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Abstract  
This assignments aim was to find and discuss the following, information on your chosen plant and how it runs, environmental factors and how to improve your chosen plant. The assignment produced has answer all major questions and has covered key points. Improvements such as introducing the water wheel to the refinery to generate power have been mentioned and points showing why it is a good idea have been made. The waste water treatment plant has also been discussed in depth such as how it works why it’s important and what type of tests are done. Why the tests are done and the environmental effects of the tests have also been discussed. 	Comment by Kadi Berry: !	Comment by Kadi Berry: !



[bookmark: _Toc68713800]Introduction
For this assignment I will be studying and analysing the waste water treatment plant which is based on Pembroke refinery. In this report being produce it will include a basic overview of the plant. This report will also include ways which the plant could preserve energy and what environmental factors that the plant needs to consider. 	Comment by Kadi Berry: !
[bookmark: _Toc68713801]Waste Water Plant Overview
Pembroke refinery can produce around 3 million gallons of contaminated water a day, this water comes from all areas of the refinery and also includes rainwater which is gathered in tank bunds located on the refinery. 
“A corporate wastewater technology adviser works with each plant to ensure our systems are designed and operated to the highest standards and to meet very stringent discharge limits.” (2021, 2021)  
[image: ]The contaminated water which is gathered on the refinery is sent to the waste water treatment. The reason the water is treated is so that it can meet the required standards in order for it to be discharged into the heaven. These standards are set by the Environmental Agency.

Above is a layout drawing of the waste water treatment plant on Pembroke refinery, I found this drawing on the V drive which is accessible to all Valero employs. As you can see by the drawing it shows the four different stages of the plant. 

[bookmark: _Toc68713802]Key Equipment That Conserves Energy
In the first section of the waste water plant (Preliminary Treatment) there are to keys pieces of equipment used, the primary division box also known as the PDB and the surge pond. One way in which the PDB conserves energy is that it mixes two contained streams which are heading to the waste water, firstly due to them now being in one joined stream it means only one pump needs to ran in order for the stream to be pumped to the surge pond. The other way in which the PDB conserves energy is that due to its location it saves the need for analysers being present which saves electric being used. The final way in which the first section conserves energy is to do with the surge pond, this is done via instead of using electrical skimmers to remove oil which has risen the use of rope skimmers are applied. These skimmers can be dragged across manually to save the use of waste energy, these skimmers can also be moved via the wind if not tided down this would be done if the water need to be displaced. These skimmers also save money on mixers. 	Comment by Kadi Berry: !	Comment by Kadi Berry: !	Comment by Kadi Berry: !	Comment by Kadi Berry: !	Comment by Kadi Berry: !
In the secondary and third stage there are three main pieces of equipment which conserve energy. The first being the two equalisation basins these help the steady the flow of the influent water which flows downstream this conserve energy due to the fact they hold and steady water which saves the use of energy up stream, due to gravity this system also saves on the number of pumps need to move the water. The second key piece of equipment is the clarifies, these also save money and energy due to the fact that no pumps are required to move the clarified water as the water will fall/flow into the sump via the force of gravity. 	Comment by Kadi Berry: !	Comment by Kadi Berry: !
In the clarifiers there is a bridge which continuously rotates in a 360-degree rotation, attached to this bridge is skimmer blades this helps towards removing any floating layers. Theses layers that are floating are then pushed over the side into the collection box, the sludge collect in the box is then pumped back through the system. 	Comment by Kadi Berry: !
[bookmark: _Hlk68692805]In the final stage of the plant (Tertiary Treatment section) the one key piece of equipment used is the storm pond. The storm pond serves two purposes, the first is that it receives the good quality water from the off-test pond. The second purpose is that it also holds all the storm drainage water before it is sent to the heaven. On the pond there is a mechanical gauge which shows the level in the pond, this saves energy and money as the mechanical gauge does not require electricity to run. One other form of energy conservation is the flow meter this meter detects the amount of water being sent into the heaven this saves energy via if the flow is to high it allows us to turn off pumps which save energy. 	Comment by Kadi Berry: !	Comment by Kadi Berry: !	Comment by Kadi Berry: !
[bookmark: _Toc68713803]Reducing Energy Used and Lost
A big way in which the waste water plant saves energy is minimizing the amount of pumps that is required for the system. A big area in which this is present is between the preliminary treatment to the secondary treatment stage. “The stages of the process are elevated, so therefore each treatment is at a lower gravitational level then the last, causing the flow to run downstream.” (documentation, 2020) 	Comment by Kadi Berry: !
However, in this system pumps are still used manly when there is off spec water and the pumps need to be used to recirculate the water back through the system in order for it to become back on spec. Apart from that all on spec water will flow over the weirs into the next stage of treatment without any pumps being or any other flow aiding electronic system. The plant being made and run this way has resulted in less power being used due to the minimum pumps required. The design of the plant also saves power when it comes to sending effluent to the heaven as no pumps are also required in that part of the system. 	Comment by Kadi Berry: !	Comment by Kadi Berry: !	Comment by Kadi Berry: !
Another form of energy saving which is produced by this plant is the use of the treated water. The water is used in other parts of the refinery for cooling water, for example in pump seals. This saves energy in other processes as the water is already at a good temperature and ready to be used. The water from the storm pond is also used as fire water and some of it is sent to tank 57 where the water is stored and can be ready to use this system saves time and power as the valve only needs to be opened to send water from the tank no pump is required.  





[bookmark: _Toc68713804]

Improvement to process
My first improve which I believe could be put in place and which would not just recover energy but would also save money is as follows. Lots of treated water is sent into the heaven via the wastewater treatment plant, I believe you could run a pipeline with some of this treated water and use it for other aspects in the refinery. This is already done to a degree via using it as pump seal flushes however I believe you could use it in other processes, for example you could use this water in the toilet facilities this would save money and it would also be good for the environment as we would be recycling our own water. This pipe line could also be used to send water to a heater or exchanger, this water could then be turned into steam and be used for heating. This line could also be used to send the water to a heating facility again but this time the water could be used for steam tracing all over the refinery which is a highly import part of the refinery. “Steam heat exchange solutions allow heat to pass from a primary heat source to a secondary fluid without direct contact, the two main 'steam to water' types are 'shell & tube' and 'plate' heat exchangers.” (Limited., 2021)  . 	Comment by Kadi Berry: !	Comment by Kadi Berry: Potential for flushing, would it be appropriate for hand washing?
My next improve that I would introduce is the inclusion of more steam tracing and lagging across the plant. By doing this it would help keep the heat in pipes and stop the heat energy from being wasted. This would also improve flow rates as the liquids would remain at a good temperature and wouldn’t freeze up in the pipes blocking the flow. 	Comment by Kadi Berry: Highly beneficial, but not related to the waste water treatment system.
Another big benefit to lagging is it helps protect pipes from corroding. “Water pipe insulation, or heating pipe insulation, can also prevent bacteria and mould from growing on pipes, which can affect how long they perform for and the areas surrounding it.” (SS, 2021) 
As a lot of the pipes that I would suggest to be lagged are in a hazards environment it would be a great benefit as like the quote above states it would help prolong the pipes and would help protect them from bacteria. This would also be a big benefit as there are lots of chemicals on the plant so adding extra protection to the pipes would help. 	Comment by Kadi Berry: !
	My final idea to help improve the plant and save and produce more energy involves a similar system and idea to tidal power. It involves using the natural water flow to generate and save more power. As previously stated, waste water does not require many pumps as the way that it was designed and built means that it has a natural downwards flow, this means the water flows freely without the need for pumps in large sections of the plant.  My idea is to add a water wheel system, this wheel would be located at the end of the tertiary treatment section. I believe this would be the best location for the system as it is where the most water passes through and there is a good flow of water without the assistance of a pump. There is also lots of open space at the end of the section before it goes to the heaven so it would be the ideal location. “A water wheel is a machine for converting the energy of flowing or falling water into useful forms of power, often in a watermill. A water wheel consists of a wheel (usually constructed from wood or metal), with a number of blades or buckets arranged on the outside rim forming the driving car.” (wiki, 2021) 	Comment by Kadi Berry: Interesting idea.  Calculations to establish potential power output should be done.	Comment by Kadi Berry: !
The amount of energy that could be made and saved would depend on the size and the complexity of the system. Even a small and basic water wheel would still generate energy as the flow would still force the wheel to spin causing energy to be made. The basic science to the water wheel is, there is a AC generator attached to the wheel this generator then converts motive power and movement into electrical energy. The electricity made from the wheel could then be used in other areas of the plant or even else wear on the refinery, for example this energy could go towards powering pumps or mixers located on the waste water sight. The energy could also be used to power lights and other less import fixtures across the plant and the refinery. The water wheel would also need very little maintenance as we can be sure no polluted water will pass through the wheel as National Resources Wales (NRW) must check our pollution reports. This wheel will also benefit then and help us to minimize pollution as no solids will be able to pass through the wheel, also a new sampling point could be made to take pollution readings off the wheel this will again help us to keep up with national standards. Final as the wheel will be creating energy this will create less air pollution as the energy will be made in a clean and recyclable way this will make it clean energy. 	Comment by Kadi Berry: !	Comment by Kadi Berry: !	Comment by Kadi Berry: !

[bookmark: _Toc68713805]


Monitoring, Treatment and The Recovery Of Waste Water/Chemical 
On the waste water treatment plant there are 8 main testing areas which are carried out and sampled daily, these tests ensure that the refinery meets environmental standards and that it maintains sustainability across the refinery.
Below is a bullet point list of the samples taken and what tests are carried out on them. This list will also include why they are taken and tested.

· PDB- The tests carried out as followed, Ammonium, Oil, Phenols, Solids, pH, COD (Chemical Oxygen Demand), Metals, Temp, Sulphides. These tests ensure that the influent coming from the plant is good and that equipment such as the API’s are working correctly. 
· SDB- The tests carried out are Solids, Oil, pH. These tests are done to test the efficiency of the DAFs and to also ensure the chemicals have been removed and have been recycled back into the system. 
· Flume/Equalisation Inlet- Tests carried out are Solids, Oil, pH. This test is done mainly to check that the correct chemicals are present in the influent, this test would also check the DAFs are working correctly. This test is very important as it covers 70% of the second section. 
· Equalisation Outlet- Tests carried out on this sample are, Ammonium, Phosphate, pH, COD (Chemical Oxygen Demand). These are done in order to check the quantity of chemicals within the water to ensure that the correct amount is present. 	Comment by Kadi Berry: It is within acceptable limits.
· Aeration Basin- Tests performed are DO, Temp, Turbidity. These tests are done to ensure that the bugs in the water which are cleaning and removing the chemicals are in fact there and they are alive and working. 
·  Secondary Clarifiers- There is only one test carried out for this section which is the Sludge Blanket Levels. This test is done simply just to check the characteristics of the sludge and to ensure that it is the thickness. 	Comment by Kadi Berry: !
· CWS- Ammonium, Oil, Phenol, Solids, pH, COD (Chemical Oxygen Demand), Metals, Temp, Sulphides. These are the tests carried out. CWS sample and testing is one of the most important as it tests the final effluent which is coming into the heaven, it ensures that it is all on spec and the results are sent to the correct governing bodies. For example, the Environmental Agency and National Resources Wales. 	Comment by Kadi Berry: !
· Storm System- the test carried out for this are Oil and pH. These tests are done simple to check the contamination in the surge pond (there should be no contamination present) 	Comment by Kadi Berry: !



[bookmark: _Toc68713806]Conclusion 
	In conclusion when comparing the Waste Water plant with other units located on Pembroke refinery I believe it is one of if not the most efficient and energy saving units on the refinery. The contaminated water used on the refinery can be treated and recycled back into the refinery process there for saving energy. Keeping the water treated and clean is extremely important to refinery running and doing it in an efficient and energy saving way is key. I also believe that using some of my ideas would help to make the unit more efficient and save more energy, this would mean being more environmentally friendly and also saving money. 	Comment by Kadi Berry: !
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