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[bookmark: _Toc7188772]III	Abstract
Inventory management is an essential part of any company/organisation that can create significant cost savings if implemented effectively and appropriately. The inventory within the Non-production stores at Ford’s Bridgend Engine plant has online traceability, maximum and minimum stock levels and reorder points that replenish inventory according to the demand. Unfortunately, the storing of spare parts outside of the non-production stores by the Estates Electrical department has been the standard practice for nearly 30 years. Over this time, inventory has been warehoused in six different locations across the plant with no manifests and poor organisation. This pool of unregulated inventory creates daily wasted time as the estates personnel continually hunt for spare parts which may be required for either installation or fault rectification work.
This project researches different inventory management strategies to understand the reasoning for not utilising the non-production stores as it was intended and if an alternative inventory management strategy would be more appropriate. A collation of the different inventory items, their costs and quantities were undertaken to demonstrate the vast amounts of inventory that are effectively untraceable. Together with time studies, that highlight the amount and cost associated with the wasted time spent travelling and searching for the required spares, and the delays (order lead time) incurred through not replenishing ‘order request’ parts. 
The project reveals the extent of the wasted time and through implementation of various new strategies to eliminate or reduce it, to help create a more efficient lean working department. The inventory approach was to organise and implement inventory management protocols, such as returning certain items back to the non-production stores and creating manifest driven warehouses, with some items utilising the Economic Order Quantity (EOQ) and other items being discontinued stock requiring organisational control. Standardised working practices such as ‘Single point lessons’ (SPL), Scheduled maintenance sheets (SMS) and creating new means of standardising work, such as, a project planner, were utilised to help improve efficiency of certain aspects of the estates departments daily routines.
Control of the new strategies and processes was overseen by an established Control Team with the aid of a control plan to guide certain monitoring aspects and ensure project success. Motivation and a willingness to change through transparency and good communication from all that have been involved, have in the authors view made this project a success. The basis of this project can now be replicated throughout the plant for further improvements and cost savings
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[bookmark: _Toc7188778]1.1	The Car Industry
According to, The Telegraph and BBC News, 2018, Britain is to ban all new petrol and diesel engine cars and vans from 2040, with a desire to accelerate this time frame to 2032, amid fears that rising levels of nitrogen oxide pose a major risk to public health. This commitment, which follows a similar pledge made by Emmanuel Macron and the French government, is part of a much-anticipated clean air plan. This is due to campaigners such as ‘Client Earth’ having won High court victory battles against the U.K. government, to ensure that steps are taken to improve 45 of the worst affected areas of air pollution (Government business 2018). Ministers, such as, Michael Gove 2018, believe it poses the largest environmental risk to public health in the UK, costing up to £2.7bn in lost productivity in one recent year and could be linked to approximately 40,000 premature deaths a year. The government was ordered by the courts to produce a new plan to tackle illegal levels of harmful pollutant nitrogen dioxide, a form of the nitrogen oxide pollutants emitted by vehicles.
Having pledged this new ban, companies such as ‘Ford Motor Company’ are gearing up for a dramatic change in their production portfolio as 95% all vehicles sold by Ford, are either powered by diesel or petrol engines (Ford, 2018). With the UK automotive sales predominantly petrol and diesel with a small percentage being Alternative Fuel vehicles, such as full electric and hybrid, as shown in Figure 1, it indicates the scale of the adjustment in production portfolios that is required to fall in line with the government’s proposals. 
[image: Car sales]
[bookmark: _Ref502686][bookmark: _Toc7189085]Figure 1: UK car sales 2010-2016 (SMMT 2017)
[bookmark: _Toc7188779]1.2	Ford Bridgend Engine Plant
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[bookmark: _Ref502662][bookmark: _Toc7189086]Figure 2: Ford Motor Company Bridgend Engine Plant (Ford 2018)

Ford Motor Company’s Bridgend Engine Plant (BEP), Figure 2, has been producing petrol engines since 1980 and at present produces both Ford and Jaguar/Land Rover engines and thus is directly affected by the new legislation. It will lose both existing assembly lines by 2020/2021 which together annually produce 750,000 engines, and will only be replaced with one new 3-cylinder Dragon petrol engine, with an output of 125,000 engines per year. This will obviously have a major impact on the engine plant’s profits, manning levels and possibly its future within Ford Motor Company itself.
To ensure its sustainability within the ford umbrella, Bridgend engine plant is tackling all aspects of waste within its organisation, through lean principles and streamlining its operations for the uncertain times ahead. By eliminating all appropriate non-value add processes/procedures, departments will run more efficiently and will hopefully create a cost saving, in the aim of making the plant more attractive for future investment. This project will concentrate on the Estates Electrical department, which is involved with various aspects of electrical Installations, maintenance and fault rectification work throughout the estate of the plant.


[bookmark: _Toc524872732][bookmark: _Toc7188780]1.3	Overview of the Estates Electrical Department (EED)

The Estates Electrical department (EED) is involved with all aspects of high and low voltage work throughout Ford Motor Company’s (FMC) Bridgend Engine Plants (BEP) entire estate. The department plays a large part in most installation work throughout the plant, with a high dependency on planning, ordering and executing projects with minor external influences. Additionally, it is tasked with the maintenance and fault rectification of all estate electrics within the following areas, as shown in Figure 3:
· Effluent Plant
· Boiler/Pump House
· Engine Evaluation
· Coolant tunnels/systems
· Security
· Train lines
· 415-volt bus bars/isolators that power the plants machines
Furthermore, the EED are all trained to maintain and operate all substations within BEP with voltages, up to and including 11,000 volts (11kV) including the main incomer, which is partly overseen by ‘Western Power’. 


[bookmark: _Toc7188781]1.4	Plant Layout
To aid the EED roles, buffer stores have been created over time, to stock order request items that are essential for installations, together with the storing of discontinued spares as the vast amounts of the estate electrics are over 30 years old. Figure 3 indicates the six locations where the satellite stores have been created throughout the 141,702 m2 plant. 

[image: ]1 
6 
5 
4 
3 
2 

[bookmark: _Ref502861][bookmark: _Toc7189087]Figure 3: BEP Plant Layout (Ford, 2018)
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1.5	Satellite Stores
 
Within these satellite stores an array of assets/parts have been warehoused on a ‘Just in case’ requirement, ensuring that installations and fault rectification has the essential parts for completion. These assets/parts can be split into four categories, as shown in Figure 4.

[bookmark: _Ref504701][bookmark: _Toc7189088]Figure 4: Stored Parts/Assets Breakdown

1. Excess ordered Inventory from an installation project that has either no allocation in the non-production stores, either because it is order request or there’s no space in the allocation as the maximum limit is full. Items such as Sockets, Plugs, Glands, Cables etc. are examples 
2. Discontinued critical spare parts that have been safely stored for aging applications, such as the train line which is 30 plus years old.
3. The Inventory buffer is a selection of order request items that have no allocation within the non-production stores, but are ordered and stored on the premise that they are high demand items that form the basis of any installation, such as Unistrut, cable trays, conduit etc.
4. Pre-used critical spares are from machine strip downs and are stored on the principle that they too may become discontinued in the near future and are a like for like swap for existing components if they fail. 


[bookmark: _Toc7188783]1.6	Bridgend Engine Plants Non-Production Inventory 

Bridgend engine plant has approximately 14 million non-production-based spares with the non-production stores having a total inventory of 13.6 million pounds (Ford, 2018). As shown in the Figure 5, taken from a live data analytics inventory dashboard, the inventory is split into three categories; Just in Case; Support; and Consumables.
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[bookmark: _Ref509681][bookmark: _Toc7189089]Figure 5: BEP Non-production inventory data analytics (Ford 2018)


Seventy percent of all non-production inventory is for Just in case purposes items such as motors, drives and pumps with over 4.9 million of these items being brand new and over 6 years old. 15% of the plants non-production inventory is for Support purposes such as software package keys, tools, toolboxes etc. and only 5% is for consumables such as oil, petrol, pens, paper, ink cartridges, paper towels etc. Stored items only affect the company’s yearly budget when they are removed from the non-production stores. Unfortunately, order request parts that are stored outside the stores directly impact the budget and have no tracking system. The EED requisition large quantities of order request items and store them within the many satellite stores on a Just in case premise.
Items within the non-production stores are requisitioned via the Intranet (internal internet) through the Ford global ‘Maximo’ software package. Shop floor personnel can utilise the package to check inventory and asset levels, product costs, order dates, work task progress and also requisition parts from the non-production stores. The software package is in its infancy, is very problematic when searching for parts and appears very protracted compared to its predecessor.
[bookmark: _Toc7188784]1.7	Project Charter

To appreciate the inherent problems within the EED a project charter was developed as a means to control and manage the project, in the hope of continuous focus over the projects life span. The charter clearly defines the requirement and business case for the project, setting out clear goals and objectives to address the initial concerns (Keller 2011). 
[bookmark: _Toc7188785]1.7.1	Problem Statement

Keller 2011, suggests the problem Statement summarizes the problems to be addressed, which in the case of the estates electrical department is daily efficiencies. The EED job efficiency was progressively getting worse with over 50% of their time being taken up sourcing or waiting for ordered inventory. Poor working practices over time have contributed towards this with poor planning, inventory control and thus the creation of satellite stores being at the heart of the issue. Thousands of pounds of untraceable inventory stored for a ‘just in case’ purpose, are housed within these stores, which are not automatically regulated, stock checked and have no balance control or reorder points implemented. This lack of inventory management, has impacted daily fault rectification tasks and Installations, which have been undertaken by the EED to supply power to the new machines on the Dragon Engine line. It was observed that work was consistently behind schedule creating a knock-on effect of delays for the external contractors. These delays could incur indirect costs, for contract technicians working to critical deadlines, lost opportunity of machining or assembly lines or more importantly effecting the job one delivery deadline of the Dragon Assembly/Machining lines. Ford BEP’s customer vehicle assembly plants, would have placed orders for required engines, if the subsequent delays effect the engine delivery, then not only will BEP’s reputation as a supplier be under review, but charges will be incurred due to late on-time delivery (OTD). The approximate cost of lost opportunity for an assembly line within BEP is £98,000.00 per hour (FORD-finance, 2019).



[bookmark: _Toc7188786]1.7.2	Goal Statement

The goal is to ensure the EED have an effective work practice where inventory is readily available and any surplus is either returned to a single designated warehouse area or a more effective derequisitioning procedure is adopted to return items to non-production stores. For any excess order request items, discontinued critical spares etc. that cannot be returned to the non-production stores, a stores log of all stored parts for ease of accessibility is essential and set a working practice for planning projects and dealing with excess inventory. Change management will be key in ensuring all involved adopt the new practices to eliminate waste and improve department efficiency.
[bookmark: _Toc7188787]1.7.3	Voice of the Customer (VOC)

Ensure lean principles are adhered to in all working practices from planning of installations, ordering of parts, derequisitioning of unused inventory, all of which will achieve ‘Net cost savings’ and improved ‘On time delivery’ of projects.






[bookmark: _Toc1294373][bookmark: _Toc7188788]1.7.4	Project Team – Roles and Responsibilities
To ensure the project is a success, a Team structure was devised, Figure 6, setting all relevant personnel that would have input and help achieve the set goals. The project champion, the author, investigated and researched all characteristics of the EED’s working practices and how inventory utilisation was carried out. The project team was formed by Combining the interaction and knowledge drawn from Mike Davies and Chris Richards, the two manager’s intervention to guarantee that any alterations to working practices were achievable and help from Phil Holmes and the members of the EED.  
Reece Adams
Non-production Area Manager
Mark Thomas
Manufacturing & Plant Engineering Manager
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Chris Richards
Estates Maintenance Engineer
Phil Holmes
Non-production Supervisor
[bookmark: _Ref515707][bookmark: _Toc7189090]Figure 6: Project Team structure (Ford 2019)
Estates Electrical Department
11 Members





Rikki Thomas
Project Champion
Mike Davies
Non-production Stores resource Engineer

[bookmark: _Toc7188790]1.7.5	Critical to Quality (CTQ)
CTQ’s are the internal critical to quality parameters that relate to the want and needs of the customer ensuring what is important in terms of quality of the process (Taghizadegan, 2014). The subsequent CTQ’s are relevant for the roles of the EED and the process undertaken when completing jobs.
· Ease of inventory ordering from production stores
· Detailed up to date list of EED stores inventory
· Improve planning skills to prevent over ordering of inventory
· Correct de-requisitioning procedure adopted
[bookmark: _Toc7188791]1.7.6	Key Metrics
The following metrics are of key interest within this project in the endeavour of improving them to create a leaner department with less aspects of waste.  
· Direct Cost Savings 
· Indirect Cost Savings
· On time delivery (OTD)
· Order lead time (Time to order OR parts)
· Mean Time to Repair (MTTR)
[bookmark: _Toc7188792]1.7.7	Project Scope
To safeguard the project and deliver achievable targets, a set of goals were documented as part of the project scope, and include:
· Develop a working practice on how to plan jobs to minimise the ordering of excess inventory
· Organise and catalogue existing inventory held by the EED
· De-requisition parts back into the production stores
· Locate and design a warehouse to store EED inventory
· Set max and min levels for inventory by analysing demand
· Work with management to ensure inventory control is adhered to




[bookmark: _Toc7188793]1.7.8	Risks or Issues
In conjunction with the project scope a secondary list of fundamental risks/issues that could hinder or limit progress were collated, for awareness purposes and to highlight points that could require extra attention. 
· Lack of funding
· Changing people’s working practices
· Getting people to adopt and continue with new structure
· Time to collate all inventory and produce new warehouse

[bookmark: _Toc7188794]1.8	Project Aims and Objectives
Breach 2009, stated that on conclusion of a project charter and a scope to which the project will be directed, a clear set of aims and objectives should be derived. The success of the project could then be evaluated through the accomplishments of attaining such goals.
The Aim of the project would be to increase the efficiency of the Estates Electrical Department by improving the inventory channels required to achieve On-time delivery (OTD) of installations and other such electrical work.
The Objectives are to:
· Identify the Estates electrical departments stored inventory levels, their baseline statistics for efficiency and the correlation between them.
· Research six sigma methodologies and Inventory control strategies that could be utilised to improve Estates Electrical Department process efficiency. 
· Analyse the Inventory levels in terms of quantities and cost that the estates department control and the time studies to identify waste.
· Implement inventory management protocols and standardised working practices to improve the estates departments efficiency by removing wasteful activities.
· Ensure process control with change management techniques being utilised.
[bookmark: _Toc7188795]1.9	Process Flow Map
The following process flow map has been created to give a visual representation of how the EED’s daily installation process is carried out, and highlight any areas of potential inefficiency. This could be utilised within the measure stage to decide on possible means of study and data collection.
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[bookmark: _Toc7188796]1.10	DMAIC Methodology

To add structure to the project the utilisation of the DMAIC six sigma problem solving methodology was adopted. DMAIC was defined by R Shankar in 2009 as “A data-driven improvement cycle used for improving, optimizing and stabilizing business processes and designs”
Fords are advocates of Lean and Six Sigma methodologies and integrate them throughout the company as part of the ford production system with the DMAIC process being highly utilised. DMAIC consists of 5 interconnected phases which are Define, Measure, Analyse, Improve and Control.

[image: Lean Six Sigma - GoLeanSixSigma.com]

		
These five basic stages will be the core foundations for the project, creating structure and guidance to ensure success by improving all aspects of efficiency within the Estates electrical department’s daily functions
0 | Page
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[bookmark: _Toc7188797]1.11	Timing Plan

		
To aid the projects progress and help in achieving set goals a Gantt timing chart, Figure 7, was produced indicating the time frames allotted to each stage. The project was progressed with a very tight budget, therefore existing assets would be utilised rather than purchasing any new resources that were required. 
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According to Baker 2016, a literature review is a search and evaluation of the available literature in your given subject or chosen topic area. It documents the state of the art with respect to the subject or topic you are writing about, indicating an in-depth grasp and understanding of how the authors own research fits in with the subject. This literature review will survey the literature concerning Inventory, types of inventory management, ABC categorisation of inventory, supply chain management, quality tools used for analysis and implementation and management of change methods.
[bookmark: _Toc7188800]2.1	Inventory and why it is needed?

Inventory could be conceived as a company's goods on hand, which is often a significant current asset. Inventory serves as a buffer between a company's sales of goods and its production or purchase of goods. Companies strive to find the proper amount of inventory to avoid lost sales, disruptions in production, high holding costs, etc.  Manufacturers usually have the following categories of inventories: raw materials, work-in-process, finished goods, and manufacturing supplies. (Muller, 2011). 
[bookmark: _Toc7188801]2.1.1	Inventory a Brief History

Waters 1992, suggests that for most of history, stocks or inventory were deemed beneficial and effectively considered a measure of wealth. Informal approaches to inventory control can be traced back in history where shortages of food would be stock piled to counter the onset of famine, with the wealthier contingent holding the largest stocks and gaining the more chances of survival. This continued when inventories became associated with physical goods with the aim of maximising holdings for wealth. Thomas Pappillon, (1677), a well-known merchant, suggested, “The stock of riches of the kingdom doth not only consist of our money, but also in our commodities and ships for trade and magazines furnished with all necessary materials.”
This was sensible in time when production and distribution was uncertain, however, during the 19th and 20th centuries when a more stable monetary system was developed and trading became guaranteed, stock holding became considered an expensive commodity. Abramovitz 1950, advocated that the downturn of businesses could be precipitated by the over production and thus over accumulation of stock. This awareness that excess inventory holding was expensive, spawned numerous scientific inventory control ideas. Sophisticated mathematical inventory control models, such as the ‘Just in Time’ system were flexible in their approach, allowing stock levels to be controlled on an individual basis and with low levels of held stock. 
[bookmark: _Toc7188802]2.1.2	The Purpose of Inventory

Ford’s BEP predominantly utilises Just in Time Inventory methodology where inventory is considered to be waste, however, there are industries where inventory plays an important role. Muller 2011, implies that obtaining and holding inventory could be beneficial for:
Predictability: Inventory could be utilised to buffer between what you require and what you process, by controlling raw material, parts and subassembly quantities through production scheduling and capacity planning.
Fluctuations in demand: A safety net of supply inventory can provide protection against fluctuating customer or production demand.
Unreliability of supply: Steady and reliable supply could be challenging to guarantee and inventory can create a buffer between unreliable suppliers or items that have become scarce.
Price protection and quantity discounts: Inflation could affect the cost of supplied items, however if products are purchased in bulk then price protection could be achieved.
Lower ordering costs: The use of blanket purchases, buying in bulk, combined with periodic release, where items are delivered periodically removing holding costs, can lower the item purchase price and create savings. 



[bookmark: _Toc7188803]2.1.3	Classification of Stock

Figure 8, shows the different classifications of stock and how it is organised within an organisation such as BEP. This classification could be somewhat subjective for other organisations as one companies finished product is another’s raw material. 

 

Finished Goods
Raw Materials
Work in Progress
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[bookmark: _Toc820200][bookmark: _Toc1294388][bookmark: _Toc1396256][bookmark: _Toc1461681][bookmark: _Toc3997612][bookmark: _Toc4320583][bookmark: _Toc4612844][bookmark: _Toc4709456][bookmark: _Toc5350058][bookmark: _Toc7188805]Consumables
Spare Parts

[bookmark: _Toc820201][bookmark: _Toc1294389][bookmark: _Toc1396257][bookmark: _Toc1461682][bookmark: _Toc3997613][bookmark: _Toc4320584][bookmark: _Toc4612845][bookmark: _Toc4709457][bookmark: _Toc5350059][bookmark: _Toc7188806][bookmark: _Ref810691][bookmark: _Toc7189092]Figure 8: Classification of Stock (Waters 1992)


Waters 1992, describes each type of stock as:
Raw Materials: are utilised to produce a finished article.
Work in Progress: are partially finished products that are some way through the production process awaiting the next operations. Work in progress parts may be subject to delays through bottlenecks, Jamming, breakdowns etc.
Finished goods: are the products that are ready for sale, which are ready for immediate dispatch to customers or held as buffer stock to protect against fluctuating demands.
Hees et al 1992, refers to the other stock classifications that are stocked for a functional position and include:
Consumables: are stocked items such as oil, paper, packing materials, and light bulbs etc. which aren’t directly involved with producing the finished goods but are required to facilitate a functioning organisation.
Spare Parts: these are items of stock that are required to ensure the machinery/device is in continuous service through replacement items or servicing parts.
[bookmark: _Toc4709458][bookmark: _Toc7188807]2.1.4	Obsolete Stock
Obsolete inventory is also referred to as dead inventory or excess inventory, and is a term that refers to inventory that is at the end of its product life cycle. This inventory has not been sold or used for a long period of time and is not expected to be sold in the future. This type of inventory has to be written down and can cause large losses for a company (Kenton 2018). A large amount of obsolete inventory is a warning sign for investors: it can be symptomatic of poor products, poor management forecasts of demand and/or poor inventory management. Looking at the amount of obsolete inventory a company creates will give investors an idea of how well the product is selling and how effective the company's inventory process is (Muller, 2011). Pay 2010, suggests that companies are searching for ways to return, sell, give away or even throw away obsolete inventory, so they can regain occupied warehouse space, better use the labour that may have to continually move it around and cut the costs associated with it being warehoused.

[bookmark: _Toc7188808]2.1.5	Obsolescence
Kennedy et al 2002, suggest, obsolescence refers to the deterioration of stock over time while held on the premise of ‘just in case’ situations. This inventory will still be new if ever utilised, however, due to the lifespan of certain features, materials or components used, some, or all of these features might have passed their ‘use by date’. For items such as pumps or motors for instance, the electrical components within could function as expected, however due to a long-stored life awaiting utilisation the seals may have perished and result in failure. One department within BEP which obsolescence of inventory could possibly be affect would be the estates area, where specific machines and equipment, such as the railway line, is 30-40 years old. With ‘just in case’ spares possibly sitting on a shelf for this period waiting utilisation the risk of obsolescence could be a factor. The cost implications of this occurring are vast, from the lost cost of the deteriorated part, finding and purchasing a new an effective replacement, possibly having to replace many other items to accommodate a current model item and then the cost of acquiring a spare of the new item just in case it fails in the future.        
Cobbaert et al, 1996 extend the EOQ model to analyse the risk of unexpected, direct obsolescence of spare parts inventory. They observed the effects of obsolescence on costs under several different conditions. These include a constant risk of obsolescence in a situation where no shortages are allowed; a situation where the risk of obsolescence can vary, but no shortages are allowed; and a situation where the risk of obsolescence varies, but some shortages are allowed. Their analysis determined that ignoring an obsolescence risk as small as 20 percent may result in an average cost increase as large as 15 percent.
[bookmark: _Toc7188809]2.2	Types of inventory and Supply Chain management

Due to the significant cost savings attached to inventory control it has been the subject of concentrated study since the industrialisation era. The managing of inventories of raw materials, work-in-progress and finished products has been of major importance since the 1950’s to enhance industrial organisations. Initiatives such as, Just in Time (JIT) developed by Taiichi Ohno in the 1960’s, which is a strategy of only receiving goods when required which decreases inventory costs, increases efficiency and decreases waste; Material requirements planning (MRP), Joseph Orlicky 1964 and MRPII, Oliver Wight 1983, are both different types of materials planning and inventory, the latter, an upgrade with more functionalities for optimizing production resources, all if applied correctly can bring about such improvements (Christou, 2011). There are two essential categories of Inventory management the ‘Independent demand inventory system’ and the ‘dependant demand inventory system’.
[bookmark: _Toc7188810]2.2.1 The Independent Demand Inventory System
Jawad et al 2014, suggest that the Independent demand inventory system concentrates on forecasting demand, cost and order size and relates them by using mathematical models. The most classic and fundamental of these could be the ‘Economic Order Quantity Model’ (EOQ) which develops, by use of certain assumptions an optimal order size.
2.2.1.1 Economic Order Quantity Model (EOQ)

Schwarz 2008, advocates that the Economic Order Quantity model considers the trade-off between ordering cost and storage cost in choosing the quantity to use in replenishing item inventories. A larger order-quantity reduces ordering frequency, and, hence ordering cost/ month, but requires holding a larger average inventory, which increases storage (holding) cost/month. On the other hand, a smaller order-quantity reduces average inventory but requires more frequent ordering and higher ordering cost/month. Jaber et al 2016, implies the EOQ developed by Harris (1913), is the earliest reported scientific handling of inventory systems and due to its simplistic mathematics, its popularity grew with fellow academicians, such as (Fulbright, 1979 and Osteryoung et al, 1986). Even, in recent years researchers such as (Drake and Marley, 2014 and Andriola et al, 2014) continue to revel in its simplistic nature. However, there are critics, such as, (Woosley, 1990), whom criticized the classical EOQ model and recommended business firms to be wary of it, due to disagreeing with the EOQ assumptions regarding constant price, demand and average quality quantity in stock (Jawad, 2014). 

To clearly understand the EOQ model, a consideration into how stock levels vary over time was explored and an example of a typical pattern can be seen in figure 9. At point A the delivery arrives and raises the stock level, demands are met and the stock level decreases. At point B an order is placed and is received at C, the general pattern continues, however on occasion some discrepancies occur due to heavy demand or late delivery and the stock runs out at E. The delivery will arrive late at F and shortages are indicated by negative stock levels. The pattern continues, however sometimes low demand or fast deliveries can arrive when stock is not required at point H possibly creating large amounts of stored inventory.

[image: image1.jpeg]
[bookmark: _Ref1036516][bookmark: _Toc7189093]Figure 9: Typical Pattern of Stock Level Over Time (Waters, 1992)

Unfortunately, this pattern is rather complicated and by making some assumptions and simplifying the analysis then the EOQ model could be utilised to find an optimal order quantity.  
These underlying assumptions for the EOQ model are essential, without these assumptions, the EOQ model cannot work to its optimal potential and consist of: 
· The cost of the ordering remains constant.
· The demand rate for the year is known and evenly spread throughout the year.
· The lead time is not fluctuating (lead time is the latency time it takes a process to initiate and complete).
· No cash or settlement discounts are available, and the purchase price is constant for every item.
· The optimal plan is calculated for only one product.
· There is no delay in the replenishment of the stock, and the order is delivered in the quantity that was demanded, i.e. in whole batch.
These assumptions are the key to the economic order quantity model, and these assumptions help the companies to understand the shortcomings they are incurring in the application of this model (Schwarz, 2008).
The EOQ is derived from the following function:
Total cost = purchase cost + ordering cost + holding cost
Also, according to Jawad et al 2014, the EOQ formula is:
[image: EOQ.png]
Where, 
Q = optimal order quantity 
D = units of annual demand 
S = reorder cost or setup
H = holding cost per unit 

By utilising EOQ formula it is known, that if the orders are placed at size Q the total cost per year will be minimised if the yearly demand stays the same. Any fluctuations in order size whether larger or smaller than the total cost will be higher (Waters, 1992). By reflecting on the typical pattern in Figure 9 and its assumptions that order quantities would vary over time, by calculating the value of Q, a revised pattern can now be derived to show a constant order quantity, figure 10.
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[bookmark: _Ref1044997][bookmark: _Toc7189094]Figure 10: Regular pattern of constant value of Q orders (Waters, 1992)

Having found the optimal order quantity there is now scope to find the optimal cycle length given in figure 10 as To, with To = Q/D. Therefore:
To = 
               (Optimal cycle Length) = To = 
Furthermore, there is the ability to calculate the Optimal cost per unit time (TC), however first there is a requirement to find the optimal variable cost (VC) before TC can be found. Therefore, knowing the unit cost (UC):
Optimal Variable Cost = VC =  
Optimal Total Cost = TC = 

To illustrate how TC varies with respect to Q a graph, Figure 10, was plotted with each cost component illustrated separately against Q. The Holding cost rises linearly with Q while the Reorder cost falls as Q increases and assumes the unit cost is considered fixed.  Therefore, this would hold weight by assuming that large high holding costs and low reorder costs are the result of large infrequent orders, but low holding costs and high reorder costs are the result of small frequent orders (Jaber et al 1999)
[image: See the source image]Unit Cost


[bookmark: _Toc7189095]Figure 11: Variation of Cost with Order Quantity (ResearchGate, 2015)

Therefore, the minimum value of Q occurs where the average annual ordering costs and average annual carrying/holding graphs cross which should concur with the result from the EOQ formula.
2.2.1.2 Limitations to the Economic Order Quantity Model (EOQ)

The EOQ model assumes steady demand of a business product and immediate availability of items to be re-stocked. It does not account for seasonal or economic fluctuations. It assumes fixed costs of inventory units, ordering charges and holding charges. This inventory model requires continuous monitoring of inventory levels. The effectiveness of the basic EOQ model is most limited by the assumption of a one-product business, and the formula does not allow for combining several different products in the same order.



[bookmark: _Toc7188811]2.2.2 The Dependent Demand Inventory System

Dependant demand Inventory systems utilises production plans to schedule demand of materials/stock rather than in the case of the independent demand system where demand is forecast. It can be a more useful tool when considering batch production and exploits the use of computer systems to collate all the data involved in the data plans. This system is referred to as a ‘Pull’ system, as stock is controlled by the actual demand required.
2.2.2.1 Material Requirements Planning (MRP)

According to, Mangan et al 2012, to ensure an organisations success it must plan for its future, with a hierarchy of complex decisions required structure plays an influential role. Figure 12, shows an example of a typical planning process and the individual levels involved. Strategic planning of demand and long-range forecasts ensure enough capacity is available, which then feeds into the aggregate plan which details groups of products for production. These in turn feed the Master production schedule which is utilised for short term scheduling of equipment and the material requirement planning.
Long Range Forecasts
Strategic Planning


Capacity Plans


Aggregate Planning


 Master Schedule


Short Term Scheduling
Material Requirement Planning



[bookmark: _Ref1119890][bookmark: _Toc7189096]Figure 12: Example Summary of a Planning Process (Mangan, et al 2012)

In the early 1960’s Joseph Orlicky, developed a concept of the right item, in the right quantity, at the right time and was known as ‘Material requirements planning’. The concept relied on computer systems to control the items that were ordered, the arrival time, and in what quantities. Within some manufacturing which adopt MRP should reside a ‘Master Production Schedule’ (MPS) which as it suggests, schedules what will be built, when and how many and a ‘Bill of Materials’ (BOM), which is basically the recipe of materials to build the product. The MRP will trigger production/assembly from work orders, pull materials from in-house stores through material plans and send suppliers purchase orders. MRP forms the structure of more advanced systems such as ‘Manufacturing Resource Planning’ (MRPII) and recently Enterprise Resource Planning (ERP) which involve business planning and control information systems. Both are software packages that go further than MRP by integrating finance, procurement, marketing and sales into the inventory management systems.   

[bookmark: _Toc7188812]2.2.3 	Supply Chain Inventory Management
2.2.3.1 Collaborative Planning, Forecasting and replenishment (CPFR)

As with natural progression all things must develop and improve as when MRPII superseded MRP and ERP did MRPII. ERP had a flaw and it was it did not span the entire supply chain and therefore prevents collaborative planning and control throughout all supply chain partners. CPFR however, Figure 13, through agreements in transparency, accurate and timely information sharing and visibility throughout the supply chain allows for both the supplier and the customer to be involved in the demand forecasting and inventory replenishment planning activities (Raj Kamalapur et al, 1984). There are different degrees of CPFR, basic, developed and advanced, all delivering greater scope than the previous from basic data exchanges to harmonised forecasting information. With progression to include product development, marketing plans, production planning etc. all seamlessly entwined to react to unpredictable market demand, possibly for instance, in the large leading supermarket sector.
[image: ]
[bookmark: _Ref1209972][bookmark: _Toc7189097]Figure 13:  Information shared and decisions made in the CPFR supply chain (Raj Kamalapur et al, 1984).

2.2.3.2 Vendor Managed Inventory (VMI)

VMI is much like CPFR and was originally known as the Continuous Replenishment Program (CRP) and was one of the earliest versions of VMI contracted between Wal-Mart (retailer) and Proctor & Gamble (manufacturer) in the 1980’s (Cooke 1998). According to Richards 2018, VMI is a single point of control for all inventory within the supply chain which enables the vendor to manage stock replenishment more efficiently. This form of inventory control limits demand fluctuations by having more visibility and transparency throughout the supply chain (Mangan et al, 2012). Figure 14, shows a typical VMI system. VMI systems could be utilised for use within a manufacturing organisation that is required to hold inventory of spare parts on a ‘Just in Case’ premise to insure uninterupted production lime operations. The vendor will manage all inventory and  decide through historical usage information quantities of which items to stock (Riachards 2018).
[image: ]
[bookmark: _Toc7189098]Figure 14: Information shared and decisions made in the VMI supply chain (Raj Kamalapur et al, 1984).

[bookmark: _Toc7188813]2.2.4	Vulnerability within the supply chain

Wagner et al, 2006, advocate supply chains comprised of possibly hundreds/thousands of company’s organisations with extreme complexity, could evidently suffer from certain types of risk. Supply chain vulnerability could be defined as ‘an exposure to serious disturbance, arising from risks within the supply chain as well as risks external to the supply chain’. Such supply chain risks result from a lack of visibility, lack of ‘ownership’, self-imposed ‘chaos’, just-in-time practices and inaccurate forecasts. Also, there are external risks such as disruptions caused by strikes, terrorism and natural catastrophes (Waters, 2011). Peck et al 2010, suggest whilst risk has always been present in the process of integrating supply with demand, there are a number of factors which have emerged in the last decade or so which might be considered to have increased the level of risk. These include:
· A focus on efficiency rather than effectiveness
· The globalisation of supply chains 
· Focussed factories and centralised distribution 
· The trend to outsourcing 
· Reduction of the supplier base 
· Volatility of demand 
· Lack of visibility and control procedures 
Considering the extensive size of the Ford Corporation it is a distinct possibility that it is affected by some if not all of these factors. 

[bookmark: _Toc7188814]2.2.5	Conclusions and relevance

By researching different types of inventory control and management systems gives a broader understanding of how Ford BEP operate and also how they may be applied within other organisations. This information was utilised to help determine whether the current inventory system within BEP non-production stores is a viable option for returning all stock or whether a more viable inventory control system is required. The EOQ system is a very simplistic system with a number of assumptions being made in order to formulate an ideal demand quantity of only one item (Schwarz, 2008). It could be a relatively cheap system to implement compared to one such as the CPFR which requires all systems within the supply chain to be technically compatible. However, the reliability of some assumptions which are rarely met, as suggested by (Jaber et al, 2004 and Woosley, 1990) and the need for companies to continually remove waste from their inventory systems could discount it in certain supply chains. For more complex overall supply chain inventory control such as CPFR and VMI, works by (Sari, 2008), suggest that the benefits of using CPFR are always higher than VMI however, only under certain conditions. It is believed that extra resources required for CPFR in certain situations, such as, inventory that requires a short lead time, could present VMI as the logical choice and possibly the reason why BEP are part of a VMI controlled supply chain. It could be surmised that for different types of inventory and their individual applications, thorough examinations of different inventory control should be explored to deduce the best fit for that organisation. For some companies holding more inventory with less deliveries is beneficial, but run the risk of obsolescence and excess storage costs, for others, the use of complex supply chains is advantageous still the risk of vulnerability within the supply chain could be of concern.  



[bookmark: _Toc7188815]2.3 	Quality tools

[bookmark: _Toc7188816]2.3.1	Pareto

This was devised by an Italian economist and sociologist Vilfredo Pareto, who developed a mathematical formula, the 80/20 rule, about the wealth distribution in his country (Pareto, 1897). The principle states that for many phenomena 80% of the output or consequences are produced by 20% of the input or causes (Dunford et al, 2014). Chen et al 1991, suggests there are numerous applications to which the Pareto rule can be applied including:
· 80% of delays in the schedule result from 20% of the possible causes of the delays.
· 20% of a systems defects cause 80% of its problems.
· 20% of your products and services account for 80% of your profit
· 20% of a company’s inventory will equate to 80% of the total cost 

[bookmark: _Toc7188817]2.3.2	ABC analysis

According to Ramanathan, 2004, ABC analysis used within inventory classification was one of the most broadly utilised techniques in organisations and is based on the Pareto principle. It provides a mechanism for identifying items that will have a significant impact on overall inventory cost, while also providing a mechanism for identifying different categories of stock that will require different policy settings and inventory control. The analysis is utilised to manage different stocked items or Stock Keeping Units (SKU) that are not of the same value and have different order frequencies (Kubasakova et al, 2015). The stock is organised into A, B and C categories which represent: 
Category A: items which are high demand and importance, which generally are fast moving items that are of low cost.
Category B: items which are of less importance than category A, however are important typically mid-range value and order frequency.
Category C: Low order items of less importance that are generally high cost items.


As stated, the ABC analysis is based on Pareto’s 80/20 rule, shown in Figure 15, of how the ABC categories fall in to the Pareto curve for a typical Inventory Management principle where companies see 80% of their sales from roughly 20% of their customers (Fritsch, 2014).
[image: ABC-Classification-Chart]
[bookmark: _Ref1292925][bookmark: _Toc7189099]Figure 15: ABC Classification & the Pareto Rule for Inventory Management (Fritsch, 2014)

Within the EED satellite stores after collating all items of stock and their numbers ABC analysis could be utilised to categorise the important items, in terms of the cost of parts of held, distinguishing between high cost items of low quantities and high-priced items of low quantities. Also, the reverse was categorised, such as items in terms of quantities of parts held. For each analysis the collated information will be transposed onto an excel spreadsheet for mathematical calculations to be executed, and the results compared to understand if they resemble the Pareto principle or not, and if not why? 


[bookmark: _Toc7188818]2.3.3	Failure Mode Effect Analysis (FMEA)

[image: ]Keller 2011, suggests that Failure Mode Effect Analysis (FMEA) is utilised to define high risk process activities and product features to determine if they will result in a failure and if the failure will occur without detection. Murphy’s Law suggests “if anything can go wrong, it will” and to contest this common ascription FMEA can aid in anticipating and solving problems/failures beforehand. FMEA has the potential to be a very powerful tool to achieve high reliability in products and processes, and when done well, it is remarkably effective. Yet in practice, FMEA does not always achieve the expected results, and can lose effectiveness (Carlson, 2012). The automotive industry uses the International Organization for Standardization Technical Specification (ISO/TS 16949:2009) as the quality standard for its suppliers. This standard specifies the precise quality system requirements for suppliers in the automotive sector. FMEA plays a central role in the implementation of this standard (ISO, 2009). 
Process FMEA, focuses improvements that can be adopted to minimise downtime, scrap and waste while ensuring it can be completed in a safe manner. This type of FMEA could be adopted to analyse and highlight failure modes in the daily working practices of the EED. FMEA uses a tabular method of presenting data, Figure 16, meaning the content of the analysis is visually displayed in a series of worksheet rows and columns. The circled numbers correspond with the following criteria:[bookmark: _Ref1298500][bookmark: _Toc7189100]Figure 16: Generic FMEA worksheet (Carlson, 2012)

1. Item - An “item” is the focus of the FMEA project.
2. Function - A “function” is what the item or process is intended to do, usually to a given standard of performance or requirement.
3. Failure - Mode A “failure mode” is the manner in which the item or operation potentially fails to meet or deliver the intended function and associated requirements.
4. Effect - An “effect” is the consequence of the failure on the system or end user.
5. Severity- “Severity” is a ranking number associated with the most serious effect for a given failure mode, based on the criteria from a severity scale.
6. Cause - A “cause” is the specific reason for the failure, preferably found by asking “why” until the root cause is determined.
7. Occurrence - “Occurrence” is a ranking number associated with the likelihood that the failure mode and its associated cause will be present in the item being analysed.
8. Controls - “Controls” are the methods or actions currently planned, or are already in place, to reduce or eliminate the risk associated with each potential cause.
9. Detection - “Detection” is a ranking number associated with the best control from the list of detection - type controls, based on the criteria from the detection scale.
10. Risk Priority Number - Risk Priority Number (RPN) is a numerical ranking of the risk of each potential failure mode/cause.
11. Recommended Actions - “Recommended actions” are the tasks recommended by the FMEA team to reduce or eliminate the risk associated with potential causes of failure.
[bookmark: _Toc7188819]2.3.4	5 S

5S is a lean six sigma tool which originates from Japan and is a workplace organization methodology that uses a list of five Japanese words which are seiri, seiton, seiso, seiketsu and shitsuke (Salunkhe et al, 2005). Translated into English they are:
· Sort the area removing any unwanted items from the workplace
· Set the area “a place for everything and everything in its place”
· Shine / Clean the area to improve visibility and motivate good habits of cleanliness
· Standardise the roles, responsibilities and expectations to maintain the first 3 steps 
· Sustain the process that has been established by changing the company culture
For inventory/spare parts management the 5S methodology could be effective by organising the workspace to improve efficiency in locating required parts, maintaining the area and sustaining a new order of conduct.

[bookmark: _Toc7188820]2.3.5 	Conclusion and Relevance

Utilising these quality tools could highlight issues within the EED’s daily routines, working practices and inventory management that are currently creating waste and inefficiency. Pareto principle utilised through ABC analysis could give indications of the cost of stock held within the EED’s satellite stores. This together with the usage and demand of the items could indicate whether further investigation into max and min levels and reorder points within the non-production stores need to be revisited. FMEA could establish any underperformances in the EED’s working practices and help achieve a more efficient solution. Finally, 5S methodology could be utilised within a warehouse facility required to house aging just in case estate inventory ensuring efficient means of locating individual items.    



[bookmark: _Toc7188821]2.4	Management and culture change

Change management refers to the constantly progressing organisational change within teams and organisations. It is the structured approach to manage a desired move from a current state to an improved future one so an organisation can advance or benefit. With a desire to change brings a resistance to change and thus a necessity for it to be managed so it may be controlled so the business can benefit (Mullins, 2011). There are many models of change management, with two tried and tested models which are utilised still, ‘Lewin’s change management’ and ‘Kotter’s 8-step change model’.
[bookmark: _Toc7188822]2.4.1	Lewin’s change management model

In the 1940’s Kurt Lewin developed a simple yet effective structure for change management referred to as ‘Lewin's three step model’. The model encompasses three distinct steps that include ‘unfreezing’, ‘change’ and ‘refreezing’ which provide structure to change, providing guidance to effectively show people the benefits (Cummings et al 2016). 
Unfreeze – the first of the three stages is to unfreeze well-established beliefs and current process in preparation for the impending changes. This helps enlighten the group/team of the benefits of change and motivate them for cooperation.
Change – The second stage is to implement the change effectively through clear communication throughout and continued constant motivation to unfreeze the previous routines and execute the new strategies.
Refreeze – when the people, structure and change strategy appears to be adopted and functioning correctly through ongoing communication and feedback it’s time to ‘Freeze’ lock the new process into place (Rosch, 2002). 
[image: Lewin's Model]
[bookmark: _Toc7189101]Figure 17: Lewin’s 3-Step Change Model (Lucidchart, 2018)
[bookmark: _Toc7188823]2.4.2	Kotter’s 8-step change model

Wheeler et al, 2017 suggests, that John Kotter’s 8 step change model builds on the work of Lewin and was detailed in John Kotter’s book ‘Leading Change’. It advocates that all 8-steps are a necessity in facilitating a structured and successful change process and if one is neglected the whole initiative could fail. As with most businesses that go through change, it is important to know the different stages ensuring it becomes easy to analyse, evaluate and do any necessary amendments required, based on the transformation that takes place within a company (Seijts et al, 2018). Kotter’s change management process helps turn possibly resistant individuals into receptive participants through trust, transparency, and teamwork. By identifying the end goal, employing everyone’s involvement, and executing the impending changes together (Vogelzang, 2016).

[image: Image result for Kotterâ��s 8-step change model]
[bookmark: _Toc7189102]Figure 18: Kotter's 8-Steps to change (Vogelzang, 2016)




[bookmark: _Toc7188824]2.4.3	Conclusion and Relevance

As with any change structure and planning could be the deciding factor over whether it succeeds or fails. By applying one or both models of change management to the EED’s daily routines could help facilitate a change that could remove waste and improve efficiency within the department. Many of the EED’s working practices have been handed down over the years with no direct interference from overseeing managers. The Electricians within the department are deemed highly proficient at their tasks, consequently, no one has been inquisitive into the management of Inventory within the department and the formation of the many satellite stores.   






[bookmark: _Toc7188825]CHAPTER 3: Data Collection
[image: ]
Measure 


[bookmark: _Toc7188826]3.1	Measure Phase

The measure phase is effectively the collection of data from a certain process, which may be examined to give further understanding and highlight any deviations or wasteful activities. Issues within the process, can then be analysed within the next stage in order to find the root cause of the problem and make recommendations for corrective actions. After detection of such a problem, the measure stage, focuses more on the quantification of these problems and to be able to collect data in order to obtain figures, statistics and trends. It is therefore essential to gather information on the current situation of the processes, in order to determine the degree of distance from the new objectives and also to obtain a baseline which can be utilised throughout of the DMAIC approach. 

[bookmark: _Toc7188827]3.2	Data Collection 

Quantitative data is a measure of variables in terms of values or counts that are in numerical form. There are two types of quantitative data, discrete data is that which cannot be further broken down, and has a finite number of measurements that are based on counts, and continuous data which can be broken down further and is obtained from measuring (Burns et al, 2014). Both are utilised within the measure stage in terms of, numerical quantities of inventory (discrete) that reside in the six satellite stores locations, and the time it takes to complete (continuous) individual activities within the EED’s daily routines. The data collection strategy was established through a ‘Data Collection Plan’, figure 19, which provides an established approach, to collect baseline data and data that could highlight root causes. The data plan ensures that everyone involved has a clear direction in which to gather the information, ensuring the data that is collected, is complete, realistic and accurate. It involves:
· The measurements that need to be recorded
· The process through which the measurement is calculated
· The kind of measurement metric that needs to be used in the process
· The mention of whether the data is discrete or continuous
· The mention of the type of sampling methodology used to collect data
· The frequency at which the data needs to be collected
· The person/machinery responsible to collect the data



3.2.1	Initial Data Plan

[image: ]
[bookmark: _Toc7189103]Figure 19: Data Collection Plan

		3.2.2	 Data Plan (Revision 1)

[image: ]
[bookmark: _Toc7189104]Figure 20: Data Plan (Revision 1)


3.2.3	 Data Plan (Revision 2)

[image: ]
[bookmark: _Toc7189105]Figure 21: Data Plan (Revision 2)
[bookmark: _GoBack]


The discrete inventory data was collected over the course of two weeks with an inventory manifest created for each of the six locations, itemising all parts and their quantities. For each of the items, individual costs were sourced through the non-production stores database and where applicable their yearly demand. This baseline data could be utilised to analyse total costings of untraceable inventory and help segregate the items in terms of demand and their importance within the company. To ensure data reliability, team members from the estates electrical department were allocated to assist in the counting and double check the counts  
The initial continuous data collection, the time studies of the EED’s practices, was conducted by the project champion with the use of a stop watch and recording pad. Four typical working practices were chosen, a machine breakdown, midweek installation, weekend installation and a major installation. Each individual aspect of the process was timed and documented from planning the project, to travelling from point A to point B and searching for parts. The results from these initial time studies highlighted a clear segregation of allocated time within the EED’s daily routines. These segregations were organising time (planning), searching time (for parts), travelling time, actual working time and delay time (order lead time). It was observed from the findings that the time required to travel to search for parts, the actual time it took to search for the parts and the delays involved in waiting for order request items to be delivered were excessive. Thus, the data plan was revised, figure 20 and the time studies would continue for a length of six weeks. Each shift taking on the responsibility of timing and recording the data to show the extent of time to search for parts, the time spent travelling between the six locations and delays incurred through extended order lead times of order request items. George et al 2005, propose for data to be considered repeatable when taken under identical circumstances and reproducible if another person can achieve the same results under the same circumstances, with no variation from the true value. With the variety of personnel that will start and stop the timer the data there will be slight discrepancy in the results, however for the sake of the project this is an acceptable bias of variation due to the long periods of time recorded. 
George et al 2005, advocate that it is important for the scope of the data being studied to be large enough to ensure that; at least 80% of the process variation would be covered, within the timeframe. The longer the time period studied; the greater chance there is that, all the variation, has been included. A short period of data collection would be seen as, a day or a week; and a long period would be, months or even years. From this perspective, the data plan was revised a second time and the study was continued to acquire four months of substantial data that can be analysed within the next stage.   











[bookmark: _Toc7188829]CHAPTER 4: Estates Electrical Department Inventory
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[bookmark: _Toc7188830]4.1	Satellite Stores

During the EED’s daily routines whether it involves installation projects or fault rectification work, searching for spare parts has long been a contentious subject and equates to a large portion of the wasted time. Long standing procedures and practices have been passed down over time without any challenge or criticism from management. However, with the impending decline in petrol engines and the necessity for efficient working processes and practices all departments procedures within BEP are to be scrutinised to remove waste.  
[image: ]The layout shown in Figure 22, is of Bridgend engine plant and all the different areas. The red circle indicators are of all the satellite stores that have been formed over the years.3 
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[bookmark: _Ref1380319][bookmark: _Toc7189106]Figure 22: BEP Satellite Store Locations



[bookmark: _Toc7188831]4.1.1	Location 1 - Electrical workshops
The estates department indicated by 1 in figure 19, is the main electrical workshop and from where work is commenced, housing all tools, ladders, testing apparatus and small inventory items (which are stored to buffer between requisitioning items from the non-production stores). These items are stored within a multi-draw cabinet, with some basic identification stickers for locating items, however over time they have become miscellaneous with no organisation.
[image: C:\Users\RTHOMA81\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_0409.JPG][image: C:\Users\RTHOMA81\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_0408.JPG]
[bookmark: _Toc7189107]Figure 23: EED Workshop Spares (Ford, 2019)
   
[image: C:\Users\RTHOMA81\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_0411.JPG]This system of storing spare parts has no stock level control (max & min levels), reorder points or means of searching stock levels other than hunting through the draws for items. Essentially the idea of having items within close proximity may have some positive relevance, however, due to the poor inventory management time is wasted rifling through the individual draws. The workshop area is a non-secure facility with opportunities for unauthorised persons to remove stock, the multi-draw cabinet include locking capability, however, it is rarely used. Travelling time is not a consideration in this location due to the immediate locality within the electrical workshops. 


4.1.1.1 	ABC Analysis in Terms of Cost for the EED Workshops Stock
[bookmark: _Ref2949198][bookmark: _Toc7189142]Table 1: ABC Analysis in Terms of Cost of EED workshop Inventory

[image: ]Table 1, is an ABC analysis in terms of cost, of the stock that resides within the EED workshop area. The classification boundaries were set at:
A – above 5% of the total cost
B – above 1 % but below 5 % of the total cost
C - below 1 % of the total cost
These results do not typically resemble the Pareto characteristics described by (Fritsch, 2014), where 20% of the stock will equate to 80% of the total cost, figure 21, a Pareto chart representation of table 1, shows that in this instance a little less than 50 percent of items equate 80 percent of the total cost. The reason for this could be, that all items in this location are small in dimensions, due to the compartment size and are mostly of low individual cost. 

[bookmark: _Toc7189108]Figure 24: Pareto Chart of Total cost of Inventory in the EED Workshop

However, the top four items of ‘A classification’, could be of importance due to their higher costs and require further investigation into their yearly demand. This may determine, whether these items are the result of mass ordering and are suffering obsolescence by remaining outside of the non-production stores or, are high demand items which at some point the EED have decided require large stock buffers to protect production from excessive downtime. 


4.1.1.2 	ABC Analysis in Terms of Demand for the EED Workshops Stock

[image: ]
[bookmark: _Ref2949142][bookmark: _Toc7189143]Table 2: ABC Analysis in Terms of Demand of EED workshop Inventory

Table 2, shows the ABC analysis for demand and the Classifications were divided up as follows:
A - Demand above 10 units per year
B - Demand above 1 but below 10 units per year
C - Demand below 1 unit per year (demand shown in Table 2, is for 2018 only, items might have been utilised in previous years) 
Nine of the top ten ‘A’ classified items, shown in Table 2, were either found within the ‘B’ or ‘C’ classifications within the ABC analysis in terms of cost since they are low cost items. Their high demand however shows that these items are valuable to the business and require close monitoring to ensure that stock is available, this could explain the large amounts of stock within the EED workshop. By depicting the results with a Pareto Chart, Figure 25, it shows that 80 percent of the total demand/usage of items within this location only comes from approximately 25 percent of the total items, which would agree with Pareto’s 80/20 Principle.  

[bookmark: _Ref3014302][bookmark: _Toc7189109]Figure 25: Pareto Chart of the Demand of EED workshop Inventory

Questions could be asked, if demand is high for these items, what are the max and min levels in the non-production stores that has prompted the EED to keep such great amounts outside of it? When are the reorder points set? Is there sufficient supply for the demand? Which Inventory control model is being utilised? Due to the sporadic usage of many of the items used by the EED, utilising the EOQ model described by (Jawad et al, 2014) for the majority of items would not be appropriate as a steady demand cannot be guaranteed, which would underpin the arguments of (Woosley, 1990) about the flaws in the EOQ model and its assumptions. As BEP utilise a VMI system it is unclear at this point who sets and monitors stock level control against demand and indicates a possible vulnerability in the supply chain. 

Table 2 (ABC Analysis of demand), clearly shows a different outcome to Table 1 (ABC Analysis of cost), in terms of item importance within the ‘A classification’ area, with only the 100 Amp fuses being concurrent in both. The fuse demand in 2018, was 12 units per year, as shown in Table 2, through further research the demand was, 16 units per year in 2017 and 18 units per year in 2016. This could suggest a reason why there were large quantities of stock held (30 units) within the EED workshop, as they are frequently utilised items. However, by scrutinising the yearly usage, demand is shown to be decreasing year on year, with possible maintenance protocols being deployed to prevent these fuses from being required, or machines which utilise these fuses, no longer operating due to the downscale of BEP’s operations.
Possible Net cost savings for 100 Amp fuses with assumptions:
100 Amp fuses in non-production stores = 10 units x £4.40 = £44
100 Amp Fuses in EED stores = 30 units x £4.40 = £132
If trend drops usage to 10 units per year; there is 4 years of stock (40 units x £4.40 =£176)
But, what if the 30 units were never discovered, due to them being untraceable? Then 3 new reorders will be required 3 x (10 units x £4.40) = £132
Therefore, new total would be £176 (stock in plant) + £132 (new reorders) = £308
Net cost saving if fuses were all traceable items would be £132 as no new reorders would be triggered in the next 4 years.  
The 240volt coils for the lighting panels (8 x £23 = £184), heater control card (1 x £89) and 23-32 Amp magnetic integral overload (1 x £96) which are classified as ‘A’ for importance in Table 1 due the cost implications, are deemed class ‘C’ within Table 2 since the demand in 2018 was zero. Holding these items which have had no demand over the previous year outside of the non-production stores will prevent other departments from sourcing them if required in the future and incur some degree of obsolescence. Additionally, the longer the demand is low and the less frequently used the easier they can be forgotten.
Possible Net cost savings if all these items were traceable and not overlooked:
£184 + £89 + £96 = £369 of inventory that at present has no traceability  




[bookmark: _Toc7188832]4.1.2	Location 2 – Jaguar Tunnel
The Jaguar tunnel is an underground basement used to house the old and current coolant systems from the previous jaguar machining operations, and the now current AJ133 cylinder head machining lines. With a vast amount of the coolant systems having been removed, the extra space was utilised as a warehousing area to house inventory. Primarily for excessive ordered items from installation projects and also reusable items such as Tap-off boxes (an electrical fused box used to spur off the 415volt bus-bars that span the entire plant). There are no means of stock control or level checking and reorder points for items found in the tunnel will only be applicable if the item is stocked and controlled via the non-production stores. The tunnel is a non-secure facility which is unmanned and would not be suitable for an inventory warehouse where inventory management could be deployed effectively. The tunnel is entered via an outside ramp that leads you down underground and takes approximately 5 minutes by buggy and potentially 10 minutes on foot from the EED workshop, location 1. 
4.1.2.1 	ABC Analysis in Terms of Cost for the Jaguar Tunnel
[image: ]

[bookmark: _Ref2949538][bookmark: _Toc7189144]Table 3: ABC Analysis in Terms of Cost for the Jaguar Tunnel
Table 3, shows the ABC analysis for inventory held within the jaguar tunnel storage area in terms of cost and the classifications were divided as
A – Total cost £600 or greater
B – Total cost £200 to £600
C – Total cost less than £200
In terms of cost the Tap-off boxes are the most prominent inventory in this location, they are reusable items which will observe signs of wear and thus their real cost is difficult to calculate. They have no allocation within the non-production stores, thus have no quantity or location tracking and more importantly have no means, at present, to track their demand or usage data. Time is lost repeatedly sourcing the correct tap-off box suitable for different applications throughout the plant, and furthermore each box requires testing and cleaning before use.   
4.1.2.2 	ABC Analysis in Terms of Demand for the Jaguar Tunnel
[image: ][bookmark: _Ref2951179][bookmark: _Toc7189145]Table 4: ABC Analysis in Terms of Demand for the Jaguar Tunnel


As stated, the Tap-off boxes have no means of tracking demand at present so have been omitted from Table 4, which shows the ABC analysis in terms of demand for the remainder of the items in this location. The classification boundaries are:
A – Greater than 100 units per year
B – Less than 100 but greater than 20 units per year
C – Less than 20 units per year 
It can be observed within table 4 that the two ‘A’ Classified items are steel wire armoured cable, equating to over 90% of the overall demand. These items are of great importance for the EED as they are frequently utilised as is the lengths of tray work used to support it, again there is no tracking of these amounts of inventory in this location. The main sub-station and the chip-prep area are duplicate storage locations for these items, going some way to prove how unorganised and inefficient the satellite stores are. The question why they were not all kept together, could possibly reside with engineers ordering excess quantities for utilisation within past projects and the discarding them in this quiet unmonitored location, ‘out of sight out of mind’. 
[bookmark: _Toc7188833]4.1.3	Location 3 – X20 Store Room  
[image: ]X20 is the location of Sigma assemblies ground accessed sub-station (the majority of all sub-stations except the main incomer are located on the roof of the plant), the store room is situated inside the building at the rear. The store room has been used to house a selection of Tap-off boxes awaiting utilisation for future installations. The current state is inefficient and unorganised, with no identification facility in place thus no means of stock control or stock level checking. Reorder points are not applicable as they are reusable items. X20 is takes approximately 3-4 minutes by buggy and 8 minutes on foot from the EED workshop   location 1. 
[bookmark: _Ref2954059][bookmark: _Toc7189146]Table 5: ABC Analysis in terms of Cost for inventory within the X20 Store room

Table 5, shows the ABC Analysis in terms of cost for the X20 Store room, this location only houses Tap-off boxes however, the room is disorganised, has no identification labelling or stock manifest to indicate levels of inventory and location. There is racking for storage which could be utilised to its full potential by implementing some ‘5S techniques’ described within the literature review. Tap-off boxes have no allocation within the non-production stores, thus have no quantity or location tracking and more importantly have no means, at present to track their demand or usage data.  
   




[bookmark: _Toc7188834]4.1.4	Location 4 – Chip Prep
The Chip Prep area is where all the waste metal swarf from the machining lines is collected, sorted and loaded for recycling. Within resides a large caged area which has been utilised for storing order request items such as galvanised conduit, trunking, cable trays, unistrut, distribution boards etc. These items are either excess stock remaining from previous installations or order request items with no allocation within the non-production stores. These items are stocked as a buffer, just in case a ‘work order’ is submitted for an urgent installation to be completed immediately. There are no means of stock control, other than the EED placing an order to replenish dwindling stock, the only means of checking the levels is visually and there is no reorder point due to it being order request. There is however, always a certain amount of each of these items stored in the chip prep area at all times and a continuous demand for these items. Which could pose the question would these items be better off relocated to the non-production stores for greater control over them? Chip prep takes approximately 5 minutes by buggy and 9 minutes on foot from location 1. 

4.1.4.1 ABC Analysis in Terms of Cost for the Inventory in the Chip Prep Area

Table 6 shows the ABC Analysis in terms of cost for the Chip Prep area with the Classifications boundaries set at:
A – Greater than £300 total cost
B – Lower than £300 but greater than £60 total cost
C – Lower than £60 total cost
The three ‘A ‘classified items equate to approximately 50 percent of the total cost for this location highlighting their importance in terms of scrutiny. Do these items need to be outside of the non-production stores? Items with great monetary value could be essential ‘Just in case’ items and thus would benefit from location and amount tracking, in the event they are required as an immediate replacement. These items while outside of the non-production stores have no tracking facility.
[image: ]
[bookmark: _Toc7189147]Table 6: ABC Analysis in terms of Cost for the Inventory in the Chip Prep area

The Pareto Chart, Figure 26 depicts the information gathered within table 6 of the total cost of items within the Chip Prep area and shows that approximately 70 percent of the total cost comes from 20 percent of the total items. It highlights the top four items as high cost electrical items, with the Air Handling Unit (AHU) Motor costing £2000 for one unit. 
Each of these four items has a non-production stores allocation, however now they are stored outside of this, they become untraceable and depending on the maximum and minimum levels, more items will be procured from the supply chain to replace them. Is this efficient? If more items are required through greater demand should not the levels of storage be altered to mimic this demand? This again, could show indications of vulnerability within the supply chain in which BEP is within. [bookmark: _Ref3017144][bookmark: _Toc7189110]Figure 26: Pareto Chart of Cost for the Inventory in the Chip Prep Area

Through research it was found that the motor was requisitioned as a replacement, though was never utilised and thus stored within the satellite stores rather than derequisitioned through the correct channels back into the non-production stores. The maximum level in plant is 1 unit and thus when it was removed an automatic replacement was ordered through the supply chain. There now resides two AHU Motors on site with the demand over the last 5 years only being one, doubling the inventory level from £2000 to £4000 with little demand. This item in particular could suffer from obsolescence over time with possible seal deterioration being a major factor. 
Net cost saving had the motor been traceable = £2000.00      
4.1.4.2 ABC Analysis in Terms of Demand for the Inventory in the Chip Prep Area
[image: ]
[bookmark: _Ref3020534][bookmark: _Toc7189148]Table 7: ABC Analysis in terms of Demand for the Inventory in the Chip Prep area

Table 7, shows the ABC Analysis in terms of demand for the Chip Prep area with the Classification boundaries being set to:
A – 300 units and greater per year
B – Lesser than 300 units but greater than 50 units per year
C – Lesser than or equal to 50 units per year
The majority of items within the important ‘A classified’ area are amounts of cable, some are complete rolls which have not been derequisitioned into the non-production stores, others are part rolls with estimated amounts collated for this project. These cables all have non-production stores allocations, which inevitably will be replenished due to these not being replaced, for cables however, demand is high and in most cases these items will be utilised. However, there is no tracking for these additional amounts and only persons within the EED are likely to know of their existence, presenting a problem if other departments were in need of such cables. If supply issues were present within the supply chain and non-production stores levels were zero, the unknown quantity of cable in the satellite stores would be inaccessible in the event of an emergency. The resultant could be lengthy downtime, effecting production schedules and possibly overtime costs to regain schedule.
Figure 27, is the Pareto chart representation of the collated data in Table 7, which approximately shows that 25 percent of the items in this area equate to 70 percent of the total demand and as stated the majority are cable reels. 

[bookmark: _Toc7188835]4.1.5	Location 5 – Boiler House / Pump House[bookmark: _Ref3022883][bookmark: _Ref3022859][bookmark: _Toc7189111]Figure 27: Pareto Chart for Demand in the Chip Prep Area


The Boiler and Pump House buildings are where the high-pressure hot water boilers are situated for heating the plant and the Main compressors to supply the plant with compressed air. Located within the building is a long narrow store room that was utilised a satellite store room for housing long lengths of lighting bus-bar, main 415volt bus-bars and large section conduit and trunking. The bus-bar items are possibly extra ordered quantities sometime in the past, and the conduit and trunking are order request items stocked on a just in case premise to buffer in case of urgent requirements. There are no means of tracking stock levels, inventory management or reorder points, other than visually and manually ordering. The boiler and pump house take approximately 6 minutes by buggy and 11-12 minutes on foot from location 1. 
Table 8 shows the ABC Analysis for the boiler house in terms of cost with the classification’s boundaries set at: 
A – £500 or greater
B – Lesser than £500 but greater than £100
C – Lesser than £100
The two Bus bar lengths have a total cost of £21,500 and have no tracking facility attached to them and do not have an allocation within the non-production stores as a ‘just in case’ item even though that was their intended purpose. These items should be itemised within a data base for location and retrieval, so that efficiency is not compromised when the items are required and downtime is limited due to ease of access.
[image: ]Net cost saving should replacements be ordered due to non-traceability = £21,500 
[bookmark: _Toc7189149]Table 8: ABC Analysis in terms of Cost for the boiler house

The Pareto Chart for the Total cost for the Boiler house shows that 20 percent of the items equate to approximately 97 percent of the total cost, again highlighting their importance and justifying the requirement for traceability to be implemented.

[bookmark: _Toc7189112]Figure 28: Pareto chart for cost of items in the Boiler House
[bookmark: _Toc7188836]4.1.6	Location 6 – Main Sub-Station
[image: ]The Main sub-station houses the 11kvolts incomer from ‘Western Power’s’ grid, this supplies BEP with all its electricity. The building again has a storage room which has been used to house any used amounts of armoured cable still on their reels. It had been progressively getting more and more cluttered and overcrowded which prompted their removal and relocation to the chip prep caged area. The Partly used reels of armoured cable have no means of inventory control, due them not being effectively derequisitioned, returning them back to the non-production stores indicating their remaining amount. This lapse in inventory management and structure, could effectively initiate a reorder quantity to be delivered to the non-production stores, even though there are considerable quantities stashed away in the satellite stores with no means of tracking. Table 1, indicates the quantity of cable that resided at this location and the associated costs before it was transferred to the chip prep area. The Main Sub-Station is located next to the boiler house, therefore will incur the same travelling time to reach from location 1. [bookmark: _Ref3025200][bookmark: _Ref3025195][bookmark: _Toc7189150]Table 9: Inventory Held within Location 6 


Table 9, Shows both ABC Analysis tables for total cost and demand for all the items, in this case steel wire armoured cable, and determines their importance. This indicates that the 4mm 4 core cable is important in terms of cost as it is the reel with the most cable remaining at a cost of £213,60 which is untraceable. However, when observing the demands of the cables and from experience this will be utilised. The EED is the only department in the plant to utilise this particular cable therefore, a possible creation of a cable manifest could be implemented to track partly used reels and insure their use before new is requisitioned.  

[bookmark: _Toc7188837]4.2	Total EED Inventory

[bookmark: _Toc7188838]4.2.1	ABC Analysis by Total cost of parts held 

To gain a true reflection on the total cost of all items within the six satellite stores operated by the EED the data was collated within, table 10, which shows a small section of a larger table, which is located in Appendix 1. It indicates the Total inventory to be approximately £45,000.00 which is capital that is not easily accessible and has no traceability protocols in place. 
[image: ]
[image: ][bookmark: _Toc7189151]Table 10: ABC Analysis for the Total Inventory collated from all 6 locations


The ABC Analysis was again carried out on the entire inventory list to establish collectively, items of importance in terms of cost and to help make an evaluation of the best course of action. The ‘A’ classification is dominated by expensive reusable tap-off boxes and lengths of bus-bar which are critical items that require a permanent location to be stored with some means of tracking. The most ideal scenario could be setup new stores allocations within the non-production stores; however, it has been clear by management that this is unfavourable as apparently the stores have neither the space nor the knowhow to test and correctly store these essential electrical components. For this reason, an alternative solution could be to find a damp free environment, where the tap-offs can ideally be organised on shelving, with clear labelling of the item and if it’s been tested ok. The X20 Store room was selected as it had the basis for all these attributes.
The Pareto Chart Figure 26, again shows the cost implications 20 percent of the more expensive items, equating to approximately 80 percent of the total Cost. Figure 26, is a shortened section of a much larger plotted chart but used to highlight the Pareto principle as described in the literature review.

[bookmark: _Toc7189113]Figure 29 : Pareto Chart for the Total Inventory Cost


[bookmark: _Toc7188839]4.2.2	ABC Inventory by Demand of the Total Parts held 

[image: ]
[bookmark: _Ref3114725][bookmark: _Ref3114698][bookmark: _Toc7189152]Table 11: ABC Analysis of the Total Inventory in terms of Demand














Table 11, is part of a much larger ABC Analysis table, located in Appendix 2, for all the inventory items in terms of demand, clearly indicating that approximately 75 percent of the total demand comes from just three items. These include three different sizes of steel armoured cable which are solely utilised within the EED, further to these, observations could be drawn on the dominance of cable that commands the top end of table 11. This conclusive evidence shows the high demand for cable and the necessity for known quantities and locations to be readily available and up to date. The Chip prep area will serve as a convenient and safe storage facility for warehousing partly utilised reels. 
Due to the inaccurate measuring of remaining cables the non-production stores has declined the offer of derequisitioning partly used cable reels back into their controlled area. The reasoning is that over time the inaccurate data could create a very unorganised and untrue reflection of how much cable resides within the non-production stores and could possibly trigger reorder points when not required. 
The Pareto Chart, Figure 30 is a condensed graphical representation of the data collated in Table 11 and clearly shows 80 percent of the total demand comes from only 2.5 percent of the total items. These results do not mimic the ideal Pareto principles however they were only derived as a guide to highlight the importance of a small percentage of items. It is relevant to indicate that items such as the Tap-off boxes and bus-bars which have no allocation within the non-production stores have not been included due to insufficient or inaccurate demand data. 
[bookmark: _Toc3997643][bookmark: _Toc4320614][bookmark: _Toc4612875][bookmark: _Toc4709488][bookmark: _Toc5350093][bookmark: _Toc7188840]
[bookmark: _Ref3114627][bookmark: _Toc7189114]Figure 30: Pareto Chart of the Total Demand








[bookmark: _Toc7188841]CHAPTER 5: Estates Electrical Department Efficiency
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[bookmark: _Toc7188842]5.1	Estates Department Daily Lost Time Studies

The EED has various daily routines as explained throughout the project from remedying machine faults, to scheduled maintenance and a large portion of time allocated to Various installation work. To gauge the efficiency in which these procedures were being carried out, a time study was initiated. The study would record, all the individual procedures that were entailed in various tasks and the times allotted. These time studies would highlight five key areas within the EED’s allocated work, these included:
· Time to organise or Plan
· Time to acquire or search for stock/parts
· Travelling time to from the job
· Actual time spent working on the allocated task
· Time delays i.e. waiting for orders to be delivered, waiting for isolation acceptance.
The aim of these time studies was to highlight any inefficiencies and wasted time that could be eliminated to improve the EED’s daily routines. 


[bookmark: _Toc7188843]5.1.1	Typical Daily Allocated Work Orders 

A selection of typical work orders were added to the project to give substance of the typical jobs that the EED can undertake and highlight wasted time.
5.1.1.1 Machine Breakdown Example
Table 12 shows a typical midweek breakdown within the Chip Prep area, where the swarf hopper doors that open, to allow the waste metal to be deposited into collecting Lorries. The work order was received via the EED workshop printer, tools were collected and loaded onto the transport buggies and then proceed to the breakdown. The timing began as soon as the printer began to print the work order.
[image: ][bookmark: _Toc7189153]Table 12: Typical Midweek Breakdown


Observing the five timing areas:

Organise – it took 10 seconds to read the work order
Travelling time – it took 45 minutes in total to travel to and from the breakdown
Searching time – It took 1 hour 21 minutes and 30 seconds to locate a spare part due to Nil stock in the production stores but untraceable stock in one of the satellite stores.
Actual worked time – through fault finding and fault rectification 1-hour 10minutes and 15 seconds were utilised
Delay time – there were no time delays as stock was located, if there was Nil stock as was suggested in the non-production stores data base, then Order lead time would have been prevalent, when waiting for the new parts to be delivered
Gave a Total maintenance time = 03hrs:16mins:55secs
Which when divided by the number of repairs over a time period will give the ‘Mean Time to Repair’ (MTTR), an indication of the reliability of machinery.
[image: Mean time to repair formula]
However, if the searching time is scrutinised the MTTR suffers from poor statistics due to the un-traceability of spare parts as shown in31, where 50 minutes are wasted visiting the different satellite stores. This time could obviously be longer or shorter depending the order of satellite stores that were visited.
[image: ]
[bookmark: _Ref3125362][bookmark: _Toc7189115]Figure 31: Highlighted Searching time
[image: ]
Table 13, shows the direct costs associated with completing the task for three EED team members is £236.30 and the possible wasted time of 50 minutes equates to £60.00 of this amount. Which is 25 percent of the total cost which is wasted and could have been avoided if the inventory was correctly managed. [bookmark: _Toc7189154]Table 13: Weekday breakdown costings

[image: ]5.1.1.2 Midweek Installation
[bookmark: _Toc7189155]Table 14: Midweek Installation example timing study
Table 14, is an example of a midweek installation timing study which starts similar to a general work order with a print out of the desired task to be undertaken, however, then a site inspection is required to assess the job and proceed the planning from there. Planning was a menial task which was generally written on a piece of scrap paper, normally incurring mistakes and then onward to search the various satellite stores for parts. Any additional parts that were required would be requisitioned through the non-production stores and ordered if any were nil stock.
Observing the five timing areas:
Organise – it took 1 hour 54minutes 2 seconds to organise certain aspects throughout the task
Travelling time – there were 2hours 2 minutes and 23 seconds of travelling time within the installation some of this was waste
Searching time – It took 1 hour 47 minutes to locate the spare parts due to non-traceability and poor planning
Actual worked time – 3-hour 50minutes and 35 seconds were spent on the actual installation
Delay time – there were 108 hours 6minutes of delayed time due to a restriction on isolating the required bus-bar was denied due to production priorities.
The Total Installation time = 118hrs:16mins:00secs

There are various implications to the major time delay of 108 hours, one being the contractor downtime as a result of not receiving the machine the day after it commenced. If we consider that the machine in question was their only work within fords and there were three contractors to work on the machine each person earning approximately £100 a day.
3 x £100 = £300 pounds a day in wages
£300 x 5 days delay = £1500 of wages waiting for the machine.   
The question is who covers those extra wage costs? Ford due to the poor planning schedule of the installation which could have been started on the Friday and handed to the contractor on Saturday with no delays. Or, the contractor as they put a fixed priced quote in for the work and the delay is an unfortunate situation, where increased production schedules prevented the isolation of the shared bus-bar to make the connection.

Scrutinising table 14 further, highlights the searching time for spares within the satellite store and also travelling time due to poor planning and forgotten parts, critically highlighted in figure 32 by red rings. These have a direct effect on the overall efficiency of the project and will incur wasteful costs which are tabulated within table 15. The total direct cost of wages without incorporating the delay time equals £688.80, of this, £275.26 is attributed to wasteful activities which could possibly be removed from the process. Therefore, approximately 40 percent of the total wage costs is waste and could be utilised more efficiently progressing further projects or completing maintenance tasks. 
A small aspect of wasteful time during an installation is the requirement to clean and test a Tap-off prior to install, if this was made part of scheduled maintenance and tagged up accordingly this time could be saved.
  
[image: ]
[bookmark: _Toc7189116]Figure 32: Highlighted inefficiencies and wasted time
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[bookmark: _Toc7189156]Table 15: Midweek Installation Costings



5.1.1.3	Weekend Installation example[bookmark: _Ref3205598][bookmark: _Toc7189157]Table 16: Weekend Installation example timing Study

[image: ]
Table 16, portrays a typical Saturday installation commencement, again receiving the work order, planning the jobs execution and then proceeding to hunt through the six satellite stores for inventory to utilise. A point to note, the wages are now paid at time plus a half so any wasteful time becomes compounded and costly.  

Observing the five timing areas:
Organise – it took 1hrs:20mins:02secs to organise certain aspects throughout the task
Travelling time – there were 2hrs:05mins:23secs of travelling time within the installation
Searching time – It took 2hrs:39mins:00secs to locate the spare parts due to non-traceability, poor planning and time taken to locate a foreman to authorise requisitions from the non-production stores
Actual worked time – 7hrs:17mins:35secs were spent on the actual installation
Delay time – there were 3hrs:30mins:00secs of delayed time due to an emergency breakdown on a coolant system.
The Total Installation time = 15hrs:53mins:00secs

Once more the requirement to search for un-traceable inventory highlighted in yellow in table 16, plays a dominant part of the installations time study with 2hrs and 39minutes allotted towards, this time however it’s at an inflated rate of pay. Due to change of shift pattern, Saturday dayshift working follows an absence of leave of three shifts and thus planning for weekend work has suffered. Through careful planning from the other shifts all required inventory could be made readily available on a Saturday morning for immediate commencement of the installation, this would remove all wasteful search time. With this in mind and observing the costings which are in Table 17, the Total wage cost excluding the breakdown delay equates to £1443.60. £286.20 of this is wasted through stock search and could be avoided if planning commenced through the week by the other shift personnel. This could gain a cost of saving of nearly 20 percent of the total installation wage costs. 
 Also, the same point arises around the cleaning, testing and tagging of Tap-offs prior to installations as part of a scheduled maintenance sheet, which are implemented within Fords as a preventative maintenance process. 


[image: ]
[bookmark: _Toc7189158]Table 17: Saturday Installation example costings


5.1.1.4	Major Installation example
[image: ]
[image: ][bookmark: _Toc7189159]Table 18: Major Installation Example timing study

Table 18 shows an example timing study for a major installation project that involved multiple power distributions to new team leader work areas within Dragon assembly. Due to the immediate requirement for the work areas, as is most things within Fords, planning was rushed to ensure a quick start, with rough estimates for inventory being ordered. The same searching pattern is apparent with the satellite stores being sourced for spares before ordering the remaining from the non-production stores. To highlight the wasteful time within the process the five timing areas are observed:

Organise – it took 1hrs:48mins:04secs to organise certain aspects throughout the task
Travelling time – there were 3hrs:28mins:30secs of travelling time within the installation
Searching time – It took 4hrs:12mins:54secs to locate the spare parts due to non-traceability, poor planning and time taken to locate a foreman to authorise requisitions from the non-production stores
Actual worked time – 34hrs:41mins:00secs were spent on the actual installation
Delay time – there were 91hrs:59mins:57secs of delayed time due to an emergency breakdown on a coolant system.
The Total Installation time = 136hrs:10mins:25secs
There are various aspects of wasted time when scrutinising the data in Table 18, from the delays incurred from poor planning which could have been commenced weeks/months before the project was pressurised into starting, to the searching time for un-traceable items within the satellite stores to the excessive travelling to and from workshops for utilisation of a vice. The direct wage costings for the project can be seen in Table 19 with the total wage cost being £3180.56 and a possible cost of waste, taking into account aspects of inventory searching and excessive travelling comes to £553.68. That equates to approximately 17 percent of the total wage cost is attributed to waste, if the delay time were incorporated then this figure could be greatly inflated.
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[bookmark: _Toc7189160]Table 19: Major Project costings

[bookmark: _Toc7188844]5.2	Estates Electrical Weekly Lost Time Studies

To gain an appreciation on the efficiency of the estates electrical departments working practices, a six-week study was carried out, as per the revised data plan 2, to highlight any wasted time and the cost implications. It was explained to each shift to continue their working practices as normal and to note down each shift how much time was spent Stock searching, delayed time waiting for parts and any excessive travelling time. The results were then collated and utilised to produce the graph shown in figure 30.


[bookmark: _Toc7189117]Figure 33: Weekly Lost time

It could be observed from the graph, figure 33 that a weekly trend of wasted travelling and searching time was a constant factor within the EED’s working week, albeit somewhat sporadic. This associated time variant could be due to the EED having to search more than one location to find the correct items within the satellite stores, with a correlation between increased searching time generally incurring an increased amount of travelling time. 


Delayed time or Order lead time seems more sporadic throughout the six-week period with certain weeks incurring zero order lead time and week 4 with a delay of 4,320 minutes (72 hours). Within BEP’s supply chain inventory order lead time is targeted to fall between 24 and 48 hours with most items delivered within 24 hours. This is to minimise any production losses through zero stock items within the non-production stores. However, for the majority of the indicated delay time, this is associated with order request items which the EED hold stock levels, but have no electronic reorder points. Once these items are utilised they require manual reordering to replenish the stock levels. The delay time is then the lead time it takes for the parts to be delivered, which is obviously increased as the items are not high demand items and prioritised within the 24hour lead time directive.
Total lost time for the six week period = Searching + Travelling + Delay
Total lost time for the six week period = 1351.5 + 9360 + 591.6
Total lost time for the six week period = 11303.1 minutes or 188.4 hours or 7.8 days
  
By utilising the data collected over the six-week period and factoring in the EED work in a three-man team, their hourly rate equates to approximately £24 per hour, thus a cost can be applied to the wasteful time within their weekly practices. These costs were transposed into graphical terms as shown in 34 to give a clearer representation of the effects of these elements of waste. 
[bookmark: _Ref3289426][bookmark: _Toc7189118]Figure 34: Cost of Wasted Time
 
In a six-week period, through searching for inventory and excessive travelling cost it has cost Ford BEP:
		£1621.8 + £709.92 = £2331.72
If this was a general trend and continued throughout the year, it would cost Ford BEP:
		£2331.72 / 6 = £388.62 average cost per week
		£388.62 x 52 = £20,208.24 total wasted cost per year.
These figures haven’t factored any delayed time wasted through inefficient ordering practices and extended order lead times as the EED will generally have other work to continue with. However, there is a possibility if the plant equipment runs efficiently, creating no downtime failures and there is no installation to progress that the EED will be on-call. In this predicament, the company effectively has three men getting paid to wait for parts, with a direct cost over the six-weeks being £11,232.00. Assuming this six-week trend continued over the course of a year the total cost could equate to:
		£11,232.00 / 6 = £1,872.00 average cost per week
		£1,872.00 x 52 = £97,344.00 total wasted cost per year
Obviously, this cost incurs various assumptions, however in theory it is a distinct possibility and if the cost of all three inefficient practices were combined the total yearly cost could be:
Total cost = £20,208.24 + £97,322.00 = £120,000.00 per year
Which is a considerable amount for only one small department.  
		


[bookmark: _Toc7188845]5.3	Estates Electrical Monthly Lost Time Studies

The efficiency study on the estates electrical department was continued for a total four months, as per the revised data collection plan 3, to ensure the first six-week duration wasn’t a particularly wasteful period. The times were only approximate due to the reliance on the other shifts to record accurate readings while continuing with their daily routines. Figure 32, shows similar results to the six-week study with a constant, yet irregular, trend of time wasted between parts searching and excess travelling time, order lead time is still sporadic dependant on stock levels of certain order request items. 

[bookmark: _Toc7189119]Figure 35: Monthly Lost Time Study
   
An observation can be made from the total amount of wasted time over the 4-month (16week) period of 21,190.7 minutes and the six-week study of 11303.1 minutes, that the time wasted is not constant and has constant variability. This would show that, depending on which parts are required; where they are stored; the order locations are searched; if parts are nil stock and the order lead time associated; all have contributing factor to the irregular results. Over the 4 month period a total of 21190.7 minutes or 353.2 hours or 16 days, which is effectively half a month is lost due to inefficient protocols within the EED.


For clarification on the extent of the total cost for the four-month study was transposed graphically, as shown in Figure 36.

[bookmark: _Ref3293342][bookmark: _Toc7189120]Figure 36: Cost of Wasted time over four months

By firstly comparing the combined Searching and Travelling costs the cost for the year can be calculated as follows:
		£3341.46 + £1819.38 = £5,160.84 cost over 4 months
		£5,160.84 x 3 = £15,482.52 average wasted cost per year
This shows a drop in approximately £5000.00, compared to using the yearly calculated loss from the six-week study of £20,208.24. Indicating longer time studies will endeavour to produce more accurate results. However, £15,482.52 is still a substantial amount when considering it is attributed to the direct cost of just finding the required parts. 
Again this does not include the time related to poor inventory control of order request items and their connected lead times, which, if averaged out over the year could equate to a total cost of wasted time of:
		£20,268.00 x 3 = £60,804.00 average wasted cost per year


The correlation between this result and the six-week study of £97,344.00 differs by approximately £36,000, again possibly attributed to longer studies obviously producing more accurate results.
By combining the calculated yearly cost from the four month study a more accurate yearly cost can be derived.
Total yearly cost of wasteful practices = £15,482.52 + £60,804.00 
[bookmark: _Hlk5704187]Total yearly cost of wasteful practices = £76,286.52 per year
This equates to an extreme amount for just a small department, which doesn’t include any indirect costs such as loss of opportunity for production. 















[bookmark: _Toc7188846]CHAPTER 6: Implementation of Efficiency Changes
[image: ]
Improve


[bookmark: _Toc7188847]6.1	Failure Mode Effect Analysis (FMEA)

As described within the literature review Process FMEA, focuses improvements that can be adopted to minimise downtime and waste and is utilised to analyse and highlight failure modes in the daily working practices of the EED. Figure 37 is an FMEA table that helps analyse the waste within both the estates electrical fault rectification and installation work orders. The Potential failure effects will have a severity rating, the potential causes will have an occurrence rating, the current controls will have a detection rating and when all these are multiplied together each failure Mode will have a Risk priority number RPN. This can then be utilised to determine the priority of each failure mode and give recommended actions to improve or rectify each failure mode from occurring. By looking at the RPN in figure 37, it clearly highlights the failure mode of the stock being spread out across the plant with no traceability being of major importance and one to prioritise. 



[image: ]
[bookmark: _Toc7189121]Figure 37: Failure Mode Effect Analysis of EED Working Practices



[bookmark: _Toc7188848]6.2	Desired Process Map
The Process map, figure 38 details the desired flow, with all items returned and contained within the non-production stores for traceability, with correct levels of stock in line with demand and reorder points set to ensure minimal disruption to future installations. The ideal scenario would be that the correct quantity of stock is readily available at all times and if not, there would be sufficient time for planning and ordering of parts so as not to disrupt time frames.
[image: ]
[bookmark: _Toc7189122]Figure 38: Desired Process Map
[bookmark: _Toc7188849]6.3	Aims and Objectives for Implementation

Utilising the data for both the inventory ABC and Pareto Analysis, the time Studies to highlight elements of waste within the EED’s daily routines and the FMEA, the findings show that inventory control and procedures requires major improvements to eliminate non-traceable items. The ideal scenario would be to de-requisition all items back into the non-production stores, as shown in figure 38 and the desired process map, however management have rejected this proposal. They do not wish to allocate any of the order request items, discontinued items or reusable Tap-off boxes positions within the non-production stores due to the inadequate storage capacity and work needed to accommodate such a request. Therefore, the following aims and objectives have been derived through discussions with the team members, as the best secondary course of action to bring lasting changes to the EED’s daily processes:
· Return unused items back into the non-production stores.
· Setup a warehouse location to house the Tap-off units, with added manifest and 5S organisation and implement maintenance protocols to clean, test and tag items for use.
· Organise chip prep to house any order request items, discontinued stock and partly utilised cable reels which the company refuse to house in the non-production stores, utilise 5S organisation and create a database on the ‘W’ Drive with secure EED access to populate stock levels. 
· Implement changes to working protocols including the derequisitioning of parts back into non-production stores for correct inventory management
· Create a work planning excel sheet, held on the ‘W’ drive for easy printing, to aid in the correct procedures and inventory ordering for future installations.  
[bookmark: _Toc7188850]6.4	Item Relocation Back to the Non-Production Stores
[bookmark: _Toc7188851]6.4.1	Return Unused items

[image: ]The non-production stores database and the lists of all items held in the six satellite stores were cross-referenced to highlight all items, Figure 39, which have allocations within the non-production stores. These items are predominantly all low-cost high demand items that were stored within the satellite stores for ease of access. However, the poor organisation, lack of quantity tracking and locations was proven to create waste within the EED’s daily practices while having to search for inventory. All items are of generally small dimensions and thus were able to be housed within their individual allocations.
 

[bookmark: _Toc7189123]Figure 39: Items selected for derequisitioning

[bookmark: _Toc7188852]6.4.2	Returns Process
De-requisitioning is completed via a requisition booklet, which is filled in using a red ink pen, this indicates that it is a returned item ready for relocation. Figure 40, shows an example of such a return slip, each item in the list required a ‘red-requisition’ to enable relocating back into the stores.
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[bookmark: _Toc7189124]Figure 40: Example Red Requisition (Ford 2019)


[bookmark: _Toc7188853]6.5	Warehousing and Servicing of Tap-off boxes
[bookmark: _Toc7188854]6.5.1	Warehousing
Due to the non-committal of management and possible lack of knowledge and the required skills to correctly manage and warehouse the Tap-off boxes then a secure location within X20 was utilised. The location was chosen on the basis of it being a secure area with access only granted to EED personnel and that it had a moisture free environment perfect for housing electrical items.  There already resided adequate shelving and space and by utilising the 5S system to ensure organisation and structure a working warehouse was formed. The unorganised space is shown in figure 41 with all unused Tap-offs discarded to the floor and as shown in figure 42 they were all used, dirty and untested.
[image: cid:df422411-a317-42d2-acfa-593b636c3dd0@ford.com][bookmark: _Toc7189125]Figure 41: X20 before the Project (Ford 2019)




[image: cid:bc0c61ba-e727-4f67-8dc5-b85d53435310@ford.com][bookmark: _Toc7189126]Figure 42:non-cleaned and untested Tap-off (Ford 2019)

  





[image: cid:2a054280-a505-47aa-a89d-c2cdaf0b8024@ford.com][bookmark: _Toc7189127]Figure 43: Organised shelving with labelling (Ford 2019)


Figure 43, the organisation of cleaned and tested Tap-offs upon labelled shelving awaiting immediate utilisation within an upcoming project. 
[image: cid:a7f029a9-b3da-430f-bfc6-f35dca60337a@ford.com][bookmark: _Toc7189128]Figure 44: Ok in-process Tag (Ford 2019)



For indication of an ‘OK Tap-off’ on completion of a tap-off test procedure and after cleaning, these in process OK tags that are utilised within the plant for in process inventory are to be tied to the tested Tap-off, figure 44.   


[image: cid:4b738043-e442-420e-b5cb-174b7ba9d975@ford.com]


An area of shelving was designated as a hold and sort area for storing Tap-offs that are waiting for scheduled maintenance tasks to be completed so they may be placed and tagged on the Ok in-process area awaiting utilisation, figure 45.


[bookmark: _Toc7189129]Figure 45: Hold for cleaning and Testing Shelving (Ford 2019)

[bookmark: _Toc7188855]6.5.2	Inventory Manifest
To keep a stock check on the amount of inventory (tap-offs) that are available for utilisation a manifest as shown in Table 20, was drafted and now resides within X20. It clearly shows the current stock levels, has space for altering the quantities, possibly due to utilisation or replacing items from redundant machines, and there is a space for scrapped rejects to indicate any loss in total inventory levels and the need to purchase replenishment parts.
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[bookmark: _Toc7189161]Table 20: Tap-off Manifest (Ford 2019)



[bookmark: _Toc7188856]6.5.3	Single point lesson
The Single Point Lesson (SPL), is a standardised process with the help visual aids to help guide a person to perform a process in the correct manner. SPL’s are utilised throughout BEP to ensure basic tasks and processes are completed in the fastest, safest and effective way without creating rejects or wasted time. Figure 46, shows the SPL that was created and located within X20 to ensure all personnel use the correct cleaning equipment and follow the procedure so the Tap-off is correctly checked and Tested.
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[bookmark: _Toc7189130]Figure 46: Single Point Lesson for Tap-off Maintenance (Ford 2019)

[bookmark: _Toc7188857]6.5.4	Cleaning Table and solvent Cupboard
A Table, figure 47, was commandeered from a redundant sigma machining line for utilisation within X20 for servicing the tap-off boxes, together with a solvent cabinet, figure 48, for housing all the cleaning and lubricating sprays safely (standard health and safety regulation cabinet used throughout Fords). These will create a safe and clean working area where the tap-offs can be cleaned, tested and tagged.
[image: C:\Users\RTHOMA81\AppData\Local\Microsoft\Windows\INetCache\Content.Word\file-2.jpeg]
[bookmark: _Toc7189131]Figure 47: Cleaning Table (Ford 2019)
[image: C:\Users\RTHOMA81\AppData\Local\Microsoft\Windows\INetCache\Content.Word\file1-1.jpeg]
[bookmark: _Toc7189132]Figure 48: Solvent cabinet (Ford 2019)

[bookmark: _Toc7188858]6.6	Discontinued Inventory, Order Request Items and Used Items 

Following managements unwillingness to relocate all items of inventory stored within the Estates Electrical department’s satellite stores into the control of the non-production stores, an alternative method of inventory warehousing and control was essential. The chip prep location had the space and security to house the remaining order request items, discontinued stock and items such as the partly utilised reels of cable. Unfortunately, without the non-production stores computerised inventory control a more basic form of control was devised in the form of a data spread sheet, saved on the Intranet ‘W’ drive in the estates folder and effectively managed by the EED. 
[bookmark: _Toc7188859]6.6.1	Discontinued stock
Certain inventory held in this location requires no maximum and minimum levels, reorder points or requires the need for a dedicated supply chain due to them being discontinued inventory, stored on ‘Just in case’ premise. These items were once stored within the non-production stores, however over time, the lack of utilisation deemed these as an unnecessary cost and were tagged to be scrapped off. The maintenance engineer intervened at this point and removed all essential items from the bins and requested the EED to house them appropriately. Some of these items are 40 years old and obsolete, for example sealed signalling railway relays, which would be impossible to source nowadays. These spare relays are an essential spare that have been utilised over the past few years and prevented major funding being required to modernise the railway electrics. At some point obsolescence will occur and the parts will be past their working life suffering from degradation and thus requiring the railway to be updated. The cost of not having the relays readily available generally equates to extra personnel requirement, for health and safety reasons to help walk the line, with the train, in the event of no signalling. Assuming the signalling was in fault with no spares the cost of extra personnel over a 24-hour period could equate to:
1 x operator to man lower end train line = 24hrs x £18/hr pay = £432
1 x operator to man top end train line = 24hrs x £18/hr pay = £432
Total = £864 per day in extra personnel wages.


[bookmark: _Toc7188860]6.6.2	Order Request Items
The sporadic utilisation of certain items within the EED’s satellite stores which are classified as order request items, items that have no allocation within the non-production stores and are only ordered when required. The majority of these items are essential items that the EED continuously utilise, there is a continuous quantity of stock within the plant however this is not within the non-production stores. These items are special order through the maintenance engineer, which the company has deemed non-essential. Items such as conduit, trunking, various sizes of cable tray work and Unistrut framework are all order request possibly due the lengths they come in and the lack of spare space within the non-production stores. However, the cost of housing these outside of the stores with no traceability, no minimum level to ensure availability is readily available for installations and no re-order point set to ensure this, has been evident in the wasted searching time, travelling time and order lead time for projects. Which clearly shows a combined total of £76,286.52 of possible waste per year attributed to wasted time. The alternative option of housing all items in one central location, could be solved by utilising the chip prep locked caged facility, and create an online intranet manifest. Reorder points will need to be manually initiated as was always the system, however from now on Chris Richards the EED’s maintenance engineer has agreed to have access to the inventory manifest and proactively order items when low levels are approaching.
To help calculate the ideal reorder quantities, the EOQ model described in the literature review was utilised for finding the optimum order quantity of the ‘Unistrut nlzc403m’ which has had a yearly demand of 300metres, At present the Unistrut is ordered in small batches (10 lengths of 3metres) throughout the year, has a purchase cost of £6 per metre, the order cost/delivery cost is £50 per order (10 x £50 = £500) and the holding cost (including electricity) is approximately £1000. Therefore:
· Purchase cost = 300 units x £6.00 = £1,800.00 per year
· Order Cost = 10 deliveries x £50 =£500.00 per year
· Holding Cost = £1825.00 (including electricity) per year
Total inventory cost at present = £4,125.00 per year.
If the EOQ is now utilised:
· Purchase cost = 300 units x £6.00 = £1,800.00 per year
· Order Cost = 10 deliveries x £50 =£500.00 per year
· Estimated Holding Cost for 1metre for 1 year = £1825/365 = £5/m/year

EOQ =
EOQ =
EOQ = 77.5 metres
EOQ = 78 metres or 26 lengths of 3metres.
The Optimal cycle length To as described within the literature review can now be calculated: 
To =
To =
To = 0.26 or approximately 4 times a year
Thus, the new Inventory cost utilising the EOQ results would be:
· Purchase cost = 300 units x £6.00 = £1,800.00 per year
· Order Cost = 4 deliveries x £50 =£200.00 per year
· Holding Cost = £1,825.00 (including electricity) per year
Total Inventory cost utilising the EOQ = £3,825.00
Therefore, if the EOQ was utilised to Fords could expect to save on one item of inventory:
EOQ Savings = £4,125.00 - £3,825.00 = £300.00 per year

As, described within the literature review there are assumptions attached to these calculations some being that demand is known and constant throughout the year, which is not entirely correct however with the increased order quantities demand should be met. Order cost is fixed which is true with Fords supply chain contacts, delivery cost and ordering cost would be fixed at initial purchase point for a set period. Holding cost may vary slightly, in terms of electricity charges, but not enough to alter the results for a year.

[bookmark: _Toc7188861]6.6.3	Partly Used Items  
The rejection by management to allow partly used reels of cable back into the stores system to ensure stock levels are not affected by incorrect balance of cable being returned, conflicting with actual values, has prompted the additional warehousing of all partly utilised reels. Again, the chip prep secured facility will have sufficient space and serve as a central warehouse for all items outside of the non-production stores. Shelving was commandeered from old sigma lines that are out of production for the smaller cables and clear labelling was created for organisation following the 5S methodology ‘a place for everything and everything in its place’. Larger racking systems that were redundant in jaguar tunnels was utilised for the storing of the larger metal armoured cable again with clear labelling for identification purposes. 


6.6.3.1	Party Used Cable Reels Storage Single Point Lesson (SPL)
A single point lesson was created to remind personnel of the correct procedure for storing partly used cable reels in the facility and resides within the chip prep facility, see figure 49.

[image: ]
[bookmark: _Toc7189133]Figure 49: Cable Storage Single Point Lesson (Ford, 2019)


6.6.3.2	Chip Prep Manifest
[image: ]
[bookmark: _Ref4074126][bookmark: _Toc7189134]Figure 50: Chip Prep Online Manifest (FORD, 2019)
 
The Table in figure 50, shows the Ford online inventory manifest for the chip prep area, which is saved on the ‘W’ drive in the Estates folder, under ‘CHIP PREP INVENTORY’. The page is accessible by only estates electrical personnel, ‘Chris Richards’ Maintenance Engineer and all relevant managers. The page is managed by the department to increase efficiency in locating stock and removing wasted time from the daily routines. Certain items highlighted with coloured boxes are order request items that have been agreed with Chris Richards and Reece Adams to hold a predetermined stock level outside of the non-production stores. These maximum and minimum amounts and reorder points will be monitored in-house visually on a weekly basis. This means of inventory control could suffer failings from infrequent checks and ordering, however is the only means of regulating stock due to the management’s decision to decline them having permanent locations within the non-production stores. 
[bookmark: _Toc7188862]6.7	Derequisitioning Statement
Through talks with management about the state of the derequisitioning process a statement was released to all maintenance personnel to try and convey the importance of replacing unwanted and unused items back into the non-production stores. It described the cost benefits for the plant going forward and attracting new business and the necessity for having all spare parts in one place, traceable and accessible to all and not stored away in satellite stores, lockers or cupboards. The figure from Table 10, £44,976.64, the total amount of inventory outside of the non-production stores controlled by the EED was also conveyed as an example of how much inventory there was from one department and that if all departments were to be examined the total for the plant could run into the hundreds of thousands of pounds. To help the derequisitioning process a red pen and pad are now situated at the non-production stores, rather than with foremen, for anyone to red-req. any unused items back in, now or in the future. This has been highlighted to management as a process of improvement that could requires addressing.  
[bookmark: _Toc7188863]6.8	Project Planner
To improve the efficiency of the estates electrical installation’s process, the following project planner, figure 51 & 52 was constructed as a means of correctly planning work; by itemising the required parts, whether they are in stock, require ordering and if so what the standard lead time for delivery is. There is also a section for making notes and any sketches of proposed work to be completed that could help in the installation and be transferred to other shifts for them to follow. Through recent use and general feedback, the form is proving a success with all shifts, the copies are now being stored with the test data sheets made at the end of any installation.
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[bookmark: _Toc7189135]Figure 51: Installation planner (front page) (FORD 2019)

[image: ]
[bookmark: _Toc7189136]Figure 52: Installation planner (rear page) (FORD 2019)
[bookmark: _Toc7188864]
6.9	Management of Change

The project implementation has meant a change in working practices that have developed over near 30 years for the estates electrical department (EED). The utilisation of satellite stores for warehousing inventory instead of using the established non-production stores probably stems back to a time where vulnerability in the supply chain, due to multiple suppliers was a common aspect. Ford have since streamlined their supply chain through relying on a limited few vendors to control amounts of required inventory which they store for Ford until required, removing many issues. This was explained to the estates team as reassurance for reverting to utilising the non-production stores and instead of hoarding certain items. The works of Kotter described by (Wheeler et al, 2017) and Lewin, by (Cummings et al, 2016) within the literature review, show both methods of change management can only be successful if the whole team is motivated, thus clear benefits were explained thoroughly tot the team about the impending change and why the utilisation of the stores was essential. 
The project included utilising the new planning sheet to correctly structure installation projects, which was accepted easily by the team as the benefits of relaying information across the shifts had been an issue in the past. The planner corrected this issue and has proven itself to a success.
The additional tap-off cleaning, testing and storing process was frowned upon initially, however when X20 was correctly established through the 5S methodology, the ease of completing the tasks motivated the team to utilise it. Tap-offs that are awaiting refurbishment are now regularly tested and cleaned under the Ford’s preventative maintenance process of a Scheduled Maintenance Sheets (SMS) on a weekly basis.
  


[bookmark: _Toc7188865]6.10	Project Cost Benefits and Results 
[bookmark: _Toc7188866]6.10.1	Benefits of Inventory Traceability
The benefits of utilising the non-production stores as intended is that it has a managed inventory control system which sets max, and min. levels, has set reorder points within the supply chain to help minimise production stoppages and all items are located in one place. Vulnerability within the supply chain could be one attribute which spurred the creation of the satellite stores however, the risk of obsolescence was one factor against them. The added benefit is that all inventory returned to the non-production stores is traceable and readily available for use by all departments within BEP. This stock will present a mass amount of inventory being returned to the system exceeding the maximum levels for some items and preventing the re-order points being activated prematurely with unknown inventory quantities being lost to the system. Searching time will now be drastically minimised for these items as they are easily accessible via Ford’s inventory search and requisition software ‘Maximo’ and not spread throughout the satellite stores locations. 
Thus, the mean monthly direct cost of searching time, taken from figure 33, could be removed for these items as they are now readily available and could save the department approximately:
Direct searching cost saving =  
Direct searching cost saving = £943.68 per month
Direct searching cost saving = £11,324.16 per year (RESULT A)

By returning items back into the non-production stores the travelling time will be negated due its close proximity to the EED’s workshops and the removal of the majority satellite stores except chip prep. The direct cost of time it took to travel between these locations in search of stock could be: 
Direct travel cost saving =  
Direct travel cost saving = £502.65 per month
Direct travel cost saving = £6,031.86 per year (RESULT B)

There are also indirect costs to consider that could be a result of installations lasting longer than planned due to excess searching and travelling times. The cost of lost opportunity of a main assembly line is approximately £98,000.00 per hour (BEP-finance, 2019), assuming all installations were to effect loss of productivity the indirect costs could equate to: 
Indirect cost of lost opportunity through searching for inventory per year
Indirect cost of lost opportunity = 
Indirect cost of lost opportunity = 157 hours
Indirect cost of lost opportunity = 157 x £98,000.00
Indirect cost of lost opportunity = £15,386,000.00 (RESULT C)
Indirect cost of lost opportunity through excess travelling for inventory per year
Indirect cost of lost opportunity = 
Indirect cost of lost opportunity = 84 hours
Indirect cost of lost opportunity = 84 x £98,000.00
Indirect cost of lost opportunity = £8,232,000.00 (RESULT D)

Total cost of lost opportunity through excess travelling and searching for inventory per year
Total indirect cost = £15,386,000.00 + £8,232,000.00
Total indirect cost = £23,618,000.00 per year
Obviously, the assumption is that every extended installation through excess searching and travelling times will result in lost opportunity for a main assembly line, this is not always the case, however this is worst case scenario and a possible cost associated with poor efficiency.  



[bookmark: _Toc7188867]6.10.2	Benefits of Chip Prep Warehouse and Online Manifest

The creation of the chip prep warehouse for order request (OR) items, discontinued parts and partially used items denied from being returned to the non-production stores and its online manifest will have major benefits for the EED. Searching time and travelling time will obviously be affected similar to the results in section 5.9.1, additionally delay time could now be affected by the consistent ordering of order request items shown in figure 47. In the past with no inventory control these items quantities would run out and a lead time (delay) would be inflicted on installations until replenishment parts arrived. This delay cost could now be lessened if not removed for the items in the chip prep, and the direct cost associated with no delays could equate to a saving of: 
Direct cost saving through sufficient parts and no delays associated with lead time. 
Direct delay cost saving = £21117.60(figure 33) x 3 
Direct delay cost saving = £63,352.80 per year (RESULT E)

As assumed in section 5.9.1., there could also be indirect cost associated with lost opportunity, again by stopping a main assembly line (£98,000 per hour)

Indirect Cost of lost opportunity through delays in ordering parts
Indirect cost of lost opportunity = 
Indirect cost of lost opportunity = 880 hours
Indirect cost of lost opportunity = 880 x £98,000.00
Indirect cost of lost opportunity = £86,240,000.00 per year (RESULT F)



[bookmark: _Toc7188868]6.10.3	Benefits of the Tap-off Servicing

The benefits of servicing and storing tap-offs that are then readily available immediate use, is made up of the time it took to search for the correct tap-off and then the time to carry out the cleaning and testing whilst completing the installation. This time can now be scheduled for quiet times within the estates departments’ working week thus improving efficiency and effectiveness. The cleaned and tested tap-offs are now ready off the shelf, creating no delays in installations times and possibly saving 30-45minutes per installation from before the project. This could be 30-45minutes of direct costs such as wages wasted, of time delay for contractors being able to commission a machine or combination of wasted time over a period that can delay a line from starting production again. The direct cost of wages would be:
Direct cost of searching and servicing a Tap-off
Direct cost = 3 x wages (£24 per hour)
Direct cost = £72 per hour 
Worst case scenario would be lost opportunity of an assembly line due to extended installation work. The cost of lost opportunity for a production line could be as much as £98,000 per hour (BEP-finance, 2019). Therefore:
Indirect cost of searching and servicing a tap-off during and installation project
Indirect cost (45 minutes) =  X 3
Indirect cost (45 minutes) = £73,500.00

Indirect cost (30 minutes) =  X 2
Indirect cost (30 minutes) = £49,000.00

Depending on the length of time attributed to finding the correct tap-off and servicing it could result in an extreme indirect cost for something as simple as searching, cleaning and testing a tap-off box.
[bookmark: _Toc7188869]6.10.3	Benefits of Introducing the Project Planner

The introduction of the project planner has helped cross shift communications, through detailed project details, parts identification and any associated lead times that may delay its start date. Quantifying such improvements are difficult as a baseline was not established for poor communications across shifts at the start of the project with no measurements against it being recorded. Since the new planner has been implemented however, a noticeable improvement in efficiency has been noticed by all estate’s electrical personnel. Hand overs are centred around the project planner with notes being added to help continuity and added sheets stapled to the planner, including any engineer alterations. The planners evolve through the time frame of the project and becomes an intricate guide for each shift to follow to ensure efficiency and standards are met.
[bookmark: _Toc7188870]6.10.4	Total cost benefits of the Project

By removing the direct and indirect costs associated with excess travelling time, searching time and delays through nil stock of order request items a total cost saving could be achieved. The direct costs are a consideration into the total cost of wages per year that are wasted by carrying out these inefficient practices.    
Total direct cost saving per year by removing wasteful practices 
Searching direct cost = £11,324.16 per year (RESULT A)
Excess travelling direct cost = £6,031.86 per year (RESULT B)
Lead time delays direct cost = £63,352.80 per year (RESULT E)
Direct cost saving per year = £80,708.82 per year

There can also be indirect costs associated with continuing to execute these wasteful practices, the calculation below assumes worst case scenario. The assumption for this example would be to create lost opportunity for a main assembly through installation and fault rectification delays. As previously stated, stopping an assembly line and creating lost opportunity for production could cost BEP £98,000.00 per hour, thus by adding the previously calculated individual indirect costs a total yearly saving can be derived. It is pertinent to reiterate that this figure is worst case and is highly unlikely to be achieved.

Indirect cost saving of not creating lost opportunity to a main assembly line per year
Searching indirect cost = £15,386,000.00 per year (RESULT C)
Excess travelling indirect cost = £8,232,000.00 per year (RESULT D)
Lead time delays indirect cost = £86,240,000.00 per year (RESULT F)
Indirect cost saving per year = £109,858,000.00 per year
Combined cost saving per year = £109,938,708.80 per year

                                                                                                                      




[bookmark: _Toc7188871]CHAPTER 7: Control the Implemented
[bookmark: _Toc4320645][bookmark: _Toc4612906][bookmark: _Toc4709519][bookmark: _Toc5350124][bookmark: _Toc7188872]Processes
[image: ]
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[bookmark: _Toc7188873]7.1	The Control Phase

The results from the implementation stage by removing the wasteful activities from the estates electrical department’s (EED) daily routines, has shown a major cost saving per year for BEP. The improvement in efficiency, organising of inventory and implementation of working practices and standards within the EED, require control strategies to be set in place to prevent the processes from deviating from the improved state. This will be achieved by implementing the following strategies:  
· Set up a Control Team
· Create a Control Plan
· Standardise the Process
· Monitoring Protocols
· Culture Control

[bookmark: _Toc7188874]7.1.1	The Control Team

To ensure project success, sustainability and control the processes within, responsibilities and monitoring was handed over to the Control Team. The members include:
· Reece Adams – Estates Department Manager
· Chris Richards – Estates Department Maintenance Engineer
· Mike Davies – Non-production Stores Resource Analyst
The Estates Electrical department will also have responsibility to ensure motivation and adherence to the new protocols are upheld to solidify the new practices as the new norm.


[bookmark: _Toc7188875][image: ]7.1.2	Control Plan[bookmark: _Toc7189137]Figure 53: Control Plan (FORD, 2019)


The Quality Control Plan, Figure 53, was introduced to provide an overview of the strategies implemented throughout the project, ensuring key process characteristics are controlled through detection strategies. These essential process factors are fundamental in reducing variation in the process response and require control. The individuals responsible for monitoring the control plan and its processes are; Chris Richards, Estates Department maintenance engineer, taking on most responsibilities to the close working relationship; Reece Adams, Estates area manager requested a small input into the processes to oversee its progress; and Mike Davies, non-production stores resource analyst who will monitor derequisitioning trends to ensure inventory is continuously being returned to the stores by the EED regularly.
The individual processes that have been implemented throughout the project have not only improved efficiency within the EED’s working practices, but also created a considerable cost saving for the plant. The success and sustainability of the project could provide a strategy for improving all departments within BEP, to improve the plants efficiency and help win new work.
The Process Specification, the Upper Specification Limit (USL) and the Lower Specification Limit (LSL) have, for the most part, have been set within constricted working limits, to ensure the new process is constraint and shows little deviation from the intended specification. The measurement intervals have been set to achievable monitoring opportunities for identified personnel and will ensure strict process adherence is maintained. The Control Plan can be revised at any point decreasing the monitoring intervals in the event of poor process adherence or increasing if limited variation is recorded.  
 
[bookmark: _Toc7188876]7.1.3	Standardise the Process

Within the implementation stage there were various processes that were standardised to ensure they were completed to a predetermined process that eliminates any waste or rejects. The servicing of tap-offs was added to the preventative maintenance scheduler, which is a Scheduled Maintenance Sheet (SMS) which is populated weekly and is delivered to the designated areas for the maintenance team to complete. There will be a list of instructions to complete on the sheet which need to be ticked off and then signed and dated by the person who undertakes it. The reasoning behind adding in to a preventative maintenance task is it will then be regulated, periodically distributed and increases accountability for the task. 
[image: ]
[bookmark: _Toc7189138]Figure 54: Preventative Maintenance request form (FORD 2019)
[image: ]
Figure 54, shows the request form, and figure 55, shows the actual completed and countersigned form that is then inputted into the system ready for population. These sheets refer to the Single Point Lesson (SPL) sheet that was produced as another type of process standardisation, Figure 46 in the Implementation Chapter. The SPL is step by step instruction of how to complete a task efficiently and without creating any waste.   
 [bookmark: _Toc7189139]Figure 55: Completed SMS request (FORD 2019)

There is also the de-requisitioning process, the project planner and the online manifests all standardised processes that will ensure the estates electrical department operates efficiently. 

[bookmark: _Toc7188877]7.1.4	Monitoring the Process
7.1.4.1	Inventory
The inventory control within the chip prep warehouse will be internally monitored by the EED personnel to ensure good housekeeping and organisation is upheld. For added scrutinization, Chris Richards, maintenance engineer has been tasked with monthly housekeeping checks through the Control Plan and will continuously monitor the online manifest to ensure stock updates are being upheld. 
7.1.4.2	Tap-off Servicing  
The tap-off servicing has now been added to the ‘Scheduled Maintenance sheet’ (SMS) system for periodic implementation of the strategy. Accountability is achieved through personnel having to identify each tap-off they service, date, time etc. inputted onto the individual OK in-process tag and signing the SMS sheet with the corresponding details duplicated on it. Random checks on SMS are undertaken by area managers to ensure they are being completed to the exacting standards.
7.1.4.3 Derequisitioning of inventory
A periodic inspection of the derequisitioning database within the stores ‘Maximo’ software will be undertake by Mike Davies (Stores analyst). He will monitor amounts of red-requisitions being utilised to return items to the non-production stores and relay findings to Chris Richards to ensure the derequisitioning process is being adopted continuously. 
7.1.4.4	Project Planner
The project planner utilisation will automatically be checked through its attachment to the installation test sheets that are a prerequisite of any completed installation and are handed to Chris Richards for filing.




[bookmark: _Toc7188878]7.1.5	Culture Control

As described within the literature review in terms of culture change, both Lewin’s and Kotter’s models for change management describe the importance of controlling the management of change in the final stages to ensure the new processes stick. Lewin called the final stage of his change model freezing or refreezing to symbolize the act of reinforcing, stabilizing and solidifying the new state after the change. Effectively within this project the changes made to the estates electrical departments processes are accepted and refrozen as the new norm or status quo by the personnel involved. Kotter believed however that in order solidify a lasting change small short-term wins were required to maintain enthusiasm and momentum to keep the initiative moving forward. Which could be said of the processes that have been implemented progressively throughout the project, allowing time for each to be accustomed to before the next was introduced. Finally, in order to achieve true transformational change, the manager and organization must anchor changes within the organizational culture by monitoring the acceptance of change and how well the organizational culture is adapting to the change. This will be achieved through the control plan, any deviation from the new processes will be flagged and corrective actions will be initiated. 
Change requires the involvement, communication and transparency from all levels within Bridgend Engine Plant (BEP) and thus will be the controlling actions as it cements itself into normal practice. Monthly team meetings are scheduled, held by the shift foreman and maintenance engineer, Chris Richards, to include EED personnel on shift, to address any concerns or developments that may result from the new changes. These meetings will be an opportunity for all involved to voice any issues or further improvements that could be implemented, such as additional training that could be beneficial to ensure the success of change. 
It is the hope of the author of this report that management sustain the processes involved, leading from the front and ensuring that plant floor motivation is upheld. There is a long-standing observation from the hourly paid maintenance and production staff that, management within Ford’s BEP has great enthusiasm to establish new strategies of improvement, however they are without the discipline and resolve to maintain sustainability. The consequence of this is demotivation and the unwillingness to change, however change has occurred and is bringing positive outcomes to the efficiency of the EED. If management adhere to their monitoring and corrective protocols then the control stage will be effective and the processes changed for good.  







[bookmark: _Toc7188879]CHAPTER 8: Conclusions & Recommendations



[bookmark: _Toc7188880]8.1 Introduction

This chapter in the project establishes conclusions based on the findings of the study and in accordance with the project aims and objectives set out in chapter one. It may be pertinent to note that conclusions are derived from the findings within the analysis stage and in conjunction with the literature reviewed in chapter two. Future research recommendations are also proposed on how department efficiency could be improved. Inventory management recommendations that could be implemented within Ford’s Bridgend Engine Plant to enhance and improve plant wide efficiency.

[bookmark: _Toc7188881]8.2	Conclusions 
    
Conclusions for the project are established in context of the aims and objectives set out in the primary chapter of the project.  
[bookmark: _Hlk4434275]Identify the Estates electrical department’s (EED) stored inventory levels and their baseline statistics for efficiency.
There were six locations identified as estates electrical department’s (EED) satellite stores, which were spread out throughout the plant. Each location had a range of inventory and quantity levels, had no means of managing quantities or locations and were completely disorganised. A detailed manifest was drafted by the author of this report collating 3,336 items with a net cost of £44,976.64 (taken from, table 10) dispersed amongst the 6 locations. Time studies were then undertaken of the estates electrical departments daily working practices, segmenting the activities into planning time, stock searching time, travelling time, actual working time and any time resulting from delays in stock delivery. These time studies were taken over a 4-month period to give a detailed account of any wasteful activities which could be occurring within the EED’s daily routines.

Research six sigma methodologies and Inventory control strategies that could be utilised to improve Estates Electrical Department process efficiency. 
The literature review within this report includes a variety of useful tools that were utilised within the assignment, to help analyse the measured data and gave broad based information on different inventory management strategies that were either already in place, used for evaluation purposes or utilised to calculate optimal order quantity by using the EOQ method. 
Analyse the Inventory levels in terms of quantities and cost that the estates department control, the time studies to identify waste and the correlation between them.
A detailed inventory manifest was collated to display the actual amount of non-traceable stock which resides outside of the non-production stores solely for utilisation by the EED. This was categorised through ABC analysis both in terms of cost and demand and highlighted through Pareto diagrams that a small amount of the stock equated to a large portion of the total stock, which holds weight to Pareto’s 80/20 principle. The demand analysis underlined that the majority of high demand items had allocations within the non-production stores, were untraceable through poor inventory control but had large enough quantities for some items, to prevent reorder points being activated. It also determined that a few of the highest demand items equated to 75percent of the total demand for all items which again agrees with Pareto’s 80/20 rule. 
When the data from the time studies was organised and broken down into individual activities such as searching for stock, excessive travelling due to this, delays through poor inventory control/lead times, actual working time and time allocated to planning, clarification was evident on the wasteful activities which were affecting efficiency within the EED. This wasted time was evaluated over a four-month period together with their associated costings and mean Time to Repair (MTTR) machines, to indicate the severity of poor efficiency. 
In conclusion of the analysed data, a direct correlation between poor inventory management and wasted time were the direct cause of substandard efficiency levels within the estates electrical department.   

Implement inventory management protocols and standardised working practices to improve the estates departments efficiency by removing wasteful activities.
By researching the different inventory management strategies gave a greater understanding of what supply chains Ford Bridgend had in place and the benefits of utilising it. As stated, the ideal scenario would have been to return all the inventory back under the control of the non-production stores. However, there were issues with some items, which presented management with decisions on acquiring more storage space, upskilling personnel to handle certain electrical items and the added cost/time required to integrate all these additional items within the stores system. The author would conclude that for lean efficiency within the plant, all items should be warehoused within the non-production stores having maximum and minimum stored quantities, set reorder points within the supply chain and thus traceable commodities in which everyone can access, not just a select department. 
The requirement to create small storage units, in the X20 tap-off stores and the chip-prep warehouse could function as the non-production stores, however it requires dedication by certain personnel, or deviation and possibly failure could occur. To help prevent this from occurring standardised working practices such as the utilisation of Scheduled Maintenance Sheets (SMS), Single Point Lessons (SPL), the Online Inventory Manifests and the Project Planner sheets have been implemented into the daily routines of the EED.  
Due to its simplicity the use of the EOQ model was utilised for calculating the optimum order size of certain items, one being the ‘Unistrut’, it works well in this situation where demand was known and though it is not constant as the works of Woosley 1990, suggest it being a prerequisite, due to the calculated large order size the plant will save money on deliveries and there should be enough stock to ensure demand is met.   

Ensure process control with change management techniques being utilised.
By researching the works of ‘Lewin’ and his ‘Three Step Model’ to change management (Mullins, 2011) and ‘Kotter’ and his ‘Eight Step’ change Model similarities could be drawn with Kotter’s work seemingly an extension of Lewin as suggested by Wheeler et al, 2017. For this similarity reason, it could be concluded that both were utilised within the project, communication was given from the start and throughout and remain a large aspect of the control stage moving forward. Involvement plays a major factor in the project’s success and a controlling matter with both management, Engineering staff and maintenance staff all having to guarantee they complete their new tasks. Motivation is also a controlling factor more so from the top, as previously mentioned the lack of belief that management have the resilience to sustain projects, creates major obstacles in enforcing change.
To aid these strategies a control team was developed, whose roles are to facilitate checks via the Control Plan and ensure any deviation from outside of the set parameters (LSL and USL) are contained and acted upon with reaction activities such as ‘5 Whys?’ methodology or meetings to address the issue. By ensuring that all standardised working practices, monitoring practices and reaction activities are adhered to it could be concluded that the project should continue effectively creating efficiency within the EED and cost savings for the Bridgend Engine Plant.    


[bookmark: _Toc7188882]8.3	Recommendations
[bookmark: _Toc7188883]8.3.1	Short Term
The Short term recommendation would be to ensure the success of the project by all personnel adopting the principles and processes set out in the implementation stage. If both management and maintenance staff sustain the procedures that have been implemented then the estates electrical departments (EED) efficiency should be endured. This could look favourably on the EED and help win new internal installation work in the future preventing sub-contracted work out and possibly help maintain the manning levels going forward. It could also ensure yearly cost savings for the plant and Promote the project Expansion to other areas. The resources are in place for this to continue and would incur no disruptions to daily routines 
[bookmark: _Toc7188884]8.3.2	Medium Term
[image: TX750 Secure Storage and Retrieval System]With the initial success and cost savings as established within this project, the recommendation moving forward, medium term, would be to implement these strategies in all other areas/departments within BEP. By removing all satellite stores throughout the plant would return essential inventory and enable it to be utilised plant wide, create a surplus of inventory that would prevent the triggering of order points and thus could save the plant money in the short term. There is a small possibility that this could have a direct effect on MTTR of machines having to wait for the store to deliver the required parts from the non-production stores. However, the stores ordering system is dated and requires an urgent upgrade, by returning all inventory items and relying solely on the non-production stores it could highlight it as a constraint process, forcing potential investment. BEP are experimenting with Data Analytics for use with inventory control, the use of live dashboards that contain relevant inventory quantities for use on a tablet or even a mobile phone as seen in figure 56. If these dashboards could be set up by department and include all the spares essential for that area, with one click ordering built in, similar to major retailer’s like Amazon, EBay etc., then searching time could be drastically decreased. The cost implications could be centred on setting up the dashboards and roll out, with possible costs of tablets, if desired, however most areas in the plant have several computers and so the software could just be uploaded. Having a more refined ordering system would greatly reduce searching time on the current Maximo software and could possibly have a more refined means of derequisitioning built in, instead of the red-req. system which is extremely dated. There could be minimum disruption in implementing as the system could be setup to work in parallel as was the case when ‘Maximo’ was first implemented.   [bookmark: _Toc7189140]Figure 56: Mobile phone to order Parts (Autocrib, 2019)

[bookmark: _Toc7188885]8.3.3	Long Term
Long term recommendations would be to overhaul the inventory search and delivery systems within BEP for further increased efficiency. The idea would be to have line side spare part machines, similar to food dispensing machines that hold the most essential, most utilised parts, not food. They would be electronically linked to the non-production stores so if a part is removed, it automatically reduces the inventory count and initialises a reorder to the machine. Companies such as ‘Autocrib’ have such remote storage units, for example the ‘Robocrib LX200’, shown in figure 57, which has the capacity to hold over 2500 Stock Keeping Units (SKU). The perception of having one large warehousing area to house all spare parts located on the opposite side of the plant, is not the leanest means of inventory delivery and only creates waste in terms of delivery times. Assembly lines within BEP have line side inventory volumes that ensure no loss of opportunity/productivity due to part shortages or delays. Therefore, why not have the most critical spares, for each individual department, and controlled via the non-production inventory management system ensuring, max and min levels are controlled, reorder points are set and deliveries are made to the machines without creating lost opportunity.
[image: RoboCribÂ® LX2000 ]
[bookmark: _Toc7189141]Figure 57: Autocrib's Robocrib LX2000 (Autocrib.com, 2019)
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	Item Details
	Quantity 
	Cost (£)
	Total Cost (£)
	Percentage of total cost 
	Classification

	Bus bar (Telemechanique) (per metre)
	25
	500
	12500
	27.79%
	A

	Bus bar (Muller) (per metre)
	20
	450
	9000
	20.01%
	A

	32Amp Tap-off Box (Telemechanique, Canalis)
	17
	120
	2040
	4.54%
	A

	AHU motor
	1.00
	2,000.00
	2000
	4.45%
	A

	64 Amp Tap-off Box (Telemechanique, Canalis)
	12
	140
	1680
	3.74%
	A

	16Amp Tap-off Box (Klockner & Muller)
	13
	85
	1105
	2.46%
	A

	32Amp Tap-off Box (Klockner & Muller)
	10
	105
	1050
	2.33%
	A

	64Amp Tap-off Box (Telemechanique, Canalis)
	7
	140
	980
	2.18%
	A

	32 Amp Tap-off Box (Klockner & Muller)
	8
	105
	840
	1.87%
	A

	16Amp Tap-off Box (Telemechanique, Canalis)
	8
	100
	800
	1.78%
	A

	64Amp Tap-off Box (Klockner & Muller)
	6
	130
	780
	1.73%
	A

	32 Amp Tap-off Box (Telemechanique, Canalis)
	6
	120
	720
	1.60%
	A

	200Amp Tap-off Box (Telemechanique, Canalis)
	2
	360
	720
	1.60%
	A

	100Amp Tap-off Box (Telemechanique, Canalis)
	3
	200
	600
	1.33%
	B

	64 Amp Tap-off Box (Klockner & Muller)
	4
	130
	520
	1.16%
	B

	integral 18-Effluent plant
	2
	256
	512
	1.14%
	B

	Busbar joint kit
	2
	215
	430
	0.96%
	B

	16 Amp Tap-off Box (Klockner & Muller)
	5
	85
	425
	0.94%
	B

	16 Amp Tap-off Box (Telemechanique, Canalis)
	4
	100
	400
	0.89%
	B

	welding socket outlet
	4
	97
	388
	0.86%
	B

	cable 10.0mm 4c pvc/swa/pvc black (per metre)
	98
	3.89
	381.22
	0.85%
	B

	100 Amp Tap-off Box (Klockner & Muller)
	2
	190
	380
	0.84%
	B

	integral 32 effluent plant
	1
	289
	289
	0.64%
	B

	200 Amp Tap-off Box (Klockner & Muller)
	1
	280
	280
	0.62%
	B

	cable 6.0mm 4c pvc/swa/pvc black (per metre)
	46
	4.71
	216.66
	0.48%
	B

	Tray, cable 100mm x3m
	18
	12
	216
	0.48%
	B

	cable 4.0mm 4c pvc/swa/pvc black (per metre)
	80
	2.67
	213.6
	0.47%
	B

	Tray, cable 150mm x 3m
	16
	13
	208
	0.46%
	B

	100 Amp Tap-off Box (Telemechanique, Canalis)
	1
	200
	200
	0.44%
	B

	telemechanique for general lighting panel. 240V coil
	8
	23
	184
	0.41%
	B

	Trunking galvanised NL3224 (NEWLEC) (per metre)
	21
	7.2
	151.2
	0.34%
	B

	cable 1.5mm 3c pvc/swa/pvc black (per metre)
	68
	2.02
	137.36
	0.31%
	B

	Trunking galvanised NL3253 (NEWLEC) (per metre)
	18
	7.6
	136.8
	0.30%
	B

	Tray, cable 75mm x3m
	12
	11
	132
	0.29%
	B

	fuse 100 amp
	30
	4.4
	132
	0.29%
	B

	cable 2.5mm brown (per metre)
	200
	0.63
	126
	0.28%
	B

	cable 4mm blue (per metre)
	175
	0.71
	124.25
	0.28%
	B

	cable 4.0mm 3c pvc/swa/pvc black (per metre)
	50
	2.45
	122.5
	0.27%
	B

	cable 1.5mm grey (per metre)
	200
	0.58
	116
	0.26%
	B

	cable 2.5mm 4c pvc/swa/pvc black (per metre)
	45
	2.32
	104.4
	0.23%
	B

	Tray, cable 150mm x3m
	8
	13
	104
	0.23%
	B

	Tray, cable 50mm x3m
	10
	10
	100
	0.22%
	C

	unistrut nlzc4006m
	12
	8
	96
	0.21%
	C

	23-32 amp magnetic integral o/l
	1
	96
	96
	0.21%
	C

	cable 2.5mm blue (per metre)
	150
	0.63
	94.5
	0.21%
	C

	unistrut nlzc403m
	15
	6
	90
	0.20%
	C

	Tray, cable 50mm x 3m
	9
	10
	90
	0.20%
	C

	heater control card
	1
	89
	89
	0.20%
	C

	cable 1.5mm blue (per metre)
	150
	0.58
	87
	0.19%
	C

	cable 8mm blue (per metre)
	100
	0.79
	79
	0.18%
	C

	cable 6.0mm 4c pvc/swa/pvc black (per metre)
	20
	3.89
	77.8
	0.17%
	C

	20mm flexible conduit (per metre)
	20
	3.86
	77.2
	0.17%
	C

	cable 6mm brown (per metre)
	100
	0.74
	74
	0.16%
	C

	Trunking galvanised NL3211 (NEWLEC)  (per metre)
	12
	6.04
	72.48
	0.16%
	C

	cable 4mm brown (per metre)
	100
	0.71
	71
	0.16%
	C

	cable 10.0mm 4c pvc/swa/pvc black (per metre)
	15
	4.71
	70.65
	0.16%
	C

	heater element for santon heater
	1
	67
	67
	0.15%
	C

	Boiler stills contactor
	1
	65
	65
	0.14%
	C

	Boiler stills contactor
	1
	65
	65
	0.14%
	C

	16mm copex gland
	22
	2.9
	63.8
	0.14%
	C

	cable  2.5mm earth (per metre)
	100
	0.63
	63
	0.14%
	C

	cable 2.5mm grey (per metre)
	100
	0.63
	63
	0.14%
	C

	32mm Anaconda gland
	18
	3.5
	63
	0.14%
	C

	25mm galv heavy gauge conduit (per metre)
	35
	1.68
	58.8
	0.13%
	C

	cable 1.5mm brown (per metre)
	100
	0.58
	58
	0.13%
	C

	fuse 10 amp
	20
	2.8
	56
	0.12%
	C

	cable 6mm earth (per metre)
	75
	0.74
	55.5
	0.12%
	C

	cable 6mm grey (per metre)
	75
	0.74
	55.5
	0.12%
	C

	Tray, cable 75mm x 3m
	5
	11
	55
	0.12%
	C

	25mm flexible conduit (per metre)
	12
	4.54
	54.48
	0.12%
	C

	Trunking galvanised NL3211 (NEWLEC)  (per metre)
	9
	6.04
	54.36
	0.12%
	C

	cable 4mm grey (per metre)
	75
	0.71
	53.25
	0.12%
	C

	fuse 32 amp
	12
	3.8
	45.6
	0.10%
	C

	AHU replacement isolator
	1
	45
	45
	0.10%
	C

	hi speed contactor (AHU)
	1
	45
	45
	0.10%
	C

	low speed contactor (AHU)
	1
	45
	45
	0.10%
	C

	cable 8mm earth (per metre)
	50
	0.79
	39.5
	0.09%
	C

	cable 8mm brown (per metre)
	50
	0.79
	39.5
	0.09%
	C

	cable 8mm grey (per metre)
	50
	0.79
	39.5
	0.09%
	C

	extract contactor (AHU)
	1
	39
	39
	0.09%
	C

	fuse 63  A
	9
	4.2
	37.8
	0.08%
	C

	NL25CWN gland
	12
	3.12
	37.44
	0.08%
	C

	45degree 20mm thread 20mm anaconda gland
	12
	3.1
	37.2
	0.08%
	C

	NL25BW (25mm indoor) gland
	12
	3
	36
	0.08%
	C

	cable 4mm earth (per metre)
	50
	0.71
	35.5
	0.08%
	C

	hi speed overload (AHU)
	1
	34
	34
	0.08%
	C

	low speed auxillary (AHU)
	1
	34
	34
	0.08%
	C

	black flex 1.5mm (per metre)
	50
	0.66
	33
	0.07%
	C

	fuse 5 amp
	16
	2.05
	32.8
	0.07%
	C

	AHU o/l
	1
	32
	32
	0.07%
	C

	Trunking galvanised NL3253 (NEWLEC) (per metre)
	4
	7.6
	30.4
	0.07%
	C

	cable 1.5mm earth (per metre)
	50
	0.58
	29
	0.06%
	C

	AHU timer
	1
	28
	28
	0.06%
	C

	extract fan for sub-stations
	1
	28
	28
	0.06%
	C

	cable 2.5mm 3c pvc/swa/pvc black (per metre)
	12
	2.3
	27.6
	0.06%
	C

	25mm galv heavy gauge conduit (per metre)
	15
	1.68
	25.2
	0.06%
	C

	Trunking galvanised NL3224 (NEWLEC) (per metre)
	3
	7.2
	21.6
	0.05%
	C

	NL20SCW (20mm weatherproof small) gland
	8
	2.7
	21.6
	0.05%
	C

	NL20CW (20mm weatherproof) gland
	8
	2.63
	21.04
	0.05%
	C

	32mm flexible conduit (per metre)
	4
	4.89
	19.56
	0.04%
	C

	fuse 2 amp
	18
	1.07
	19.26
	0.04%
	C

	extract overload 5.5-8amp (AHU)
	1
	19
	19
	0.04%
	C

	fuse 6 amp TIA
	8
	2.3
	18.4
	0.04%
	C

	straight 20mm thread 20mm anaconda gland
	6
	3
	18
	0.04%
	C

	hi speed auxillary (AHU)
	1
	18
	18
	0.04%
	C

	low speed overload (AHU)
	1
	18
	18
	0.04%
	C

	cable 6mm blue (per metre)
	24
	0.74
	17.76
	0.04%
	C

	Fuse 3amp (domestic)
	9
	1.88
	16.92
	0.04%
	C

	20mm galv heavy gauge conduit (per metre)
	15
	1.03
	15.45
	0.03%
	C

	din rail (tophat)  (per metre)
	15
	0.89
	13.35
	0.03%
	C

	fuse 85 Amp
	3
	4.3
	12.9
	0.03%
	C

	30mm gland
	13
	0.99
	12.87
	0.03%
	C

	NL32BWN gland
	3
	4.2
	12.6
	0.03%
	C

	NL20BW (20mm indoor) gland
	5
	2.5
	12.5
	0.03%
	C

	grey flex 0.75mm (per metre)
	20
	0.62
	12.4
	0.03%
	C

	fuse 20A
	4
	3
	12
	0.03%
	C

	aux block for LC1-D contactor 3N/O + 1N/C.AHU
	1
	12
	12
	0.03%
	C

	NL20SBW (20mm indoor small) gland
	5
	2.34
	11.7
	0.03%
	C

	90degree 20mm thread 20mm anaconda gland
	4
	2.9
	11.6
	0.03%
	C

	fuse 7 amp 
	4
	2.5
	10
	0.02%
	C

	Brass reducer 32 -20mm
	22
	0.45
	9.9
	0.02%
	C

	20mm gland
	10
	0.97
	9.7
	0.02%
	C

	Brass reducer 25-20mm
	21
	0.44
	9.24
	0.02%
	C

	2.5mm twin&earth grey (per metre)
	10
	0.83
	8.3
	0.02%
	C

	25mm gland
	8
	0.98
	7.84
	0.02%
	C

	fuse 1 amp
	8
	0.89
	7.12
	0.02%
	C

	straight 20mm thread 16mm anaconda gland
	2
	2.8
	5.6
	0.01%
	C

	ABS box 4"
	2
	2.46
	4.92
	0.01%
	C

	emergency stop button 22mm
	1
	3.78
	3.78
	0.01%
	C

	1.5mm twin&earth grey (per metre)
	5
	0.75
	3.75
	0.01%
	C

	unistrut end cap
	27
	0.13
	3.51
	0.01%
	C

	ABS box 8"
	1
	3.15
	3.15
	0.01%
	C

	ABS box 6"
	1
	2.97
	2.97
	0.01%
	C

	ABS box 2"
	1
	2
	2
	0.00%
	C

	Total
	3,336.00
	7,489.07
	44976.64
	100.00%
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	Item Details
	Quantity
	Demand (per year)
	% of total demand
	Classification

	cable 2.5mm 4c pvc/swa/pvc black (per metre)
	45
	20000
	42.49%
	A

	cable 2.5mm 3c pvc/swa/pvc black (per metre)
	12
	9000
	19.12%
	A

	cable 4.0mm 3c pvc/swa/pvc black (per metre)
	50
	6000
	12.75%
	A

	cable 4.0mm 4c pvc/swa/pvc black (per metre)
	80
	2000
	4.25%
	B

	cable 1.5mm 3c pvc/swa/pvc black (per metre)
	68
	1800
	3.82%
	B

	cable 2.5mm blue (per metre)
	150
	500
	1.06%
	B

	cable 10.0mm 4c pvc/swa/pvc black (per metre)
	46
	500
	1.06%
	B

	cable 10.0mm 4c pvc/swa/pvc black (per metre)
	15
	500
	1.06%
	B

	cable 1.5mm blue (per metre)
	150
	400
	0.85%
	B

	cable 6.0mm 4c pvc/swa/pvc black (per metre)
	98
	400
	0.85%
	B

	cable 6.0mm 4c pvc/swa/pvc black (per metre)
	20
	400
	0.85%
	B

	cable 8mm blue (per metre)
	100
	350
	0.74%
	B

	20mm flexible conduit (per metre)
	20
	350
	0.74%
	B

	cable  2.5mm earth (per metre)
	100
	350
	0.74%
	B

	cable 2.5mm grey (per metre)
	100
	350
	0.74%
	B

	unistrut nlzc403m
	15
	300
	0.64%
	B

	cable 1.5mm brown (per metre)
	100
	300
	0.64%
	B

	cable 1.5mm earth (per metre)
	50
	300
	0.64%
	B

	cable 4mm brown (per metre)
	100
	250
	0.53%
	B

	cable 6mm brown (per metre)
	100
	200
	0.42%
	B

	cable 6mm earth (per metre)
	75
	200
	0.42%
	B

	cable 4mm grey (per metre)
	75
	200
	0.42%
	B

	cable 4mm earth (per metre)
	50
	200
	0.42%
	B

	black flex 1.5mm (per metre)
	50
	200
	0.42%
	B

	cable 6mm blue (per metre)
	24
	200
	0.42%
	B

	cable 6mm grey (per metre)
	75
	150
	0.32%
	B

	cable 1.5mm grey (per metre)
	200
	130
	0.28%
	B

	cable 4mm blue (per metre)
	175
	125
	0.27%
	B

	integral 32 effluent plant
	1
	120
	0.25%
	B

	25mm galv heavy gauge conduit (per metre)
	35
	90
	0.19%
	C

	unistrut nlzc4006m
	12
	85
	0.18%
	C

	Tray, cable 150mm x3m
	8
	80
	0.17%
	C

	cable 8mm earth (per metre)
	50
	75
	0.16%
	C

	cable 8mm brown (per metre)
	50
	75
	0.16%
	C

	cable 8mm grey (per metre)
	50
	75
	0.16%
	C

	20mm galv heavy gauge conduit (per metre)
	15
	65
	0.14%
	C

	25mm galv heavy gauge conduit (per metre)
	15
	60
	0.13%
	C

	32mm flexible conduit (per metre)
	4
	50
	0.11%
	C

	grey flex 0.75mm (per metre)
	20
	50
	0.11%
	C

	unistrut end cap
	27
	48
	0.10%
	C

	Tray, cable 75mm x3m
	12
	45
	0.10%
	C

	Tray, cable 150mm x 3m
	16
	45
	0.10%
	C

	Tray, cable 50mm x3m
	10
	35
	0.07%
	C

	Tray, cable 50mm x 3m
	5
	35
	0.07%
	C

	25mm flexible conduit (per metre)
	12
	30
	0.06%
	C

	Brass reducer 32 -20mm
	22
	30
	0.06%
	C

	Trunking galvanised NL3253 (NEWLEC) (per metre)
	4
	25
	0.05%
	C

	Brass reducer 25-20mm
	21
	25
	0.05%
	C

	Trunking galvanised NL3211 (NEWLEC)  (per metre)
	9
	21
	0.04%
	C

	fuse 32 amp
	12
	21
	0.04%
	C

	NL25CWN gland
	12
	16
	0.03%
	C

	din rail (tophat)  (per metre)
	15
	15
	0.03%
	C

	Trunking galvanised NL3224 (NEWLEC) (per metre)
	21
	15
	0.03%
	C

	Trunking galvanised NL3224 (NEWLEC) (per metre)
	3
	12
	0.03%
	C

	fuse 100 amp
	30
	12
	0.03%
	C

	NL25BW (25mm indoor) gland
	12
	12
	0.03%
	C

	NL32BWN gland
	3
	12
	0.03%
	C

	Tray, cable 75mm x 3m
	9
	12
	0.03%
	C

	welding socket outlet
	4
	10
	0.02%
	C

	NL20SCW (20mm weatherproof small) gland
	8
	10
	0.02%
	C

	25mm gland
	8
	10
	0.02%
	C

	32mm Anaconda gland
	18
	8
	0.02%
	C

	NL20BW (20mm indoor) gland
	5
	8
	0.02%
	C

	16mm copex gland
	22
	6
	0.01%
	C

	fuse 10 amp
	20
	6
	0.01%
	C

	fuse 63  A
	9
	6
	0.01%
	C

	NL20CW (20mm weatherproof) gland
	8
	6
	0.01%
	C

	Trunking galvanised NL3253 (NEWLEC) (per metre)
	18
	6
	0.01%
	C

	NL20SBW (20mm indoor small) gland
	5
	5
	0.01%
	C

	30mm gland
	13
	4
	0.01%
	C

	20mm gland
	10
	4
	0.01%
	C

	Tray, cable 100mm x3m
	18
	3
	0.01%
	C

	fuse 20A
	4
	3
	0.01%
	C

	integral 18-Effluent plant
	2
	2
	0.00%
	C

	cable 2.5mm brown (per metre)
	200
	2
	0.00%
	C

	45degree 20mm thread 20mm anaconda gland
	12
	2
	0.00%
	C

	fuse 5 amp
	16
	2
	0.00%
	C

	fuse 2 amp
	18
	2
	0.00%
	C

	90degree 20mm thread 20mm anaconda gland
	4
	2
	0.00%
	C

	straight 20mm thread 16mm anaconda gland
	2
	2
	0.00%
	C

	Trunking galvanised NL3211 (NEWLEC)  (per metre)
	12
	2
	0.00%
	C

	AHU motor
	1.00
	1
	0.00%
	C

	heater element for santon heater
	1
	1
	0.00%
	C

	AHU replacement isolator
	1
	1
	0.00%
	C

	extract contactor (AHU)
	1
	1
	0.00%
	C

	ABS box 4"
	2
	1
	0.00%
	C

	ABS box 8"
	1
	1
	0.00%
	C

	Boiler stills contactor
	1
	1
	0.00%
	C

	fuse 6 amp TIA
	8
	1
	0.00%
	C

	Fuse 3amp (domestic)
	9
	1
	0.00%
	C

	aux block for LC1-D contactor 3N/O + 1N/C.AHU
	1
	1
	0.00%
	C

	fuse 1 amp
	8
	1
	0.00%
	C

	extract fan for sub-stations
	1
	1
	0.00%
	C

	Boiler stills contactor
	1
	0
	0.00%
	C

	hi speed contactor (AHU)
	1
	0
	0.00%
	C

	low speed contactor (AHU)
	1
	0
	0.00%
	C

	2.5mm twin&earth grey (per metre)
	10
	0
	0.00%
	C

	1.5mm twin&earth grey (per metre)
	5
	0
	0.00%
	C

	ABS box 6"
	1
	0
	0.00%
	C

	ABS box 2"
	1
	0
	0.00%
	C

	telemechanique for general lighting panel. 240V coil
	8
	0
	0.00%
	C

	23-32 amp magnetic integral o/l
	1
	0
	0.00%
	C

	heater control card
	1
	0
	0.00%
	C

	hi speed overload (AHU)
	1
	0
	0.00%
	C

	low speed auxillary (AHU)
	1
	0
	0.00%
	C

	AHU o/l
	1
	0
	0.00%
	C

	AHU timer
	1
	0
	0.00%
	C

	extract overload 5.5-8amp (AHU)
	1
	0
	0.00%
	C

	straight 20mm thread 20mm anaconda gland
	6
	0
	0.00%
	C

	hi speed auxillary (AHU)
	1
	0
	0.00%
	C

	low speed overload (AHU)
	1
	0
	0.00%
	C

	fuse 85 Amp
	3
	0
	0.00%
	C

	fuse 7 amp 
	4
	0
	0.00%
	C

	emergency stop button 22mm
	1
	0
	0.00%
	C

	Total
	3,180.00
	47,069.00
	100.00%
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Weekly Wasted Time

Searching Time	Week 1	Week 2	Week 3	Week 4	Week 5	Week 6	Total	336	228	270	150	180	187.5	1351.5	Delay Time	Week 1	Week 2	Week 3	Week 4	Week 5	Week 6	Total	1440	0	2880	4320	720	0	9360	Travelling Time	Week 1	Week 2	Week 3	Week 4	Week 5	Week 6	Total	165	90.6	120	54	132	30	591.6	Total	1941	318.60000000000002	3270	4524	1032	217.5	11303.1	
Lost Time (minutes)





Cost of Wasted Time

Searching Cost	Week 1	Week 2	Week 3	Week 4	Week 5	Week 6	Total	403.2	273.59999999999997	324	180	216	225	1621.8	Delay Cost	Week 1	Week 2	Week 3	Week 4	Week 5	Week 6	Total	1728	0	3456	5184	864	0	11232	Travelling cost	Week 1	Week 2	Week 3	Week 4	Week 5	Week 6	Total	198	108.72	144	64.8	158.4	36	709.92	Total	2329.1999999999998	382.31999999999994	3924	5428.8	1238.4000000000001	261	13563.72	
Cost (£)





Monthly Wasted Time

Searching Time	Month 1	Month 2	Month 3	Month 4	Total	984	337.5	657.5	805.55	2784.55	Delay time	Month 1	Month 2	Month 3	Month 4	Total	8640	3210	720	4320	16890	Travelling Time	Month 1	Month 2	Month 3	Month 4	Total	429.6	334	353.3	399.25	1516.15	Total	10053.6	3881.5	1730.8	5524.8	21190.7	

Lost Time (minutes)





Cost of Wasted Time

Searching Cost	Month 1	Month 2	Month 3	Month 4	Total	1180.8	405	789	966.66	3341.46	Delay Cost	Month 1	Month 2	Month 3	Month 4	Total	10368	3852	864	5184	20268	Travelling Cost	Month 1	Month 2	Month 3	Month 4	Total	515.52	400.79999999999995	423.96000000000004	479.1	1819.38	Total	12064.32	4657.8	2076.96	6629.76	25428.84	
Cost (£)
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Bus bar (Telemechanigue) (per metre) 500 12500 2779%
Bus bar (Muller) (per metre) 450 5000} 2001%
32Amp Tap-off Box (Telemechanique, Canalis) 120 2040} 4.54%
AHU mator 2,000.00 2000} 4.45%
B4 Amp Tap-off Box (Telemechanigue, Canalis) 12 140 1680 3.74% b Fill
16Amp Tap-off Box (Klockner & Muller) 13 85 1105 2.46% t
32Amp Tap-off Box (Klockner & Muller) 10 105 1050 2.33% 4 Line
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100Amp Tap-off Box (Telemechanigue, Canalis) 3 200 600 1.33%
54 Amp Tap-off Box (Klockner & Muller) 4 130 520 1.16%
integral 18-Effluent plant 2 256 512 1.14%
Busbar joint kit 2 215 430 0.96%
16 Amp Tap-off Box (Klockner & Muller) 5 85 425] 0.94%
16 Amp Tap-off Box (Telemechanigue, Canalis) 4 100 400 0.89%
welding socket outlet 4 97 388 0.86%
cable 10.0mm 4c pve/swalpve black (per metre) 98 389 381.22] 0.85%
100 Arnp Tap-off Box {Klockner & Muller) 2 190 380 0.84%
integral 32 effluent plant 1 283 PEE] 0.64%
200 Amp Tap-off Box (Klockner & Muller) 1 280 280 0.62%
cable 6.0mm 4c pve/swalpve black (per metre) 45 471 216,66} 0.48%
Tray, cable 100mm x3m 18 12 216 0.48%
cable 4.0mm 4c pve/swalpve black (per metre) 80 267 2135 0.47%
Tray, cable 150mm x 3m 16 13 208 0.46%
30 100 Amp Tap-off Box (Telemechanigue, Canalis) 1 200 200 0.44%
1 telemechanique for general lighting panel. 240V coil 8 23 184 0.41% 16074
Trunking galvanised NL3224 (NEWLEC) (per metre) 21 7.2 151.2 0.34%
cable 1.5mm 3c pvc/swalpve black (per metre) B8 202 137.36 0.31%
Trunking galvanised NL3253 (NEWLEC) (per metre) 18 76 1368 0.30%
Tray, cable 75mm x3m 12 il 132 0.29%
fuse 100 amp 30 4.4 132 0.29%
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Tray, cable 50mm x3m 10 10 100 0.22%
unistrut nlzc4006m 12 8 96| 0.21% 7.85%)
23-32 amp magnetic integral o/l 1 96 96| 0.21%
cable 2.5mm blue {per metre) 150 063 545 0.21%
unistrut nlzc403m 15 B El 0.20%
Tray, cable 50mm x 3m 9 10 El 0.20%
heater control card 1 89 89| 0.20%
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1 Midweek Breakdown
2 | Step |Task Time taken (hr:mi
3 1
4 [ 2 |Visitsite to assess fault (HOPPER DOORS UNRESPONSIVE) 00:15:00
5[ 3 |Checked Panel, Motor trip has ocourred 00:02:30
6 |4 |Reset, retry, brake operafing no movement 00:02:00
7 [ 5 |Checkhopper levels on gangway 00:04:45
8 |6 |Hopper has overfiled 00:01:00
9 [ 7 [Manually released Hopper contents into Swarf container 00:20:00
108 |Retry hopper doors, (FUNCTIONING CORRECTLY) 00:05:00
119 |Why has hopper overfilled, Checked level Proximity switches 00:10:00
12 10__|Faulty switch, return to workshop to order replacement 00:15:00

Returned to fit Switch

00:15:00

20 18 |lsolate Panel ECPL

00:05:00

stock search

Travelling time

2119 |Replace faulty proximity switch 00:10:00 0:45:00
2220 |Remove isolation and test (ALL OK) 00:10:00 Actual worked time
1101

| Midweek | Saturday | Team leader tables

Weekday breakdown

Ready

H QO Type here to search
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8__[Relry hopper doors, (FUNCTIONING CORRECTLY) 00,0500
9 [Why has hopper overfilled, Checked level Proximity switches 00:10:00
10 |Fe switch, return to workshop to order replacement 00:15:00
1t
12
13
14 Orgarise
15
= stock search
17 |Returned to fit Switch 00:15:00
13 Isolete Panel ECPL 00,0500 Traveling tme
19 |Replace faulty proximity switch 00:10:00 0:45:00
20 [Remove isolation and test (ALL OK) 00:10:00 Actual worked time

1:10:1

Table 12: Typical Midweek Breakdown

Observing the five timing areas:
Organise - it took 10 seconds to read the work order
Travelling time - it took 45 minutes in total to travel to and from the breakdown

Searching time — It took 1 hour 21 minutes and 30 seconds to locate a spare part due to Nil

stock in the production stores but untraceable stock in one of the satellite stores.

70|

Page 720fB8 15477 words L% English (United Kingdorm) S} - 1 + 100%
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Weekday breakdown

Organising time (h:m:s) 00:00:10

Travelling time (h:m:s) 00:45:00

Stock searching time (h:m:s) 01:21:30

Waiting time/DELAY (h:m:s) 00:00:00

Actual working/installing time (h:m:s) 01:10:15

Total Job Execution Time (h:m:s) 3:16:55

Total time excluding delays (h:m:s) 3:16:55

Rate per hour (£) £24.00

Total cost of job (£) x 3 persons £236.30

Possible wasted time(h:m:s) 0:50:00

Rate per hour (£) £24.00

Cost of Stock Search (£) £20.00

Total cost of possible wasted 

time (£) x 3 persons £60.00
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StepTask Time taken (hr:min:sec)

1 Receive Work Order 6am Monday 00:00:10

2 Visit site to assess work to be completed 00:17:00

3 Quickly note parts required for installation 00:02:30

4 Check with Estates Maintenance Engineer for installation approval 00:04:30

5 Visit X20 to aquire tapoff box 00:15:45

6 Visit Estates satelite stores to aquire unistrut and traywork 00:16:25

7 Visit Main Sub-station to aquire cable 00:19:00

8 Visit PAG tunnel for parts 00:15:00

9 Return to Spares room to collect fixtures, fittings, etc 00:13:22

10 Search Matloc and Maximo for Parts 00:14:56

11 Order additional required parts from production stores 00:02:01

12 Get foreman to authorise requisitioned parts 00:03:31

13 Clean Tapoff and insulation test before use 00:10:35

14 Visit Production stores to collect requistioned parts 00:06:33

15 Return to workshop to collect tools, harnesses and PPE 00:10:50

16 Load buggies with parts and tools for installation 00:04:52

17 Collect Cherry Picker from Tunnel  00:05:00

18 Continue to Installation to commence work. 00:03:00

19 Commence Installation, barrier off area 00:06:00

20 Measure up for traywork installation 00:08:00

21 Return to workshop take unistrut and traywork for cutting/forming 00:20:00

22 Cut/form Unistrut and traywork 00:21:00

23 Return to Installation 00:03:00

24 Assemble traywork 00:42:00

25 Return to workshop for forgotten components  00:03:00

26 Order additional required parts from production stores 00:05:00

27 Get foreman to authorise requisitioned parts 00:02:00

28 Visit Production stores to collect requistioned parts 00:05:00

29 Return to Installation 00:03:00

30 Continue Installation, run cable and secure cable to traywork 00:52:00

31 Prepare cable and couple tapoff to busbar cable end, secure until power up is sanctioned 00:14:00

32 Insulation test cable and tapoff assembly, fill in test sheets 00:12:00

33 Prepare m/c end cable and couple to machine and into isolator 00:09:00

34 Tidy up work area  00:12:00

35 Request Isolation of busbar to plug in Tapoff (ON HOLD TIL WEEKEND) 00:05:00

36 Replace all unused parts to satelite stores, sub, X20, store room 00:35:00

37 Return cherry picker to tunnel for charging 00:06:00

38 Return to workshop, supply engineer with test sheets 00:06:00

40 Wait till weekend (4days) for busbar Isolation (Monday) 12:00:00

41 Wait till weekend (4days) for busbar Isolation (Tuesday) 23:59:59

42 Wait till weekend (4days) for busbar Isolation (Wednesday) 23:59:59

43 Wait till weekend (4days) for busbar Isolation (Thursday) 23:59:59

44 Wait till weekend (4days) for busbar Isolation (Friday) 23:59:59

45 Wait till weekend (4days) for busbar Isolation (Saturday) 00:06:04

46 Saturday morning receive Isolation paperwork 01:00:00

47 Collect harnesses, Flash attire, tools and meters  00:12:00

48 Collect Cherry Picker from Tunnel  00:05:00

49 Proceed to Isolation 00:07:00

50 Barrier off area 00:07:00

51 Fit flash gear 00:03:00

52 Isolate busbar, lock off and danger tag 00:12:00

53 Move cherry picker and barriers to plug in postion 00:05:00

54 Plug in tapoff 00:10:00 Delay

55 Move cherry picker and barriers to isolator 00:08:00 108:06:00

56 Remove isolation 00:11:00 Organise

57 Test Supply to Machine - Phase Orientation 00:05:00 1:54:02

58 Danger tag machine to warn Power is now present 00:02:00 stock search

59 Sign off Isolation sheets and return to Engineer 00:07:00 1:47:00

60 Return cherry picker to tunnel for charging 00:05:00 Travelling time

61 Return to workshop and replace tools 00:10:00 2:02:23

62 Job Finished-LATE BREAK 00:00:00 Actual Worked time

118:06:00 3:50:35

Servicing supply to a Dragon Machine (Midweek starting) 
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Organising time (h:m:s) 01:54:02

Travelling time (h:m:s) 02:02:23

Stock searching time (h:m:s) 01:47:00

Waiting time/DELAY (h:m:s) 108:06:00

Actual working/installing time (h:m:s) 03:50:35

Total Job Execution Time (h:m:s) 117:40:00

Total time excluding delays (h:m:s) 9:34:00

Rate per hour (£) £24.00

Total cost of wages (£) x 3 persons £688.80

Possible wasted time(h:m:s) 3:49:23

Rate per hour (£) £24.00

Cost of Travelling time (£) 1 person £48.95

Cost of Stock Search (£) 1 person £42.80

Total cost of possible wasted time 

(£) x 3 persons £275.26
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Step Task Time taken (hr:min:sec)

1 Receive Work Order Saturday 00:00:10

2 Visit site to assess work to be completed 00:17:00

3 Quickly note parts required for installation 00:04:30

4 Check with Estates Maintenance Engineer for installation approval 00:10:30

5 JOB ON HOLD - PRODUCTION BREAKDOWN 03:30:00

6 BREAK 00:20:00

7 Visit X20 to aquire tapoff box 00:20:45

8 Visit Estates satelite stores to aquire unistrut and traywork 00:14:25

9 Visit Main Sub-station to aquire cable 00:24:00

10 Visit PAG tunnel for parts 00:15:00

11 Return to Spares room to collect fixtures, fittings, etc 00:22:22

12 Search Matloc and Maximo for Parts 00:14:56

13 Order additional required parts from production stores 00:02:01

14 Get foreman to authorise requisitioned parts (Foreman tied up in meeting) LUNCH 00:45:31

15 Clean Tapoff and insulation test before use 00:10:35

16 Visit Production stores to collect requistioned parts 00:10:33

17 Return to workshop to collect tools, harnesses and PPE 00:10:50

18 Load buggies with parts and tools for installation 00:04:52

19 Collect Cherry Picker from Tunnel  00:08:00

20 Continue to Installation to commence work. 00:07:00

21 Commence Installation, barrier off area 00:06:00

22 Measure up for traywork installation 00:08:00

23 Return to workshop  00:05:00

24 Cut/form Unistrut and traywork 00:45:00

25 Return to Installation 00:10:00

26 Assemble traywork 01:25:00

27 Run cable and secure cable to traywork 00:45:00

28 Prepare cable and couple tapoff to busbar cable end, secure until power up is sanctioned 00:14:00

29 Tidy up area 00:17:00

30 Charge cherry picker 00:08:00

31 Pack up tools/equipment and return to workshop, END OF DAY 00:19:00

32 NEW DAY

33 Gather tools and commence to installation 00:21:00

34 Collect cherry picker and barrier off area 00:11:00

35 Insulation test cable and tapoff assembly, fill in test sheets 00:12:00

36 Prepare m/c end cable and couple to machine and into isolator 00:09:00

37 Tidy up work area  00:12:00

38 Request Isolation of busbar to plug in Tapoff  00:15:00

39 Receive Isolation paperwork 00:28:00

40 Collect Flash attire, tools and meters  00:12:00

41 Proceed to Isolation 00:10:00

42 Fit flash gear 00:03:00

43 Isolate busbar, lock off and danger tag 00:12:00

44 Move cherry picker and barriers to plug in postion 00:05:00

45 Plug in tapoff 00:10:00 Delays

46 Move cherry picker and barriers to isolator 00:08:00 3:30:00

47 Remove isolation 00:11:00 Organise

48 Test Supply to Machine - Phase Orientation 00:05:00 1:20:02

49 Danger tag machine to warn Power is now present 00:04:00 stock search

50 Sign off Isolation sheets and return to Engineer 00:10:00 2:39:00

51 Return cherry picker to tunnel for charging 00:10:00 Travelling time

52 Return to workshop and replace tools 00:10:00 2:05:23

53 Job Finished-LATE BREAK 00:00:00 Actual worked time

15:53:00 7:17:35

Servicing supply to a Dragon Machine (Saturday starting) 
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Saturday Installation

Organising time (h:m:s) 01:20:02

Travelling time (h:m:s) 02:05:23

Stock searching time (h:m:s) 02:39:00

Waiting time/DELAY (h:m:s) 03:30:00

Actual working/installing time (h:m:s) 07:17:35

Total Job Execution Time (h:m:s) 16:52:00

Total time excluding delays (h:m:s) 13:22:00

Rate per hour (£) £36.00

Total cost of wages (£) x 3 persons £1,443.60

Possible wasted time(h:m:s) 2:39:00

Rate per hour (£) £36.00

Cost of Stock Search (£) 1 person £95.40

Total cost of possible wasted time 

(£) x 3 persons £286.20
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Step Task Time taken (hr:min:sec)

1 Receive Work Order  00:00:10

2 Visit site to assess work to be completed 00:56:00

3 Note parts required for installation 00:10:30

4 Check with Estates Maintenance Engineer for installation approval (Chris Richards) 00:10:30

5 Visit Estates satelite stores to aquire required parts 00:26:25

6 Visit Main Sub-station to aquire cable 00:19:00

7 Visit PAG Tunnels for Spares 00:24:00

8 Return to Spares room to collect fixtures, fittings, etc 00:22:22

9 Search Matloc and Maximo for Parts List 00:35:00

10 Order additional required parts from production stores 00:10:01

11 Get foreman to authorise requisitioned parts 00:10:31

12 Request fast track parts through Engineer (Chris Richards) 00:10:35

13 Parts Delay on Delivery (48 Hours) 23:59:59

14 Parts Delay on Delivery (48 Hours) 23:59:59

15 Prepare framework for fused spurs 12:30:00

16 Submit Maintenance request form (MRF) for frameworks to be afixed to the floor 00:10:00

17 Delay on framework fitment 20:00:00

18 Collect tools, harnesses and PPE 00:10:50

19 Load buggies with parts and tools for installation 00:04:52

20 Collect Cherry Picker from Tunnel  00:05:00

21 Continue to Installation to commence work. 00:03:00

22 Commence Installation, barrier off area 00:06:00

23 Measure up for traywork installation 1 of 6 00:18:00

24 Return to workshop take unistrut and traywork for cutting/forming 00:10:00

25 Cut/form Unistrut and traywork 00:45:00

26 Return to Installation 00:10:00

27 Assemble traywork 02:30:00

28 Run cable and secure cable to traywork 00:52:00

29 Prepare cable and couple into fused spurs and into distribution panel 00:14:00

30 Measure up for traywork installation 2 of 6 00:15:00

31 Return to workshop take unistrut and traywork for cutting/forming 00:10:00

32 Cut/form Unistrut and traywork 00:35:00

33 Return to Installation 00:10:00

34 Assemble traywork 01:30:00

35 Run cable and secure cable to traywork 00:45:00

36 Prepare cable and couple into fused spurs and into distribution panel 00:14:00

37 Measure up for traywork installation 3 of 6 00:15:00

38 Return to workshop take unistrut and traywork for cutting/forming 00:10:00

39 Cut/form Unistrut and traywork 00:25:00

40 Return to Installation 00:10:00

41 Assemble traywork 00:50:00

42 Run cable and secure cable to traywork 00:34:00

43 Prepare cable and couple into fused spurs and into distribution panel 00:14:00

44 Measure up for traywork installation 4 of 6 00:15:00

45 Return to workshop take unistrut and traywork for cutting/forming 00:10:00

46 Cut/form Unistrut and traywork 00:30:00

47 Return to Installation 00:10:00

48 Assemble traywork 01:15:00

49 Run cable and secure cable to traywork 00:30:00

50 Prepare cable and couple into fused spurs and into distribution panel 00:14:00

51 Measure up for traywork installation 5 of 6 00:15:00

52 Return to workshop take unistrut and traywork for cutting/forming 00:10:00

53 Cut/form Unistrut and traywork 00:45:00

54 Return to Installation 00:10:00

55 Assemble traywork 01:40:00

56 Run cable and secure cable to traywork 00:39:00

57 Prepare cable and couple into fused spurs and into distribution panel 00:14:00

58 Place order for additional parts 00:45:00

59 Get foreman to authorise requisitioned parts 00:20:00

60 Tidy up area 00:30:00

61 Return cherry picker to tunnel for charging 00:05:00

62 Return to workshop and replace tools 00:10:00

63 Parts Delay on Delivery (24 Hours) 23:59:59

64 Collect tools, harnesses and PPE 00:10:50

65 Load buggies with parts and tools for installation 00:04:52

66 Collect Cherry Picker from Tunnel  00:05:00

67 Continue to Installation to commence work. 00:03:00

68 Commence Installation, barrier off area 00:06:00

69 Measure up for traywork installation 6 of 6 00:15:00

70 Return to workshop take unistrut and traywork for cutting/forming 00:10:00

71 Cut/form Unistrut and traywork 00:55:00

72 Return to Installation 00:10:00

73 Assemble traywork 01:30:00

74 Run cable and secure cable to traywork 00:50:00

75 Prepare cable and couple into fused spurs and into distribution panel 00:14:00 Delay

76 Isolate Distribution Panel 00:06:00 91:59:57

77 Wire in Fused spur Feeds 00:32:00 Organise

78 Carry out Insulation, Earth fault loop, continuity tests 00:50:00 1:48:04

79 Fill out test sheets 00:14:00 stock search

80 Replace all unused parts to satelite stores, sub, X20, store room, PAG tunnels 00:35:00 4:12:54

81 Return cherry picker to tunnel for charging 00:06:00 Travelling time

82 Return to workshop, supply engineer with test sheets 00:06:00 3:28:30

83 Job Finished 00:00:00 Actual worked time

136:10:25 34:41:00

Supply Power to Team leader Tables dragon assembly  
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Major Installation

Organising time (h:m:s) 01:48:04

Travelling time (h:m:s) 03:28:30

Stock searching time (h:m:s) 04:12:54

Waiting time/DELAY (h:m:s) 91:59:57

Actual working/installing time (h:m:s) 34:41:00

Total Job Execution Time (h:m:s) 136:10:25

Total time excluding delays (h:m:s) 44:10:28

Rate per hour (£) £24.00

Total cost of wages (£) x 3 persons £3,180.56

Possible wasted time(h:m:s) 7:41:24

Rate per hour (£) £24.00

Cost of Travelling time (£) 1 person £83.40

Cost of Stock Search (£) 1 person £101.16

Total cost of possible wasted 

time (£) x 3 persons £553.68
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Item Details Quantity 

unistrut end cap 27

Brass reducer 32 -20mm 22

Brass reducer 25-20mm 21

fuse 32 amp 12

NL25CWN gland 12

fuse 100 amp 30

NL25BW (25mm indoor) gland 12

NL32BWN gland 3

NL20SCW (20mm weatherproof small) gland 8

25mm gland 8

32mm Anaconda gland 18

NL20BW (20mm indoor) gland 5

16mm copex gland 22

fuse 10 amp 20

fuse 63  A 9

NL20CW (20mm weatherproof) gland 8

NL20SBW (20mm indoor small) gland 5

30mm gland 13

20mm gland 10

fuse 20A 4

45degree 20mm thread 20mm anaconda gland 12

fuse 5 amp 16

fuse 2 amp 18

90degree 20mm thread 20mm anaconda gland 4

straight 20mm thread 16mm anaconda gland 2

Boiler stills contactor 1

fuse 6 amp TIA 8

Fuse 3amp (domestic) 9

aux block for LC1-D contactor 3N/O + 1N/C.AHU 1

fuse 1 amp 8

telemechanique for general lighting panel. 240V coil 8

23-32 amp magnetic integral o/l 1

heater control card 1

hi speed overload (AHU) 1

low speed auxillary (AHU) 1

AHU o/l 1

AHU timer 1

extract overload 5.5-8amp (AHU) 1

straight 20mm thread 20mm anaconda gland 6

hi speed auxillary (AHU) 1

low speed overload (AHU) 1

fuse 85 Amp 3

fuse 7 amp  4

emergency stop button 22mm 1

Total

379


image64.jpeg
YoV

JoquInN uoysinbey

4q penss| euele

penss| 8jeq

Aiueng

peyddng

paJepiO
Hoeg

[l

L030

|0AU0D J8PIO Horg

peyeulbuo e1eq

Jequiny prepuelg BuumoeNUBI/BUMEIQ PIO4

Yyolo v LlNoed

asoding pue uopduoseq

SWS/JHN J9pIO HOMAD8I0Id | 7 HLS 158

L-19b-10- 7§

JOQUINN Ved PIOS

uomisinbay [ELBIEI UOHONPOId UON (240>

Qvd NI NIVL3H — AdOD N33O €
"O'Wd'N —AdOO 3LIHM '+

dINS ONDIOVd — AJOD  JNId 2

finp
2dd

v80€¢ =





image65.jpeg




image4.png




image66.jpeg




image67.jpeg




image68.jpeg




image69.jpeg




image70.emf
Tap-Off Box Quantity DateQuantity DateQuantityDate Quantity Date

16Amp Tap-off Box (Klockner & Muller) 18

32Amp Tap-off Box (Klockner & Muller) 18

64Amp Tap-off Box (Klockner & Muller) 10

100 Amp Tap-off Box (Klockner & Muller) 2

200 Amp Tap-off Box (Klockner & Muller) 1

16Amp Tap-off Box (Telemechanique, Canalis) 12

32Amp Tap-off Box (Telemechanique, Canalis) 23

64 Amp Tap-off Box (Telemechanique, Canalis) 19

100Amp Tap-off Box (Telemechanique, Canalis) 4

200Amp Tap-off Box (Telemechanique, Canalis) 2

Rejects Scrapped-off Quantity Date
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Item Details Quantity  Minimum Maximum Order point

1.5mm twin&earth grey (per metre) 5

2.5mm twin&earth grey (per metre) 10

20mm flexible conduit (per metre) 20

25mm flexible conduit (per metre) 12

25mm galv heavy gauge conduit (per metre) 15

32mm flexible conduit (per metre) 4

ABS box 2" 1

ABS box 4" 2

ABS box 6" 1

ABS box 8" 1

AHU motor 1.00

AHU replacement isolator 1

black flex 1.5mm (per metre) 50

Boiler stills contactor 1

cable  2.5mm earth (per metre) 100

cable 1.5mm 3c pvc/swa/pvc black (per metre) 68

cable 1.5mm blue (per metre) 150

cable 1.5mm brown (per metre) 100

cable 1.5mm earth (per metre) 50

cable 1.5mm grey (per metre) 200

cable 10.0mm 4c pvc/swa/pvc black (per metre) 15

cable 2.5mm 3c pvc/swa/pvc black (per metre) 12

cable 2.5mm 4c pvc/swa/pvc black (per metre) 45

cable 2.5mm blue (per metre) 150

cable 2.5mm brown (per metre) 200

cable 2.5mm grey (per metre) 100

cable 4.0mm 3c pvc/swa/pvc black (per metre) 50

cable 4.0mm 4c pvc/swa/pvc black (per metre) 80

cable 4mm blue (per metre) 175

cable 4mm brown (per metre) 100

cable 4mm earth (per metre) 50

cable 4mm grey (per metre) 75

cable 6.0mm 4c pvc/swa/pvc black (per metre) 20

cable 6mm blue (per metre) 24

cable 6mm brown (per metre) 100

cable 6mm earth (per metre) 75

cable 6mm grey (per metre) 75

cable 8mm blue (per metre) 100

cable 8mm brown (per metre) 50

cable 8mm earth (per metre) 50

cable 8mm grey (per metre) 50

din rail (tophat)  (per metre) 15 3 15 3

extract contactor (AHU) 1

grey flex 0.75mm (per metre) 20

heater element for santon heater 1 1 1 0

hi speed contactor (AHU) 1

integral 18-Effluent plant 2

integral 32 effluent plant 1

low speed contactor (AHU) 1

Tray, cable 100mm x3m 18 4 20 6

Tray, cable 150mm x3m 8 4 20 6

Tray, cable 50mm x3m 10 4 20 6

Tray, cable 75mm x3m 12 4 20 6

Trunking galvanised NL3211 (NEWLEC)  (per metre) 9 2 10 2

Trunking galvanised NL3224 (NEWLEC) (per metre) 3 2 10 2

Trunking galvanised NL3253 (NEWLEC) (per metre) 4 2 10 2

unistrut nlzc4006m 12 4 20 6

unistrut nlzc403m 15 4 75 6

welding socket outlet 4
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Add any sketches or notes prevalent to the installation
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delivery and management costs are higher than necessary.
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