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Introduction
In today's highly competitive marketplace, manufacturing companies face numerous challenges ranging from increased customer demands to most recent, the significant rising production costs. To remain competitive and profitable, organizations must constantly seek ways to improve their operational efficiency, reduce waste, and enhance product quality. This is where lean manufacturing principles come into play.
Lean Manufacturing, also known as the Toyota Production System(TPS) is a set of principles and practices that were refined and perfected by Toyota over several decades, leading to its widespread adoption in various industries around the world. The house of lean was developed as part of TPS and is one of the most recognisable symbols of modern manufacturing with the two main pillars being JIT(Just In Time) and Jidoka(Built-in Quality). JIT focuses on producing and delivering products in the precise quantity at the right time whilst Jidoka focuses on the principle of building quality into the manufacturing process, detecting defects early and stopping production to address them. Other than these two main pillars, another vital aspect to lean manufacturing is respect for people. Emphasis should be focused on the importance of creating a supportive work environment that encourages collaboration, engagement, and continuous learning and improvement. This respect for people and a positive work culture is one of the fundamental reasons TPS was so successful, as echoed by (Wilson, 2009)“They have worked on their culture for as long as they have existed as a company”.
“Its main scope and its achievement is the elimination of waste and this can then lead to an increase in productivity” (Pažek, 2021). The waste which aims to be eliminated are recognised as seven main wastes which are Overproduction, Waiting, Defects, Inventory, Motion, Over-processing and Transportation. By focusing on waste reduction and continuous improvement, lean manufacturing enables companies to enhance value delivery to customers and reduce costs.
Implementing lean manufacturing involves the deployment of various tools and techniques tailored to specific organizational needs. These may include 5S methodology, which focuses on workplace organization and cleanliness, Kaizen for continuous improvements, Kanban systems for efficient inventory management and visual management techniques to enhance communication and transparency (Chiarini, 2012) .
[image: A diagram of a production system

Description automatically generated]This report will investigate opportunities for lean improvements in a current system/service in my workplace. Wastes in the system will be identified, analysis provided on what creates value to the customer, how the current system/service could be made leaner and what cost implications these would have.
 (
Figure 1: TPS House, EPA.gov(2023)
)

Current System
Currently at Vale the permit to work system and the associated paperwork such as Risk Assessments and Method Statements(RAMS), Notifications of work, Isolation Certificates etc is completed and issued using paperwork which involves several working parties’ involvement to complete. SAP, which is the company’s software for data processing and management, is used to request and schedule jobs which need to be completed on site. When a job is created the relevant area engineer will be notified and will have to assess and plan the job, this will involve creating a Risk Assessment, Notification of Work and Job card as Vale’s paperwork in preparation for a permit to be created. They will also have to contact relevant outside engineering companies to scope the works out who will also have to provide their own RAMS to Vale for the job in hand. Once all the documents have been created this will form the work pack for the job. The work pack will then be delivered to the relevant process plant where the plant Team Leader will create a Permit to Work(PTW) ready for the jobs start date. When the planned job is due to commence the working party will then attend the relevant process plant and sign on each of the documents in the work pack (RAMS, Notification of Work and Job Card) and liaise with the process Team Leader about the job which is due to commence. The time to complete the paperwork and discuss the job can take between 10-15 minutes per working party. Depending on how many jobs are planned for that day, there could be several working parties arriving to site which require to sign on to permits, this can lead to some work parties waiting for extended periods of time to commence work as they are waiting for the other work parties to be signed on to begin work. 
This current system contains several examples of waste, or as (Womak & Jones, 2013) refer to as “Muda”, Muda being the Japanese word for waste. However, the remedy to waste is lean thinking and in this current permit to work system there are improvements which could be made to make the system leaner and eradicate its waste.
The main waste in the current system is waiting(time), due to several documents needing to be signed by all members of the working party this takes up time whilst arriving at site and can lead to large wait times for other working parties. This leads to a secondary waste of money, which is in two parts. The time that engineers are waiting around each day to sign on to permits before beginning work is equivalent to money, as everyone knows time is money. Engineering companies who frequently work at Vale are fully aware that their engineers could be waiting for up to an hour each morning before commencing work, therefore this leads to an hour each day(per engineer) of lost time which will be accounted for when planning and pricing the job, this extra time and cost will be included in the quotation for the work and therefore Vale are paying inflated prices due to this waiting time. The other aspect of cost is that all documentation is printed in colour, with a high volume of jobs being completed and with each work pack alone consisting of possibly tens of pages, the cost of printing(paper, ink and energy) could considerably mount up. A further cost to this process which will be adding to the process is the cost of the waste, once the paperwork has been finished it is no longer of use so put in recycling bins. This will then add a further cost to the company as it will contribute to their waste removal costs. These incurred costs will therefore impact on the company’s profitability or will be added to the product cost and therefore potentially making their product less desirable.
Another of the seven main wastes that is present in the system is motion. When the work pack has been generated by the relevant works engineer, this is then printed and delivered to the relevant process plant. This engineer could have several work packs to drop off to different process plants on site and could therefore take up a considerable amount of their working day/week. 

 (
As can be seen in Figure 2 & 3, the current system has good visual 
displays of what it is currently ongoing in the system.
The permit board is used to display what permits are currently written out for the process plant, it displays permit numbers, expiry dates, number of men in work party and brief job description. This is a useful visual aid for both people working on plant and visitors who can see what work is ongoing.
There is also a board to display which permits are currently live (signed on to work that day). 
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Figure 2: Permit Board , Vale(2023)
) (
Figure 3: Live & Suspended Permit Board, Vale(2023)
)

Value
A crucial point in implementing lean improvements is to define value, “The value of any product, service or transaction is defined by customer needs” (Harry, et al., 2010).  Value is split into two categories, value-added and non-value-added activities. Value-added activities are those that directly contribute to transforming the product or service in a way that the customer is willing to pay for, they change or add to the product/service and are therefore required as part of the process and not wasteful. 
“Non-value-added steps are simply steps that are not essential to produce the output, do not add value to the output, or are not done correctly first time” (McIntyre, 2009). These actions consume resources, such as man hours and materials without adding value to the final product/service. However, on some occasions there are non-value-added activities which are essential, so it is important to analyse the process and determine which, if any, non-value-added actions are essential or not essential and then work to eliminate non-essential non-value-added actions.
A useful tool to determine between the two is a value stream map(VSM). The phrase ‘Value Stream’ was conceived in the book The Machine that Changed the World (Womack, et al., 1990). “A value stream is the sequence of activities an organisation undertakes to deliver on a customer request” (Marting & Osterling, 2013). By creating a value stream map, it creates a visualisation of the process, this can help to identify areas of waste, plan for future improvements and provides a roadmap for implementing Lean principles and reducing waste throughout the process. Many of the VSM activities occur in sequence, while sometimes activities occur concurrently and in some cases activities in a VSM are not solely within the organisation, they may include activities required to be performed by outside organisations or even the customers themselves. 
A value stream map has been created to provide an illustration of the current system.
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Figure 4 – Value Stream Map Permit Process, 
SmartDraw
(2023)
)




In relation to the service being look at, having a permit to work in place will be a value-added activity as producing these documents such as RAMS and a permit to work is ensuring the job to be completed has been assessed and made safe for engineers to begin work. However, during the process of creating these documents and the signing of them there are non-value-added activities which could be eradicated. One of these activities is the delivery of the work packs to the process plants, this motion is not providing any value to the process as no actual work is being completed here. A second activity which is not value-adding is the waiting around each morning to sign on to the paperwork and permit to work, this waiting each day is not contributing to the completion of the required works and is therefore non-value-added.






Improvement
It is clear that there are non-value-added activities in the current process and waste that could be removed from the system to make it leaner. A resolution to this would be to introduce an electronic permit to work system at Vale, this could be used to not only make the system leaner but also bring it up to date with modern technology and methods of working. 
An electronic permit system would allow for work packs and permits to be stored centrally on a shared database which would greatly speed up their creation time and provide better auditability when required, it would also allow shared access between Vale and contract companies who could populate the system with their RAMS. Having an electronic system would eliminate the motion waste from the current system as it would no longer require the engineers to deliver the work packs to the required process plants, the required data/documents could be completed at their desk on the permit to work software and notifications could be sent to the relevant process plants that there is a permit pack ready to be created. This would then free up time in the engineers working weeks who could utilise that time to focus on more important matters which require time and attention.
Upgrading to an electronic permit system would also eliminate the costs to the current system. There would undoubtably be a considerable start up cost to purchasing and configuring an electronic permit system but once the initial costs had been paid there would be minimal ongoing costs to the system. Whereas the current system has continuous costs as all the paperwork requires printing for every job which is intensive on paper and ink, permit books need to be renewed when full etc.
A further benefit to the electronic PTW system is that it would greatly reduce the time spent signing paperwork and gaining access to the process plants. As the electronic system could be used to allow Vale and the contract companies to access the permit documentation it would provide the opportunity for the contractors to read, understand and sign off on both Vale’s and their own RAMS. By doing this it would provide a much quicker interaction at the process plants when arriving to commence work which would enable not only their working party to begin work sooner but would significantly reduce the time other working parties were waiting also. This would therefore reduce the waiting waste that is currently in the system.
There are several leading software packages which are available to purchase and use as an electronic permit system such as AVEVA, Sphera and Velocity EHS. AVEVA are currently used in a similar industry as they have clients in the North Sea Oil & Gas industry who use their software and therefore they should be able to provide a suitable package which would suit the requirements of Vale. Electronic permit to work systems will have additional benefits than reducing the current wastes in the system, they will also reduce risk, increase standardisation, improve productivity and reduce operating costs as claimed by (AVEVA, 2020).
Several lean tools could be used in aiding the introduction of an electronic PTW, one of which would be Gemba walks by management, or also known as “Go and See”. Gemba walks involve going to the actual workplace to observe, engage, and gain a deeper understanding of how things are done. They are also an essential part of shop floor management and provide a way of slowly changing mindsets and behaviours within an organisation (Gisi, 2023). Conducting regular Gemba walks at process plants near the start of shifts would provide management with a clear insight as to the waiting times and the current downfall with the system. Going forward with a switch to electronic, Gemba walks would then give management a direct observation of the transition and any issues it may cause and allow for potential real-time problem solving. 


Another useful lean tool to be utilise is Poka-Yoke, also known as Error Proofing. Poka-Yoke is a technique used to prevent errors and mistakes in a process and is particularly popular in manufacturing. When implementing the electronic PTW system, error-proofing measures can be integrated to prevent critical errors, such as incorrect data entry or missing information in permits. This ensures that the system guides users to provide accurate and complete information and ensures permits would be completed to a high standard.



Conclusion
Implementing an electronic permit system could significantly improve the efficiency and cost-effectiveness of the current permit system. By eliminating time and motion waste, it streamlines the entire process, allowing for faster permit issuance and improved productivity. Furthermore, the transition to an electronic system reduces costs associated with printing requirements, such as paper, ink, and waste removal.
However, it is important to acknowledge that the introduction of any new system can face potential challenges. One such challenge is the fear of change among personnel accustomed to the existing paper-based system. As emphasised by (Mullins, 2009), change is inevitable and something every organisation must embrace to remain competitive which is evident when aiming to become a leaner organisation. Whilst implementing required changes, change management strategies, including clear communication, training, and support, should be adopted to address and alleviate concerns that arise amongst staff.
Another consideration is the initial start-up costs associated with acquiring and implementing the electronic permit system. While there may be upfront investments required, it is essential to view these costs as long-term investments that will yield benefits in terms of improved efficiency and reduced expenses over time.
Training requirements for all staff involved in the permit process should also be considered. Adequate training programs would be required to ensure a smooth transition and to equip employees with the necessary skills to effectively utilize the new electronic system.
Despite these potential challenges, the benefits of an electronic permit system, such as leaner processes, reduced waste, and cost savings, far outweigh the initial obstacles. With proper planning, implementation and support, Vale could successfully embrace this technological advancement and reap the rewards of improved efficiency, enhanced cost-effectiveness, and a leaner permit management process.
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 (
Figure 5 – Permit to work example, Vale (2023)
)
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Figure 6 – Notification of Work, Vale (2023)
)
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Figure 7 – SAP Job Card, Vale (2023)
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Figure 8 – Risk Assessment example, Vale (2023)
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Notification of Work to be Undertaken by Contractors V VALE

RAP04A//SF09 v6 (Aug-18) Review Due: Aug-21

SAP Work Order Number:

THIS IS NOT A PERMIT TO WORK | 2220%317201-0380

THIS FORM AND ITS ATTACHMENTS MUST BE SUBMITTED TO THE PERSON REQUIRED TO ISSUE THE PERMIT TO WORK OR HIS SUPERVISOR, IN
SUFFICIENT TIME TO ALLOW SUITABLE PLANT PREPARATIONS TO BE CARRIED OUT FOR A PERMIT T0 WORK TO BE ISSUED.

From: James Jones To: Gas Plant Control Room

THIS IS TO CERTIFY THAT THE CONTRACTOR MENTIONED IN SECTION 4 IS AUTHORISED TO ENTER THE REFINERY AND CARRY OUT THE WORK

DESCRIBED BELOW UNDER THE TERMS OF THE CONTRACT AND IN COMPLIANCE WITH VALE RULES AND CONDITIONS FOR CONTRACTORS ON
HEALTH, SAFETY AND ENVIRONMENT.

Name of Contractor: Altrad

Person in Charge of Contractors on Site: James Jones

Exact Location of Work: PGP - Various Floors

Type and Nature of Work to be Carried Out:

1 Dismantle scaffolding on various floors for the PGP Steelwork Repair Project

Date Work is to Commence:

Estimated Date Work is to Finish:
24/07/23

10/08/23
SPECIAL SITE/PLANT CONDITIONS

General PTW
Scaffolding

ToOLS/EQUIPMENT TO BE USED

PPE - Safety Helmet, Safety footwear, Hearing Protection, gloves, eye protection

MATERIALS TO BE USED

ANY OTHER SPECIAL SITE CONDITIONS WILL BE NOTED ON THE PERMIT TO WORK

©sarE A
mended bv: C. Thomas Authorised bv: M. Bavnham Dav of printina 20-Jul-23
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Vale Base Metal Job Card Page 1 of 1

YiM Order Number : 202200317201 PGP Structural Upgrade Project

Funcloc: BMUK-072-GAS-COMMN-GAS PLANT Func Loc: Gas Plant,Common,Common Processes
Equipment 10546969 Equipment Building,Gas Plant,H2/BUILD, 131

Mn.Wk.Ctr: 72MTCTO1 Mn.Wk.Ctr.Description: Contract General
Sort Field 72-UT110- H2/BUILD Created By :

Work Center: 72MTCTO1 Op/Sub Op: 0360/ Earliest Start: 26.06.2023
Work Center Contract General Op/Sub Op  Dismantle scaff across all PGP Start Time: 07:30:00
Description: Description: levels Earliest Finish: 26.06.2023
Duration: 0.5 Resources: 1 Group/Cntr MtcePlan Due Date: 31.12.2022

Location: Syst Cond: Priority:
Materials
Qty | Material I Batch Part No. | Material Description Res/Req | Purch Ord.
Order Instructions

Comments
Header Description

Pperation Description

202200317201 0360 . 10546969 . Has the Work Area housekeeping

W W

Work Performed
Date
Start Time:

Yes No

Crew Member Supervisor. Hour Meter

Signature Personnel # | Superintendent (if applicable)

End Time:
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