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[bookmark: _Toc69292903]Task 1
[bookmark: _Toc69292904]Abstract 
Vapour recovery units help gas particles become free from liquid/vapour streams within the refining process. This aids as the gases can be re-used in the process which means they are more useful than being released into the environment around us. There are a number of benefits that the VRU unit has. Another type of VRU exists known as a DTL and this reduces energy losses by 20-50% over normal VRUs.  
[bookmark: _Toc69292905]Introduction 
Working on a petrochemical refinery brings many challenges. One of the main areas is the environment around the site and environmental effects from processing. Some environmental impacts that a refinery can have include, depletion of resources, contaminated land, water toxicity, eutrophication, odours, air emissions and more. The main focus in my research will be air emissions. The gases released may be harmful to the local area and impact the local people and wildlife in the area. In the bigger picture of releasing harmful gases, it could have a hand in the slow depletion of the ozone layer which surrounds Earth. To help combat this issue, there are a few vapour recovery units on site. This is the main topic of my research and the aim is to explain how the units work and how it influences keeping air emissions lower. 	Comment by Kadi Berry: ! 
Should be in ‘third person’.	Comment by Kadi Berry [2]: Be specific
[bookmark: _Toc69292906]Vapour recovery units (VRU)
In the processing of gas and oil, it is important to eliminate or at least minimise harmful vapours from the fuel types before they are sold. The time to do this process is at the end whilst in storage. Vapor recovery is crucial as these containers may be prone to leaks through hatches and valves over a period of time. The vapour recovery process is where harmful contaminants within the products are removed. This is to improve the purity of the final product and prevent the release of toxic pollutants into the environment. On our site, this is one use of the units but another is in the chemical processing aspect where unwanted vapours are recovered to keep the chemicals pure and then safe for transport. In this side, the vapour is recovered from the top and then placed back into the tanks as a liquid so is a constant cycle, this then helps maximise profits by selling more product and reducing the air emissions and release of harmful gases into the environment. (Generon, 2019)
There are number of benefits that a VRU can have. One is increased profitability and reduced operating costs. This is because any recovered vapours can be reintroduced into the processes further downstream if required. Another benefit is in terms of the environmental and social aspect. In the recovery process, venting is eliminated and the harmful gas emission is reduced by up to 95%, this has a great effect on the environment as there are far less pollutants.  (Garo, n.d.)	Comment by Kadi Berry: Good.
[bookmark: _Toc69292907]How VRUs work
VRUs are mechanically driven and the motor or engine is either electric or gas depending on the resources available, the majority are electrically driven. The working principle is related to the Ideal gas law which is: - 
PV = nRT
Or
Pressure x volume = gas mass x temperature x gas constant
This relates to the VRU in terms of the storage tanks as when you compact the gases from the process into a smaller volume this will then lead to the pressure of the gas increasing. (Generon, 2019)
When the crude oil is in the storage tanks, a vapour space is created above the liquid level and this will become saturated with volatile organic compounds to reach an equilibrium within the tank. Loading and unloading causes a change in the level which changes the vapour space. When unloading, vapour needs to be added above the liquid level to keep a slightly positive pressure inside the tank to keep it from collapsing. As the tank gets filled, it’s the opposite, vapour needs to be removed from above the liquid level to prevent over pressuring and decreases chances of the tank rupturing. Ambient temperature also affect vapour pressure, changes to this temperature can lead to the venting of the VOCs to the atmosphere or allow air into the tank and this can lead to an explosive atmosphere which is far from desired. (Garo, n.d.)	Comment by Kadi Berry [2]: !
Below can be see an example of a process flow diagram of how the VRU works. 	Comment by Kadi Berry: !
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Figure 1: - VRU example process flow diagram
The gas enters the compressor along with process water. Once it has passed through the compressor, the mixture then goes onto the separator where the components are separated. The gas phase passes through a demister to remove the water droplets and leaves the vessel from the top. The condensed hydrocarbons and water are separated by gravity. The water is sent back to the compressor after it has been cooled. The condensed hydrocarbons are the removed or put back in the tanks. The gas exiting the separator then heads into a gathering system where all the gas where it can be reused when required. (Garo, n.d.)	Comment by Kadi Berry [2]: !
From figure 1, there are a few main pieces of equipment required within the VRU unit. These are the compressor, separator, and the demister. A compressor increases the pressure of a substance by reducing its volume. In our case, this is a gas from the storage tanks. The next equipment is the separator. These can also be known as scrubbers. This is used to remove impurities from a natural gas flow stream. Scrubbers are an essential addition to the unit for dealing with vapours in crude oil/distillate tanks. The principle is similar to distillation, the fluid particles will get drawn to the bottom and the gas particles will rise to the top where the demister is incorporated. A demister is a device used for removing entrained liquid droplets from a gas stream. Demisters are fitted just below the top vapour outlet of the separator. These cause an obstruction to the larger liquid particles and therefore drop to the bottom of the separator. The gas stream travelling upwards is not affected by this demister so can go through it and exit through the vapour outlet and onto the storage tanks. (EnggCyclopedia, n.d.)	Comment by Kadi Berry: !
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Figure 2: How a demister works within a separator (AFP Tech, n.d.)

[bookmark: _Toc69292908]Energy losses and improvements
Looking at energy losses, there are a few areas where it needs to be improved upon directly within the unit but it can also be looked at in the refining process. By turning vapour back into a liquid and putting into the process, then means that less initial production of the substance. This mean less energy is required for initial processing. In terms of the units themselves, the only improvement I can see if to use a distribution terminal line (DTL) unit. These units use absorbers to help conserve energy. This aids as in normal units there is a large vacuum swing which requires large energy use, by using absorbers this vacuum swing is a lot less meaning less energy is used. These energy saving features in a DTL unit reduces energy consumption by 20-50% per m3 compared to normal units. (Assentech, n.d.)	Comment by Kadi Berry: !	Comment by Kadi Berry: Good.	Comment by Kadi Berry [2]: !
Now looking at any improvements which can be made to this process and looking at any standards and regulations. The international standards that a VRU follows are ASME VIII, ASME B31.3, EN 60079 & EN 1127. I believe there are no major changes which can be made to the process in terms of current standards but if these change then the unit needs to change accordingly to meet these new regulations. The only improvement would be where the energy comes from for equipment to function. Currently a large project is ongoing called the Cogen which will aid by creating our own energy meaning that we would not need to take any of the grid or elsewhere in order to power our equipment within the unit. This would also recover unused energy so that it can be used meaning there would be very little energy losses. 	Comment by Kadi Berry: !	Comment by Kadi Berry: !
[bookmark: _Toc69292909]Conclusion	Comment by Kadi Berry: Good.
A vapour recovery unit is a key unit in some of the aspects when looking at the various processes. It allows gas to be separated from the liquid particles to make a purer product. It also helps with vapour not being released into the atmosphere and causing damage to the environment. There are some ways the unit can be improved and I believe that it is the next step to reduce energy usage/losses and that is by incorporating the DTL unit by maintaining and adhering to current standards and regulations which are in place. 











[bookmark: _Toc69292910]Task 2 – Waste Water
There are five main water streams that get sent through the treatment plant these are ballast water, which is water that is discharged from ocean going and coastal trading tankers, process water, which is water used in the refinery process which may become heavily contaminated, surface water, which is mostly rainwater, product tankage, which is any water accumulation drawn off product tanks and then sanitary system water. At the end of the treatment the plant will send effluent water into the Milford Haven waterway. This effluent must meet conditions which are set out by the Environmental Agency. (Valero, 2021)
Table 1: Conditions effluent must meet set by EA
	Temperature
	35°C

	Suspended solids
	85 ppm

	pH
	6-9

	COD
	270 ppm

	Sulphides
	1 ppm

	Ammonia
	20 ppm

	Phenols
	3 ppm

	Cyanide
	250 ug/1

	Copper (Cu)
	80 ug/1

	Nickel (Ni)
	85 ug/1

	Zinc (Zn)
	560 ug/1

	Oil
	17 ppm



The process for the water to travel through to get treated is as follows, surge pond, API separators, DAF units, equalisation basins, aeration basins, clarifiers and the off-test and storm ponds. The surge pond is a large concrete lined basin with a holding capacity of approximately 20,000 cubic metres. This pond is used to collect the influent water that cannot be treated immediately after it has gone through the primary diversion box. The pond can also be used to receive any off-spec water that has been tested from further down the treatment process. The next stage in the process are the API separators. The purpose of these separators are to remove any separable oil and solids from the untreated wastewater. They also condition the water for downstream processing but do not remove chemically emulsified oils. To aid with the separation of the solids, there are skimmers and scrapers which go along the surface of the water for the lighter solids and the bottom of the bays to remove the heavier solids. The solids and sludge in this section are collected by a bowser to then be disposed of accordingly. At the end of this section there is a disc type skimmer to help remove any oil which has passed through the fore bays and into the main bays before the water carries on in the process. (Valero, 2021)	Comment by Kadi Berry [2]: !
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Figure 3: Surge pond (left) and API separators (right) on the WWTP
 After these separators, the water goes onto the DAF units. These are the dissolve air flotation units. These units are designed to reduce the oil content of the effluent after the separators. There are two tanks within this unit. Before the effluent reaches the tanks, a polyelectrolyte is added to aid the separation of the oils in the tanks. The mix of air, water and flocculated effluent enters the DAF units where it is evenly distributed. Solids and oil particles will attach themselves to the air bubbles and rise to the surface, where heavier particles settle to the base of the tank. A skimmer blade collects the particles from the top of the tank where a scraper collects them from the bottom. The treated water flows via underflow baffles and adjustable ‘V’ notch weirs to a collection channel where gravity aids its flow to the holding tanks. Next part of the process is the neutralization sump and equalisation basins. The neutralisation sump is continuously mixed to ensure efficient blending of the water and the dosing chemicals. The pH in this sump is monitored as phosphoric acid is used as nutrient feed for the biological section to control the phosphate level in the final effluent. In the equalisation basins the water is held in for around 18 hours to allow it to settle out as further processing works best when at a steady state.  (Valero, 2021)
 [image: ] [image: ]
Figure 4: DAF units (left) and equalisation basins (right) on the WWTP

The next stage are the aeration basins and the clarifiers. Residence time of the effluent in these basins is 9 hours. Within the biological section, the influent is circulated and injected with air to assist in the process. With suitable nutrients and heat, oxygen is now required so that the bacteria can react effectively. A continuous supply of air is supplied via a mass flow jet aeration system. The clarifiers are large tanks with a retention time of 5 hours. They have a water inlet, sludge outlet and a half bridge scraper with a ‘V’ notch weir and collection channel. Polyelectrolyte is added again to the effluent to help the rapid settling of the solids onto the clarifier floor. This should only be added if the suspended solids is in excess of 30 ppm. The effluent from these tanks then move onto the off-test and storm ponds. (Valero, 2021)
[image: ]
Figure 5: Clarifiers at the WWTP
The storm pond serves as multi-purpose as it receives good water from the off-test pond, west reservoir and storm drainage for transfer to the tee-head. It is also used as storage for emergency deluge systems on tanks. The flow rate and volume of effluent is important to record as is a statutory requirement for the EA. Over time, solids can build up at the bottom of these ponds so they are taken out of service roughly every 15 months for this to be removed so it does result in dirty effluent being transferred. (Valero, 2021)
In terms of chemical waste which is created in the refinery, this is disposed of in a number of ways, one is by pouring it down the appropriate drain which will then take it down to wastewater where it can be stored appropriately. The main way that it is disposed of is by arranging for external companies to come and pick it up. This can be seen in terms of catalyst on the butamer and FCCU units and for the sulphur from that unit. Throughout the disposal of waste, all standards and regulations are adhered to. 
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