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[bookmark: _Toc115644702]Situation Update
New regulations from the FDA and BSi have resulted in a massive remediation effort of the existing company product portfolio. Significant cost is already assigned to ensure that product with expiring certificates have design history files (DHF) revised to meet the new medical device requirements. Teir 1 and premium products have been prioritised in this remediation effort but there are insufficient resources to revise every DHF before the certificates expire. Zimmer Biomet will not be able to manufacture or sell any new product with an expired certificate, but product manufactured prior to expiration can continue to be sold in already approved regions.
The result of this is a massive shake up of production planning and scheduling to ensure that critical products are in stock at distribution centres. This will cause a major upset for tibial tray manufacture at ZB Bridgend where the latest demand (Appendix A), is six times higher than what the cell was originally designed to manage. The certificates for Vanguard Tibial Trays are set to expire in March 2025. ZB Bridgend has been given until February 2025 to meet the demand. Failure to do so will result in stock shortages and possibly affect surgeries. Engineering functions at ZB Bridgend have been tasked with finding alternatives to increasing the site head count and the increased polishing spindle and consumable costs it would incur should the current process be scaled up to meet the coming demand spike.
[bookmark: _Toc115644703]Proposal
The current manufacturing method for tibial trays involves electro-chemical machining to a near-net finish. The tibial trays are then manually linished and polished to the current drawing specification. This process is very labour intensive and due to site line clearance procedures, SOP104, an operator must finish an entire batch of 6 parts within an 8-hour shift. This inadvertently limits capacity of electro-chemical machining to 25% as only a single batch can be processed during a cycle. A cost breakdown of the current manual finishing for a batch of six tibial trays is as follows:
	Batch Cycle Time
	432 mins (7.2 hours)

	Consumable Cost
	£54.66

	Labour Time
	432 mins (7.2 hours)

	Labour Cost
	£180

	Cost per Batch
	£234.66

	Cost per Component
	£39.11


Introduction of Drag Finishing
In 2014, the NPD department investigated drag finishing of highly polished components. It was noted that finding new employees with the necessary polishing skills was increasing in difficulty. While robotic polishing cells had been introduced for many years at the ZB Bridgend site, they are not able to reach the intricate details often found on tibial trays. The positioning tolerance of the existing cells also equated to almost 50% of the tolerances found on Vanguard tibial trays. This disqualified the future use of robotic finishing using the existing cells.
Contact was made with Rosler UK who were briefed on the potential skill shortage the site may face in the future. Trials were conducted using a Rosler R4/700 SF and several different products from the Zimmer Biomet portfolio, with particular focus on tibial trays. A basic process was designed and resulted in lower overall cycle times and labour requirements. Drag finishing processes multiple parts at once allowing an entire batch of six parts to be finished at once. This feature will allow operations at ZB Bridgend to use more of the spare capacity at electro-chemical machining and by increasing batch sizes to 12 and weekly maximum finishing capacity to 480 parts. The cost analysis results for a batch of 6 and 12 tibial trays is as follows:

	
	Batch of 6
	Batch of 12

	Batch Cycle Time
	180mins (3 hours)
	180mins (3 hours)

	Consumable Cost
	£33.17
	£33.17

	Labour Time
	60 mins (1 hour)
	60 mins (1 hour)

	Labour Cost
	£25
	£25

	Cost per Batch
	£58.17
	£58.17

	Cost per Component
	£9.70
	£4.85


The total equipment cost is £96,190. A full breakdown of the cost can be found in Appendix E. There will be a validation and biocompatibility requirement. The cost of this is £35,402.30, making the total capex investment £131,552.30.
[bookmark: _Toc115644704]Cost Analysis
Savings Over Manual Finishing 
The potential cost savings per part if adopting drag finishing is £34.26. Applying this saving over the demand to January 2023 give the following savings:
· Yr1-£284,395.12 (Apr’23 to Dec’23)
· Yr2-£373,321.39
· Yr3-£5,396.34 (Demand for Jan’25 only)
These figures do not include energy costs though the savings would be greater if they were included in the calculations. This is due to the requirement to not only scale up available headcount to complete the demand, but also increasing the number of polishing spindles needed, thus increasing demand on the site’s energy supply.
Returns and Investment Payback
The total investment needed for the introduction of drag finishing to the Tibial Tray cell is £131,552.30. Currently the weighted average cost of capital (WACC), sits at 9%. Due to the high savings, the payback period has been calculated in months, so a WACC of 0.75% has been used. The corporate standard indicators for project appraisals and investments are as follows:
	Total Investment
	£131,552.30

	Timescale
	22 months

	WACC
	0.75%

	Payback Period
	4 ½ months

	NPV
	£176,33.28

	Rate of Return (IRR)
	18.38%


These figures have been checked by calculating the Profitability Index (PI), and the Benefit Cost Ratio (BCR). When calculating PI, the figure remains below 1.0 until the initial investment has been recovered. BCR has a similar function only it will display a negative until such time that the investment costs have been recovered. When this happens, BCR will equal PI-1. The resulting PI and BCR figures are as follows:
· PI=2.34
· BCR=1.34
These figures indicate that the figures calculated previously are correct.
The above corporate standards and terms are not very well known outside of the financial Teams. Because of this, more calculations were made to show the total net income and the accounting rate of return (ARR). These calculations are as follows:
	*Depreciation
	£5,978.29

	ARR
	36.74%

	Total Cashflow
	£663,122.00

	Net Income/Profit
	£531,599.70


For these calculations, the equipment was deemed to have no value at the end of the 22 months. Therefore, the depreciation is simply the total investment divided by the time scale to give £5,978.29 per month. Likely, the equipment will still be operational and could be repurposed. This would lower the depreciation figure and increase the net income after month 22.
Issues with the Financial Calculations
There are some issues with the corporate standards for calculating project investments and appraisals. The first is the use of NPV and the disadvantages it poses. The biggest disadvantage to the net present value method is that it requires some guesswork about the firm's cost of capital. Assuming a cost of capital that is too low will result in making suboptimal investments. Assuming a cost of capital that is too high will result in forgoing too many good investments (Nasdaq, 2015). Zimmer Biomet is a publicly traded company and is subject to changes in share prices that can affect the calculation of WACC, resulting in an NPV that can vary from week to week making the use of NPV nothing more than an assumption. NPV is currently used to determine future projects viability, especially at ZB Bridgend. NPV is not suitable for this as a higher investment will have a much higher NPV when compared to some smaller investments, regardless of the returns. IRR suffers from many of the same problems It ignores the investment size when comparing two different values. A disadvantage of using the IRR method is that it does not account for the project size when comparing projects. Cash flows are simply compared to the amount of capital outlay generating those cash flows. This can be troublesome when two projects require a significantly different amount of capital outlay, but the smaller project returns a higher IRR. (Kattan, 2021). In his paper, On the (non-)equivalence of IRR and NPV, Thomas Webber discusses the use of Selective IRR; The selective IRR does not suffer from the drawbacks that plague other rate-of-return criteria. (Webber, 2014).It may be worthwhile to use Selective IRR as a corporate standard. ARR differs from IRR in that it is calculated by simply dividing the average profit by the average investment. ARR should therefore give a more reliable result when judging two projects with different investment amounts. Unlike other methods of investment appraisal, the ARR is based on profits rather than cashflow. It is affected by subjective, non-cash items such as the rate of depreciation you use to calculate profits. (Invest Northern Ireland, 2020). 
There are advantages and disadvantages to using all the above appraisal techniques but the underlying factor with each of them is that they all assume that the projected cashflow is accurate and reinvested into the company. In the case of drag finishing however, the methods used previously and in appendix C & D, can be considered correct as it deals with labour costs which increase at a predictable rate and the overall time scale is less than 2 years meaning that there should be few changes during the project lifecycle.
[bookmark: _Toc115644705]Results
Introducing drag finishing will enable ZB Bridgend to not only meet the upcoming demand spikes, but also potentially complete the task ahead of time as can be seen in appendix A. The savings thanks to a reduced labour requirements give favourable financial returns regardless of the method or metric used. Drag finishing will also have other applications outside of tibial trays and can be developed to process more parts that are currently labour intensive to finish without the need to increase headcount. This makes drag finishing a worthwhile investment beyond the upcoming demand spike and future proof the process against the upcoming skill shortage as it relates to professional polishers. There will also be an opportunity to integrate the drag finishing equipment into an automated cell. This cell could be used to free up more labour by preloading an entire shift or weeks’ worth of production at once and allowing the cell to schedule and process the demand.
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[bookmark: _Toc115644709]Appendix C-Financial Calculations
	 
	 
	 
	 
	Month
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	Project Investment
	 £    131,552.30 
	 
	 
	Benefits
	-£    131,552.30 
	 £      16,446.00 
	 £    22,056.00 
	 £    29,861.00 
	 £    48,611.00 
	 £    32,247.00 
	 £      27,863.00 
	 £      39,560.00 
	 £      32,343.00 
	 £      35,404.00 
	 £      37,324.00 
	 £      36,101.00 
	 £      29,824.00 
	 £      43,006.00 
	 £      33,873.00 
	 £      29,528.00 
	 £      33,350.00 
	 £      26,972.00 
	 £      32,142.00 
	 £      28,407.00 
	 £      21,753.00 
	 £      21,055.00 
	 £        5,396.00 

	 
	 
	 
	 
	Investment
	-£    131,552.30 
	-£    115,106.30 
	-£   93,050.30 
	-£   63,189.30 
	-£   14,578.30 
	 £    17,668.70 
	 £      45,531.70 
	 £      85,091.70 
	 £    117,434.70 
	 £    152,838.70 
	 £    190,162.70 
	 £    226,263.70 
	 £    256,087.70 
	 £    299,093.70 
	 £    332,966.70 
	 £    362,494.70 
	 £    395,844.70 
	 £    422,816.70 
	 £    454,958.70 
	 £    483,365.70 
	 £    505,118.70 
	 £    526,173.70 
	 £    531,569.70 

	 
	 
	 
	 
	 
	Payback
	1
	2
	3
	4
	-0.452
	0.634127696
	1.150952983
	2.630915499
	3.316989606
	4.094917479
	5.267518905
	7.586631572
	5.954697019
	8.829855637
	11.27630385
	10.8694063
	14.67613451
	13.15464812
	16.015725
	22.22064543
	23.99043933
	97.51180504

	Number of Months
	22
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	NPV
	 £    176,333.28 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	IRR
	18.38%
	 
	 
	WACC
	0.75%
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PI
	2.340
	 
	 
	Denominator
	1
	0.993
	0.985
	0.978
	0.971
	0.963
	0.956
	0.949
	0.942
	0.935
	0.928
	0.921
	0.914
	0.907
	0.901
	0.894
	0.887
	0.881
	0.874
	0.868
	0.861
	0.855
	0.848

	BCR
	1.340
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	Net Benefits
	-£    131,552.30 
	 £      16,323.57 
	 £    21,728.85 
	 £    29,199.08 
	 £    47,179.61 
	 £    31,064.48 
	 £      26,641.43 
	 £      37,544.03 
	 £      30,466.31 
	 £      33,101.44 
	 £      34,636.79 
	 £      33,252.45 
	 £      27,266.24 
	 £      39,025.04 
	 £      30,508.64 
	 £      26,397.22 
	 £      29,592.04 
	 £      23,754.57 
	 £      28,097.13 
	 £      24,647.30 
	 £      18,733.46 
	 £      17,997.37 
	 £        4,578.05 

	 
	 
	 
	 
	NPV
	-£    131,552.30 
	-£    115,228.73 
	-£   93,499.88 
	-£   64,300.80 
	-£   17,121.19 
	 £    13,943.28 
	 £      40,584.72 
	 £      78,128.75 
	 £    108,595.06 
	 £    141,696.49 
	 £    176,333.28 
	 £    341,138.03 
	 £    352,080.70 
	 £    369,376.89 
	 £    370,686.45 
	 £    349,904.06 
	 £    348,431.63 
	 £    345,544.77 
	 £    336,097.87 
	 £    330,278.86 
	 £    315,910.88 
	 £    299,271.47 
	 £    270,597.07 

	 
	 
	 
	 
	 
	IRR
	-87.50%
	-52.33%
	-24.91%
	-3.88%
	3.82%
	8.34%
	12.67%
	15.08%
	16.96%
	18.38%
	19.39%
	20.03%
	20.71%
	21.13%
	21.41%
	21.66%
	21.81%
	21.97%
	22.07%
	22.14%
	22.19%
	22.20%

	 
	 
	 
	 
	 
	PI
	0.124
	0.289
	0.511
	0.870
	1.106
	1.309
	1.594
	1.825
	2.077
	2.340
	3.593
	3.676
	3.808
	3.818
	3.660
	3.649
	3.627
	3.555
	3.511
	3.401
	3.275
	3.057

	 
	 
	 
	 
	 
	BCR
	-0.876
	-0.711
	-0.489
	-0.130
	0.106
	0.309
	0.594
	0.825
	1.077
	1.340
	2.593
	2.676
	2.808
	2.818
	2.660
	2.649
	2.627
	2.555
	2.511
	2.401
	2.275
	2.057



[bookmark: _Toc115644710]Appendix D-Account Rate of Return
	Initial Investment
	 £ 131,522.30 
	
	Months
	Income
	Depreciation
	Profit

	Residual Investment
	 £ 0  
	
	1
	 £    16,446.00 
	 £      5,978.29 
	 £    10,467.71 

	Time Scale
	22
	
	2
	 £    22,056.00 
	 £      5,978.29 
	 £    16,077.71 

	
	
	
	3
	 £    29,861.00 
	 £      5,978.29 
	 £    23,882.71 

	Difference
	 £ 131,522.30 
	
	4
	 £    48,611.00 
	 £      5,978.29 
	 £    42,632.71 

	Depreciation
	 £      5,978.29 
	
	5
	 £    32,247.00 
	 £      5,978.29 
	 £    26,268.71 

	Average Investment
	 £    65,761.15 
	
	6
	 £    27,863.00 
	 £      5,978.29 
	 £    21,884.71 

	Average Profit
	 £    24,163.62 
	
	7
	 £    39,560.00 
	 £      5,978.29 
	 £    33,581.71 

	ARR
	36.74%
	
	8
	 £    32,343.00 
	 £      5,978.29 
	 £    26,364.71 

	Total Cashflow
	 £ 663,122.00 
	
	9
	 £    35,404.00 
	 £      5,978.29 
	 £    29,425.71 

	Net Income/Profit
	 £ 531,599.70 
	
	10
	 £    37,324.00 
	 £      5,978.29 
	 £    31,345.71 

	
	
	
	11
	 £    36,101.00 
	 £      5,978.29 
	 £    30,122.71 

	
	
	
	12
	 £    29,824.00 
	 £      5,978.29 
	 £    23,845.71 

	
	
	
	13
	 £    43,006.00 
	 £      5,978.29 
	 £    37,027.71 

	
	
	
	14
	 £    33,873.00 
	 £      5,978.29 
	 £    27,894.71 

	
	
	
	15
	 £    29,528.00 
	 £      5,978.29 
	 £    23,549.71 

	
	
	
	16
	 £    33,350.00 
	 £      5,978.29 
	 £    27,371.71 

	
	
	
	17
	 £    26,972.00 
	 £      5,978.29 
	 £    20,993.71 

	
	
	
	18
	 £    32,142.00 
	 £      5,978.29 
	 £    26,163.71 

	
	
	
	19
	 £    28,407.00 
	 £      5,978.29 
	 £    22,428.71 

	
	
	
	20
	 £    21,753.00 
	 £      5,978.29 
	 £    15,774.71 

	
	
	
	21
	 £    21,055.00 
	 £      5,978.29 
	 £    15,076.71 

	
	
	
	22
	 £      5,396.00 
	 £      5,978.29 
	-£         582.29 

	
	
	
	
	 £ 663,122.00 
	 £ 131,522.30 
	 £ 531,599.70 
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Tibial Demand

Previous Demand	 MPS Apr-23	 MPS May-23	 MPS Jun-23	 MPS Jul-23	 MPS Aug-23	 MPS Sep-23	 MPS Oct-23	 MPS Nov-23	 MPS Dec-23	 MPS Jan-24	 MPS Feb-24	 MPS Mar-24	 MPS Apr-24	 MPS May-24	 MPS Jun-24	 MPS Jul-24	 MPS Aug-24	 MPS Sep-24	 MPS Oct-24	 MPS Nov-24	 MPS Dec-24	 MPS Jan-25	 MPS Feb-25	19.943529411764708	21.458333333333332	36.314285714285717	47.293478260869563	39.215909090909086	33.884746676248653	38.48771266540642	39.333333333333329	43.055555555555564	36.3125	43.903409090909079	36.269030013049161	41.840475802509374	41.193771626297554	35.909090909090914	32.445652173913047	32.80113636363636	31.27066115702479	34.545946477764652	26.432114512471671	25.605468750000014	10.25	11	New Demand	119.66117647058825	128.75	217.8857142857143	283.76086956521738	235.29545454545456	203.30848005749195	230.92627599243855	235.99999999999997	258.33333333333337	217.875	263.4204545454545	217.61418007829496	251.04285481505624	247.16262975778528	215.4545454545455	194.67391304347828	196.80681818181813	187.62396694214874	207.27567886658792	158.59268707483	153.63281250000009	31.5	0	Drag Finish Burn Down	73575.582226067752	83329.477782584698	59751.582226067752	66049.477782584698	45927.582226067752	39783.582226067752	41089.47778258469	25959.582226067752	19815.582226067752	16129.47778258469	5991.5822260677523	461.68666955081426	0	0	0	0	0	0	0	0	0	0	0	
Demand per Week


Drag Finishing-Capacity at 80%




Manning Levels

Current Manning	
 MPS Apr-23	 MPS May-23	 MPS Jun-23	 MPS Jul-23	 MPS Aug-23	 MPS Sep-23	 MPS Oct-23	 MPS Nov-23	 MPS Dec-23	 MPS Jan-24	 MPS Feb-24	 MPS Mar-24	 MPS Apr-24	 MPS May-24	 MPS Jun-24	 MPS Jul-24	 MPS Aug-24	 MPS Sep-24	 MPS Oct-24	 MPS Nov-24	 MPS Dec-24	 MPS Jan-25	 MPS Feb-25	4	4	7	8	7	6	7	7	8	7	8	7	7	7	6	6	6	6	6	5	5	2	2	New Manning	
 MPS Apr-23	 MPS May-23	 MPS Jun-23	 MPS Jul-23	 MPS Aug-23	 MPS Sep-23	 MPS Oct-23	 MPS Nov-23	 MPS Dec-23	 MPS Jan-24	 MPS Feb-24	 MPS Mar-24	 MPS Apr-24	 MPS May-24	 MPS Jun-24	 MPS Jul-24	 MPS Aug-24	 MPS Sep-24	 MPS Oct-24	 MPS Nov-24	 MPS Dec-24	 MPS Jan-25	 MPS Feb-25	20	22	37	47	39	34	39	40	43	37	44	37	42	41	36	33	33	32	35	27	26	6	0	
Required Manning



image3.png
D LAl el % ROSLER

finding a better way .

Your Investment

Please see the technical detais pages for specifications of these items. For the purpose of Your Investment |

have outlined these only by tte. | trust this meets with your approval.

‘Wet Processing

‘One Résler R4/700 SF Drag Finishing Machine including machine frame, working carousel, | £50,300.00 net

‘working spindle, processing bowi for the pre-Grind and grinding stages (Wet Process), 1

‘work bowl each, E92 switch unit with PLC and protective cabin

‘One metering unit D1-4/320 5% E1460.00net

One exhausting pump PS E1950.00 net

"One automatic water level adjustment via squeeze valve/pressure sensor £1,980.00 net

"One positioning work stations E1520.00net

"One Immersion depth control £1,780.00 net

"One package 1— (R4/700 SF wet process maching reinforced vibrating bowl to ensure | £1,920.00 net

‘media consistency and flow, eliminating settlement and solidification of the mass)

"One package 2~ (undersized media classiication up to grain size 2.5mm —can only be | £2450.00 net

taken in conjunction with package 1)

"One additional work bowl (dry polishing bowl) including frame. 253000 net

‘Waste Water Treatment £23,030.00 net

‘One 2800 K-HA-TF centrifuge (in  dedicated loop as discussed) including pre-treatment

tank, flocculant system for efficient separation of partcies, switch unit with interlinks to

the drag fiish machines, ai diaphragm pump P9 and chiller unit cooling device type RK 3

"One coagulation metering pump P for liguid process water dieaner £840.00 net

‘One metering unit D2-4/320-Z for topping up of process compound n re-circulatory. E1160.00net

system

Your Total Investment for all above Recommended Items £90,920.00 net
excluding tooling
and masking.

‘Delivery, installation and commissioning wil be an additional 527000

‘Net Total Investment £96,190.00
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