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Executive Summary
This technical report examines Lean techniques used to identify inefficient practices of a maintenance department which provide services to internal customer’s at Vale Nickel Refinery, it identifies multiple improvement opportunities within one service.
Motivation from Central Instrumentation & Electrical technicians was high with suggestions of other areas for Lean evaluation made.  However, the volume of suggestions were considerable and raised concerns of the current continuous improvement culture.  
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Introduction
There are three maintenance departments at Clydach Nickel Refinery (CNR) of which one, is the Central Instrumentation and Electrical department (CIE). CIE Provide maintenance to instrumentation and electrical equipment ensuring the process at the refinery remains continuous.
Precision instruments which require maintenance from CIE accurately control; temperature; flow of fluids; pressure within vessels. Typical examples of such instruments include differential pressure transmitters, gauge pressure transmitters, thermocouples and level transmitters. A ‘loop check’ is completed to verify a control system. This incorporates said instrumentation  responds appropriately to an error signal, if the response is not within the designed tolerance, a calibration procedure is executed after the completion of remedial work (if required). The instruction which specifies the instrument to be checked and, the scope of the work to be undertaken was documented on a work order. A work order can be system generated by the Computer Management Maintenance System (SAP) or manually generated by a customer. Once generated, it can be considered as a notification to a specific maintenance department that maintenance is required therefore, the work flow illustrated in Appendix A can be adopted.
CIE provide a service to internal customers who, require the loop check and calibration process to be timely and precise, mitigating any error which could adversely affect product quality. These requirements align to Seleem, et al. (2016), thoughts on an organisations responsibility to remain agile and responsive to the changing needs of the customer, while maintaining low maintenance cost’s enabelling an organisation to remain competitive within their market. 
This report will use process mapping and Value Stream Mapping to identify the current process steps used to provide a service to customers of the CIE department.
An understanding of process wastes and Value Stream Mapping (VSM) techniques shall be sought then used to identify opportunities for improving by calculating the Value Added ratio for each process within the service that CIE provide to their customers. Root causes shall be found with a 5 whys exercise which shall form the basis of an action plan.
Literature Review
Lean philosophy drives systems towards perfect quality, zero waste and customer satisfaction with consideration to five principals; the needs of the customer; value mapping; flow; pull; perfection. It is important that the philosophy is not applied to services or manufacturing processes that are in silos but, as holistic systems that start and end with the customer .
Recognising opportunity for Lean requires familiarity with the characteristics of the afore mentioned principals, then taking them to the work place (GEMBA) to identify Non-Value Adding (NVA) activities. The work by Naslund (2008), suggests that 60 percent of an organisations manufacturing activities are not value adding and, if the lean philosophy is adopted then a 40% reduction of waste can be gained. However, Andres-Lopez, et al. (2015), warns that standard Lean techniques used to mitigate waste in manufacturing industries do not readily apply to services which are intangible.
Furthermore, Andres-Lopez, et al. (2015) suggests that the main reason why the philosophy of Lean Manufacturing and Lean Services differ is; that determining waste within a service is more complex, primarlily caused by the subjective nature of the quality of service customers expect. 
There were seven categories of waste which was conceptualized by Taiichi Ohno for the manufacturing sector: transportation, inventory, motion, waiting, overproduction, over processing and defects . As Lean evolved, an addional waste – “non-utilized talent” , was added.
Adopting the eight wastes of Lean to provide a suitable service model, Welo & Ringen (2016), explains waste can be defined if an activity does not meet the following criteria.
The customer is willing to pay.
It transforms the service
It is done right first time
Once identified Welo & Ringen (2016), advise further defining waste as Enabling Activies or Pure Waste. Enabling Activities do not have direct value but, necessary to produce the final service. Pure Waste has no influence on the final service provided and can be categorised in accordance with the standard Lean waste model.  
Waste should be continously evaluated and eliminated at the first opportunity, Plugatyreva & Khusnutdinova (2019), acknowledges that there are eight tools available to the Lean practitioner to facilitate this.
Value stream Map is a flowchart which graphically represents the steps required to produce a service. It include information such as; processing time; change over time; electronic information; hardcopy information .  Value and Non-value adding activities can be quantified and used to produce a Key Performance Indicator which monitors the value of improvements associated with future state Value Stream Map’s  . The metric, known as the Value Added Ratio (VAR) is a calculation of the formula below .

Kanban is a continuous improvement tool used to help visuilise work management and identify bottle necks. It’s key Principals include; ;limiting Work In Progress (WIP); defining process policies; implementing feedback loops .
Pull Production  determines upstream activities based on current activities it strives to limit overproduction and, is in symbiosis with the ‘just-in-time’ tool .
Kaizen is a continous improvement process which encourages all personnel within an organisation to identify areeas of improvements and produce practical solutions .
SMED (Single Minute change of Die)  is a system devised to limit the amount of equipment downtime incurred by encouraging as many offline activities are completed before necessary work takes place on the equipment.
5S is a methodology which promotes the creation of an ideal workplace, which will benefit the user by providing a safe and efficient environment to complete activities . There are five components to the 5S system . 
Sort – remove any uneccessary items from the workplace.
Set In Order – make sure items for use have a dedicated storage location so they are easy to find.
Shine – make sure items and the workplace are clean.
Standardise – create procedures to ensure that tasks are repeatedly executed using the same method.
Sustain – Create habits for the afore mentioned.
TPM (Total Productive Maintenance) is a maintenance system concept which places emphasis on maintenance to maximise production i.e. no allowance for equipment breakdown or restrictions 
JIT (Just In Time) is a management system for inventory and services, the concept is that neither arrives to the place of need until they are needed. The objective is to ensure that material is not stockpiled and services are utilised fully . 
Main Findings
During a GEMBA it was observed that CIE technicians were taking a nonsensical elapsed time between receiving a work order that issued an instruction to calibrate a process instrument and to complete said instruction. The lost time incurred, contradicted the internal customers expectation of the service; being provided in a timely manner.
Appendix A shows a flowchart which depicts the sequence of the observed process and identifies all parties who contribute  to  the provision of the service.
A subsequent GEMBA documented the activities which took place during the stated elapsed time and was used in conjunction with a flowchart (Appendix A) to create a current state Service Value Stream Map (Figure 1).
Figure 1 illustrates that the total lead time taken to complete a calibration was 8830 seconds, this was a composition of 6420 seconds of NVA time (72.7%) and 2410 seconds of VA time (27.3%)
The NVA identified on Figure 1 comprises of idle time and task specific NVA. Idle time is shown on the time line as peaks and can be considered as transitions between one service task and another – these have been labelled ‘A’;’B’;’C’;’D’ for reference.
Transition ‘A’ considers a time allowance for a CIE technician to walk to a computer terminal; transition ‘B’ accounts for time required to travel to a printer to collect a calibration certificate and then to walk to an instrument store room to collect the appropriate test instrument; transition ‘C’ accounts for time needed for a CIE technician to leave their workshop and travel to the place of work; Transition ‘D’ accounts for time required to leave the place of work and travel back to a computer terminal in readiness to commence the Data Recording process step.
Figure 1 Current state Value Stream Map
Conclusion
A holistic appraisal of the waste created in the provision of this service to the customer shall document five of the eight wastes; Over Processing; Motion; Waiting; Non Utilised Talent; Defects. 
The information shared between the Scheduler and the Coordination process (Figure 1), is delivered both electronically and by a document which, is delivered as part of the weekly maintenance schedule. The duplication of this  information can be considered as Over Processing.
Transition ‘A’ & Transition ‘B’  (Figure 1), requires motion of a CIE technician which, does not provide Value adding  to the quality of service which the customer would expect. 
Steps 1, 2 and 6  shown in Table 1, identifies 480 seconds  a CIE technician would be waiting as part of the process of “Identifying Test Range”. An 





















average value, based on information provided by numerous CIE technicians, was assumed for the duration of step one. 
Step 5 shown in Table 1, identifies 120 seconds for a CIE technician to complete an administrative task therefore, the waste of “Non-Utilised Talent” must be considered. Additionally, this waste is present during the completion of the administrative task; “Data Recording” (shown in Figure 1).  
Once Calibrations were complete, technician recorded their findings by hand writing their results and filing in a digital and hard copy folder. Although not observed during the Gemba the author can not eliminate the possibility of future defects caused by the use of inaccurate calibration ranges  taken from illegible calibration certificates.
The service operational task “Identifying test parameters” has the largest NVA percentage (98.6%) therefore, shall be considered as the first point of focus for improvement.
Table 1 itemises the process of “identifying the test parameters” and shows that 10 seconds are required to identify the calibration range (featured on a sample document in Appendix B) hence, 720 seconds have been identified as “pure waste”.
Further understanding of “Identifying Calibration Range” in this service step was achieved by conducting a ‘5 whys’ exercise (Appendix C), which determined that this activity was a necessity because the required information was not provided by an upstream process.
Table 1 Service steps between receiving instrumentation work and leaving workshop to commence work.

Therefore, to improve this service the Maintenance Planning Process should not only provide Risk Assessments and Disturbed Parts List tags (as detailed in Appendix A) but, must also provide the calibrations parameters, via the documentation, to the CIE technicians undertaking the calibration
The Future State Value Stream Map shown in Figure 2 illustrates the change in the way the service is provided to the customer. 
Total Lead time of the service is reduced from 8830 Seconds to 8010 seconds by removing; Transition ‘A’; Identifying Test Parameters; Transition ‘B’; from the Current State Value stream Map. However, the calculations below show that the Value Added Ratio (VAR) increases with the improvement.
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Discussion
Although not significant, the saving can be rationalised by context. CIE receive 979 Calibration type work orders per calendar year, the proposed improvement would save 820 seconds per work order, making a net saving of 802,780 seconds a year. If the saving was based on a CIE technician working a standard 7.5 hour working day, CIE would benefit by gaining an additional 29.7 days of resource availability a calendar year.
In addition to the net saving, the implementation of this improvement would increase morale within the department. Low morale can become prevalent amongst individuals who do not have job satisfaction. In this case, multiple conversations with team members during the initial Gemba suggested that it was the consensus that the team would prefer to have their highly skilled knowledge utilised effectively as oppose to completing administrative work. This report has not quantified the affects of an increase in workplace morale. However, Weakliem & Frenkel (2006), journal article on the topic; Morale and Workplace Performance, concludeds that productivity would increase.
Additional resource availability would benefit the customer and the resource owner but the suggested improvement would make little difference to the overall Value added ratio with a marginal increase from 0.273 to 0.299 for the service provided. This is a clear indication that there is more improvement opportunities to be exploited, with value added ratio’s of 0.250; 0.333; 0.400 for coordination, calibration and record data respectively.
Focus for future improvements should be placed on “coordination” and “Record Data” steps. An impact to the overall Value Added ratio would be seen if Lean philosophy was applied to “coordination”. However, any improvement would take considerably longer to implement than that associated with “Record Data” as this step is generic to all maintenance departments in refinery as oppose to being specific to CIE.
In contradiction to the afore mentioned 820 second saving per work order, this report does not consider the additional workload this improvement will defer to the maintenance planner. The author speculates that the impact would be minimal due to the quantity of administrative work already completed at a computer by the planner. However, this report suggests that further work is undertaken to establish the true impact.
During the Gemba, CIE technicians showed great investment in the process and were forthcoming with other opportunities to eliminate waste from routine activities. This suggests that knowledge of wasteful activities are common amongst the workforce and either potential improvements are not reported to line supervisors, or line supervisors do not see value in said improvements. This report suggests further work to review organisational culture and the implementation of an adequate Kaizen system would be beneficial. 
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Service 

Step

Activity

Time 

(Sec)

Activity Value 

Category

Non-Value Added 

Activity Type

1 Wait for Computer availability 300 NVA Pure Waste

2 Login to Computer 120 NVA Pure Waste

3 Find Previous Calibration Certificate 120 NVA Pure Waste

4 Identify Calibration Range 10 NVA Enabling Activity

5 Print Previous Calibration Certificate 120 NVA Pure Waste

6 Log off  from Computer 60 NVA Pure Waste
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CIE Work Flowchart
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