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Abstract
This document aims to look at the infrastructure on the Catalytic Reforming Unit at Pembroke Refinery. More specifically, it aims to look at the set-up on the fired heater system on the unit in terms of energy/fuel usage. This document also aims to describe what existing energy recovery/conservation systems are in place and how they can be improved on or added to. The implications of these suggested improvements is also to be considered and discussed in terms of regulation compliance. Next the report intends to describe the disposal and treatment of wastewater on the refinery. Finally, the report will discuss the refinery’s approach to the disposal of chemicals. After studying the infrastructure of the fired heater system by means of onsite inspections and by use of drawings, it was found that the CCR at Pembroke Refinery has an existing heat recovery system which consists of an Economiser Unit and a Waste Heat Boiler. This existing system produces steam from waste energy to be used elsewhere onsite. Next, four suggestions were put forward to improve efficiency/reduce emissions, which were as follows: external heater lagging, fuel gas O2 analyser, low NOx burners, exhaust filter system. It was then found that these suggestions help the refinery remain compliant with regulations such as ISO 14001 and bodies such as Green Dragon, NRW and the Environment Agency. The report also revealed the methods and requirements of the WWTP which includes the use of Stoke’s Law and the biological activated treatment system that utilises bacteria. This section moved on to the implications of non-compliance of effluent standards, which includes the unlimited fine or possibility of incarceration since direct regulations are being breached. Finally, this paper discussed how waste chemicals are removed from site by licenced contractors for external disposal.	Comment by Kadi Berry: Regulations are being breached?
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Introduction to the Infrastructure
The oil refining industry is a very well-established industry which has undergone years of development and evolution in a wide variety of aspects. This all means that each technical aspect and chemical process have had plenty of opportunity to be improved to maximise efficiency. Prior to this claim being explored, the current equipment must be discussed. 
Many process units on oil refineries use what is known in the industry as Fired Heaters. This equipment is utilised to indirectly fire process liquids which increases their temperature. The heat is produced by means of an exothermic chemical reaction known as combustion. This means that the Fired Heater requires a fuel for this combustion to occur, which is typically methane and ethane. Methane and ethane are light end fossil fuels which by definition are an unsustainable fuel source. 
The Fired Heater burns the fuel in a ‘fire box’ which heats up the volume of air that is drawn into the unit via a draft system, be it forced or natural. The fire box has multiple tubes within it which contain the process fluid, and this is where the heat transfer occurs. The heat transfer occurs via radiation, conduction and convention. The fluid then exits the Fired Heater and travels to the next piece of equipment at the desired temperature, which can typically be a Reactor, Distillation Column or Fractionating Column. The heated air, which is isolated from the process fluid via the process tube piping, is then drawn out of the fire box and travels up a stack to atmosphere. This hot air contains a lot of wasted energy which could be utilised for multiple purposes if captured. To aid with the understanding of this piece of equipment and its layout a cross section of one has been inserted, labelled Figure 1.
[image: Typical Fired Heater Design]
[bookmark: _Toc69300577]Figure 1 - Fired Heater Cross Section
The process fluid is forced through the fired heater by use of one of many types of pump which is selected depending on the process fluid properties.  The pump can be driven by either an electrical motor or by a steam turbine. Often there will be both types of pumps for this single service. This is done so that if one form of energy is lost, the other can be relied upon. This design practice is called redundancy. Both methods of producing drive on a pump are very costly therefore any energy recovery in this area could be very beneficial. An example of a steam turbine setup can be seen in figure 2 and an electrical motor setup can be seen in figure 3. Both the steam turbine and electrical motor suffer from forms of energy losses, these losses can be minimal such as heat from bearing friction or noise from vibrations etc. Some losses can be more substantial, for example, a steam leak in supply pipework.
[image: Pump applications & solutions (part 3)]
[bookmark: _Toc69300578]Figure 2 - Steam Turbine Driven Pump
[image: End Suction Centrifugal Water Pump Set - Buy Pump Set,Centrifugal Pump  Set,Water Pump Set Product on Alibaba.com]
[bookmark: _Toc69300579]Figure 3 - Motor Driven Pump
Existing Energy Recovery
There are several ways in which equipment can be made more efficient, one of which is capturing waste energy from the equipment and reusing it elsewhere. There are systems in place on equipment like Fired Heaters which sole purpose is to recover and redistribute this waste energy. At Valero’s Pembroke Refinery there is a Waste Heat Boiler and Economiser unit installed on the Fired Heaters on The Catalytic Reforming Unit. As part of the normal operation of a Fired Heater, a great deal of energy is wasted in the form of heat. With special design considerations, a two-stage process has been designed and implemented. 
	The first stage is the Economiser. This is a mechanical device and it is utilised to perform the initial recovery of thermal energy from the flue gases of a combustion process. This Economiser is nothing more than a finned tube bundle fitted within the flue ducting pipework immediately after the Fired Heater outlet. This type of heat exchanger has Boiler Feed Water flowing through its finned tubes which absorbs the thermal energy of the perpendicularly flowing flue gas. As the combustion process performed by the fired heater is essential for the heating of process fluid, any energy that is obtained/recovered helps improve the efficiency of the entire system. This equipment is used to preheat the boiler feed water which means less energy is required for the second stage to produce an equivalent amount of steam. Therefore, the installation of an Economiser increases the amount of steam that can be generated on an energy recovery system when compared to a system with a Waste Heat Boiler alone. A typical Economiser can be seen in Figure 4. The pre-heated Boiler Feed Water then passes onto the second stage of this heat recovery system.
[image: ]
[bookmark: _Toc69300580]Figure 4 – Typical Economiser
The second stage is the Waste Heat Boiler, an example of which can be seen in figure 5. This is where the majority of the heat recovery occurs. In this equipment the hot flue gas passes though tubes where it transfers heat into a body of water. With the continuous flow of hot gas, it causes the water to boil, thus turning it to steam. The steam produced consists entirely of reclaimed energy to help conserve it. This steam is then sent to the refinery high pressure steam header where it is distributed for use. The reclaimed steam can be used for many purposes including producing motive force within a steam turbine.	Comment by Kadi Berry: Good example of conservation of energy
[image: Waste Heat Recovery]
[bookmark: _Toc69300581]Figure 5 - Waste Heat Boiler
Suggested Improvements 
The heat recovery system, the Economiser twinned with the Waste Heat Boiler, which is installed on the CCR fired heater serves only one function. This function is to reclaim energy which would otherwise be wasted. The system does nothing to reduce amount of energy/fuel input into the system or to reduce the environmentally harmful emissions produced from the combustion process. These remaining areas are where there is opportunity for improvement on this system in relation to environmental friendliness.
	Fired heaters operate at extremely high temperatures internally. If that temperature is compared to the ambient temperature around the equipment there can be a differential of around 600°C. The heater has internal refractory to help minimise the amount of thermal energy that can escape but there is nothing on the outside of the equipment. The proposal is to clad the outside of the unit with a fireproof insulation, which would minimise the escape of thermal energy and keep the heat where it is useful thus making the equipment more efficient. This would mean to perform the same amount of work less fuel would be needed to be put into the heater.
[bookmark: _GoBack]	The next proposed to reduce waste is to install an oxygen analyser onto the flue gas line. This would enable the heater to be run with the perfect amount of combustion air which would help avoid excess air/oxygen being heated within the unit that will be blown straight out the stack tip. This would enable the heater to perform the same amount of work with reduced fuel consumption and also enable it to reduce the amount of harmful SOx and NOx emission emitted from it. SOx and NOx are reduced because the oxygen is consumed in the combustion process therefore there is less available to produce harmful gases.	Comment by Kadi Berry: !
	The third proposal for this system would be to replace the existing burners with Ultra Low NOx versions. These burners do not reduce the fired heaters fuel consumption in any way. The purpose of this type of burner is to cool the temperature of the flame by spreading it out over a bigger volume. The reason for this is because nitrous oxides can only form from oxygen and nitrogen at temperatures around 1000°C, which the tip of a typical flame commonly exceeds. This is clearly displayed in figure 6.
[image: ]
[bookmark: _Toc69300582]Figure 6 - Ultra Low NOx Burner
The final suggestion being put forward is to pass all of the flue gas through a carbon filter and AdBlue system prior to the gas being released to atmosphere. This concept would work the same as a car exhaust system as the emissions being released from the system via the stack are the same. Combustion engines work at very high temperatures which cause the formation of SOx and NOx being release from their exhausts. Therefore, if the flue gas from a fired heater was routed to a one of two catalytic converters in parallel and injected with a catalytic solution such as AdBlue it would greatly reduce the emissions of this system thus making the equipment more environmentally friendly. An example of a version of this system installed on a car can be seen in figure 7.
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[bookmark: _Toc69300583]Figure 7 - Exhaust Treatment System
Regulations & Compliance
There are several governing bodies which either regulate or guide a company on reducing its environmental impact. One of these is Natural Resources Wales. NRW has a system called UK Air Quality Strategy which adopts the best available techniques system from the Industrial Emissions Directive. This sets out what emissions a particular establishment should be emitting and issues a permit in accordance. The proposals suggested above could help keep the refinery in line with the ever-reducing upper limit of these emission standards. NRW also set out a Local Air Quality Management System which sets to reduce Sox & Nox emissions which the above suggestions would reduce. The above improvements would also help the refinery achieve a level 5 certificate in the welsh standard agency “Green Dragon’s” grading system as the suggestions are in-line with environmental continual improvement, which is the same as the international standard ISO 14001s requirement for continual improvement, which can be seen below.
“Environmental Policy
The Environmental Policy should outline your organisation’s goal to operate in an environmentally sound manner, to comply with any legal regulations, to prevent pollution, and to continually improve. This document should demonstrate your organisation’s commitment to any requirements or actions that will reduce its environmental impact.”
Although the above statements focus on emissions, as the equipment being discussed is a fired heater, emissions level is a good indicator of the effectiveness/efficiency of the system. As fuel input is reduced and the level waste energy captured increases, emissions will reduce in accordance.
Finally, the above suggestions will also help Pembroke Refinery comply with multiple of the regulations set out by the Environment Agency. The Environment Agency is a public body within Britain which regulates and licences. The agency has passed multiple legislations such as Environmental Permitting Regulations 2008. One of their requirements can be seen in the following statement. The above suggestions help Valero to comply with these regulations as it will be allowing the company to maximise efficiency within the fired heater system.
“If your installation operates under the EU Emissions Trading Scheme and produces energy from fossil fuels, for example power stations or boilers, in addition to the basic energy efficiency measures, you need to show the Environment Agency that you:
· have designed your plant to maximise energy efficiency when you apply for a permit, considering any ‘cross-media effects’

· operate your plant in a way that maximises energy efficiency, for example by using techniques to reduce energy consumption during standby periods”

Wastewater Treatment & Chemical Recovery
Due to the demands of the refinery there is a lot of waste water produced. The type of contamination within the wastewater varies depending on which source it comes from. There are 5 streams that go to the WWTP at Pembroke refinery, which are as follows: 
[image: ]
[bookmark: _Toc69300584]Figure 8 - Waste Water Sources
The Environmental Agency have set out strict maximum values of contaminates for the wastewater to achieve before it can be discharged into the Cleddua River and back into the ecosystem. These are pre-determined and non-negotiable. If the effluent of the WWTP is above these permitted values the water must be re-treated until it is deemed compliant for discharge. This is done by re-routing the effluent back to the beginning of the wastewater treatment process. The permitted values from the Environmental Agency are as follows:  
[image: ]
[bookmark: _Toc67514773]Table 1 - EA Discharge Allowances
The water is treated using a method called biological activated treatment. This means that is uses microorganisms, such as bacteria, to break down the contaminates and remove them. Before this occurs, skimming takes place to remove floating waste and sunken sludge. The WWTP also employs Stokes Law to help reduce suspended oil particles to help maximise the efficiency of the bacterial section of the unit. It does this by “aerating” the water to make it less dense so larger particles drop out for skimming. Air bubbles also attach to small particles making them less dense causing them to then rise for skimming. If the refinery is found to be discharging non-compliant wastewater it risks losing its discharge licence, face an unlimited fine as well possible imprisonment for management as it is in breach of The Environmental Permitting (England and Wales) Regulations 2010.
	To allow the refinery to monitor the content of its WWTP effluent it is tested on a continual basis. It is tested by the WWTP operator four times per day at multiple points across the unit. Additionally, samples of the effluent are taken to the laboratory for more thorough testing. Then finally independent testing is intermittently performed to ensure the refinery is not being dishonest about its values or compliance.
In terms of chemical waste, chemicals are typically consumed within the process but there are exceptions to this rule. For example, some of the process on site require strong alkaline solutions such as sodium hydroxide and water. This solution becomes spent/contaminated as part of the process and has to be disposed of. This is done by storing the spent media in a designated vessel and having contracting waste disposal companies pick up the waste in wagons for offsite disposal.
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. Ballast Water - Water that is discharged from ocean going and coastal trading
tankers arriving to load petroleum products at the Refinery jetty.

. Process Water — Water used in Refinery processes, which may become
heavily contaminated with oils, Phenols Ammonia and Sulphides.

. Surface Water — Mostly rainwater that has collected in the Refinery storm
drains along with water pumped from the West Reservoir.

. Product Tankage — Any water accumulation drawn off product tanks located in
the Refinery tank farm area.

. Sanitary System — Waste from the toilet facilities within the Refinery complex.
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COD 270 ppm
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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
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