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Standard Method for Production of Electricity at TATA Steel and Possible Alternatives. 
Abstract 
I will be looking at TATA Steel’s generation departments current method to generating electricity by utilising jobs produced across site from different departments. I will then look at any possible improvements they could implement on current systems and any other possible ways they could improve their generation.
Introduction 
The department I work within the TATA Steel group is called ‘Energy Generation’ our main objective is to provide electricity for the rest of the works, we also provide the works with high pressure 44 bar steam and intermedium pressure 11 bar steam. To create this electricity, we utilise indigenous gases produced across the site as fuel to create steam. The issue we experience is currently our maximum continuous rating for production of electricity is around 98 mega-watts of electricity per hour whereas the demand for electricity across site can reach around 200 mega-watts per hour.
We have currently got an investment plan already in place to increase our production to around 110 mega-watts per hour this will come from a new turbine alternator. The issue I want to look at is to reach these numbers of production means we are relying on the rest of the works being on very high production so we can have an abundance of fuel available or we need to burn natural gas, which we import to reach a high level of production. I want to look at the possibility of a renewable source of energy so we are not reliant on factors we cannot control. 
The Current Process   
Our current process works by utilising all indigenous gases produced across site, Blast Furnace Gas (BFG) is the most utilised gas we can burn up to 520,000 cubic metres an hour. Given BFG has a very low raw calorific valve when produced from the Blast Furnaces normally varying from 2.9-4 MJ/m3 the gas cannot be replied upon as a sole fuel source. To enhance BFG we use other fuels like Coke Oven Gas and Natural Gas to bring the calorific valve to around 4-4.4MJ/m3. Enriching the again relies on gas being available from other parts of the works, this is why sometimes we cannot have maximum production as there isn’t enough gas available for us to do so. 
We also utilize Coke Oven Gas (COG) which is also produced on site from the coke ovens. This is a very rich fueled gas and has a calorific valve of around 20 MJ/m3. In terms of a fuel source COG is brilliant as the calorific valve is very high in comparison to BFG, but the problem with COG is the gas itself is extremely dirty so it will often block gas lines causing poor flows and pressures to burners of fuel. 
Relying on COG as a primary fuel can lead to a major loss of overall production as deposits from the gas will often block fuel lines to the point we are unable to use them, quote below taken from a study into Coke Oven Gas details this: 
‘One of the most acute problems with respect to avoiding shutdowns that has been encountered heretofore has been the tendency of the naphthalene compound contained in the gas to settle out and thereby clog the lines. Such clogging by the naphthalene compounds has increased the operating cost of the coal-chemical systems. Furthermore, efforts have been made to automate these systems, but because of the clogging of the naphthalene, these efforts have not been completely satisfactory’ 1
When we do not have indigenous gases available, we are forced to use Heavy Fuel Oil (HFO) or Natural Gas (NG) as primary fuels. Both fuels require being imported and cost the company a lot of money. Just in Energy Generation last year we spend over £35,000,000 importing natural gas, we use natural for all our pilot fuels as the gas is clean and has a very high calorific valve of around 37MJ/m3. Natural gas is also then used as an enrichment fuel to enhance the calorific valve of BFG. The graph below shows the amount of natural gas that was used in generation in Km/h3 for week 46. 

We use heavy fuel oil as a last resort, one of the issues we have with burning heavy fuel oil is that it is very expensive. Another key issue we have is the carbon emissions given off when burning fuel oil is greater than natural gas. Natural gas has ‘115.258-pound CO2 per million btu’2 compared to heavy fuel oil has ‘161.386-pound CO2 per million btu’3 lowering carbon emissions when possible is key in the steel industry as TATA pay a great deal of money for their carbon emissions.  
Current Production 
At this current moment our maximum continuous rating of production of electricity is 98.8 mega-watts per hour. This is relying heavily on all systems and equipment working to its full potential, to reach this level of production we are also relying on having an abundance of gas available on site. Our main producers of steam are called ‘Boiler 6’ and ‘Boiler 7’ these are extreme high-pressured boilers which supply 127-bar steam these boilers require two primary fuels to be on the boiler at all times. This means to reach 98.8 MW/h we need the blast furnaces to be on very high production and the coke ovens, these factors are out of our hands and are often dependent on market factors and demands for steel in general. When the site is at maximum production it can use anywhere up to 200 mega-watts per hour, this means we can be importing over 100 mega-watts per hour which is a crazy amount of electricity. This has massive cost implications for the organisation as on average we spent £70 per mega-watt to import from the grid meaning could cost us over £7000 an hour to import electricity. The table below shows our production of electricity for week 46 against our imported valves. 







Future Production
We are currently building a new 30 mega-watt alternator set which will greatly increase our level of output, this set will replace 3 very old alternators we have so there will be an overall increase of 13.3 mega-watts. But again, in order to fully maximise the potential of this alternator we are relying on there being a vast amount of blast furnace gas and coke oven gas available. In theory we could use natural gas and heavy fuel oil as primary fuels to reach this figure, but the cost factor would mean it wasn’t financially viable. 

Possible Alternatives 
I will now look at possible alternatives we could look at to increase our mega-watt production without necessarily having to rely on more gas being available across site. As ultimately if we wanted to increase our production further after current investment, we would need a new boiler to create more steam to drive another turbine which would require more gas being available which isn’t guaranteed.
(1) Upgrading cleaning system of Coke Oven Gas
The coke ovens have a cleaning system in place that should clean the gas of any build ups of deposits before the gas enters the distribution ring main, this system obviously doesn’t work very well. We have just introduced a new system within generation where we can clean individual pipes that carry coke oven gas instead of having to isolate the entire system and clean it. This new system still does mean a reduction in production has at the time each line is being cleaned we are unable to fire COG at maximum capacity. All this cleaning just shows that the system the coke ovens have in place isn’t working correctly. 

If we were able to rely on coke oven gas as primary fuel more our level of production could increase, the blast furnaces currently are more unstable with production than the coke ovens meaning it is more likely we would be without an abundance of BFG than COG. Given the very calorific valve of COG it could be used as a fuel for pilot flames instead of natural gas which would save the business great deal of money. 

(2) Solar Panels
[image: ]Renewable energy would be perfect to increase our production of mega-watts as we wouldn’t be relying on other parts of the plant to supply us with gas. Given we have an extremely large surface area also to install solar panels it would be ideal. Only limitation seems to be with solar panels if that they have a very long payback period and the efficiency of the conversion to electricity isn’t great. There are various types of sonar panels, the efficiencies of these range between 22-27%. Then based on the number of solar panels installed each could generate up to 360 watts each per hour of sunlight of course there are few factors that could affect the generation. Common factors like wind, hail, snow, ice and chemical exposure can affect the generation of solar panels.  The graph below shows different types of solar panels with the efficiency of them, life span and price per 100 watts of each. 


(3) Wind Turbines 
Given the location of the steel works right next to the sea it is a perfect location of a ‘wind turbine farm’. Wind turbines be very good source of renewable energy:

 ‘Among the renewable energies, wind energy is one of the most economic resources of generating electricity that does not endanger the environment and is endless’4

Wind turbines also have a far great efficiency of conversion of energy than solar panels, the average efficiency of most turbines are around 35%-45%. Compared to other forms of energy generation it is very efficient especially when you consider it is a renewable form:
· ‘Wind turbines average efficiency is 35-45%’
· ‘Coal plants in the U.S. ran at 52.7% of their capacity.’
· ‘The capacity factor for gas plants was 56% in the US.’
· ‘Hydro power's capacity factor was 38%.’5
When you consider the energy efficiency of wind turbines it is very appealing, one wind turbine onshore can produce up to 6000 mega-watts of electricity per year compared to our new alternator set in work can produce 262,800 mega-watts in a year it doesn’t look so appealing.

There are a few different factors that then can affect the generation of the turbine. Wind speed is a major factor, low spends equate to low generation ‘below 30 miles per hour produces little energy according to Wind Watch. Even small increases in speed can translate into substantial increase in power generated’6. 

Density of the air can also be a huge factor, places closer to sea regions are cooler and have more have dense air which is ideal as TATA is located next to the sea: 
‘Air density is more in cooler regions and at sea level than in mountains. So, the ideal places with high wind density are seas with colder temperatures’7

Conclusion 

To conclude I believe it would be rash if TATA didn’t look further into more ways of generating electricity, other than upgrading the current approach they currently have of essentially recycling gases produced on site. The reason I believe this is if they want to reach maximum generation figures they are very dependent on other departments across site being also in a position where they can be on high production also so there is an abundance of gas available for generation to use. Unless they are willing to use other imported fuels like natural gas or heavy fuel oil to burn to allow themselves to reach those generation figures, but this will incur a massive cost. In my opinion to generate more electricity I would invest in wind turbines as they are very efficient, renewable, emit zero carbon emissions and generate a decent amount of electricity. Also, where the site is located is perfect conditions to reach its desired potential generation.  
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Literature Review
(1) Used a quotation from this book to show the limitations we are faced with currently when using coke oven gas as a primary fuel. This helped me as I was able to show information regrading deposit built up from coke oven gas. 
(2) Used information on carbon dioxide emissions from natural gas compared to heavy fuel oil, I used to show the extra carbon emissions related to using heavy fuel oil as a fuel over natural gas. This helped me show in numbers the effects burning oil would have other natural gas.
(3) Used information on carbon dioxide emissions from natural gas compared to heavy fuel oil, I used to show the extra carbon emissions related to using heavy fuel oil as a fuel over natural gas. This helped me show in numbers the effects burning oil would have other natural gas.
(4) I used this quotation to show how respected wind turbines are in terms of renewable energy generation. This helped me give a valid alternator to TATA’s current approach.
(5) I used this statistical information to compare efficiencies of wind turbines to other commonly used methods to generate electricity to show how efficient wind turbines are.
(6) I used this information related to factors affecting generation of wind turbines to show how important wind speed is to the generation of wind turbines.
(7) I used this information on the density of air as a factor to generation of wind turbines to show how perfect the location of the steel works is to having wind turbines. 
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Natural gas used in generation week 46 (KM/m3)


Monday	Tuesday	Wednesday	Thursday	Friday 	Saturday	Sunday	7.4	8.7100000000000009	4.0999999999999996	2.1	8.36	8.23	6.38	

Generated energy vs imported week 46

Generated from Energy Generation MW/h	
72.72	66.72	67.8	49.77	45.75	56.5	73.069999999999993	Imported from Grid MW/h	
35.96	42.87	32.92	20.059999999999999	41.89	38.369999999999997	25.57	
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could increase, the blast fumaces currently are more unstable with production than
the coke ovens meaning it is more likely we would be without an abundance of BFG
than COG. Given the very calorific valve of COG it could be used as a fuel for pilot
flames instead of natural gas which would save the business great deal of money.

(2) Solar Panels
Renewable energy would be perfect to increase our production of mega-watts as we
wouldn't be relying on other parts of the plant to supply us with gas. Given we have
an extremely large surface area also to install solar panels it would be ideal. Only
limitation seems to be with solar panels if that they have a very long payback period
and the efficiency of the conversion to electricity isn't great. There are various types
of sonar panels, the efficiencies of these range between 22-27%. Then based on the
number of solar panels installed each could generate up to 360 watts each per hour
of sunlight of course there are few factors that could affect the generation. Common
factors like wind, hail, snow, ice and chemical exposure can affect the generation of
solar panels.

(3) Wind Turbines
Given the location of the steel works right next to the sea itis a perfect location of a
“wind turbine farm’. Wind turbines be very good source of renewable energy:

‘Among the renewable energies, wind energy is one of the most economic resources
of generating electricity that does not endanger the environment and is endless*
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+ Monocrystalline solar panels
+ Polycrystalline solar panels

+ Thin-film solar panels
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Itis important to understand that the efficiency of an individual solar cell does not
equate to the efficiency of solar panels (modules) as a system. While solar panej
efficiency is generally around 15-20%, solar cell efficiency can reach 42% in soffig
cases
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