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The following assignment consists of two tasks. Task 1 has information on a chosen subject. The chosen subject was Hydrotreater reactors and the question asked to discuss the operation and find improvements on how the equipment/ process can be more efficient in costs and energy conservation. The first part of the task consists of the operation of the unit which is processing and refining diesel products. The design of the current reactors were then stated which is a fixed bed reactor  and alternatives that could be put in place were also discussed which was a fluidised bed reactor. The operation and purpose of the reactor itself was discussed giving information on the feedstock and catalyst reaction. After discussing the purpose of the reaction caused by the catalyst and feedstock the out come of using the feedstock/ catalyst were considered if using a fluidised bed reactor. Once the process, equipment and parameters have been discussed the potential improvements were then stated and explained giving justification on why these would make the process more efficient in costs and energy conservation. Task 2 asked to choose a form of waste segregation and disposal in the workplace. As part of this question Veolia waste management was discussed on how they segregate and dispose of different types of waste on site. The answer states what Veolia do the waste they dispose of and how they are a reactive company who react to the refineries needs.  See below for an introduction to the assignment and the answer pages. 	Comment by Kadi Berry: Double space	Comment by Kadi Berry: outcome	Comment by Kadi Berry: Don’t waste words referring to the question, get directly to the overview and findings.	Comment by Kadi Berry: Missing word?	Comment by Kadi Berry: Footer should state ‘Page … of…’
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The purpose of this assignment is to find a plant or piece of equipment in the workplace and discuss the potential of cost and energy savings by suggesting and implementing improvements. Task 2 was to discuss how the place of work segregates and disposes of waste. The topics chosen were Hydrotreater reactors and Veolia waste disposal at Valero refinery. 	Comment by Kadi Berry: Who is the intended readership?
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Refinery reactors are a critical part of processing crude oil and creating final products that are used in everyday applications such as diesel, kerosene, jet fuel, gasoline and more. Although reactors play a critical part in the process there is an increasing concern over the efficiency and conservation of energy regarding refinery reactors. Research is constantly being carried out to improve the reactor design to reduce to consumption of energy and reduce cost and increase reliability and sustainability (Aaron-Obelley, 2019) . 

The following report will provide an overview on how refinery reactors can become more efficient in costs and energy conservation. This will cover reactor design, process optimisation and operational practices.  

The current design of refinery reactors plays a critical part in how the equipment runs efficiently and to expected industry standard. The current design of Valero refinery reactors both have advantages and disadvantages but have the potential to be improved further to positively effect the process in order to become more efficient and conserve energy which will save costs and improve business rates. There are two main types of reactors used and these are known as fixed bed reactors and fluidised bed reactors. On Valero’s Hydrotreater units the use of fixed bed reactors is in place. 

A fixed bed reactor is a vertically standing reactor where a catalyst is in place within the vessel. The feedstock which is base product that comes from the Crude Distillation Unit, The Vacuum Distillation Unit, The Visbreaker Unit and the Unifiner Unit (Kurian, 2021). The Hydrotreater unit is essentially what refines the companies diesel product. Crude oil will enter the Crude Unit and go through several phases of distillation via different pumps and the main distillation column. The product is fractioned into different trays based on the different boiling point of each individual fraction. Light and heavy diesel products will typically sit in the middle/ top middle of the distillation column and will be pumped out and sent to the Hydrotreater unit (Mckinsey, 2019). The product sent will go through the unit until it reaches the reactors, Which as stated are Fixed bed reactors. The feed will mix with the catalyst which will then cause the desired reaction. This reaction then creates the diesel product which is used in everyday applications. The reason a Fixed bed reactor is used is because they are suitable for high temperature and high pressure applications which is needed for creating a final Diesel product.  Alternatively, a fluidised bed reactor is a vessel filled with catalyst particles that have been suspended in a stream of fluid, Most commonly air or gas. Again the feedstock will be fed into the bed of catalyst to process the reaction required to create a final desired product. A fluidised bed reactor is different to a fixed bed reactor as it is typically used for lower temperature applications (Banerjee, 2020). Selecting the correct reactor will have an effect on the outcome of the process and has the potential to save energy and costs. As stated above the Hydrotreater units currently use a fixed bed reactor which is used for high temperature and high pressure applications. Hydrotreater 2 has three reactors and Hydrotreater 1 has two reactors. All the stated reactors are fixed bed reactors (Valero, 2011). There is an improvement to be made as the company can conserve energy by implementing the use of fluidised bed reactors where lower temperature applications are required such as the process of refining light diesel.  Explanation of improvements will be found below. 	Comment by Kadi Berry: Generally, you would put the abbreviation in brackets after using it the first time	Comment by Kadi Berry: Grammar - gr	Comment by Kadi Berry: gr	Comment by Kadi Berry: The introduction of Hydrogen and heat causes the reaction. Catalysts promote the reaction through an endothermic and exothermic reaction. 	Comment by Kadi Berry: No. The H2s produced goes to the LPGRU and the feed is then separated through a Column 	Comment by Kadi Berry: gr	Comment by Kadi Berry: duplication	Comment by Kadi Berry: three reactors 

Process optimisation also plays a part in energy conservation in the use of reactors. These include selecting the correct feedstock, reactor temperature and pressures and catalyst regeneration. Optimising the process will long term save costs and conserve energy as it is a thought out process where all parameters are considered. Selecting the right feedstock will have an effect on energy conservation as different feedstocks have different boiling points and different viscosity levels. Using a feedstock with high viscosity will require higher temperature and pressure in order to process. (IBU, 2019)A feedstock with lower viscosity will be used where lower temperatures and pressures are suitable. A lower viscosity in a feedstock will result in a lower pressure drop in the reactor therefore saving energy (Meyer, 2021). 	Comment by Kadi Berry: gr	Comment by Kadi Berry: ?	Comment by Kadi Berry: Citations sit within the sentence they are referring to, after the text they paraphrase or quote.

Another optimisation technique is the control of reactor temperature and pressure. The optimal temperature and pressure for a given reaction will depend on a range of factors, such as the properties of the feedstock and the desired product. Controlling reactor temperature and pressure can help to maximise the yield of the desired product while minimising energy consumption. For example, increasing the reactor temperature can increase the rate of reaction and reduce reaction time This can be used on Hydrotreater 2 which was implemented to work on the basis of Hydrotreater 1 but at higher temperature and pressure to create a more refined diesel product. 	Comment by Kadi Berry: No, Hydrogen is used for quenching the reactor to prevent run away reaction 	Comment by Kadi Berry: Gr/punctuation

The selection and regeneration of catalysts used in refinery reactors can also play a critical part in improving efficiency and energy conservation. Catalysts help to produce the chemical reactions that occur during the refining process and their selection and regeneration can impact both the yield of the desired product and the energy consumption of the process (UCL, 2018). One critical consideration when selecting catalysts is their ability to produce the desired product with minimal by-products. Catalysts with higher selectivity can help to reduce waste and increase yield leading to a more efficient process. Catalysts that are more resistant to deactivation, such as those that are more stable at high temperatures or less prone to poisoning by impurities in the feedstock can also help to improve efficiency by reducing the frequency of catalyst replacement.

Now the equipment has been stated and explanation on how its used has been given the possible improvements will now be stated to make the process more efficient in costs and energy conservation. 	Comment by Kadi Berry: gr

Firstly, A possible improvement that can be made to Valero Hydrotreater reactors can be the design. As stated there are two Hydrotreater units with a total of 5 reactors between them. Hydrotreater 2 is used for higher temperature and pressure applications. An improvement to the design can for Hydrotreater 1 to implement the fluidised bed reactor. As Valero produce both heavy and light diesel products it is not viable for both Hydrotreater units to waste energy through the same reaction process. If Hydrotreater 1 implemented the use of fluidised bed reactors then the unit can be based off refining light diesel products as less temperature and pressure is required and as the unit now has a set priority it will also increase the business rates by increasing light diesel products therefore increasing profits (Mehra, 2019). If this were to be implemented then the refinery would save energy through Hydrotreater 1 as well as still having the same rate of production through Hydrotreater 2. 	Comment by Kadi Berry: gr	Comment by Kadi Berry: wrong term used; it depends on the specification. IMO fuel is heavy 	Comment by Kadi Berry: No. these units have different pressures and set ups, therefore the savings would be different

Another improvement that can be implemented can be the selection of feedstock. Hydrotreater 2 will continue with a more viscous feedstock as the reactor can operate at higher temperatures and pressures but with Hydrotreater 1 using fluidised bed reactors the feedstock will need lower boiling points and lower viscosity to allow the reaction to take place with the catalyst and produce a light diesel (chan, 2019). This again conserves energy as a lower temperature and pressure within the reactor leads to a lower pressure drop making the process more efficient and safer as lower heat and pressure results in a lower likelihood of hazards causing harm. This again maintains production rates but cuts back on energy used to produce light diesel as both temperature and pressure has dropped because of a reactor and feedstock change. 	Comment by Kadi Berry: This is incorrect. the Hydrogen Supply is 42Kg/cm2 therefore it would not work 

Another Improvement can be the choice of catalyst and regeneration of the catalyst. The catalyst is used to form a reaction with the feedstock to create the desired product. The catalyst is also used to remove any impurities from the feedstock so hydrogen is injected to remove these impurities such as Nitrogen, metals, Sulphur and Amine. It is important that the catalyst is regenerative as this allows for a constant reaction to take place. With Valero producing its own Hydrogen from the Platformer unit the rest of the refinery can remove impurities from the process therefore being efficient and safe (Valero, 2011). The catalyst will be changed when unit undergoes a turnaround. Hydrotreater 1 will need more frequent turnarounds than Hydrotreater 2 if fluidised bed reactors are used because the catalyst that’s used will be more prone to poisoning as less heat is reaching it. Although this seems a negative having constant maintenance and catalyst changes, turnarounds allows for an efficient process every couple of years which will achieve long term savings and results. Maintenance in general will conserve energy as when maintenance is carried out the equipment around the reactor is also rectified which will fix and prevent steam leaks, product leaks, drops in flow from blockages etc. 	Comment by Kadi Berry: No. Amine is for the LPGRU not the hydrotreater. This should be water 	Comment by Kadi Berry: No. The platformer unit has a CRU 	Comment by Kadi Berry: gr	Comment by Kadi Berry: You should describe briefly what the ‘turnaround’ is.	Comment by Kadi Berry: No, it will depend on the run time and fouling caused by the feed stock mix 	Comment by Kadi Berry: do not abbreviate	Comment by Kadi Berry: The main consideration would be the fouling of the reactors and Pyrophoric reactions  	Comment by Kadi Berry: gr

Finally, operational practices can also play a significant role in improving the effectiveness and energy efficiency of reactors. A range of operational practices can be implemented to achieve these results, including improved maintenance, optimised fuel management and better cooling systems. One critical operational practice is the use of digital technologies such as sensors and predictive analytics to monitor reactor performance and identify potential issues before they occur. These technologies can help to reduce downtime and maintenance costs, as well as improve safety and efficiency. Another important operational practice is the use of optimised fuel management strategies. These strategies can help to reduce fuel consumption and waste production as well as increase the overall energy efficiency of the reactor. For example using fuel rods with a higher density of fuel can increase the amount of energy produced per unit of fuel which will be cost efficient as the product is now of higher quality therefore profit margins will be increased (Nei, 2023).	Comment by Kadi Berry: These are already implemented 


In conclusion there are many aspects relevant to reactors and energy conservation. In this scenario there are advantages and disadvantages of the already in place reactors on the Hydrotreater units. The advantages they possess does not mean no improvements can be made. There are several improvements stated above that can allow the reaction stage of the process become more energy and cost efficient such as using a different design of reactor on Hydrotreater 1 to Hydrotreater 2 to allow for increased production of both heavy and light diesels. Fluidised bed reactors will allow Hydrotreater 1 to produce light diesel more energy efficiently by lowering the temperature and pressure and by using a less viscous feedstock.  Carrying out maintenance and Turnarounds will improve efficiency and long term costs as the equipment and catalysts will operate optimally. Overall there are processes in place to keep the current units efficient but with the use of the improvements suggested above Valero Hydrotreater units can operate to a more efficient level saving costs long term and conserving energy in a number of ways. 	Comment by Kadi Berry: gr	Comment by Kadi Berry: gr	Comment by Kadi Berry: gr
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Task 2

At Valero Pembroke refinery the use of a contractor is in place for the segregation and disposal of waste. Veolia are the contracted company on site and they locate specific bins, skips and waste barrels around the perimeter of the refinery process units. The waste in question is general waste such and plastics, earplugs, gloves etc, wooden waste and waste materials. Veolia are known for sustainability and ensuring a reduced impact on environmental issues such as global warming caused by waste (Veolia, 2018).  

The process of waste segregation is relatively simple and it starts with general personnel on site who are required to dispose of their waste in the correct designated locations. Each waste disposal unit such as unit skips are appropriately labelled to avoid confusion on where it should be disposed. Veolia will collect these bins and skips weekly to prevent a build up of waste on the units. Veolia effectively label each disposal unit to make it easier for the company to comply with recycling or disposing waste in a way that is environmentally friendly and time efficient. Veolia will meet the businesses needs and allocate disposal units where and when required. An example of this can be providing an increased number of waste material units during heavy maintenance periods such as turnarounds. 

Once the waste has been segregated in the appropriate skips and collected by Veolia it is then relocated to the appropriate location and facilities. Veolia have a designated area based on site where the waste is further segregated and processed if necessary. An example can be waste materials will need cleaning as they could be contaminated with harmful substances. Once the cleaning has been carried out the waste can be disposed of off site. 

With Veolia carrying out the segregation and disposal of waste it allows Valero to work to environmental protection regulations and the safe disposal of waste allows a level of protection and hygiene to be maintained protecting the surrounding environment which is costal and preventing pests nesting on site due to excessive waste. Maintaining levels of hygiene heavily reduces smell pollution which can have an effect on workplace morale and workforce engagement. 	Comment by Kadi Berry: sp

In conclusion, Veolia's waste segregation services are an effective and sustainable solution for businesses and that are looking to reduce their environmental impact and improve their waste management practices. By providing flexible and adaptable waste containers and collection services, Veolia is able to help businesses to separate different types of waste materials at the source and recycle or dispose of them in an environmentally friendly way. The benefits of these services are clear, including reduced environmental impact, cost savings, improved cleanliness and hygiene, and increased recycling rates. These are the reasons why Veolia have been contracted and carried out waste management for many years at Valero Pembroke Refinery. 
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