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Introduction

Vale
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 quality product. This process of creating high purity gases takes place on the Process Gas Plant(PGP) which is located at the Clydach refinery.
Vale aims to have ‘Zero Harm’ at their workplaces, this is zero harm to both employee’s and the environments in which they operate and as Vale operates in some of the most dangerous industries around health and safety is a top priority. 

HIRA
Recently, a Hazard Identification & Risk Assessment (HIRA) assessment was completed on the PGP to identify possible hazards and risks which were present on site which pose the greatest risk to property, employee’s and the environment. These could then be categorised and where possible mitigated to reduce the likelihood of an incident occurring (if at all) Cholarisk(2022).

Aims of this project
The aims of this project were to create a safer working environment and gain more control of the plant in the event of a failure with a piece of equipment or if an operational error were to occur. The HIRA assessment was to help identify where the greatest hazards and risks were on site and mitigate these risks, this was to be achieved by installing new up to date equipment(and controls) and additional training for process technicians. This would then help work towards Vale’s organisational main goal of ‘Zero Harm’.

Aims of this report
The aim of this report is to analyse the effectiveness of the HIRA works which have been completed at the PGP. This report will also analyse how the project was managed and look at change management theories to examine whether these were used effectively and identify what could have been implemented more effectively. Recommendations will also be made where appropriate on how the project and the change management could have been improved.


Main Body
Project Overview
Due to the substances processed and purified on the PGP it has the potential to be a very dangerous working environment but could also cause a great deal of harm to the nearby environment/population if a serious incident were to occur. As more often than not gas cannot be seen, nor in some cases smelt, it is imperative to have multiple safety systems in place to prevent and detect leaks. There are also multiple highly corrosive fluids involved in the process of creating said gases such as Benfield, Copper liquor and Diethanolamine, these solutions also need to be closely monitored and require controls to prevent/detect leaks if occurred.
Although there were already many practices in place to safeguard the process from such incidents occurring a HIRA assessment was conducted to identify what could be implemented to further limit the risks and hazards on site. It was identified that additional measures could be added by secondary valves(and controls) which would automatically shut when level changes were detected within vessels, additional valves which could be operated electronically from the control room to purge gases through with Nitrogen(an inert gas) and additional gas detection systems to alarm the whole site if either of the toxic gases were to be detected.
A timing plan was created for the HIRA works to be completed on site from installation, commissioning and completion. This timing plan was implemented in the form of a Gantt chart(as shown below) and could be used to track how each stage of the project was progressing and whether works was falling behind schedule. Before the Gantt chart could be created and agreed amongst departments a critical path analysis(CPA) was also completed to aid the planning for the works. The CPA is used to map out what tasks will need to be completed and in what order, for example some works may have to be completed in order for the next task to being, such as power supplies and containment would need installing before new sensors/detectors could be installed. This will then help the creation of a Gantt chart which will offer a timeline for the project. Although CPA is a tool which has now been used by organisations to aid project planning for many decades it is still regarded as an integral part of project management as backed by Harrison(1997).
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The Gantt chart shown has given dates and times for each stage of the project and assigned which organisation is to implement each stage.

The main feature of the project was the addition of new automatic slam shut valves which would maintain system pressures and vessel solution levels in the event of an incident on site. There are 3 main circuits on the PGP which are the Benfield, DEA and copper liquor. The Benfield circuit strips 98% CO2 gas from the reformed gas and purifies it, the DEA circuit strips the remaining 2% of CO2 from the reformed gas and the copper liquor circuit strips CO from the reformed gas, leaving a purified Hydrogen gas as the third final product.
Each of these circuits are made up of 2 main vessels, absorbers and regenerators(as shown in the following illustrations). The absorbers use the liquids to absorb the desired gas from the reformed gas, which is to be stripped out during that circuit, the gas rich liquids then transfer to the regenerator columns where the liquid is heated to release the gas before being used again in a closed loop circuit to absorb more gas. There are valves, pumps and indication equipment attached to each circuit for process technicians to operate to maintain a steady system. Operating conditions can be adjusted using flow controllers and operating vessel valves, e.g. if the levels needed be to lowered in a column process technicians could operate the valves at vessel exits to open more therefore allowing liquid to leave the vessel faster. The main factor which keeps the vessels and system stable is the pressure of the reformed gas which travels through each absorber. This pressure which is maintained at 90psi keeps the solutions at steady levels in the absorbers and helps push the liquid around the circuit(with the assistance of a circulator pump). If  an incident was to occur and this pressure was to be lost this can lead to very sharp alterations in vessel levels and if not reacted to quick enough could cause liquids to cross circuits and mix, but more dangerously could allow gas to take routes it is not designed to travel and therefore escape. Due to this leading to possible dangerous conditions on plant it was decided additional valves were to be installed which would slam shut if the levels detected too low in the vessels. These valves were to be operated by new secondary level sensors which would be fitted to each vessel as part of the same works. As the plant operates 24/7 and only has a planned stoppage once a year the works would have to be completed during the shutdown period, as shown in the Gantt chart.




 (
Figure 2 shows the Benfield absorber with the additional level detector and 
automatic slam shut valve (XV520
);
 the black lines represent the Benfield solution flow.
LCV502 is the original level controller which will take a reading from level detector L502 and then open or close the valve depending on the level detected to maintain the desired solution level in the vessel.
Operators can also manually control the valve on the system screens and open/close the valve if they were required to, this valve could be opened from 0-100% in 1%
 or 5%
 increments.
XV520 is the new automatic slam shut valve which will close when a lower limit is detected by the new level sensor L502A
, green is to indicate the valve is healthy and open and will appear red if shut on low level. These valves are to be left in auto and not altered by operators as they are a safety feature, although there is an option to turn to manual control should they ever need to use it. These new valves are either open or closed.
)
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Figure 2: Benfield Absorber
)

















A second critical feature which was to be added after the HIRA assessment took place was the inclusion of new valves which could be operated from the control from which would allow Nitrogen to flow into the system. Nitrogen is an inert gas and is used to purge the system out of toxic gases should an incident occur, and the plant needs to be shut down, it is essential that nitrogen is used to purge out the natural gas from the system as if the natural gas is left in for too long and begins to cool it can cause carbon laydown on the catalysts in the reformer tubes and begin to cause blockages. The current method of doing this is by the operator to leave the control room and manually operate valves on plant which would allow the Nitrogen into the circuit, however depending on what has occurred on site requiring the system to be purged, operators could potentially be having to put themselves in a dangerous environment to make the plant safe. This new installation would eradicate the risk as this could be completed from the safety of the control room.
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Figure 2: Vaporiser & Front end with new N2 addition
)

Figure 2 above shows the system screen which displays the new Nitrogen control. XV440, FCV440, XV541 and XV542 are all new additional valves and flow controller. The 3 valves are operational from the control room and are either fully open or fully closed. FCV440 is a new flow controller which when all valves are open, operators can control the nitrogen flow into the system using this new valve. This gives the operators much more control over the quantity of nitrogen used to purge the system through when required, this was not available to them when using the old method of opening manual valves, there was no flow indication so operators used to open valves to what they thought would roughly provide them with sufficient flow.

The final safety improvement that was to be introduced due to hazards raised in the HIRA assessment was the alteration of the breathing apparatus system. Due to the toxic and asphyxiant gases and solutions that are on site it is essential to have breathing apparatus(BA) available to provide sufficient levels of oxygen to operators should a serious incident occur. Before the HIRA assessment was conducted there were 2 BA sets stored in the control room which could be removed from the cupboard and put on, these contained face masks with an oxygen tank which would provide oxygen for up to 30 minutes. All operators are BA trained annually to ensure they know how to use the equipment should an emergency arise.
 (
Figure 3 shows the new bottle bank which was installed as part of the project to provide a much longer supply of oxygen to operators if required. These bottles were piped into a control panel, shown in figure 4, which 
is in
 the PGP control room
 which feeds 2 fixed plug-in points. Operators would then have to plug in a BA face mask to the supply lines and turn the switch on ‘ON’ at the control panel and would then have a steady supply of oxygen.
This would eliminate the operators having to don heavy BA sets whilst trying to resolve/control a serious incident on plant but would also provide a much longer supply of oxygen to do so.
As operators are already familiar with BA equipment due to their annual training this change was a straightforward change and only required minimal training on how to use/plug-in the face mask to the fixed points, a reminder to switch the air supply to ‘ON’ and 
informed that if the air levels falls to a low level as shown on the control panel display, an alarm will sound to inform them that their oxygen supply is beginning to run out.
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Figure 4: BA control panel in control room
) (
Figure 3: Oxygen bottles
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Description automatically generated]It was raised in the HIRA assessment that 30 minutes may not be a sufficient supply of oxygen to the operators depending on what incident had occurred. Due to the nature of the plant, it can’t be shut down and made safe remotely so there may be a requirement, depending on how serious the incident and if safe to do so, for operators to remain in the control room and bring the plant down to a safe state. This would require them to have BA for longer than 30 minutes so the current system would not be adequate.

Change Management
Organisations face many difficult challenges when operating and one of the toughest being implementing and adapting to change. There are many ways in which an organisation can manage and implement a change they intend to make. As emphasised by Mullins (2013) There is a wide range of forces acting upon organisations which make the need for constant change inevitable. Beach(2006) Also agrees with this theory and that although change can take up a lot of a company’s resource and is often harsh on employee’s, organisations can be in trouble if they do not face up to change. For this project, safety improvements were the driving factor for the change and with safety Vale’s number 1 priority the change had to be implemented.
One of the most popular change management methods which is used is Kotter’s eight stage theory which is illustrated in the figure 1 below: 
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 (
Figure 1: Kotter’s eight step 
model,
 www.managementstudyguide.com
 [
2022]
)

Kotter believed these 8 steps should be followed and completed successfully for a successful change to be implemented with as little restriction/obstacles as possible. The first step is to create a sense of urgency, this is for leaders to create a compelling case for why the change is necessary to employee’s so they jump on board with the requirement for the change. The theory then moves onto building the team, change should not be just from senior management but across the company and that is the idea of building a team, a mixture of individuals from different aspects of the business to act as change ‘champions’. Develop a vision is the third step, this should be clear and understandable for employee’s so that they remain engaged. Communication is also a key step in change, this should be carried out convincingly and any reservations that come to light acknowledged and addressed. Empowering action will be done by removing obstacles which appear to be impacting the change and reward employee’s who are supporting the change from its infancy. It is also important to create short term wins or ‘Capture the low hanging fruit’. Change is very often not an instant event but takes time to build up so having short term goals so employee’s can see the benefits and that the idea is being followed through maintains support.
It is then vital to not let up, once small gains are achieved set bigger goals to maintain the momentum and analyse what is being successful and unsuccessful. The final stage is then making the change stick, ensure that the change now becomes part of the organisations culture moving forward.
The advantages of using Kotter’s model is that it is a fairly simple step-by-step guide to implement change and also uses the involvement of employee’s which can lead to a greater team ethic when working towards a common goal. However, the model also has its disadvantages, some believe that the method is too rigid and could lead to issues if a step is missed or not completed thoroughly.
A second change management method is ADKAR, created by Jeff Hiatt in 2003. “ADKAR is an acronym that represents the 5 tangible and concrete outcomes that people need to achieve for lasting change” (Balluck et al 2020).
The 5 principles of ADKAR are as follows:
· Awareness – becoming aware that there is a requirement for change
· Desire – to support and be involved in change
· Knowledge – on how to change and learning the new skills it will provide
· Ability – to realise and implement change
· Reinforcement – to maintain the change 
Changes that businesses try to implement can often fail because it is not effectively communicated to employee’s that the change is necessary and more often than not will benefit them but also it is often not communicated properly on how to successfully implement the change. The ADKAR model is to be used by organisations as a coaching tool to assist employee’s through change.
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 (
Figure 2: Lewin’s 3 stage mode,
 
www.9mconsulting.com
 [2018]
)

Lewins 3 step model was used during this project as it was believed by the management involved that this is the simplest technique to use and if followed through precisely it will deliver the message across to employees effected and achieve success.

Unfreezing
The first step of ‘Unfreezing’ in the model is where the research and planning were implemented. The trigger for the requirement for the change was the HIRA assessment which highlighted that safety improvements could be made on the facility, and it was then planned on how and when these improvements would be implemented. Due to the scale of the works involved it was decided that this would be too much work for Vale’s engineering team to complete whilst also having their normal work to complete so the engineering project management organisation, WSP, were contacted to assist with the design, installation and commissioning of the new equipment. Using a global company who had vast experience in completing such works would assist in a successful completion of the project. With the HIRA assessment and WSP’s assistance it was determined what changes needed to be made. 
Due to the nature of the changes needed there was strong leadership support to implement the safety improvements on site, these improvements would not only made the plant safer for personnel but would limit the risk to the business as the changes to the system would limit the likelihood of major incidents occurring. 
There was relatively positive reaction to the proposed changes to the system from the employee’s who were working on the PGP as they would be the beneficiaries from the more protected system. There were some employee’s however who were more hesitant about the changes and having more things to control on the IA system was possibly deemed as a bit of a burden to them as they were comfortable with how to control the plant if problems were to arise and operate valves manually. This was addressed by management who communicated to them that these additions would not  have much of an effect on day to day running but only used in case of a rare incident occurring. It was also communicated that sufficient training on the new equipment would be provided and if required additional training could be supplied until individuals felt comfortable.

Change
Some of the planned works could begin whilst the plant was still in operation, equipment which could be altered was done so when planned in and available however much of the works which needed to be completed would have to be done during the annual shutdown. Process technicians who would be affected by the changes were kept informed through regular meetings with the plant Superintendent who would update on what progress had been made and what the next steps were. Due to the process technicians having to make the plant safe and issue permits to engineers that would be carrying out the project works this was also a useful way of keeping them involved and aware of the progress which was being made.
The PGP has an annual shutdown during early summer which normally lasts around seven days. The majority of the works required for the project was planned to be completed during this period as all systems would be shutdown and drained so pipework and valve modifications which were required could be completed. 
Due to the equipment upgrades on plant this would also require updated system screens in the process control room so that process technicians would be able to operate the new equipment being installed, this also had to be done during the shutdown as the system screens could not be updated whilst in operation. However, to make these changes quicker and easier during the shutdown the software engineer had designed the screen updates prior the shutdown and shared these with the process technicians to ensure they were happy with their appearance and operation. This would just leave the uploading of the screens to the system during the shutdown limiting the risk of any issues arising and causing a delay, this method of completing the works also kept the personnel engaged in the works being completed on their plant.

Refreeze
Once the works had been completed during the shutdown, training was then provided to the process technicians who would be operating the new equipment, this training was both in the control room on how to operate the new valves and how the level indicators will work on the updated system screens and also out on plant showing where each piece of new equipment was and how to manually override if required.


Did Lewin’s 3 step model work?
Using Lewin’s 3 step model for implementing the change that the project work was going to bring was a successful method. Due to the management team who were to plan and implement the project had limited experience and involvement with large changes to working environments and change methods it was decided that Lewins would be the most suitable to utilise. Using this method was certainly a success as the project works was completed to within its time schedule and the employee’s effected came on board with the new systems that were put in place and were happy that the changes were to benefit themselves and make their working environment safer.
A more complex change management technique could have been chosen and would likely not have been more beneficial to use. This may have possibly even have had an adverse effect as it would have taken more of the managers time to research and understand the method before trying to implement(also when implementing) and could therefore have taken their focus off the project and aspects of the works may have suffered.

Project Reflection 
Reflecting on the project it was overall completed successfully and the organisation now have the benefit of a safer gas plant which is now less likely to have a serious incident occur. The employees that were impacted by the works were also pleased with the improvements that were made to their working environment, after the training was received on the new equipment they were grateful that the organisation is investing in ensuring both they and their workplace are safe environments.
There were some minor issues which arose during the process being members of the installation team having to isolate during the installation phase of the works due to contracting covid, this then led to a change in some of the engineers to get the works completed and these new engineers had to be brought up to speed with what the project involved and what stage the works was at. This then caused a slight delay in the work timings compared to what was planned on the Gantt chart but these types of delays could not really be foreseen. 
Using Lewins change model was also a successful tool to aid the implementation of change, it was easy to follow for the change leaders and also was successful in getting employee’s to buy into the change. If anymore projects were to be completed this is certainly a framework they would intend to use again, there are more complex change methodologies that could have been used or could be used in future projects but for the frequency of changes that the PGP undergo and the background knowledge the leaders have of these change methods they may not be as successful as the 3 step model.

Future Recommendations
If a similar project was to be carried out again there are some recommendations which could be made to improve the projects planning and implementation. It would be beneficial in future projects to implement a Project Evaluation Review Technique(PERT), although this is similar to critical path analysis which was used, conducting a PERT would have taken more consideration to the time each task would have taken to complete and therefore the small delays encountered during the works could have been avoided, Also PERT will help find the bottlenecks in the project as highlighted by researchgate(2020).
The pandemic which we have been going through over the past two years has been unprecedented for all aspects of life including business, so it has been difficult to complete works as planned due to often loosing manpower due to employees having to isolate. It could have been planned to have additional manpower on the jobs to then have adequate labour to cover anyone that needed to be off work to isolate, however this would obviously add to the project cost and may have not been needed and with businesses feeling the economic strain current events have brought about this is unlikely to be implemented.






Conclusion
In conclusion the project was implemented successfully and achieved the goals that it was intended to. The employees at the PGP were grateful for the works that were completed and now believe they have a safer plant to operate and also a safer environment to be in if an incident was to occur. This project works has worked towards Vale’s organisational goal of zero harm.
A few different change methodologies have been investigated and it’s clear that the method chosen for this project, Lewin’s three-step model, was the correct choice for this project and would likely be the best option for Vale to use for future project works.
The project was also well planned with the use of a critical path analysis and a Gantt chart. The project works went predominantly as planned however did encounter some slight timing delays due to some engineers having to isolate due to covid. These types of delays would have been difficult to plan for and if had been planned for would have led to an increased cost to the project. A future recommendation has been noted for future projects to also contain a project evaluation review technique to aid with the planning and timings of the next project.
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