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1. [bookmark: _Toc115645779][bookmark: _Hlk136342322][bookmark: Introduction]Introduction
The company has 3 manufacturing sites which are located in the United Kingdom, Poland and Morocco which use 3 disparate reporting and control processes. The aim of this exercise is to show the financial improvements that would be seen following a change to an integrated digitisation process across the whole organisation (Heilala, 2020). There are several different paths by which an improvement could be introduced, and this report aims to highlight which will provide the best solution financially. The costs and projected improvements have been gathered and analysed to calculate the cost of each implementation, which in turn, will provide an accurate figure of the benefits achieved against the project cost. 
Potential methods of achieving the necessary finance, how any risks would be managed, and a subjective introduction timing plan for the project will be included.
2. [bookmark: _Toc115645780][bookmark: Background]Background to the Issue
As previously mentioned, currently, there are 3 combinations of systems used within the organisation. These are:
· [bookmark: _Hlk136359859]Wrexham – Development Database, EFACs and Intouch.
· Poland - Development Database, EFACs and their own production routing system.
· Morocco – Development Database, Hsys.
Each site has a different combination of systems of reporting and control. 
The Moroccan site already has a digital system in place, Hsys, which is proven to be effective.
· Development Database is the initial sales, engineering and project knowledge hub,
· EFACs is the orders and Sales system,
· InTouch is the production monitoring system.
[image: ]
[bookmark: _Ref115598000][bookmark: _Toc115645816]Figure 1 - Existing UK data input systems
Hsys and Cyclades would both cut down on the number of manual data inputs required.
Both would also assist in the tracking of the many movements and stock transactions across all production activities in an effort to improve efficiency across the whole manufacturing process.
These movements and the associated data will enable the analyses of all unnecessary or superfluous tasks that can be modified to be more efficiently completed.
[bookmark: _Hlk136342567]Referencing the 8 types of waste, as defined in Lean Principles of Six Sigma Management (Skhmot, 2017), the various wastes encountered in processes can be categorised. These need to be recorded and analysed for any improvements to processes to be made and reported. 

8 wastes:
· Defects
· Overproduction
· Transportation
· ‘Extra’ or Non-Value Added’ Processing
· Motion
· Waiting
· Inventory
· Unused Talent

Data that would be captured employing Lean 6 sigma DMAIC tools and principles (Measure phase lean six sigma tollgate template, n.d.):
· The duration of the production sub-process cycles
· Anomalies in the expected sub-process cycle
· Downtime and the reason for the downtime
· Logging of production figures (Good parts, rejects WIP, etc.)
· Monitoring the location of produced parts and inventory
· Ensuring the parts produced matches the quantity ordered by the customer







The wastes in process map have been colour coded as shown below:
	Type of Waste
	Colour Code

	Defects 
	

	Overproduction or Underproduction
	

	Transportation
	

	Processing
	

	Motion
	

	Waiting
	

	Inventory
	

	Unused Talent
	


[bookmark: _Toc115645801]Table 1 - 8 Wastes colour coded

Table 2 shows an example of the manufacturing process steps and the related wastes:
	Process Step
	Waste 1
	Waste 2
	Waste 3
	Waste 4
	Waste 5

	Material utilisation 
	
	
	
	
	

	Moulding cycle
	
	
	
	
	

	Parts moulded 
	
	
	
	
	

	Parts inspected
	
	
	
	
	

	Parts packed
	
	
	
	
	

	Parts despatched
	
	
	
	
	


[bookmark: _Toc115645802]Table 2 - Process steps and wastes
3. [bookmark: _Toc115645781][bookmark: Solution_Proposition][bookmark: _GoBack]Aim of Proposed Solution
	Process Step
	Waste 1
	Waste 2
	Waste 3
	Waste 4
	Waste 5

	Material positively tracked and used
	
	
	
	
	

	Moulding cycle adhered to and positively tracked
	
	
	
	
	

	Parts moulded  positively tracked
	
	
	
	
	

	Parts inspected  positively tracked
	
	
	
	
	

	Parts packed  positively tracked
	
	
	
	
	

	Parts despatched  positively tracked
	
	
	
	
	


The aim of the solution proposed would involve replacing the somewhat manual reporting and controls with a system that keeps track of how much material has been used, how many parts have been moulded, monitors the cycle times to ensure a good production rate, keeps a count of the defects sorted, the good parts packed and traceability of the boxes stacked for storage or despatch. Table 3 shows the predicted process wastes following the changes.
[bookmark: _Ref115598961][bookmark: _Toc115645803]Table 3 - Predicted Process waste
Key Notes:
· Cycle time targets and actions from monitoring, will enable processes to run at their optimum, reducing or removing raw material waste, the need for extra remedial processes or the quantity of defective finished goods produced from any non-standard process cycles.
· Tasks should be performed more consistently, so potentially all ‘unused talent’ waste could be eliminated.
· Part traceability is maintained and sometimes improved.
· Waiting time should be eliminated, or at the very least minimised, within the process.
· In theory less defects are made and fed into the process.
· 2 systems under appraisal – Hsys and Cyclades
· Cyclades is the cheaper option but is less flexible
· Hsys is the more flexible and can connect to existing systems within the company location, and in turn, with other sites within the organisation – See over.
Figure 2 – below shows the proposed process layout[image: ][bookmark: _Ref115599441][bookmark: _Toc115645817]Figure 2 - Proposed system process layout

[image: ]Figure 2a - Proposed system process connectivity


[image: A picture containing text, screenshot, line, font

Description automatically generated]Figure 2b - Proposed system process requirements

[image: ] Thus creating a fully integrated manufacturing data and monitoring hub.
[image: ]Figure 2b - Proposed system digital transformation

4. [bookmark: _Toc115645782][bookmark: Analysis]Analysis of data gathered
The inputs required for analysing the current communication and data gathering process were assessed across the sub-processes currently used.
· Cycle times and associated tasks data were taken from current part production process data.
· Hourly rates for persons responsible for given tasks were obtained from the part/process costings.
· Annual part volumes were obtained from the current confirmed customer requirements.
· The current application of resource was obtained from the existing personnel and machine allocations.
The Input data needed for the post-implementation state calculations were based upon current process data and an estimation of what might be gained from the post-implementation state.
· Expected cycle times for operations within the process based on an overall efficiency improvement of 2%.
· Hourly rates for persons responsible would again be obtained from the part/process commercial costings.
· Annual part volumes would be obtained from the indicative customer requirement forecasts.
· Future resource reapplication would be based upon a perceived reduction in operator participation post-implementation. 
Machine operating costs and material costs were obtained from readily available data held within the company.

Annual Cost = (Annual Machine hrs) x (resource cost per hr) x (resource allocation)

This analysis targeted a modest achievable return in the form of a saving of 2% calculated using the formula below:

Annual Cost Saving = Annual Cost Before – Annual Cost After

	Process
	Before
	After
	Annual Savings

	Production labour and overheads cost
	£4,821,337.37
	£4,724,910.62
	£96,426.75


[bookmark: _Toc115645804]Table 4 - Potential Annual Savings
The full cost analysis is available in Appendix A.
5. [bookmark: _Toc115645783][bookmark: Investment_Costs]Investment Costs
The preferred option for this project would be for a ready-developed solution with minimal transition development and disruption. The chosen supplier would be expected to provide, develop, and commission the majority of any required infrastructure, including the hardware needed to run the software. 
There would be opportunity to train staff “off-line” before the system is integrated to help minimise integration issues. 
As mentioned earlier, 2 systems were under consideration. One supplier already supplies a system to the Morocco site, the other has a totally different system that would have to be integrated across the group. 
Find quotations in Appendix B. 
The system used in Morocco, although more expensive, allows for greater flexibility and connectedness to other systems.
Each quote covered the cost of equipment offered in the package, so it is possible to source some hardware items at a reduced cost. 
The cost of hardware and ancillary equipment = £55,680.
The cost of labour involved in the design, development and installation of the system = £17,200.
Giving a total cost of the investment = £82,880.
[bookmark: _Hlk148102285]The full breakdown of the required Labour Equipment and Equipment is detailed in Appendix C.

6. [bookmark: _Toc115645784][bookmark: Project_monitoring]Project Monitoring
The project will be monitored to guarantee and provide evidence that both the maximum investment return is achieved and that the time invested in the project is utilised in the most effective means possible. Payback doesn’t provide the answer of which system is the best, it gives, an indicator. The best payback would be seen from the system that provides the greater flexibility, connectedness and upgrade options that would make them more worthy of the added cost, time and investigation. (Plewa, F. J., Friedlob, G. T. , 1996).  
The project has an envisaged payback within 1 year. Based on this, the evidence would suggest moving forward with the more flexible Hsys system and the added timesaving benefits that can be achieved would be the most favourable option.
[bookmark: _Toc115645785]Full payback model in Appendix D.



7. [bookmark: Cost]Cost Model
The cost model assesses the project value based upon the discounted future value of money by using a discount rate known as the Weighted Average Cost of Capital (WACC). By subtracting the initial investment cost from the sum of the discounted cashflow, the Net Present Value (NPV) of the investment is calculated. (Fernando, 2022).
The Net Present Value is calculated:
	Appendix D - Cost Model
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	2023
	2024
	2025
	2026
	2027
	2028
	2029

	Year
	1
	2
	3
	4
	5
	6
	7

	Investment
	(82,880)
	0
	 
	 
	 
	 
	 

	Return
	 
	 96,427 
	 96,427 
	 96,427 
	  96,427 
	       -   
	 -   

	Net Value
	(82,880)
	13,547
	109,974
	206,400
	302,827
	302,827
	302,827

	
	
	
	
	
	
	
	

	Payback 
	   0.86 
	Years
	
	
	
	
	

	
	
	
	
	
	
	
	

	 (WACC) 
	10.00%
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Denominator
	1.00
	1.10
	1.21
	1.33
	1.46
	1.61
	1.77

	
	
	
	
	
	
	
	

	Future Value
	(82,880)
	87,660.68 
	79,691.53 
	72,446.84 
	65,860.77 
	       -   
	      -   

	
	
	
	
	
	
	
	

	NPV
	222,780
	Net Present Value = Sum of future value (incl. cost of investment)
	



















[bookmark: _Toc115645818]Figure 3 - NPV Calculations
As shown above, payback will be within one calendar year.
More in depth analysis of the project can assess the future value against the investment by using the Profitability Index, PI, and the Benefit-Cost Ratio, BCR (Pasqual, Padilla, & Jadotte, 2013) . 
PI is the calculation that indicates what return is achieved for each pound spent. 
Put simply, the Net Present value divided by the amount invested.
 PI = NPV / Investment Value
[image: ]
Figure 4a - PI 


Benefit cost is calculated by dividing the future value profit by the investment value.
Benefit-Cost Ratio = Future Value Profit / Investment Value
[image: ]
[bookmark: _Toc115645819]Figure 4b - BCR
The investment can be reduced further by assuming that some value of the assets purchased will still be of use at the end of the project (BAXTER, 1970). The exact scale of depreciation for items can be difficult to assess, but 10 years is the widely accepted expectation for asset depreciation given to plant/machinery in a manufacturing process.
The value calculated for the reclaimed value at the end of the project, at year 7, is £15,000. This reclaimed value reduces the project investment to £52,210 and gives a revised NPV of £161,118.45.
[image: ]
[bookmark: _Toc115645820]Figure 5 - Asset Depreciation and Revised NPV
Using the revised NPV it’s possible to calculate the Accounting Rate of Return (ARR) and show the average return per year over the life of the project. The ARR can be determined by using the following calculations (Arnold, 2007):
[image: ]
[bookmark: _Toc115645821]Figure 6 – ARR
Find the full cost model in Appendix D

8. [bookmark: _Toc115645786][bookmark: Risk]Risk
Several potential risks were identified that require monitoring - these need to be managed during the integration of the new system:
	Potential Risks
	Action to Reduce Risk

	Production continuity potentially at risk during system integration
	Proven system already in use in Morocco plus offsite proofing of data input/transfer to error proof before on-site integration

	Supply of products during system integration potentially at risk
	Proven system already in use in Morocco plus offsite  proofing of data input/transfer to error proof before on-site integration

	Potential mis-allocation of resource to the improved state 
	Ensure planning systems are updated to reflect any revised resource allocation when efficiency improvements are seen

	Potential job losses/redundancies
	Allow surplus resource to have the opportunity of retraining in new upskilled operations

	Potential for process changes and systems to be introduced that could be lacking controls or error-proofing
	Prove the new system is error proven prior to implementation. 
Training to be provided and documented for affected colleagues using the system. 
Prove the capability of the system and operations through data analysis studies that prove any improvements, that ensure product supply quotas are met without affecting scrap rates. 





[bookmark: _Toc115645805]Table 5 - Risk Management







9. [bookmark: _Toc115645787][bookmark: Project_timing]Project Timing and Implementation
The project consists of 4 main phases: Equipment procurement, the fabrication of workstations, Installation/Integration and training.
A parallel process of facilities building, and system programming would ensure a reduction in lead time.
Training will be implemented out throughout the process to facilitate a smooth transition of systems and procedures.
The purchase of hardware may require astute planning and supply chain availability and delivery times should be confirmed.
The total project lead time estimation is 20wks
Table 6 – Project Timing Extract, on page 13 - See Appendix E for the full project timing plan.

[image: ]
Table 6 – Project Timing extract

10. [bookmark: _Toc115645788][bookmark: Conclusion]Conclusion
The Hsys project should be furthered. The key points that weight the Hsys system over the Cyclades are as follows:
· The system would only require installation across 2 sites, UK & Poland, as the site in Morocco already has the Hsys system in place.
· Payback on investment within 11 months. (For each site)
· Projected profit from the 7-year project lifetime = £302,827.
· Reapportion of the now under-utilised resource to other value-added tasks.
· A significant reduction in manufacturing waste which would influence an increase in Operating Efficiency.
· Any risk is mitigated by utilising a system that is already in use within the organisation rather than implementing a totally new system.
· Spare capacity to integrate further manufacturing processes.
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Al 3 systems utilise the manual input of data

All 3 require this manual action as they are not linked
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Hsys can be connected to proprietry systems
to upload data (such as the Development Database)
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Hsys can be connected to other systems within the organisation
via the cloud to share information quickly and easily
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Appendix E - Project Timing Plan
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