cast house crew in which we could be using to produce a better quality iron. These types of waste will all have different ways in which they affect downstream operations, for example, the iron with a variation away from a customers desired specification may be wasted or used for another purpose, some grades of steel may be affected with this quality of iron and may not be able go through the additional finishing processes of the specialised steel used for car manufacturing etc.
Another type of waste that we experience in ironmaking that isn’t directly due to human error is heat energy. The walls of the furnace are constantly monitored for changes in temperature, this is because there should always being a line of solid material that has built up around the furnace walls helping to sustain the heat energy within the furnace. However, if there is a thinner wall due to either contaminated material or poor quality material heat will be lost through the walls of the furnace and wasted. As previously mentioned, this one type of waste has many more “knock-on” effects on the process. One issue is that we will require more fuel within the furnace which is through the form of the injection of granulated coal or dumps of coke at the furnace top, each are expensive and should not happen under normal operations.  Another effect on the process is that it can effect our quality of iron. This is caused by a large amount of the solid material on the furnace wall being peeled off and falling into the hearth of the furnace, this then causes the immediate cooling of the furnace due to unreduced material falling into the dripping zone with the already reduced molten metal. This then causes our heat loss reading to increase as more heat is being lost through the walls where the material was prior to peeling off. 
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Figure 1
Customer perception of adding value
Value is directly in relation to our quality of iron. We have two main customers, the BOS plant and then external customers of TATA Steel. As previously mentioned, the BOS plant will waste any material given to them that doesn’t meet their specification. This is because they then are required to add more scrap and additives to the iron during its transformation to steel, which may also be seen as an in line waste from a poor quality of our iron. 
The ironmaking process is very customer driven. For example, if the BOS plant requires a stop to carry out maintenance work, the furnaces are slowed down in order to not waste iron that cannot be processed on their end. In the case of the BOS plant not being able to process our iron, torpedoes are tipped into a plating bay, where it is then solidified, broken down at a later date and then reused in the steelmaking process. 
The BOS plants perception of adding value is purely the quality of our iron. It is key that we meet the standards expected of us in order to maintain a steady flow of product to the BOS plant. Their perception of creation of value may also be linked to the transport of our iron across site, an efficient system in which we meet all weekly targets is helped by the transportation of iron through the use of torpedoes. Therefore, the BOS plant expects us to meet their demands efficiently as and when they require more iron to start the process of steelmaking.
From the BOS plants perspective, the process of adding value in our manufacturing process is our drive to maintain stable furnace conditions with a steady flow of molten iron, this allows them to plan their manufacturing process around the estimated tonnage for the week. Their perception of adding value would also be from their understanding and knowledge of the materials that we have in our stockyards and how we process them. This is due to the screening process of materials, sintering, and also the fines bed quality. Therefore, from their perspective, our material handling and efforts to stop contamination and foreign bodies entering our material stock house will also add value to our ironmaking process.
Secondly, our external customers are who drive us to improve our process, carry out our work safely, all while producing the best quality product we can. Their perception of adding value relies heavily on the characteristics of the final product and whether they are able to use it in their own manufacturing processes. Adding value may also be seen by the customer as our efforts to minimise waste in the blast furnaces. This can be seen in our numerous forms of recycling material to continue producing iron efficiently.
Lean alternatives
Due to previously mentioning the high cost of iron containing raw material for the ironmaking process, I have decided the ways in which we minimise waste and become more lean as business would be through the decrease in tonnes per year of contaminated material that is charged to the furnace each year and wasted, which in turn will help improve the throughput of our final product, and also to look at the use of alternative materials that we produce on site that may have high enough iron ore content to be used in the furnace burden.
Firstly, in order to become more lean in the blast furnace stockyard area, operators should undergo further training in order to combat the contamination of raw materials. A reporting system should be in place to report what material has been contaminated and when to deter the risk of it being charge to the furnace. This then allows the operator time to correct their mistake, report the contamination and then it can be separated or used on the burden so long as blast furnace managers understand the chemistry of the material. Another way to combat against material contamination would be through the analysis of our inventory to understand ways in which we can prevent the risk of two materials mixing and also the potential to lower our inventory volume so there is more space in the stock yard area lessening the risk that materials can be mixed. Understandably, there are long lead times on thousands of tonnes of iron ore containing material however, we should adopt a stricter “Just In Time” procurement method in order to maintain a lower volume of inventory in the stockyards. This would involve more vessels in the harbour per month however, would help the business become more lean and waste less. This would also benefit the furnaces as less contaminated material would be charged therefore lowering the chance of wasting iron due poor quality and boosting the ideology of lean production in the workplace.
Secondly, another method of making the ironmaking process more lean would be through the use of Hot Mill Sludge Pellets (HMS). This is a material in which I researched due to its recent trial use on the furnace burden and acts as very good alternative to sinter and pellets which are very expensive to purchase. Hot mill sludge comes from the Hot Mill water treatment system. Scale formed on the surface of slabs is removed prior to rolling, the large particles of scale are captured in the scale pit. This is low in oil and water content and can be reused in the Sinter Plant, whereas the fine particles of scale are flushed through the water treatment system with water and any oil leaking from the Hot Mill System. This forms a sludge, which is separated from the water prior to recirculation of clean water back through the hot mill. The sludge removed from the system is high in Fe content but approx. 10% oil. The high oil content prevents the use of Hot Mill sludge in the sinter plant however we can use it on the furnace burden as a replacement for one sinter batch in a cycle. Below is a schematic of the hot mill water system, the red arrow illustrates the output of HMS. [image: ]
Figure 2 
After leaving the Hot Mill, the sludge is then placed in a stockyard where it is left to dry in order to reduce the water and oil content, it is then mixed with additives like cement and pelletised in the pelletising plant which is capable of one thousand tonnes per week. After being pelletised it is then ready for reclaim to the blast furnace.
This is a very good method of becoming more lean as a business as it helps to decrease our reliability on sinter which is very expensive and uses lots of energy to produce.  We are definitely able to use more compared to other materials due to the volume of stock being produced in the Hot Mill. This is a good example of how we can become more lean due to the cost surrounding the handling and disposal of the material. Prior to trial use on the furnace, TATA paid around £350 per tonne of material to be disposed via incineration which is equivalent to £12m per annum. Through the use of HMS on the furnace burden, it is estimated that we are able to only pay £55 per tonne for the cost of processing the material. Therefore, we as a business must use as much HMS on the furnace burden as possible to avoid the high cost of disposing it. This method would not only improve our materials handling and make our production more lean, but also save TATA millions of pounds every year it is used in the furnace to produce iron. 
Potential problems 
One potential problem we may face in the introduction of these methods is the lead time of our material deliveries. By adopting the Just In Time method of procurement, we would require more unloading cranes and a larger harbour to hold vessels due to requiring the material more often as an attempt to lower the volume of material in our inventory to reduce the risk of contamination. However, a possible solution to this problem would be through the use of more local suppliers. Understandably, the majority of iron ore containing materials arrive from abroad which can have long lead times which is why we should look for more local suppliers around the country that could supply our stockyard with some alternative materials, allowing us the opportunity to order less through our harbour when relying on Just In Time.
Another potential problem we may face when introducing these methods of becoming lean as a business would be the uncertainty of the use of HMS. Throughout its trial on the furnace burden we were able to produce high quality iron that was no different to the iron we make using sinter as our main furnace burden. However, there was a period of instability in the furnace which was related to the charging of HMS. During the trial it didn’t affect the quality of iron, yet there is a large risk that when introducing the material to the furnace fully it could lead to an unstable and dangerous furnace condition. In order to overcome this problem, we will require a larger trial period in order to understand how the material effects the furnaces behaviour and also through the use of detailed sampling of our iron. We can also improve our methods of processing the material in order to ensure the quality of the HMS ready for reclaim to the furnace.
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