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1 – Introduction
Vale are an international metals and mining company which have a nickel refinery in Clydach, Swansea. Here, nickel ore is transformed into high-grade powders and pellets before being shipped to worldwide customers. Part of the process of creating such high-grade products is to ‘crack’ natural gas into 3 main gases which are used throughout the production process. These gases are Hydrogen, Carbon Monoxide and Carbon Dioxide, these gases are required to be high purity to create such a high-quality product. The process of creating high purity gases takes place on the Process Gas Plant(PGP) which is located at the Clydach refinery.
This report will focus on how an improvement is made to one of the systems which is used at the PGP to help maintain a high purity gas but also cut costs to the department. The DMAIC(Design, Measure, Analyse, Improve and Control) method for problem solving will be followed in the completion of this project.

DMAIC is an acronym for Define, Measure, Analyse, Improve and Control. This is a widely used methodology for process improvement and is applied in practice as a generic problem solving and improvement approach(De Mast & Lokkerbol, 2012) which has become a key tool for organisations when trying to implement six sigma. The five phases of DMAIC are explained further below:
Define - The define phase is used to describe the problem which requires solving, this will look at   aspects such as what the problem is, how often it occurs and the impact it has. This phase will also highlight team members involved in the project and its schedule.
Measure – This phase is to determine how data can be collected to obtain a baseline performance for the process. This phase should set out a data collection plan and data collected can then be used to prove if the project has been successful once completed.
Analyse – The analyse phase is used to try and understand the root cause of the problem and determine which process drivers/inputs have an impact on the process.
Improve – Now that the root cause of the problem has been identified, solutions can be identified and evaluated. A final solution can then be chosen and plans to implement it can be created.
Control – The final phase, Control, is to monitor the new system and ensure that it is maintained and has provided and improved process from what was identified in previous phases.



Define Phase 
Problem Statement
The Process Gas Plant(PGP) is one of three main production plants at Vales refinery used in the process of manufacturing high grade Nickel. At the PGP, natural gas is used as a feed source which is then cracked to become separate gases: Hydrogen(H2), Carbon Dioxide(CO2) and Carbon Monoxide(CO). 
One of the processes used on the PGP is to separate the CO gas at a high purity so that it can be used in other areas of the refinery during the process of manufacturing Nickel. This is achieved by using a Copper Liquor solution, which circulates in a closed loop system, to absorb the CO from the reformed gas stream which passes through the absorber column. For the CO to be absorbed efficiently the Copper Liquor needs to be cooled to between 10-12 degrees, to maintain this temperature the Copper Liquor passes through 2 heat exchangers which are supplied with circulated chilled water. 
The current problem that is occurring with the system is that the heat exchangers are becoming blocked, when this occurs the flow of the chilled water is restricted and therefore does not efficiently cool the Copper Liquor, which can lead to the solution becoming too warm to efficiently absorb the CO in the system. If all of the CO is not absorbed in by the Copper Liquor this causes the CO to slip into the Hydrogen, which is another product of the PGP. The Hydrogen is required to be of very high purity, around 99% pure, so it is very important all the CO is separated during this process.
The normal flow rate of chilled water through the heat exchangers when they are running efficiently is around 23,000kg/hr, the heat exchangers will run at this rate for a number of weeks until the flow rate begins to decrease gradually to around 10,000kg/hr. When the heat exchanger becomes blocked it requires isolating from the system so it can be opened and removed to be thoroughly cleaned. This leads to high costs due to the manpower and equipment needed to complete this job.
This project is proposed to prevent the heat exchangers from becoming blocked and reducing the costs to the PGP by doing so. Not only will this project reduce costs but will also enable the PGP to maintain high purity CO and Hydrogen gases to the rest of the refinery will less disruption to the system.
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 (
Figure 1 – Process Map, Microsoft Excel (2023)
)


Figure 1 above is showing the process map for the Copper Liquor system, this is a high level process map designed to provide a quick and easy insight into the process. From looking at the process map it is clear that the system is a closed loop system as the copper liquor solution which travels through the map from step one is the recycled back to the start once it reaches step six. At this recirculating stage the copper liquor is travelling through the heat exchangers which is the critical point during this project as this is where the copper liquor is cooled to be at desired temperature ready to absorb more CO.









Figure 2 & 3 show the Copper Liquor system which has been described, here you can see the circuit that the solution follows whilst being used to absorb and then release the CO. These screens show all the information required for the circuit such as flows, temperatures and pressures. The critical data for this project is F801 – Chilled water flow and T522 - Copper Liquor Temperature.
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 (
Figure 
2
 – Copper Liquor system, Vale (2023)
)







 (
Figure 3 – Copper Liquor Chiller system, Vale (2023)
)
As shown in Figure 2, when the solution exits the absorber vessel, enriched with CO, the solution the travels to the Regeneration column where it is then boiled to release the CO, the solution is then pumped around the system to be used again to absorb more CO. Whilst the solution is being pumped back to the absorber vessel it travels through two heat exchangers which are fed with chilled water. These heat exchangers are designed to reduce the heat of the copper liquor solution so it can be at the desired temperature to efficiently absorb the CO. 
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 (
Figure 4 – Project Charter, Microsoft Excel (2023)
)

A project charter, as seen in Figure 4, was created to aid in defining the problem and scoping the project. As highlighted in the project charter, the main constraint for the project would be the ability to implement the chosen solution. The refinery runs continually until planned annual shutdowns are scheduled, which occurs once a year. Due to the need for the chiller system to be running, implementing the project could not be completed until the plant was on a planned shutdown which happens in May. 




Measure
Currently it is determined that the heat exchangers have become blocked as the Copper Liquor temperature entering the absorber column will start to increase and read higher than expected for the conditions(Figure 2, Instrument T522), when this increase is noticed the flow rate will be checked to see if this is running at normal flow rates, if the flow rate is normal then other factors are effecting the temperature, however if the flowrate appears to be starting to drop this will be monitored by personnel until it is deemed poor enough to intervene.
Data will be collected for this project using T522(Figure 2) and F801(Figure 2) instruments, due to the nature of these instruments and the data they provide the data collected will be continuous, which refers to data that can be measured that is not fixed and can have a number of possible values(Monda, 2018). It has also been requested that the ambient temperature be recorded, due to the time of year it is likely this will have very little effect as ambient temperatures will be low, but it is valuable to include in case there are large differences in ambient temperature during the data collection period. The ambient temperature can be collected from the display in the control room.
 F801, which measures and indicates the chilled water flow rate is a Schneider Electric IDP10S transmitter. The IDP10S transmitter works by measuring the difference between two pressures applied to opposite sides of the sensor and are often used for measuring fluid flow rates across an orifice plate, these instruments are highly accurate with accuracy of ±0.05%(Dp-Flow, 2023). Other than having a high accuracy the IDP10S transmitter also has a stability rate of ±0.03% of URL/yr for 10 years and a response time of 100ms.
The tapping point pipework for both instruments is fully lagged, therefore there will be no inaccuracy with data being collected due to freezing conditions should they occur during the data collection period. Also, instruments on the PGP are periodically calibrated to ensure readings on IA screens in control rooms are accurate so both instruments will be reading accurately during the data collection period. A further factor which could affect the results taken are the use of two cooling fans, these fans are designed to aid the cooling of the Copper Liquor solution by reducing the temperature of the Copper Liquor before entering the two heat exchangers. It has been requested that during the data collection period only one fan to be used, this fan is to always remain on and the second fan to always remain off, due to the time of the year that the data is being collected the second fan should not be required by process due to low ambient temperatures. Running the fans in these conditions will eliminate the affect they have on the data collected. 
A data collection form has been created(Figure 5) so that data can be collected periodically by the Team Leader that is on shift on the given dates. Team Leaders record readings from the IA screens three times a day which are 7.00am, 11.00am and 15.00pm. It has been stated on the data collection form that data is to be collected during the 11.00am readings, this way all data will be collected at the same time for every collection. Due to the accuracy of the instruments used and the type of data being collected there should be no measurement variation, also there should be no bias in the data as it is logging data displayed on the IA screens so can’t be interpreted differently by different Team Leaders. 
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 (
Figure 5 – Data Collection Form, Excel (2023)
)

It is also important to determine what is critical to quality(CTQ) during this phase of the project, Once narrowed down to CTQ’s, these will be the measurable characteristics which will help to understand the process and what adds value(Cyger, 2018). Figure 6 shows a critical to quality tree for the project. 
 (
Figure 6 – CTQ Tree, Excel (2023)
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 (
Figure 7 – Populated Data Collection Form, Excel (2023)
)

Figure 7 displays the data collection form which has been populated with the recorded data from the data collection period. It is clear to see a decline in the F801 flow reading which results in a rising T522 Copper Liquor Temperature reading. The data collection form only shows data which was recorded during the period shown, however looking back at reading sheets and IA trends it can be noted that the F801 Chilled water flow was steady at around 23-24,000KG/Hr for several weeks before the data collection started and the decline in flow occurred.
During the data collecting stage the flow on the Copper Liquor chiller system dropped so low that intervention had to occur, you can see this on the form in the difference of F801 reading which was falling then suddenly increases. When the flow dropped to below 10,000KG/hr the heat exchanger was removed from the system to be cleaned. It can be determined which exchanger is more severely blocked by opening the bypass around the exchanger, as water flow is bypassed the F801 flow reading increases indicating the heat exchanger is blocked. When the flow drops, normally water is jetted through with the exchanger in situ to clean as best possible and put back in circuit as quick as possible. On this occasion the exchanger was fully removed from the system and the scale of the blockage was clear and that there was growth material causing the blockage. The chilled water tank was inspected and could be noted that this is where the forming, on the tank walls, as can be seen in figure 8.
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Figure 8 - Chilled water tank walls showing growth – Vale (2023)
)













Analyse
Post completion of data collection it is now possible to analyse the data and try to determine a root cause of the problem. One method of root cause analysis is to use the 5Why technique, this technique was used to assist solving the problem as can be seen in Figure 9. It is clear from the 5why analysis and investigation during the measure phase that the cause of the declining flow rate of chilled water is due to growth material in the chilled water system.
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 (
Figure 
9
 - 5Why illustration, Excel(2023)
)


Once the 5why analysis was completed, a countermeasure for each why was discussed, this is shown below in Figure 10.
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 (
Figure 
10
 - Countermeasure Illustration, Excel(2023)
)
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 (
Figure 11 – Chilled Water Flow Rate Line Chart, Excel (2023)
)
Figure 11 shows a line chart to represent the flow rate data collected during the collection period. It can be seen that the flow rate was steady at around 23,000KG/Hr until the flow rate started to decline. As mentioned, looking back at IA trends the flow rate remained steady at the desired rate for several weeks before the decline in flow rate occurred.












Improve
Now that it is evident that the heat exchangers are becoming blocked with bacteria/microbial which is building up in the cooling tank, methods of preventing this causing blockage are to be investigated and compared. It is clear from the measure and analyse phases that the chilled water circulates the system at a steady flow rate for a period of time before it starts to decline which results in the Copper Liquor solution temperature rising, this phase will look to eradicate this issue.
One method which could be used to prevent the heat exchangers becoming blocked with the growth matter is to treat the water in the system. Other water and dosing systems which are used at the PGP are currently monitored by Nalco, a world leader in water and process management solutions. Nalco attend site weekly and conduct analysis on desired systems and feedback on their condition and alter dosing systems if required. Microbial grows in water systems when several factors such as pH level, oxygen, temperature and pressure are at specific levels(WaterTechnologies, 2023). Nalco could be requested to test the microbial and water from the chilled water system to determine exactly what is growing within the system and what elements are causing the growth, this would then allow them to be able to come up with a treatment plan to prevent the microbial from growing and therefore prevent the heat exchangers from becoming blocked. 
A second method which could be used to prevent the heat exchangers from blocking would be to add filtration to the chilled water supply pipework to the exchangers, this would then catch the microbial and block the filters rather than getting to the heat exchangers. Filters could then be removed, cleaned and replaced when required. There are several different types of filters which could be used for the resolution such as mechanical filters which use a mesh filter, absorption filters which use carbon to absorb impurities and reverse osmosis(RO) filtration. Absorption filters(carbon) are used to absorb contaminants and chemicals within the water, this type of filtration would not be suitable for use in this system as the as the microbial is already forming and would block this type of filter quickly. Reverse Osmosis would also not be suitable solution for this system due to the system being closed loop. An RO filtration system would work if the current chilled water system was to be modified to be using a water feed and dumping water from the system, this was the RO system could filter the fresh incoming water.  RO filtration would also be a costly solution as a RO plant would have to be designed, installed and commissioned with water costs also increasing as there would be a constant need for fresh water.
Mechanical filtration in the form of a basket filter would be a suitable method of filtration for this system. There are a multitude of these filters already on site so personnel are familiar with their use. Basket filters are available in a range of sizes and different grades of mesh which allow a range of flows to pass through with micron ratings of 25-2000µm. These filtration units are also available in single basket(simplex) or double basket(duplex) arrangements, double basket arrangement would be ideal for this system as when the duty basket becomes blocked the stand-by basket could be put online which would allow for the cleaning of the blocked unit. This would be a much more advantageous set up than using a piece of bypass pipework around the filter whilst the blocked one was being cleaned as it would ensure none of the growth reaches the heat exchangers.  The pipework on the chilled water system is 4” diameter, prices have been obtained and a 4” duplex filter is costed at £3,500(Eaton, 2023). The duplex filter priced can operate in pressures up to 200PSI and the chilled water system runs at 14PSI. 
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 (
Figure 
1
2
 – Model 53BTX Duplex Filter, Eaton 2023
)

The water treatment solution would be a cheaper initial resolution to the blockages as the cost would be much lower than the purchasing of the duplex filter and the pipework modifications which would be required. However, once the initial cost of installation of the duplex filter was paid there would be no further costs to the project, whereas with the water treatment solution there would be a monthly cost for the continuous testing and treatment of the water system. Over time the costs for the water treatment solution would surpass the installation costs of the duplex filter. Also, with the water treatment solution, chemicals would be required to prevent the growth in the system, these new chemicals could bring further health and safety risks to the site which would be avoided with the filtration system.
Due to the ongoing costs of the water treatment solution and the added risk of using additional chemicals which could potentially be hazardous to the work environment and workforce the basket filter is the chosen option. The work involved in implementing the alteration to pipework and installation of the duplex filter would mean this works will have to be implemented during the annual shutdown period as this work will require the chilled water system to be shut down, isolated and drained in preparation for works to commence.
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Figure 
1
3
 – Improvement Criteria, Excel (2023)
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Figure 
1
4
 – Duplex Filter FMEA, Excel (2023)
)
Control
Once the duplex filters are installed on site, this asset can be added to the SAP system at Vale. At Vale, weekly schedules are created in SAP for each plant at the refinery, on these schedules Process Team Leaders can view what routine PPM tasks they have to complete that week and once these are completed by Process Operators they can be signed off on SAP. The control measure for the new system once installed will be to update the SAP system to include the new duplex filter, SAP can then periodically populate the process schedule with PPM for the filter such as changing from duty to standby filters. By swapping these filters periodically rather than at failure it will ensure that the flow rate of the chilled water system never drops below the desired level due to blockages, it will also prevent the filter drains from blocking and the fixing bolts from seizing due to their regular operation. SAP will then monitor that the new work order for the duplex filter is being completed and signed off by plant Team Leaders. 
Also, F801 readings could be added to the Team Leaders daily reading sheets so it can be monitored daily to ensure adequate flow rate is constant. When the filtration system has been installed this will be monitored closely to ensure that it keeps the heat exchangers free from blockages to ensure good chilled water flow rate and therefore a successful project result.
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Figure 1
5
 -  Weekly Process Schedule screen, SAP (2023)
)
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