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[bookmark: _Toc68610730][bookmark: _Toc68618927][bookmark: _Toc69235113]Abstract
The purpose of this report is to investigate the pre-heating methods used at Valero's Pembroke refinery on the crude distillation unit. The report will also analyse and report on methods used in order to reduce energy losses within the process before looking at improvements in which could be made in order to increase efficiency as well as energy recovery and how local and global regulations and standards can be met. Improvements could be made by installing a further two heat exchangers as this would assist with the reduction of greenhouse gasses by at least 80% by 2050. Finally, the report will also analyse how Pembroke refinery monitors and treats any wastewater through their wastewater treatment plant.
	Comment by Kadi Berry: !
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[bookmark: _Toc69235115]Pembroke refinery
[image: Valero Pembroke Refinery aerial view]Pembroke refinery was opened in 1964 and is one of the largest, most complex petroleum refineries in Western Europe (Valero, 2021). The refinery is located on the Milford Haven Waterway and covers a 1,275 acre site. Valero bought Pembroke refinery in 2011 in order to enter the European refining market (Valero, 2021). Pembroke refinery has a total throughput capacity of 270,000 barrels per day with approximately 10.5 million barrels of storage and makes up for 15% of Welsh exports per year (Valero, 2020). Pembroke refinery refines mainly sweet crude oils producing gasoline, diesel, jet fuel, heating oil and low-sulfur fuel oil (Valero, 2021).








[bookmark: _Toc69292669]Figure 1 - Pembroke refinery (Valero, 2021)


[bookmark: _Toc69235116]Crude distillation unit
In order to refine crude oil at Pembroke refinery, fractional distillation is used. This method is used in order to split the crude oil into different components as the hydrocarbon mixtures all have different boiling points (Bitesize, 2021a). When using the fractional distillation method in order to split crude oil, it must be largely vaporised at a temperature of around 350oC before reaching the fractional distillation column (Pearson Longman, 2008).


[bookmark: _Toc69235117]What is crude oil?
[image: ]Crude oil is a non-renewable, naturally created, unrefined petroleum product made up of hydrocarbon deposits and other organic materials which we can refine in order to produce products such as gasoline and diesel (Chen, 2021). Crude oil is also known as petroleum, petroleum is made up of both unrefined crude oil as well as refined petroleum products (Howden, 2021). Crude oil is the remains of organisms that lived and died millions of years ago, mainly plankton which was then buried in mud. It is a complex mixture of hydrocarbons with the carbon atoms joined together in either chains or rings. Figure 2 shows the atomic structure of crude oil in either a chain or ring, carbon atoms are black and hydrogen atoms are white (Bitesize, 2021b).





[bookmark: _Toc69292670]Figure 2 - Atomic structure of crude oil (Bitesize, 2021b)


[bookmark: _Toc69235118]Fractional distillation
Fractional distillation makes uses of many trays stacked on top of each other within one column. From these trays, there are then side draws at which the product is taken from at the desired boiling point. Within a fractional distillation column, the hottest temperatures are found at the bottom and the coolest at the top, this is because the less dense components of crude oil are cooler and rise while the heavier, denser components are hotter and fall down the column (Stone, 2018).



[image: ]Figure 3 shows the basics of a fractional distillation column which is utilised on a crude unit. At Valero's Pembroke refinery, the crude column has the tag ID 1-C-1 and is made up of 47 horizontal trays. From the products which are separated out of crude oil, the bottom product is atmospheric residue. The next side draw within 1-C-1 is heavy diesel, followed by light diesel and then kerosene. The overhead product within column 1-C-1 is naphtha (Stone, 2018). [bookmark: _Toc69292671]Figure 3 - Basis of a crude distillation column (Stone, 2018)











[bookmark: _Toc69235119]Aims and objectives
The aim of this paper is to explore the infrastructure of Pembroke refinery and the equipment used on site. Consideration will be given about the equipment and how energy can be saved. Subsequently, the treatment of waste water from the plant will be analysed.	Comment by Kadi Berry: !

The next chapter will explore the current techniques in which Pembroke refinery pre-heats the crude oil in order to perform fractional distillation including use of differing types of heat exchangers. Improvements will be recommended based on the conducted analysis of heat exchangers in order to improve the efficiency of the plant. Finally, a conclusion will be made about the current processes utilised and the potential new equipment made in recommendations.

Additionally, task 2 will look at the techniques used in order to treat the waste water produced by the plant so that it meets the standards set by National Resources Wales are withheld.	Comment by Kadi Berry: !


[bookmark: _Toc69235120]Pre-heating crude oil
[image: C:\Users\Lewis Murray\Desktop\Valero\College - Year 3\CDU Training PFD's\CDU coloured Overview.bmp]In order to pre-heat the crude oil to the required temperature of around 350oC, several different methods are used including lagging, steam tracing, heat exchangers and fired heaters. All of these methods are utilised at the refinery in order to reduce energy losses within the process and improve energy conservation. Figure 4 shows an overview of the crude distillation unit with the pre-heat system shown in dark green. From this drawing, we can see how the pre-heat system ties in with the product draw off points through the use of heat exchangers in order to gain the heat needed for the process.[bookmark: _Toc69292672]Figure 4 - Crude distillation unit overview (Valero Intranet, 2021, Used with permission)




[bookmark: _Toc69235121]Tube and shell heat exchangers
[image: ]When crude oil arrives at the crude unit at Pembroke refinery, it flows through numerous shell and tube heat exchangers in order to obtain some preheat before flowing through the crude fired heater. The reason in which we preheat the crude oil before it reaches the fired heater is so that it does not shock the heater with cold crude. If this was to occur, it can lead to pipe failures. Once the crude oil has passed through all of these heat exchangers, it is at a temperature of between 110-150oC. Figure 5 shows the basics of a shell and tube heat exchanger.	Comment by Kadi Berry: !	Comment by Kadi Berry: Should be written in the ‘third person’.[bookmark: _Toc69292673]Figure 5 - Shell and tube heat exchanger (Industry Insights, 2021)








A heat exchanger is used in order to transfer heat from a finished product out of the distillation column to the crude oil entering the unit. The finished heated product will enter the shell side of the exchanger at the top and leave at the bottom whereas the crude oil will enter the tube side of the exchanger at the bottom and leave at the top in a vaporized liquid.

[bookmark: _Toc69235122]Fired heaters
[image: Steel Electric Arc Furnace]The crude distillation column at Pembroke refinery also makes use of three different fired heaters which are utilised in order to vaporise the majority of the crude oil before it enters the distillation column at a temperature of around 340oC (Stone, 2018). Figure 6 shows the basics of a fired heater. [bookmark: _Toc69292674]Figure 6 - Basics of a fired heater (Lenox, 2021)



[bookmark: _Toc69235123]Overhead product system
Figure 7 shows the current process equipment being used on the crude distillation unit at Pembroke refinery. The lines shown in red are the overhead product of naphtha which is produced during the distillation process. As the drawing shows, the overhead system is currently made up of one tube and shell heat exchanger as well as two sets of fin fans.
[image: ]The heat exchanger currently installed into the process takes naphtha from tray 45 of the distillation column before being pumped into the shell side of a heat exchanger, exchanging its heat with crude oil from storage. This naphtha then returns back into the distillation column at tray 47 cooler and is used as a reflux within the process.[bookmark: _Toc69292675]Figure 7 - CDU overhead's system (Valero Intranet, 2021, Used with permission)












[image: ]Naphtha taken from the top of the distillation column in a gaseous form is routed towards a bank of fin fans where it is then cooled into a liquid state. Figure 8 shows the basics of a forced draft fin fan heat exchanger. [bookmark: _Toc69292676]Figure 8 - Forced draft fin fan (Valero BOT, 2021)










A forced draft fin fan makes use of air which is driven upwards passing through finned tubes in which the product is contained within. The louver position can be adjusted in order to regulate air flow passing through the tubes, when the louver is fully open, the more the product is being cooled (Valero BOT, 2021).
Although a forced draft fin fan is a very effective way of cooling a product, they are not an efficient way of running a process as the reject heat from the process is released directly to atmosphere and now recycled back into the process in any form (Solken, 2021).	Comment by Kadi Berry: !
[bookmark: _Toc69235124]Improvements to the overhead product system
[image: ]Figure 9 shows possible improvements which could be made to the overhead system on crude distillation unit at Pembroke refinery in order to improve its efficiency and sustainability.[bookmark: _Toc69292677]Figure 9 - Possible improvements to the overhead system (Valero Intranet, 2021, Used with permission)












As the drawing shows, an additional shell and tube heat exchanger could be installed to the overhead product coming from the distillation column 1-C-1 in order to increase the temperature of the tankage crude oil before arriving at the current process equipment. 
A second additional shell and tube heat exchanger could be installed alongside 1-E-2, namely 1-E-53 on figure 9. This additional heat exchanger would also help to increase efficiency throughout the crude distillation unit as well as improving throughput.
As a result of the two additional shell and tube heat exchangers shown in figure 9, the efficiency of the unit would be improved due to a number of reasons. The main improvement on the crude distillation unit would be the heat energy recovered and reinstated into the unit. Currently the overhead products are completely cooled by forced draft fin fans with all this heat being lost to atmosphere.	Comment by Kadi Berry: Good.
The shell and tube heat exchanger installed in figure 9 would transfer some of this heat into the crude oil from tankage increasing its temperature before arriving at the current process equipment. The overhead naphtha then which has already been partly cooled through this heat exchanger would then continue through the current process equipment. Due to the naphtha already been partly cooled by the heat exchanger, the forced draft fin fan could be run at a lower speed and as a result using less electricity improving the unit's efficiency (Smith, 2016).	Comment by Kadi Berry: !	Comment by Kadi Berry: !	Comment by Kadi Berry: Good additional efficiency.
Heat energy recovery within the overhead system would also be increased as the additional heat exchanger would be used to transfer heat from a process where it is not needed into a process where it is needed therefore reducing the energy input needed from other equipment to get the crude oil up to process temperature (IPIECA, 2014).
In 2012, it was reported that oil refineries emitted 16.3 million tonnes of CO2, the third highest industry within the United Kingdom (WSP & DNV.GL, 2015). If Pembroke refinery was able to reduce the energy required to run process equipment at the desired temperature, this would help towards the government's goal of reducing greenhouse gas emissions by at least 80% by 2050 as set out in the Paris Agreement in 2015 (UKPIA, 2017). The Paris Agreement was signed by 196 countries worldwide in order to reduce emissions and keeping the global mean temperature rise to less than two degrees and if possible less than 1.5 degrees compared to pre-industrial levels (United Nations Climate Change, 2021).	Comment by Kadi Berry: Good research.
[bookmark: _Toc69235125]Disadvantages to the possible improvements on the overhead product system
Heat exchangers like any other process equipment require regular maintenance in order to operate at their optimum efficiency. The most common type of problem which occurs within a shell and tube heat exchanger is fouling, this is when foreign particles gather within the exchanger's surfaces inhibiting heat transfer and restricting fluid flow (IPIECA, 2014).
If the heat exchanger was to become fouled, depending on the severity of the fouling, the maintenance can be carried out either online or offline.
If the blockage within the tube side of the exchanger is not to severe, the exchanger can be taken out of the process and simply flushed with a specialised cleaning agent in order to remove any foreign particles.	Comment by Kadi Berry: !
If this method does not clear the blockage on the exchanger, the maintenance required comes at a much higher cost as not only does it need to be taken out of the process, the tube side and shell side also need to be removed from one another so that each tube can be cleaned and inspected individually (IPIECA, 2014).
[bookmark: _Toc61362882][bookmark: _Toc69235126]Conclusion
Valero is an oil refinery based on the Milford Haven Waterway in South West Wales opened in 1964. This report looks into ways in which the refinery could improve the overhead product system on the crude distillation unit in order to reduce energy losses as well as maximising profits by installing an additional two shell and tube heat exchangers. By adding these two shell and tube heat exchangers, this would help Pembroke refinery to meet the government's goal of reducing greenhouse gas emissions by at least 80% by 2050.
	Comment by Kadi Berry: Good.
[bookmark: _Toc69235127]Waste water treatment plant
Pembroke refinery produces approximately three million gallons of contaminated water every day which needs to be treated so that its quality meets the standards set by National Resources Wales in order for it to be discharged into the Milford Haven waterway via the T head (Lloyd, 2021).
In order to achieve these standards, a biological activated waste water treatment plant is located at the refinery and is designed to anticipate the following flows and composition:

	Flow
	568 m3/hr

	Suspended solids
	200 ppm

	Oil
	300 ppm

	Biological oxygen demand
	150 ppm

	Total dissolved solids
	6000 ppm



The standards as set out by National Resources Wales for water released back into the Haven waterway are as follows:

	Flow
	25,000 m3/day

	Temperature
	35 oC

	Suspended solids
	85 ppm

	pH
	6 - 9

	COD
	270 ppm

	Sulphides
	1 ppm

	Ammonia
	20 ppm

	Phenols
	3 ppm

	Cyanide
	250 ug/l

	Copper (Cu)
	80 ug/l

	Nickel (Ni)
	85 ug/l

	Zinc (Zn)
	560 ug/l

	Oil
	17 ppm



There are five sources in which the waste water treatment plant receives contaminated water from on the refinery, these are:
· Ballast water - Water which is discharged from tankers at the jetty to act as a counter weight.
· Process water - Water used within refinery process which could be contaminated with oils, phenols, ammonia and sulphides.
· Surface water - Mostly rainwater that has collected in the refinery storm water drains.
· Product tankage - Water which has been drawn off product tanks.
· Sanitary system - Waste from the toilet facilities at the refinery.
The waste water treatment plant is supplied water from an equalisation basin to ensure that feed to the plant is consistent before then being split into two main different process, the primary process is located at the API separates where heavy solids and oil are separated from the main influent. The water then flows into two dissolved air flotation (DAF) units which further remove oil and suspended solids. The second process at the waste water treatment plant is the biological system which further refines the influent in order to meet the above standards as set by National Resources Wales (National Resources Wales, 2016).
In order to ensure the standards set by National Resources Wales are continuously met, a plant operator takes numerous samples at different locations throughout the process in order to analyse the running condition of the plant and adjust process conditions if needed. The waste water process equipment is designed so that if the water is found not to meet the above standards as set by National Resources Wales, it can easily be diverted back to the starting point of the plant in order to undergo the process again to ensure cleanliness and quality.
[bookmark: _Toc69235128]Conclusion
The waste water treatment plant at Pembroke refinery is responsible for treating all contaminated refinery water so that it meets the standards as set by National Resources Wales in order for it to be pumped back into the Haven waterway.
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