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Abstract

Hot Blast Stoves provide hot blast temperature to the blast furnace, this provides the furnace with a constant temperature to be used to aid reduction of ferrous materials inside the furnace alongside coke and coal. Due to the stoves being constantly used, they are subject to wear which can be costly to the business. 
Within this report, the author has explored methods of improving Hot Blast Stoves as a means of reducing the likelihood of damaging the stoves refractory. This would therefore enable the operating to increase hot blast temperature reducing the blast furnaces reliance on coke as its main fuel as much. Cost savings were calculated in order to understand the cost savings that the potential improvements could have, this would be the main driver of implementation due to the recent refractory relines of the stoves which are very costly to the business. The improvements mentioned within the report also aim to provide a stove life cycle extension which will increase the duration between requiring relines. Carbon emission savings were key when discussing potential improvements due to the decrease of coke on the furnace burden heavily reducing the amount of carbon dioxide emissions the blast furnaces are responsible for, therefore, the mentioned improvements aid the business’ drive to become carbon neutral. The stove instrumentation was key when discussing 
Ironmaking is often a process where control over the smallest of details is incredibly key in ensuring we can produce a high quality molten iron that meets our customers criteria and is chemically sound for use in the BOS plant and downstream operations. Thus, having control over changeable parameters and monitoring of instrumentation around site is key. Thus, leading to the exploration of various methods of instrumentation improvement within this report.









2.0 Contents

1.0	Abstract	2
2.0 Contents	3
3.0 List of figures and tables	4
4.0 Introduction	5
4.1 Hot Blast Stove operations	5
4.2 Hot Blast Stove damage	7
5.0 Literature review	11
6.0 Aims and objectives	14
7.0 Work carried out	16
7.1 Meetings	16
7.2 Ishikawa analysis	16
7.3 Survey	22
8.0 Potential improvements	28
8.1 Interface Thermocouple	28
8.2 Dome pyrometer	30
8.3 Maintenance	31
8.4 Training	33
8.5 Grouting method	34
8.6 Operating system	35
8.7 Cost benefit analysis	37
9.0 Theorised results	39
10.0 Conclusion	43
11.0 Recommended further work	44
12.0 References	45
13.0 Appendix	46
13.1 Coke price per ton email	46
13.2 Survey Question 5 Answers	46
13.3 Coke to HBT ratio email	47




3.0 List of figures and tables

Figure 1 – Hot Blast Stove chequer refractory	6
Figure 2 – Stove 10 chequer brick refractory damage	8
Figure 3 – Graphs to show relationship between gassing and blast times of Hot Blast Stoves	11
Figure 4 – Ishikawa diagram for the potential causes of stove refractory damage	17
Figure 5 – Unblocking of a dome pyrometer	20
Figure 6 – A graph to illustrate the results of Question 1	22
Figure 7 – A graph to show the illustrate of Question 2	23
Figure 8 – A graph to illustrate the results of Question 3	23
Figure 9 – A graph to illustrate the results of Question 4	24
Figure 11 – Operator trend of erratic interface thermocouple (blue)	28
Figure 12 – Illustration of dome thermocouple	30
Figure 13 – SAP inspection screen	32
Figure 14 – Thermal imaging of RJ Stacey case study results	34
Figure 15 – BF5 SCADA operating system alarm banner	35
Figure 16 – Graph to illustrate SRE reduction through HBT increase	41


Table 1 – Current Hot Blast Stove condition	8
Table 2 – Basic cost benefit analysis	37
Table 3 – Calculation of potential savings through optimisation of weakest stoves	40
















4.0 Introduction

Hot Blast Stoves are a key component in primary ironmaking and solely provide the hot blast required to produce molten iron within the blast furnace. The operation of the stove is fully dependent on the variables in the process that can affect the stoves health at any given time, for example, how much blowing volume we are injecting into the furnace through the tuyeres. 
Efficient blast furnace operation requires many critical plant equipment components in order to guarantee a high production rate with the least downtime possible. Therefore, these critical to production rate pieces of equipment must be maintained and fitted with the highest quality instrumentation to allow for the operator of these systems to monitor the data being produced and react to events taking place on site. This could include pressures, temperatures, gas analysis and other data being generated by the live plant within the blast furnace area that are key in helping the operator maintain a high production rate and meet technical set points. The majority of work maintaining this equipment is not carried out by the operator but by mechanical and electrical teams, this ensures that all instrumentation is reading correctly, and the plant is working as it should and helping us to produce efficient tonnes. 
Although TATA Steel maintains the instrumentation and can identify when certain parts of plant are worn to the point of renewal, there are many aspects of maintaining our equipment and fitting this equipment with instrumentation that can be improved in order to give better indication of how our equipment is reacting to any changes in technical setpoints that may be being changed. This is key due to the sometimes unpredictable blast furnace process and all of its ongoing chemical reactions. 
The drive to improve control instrumentation is critical as a way of improving the furnace production process and helps the business to provide our customers in downstream operations with high quality tonnes to be manufactured into steel.  This is the method we use to enable us to gain control of the overall quality of our product and must be properly maintained so we are able to produce a high quality product and also maintain a healthy furnace process.
4.1 Hot Blast Stove operations

A Hot Blast Stove is a large cylindrical tower with a rounded dome at the top. It is fitted with internal refractory made of Silica and Alumina. Silica for its heat enduring properties and Alumina for its durability. Internally, one half of the stove is chequered with this Silica and Alumina refractory. This refractory is used in order to retain heat energy within the stove to be able to provide the hot blast for the furnace.  The other half of the stove is open with a burner at the base which mixes our enrichment gases (BOS, Natural Gas, Coke Oven Gas and Blast Furnace Gas) this ensures that the gas is mixed correctly with combustion air and not unbalanced that can damage the stoves refractory.  The flame on the burner side of the stove then heats the chequer brick side to retain heat at around one thousand degrees Celsius. 

[bookmark: _Toc135426056]Figure 1 – Hot Blast Stove chequer refractory

The stoves have three modes that they can operate in, “On Gas”, “On Blast” and “Boxed”.  “On Gas” signifies that the stove is being heated up for its next blast cycle. In this mode, the stove is being supplied with enrichment gases and combustion air supplied by a combustion air fan or CAF which therefore creates a balanced flame in the stove in order to heat the refractory and store the heat energy in the stove ready for the stove to go onto blast.
 The “On Blast” mode of the stove is where on the chequer side of the stove, “Cold Blast” is supplied at a pressure of around 2.5 Bar depending on how much the blower is supplying the blast furnace with which is pushed through the stove through the cold blast valve. The cold blast which is usually around one hundred degrees Celsius is then transferred through the chequer brick and over the top of the stove’s dome which is the hottest part of the stove, which heats the cold blast into “hot blast” increasing the temperature to around one thousand degrees Celsius. The hot blast is then pushed through the Hot Blast Valve on the other side of the stove, into the hot blast main and then into the furnace. One stove must be on blast at any given time to ensure we have a steady flow 
The ”Boxed” mode on the stove is where the stove isn’t carrying out any operation. The valve combination is set up so that the stove is in a neutral position with a pressure relief valve open at all times with zero pressure within the stove. This mode is only used due to safety precautions in the stove’s safety interlocks or when selected to box by the operator in order to carry out work with no pressure within the stove. This is only possible when two other stoves are in use to use in the on gas mode and on blast mode (two stove operations). 
[bookmark: _Toc135425942]4.2 Hot Blast Stove damage

Based on the overall process of gassing and blasting of the stove, wear can have a detrimental effect on the stove’s efficiency meaning the temperature of the hot blast we can provide the furnace with is lowered due to the condition of the stove.  Hot blast temperature or HBT can be altered depending on how much fuel we have within the furnace, the hot metal temperature and the chemical analysis of the metal samples. All of which can affect how much HBT we may require at a given time. A basic example is if the chemical analysis of the iron sample has a low Silicon level, which represents low temperature within the furnace, HBT can be adjusted in order to combat this change in temperature and maintain the quality of iron being produced within the furnace, therefore our ability to change Hot Blast Temperature when required is critical to the quality of our iron produced in the blast furnaces. Due to the wear that is natural to the stoves, Hot blast temperature on a stove may be limited due to the risk of taking too much energy out of the stove and permanently cooling the stove, therefore before we get to this stage in a stove life cycle, planned checks are carried out to understand where the stove is in its life cycle and how long it will be before we require new refractory within the stove, which is the largest renewal job on a Hot Blast Stove. This involves the complete relining of Alumina and Silica refractory within the stove by hand after extracting all old refractory out of the stove. This improvement project should only be carried out every 20-30 years into a stoves life cycle however, on BF4 and currently on BF5 we have had to stoves put of service for this project. All of which were nowhere near the predicted life cycle of the stove. The table below outlines our current stove condition on both blast furnaces. 
[image: ]

[bookmark: _Toc135391461][bookmark: _Toc135426116]Table 1 – Current Hot Blast Stove condition

As seen in the table, over half of our stoves on site aren’t to a good enough standard to maintain a high HBT and therefore save on fuel in the furnace.  The main problem we have with the stoves with “Red” refractory  condition is that the collapsed refractory is blocking our gas inlets and the burner, which as previously mentioned mixes the enrichment gases and air to reach the correct ratio of air and gas (Stoichiometric ratio) in order to create a “hot” flame that is well balanced. The reactiveness of a wrong gas and air mixture will then cause further damage to the stoves refractory due to the constantly unbalanced gas and air mixture, this theory is explored later in this report as our instrumentation can be a large contributor of an incorrect gas and air mixture.
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[bookmark: _Toc135426057]Figure 2 – Stove 10 chequer brick refractory damage

We use numerous methods of measurement of temperature, waste gas analysis, and pressure, all of which are key in controlling our gas and air mixture, blowing volume and also hot blast temperature. Therefore, incorrect reading of instrumentation can lead to accidental damage to the internal integrity of the stove and can lead us into requiring these large projects in order to reline the stove with new refractory which is very costly for the business. Incorrect reading instrumentation is one of the main reasons we require relines of the Hot Blast Stoves and why we suffer with refractory collapse and incorrect gas mixture. This cause is an area I wish to explore later in the project due to it being one of the main reasons we require stove relines.
The main aim of this project was to gain an understanding of how, as a business, we can improve our stoves life cycle’s in order to prevent the requirement for relines of refractory earlier than normal in the stove’s life cycle.
There are many reasons that the stove can be unintentionally damaged to the point of requiring a reline. One reason is general wear, this is just through use of the stove in order to provide the furnace with hot blast due to the obvious abrasive nature the reactions taking place within the stove have on the refractory. This is the main contributor however our other actions contribute to the wear of the stove more so than just the general usage wear which can be linked to other parts of the stoves equipment etc. Another reason would be the poor condition of the our stoves instrumentation used to measure the performance of the stove. We use many types of instrumentation to measure individual data, for example, refractory or “interface” temperature,  waste gas analysers and dome pyrometers. All of which can be subject to wear and environmental effects that can lead to incorrect readings. This tells the operator false information and can then lead to the operator making alterations to the stoves gas and air ratio within the stove or other actions that could damage the stoves refractory and increase the speed of which wear takes its toll on the stove. Maintenance of these assets is also a threat in regard to producing quality iron with efficient use of hot blast temperature if not carried out correctly, as our stoves and instrumentation of the stoves must be maintained to ensure they operate accurately due to the potential of a false reading affecting the stoves thermal level.  Overall, unintentional damage of the stoves in the blast furnaces in Port Talbot is causing TATA Steel to financially support expensive projects in order to regain stove efficiency due to the damage to the stoves refractory. This is why understanding the source of these problems is critical in understanding how we as a workforce are causing more damage and wear to the stoves through unintentional actions and poor instrumentation accuracy.

















[bookmark: _Toc135425943]5.0 Literature review

In order for the author to better their knowledge of Hot Blast Stoves and further understand ways in which we can improve our stoves based on existing theories and practices that have been proven elsewhere, a literature review was required. Throughout the literature review, it was decided that the author would evaluate sources of information regarding Hot Blast Stoves against the importance of instrumentation and the criticality of Hot Blast Stoves on a blast furnace. The key purpose of this was to gain more information on potential improvement that can be implemented in order to better the stoves life cycle. After finding potential improvements or causes of damage through research of this subject, the author was then able to then them in the “Work carried out” section of the dissertation to further research the improvement, evaluating the cost and benefits for the business and if implementation is possible depending on this evaluation. Through this research, the author also gained an understanding on any trends in problem that occur on Hot Blast Stoves in other steelworks. Consequently, the author learned about possible fixes other business have carried out in order to fix the specific issue with the stove which in turn helped to find ways around our current problems on site. 
“Dynamic modelling for the Hot Blast Stove” by Zetterholm et al (2017) was the first source material that was evaluated. This book directly explains the anatomy of the stove and how it operates, elaborating on the points explained through the use of imagery and diagrams. The main feature of the book that was outlined by Zetterholm et al was the relationship between gassing and blast times of the stoves. According to Zetterholm et al boosting the stoves cycle time (longer gassing and blast times), the stove can be given more gas in order to boost the hot blast temperature that may be beneficial to the furnace process. Understanding the effect prolonged cycle times have on the stove was also key as ensuring we have a consistent HBT to not thermally affect the stoves is critical.

[image: ]
[bookmark: _Toc135372455][bookmark: _Toc135426058]Figure 3 – Graphs to show relationship between gassing and blast times of Hot Blast Stoves
[bookmark: _Hlk133668181]Both graphs above illustrate a clear upward trend in temperature when increasing blast times and gassing times. The left diagram shows dome temperature decrease when the stove is on blast however if the stove has more of a gassing time, allowing for a flame to be supplied to be the stove for a longer period, allowing for a higher temperature within the stove at the time the stove goes to blast. The graph on the right shows the temperature increase  within the combustion chamber of the stove, therefore allowing the combustion chamber to emit more heat to the rest of the stoves refractory to prolong the period in which the operator can blast the stove to provide the furnace with a controlled temperature of hot blast for an extended period of time before being required to change stoves.
Overall, this source helped to provide proof to the theory of interface (refractory) temperatures being affected by a longer blast time due to more energy being drained from the stove, therefore to combat the depletion of interface temperature which can be directly linked to stove health, the operator must increase the gassing period the stove undergoes in order to increase the interface temperature, dome temperatures and waste heat temperatures all to a good level before the stove goes back to blast. 
“Improvement of the energy efficiency of Hot Blast Stove performance” by Aksyushin, M. et al (2018)  was the next source that was evaluated when to determine potential improvements for this project and also help improve the knowledge of the author. This source clearly outlined the importance of Hot Blast Stoves in providing hot blast to the blast furnace. According to Aksyushin, et al, 30% to 35% of waste blast furnace gas is recycled within the Hot Blast Stoves, the rest is distributed throughout the works through the works gas main. This therefore explains how reliant the stoves are on recycled energy in the blast furnace, this is a good example of recycling and cost saving within a blast furnace that is also used in TATA Steel, blast furnace gas makes up the majority of the gas mixture being provided to the stoves, the other percentage of the gas mixture is made up of other recycled gases that are produced around the works like BOS gas, Coke Oven Gas. However, if these recycled gases are not available, natural gas provided by BOC is used in order to enrich the blast furnace gas. Blast furnace gas must be enriched due to the poor calorific value of the gas, nevertheless, it is a great way to save on the costs of other enrichment gases used. Aksyushin also outlined how the majority of blast furnaces have a hot blast temperature of around 1150-1250 degrees Celsius. This temperature in the blast furnaces at TATA steel is currently unachievable which clearly explains that the stove condition isn’t to the standard of other steelworks around the world which is why we must strive to improve our operation methods to prevent the unintentional damage we are causing the stoves.  Energy efficiency within the stoves is also explained as critical in ensuring we are able to maintain a good hot blast temperature as we are able to provide the stoves with high quality recycled gas that can be cost saving for TATA Steel.
The next source that was evaluated was an article from Steel Times International. This source gave information of how an Indian steelworks theorised the improvement of hot blast temperature as a method to save on fuel within the furnace and therefore reduce their carbon emissions significantly. According to Singh, R, K. et al, the correct air/gas ratio during the stoves gassing cycle is critical to the stoves health and the ability to maintain a high hot blast temperature. This is done through the use of up to date flow transmitters that can accurately track the flow of gas and air. Any change in the gas flow, the air can be controlled through the use of an air louvre which will adjusted the air flow to reduce the likelihood of an oxygen rich flame. This is unlike the stoves on site at TATA Steel as our combustion air louvres do not match the gas set point as they are slow to react to any change in gas flow resulting in a poor flame and therefore damage to the stove’s refractory. Singh also explains that a rise in blast temperature of 10°C increases the combustion raceway temperature by 8.4°C. Such a rise in blast temperature decreases the coke rate by 1.23kg/thm This was later used to aid the calculation in my results section of this report in order to understand how the proposed improvements would aid the business financially and also environmentally. Singh also discusses the higher temperature within the dome of the stove and how important it is in aiding the maintenance of a high hot blast temperature. A domes temperature is measured using a dome pyrometer, the temperature is then measured to the desired set point, as described by Singh, it usually resides around 150 to 250 degrees Celsius above hot blast temperature. Once the temperature is met during its gassing cycle, a surplus of air is added to the gas/air ratio in order to maintain the dome setpoint (this is not enough to make the flame an air rich flame). 
[bookmark: _Toc135425944]6.0 Aims and objectives

Within this project the author aimed to gain a good understanding of the most critical to production instrumentation and components of the Hot Blast Stove system that contribute most to the safe, efficient operation of the blast furnaces. This included covering the overall layout of the stove system and how a Hot Blast Stove operates which helped to illustrate the aims for this project. It was also decided that the author would aim to outline the potential cost savings for the project if any improvements discussed were to occur in the blast furnace area. It was decided to evaluate the cost of these potential improvements to understand whether they could be implemented based on the cost and potential drawbacks of the suggested improvement. By having a better general knowledge on the Hot Blast Stoves, the author was  able to better explain the stove system and what they provide to the blast furnaces. Also, by having a better knowledge, the author was better able to further understand the problems that TATA Steel currently have and how the business could fix them through the improvements that are suggested. The expansion of knowledge derived from the use of training manuals, holding meetings with project managers to ask questions and potential ways we can improve the stoves, and also by working on shift, where the author’s section leaders were able to help  extend their knowledge
It was also decided that the author would gain an understanding of how TATA Steel’s Hot Blast Stoves differ to those around the world in different ironworks, whether TATA Steel shares any operational methods with other ironworks around the world surrounding Hot Blast Stoves and also their maintenance strategies when compared to others. This is due to the potential of more modern and technologically advanced methods of instrumentation and maintenance may be available to use on the stoves. However, the main aim of this project was the improvement of the stove life cycle therefore eliminating the requirement for these large relining projects that cost TATA Steel millions of pounds to complete, which will in turn save the business on any annual outgoings for stove maintenance that may be required on damaged stoves. As a business, TATA Steel are then able to provide more funding towards becoming more self-sufficient through not requiring contracting companies to maintain our stoves and also to become a more modern business with newer technology to help produce high quality iron for downstream operations. 
Prior to undertaking of research for improvements for the stoves, it was decided that the author create a survey for the furnace operators to complete which would therefore give more potential improvements to look for when researching. It was determined that the author would provide the survey with a section designated for the operators to give any potential improvements that they may have that would help in ensuring the author was basing their improvement section of the project on some existing ideas based on the opinions of those working with the stoves. 
It was agreed as an aim that the author was to gain an understanding on how each of TATA Steel’s many types of instrumentation on the stoves can affect the integrity of the stove and what improvements we can make in order to reduce the likelihood of refractory collapse within the stove and a continuous maintenance of high HBT for good tonnage and quality.  This involved discussing the purpose of each type of instrumentation on the stove and what it does in order to provide the stove with a good flame. It was also decided to discuss what is wrong with the stoves instrumentation, and how the measuring devices affect the stove in a negative way based on false readings. This gave a good foundation on the improvements side of the project and how TATA Steel can improve the instrumentation on site. 
















[bookmark: _Toc135425945]7.0 Work carried out

Due to the overall nature of this project, a lot of the potential improvements required research in order to decide if they were worth implementing and would benefit the increase of hot blast temperature. The author planned out their steps after carrying out each planned task which helped them when planning to incorporate new potential improvements into the project. As previously mentioned, the main aim of this project was the increase in HBT leading to a lower coke rate within the furnace, saving TATA Steel millions per annum and also helping the business meet their carbon neutral aims.

[bookmark: _Toc135425946]7.1 Meetings

 Firstly, the author was required hold meetings with section leaders and project managers around site. Within these meetings, the author planned questions to ask based on existing stove improvement plans and any potential improvements that had been previously researched or discussed. This then gave key areas to hone in on within the  personal research section of the report. This allowed the author to look at completely new improvements to the stoves and also new benefits that would come from these improvements. The main area discussed within these meetings with project managers was the recent stove reline of Stove 10 on BF 4, this gave an idea of the cost behind these large projects as a method of improvement to blast temperature, which is where it was decided to improve the stoves before the business reaches the point of requiring complete relines as there were obviously factors of gassing and blasting the stoves that were damaging them internally thus requiring relines. This would therefore extend the life of the stove which would lead to savings, but also save on production due to the requirement of two stove operations on BF5 for the relining of a stove which could take months.

[bookmark: _Toc135425947]7.2 Ishikawa analysis

 On the back of these meetings, the author created an Ishikawa diagram to gain a better understanding of the potential causes of the problems we have on the stoves and why these problems are leading to the damage of the stove. Through the use of the six sub headings which divided the Ishikawa diagram, the author able to better target what is actually causing some of the main issues that cause damage to the stove refractory.  See below the completed Ishikawa diagram.
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[image: ][bookmark: _Toc135372922]Figure 4 – Ishikawa diagram for the potential causes of stove refractory damage



The first subheading that was completed was man. One cause that doesn’t happen often and is not too at fault is operator error. Due to the blast furnace senior operators having multiple screens to monitor, the stoves could be unintentionally damaged. This could be through a stove being on blast for an extended period of time by mistake which would lead to a decrease of all temperatures within the stove, therefore, leading to a small thermal shock when gas is reintroduced which in turn can damage the stove. An operator error could be through the wrong amount of Mega Watts of gas being injected into the stove during its gassing period leading to a lack of gas within the stove and a drop in temperature which as previously mentioned could lead to damage to the refractory. Competency issues could also be a problem as a lack of competency could lead the inability to react to problems on the stoves that could lead to temperature decrease and also through the inability to adjust gas and blast times. Overall, as previously, this is by far the least at fault in terms of damage to the stove due to the experience most operators however, human error can and will always have an effect on a non-automated process so this must be taken into account. 
Method was the next cause that was completed. One cause from this sub heading that was identified was our requirement to use two stove operations in times of problems on a particular stove. A furnace can still be provided with hot blast using two stoves, however hot blast temperature is dropped significantly due to benefit the stoves interface temperature and protect it from dropping and damaging the stove. During these periods of two stove operations we change the blasting stoves in semi auto mode, which is reliant on operator attention, which as previously mentioned can lead to extended blast times in a rare case, which will lower interface temperature. Another cause would be all coke operations, due to the absence of coal on the burden (material in furnace), the calorific value of the gas being produced and therefore the gas the being provided to the stoves is less efficient at heating the combustion chamber and internal refractory of the stove potentially leading to lowered interface temperatures which will eventually lead to damage. The final cause within the method sub heading was one of our methods of maintenance which is the grouting of weak/hot spots on the stoves shell refractory, this is internal to the stove however, different to the interface and combustion chamber refractory, this refractory lines the steel shell of the stove which is liable to wear especially around the dome of the stove due to it being the hottest point on the stove. This is a cause of damage to the stove, as we are injecting a poor quality refractory in weak spots on the stove through grouting points. This grouting material wears away very quickly and therefore leaves weak points on the stove shell that can be unsafe and lead to downtime. 
Machine was next to be analysed by the author. One cause that was deemed to be the cause of stove damage was the actual age of the stove shell, as previously mentioned, the stove requires regular grouting due to the condition of the stove shell. Hot spots often occur which are treated by water. This method of cooling the stove is temporary and shouldn’t be occurring due to the wear that water will have on the stove over time. The stove therefore can become weak in some areas and will require grouting more often thus costing the business. Also, a knock on effect with the use of water is the effect it has on the stoves instrumentation due to the water getting into the junction boxes of critical instrumentation that controls the gassing of the stove. This problem can lead to a drop in interface temperatures due to the gas and air ratio. The next cause that was identified as a machine cause of stove damage was the combustion air fans. The combustion air fans are fitted with louvres that alter the flow of combustion air based on the gas flow we are getting, however these are not reactive enough to the change in gas flow to be efficient in maintaining a good flame that has the correct air/gas ratio. This therefore damages the stove due to the combustion air louvre not having control over the air flow to the stove creating an air rich flame. 
Material was one of the main contributors to stove damage that was used to identify causes next. The first cause that the author discussed within the Ishikawa diagram was our pyrometer cleaning equipment. As previously mentioned in this report, the dome pyrometers measure our dome temperature which is a key part of the stove in maintaining internal temperature and our ability to have a higher hot blast temperature. The dome glasses can be wiped and cleaned however, refractory can become loose within the stove and block within the leg of the pyrometer, blocking the cameras reading of the dome temperature. In this scenario, the stove has to be boxed, therefore losing out on gassing time, while the leg is rodded clear of any refractory blocking the view of the camera.  For the wiping of the dome pyrometer, the operators are only supplied with rag and spray that isn’t suitable for this application which is why this process isn’t as efficient as it should be. The rods used to clear the refractory are not to the correct size required which can make the job more difficult for the operator carrying out the job. This can be associated with stove damage due to the sometimes prolonged periods of the stove being boxed in which the temperatures decrease. The next cause that was identified as part of the material section of the Ishikawa diagram was the condition of the stove shell, this was previously mentioned as being a problem due to the addition of water as a means of cooling the shell but another cause is the weak areas in the stoves which have been previously been used for grouting can be liable to cracking or blowing of grouting points. This is caused by the use of unsuitable grouting material which wears away within the stove too quickly creating an even weaker area within the stove. 
[image: Image.jpeg]
[bookmark: _Toc135426060]Figure 5 – Unblocking of a dome pyrometer

Environment was the next area the author covered while creating the Ishikawa diagram. Due to the stoves being open to environmental effects, the stoves can be damaged in many ways that can detrimentally affect the life cycle of the stove. The main cause of damage to the stove that is indirect is rain. Rain causes damage to our instrumentation on the stoves which affects our readings that the instrumentation produces, therefore, the operator could react to a false reading, accidentally allowing for more gas flow to the stove to counter the false temperature decrease. This is because water ingress can damage critical instrumentation like interface thermocouples and dome pyrometers and therefore lead to improper gassing. Another cause that was linked with environmental issues was “black stacking”, this is where a slug of rich gas is injected into the stove without control, therefore the combustion air doesn’t have time to react to balance the Stoichiometric ratio within the stove. The gas within the stove that isn’t being combusted will then exit the chimneys of the stove as a dark plume of unburnt gas to the atmosphere.  This can therefore damage the stove’s refractory due to the unbalanced ratio of air and gas within the stove during this time. 
Finally, the main area of cause that was used in my Ishikawa diagram was measurement. The first cause that was deemed within the measurement category was the inaccurate readings of the dome pyrometers. As previously mentioned in this report, dome pyrometers are prone to blockage which can affect our gassing which identifies a problem in our instrumentation systems and a reason as to why we should improve them. This obviously illustrates an issues with the internal refractory if loose refractory is blocking the leg, however, there should be an improvement to remove the loss of reading during these periods.  Water ingress can also cause damage through the dome pyrometers due to the internal camera wiring that lines the casing. Once this is damaged, the pyrometers reading is affected significantly which can affect the “dome trim” or combustion air compensation used to maintain the heat of the stove dome, therefore, dome temperature may not be reached.  Another factor that makes our dome pyrometers a cause of stove damage is the nitrogen condensation on the lens of the camera, this affects the readings and in the same way as a blocked pyrometer, it can affect the dome temperature. Secondly, another cause that was added to the measurement section of the Ishikawa diagram was damage to the interface thermocouples, the interface thermocouples sits directly in the Silica and Alumina chequer brickwork area of the stove that is heated during a gassing cycle. Due to being inside the stove, the thermocouple can be affected by general wear which can lead to the loss of the interface reading within the stove. The interface thermocouple on the stove is also liable to water ingress due to rain and also dome cooling water that is used, therefore a push towards a more secure thermocouple is required, but also to remove the requirement of the stove domes requiring water cooling due to its effects on the stoves equipment. Waste gas analysers were the next section of measurement that was covered. The waste gas analysers on the stoves calculate the carbon monoxide percentage and oxygen percentage within the stove. This gives a detailed analysis of the quality of the flame within the stove. According to Godwin (2014), our ideal oxygen and carbon monoxide is two percent oxygen and minimum carbon monoxide, this then indicates our flame within the stove is efficient and we are gassing the stove in the most efficient and healthy way possible. Our waste gas analysers do not work correctly currently and require replacement in order to help the operator when understanding the flame gas to air ratio within the stove. The final measurement segment of the Ishikawa diagram that was discussed was the megawatt input to the stove. The operator has full control of how many megawatts of energy the stove gets during its gassing cycle therefore it is of utmost importance that the megawatt setpoint is met, this is because the combustion air is set up to match the megawatt output allowing us to maintain the correct amount of gas and air in the stoichiometric ratio.  Due to poor maintenance of gas flow transmitters and combustion air louvres they are not able to match each other’s setpoints therefore providing the stove with a gas or air rich and leading to potential damage to the stoves internal refractory. 
[bookmark: _Toc135425948]7.3 Survey 

Through the use of the Ishikawa analysis, it was decided that the author create a  short survey for the operators on shift in order to gain their opinion on the current state of our instrumentation and how critical to the maintenance of hot blast temperature our stove instrumentation is. This then gave information on any potential improvements that the operator would recommend which was key due to them having the most experience of reading the data our instrumentation gives us. 
The first question that was included in the survey was “In your opinion, how effective is our Hot Blast Stove instrumentation”. This would therefore give the author a base idea of the operators opinions of the current state of our instrumentation and what is like to use this to control the stoves. 
[image: ]
[bookmark: _Toc135426061]Figure 6 – A graph to illustrate the results of Question 1

Within this question, 83.33% answered with not very effective and the other 16.67% answered with “OK”. This indicated that the overall opinion around our current condition of stove instrumentation is that it is in poor condition and not trusted by operators when being used. This clearly outlined the requirement for new, improved instrumentation on the stoves or a more consistent calibration schedule in order to ensure we have accurate readings of the various measurements on the stoves. Also, from a business standpoint, these results may be alarming due to the operators using the plant assets have no trust in using them and cannot rely on them when carrying out their job.
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[bookmark: _Toc135426062]Figure 7 – A graph to show the illustrate of Question 2

The second question in the survey was “to what extent do you agree that poor instrumentation reading is the cause of internal stove refractory damage?”. As seen in the results analysis above, over 60% of operators strongly agree  that poor instrumentation is the main cause of the stove damage that is causing us to reline the stove’s refractory. This allowed the author to gain an understanding as to the significance inaccurate instrumentation reading has on the health of a stove.
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[bookmark: _Toc135426063]Figure 8 – A graph to illustrate the results of Question 3

The third question in the survey was “In your opinion,  what condition would you say our current instrumentation is in on BF4 and BF5 stoves.” 66.67% of operators answered poor condition with a small percentage answering with very poor condition. This clearly outlined the requirement of new instrumentation on the stoves. From the authors point of view, it is poor from a business standpoint that we must continue using these plant assets when poor measurement systems are in place that clearly lead to damaging them. A workforce that openly agrees that our plant assets are in poor condition is also negative for the business as the operators are not able to rely on the data generated by the instrumentation when reacting and making decisions on stoves. 
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[bookmark: _Toc135426064]Figure 9 – A graph to illustrate the results of Question 4

The fourth question that was asked in the survey given to the operators was “What are the main causes of stove damage? Please tick the boxes that apply” Based on the results from this question, it is clear that the operators have selected more than one tick box with some selecting them all as main causes of stove damage. The four answers provided by the author for this question were selected based on the amount of downtime caused by each. Ineffective instrumentation was selected for previously mentioned reasons e.g. interface thermocouple readings etc. which cause the stove to be gassed for less time which can affect the actual temperature within the stove leading to damage. No spending on stove improvement was aimed at stove improvement that involved the preventive methods of improvement that stopped damage to the stove rather than stove reline improvement which has obviously been required recently. Ineffective maintenance was also included and was answered the most by operators, this can be linked in with ineffective maintenance surrounding stove instrumentation, combustion chamber condensate draining or loose refractory removal on stops. Finally valve issues was another cause that the author included in the survey, valve issues can often occur due to the amount of water we have on the stove for shell cooling which can lead to the furnace requiring “Two Stove Operations” which includes a drop in hot blast temperature to maintain the two working stoves, therefore costing the business to fuel the furnace more due to a drop in temperature provided by the stoves. Two stove operations can also cause a drop in blowing volume to help maintain the working stoves and must be maintained until the stove issues are resolved the third stove is given back. This leads on to causing the stove damage due to being in the box position for a prolonged period with no gassing to improve temperature within the stove. With the majority of operators selecting all of the boxes, it is clear that these causes stove damage were key when understanding potential improvements. 
For the next question, it was decided to allow the operators to fully word their opinions through the use of a text box.  “In your opinion, what potential improvements are required to better our current Hot Blast Stove's life cycle and prevent internal refractory damage?” was asked with a main aim to understand whether any of the operators shared the same opinion as the author and also to gain any other potential improvements that could be included. One example of an improvement given by the operators was the renewal of all stove instrumentation, see appendix 13.2. This would give us a far better understanding of what is happening within the stove and whether heat is transferring correctly during the gassing process. This would also help in offering the operators a way of reacting to waste gas analysers which can sometimes provide details of an incident happening within the stove, the operator can then react by reducing gas or air into the stove. Maintenance was also mentioned in operators answers, see appendix 13.2. An improvement in the maintenance carried out on the stoves in general will not only improve our ability to increase hot blast temperature, but also to decrease downtime and the requirement for valve changes etc. This could be carried out through a maintenance schedule or through a job on site that purely focuses on stove instrumentation or maintenance in general, for example grouting. Another improvement mentioned by the operators was to have an operator to only monitor stove condition from the control room, see appendix 13.2. This would give the operator less plant assets to monitor while the stoves operator is able to focus on the stoves and monitor them more closely which would be incredibly beneficial for stove health. Training was another improvement  that was mentioned within the operators answers, a better trained operator would be better at reacting to unforeseen problems on the stoves which would save on downtime. See appendix for operator answers.
The final question in the survey was “to what extent do you agree that Hot Blast Stove health is extremely critical to a high production rate in the blast furnaces?”. This was asked in order to reiterate my view of how the stoves are extremely critical to an efficient blast furnace. As seen in the graph below, over 80% of operators strongly agreed with the statement. These results showed the author that hot blast health is of utmost importance and improvements must be made in order to better our stove health and grant us the ability to increase our hot blast temperature to reduce fuel in the furnace. 
[image: ]
Figure 10 – A graph to illustrate the results of Question 6
Overall, from this survey, new information was gained that was able to be used when finding new improvements for the stoves to reduce the likelihood of damaging the stove. It was also important to find out the opinions of operators to understand if they matched the authors point of view. After the use of a survey, it was decided to hone in on the suggested improvements by the operators, but also to find improvements that were researched previously all as a means of finding improvements that would reduce the likelihood of a stove reline.




[bookmark: _Toc135425949]8.0 Potential improvements

As previously mentioned, through the use of the Ishikawa diagram and the survey. It was decided that research into the potential improvements was the next step. It was important to gain knowledge on the potentially new types of instrumentation, management of maintenance and spending due to the requirement of a full evaluation for each potential improvement, this was important as the cost of certain improvements may not be justified therefore a cost benefit analysis was required. Each improvement required a detailed analysis on the chances of implementation and also the individual benefits that TATA Steel would gain as a result of the implementation of these improvements discussed. Within this section of the report, the author has discussed each of the potential improvements, their current condition on site, the improvement of this asset/method and also whether it is eligible for implementation. At the end of the section, it was also decided to include a cost benefit analysis table in order to give a visual evaluation of all potential improvements and their benefits. 
[bookmark: _Toc135425950]8.1 Interface Thermocouple 

The interface thermocouple of the Hot Blast Stove sits within the chequer bricks that are heated during the gassing cycle. This gives feedback to the control room operator of the temperature of the chequer bricks within the stove, this is used as a main temperature to monitor when gassing and blasting the stove. The alarm limit of this temperature is 1050 degrees Celsius, which when the interface thermocouple gives this reading, the stove on gas will box up to protect itself from overheating and damaging the stove refractory. However, due to the interface thermocouples becoming damaged by wear and water ingress, the stove may box early, causing a lack of gassing time due to the false reading given by the interface thermocouple. Water ingress causes an erratic reading which could prevent the boxing of the stove, thus, not protecting against overheating of the stove refractory. The improvement of this plant  asset was mentioned in both the authors Ishikawa diagram and survey results, therefore, it was key that an alternative improvement was designated to this cause of stove damage. 
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[bookmark: _Toc135426065]Figure 11 – Operator trend of erratic interface thermocouple (blue)

An upgraded version of the stove interface thermocouple was the researched improvement for this cause. A previously mentioned, a higher quality interface thermocouple is clearly required in order to provide a constant accurate without risk of wear and water ingress within the thermocouple. Firstly, the researched improvement (new design thermocouple) was made of higher quality materials when compared to our current thermocouple. The thermocouple is made of Recrystallised Alumina and Recrystallised Silicon Carbide. The Recrystallised Alumina providing a higher temperature resistance which is required due to the constant repairs and replacements currently being carried out on site. The Recrystallised Silicon Carbide then provides the thermocouple with higher resistance to thermal shock. This was especially important due to the constant change in temperature that we currently have due to issues with the stoves. An Inconel 600 ceramic coating also helps to provide the thermocouple with better thermal resistance of up to 1150 degrees Celsius, which is within the temperature set points of the stove interface which makes the thermocouple a good match for the Hot Blast Stoves. The thermocouple head is also larger when compared to our current design thermocouple so therefore requires more weather resistance due to the increased amount of electronics within the head of the thermocouple. Therefore, the thermocouple is fitted with a large O-ring that provides a better seal around the head of the thermocouple and will protect it from rain, which is a big problem to us with our current design thermocouples.
The cost of the thermocouples are £548 per thermocouple, however due to TATA personnel not carrying out the fitting of these thermocouples, Monolithic, a contracting company commonly used for work on the Hot Blast Stoves would have to fit them thermocouples. Due to the requirement of fitting all stoves with one of the thermocouples, it is estimated that Monolithic would require three days to work on site. Based on the rate that Monolithic charges the business we would be required to pay £3836 for thermocouples and  in total for the fitting of these thermocouples., it would cost the business £6706. This is after the cost added to fit the thermocouples which is £410 per thermocouple due to the hourly rate being around £70. 
[bookmark: _Toc135425951]8.2 Dome pyrometer 

The dome pyrometer is another component of stove instrumentation that is critical to the boost of hot blast temperature. Due to the requirement of a hot stove dome to maintain a high hot blast temperature, each stove is fitted with two stove dome pyrometers, which measure the temperature of the stoves dome in order to maintain an operator implemented setpoint. As previously mentioned, the dome pyrometers commonly block and are affected by water ingress. 
According to Peak Sensors, a thermocouple manufacturing business that supplies steelworks with Hot Blast Stove instrumentation. It was found that a customer had replaced the requirement for stove dome pyrometers with thermocouples as a means of measuring temperature within the stove. This would therefore eliminate the requirement of unblocking the legs of the stove dome pyrometer and wiping of the pyrometer camera. This would not only save on downtime and also stove damage, but also the safety of the operators on site would be enhanced to due to not needing to rod the pyrometer leg when it has blocked. According to Peak Sensors, the customer of their custom made thermocouples for the stove dome had given feedback six months later and had said that the thermocouples were working to a good standard and were displaying an accurate temperature with the stove dome. Their design consisted of a thermocouple housed in cement that was more resistant to thermal shock which was key for use in the stoves. 
Each stove would require one of these thermocouples fitted to the top of each stove. The cost of the Peak Sensor stove dome thermocouple is £1119. Although far more expensive when compared to the interface thermocouple, it would eliminate the requirement for dome pyrometers. This would therefore prevent any chance of operators having to unblock the pyrometers due to us using the dome thermocouple instead. Based on the cost of Monolithic fitting the thermocouples (£410 per thermocouple) The total cost for the implementation of these thermocouple would be £10,703  (seven thermocouples, one for each stove on BF4 and BF5).
In regards to implementation of this improvement, the ideal scenario would be to stop using dome pyrometers in order to measure temperature on the stove dome using only the new thermocouples. This would therefore reduce downtime and the boxing of the stove which can lead to a drop in stove temperature. Although we may be spending more on thermocouples for the stove, the payback time would be relatively quick due to not having to box the stove for the unblocking of a pyrometer thus the hot blast temperature would not require dropping and a high hot blast temperature could be maintained leading to a saving on fuel through the implementation of the new thermocouple. Another alternative to this method of implementing the dome thermocouple would be to remain using the pyrometers as a backup to protect the dome temperature in a rare scenario of the thermocouple becoming damaged. Using this method of implementation, if the dome pyrometers were to block, rather than having to box the stove to unblock them, they could remain blocked until the furnace is off in order to reduce the need for boxing the stove and losing hot blast temperature. 
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[bookmark: _Toc135426066]Figure 12 – Illustration of dome thermocouple

[bookmark: _Toc135425952]8.3 Maintenance

Poor maintenance was one of the main perpetrators in causes of stove damage based on my prior research and the operator survey. Preventive maintenance is critical in regard to the stoves due to amount of instrumentation that operators require when reacting to certain data being displayed by the stove. Our current maintenance methods include SAP jobs which are routine checks for shifts that are basic checks and maintenance that includes aspects of maintenance like the lubrication of valves and hydraulic tank level top-ups.  
As a means of improvement in regard to maintenance,  a stove maintenance engineer job should be created within the blast furnace. This job would work under BF4 and BF5 engineer and would solely focus on the instrumentation, valves and shell integrity of the stove. This would include the calibration of all stove instrumentation on a regular basis in order to prevent any inaccuracy with instrumentation readings. Instrumentation maintenance would be a form of preventive maintenance that prevent the chance of instrumentation damage. An example of this would be waste gas analysers that require regular calibration due to them being critical to stove health and our drive to increase hot blast temperature. The maintenance engineer role would organise jobs around the stoves to maintain them lessening the chances of requiring downtime for a valve change which can lead to the significant wear of the stove refractory, this would include the organisation of grouting on the stove for pre-checked hot spots, checks on instrumentation that is liable to water damage, and when the furnace is off, internal checks of hot blast valves and other critical to operations valves on the stoves. 
By having a maintenance engineer on site that is devoted to the stoves, they are not distracted by other plant assets which would enhance their knowledge of the stoves and experience in regard to stove issues that may occur through everyday operations. 
It was decided that another method of improving our current method of maintenance would be through an updated maintenance schedule, as previously mentioned, our engineering team use SAP which tracks all jobs across site and must be cleared everyday by the employee carrying out the work. For example, inspections must be cleared every day with a comment in order to feedback to shift engineer who is in charge of ensuring these jobs are carried out every day. SAP could therefore be used in order to add new jobs that involve the inspection and calibration of the stove’s instrumentation. Valve checks are already existing SAP however there are no instrumentation checks for shifts, by having a job added, every shift within the blast furnace area is able to feedback information regarding the condition of our instrumentation, whether it is accurate and if in need of repair, can be repaired or replaced. This would eliminate the requirement for a maintenance engineer to inspect stove instrumentation which can save the business creating a job for this cause by delegating the work to shifts. 
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[bookmark: _Toc135426067]Figure 13 – SAP inspection screen
            
[bookmark: _Toc135425953]8.4 Training

Training is another potential area in which the author decided to investigate. Currently, within the blast furnaces, the method of training furnace operators on the stoves includes a comprehension method the employee reads information from a manual and completes modules on different areas of the stoves. The employee is then tested on site through formal assessment in order to pass the employee out on the stoves before they can begin work in the control room etc. 
On the one hand, this method of training is suitable due to assessors being experienced members of the team that are very knowledgeable in their areas, therefore, the passing on of knowledge is efficient and training can be completed in an efficient manner. However, on the other hand, during training assessors do not have the ability to discuss in more depth about how the instrumentation and the detrimental damage that poor instrumentation readings can cause the stove. This could be introduced through simulated scenarios on a test system in order to show the operators how to react in a scenario where instrumentation isn’t reading correctly. By having this training system in use, operators would be able to react to real scenarios faster due to being trained which will reduce the chance of damaging the stoves refractory through improper gas and mixture and a lower hot blast temperature. Furthermore, training could involve an in depth education of stove instrumentation, its individual uses, and the potential of damaging the stove through ineffective stove instrumentation . By having this included in operator training, the operator would be more likely to understand how to react to an incorrect instrumentation reading. 
Another possible method of training that would benefit the employees and reduce the likelihood of damaging stove refractory is the introduction of training days through the manufacturing businesses etc. This would involve the use of courses that are specific to stove operation in general. Combustion courses would be a good example of a course that could be implemented into an operators learning path, this would give the operators a good understanding of how the gas and air mixture combusts within the stove during the stoves gassing cycle and how the alterations that they are making in an attempt to optimise hot blast temperature may affect the stove. This would also outline the damage that downtime and a decrease in interface temperature can have on the stove’s refractory. The incorrect gas/air mixture effects can also be shown to the operator as a means of highlighting another cause of stove damage that can lead to the requirement of stove refractory replacement.

[bookmark: _Toc135425954]8.5 Grouting method 

As a result of the root cause analysis methods used, it was deemed that materials were also a cause of stove damage. One cause that was identified in the Ishikawa diagram in the materials section was the method of grouting hot spots on the stoves. The current grouting method is through the use of thermal imaging cameras, the stove is then examined for hot spots. Once any of the hot spots identified have passed the limit set by the business for grouting, Monolithic Refractories are contacted in order to carry out the grouting process in the hot spot area. In this process, a hole is drilled into the stove’s shell, the hole is then injected with refractory grout in order to repair the damaged refractory in the specific area of the stove. This then acts as a temporary repair as a method of filling a void that the worn refractory has created within the stove chequer bricks. Once work has been completed on the grouting point, a socket is fitted. Whilst this is beneficial as work can be carried out in the future on the same area, the weld on the stove’s shell from the socket fitting causes a weak point on the stove’s shell which can sometimes cause a blow which can lead to significant damage to the stove’s refractory due to requiring repair which would require the stove being boxed for a period of time. 
As a result of research of various alternative grouting methods that would be better suited to our stoves, it was found that the business “RJ Stacey Pipeline Services” would provide the most appropriate improvement for stove hot spot grouting on site. As previously mentioned, we require the welding of the stove shell and the fitting of sockets to fit the stove that can lead to refractory damage, however according to RJ Stacey Pipeline Services, they are able to provide a service that includes the use of special high temperature injection ports that enable them to grout the stove using their grout. RJ Stacey is also able to inject the grout and carry out the repair using custom made pumps that enables them to carry out the repairs with the stove in full operation which is of utmost importance with the stoves on site due to the reduction in downtime. In periods of two stove operations, the coke rate is increased to heat the furnace due to a drop in hot blast temperature which is costly for the business. 
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[bookmark: _Toc135426068]Figure 14 – Thermal imaging of RJ Stacey case study results

In regard to cost, due to RJ Stacey carrying out the same work as Monolithic on site, it was estimated that they would charge around the same amount for the grouting of the stove which is around £70 per hour of work carried out on the stove. Due to grouting requiring a full day of work on the stove, it was deemed that a twelve hour shift for RJ Stacey to carry out these repairs on a stove would be sufficient therefore, a cost of £870 for labour along with around £200 of grout therefore in total the business would be charged a total of £1070 per hotspot grouted. This cost is an estimate due to the likelihood of RJ Stacey charging more for their services due to them using specialised equipment. 

[bookmark: _Toc135425955]8.6 Operating system

Within the  blast furnaces, the operating team uses an ABB SCADA system in order to operate the manufacturing equipment in site. This system is currently very dated and can often cause delays on the screens which could potentially lead to stove refractory damage. Due to unlikely scenario where TATA Steel was to completely update our ABB system, we can make updates to our system in order to give reminders to operators to act upon alarms that may not be noticed. This would be updated by the process control team on site alongside an ABB engineer in order to alter our SCADA operating system. 
One example of an improvement that TATA could potentially implement to reduce the risk of stove damage through our operating systems would be the use of additional alarms to alert the operator to react to specific situations on the stoves. An example if this would be an alarm when carbon monoxide and oxygen levels are not correct for an efficient flame within the stove therefore the incorrect stoichiometric ratio within the stove is damaging the refractory. This would then allow the operator more time to react and balance the air/gas ratio within the stove before more damage has occurred within the stove. 
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[bookmark: _Toc135426069]Figure 15 – BF5 SCADA operating system alarm banner

Another example of an improvement that was originally suggested via the survey created to find new potential improvements was the introduction of second man on the operating desk to focus only on stove operation (see appendix). Previously mentioned in the report, the control room operator must operate numerous areas of plant in order to charge material to the furnace and also monitor other ancillary plants for example, the furnace’s gas cleaning plant. Another trained control room operator would be more focussed on the stoves and would therefore be quicker to react to issues, saving the stoves of damaged refractory and reduced hot blast temperature. The cost of this would be the operators wage, this was deemed to be around £28,000 to £35,000. Due to the overall potential costs the business would be saving from the mentioned improvements, this up front cost has very little significance, as payback time would be very fast due to the savings on coke on the furnace burden. 






[bookmark: _Toc135425956]8.7 Cost benefit analysis
	Potential Improvement
	Costs
	Benefits
	Evaluation

	New design interface thermocouple
	£6706, Loss of temperature due to boxed stove required.
	Prolonged accuracy, no risk of water ingress, increased HBT.
	Minimum cost, more beneficial to stove health than costly.

	Dome pyrometer replacement
	£10,703, Loss of temperature through the boxing of the stove.
	Eliminates requirement for costly dome pyrometers. Cannot block, less likely to be affected by water ingress.
	Relatively expensive however more beneficial to stove health than costly.

	Maintenance improvements
	Potential cost for the salary of an additional engineer focussed on the stoves. Planning time. Time to implement changes with workforce adhering.
	In house method of improvement without the cost of contracting business. Very low monetary cost in regard to SAP changes. Fast change and results.
	Very minimal cost, can be enforced by management that SAP inspections of stoves are carried out and calibration of instrumentation is regular.

	Training
	Potential for cost to ABB for the creation of a simulation system for operators, cost of courses for operators to partake in.
	A more knowledgeable operator, more experienced, more reactive to problems that could lead to the reduction of HBT.
	Minimal cost, very beneficial to the business. Various courses can be used to aid the growth of operator knowledge.

	Grouting method
	£1070, per hot spot grouted.
	No loss of stove temperature due to the method of grouting. Less hotspots on stoves leading to better stove health. More potential to increase hot blast temperature. Stove shell life is increased due to less hotspots.
	Very minimal cost, lots of benefits to the stoves which proves that this improvement is essential.

	Operating system
	£28,000-£35,000 if second operator is introduced. Costs of training the operator, time etc.
	Healthier stoves due to the lesser likelihood of damaging the stoves refractory through operator error. Ability to increase hot blast temperature.
	High cost initially however will pay back very quickly due to the reduction in downtime in relation to stove issues.



[bookmark: _Toc135391462][bookmark: _Toc135426117]Table 2 – Basic cost benefit analysis

[bookmark: _Toc135425957]9.0 Theorised results 

Due to the main aim of this project being the reduction of fuel in the furnace through to ability to increase hot blast temperature provided by the stoves that would save vast amounts for the business, it was key that the quantification of savings was analysed and calculated. This would therefore allow the author to gain an understanding of the potential savings created by this project. 
The savings generated by this improvement project were specifically aimed at the reduction in coke on the furnace burden through the increase of hot blast temperature. This would therefore save the business potentially large monetary costs through carbon emission costs and also the cost of coke delivered. For the potential savings to be calculated, it was decided that the calculation would presume the furnace that would benefit from the coke reduction was being charged with delivered coke not created in the coke ovens.
 For quantifying the savings, a calculation was used in order to calculate the change of the coke rate within the furnace when hot blast temperature is increased and can be withheld by each stove on the furnace. The cost of this coke used in calculation was $450 per ton of coke, see appendix 13.1 for further information. The calculation for hot blast temperature increase in relation to coke reduction was a change of 100 degrees Celsius resulted in a change of 9kg/tHM of coke, see appendix 13.3 for more information. Calculated next was the three stoves on site that provide the lowest blast temperature and have damaged refractory which were Stove 10, Stove 11 and Stove 13. An aim HBT that would be sustainable after the improvements was one thousand one hundred and fifty degrees Celsius. The difference between the aim of 1150 degrees Celsius hot blast temperature and our current hot blast temperature on each was then calculated in order to understand coke rate benefit from each of the stoves HBT increase. Carbon dioxide emissions were then calculated through the assumption that 3.2 tonnes of carbon dioxide was emitted per ton of coke used as fuel in the blast furnace. Total savings was then calculated through multiplying the price per kilogram of coke (45 cents) by the coke rate benefit, then multiplied by 250 which is our average tonnage on each furnace per hour. This was because the coke rate benefit was calculated in kilograms per ton of hot metal produced.  This gave the cost of coke that was being decreased due to an increase of HBT per hour.
After the coke rate benefit price had been multiplied by the average tonnage rate (250)  to calculate the hourly savings of the coke rate benefit. The figure was then multiplied by 24 and then 30 to work out our monthly savings which could then be transferred to annual saving later.  See below the savings calculations table.








	Stove
	HBT Benefit (°C)
	Aim HBT (°C)
	Coke Rate Benefit (kg/tHM)
	CO2 Benefit (tonnes)
	Total Savings (£)

	10
	200°C
	1150°C
	18kg/tHM
	~9.6ktonnes per month
	~£1.176M per month

	11
	100°C
	1150°C
	9kg/tHM
	~4.8ktonnes per month
	~£0.588M per month

	13
	250°C
	1150°C
	22.5kg/tHM
	~12ktonnes per month
	~£1.47M per month




[bookmark: _Toc135391463][bookmark: _Toc135426118]Table 3 – Calculation of potential savings through optimisation of weakest stoves 


Assuming that there is no downtime between months and that optimum stove condition is reached through the discussed improvements,  it was calculated that savings from a coke reduction in the furnace and a hot blast temperature increase due to a stove health would result in £17.64M saving on BF5 annually and £21.168M saving on BF4.  Carbon dioxide emissions would also be a key benefit as 316,800 tonnes of carbon emissions would be saved annually. This is a clearly an extremely large opportunity to save and gain the ability to increase the production rates of both blast furnaces on site. The below graph illustrates a prediction of the relationship between the hot blast temperature increase and burden SRE (Standard Reductant Equivalent) on Stove 10 if the improvements were implemented allowing for a hot blast temperature increase. SRE is the carbon level within the furnace and is a combination of coal and coke rate. The below illustrates the decrease of SRE in the blast furnace and steady increase of hot blast temperature. 
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[bookmark: _Toc135426070]Figure 16 – Graph to illustrate SRE reduction through HBT increase





[bookmark: _Toc135425958]10.0 Conclusion 

To conclude this report, the main causes of stove refractory damage have been investigated fully whilst the exploration of improvements that would lead to the elimination of damage to the damage of stoves. The original aim of the report has been met due to the report clearly outlining ways in which TATA Steel as a business is able to create a more efficient system of producing hot blast for the furnaces, avoid damaging internal stove refractory and also save on coke in the burdening of the furnace.  As previously mentioned, due to the current financial state of the business the savings could be majorly beneficial as a means of creating a larger profit window. In total, a £38.808M annually on both furnaces saving on coke purchases is a very large monetary that could be used elsewhere to improve other areas of plant. Due to this saving, a higher production rate can be achieved through a potential improvement of other areas of plant potentially leading to an increase in revenue. This saving may also be seen as a long term improvement due to the stove life cycle extension thus saving on potential early refractory relines  which can be very expensive to the business. In addition, 316,800 tonnes of carbon dioxide emissions would be avoided. Each improvement was evaluated based on the benefits and costs that accompanied the implementation of the improvement, this therefore gave the author a better understanding of the eligibility of each of the improvements suggested. 
The author met the individual aims and objectives of the project as mentioned, this enabled the author to gain a good understanding of the causes of stove damage that we are currently experiencing on site whilst providing the blast furnaces with a constant hot blast flow.  The causes were then utilised in order to provide suitable improvements for the stoves using research, prior knowledge and knowledge gained from meetings with more experienced members of the business. 






[bookmark: _Toc135425959]11.0 Recommended further work

After evaluation of the project, further work that could be carried out would be the research into more potential improvements for the stoves, for example, the exploration of different methods of measurement of temperatures that are used in other plant around the world. New designs of stove could also be explored due to the many different methods of transforming cold blast into hot blast and providing it to the furnace. This is because different types of Hot Blast Stove may be better for our method of production. Further work could also include the calculation of savings from the carbon dioxide reduction that the blast furnaces are emitting due to the decrease in coke rate and how this would affect TATA’s drive to achieve carbon neutralism. 
Another example of further work would be the extension of a survey in order to gain further details on operator grievances with the stoves and any ways in which we can improve our method of providing hot blast further. This could then be discussed with management in order to achieve a more efficient  Hot Blast Stove system that has a prolonged life cycle due to the improvements that were suggested in the survey results.
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[bookmark: _Toc135425963]13.2 Survey Question 5 Answers 

“Better maintenance and money spent to maintain and improve instrumentation and valve.”
“Renew all stove instrumentation. Calibrate all gas, air and HB flows. Give all stove operators more in-depth training around refractories and combustion.”
“Regular and improved maintenance schedule. Improved and updated instrumentation.”
“Consistency”
“Listen to the operators and have an operator watching stoves only. Dropping hot blast temperature too often (all coke, valve faults) is no god for the internal refractory of the stove. Keeping the HBT during all coke operations and dropping coke rate would fix this and also save money.”
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That's great, do you know the average cost per ton of coke?
Met vriendelijke groet / Kind regards,

Morgan

Morgan Hall

Process Operator

Blast fumaces

Tata Steel

E: Morgan Hall @tatasteeleurope com
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From: Parsons, Aaron <Aaron.Parsons@tatasteeleurope.com>
Sent: Friday, March 24, 2023 1:54 PM

To: Hall, Morgan <Morgan Hall@tatasteeleurope.com>

Subject: RE: Uni Dissertation

100'C HBT = 9kgtHM fuel rate, so if you said we're going 950->1150 then that's 18kg/tHM fuel rate (as an example)
Met vriendelijke groet / Kind regards,
Aaron

Aaron Parsons
Section Technical Manager

From: Hall, Morgan <Morgan.Hall @tatasteeleurope.com>
Sent: Friday, March 24, 2023 1:52 PM

To: Parsons, Aaron <Aaron.Parsons@tatasteeleurope.com>
‘Subject: Uni Dissertation

Hi Aaron,
As you already know, | am writing about the recent stoves projects in my uni dissertation.

Is there any work that's been carried out on how much fuel we would save within the fumace using optimum HBT?
If you can send anything over that would be much appreciated.
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