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[bookmark: _Toc25326871]Abstract 
A look into opportunities to improve the energy efficiency and performance of the reheat furnaces at Tata steel Port Talbot. An overview of the current energy performances and potential changes to maximise efficiency and reduce waste through understanding these three factors; (1) increased hot connect scheduling to 50%, (2) benefitting the company and environment through reduced fuel costs, availability with an increased speed of work and lower levels of greenhouse gas emissions; and, (3) recuperating combustion air to preheat slabs to 315̊c, saving >60k GJ/year;
A study to show with an increase in hot connect scheduling with a difference of 10% can benefit the company financially by >£10/week and reduce their fuel consumption by 10.6 GJ/week working towards meeting the government targets of eliminating GHG by 2050. 
1. [bookmark: _Toc25326872]Introduction
In the modern day of environmental dismay, the need to reduce energy consumption and create better, reusable energy resources is more important than ever. Industries such as steel making are involved with mass consumption of fossil fuels and need to look closely at its processes and technologies and become more innovative in its operations.
The focus to reduce greenhouse gasses has been an ongoing concern worldwide for many years. It is the governments collective to reduce global warming rates through eliminating CO2 emissions before the second half of this century.
“Around the world, approximately 5% of global energy is consumed by the iron and steel industry”. [1] Tata steel UK Hot Rolled Products have a primary function of rolling steel slabs into strip coils. During this process, large amounts of gasses and electricity are consumed with a bi-product that goes against the government’s environmental strategy. 
Each process within the hot rolled products can be broken down and the energy efficiencies can be identified and targeted for individual improvements. This is how you tackle the larger issue involved in such a large industrial site such as Tata Port Talbot. 
It is predicted that over 50 billion tons of steel will be produced by the mid-century. This will come from a call from construction and automotive industries, almost quadrupling in demand from nearly 15 years ago. [2] 
The quality of the finished steel coils is highly dependent on the temperature control of the steel slab throughout its journey from slab into coil. The correct heating and cooling of the material are just as important as the machinery cooling systems. [3]
The reheating furnaces are the main energy consumers within the hot strip mill. Focusing on improvements in this area could lead to major steps in leading the hot mill to a more environmentally friendly operation.
1.1 [bookmark: _Toc25326873]Flow Diagram of Hot Strip Mill
Figure 1 shows the process flow diagram of Hot Rolled Products from reheating slabs in the reheat furnaces, through the strip mill and rolled into coils at the end of the line at the downcoilers. 
[image: ]
[bookmark: _Ref25146903]Figure 1 Process flow diagram of HRP
Slabs are discharged from the reheat furnaces at between 1200 – 1300̊c. This temperature is vital for the mill to be able to squeeze the strip from its original depth of circa 250mm down to 1.5mm from start to finish. Each section of the mill; rougher, coil box, finishing mill and downcoilers are all dependant on the temperature of the slab before it reaches their process. The temperature of the slab is controlled automatically by dampers set on the run-out tables and internal of each process i.e rougher, finishing mill etc.
“A commonly overlooked factor in energy efficiency is scheduling and loading of the furnace. “Loading” refers to the amount of material processed through the furnace or oven in a given period of time. It can have a significant effect on the furnace's energy consumption when measured as energy used per unit of production.” [4]
2. [bookmark: _Toc25326874]Understanding the energy
To better understand the current state at which the hot mill performs, data has been collected. 
2.1 [bookmark: _Toc25326875]Energy performance 
Hot rolled products rolls circa 83kt of steel every week, with a targeted of rolling ~ 6kt per shift. 
The furnaces use 28km3 / hr at peak times which equates to 1.14Gj / t. It costs Tata £5.02 / Gj for natural gas and £4.27 / Gj for Coke Oven Gas. The furnaces are targeted to operate at 38% coke oven gas, that’s a cost of £4.74 / Gj average over the two fuel sources. 
If Tata are charging 83kt of steel per week then it costs the company £448,498.8 ((1.14*4.74) * 83000) of fuel per week. This calculation is based on an average of charging slabs “cold” at an average temperature of 100̊c.
There is a process within hot rolling called hot connect. This is when ‘hot’ slabs are cast at the Continuous Caster and transferred almost directly to the reheat furnaces, retaining most of their temperature. Temperatures of charged slabs via hot connect can vary between 250̊c – 600̊c. (Note there is still a loss in temperature from its original > 1300̊c cast temperature.)
There are benefits and limitations of hot connect. By not having to raise the temperature of the core of the steel from < 100̊c – ~ 450̊c, we have an energy saving benefit. The limitations are scheduling and mill status which is a lengthy list of factors which will not be covered in this report. The important points to note are; the hot mill can comfortably accommodate a 50% scheduling rate of hot connect. Currently the hot mill schedules at 40% hot connect.
Therefore, charging slabs through hot connect to the reheat furnaces at an average of 450̊c, it is visible from Table 1 that there will be an energy saving benefit of £1.21/t. Tata averages 40% hot connect which has a benefit of £40,172 / week. 

(1) If hot connect could be achieved at 50% then the benefit would be £50,215 / week. A difference of £10,043 / week in benefit or £522,236 / year.

Using Table 1, the energy performance of the reheat furnaces can be scrutinised with these figures too:
(2) Charging slabs to the reheat Furnaces at an average of 450̊c would provide a benefit of 128.23MJ/ton. After a week of rolling at 50% hot connect you would expect to see an energy reduction of 10643.1GJ.


[bookmark: _Ref25168639][bookmark: _Ref25146819]Table 1 Costs of heating slabs at varying charging temperatures
[image: ]
The second benefit that can be achieved from hot connect is the speed of work, Table 2. The faster the furnace can ‘soak’ the slab and bring it to drop out temperature the faster the mill can continue to roll slabs. Table 2 shows the added benefit from the mill rolling at a faster speed. Scenario2) is representative of calculations made from 2019 with an average charge temp of 450̊c.
[bookmark: _Ref25146873]Table 2 Speed of work calculation for charging hot connect at a greater frequency
[image: ]
Given that this calculation shows £2801 difference / round / hr, we can assume that in one year of continuous rolling at 24 / 7 would receive a speed of work benefit of £24,540,001.2 / year.
2.2 [bookmark: _Toc25326876]Previous studies
An investigation was undertaken by Mr. Chen in Kaohsiung, Taiwan, where two reheat furnaces were installed from a manufacturer in Europe. During this investigation, calculations were made to predict the diffusion of heat and to estimate energy consumption and efficiency of the reheat furnaces. [3]
Mr. Chen explains that “78.9% of the energy input” to the furnaces is a direct effect from fuel burning and that 15.7% of energy is resulted from the recuperating zone of the furnaces. [3] Figure 2 shows his distribution of energy between input and output.
[image: ]
[bookmark: _Ref25166338]Figure 2 Energy losses in reheat furnaces [3]
As Figure 2 illustrates, the amount of energy lost within the process of reheating slabs is disconcerting. Almost 20% of energy is absorbed by the roofs, walls and discharge / charging doors. This factors as the second highest heat loss in the process. 
(3) Without the recovery of energy through recuperating zones, using wasted flue gas heat, there would be a total of “29.5% of the total energy loss” [1] thus the necessity to recover as much wasted energy as possible.
Thompson and Si considered preheating the steel pre-cast shape to 315̊c with waste heat from the furnaces alone. Using current statistical data, they created a calculation to determine a period of payback from initiating a new process for pre-heating slabs. [2]
[bookmark: _GoBack]They also go on to explain that “Preheating billets to 315 °C decreases energy consumption by 60,323 GJ / year” [2] 
As pre-for mentioned in Table 1 this energy saving calculates to large business and environmental benefit.
Climeon are the front-runners in the industry of converting heat into electricity. Sachitanand explains that “In reheating furnaces, 10-17 % of the primary energy input is lost to cooling water circulated through the skid pipes”. [5] Sachitanands analysis look at the potential to transferring the wasted heat within reheat furnaces into electricity. The potential electricity recuperation could yield over 1MW of electricity with the added benefit of required cooling systems. [5]
Climeons studies show that “the thermal energy in hot water between 70 and 120°C and converts it into electricity. The adaptive control system has the ability to automatically synchronize the system to match available heat, ensuring high efficiency even under fluctuating operation.” [5]
3. [bookmark: _Toc25326877]Conclusions
Analysis of the energy recovered through the recuperation zone wades massively on the total energy consumption of the reheat furnaces. In total a 15% total energy re-use is made possible. Further investment into maintaining and improving the current system will have financial returns to the company in as little as 3 years. 
The process for scheduling hot connect to increase from 40% to 50% will also be worth analysing further as a resulting 
Both of these processes have a direct affect on business finance, production quality and environmental responsibilities.
There are numerous reasons as to why Tata cannot achieve this goal in its current state. The age of the mill, the quality and scheduling performances are also facts to include. With some investment the company could benefit from an annual benefit of £2.97m. With the added environment benefits of reduced CO2 waste and the usage of natural gas. 
3.1 [bookmark: _Toc25326878]Potential investments for Tata Hot Strip Mill
[image: ]One potential investment to be considered for Tata is thermoelectric generators, constructed on the Seebeck effect. The Seebeck effect can be described as “Any thermoelectric effect involves the conversion of differences in temperatures into voltage differences.” [6]Figure 3 Seebeck effect diagram [6]


The amount of heat waste through the walls, roof and furnace doors; as shown in Figure 2 is 17.68%. This along with heat loss through water cooling pipes and skids from the reheat furnaces and the rest of the strip mill could be recycled into electricity to powering the mill or offices.
ResearchGate explain that “20-50% of the energy is removed into the atmosphere as waste heat include in the form of hot flue gases, cooling water, the heat losses from the equipment hot surfaces or heated products” [7]
There are further advantages to be made from transforming the heat loss through furnace skids into electricity. 
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