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In ironmaking blast furnaces the predominant fuel is coke.  Coke provides a perfect fuel as its porosity allows the gases in the blast furnace to slowly break it down.  Although coke is the ideal fuel, its price tag has prompted companies to look for cost effective alternatives to use alongside the charging of coke.  In years gone by, many blast furnaces reduced costs of fuels by injecting oil as an alternative to an all coke fuel burden.  In recent times companies have preferred to inject coal.  This report will give a background on coal injection systems and identify the benefits and the shortcomings of injecting granulated coal into the blast furnace and offer a judgement on whether coal injection can be deemed a worthwhile investment.  Both the coal injection plant and blast furnaces in Port Talbot steelworks will be repeatedly referred to, as knowledge of these two processes provides the basis for this report along with relevant reading.  
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Port Talbot steelworks has its very own Granulated Coal Injection (GCI) plant.  This plant takes in raw coal, crushes it to a fine powder and dries it before it is injected into the blast furnace.  The GCI plant has 3 different departments, the Screen House where coal is pulverised in the crushers.  The crushers consist of two steel cages, an outer cage and an inner cage.  Each cage has hammers attached inside and the cages rotate in opposite directions to crush the coal.  The crushed coal is then sent via conveyor to the raw coal silos which store the coal before it is dried.  The raw coal silos then release the crushed coal onto the transfer conveyor which carries the coal to the second department, the Process Plant, and in to a series of feed screws which push the coal into the drying units.  These drying units consist of a large steel chamber with a perforated steel bed plate which allows the hot gas to rise and dry the granulated coal.  Once the coal has travelled along the bed plate and been dried, it falls off the edge of the drier and is carried through the pneumatic conveyor to the product coal silos.  The third and final department in the GCI plant is the New Mill.  The New Mill combines the crushing and drying of the Screen House and Process Plant to create one smooth process which carries out both functions at the same time before conveying the coal to the product silos.  The product coal silos are directly linked to the blast furnaces and when coal is demanded, it is released from the silos and carried to the furnaces using the same pneumatic conveying system where it is injected into the blast furnace at the tuyeres.   
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Granulated coal injection has become increasingly popular for companies with iron making blast furnaces.  This is for a range of reasons, not least the high cost of coke, the traditional fuel in iron making. When one of Port Talbot steelworks’ blast furnaces is running on all coke operation without the subsidisation of coal, it costs £240,000 for 12 hours.  This means that if both of the furnaces were operating on all coke for a 24 hour period, it would cost Tata Steel £960,000.   Although coke is the superior fuel in term of iron making, its main drawback is its price.  Steelworks have found that by introducing coal injection they are able to have greater control over the balance of the blast furnace (Shen, 2012).  Using coal injection allows operators to adjust the temperature of the furnace with greater urgency.  This is because when charging additional coke into the furnace to increase temperature the effects will not be seen until this coke reaches the tuyeres which can take 6 hours.  However, coal enters the furnace at the tuyeres meaning that when the coal injection rate is increased, benefits can be seen much more rapidly.  
The introduction of coal injection systems also increases the life expectancy of coke ovens.  This is due to a reduced demand in coke also reducing the pressure on the coke ovens and its staff.  This means that the operators in the coke ovens are not pressured into pushing the ovens beyond normal operating parameters.  Increasing coke production could also cause increased wear in the ovens and reduce its life expectancy.
Many blast furnaces have previously utilised the injection of heavy fuel oils.  This practice however has largely been disused for several reasons.  One of the key reasons for trading oil injection for coal injection was the rising cost of the heavy fuel oil used which encouraged companies to look for cheaper alternatives (Cameron, 2019), leading them to granulated coal injection.  Oil injection has also been found to be less efficient, the heavy oil struggles to blend with the air in the blast furnace and as a result takes much longer to have a positive effect on temperature (Bortz, 1983).  
The GCI plant in Port Talbot steelworks is largely a non-polluting system.  Aside from rare occasions when transport lines fracture and release coal dust into the atmosphere, there are no harmful products used or biproducts created from the preparation of coal for injection.  Coke making on the other hand can be extremely harmful for humans, wildlife and the environment.  Substances such as ‘Sulphur, Ammonium Sulphate, Benzene, Xylene and Naphthalene’ (Humans, 2012) are all present in the coke making process and can have an extreme effect on human health and the environment.  The introduction of coal injection can reduce the effects that these substances have because the coke ovens are not required to use or create these substances in such high volumes.  
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Although the many advantages of coal injection make it seem an attractive prospect for use in a blast furnace, it also has its drawbacks.  Companies may be discouraged from introducing a coal injection system due to the high start up cost.  As well as introducing coal lances and transport lines to transfer the granulated coal to the furnace, companies would also be required to construct an entire plant to prepare the coal.  From 1993-1999 a coal injection project was undertaken in the United States and between these years a total of $194 million was spent on the construction and implementation of the system (U.S Department of Energy, 2000).  Due to rates of inflation this figure can be dramatically increased in 2019.  Figure 1 shows the U.S dollars in 1993 and the equivalent values in 2019.


Fig.1 
	1993
	2019

	$100
	$178.09

	$1,000
	$1,780.94

	$10,000
	£17,809.41

	$1,000,000
	$1,780,941.18

	$100,000,000
	$178,094,117.65

	$194,000,000
	$345,502,588.24

	*considering an average inflation rate of 2.24% (Webster, 2019)



If a UK based steel company wanted to introduce a coal injection system in 2019, assuming all costs would be the same as in the United States, it would cost the UK company £266,036,992.90 based on a dollar to pound exchange rate of 0.77.  As well as having the money to fund this extreme start-up cost, companies would also need to assess whether they have the room required to construct the coal injection plant in a suitable location.  Coal injection plants should ideally be positioned in close proximity to their blast furnace customers.  The GCI plant in Port Talbot Steelworks is positioned directly behind the blast furnaces that use the coal.  This is to reduce the length of pipe required for the transport lines between the GCI plant and blast furnaces, thus reducing costs as well as reducing the energy used to convey the coal to the furnaces.  Shorter transport lines also reduce the amount of potential blocking points.  In a longer length of pipe, it can take an extremely long time to locate a blockage, whereas in shorter pipes it is quicker and easier to find blockages that need to be cleared in order to deliver the coal to the furnaces.  
As well as the cost of installation, coal injection systems have a persistent issue with blockages.   Blockages are caused by a large build-up of granulated coal clogging in the transport lines.  This build up can be due to a number of reasons including, coal with a high moisture content, larger particles of coal or even foreign objects finding their way into the system.  A blockage in a single line in Port Talbot steelworks is not a major issue as there are 29 other lines feeding the coal lances, however, persistent blockages can prove to be challenging for one employee to handle.  Maintaining coal to the blast furnace is vital as the coal cools the tuyeres.  Tuyeres do not have a long life expectancy when not pushing coal as the extreme heat that they are exposed to can increase wear.  As previously mentioned, blockages can also be difficult to locate, and the knowledge that tuyeres do not last long when they aren’t pushing coal puts great pressure on employees to work quickly and accurately to locate and clear blockages.     
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Considering the high price of coke, the main fuel in blast furnaces,  the introduction of coal injection could have been considered a welcome money saver as it had no negative effect on the quality of the iron produced.  In fact, it has been discovered that the use of coal gave blast furnace operators greater control over the thermal state of the furnace as changes could be implemented when required rather than waiting for additional coke to reach the tuyeres.  It can also be assumed that the life expectancy of coke ovens can be increased as there is less pressure on them to produce the sole fuel source used in the blast furnaces.  Although subsidising the use of coke with an additional fuel source seemed practical, it still had to be decided why coal injection should be used rather than the injection of heavy fuel oil.  It was discovered that coal has a greater efficiency in the furnaces as oil takes longer to react with the air causing a delay in effect, this delay coupled with the rising price of oil justifies a decision in favour of coal injection rather than oil injection.  Coal injection systems are also largely non-polluting as opposed to the highly polluting and extremely harmful process of producing coke.  The use of coal injection could be deemed to reduce the harmful effects on the environment caused by the coke ovens as they are not required to produce coke in the quantities that they previously had to.  Although the use of coal injection can be extremely useful, the high start-up costs could discourage companies from introducing the systems.  High start-up costs coupled with challenges setting up a plant near blast furnaces can prove to be obstacles too high for some companies.  Coal injection can also prove to increase work load for some employees as blockages can be regular occurrences.  Blockages require time to locate and fix and this can be a challenging and lengthy process.  Although coal injection has its drawbacks, it could be deemed to be a worthwhile investment.  Its main disadvantage is a high start up cost, however, the system could pay for itself over time as the money saved on purchasing or producing less coke accumulates.  




















References
Bortz, S. (1983). Coal injection into the blast furnace. Brussels: Commission of the European Communities.
Cameron, I. D. (2019). Chapter 56 - Blast Furnace Fuel Injection . Blast Furnace Ironmaking - Analysis, Control and Optimization, 573-600.
Energy, U. D. (2000). Blast Furnace Granulated Coal Injection. Pittsburgh: U.S Department of Energy.
Humans, IARC. (2012). Chemical Agents and Related Occupations. Lyon: International Agency for Research on Cancer .
Shen, Y. Z. (2012). Modelling in-furnace phenomena of pulverized coal injection in ironmaking blast furnace: Effect of coke bed porosities. Minerals Engineering, 33, 54-65.
Webster, I. (2019). CPI Calculator. Retrieved November 2019, from www.in2013dollars.com: https://www.in2013dollars.com/us/inflation/1993?amount=100
 
