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Supplementary Figure 1. Putative manufacturing centres used within this case study. Regions were identified using situation pressures identified in Supplementary Tables and the Science and Innovation Audits[36]. The shaded areas represent 68% of the UK population and each represents an area with one or more benefits to siting a decentralised manufacturing hub or node within that region. See also the results of the Science and Innovation Audit initiative[36]. Estimated population densities for UK regions were identified using PopulationExplorer[27] (Kimetrica™) and Landscan™[24], High Resolution global Population Data Set copyrighted by UT-Battelle, LLC, operator of Oak Ridge National Laboratory under Contract No. DE-AC05-00OR22725 with the United States Department of Energy.  The United States Government has certain rights in this Data Set.
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Supplementary Table 1. Key process and cost assumptions used.
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Supplementary Table 2. Key office and facility assumptions used for central and decentralised facilities respectively.
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Supplementary Table 3. Key labour assumptions used for central and decentralised facilities respectively.




[image: ]







Supplementary Table 4. Median full-time gross weekly earnings and percentage change from previous year by UK regions. Obtained from the Annual Survey of Hours and Earnings (ASHE) - Office for National Statistics.



[image: ]Supplementary Table 5. Salary bands were obtained from the UK National Health Service Pay Scales. These were then adjusted for each region using the Median full-time gross weekly earnings and percentage change from previous year by UK regions in Supplementary Figure 4.



	
	Estimated Population

	
	In 50KM Circle
	In Shaded Area

	Birmingham
	4,610,427
	4,550,147

	Nottingham
	3,289,396
	3,937,783

	Liverpool
	4,186,300
	5,585,641

	Leeds
	4,528,898
	3,192,755

	Cardiff
	2,403,573
	2,403,573

	Exeter
	2,208,892
	2,208,892

	Edinburgh
	3,473,021
	3,473,021

	Newcastle upon Tyne
	2,016,730
	2,167,964

	Central London (city)
	12,768,649
	12,768,649

	Cambridge
	2,716,464
	2,716,464

	Total
	42,202,350
	43,004,889



Supplementary Table 6. Estimated population by UK regions chosen for decentralised manufacturing. Obtained from PopulationExplorer and LandscanTM, a high-resolution population dataset produced by Oak Ridge National Laboratory, under a US Department of Defense contract.
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Supplementary Table 7. Rateable Values of category “Laboratories” in UK regions. Average Rateable Values were adjusted by relative national change to account for the 2017 changes. A multiplier was extracted to apply to each of the UK regions.



	
	Business Rents /M2
	Service Charge /M2

	Birmingham
	£349.83
	£46.64

	Nottingham
	£209.90
	£27.99

	Liverpool
	£231.43
	£30.86

	Leeds
	£301.39
	£40.19

	Cardiff
	£236.81
	£31.57

	Exeter
	£177.61
	£23.68

	Edinburgh
	£322.92
	£43.06

	Newcastle upon Tyne
	£247.57
	£33.01

	Central London (city)
	£807.30
	£107.64

	Cambridge
	£365.98
	£48.80

	Average
	£325.07
	£43.34



Supplementary Table 8. Business rental values for grade A new build units in prime locations. Figures shown are an estimate or achievable rental rates taken from Colliers International National Office Rents Map 2016. Service charges were obtained from Simon Korn Commercial Property Consultants for London and extrapolated for other regions.



 [image: ]Supplementary Table 9. Assays used for QC of batches produced. Assay purpose, type and potential methodological approach are highlighted as well as the reasoning behind the choice. Example costings are highlighted for each battery of tests.
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Office Space Facility

Space Type £/Allocated Area (M2) Space Type £/Allocated Area (M2)

Low 177.61 £          Low 2,484.99 £                     

High 807.30 £          High 3,535.27 £                     

Low 49.37 £            Low 3,315.49 £                     

High 400.33 £          High 4,315.27 £                     

Low 23.68 £           

High 107.64 £          Facility Details

Room Type Quantity Footprint (M2)

Areas Space Provided (M2) Small Prep Room (4M2) 3 4

Employee Space (Efficient) 7 Medium Prep Room (8M2) 1 8

Employee Space (Generous) 9 Large Prep Room (15M2) 1 15

Small Office 9 1M2 Access Route / Corridor 16 1

Large Office 19 1M2 Lab Empty Access Space 15 1

Meeting Room (8 People) 12 1M2 Bench Space 15 1

Board Room (20 People) 20 Ambient Temperature Storage Room (8M2) 1 8

Kitchenette 9 Refrigerated Storage Room Room (8M2) 1 8

Storage Room 7 Equipment Space Requirements 1 63

Total estimated office space (M2) 260 Total estimated cleanroom space (M2) 109

Central Office and Facility

Office Space Cost (per M2)

Business Rates (M2/year)

Service Charge (M2/year)

Cost of Refridgerated Storage Space (£/M2)

Cost of Cleanroom Space (£/M2)
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Office Space £/Allocated Area (M2) Facility

Space Type Space Type £/Allocated Area (M2)

Low 177.61 £          Low 2,484.99 £                      

High 807.30 £          High 3,535.27 £                      

Low 49.37 £            Low 3,315.49 £                      

High 400.33 £          High 4,315.27 £                      

Low 23.68 £           

High 107.64 £          Facility Details

Room Type Quantity Footprint (M2)

Areas Space Provided (M2) Small Prep Room (4M2) 3 4

Employee Space (Efficient) 7 Medium Prep Room (8M2) 1 8

Employee Space (Generous) 9 Large Prep Room (15M2) 1 15

Small Office 9 1M2 Access Route / Corridor 16 1

Large Office 19 1M2 Lab Empty Access Space 15 1

Meeting Room (8 People) 12 1M2 Bench Space 15 1

Board Room (20 People) 20 Ambient Temperature Storage Room (8M2) 1 8

Kitchenette 9 Refrigerated Storage Room Room (8M2) 1 8

Storage Room 7 Equipment Space Requirements 1 63

Total estimated office space (M2) 68 Total estimated cleanroom space (M2) 109

Decentralised Office and Facility

Service Charge (M2/year)

Office Space Cost (per M2)

Business Rates (M2/year)

Cost of Cleanroom Space (£/M2)

Cost of Refridgerated Storage Space (£/M2)
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Base Salary Costs/Annum Staffing Levels

Casual Workers 8,190.00 £      Casual Workers Cleaning Staff 2

Salary Band 1 15,231.50 £    Salary Band 1 Junior Administration Staff 3

Salary Band 2 16,450.00 £    Salary Band 2 Standard administration staff 3

Salary Band 3 18,047.00 £    Salary Band 3 Senior administration staff 2

Salary Band 4 20,631.50 £    Salary Band 4 Maintenance Technician 4

Salary Band 5 24,936.00 £    Salary Band 5 Senior Technician 1

Salary Band 6 30,458.50 £    Salary Band 6 Junior Operator 4

Salary Band 7 36,018.00 £    Salary Band 7 Standard Operator 2

Salary Band 8 43,595.50 £    Salary Band 8 Senior Operator 4

Salary Band 9 51,616.50 £    Salary Band 9 Senior Scientist 2

Salary Band 10 61,676.50 £    Salary Band 10 Head of Department 1

Pension and Overhead Multipliers Standard Training Cost Multipliers

Multiplier for Casual Workers 1.1 Casual Workers 0.5% of total per annum costs

Multiplier for Salary Bands 1-6 inclusive 1.5 Band 1-3 2.0% of total per annum costs

Multiplier for Salary Bands 7-12 inclusive 1.6 Band 4-5 3.0% of total per annum costs

Band 6-9 3.0% of total per annum costs

Band 10+ 2.0% of total per annum costs

Specialist Training Costs

Operator staff turnover is set at  0.1 per annum

QC staff turnover is set at  0.1 per annum

Training costs for new operators is 1 multiplications of a total run cost

Training costs for new QC is 1 multiplications of a total QC cost

Central Facility Labour
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Base Salary Costs/Annum Staffing Levels

Salary Band 1 15,231.50 £    Salary Band 1 Junior Administration Staff 1

Salary Band 4 20,631.50 £    Salary Band 4 Maintenance Technician 1

Salary Band 5 24,936.00 £    Salary Band 5 Senior Technician 1

Salary Band 6 30,458.50 £    Salary Band 6 Junior Operator 1

Salary Band 7 36,018.00 £    Salary Band 7 Standard Operator 1

Salary Band 8 43,595.50 £    Salary Band 8 Senior Operator 1

Pension and Overhead Multipliers Standard Training Cost Multipliers

Multiplier for Casual Workers 1.1 Casual Workers 0.5%of total per annum costs

Multiplier for Salary Bands 1-6 inclusive 1.5 Band 1-3 2.0%of total per annum costs

Multiplier for Salary Bands 7-12 inclusive 1.6 Band 4-5 3.0%of total per annum costs

Band 6-9 3.0%of total per annum costs

Band 10+ 2.0%of total per annum costs

Specialist Training Costs

Operator staff turnover is set at  0.1per annum

QC staff turnover is set at  0.1per annum

Training costs for new operators is 1multiplications of a total run cost

Training costs for new QC is 1multiplications of a total QC cost

Decentralised Facility Labour


image7.png
Median Full-time gross weekly

Region earnings (£)

UK £ 538.68
North East £ 494.00
North West £ 503.20
Yorkshire and The Humber £ 498.30
East Midlands £ 483.20
West Midlands £ 510.20
East £ 528.80
London £ 670.80
South East £ 566.00
South West £ 505.00
Wales £ 492.40
Scotland £ 535.00
Northern Ireland £ 495.20
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MultiplierCasual WorkBand 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7 Band 8 Band 9 Band 10 Band 11 Band 12 Band 13

Default (UK) 1 8.2 £        15.2 £      16.5 £      18.0 £      20.6 £      24.9 £      30.5 £      36.0 £      43.6 £      51.6 £      61.7 £      73.8 £      88.2 £      95.0 £     

Birmingham 0.95 7.8 £        14.4 £      15.6 £      17.1 £      19.5 £      23.6 £      28.8 £      34.1 £      41.3 £      48.9 £      58.4 £      69.9 £      83.5 £      90.0 £     

Nottingham 0.9 7.3 £        13.7 £      14.8 £      16.2 £      18.5 £      22.4 £      27.3 £      32.3 £      39.1 £      46.3 £      55.3 £      66.2 £      79.1 £      85.2 £     

Liverpool 0.93 7.7 £        14.2 £      15.4 £      16.9 £      19.3 £      23.3 £      28.5 £      33.6 £      40.7 £      48.2 £      57.6 £      68.9 £      82.3 £      88.7 £     

Leeds 0.92 7.5 £        14.0 £      15.1 £      16.6 £      18.9 £      22.9 £      27.9 £      33.0 £      40.0 £      47.3 £      56.6 £      67.7 £      80.8 £      87.1 £     

Cardiff 0.91 7.5 £        13.9 £      15.0 £      16.5 £      18.9 £      22.8 £      27.8 £      32.9 £      39.9 £      47.2 £      56.4 £      67.4 £      80.6 £      86.8 £     

Exeter 0.94 7.7 £        14.3 £      15.4 £      16.9 £      19.3 £      23.4 £      28.6 £      33.8 £      40.9 £      48.4 £      57.8 £      69.2 £      82.6 £      89.1 £     

Edinburgh 0.99 8.1 £        15.1 £      16.3 £      17.9 £      20.5 £      24.8 £      30.3 £      35.8 £      43.3 £      51.3 £      61.3 £      73.3 £      87.5 £      94.4 £     

Newcastle upon Tyne 0.92 7.5 £        14.0 £      15.1 £      16.6 £      18.9 £      22.9 £      27.9 £      33.0 £      40.0 £      47.3 £      56.6 £      67.7 £      80.8 £      87.1 £     

Central London 1.25 10.2 £      19.0 £      20.5 £      22.5 £      25.7 £      31.1 £      37.9 £      44.9 £      54.3 £      64.3 £      76.8 £      91.9 £      109.8 £    118.3 £   

Cambridge 0.98 8.0 £        15.0 £      16.1 £      17.7 £      20.3 £      24.5 £      29.9 £      35.4 £      42.8 £      50.7 £      60.5 £      72.4 £      86.5 £      93.3 £     

Employee Salaries (£Thousands)
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 Average Rateable  Value   per M 2   (£Thousands)  Multiplier Compared  to English Average  2017 Change in  Rateable Value,  Relative to National  Change  2017 Adjusted Average  Rateable Value  M 2   (£Thousands)  2017 Adjusted  Multiplier Compared  to English Average  

North East  £343.00  1.40  - 0.09  £ 311.79  1.34  

North West  £398.00  1.62  - 0.12  £ 349.44  1.50  

Yorkshire and The Humber  £226.00  0.92  - 0.09  £ 206.34  0.89  

East Midlands  £137.00  0.56  - 0.06  £ 129.05  0.55  

West Midlands  £44.00  0.18  - 0.06  £ 41.36  0.18  

East  £210.00  0.86  - 0.07  £ 195.72  0.84  

London  £628.00  2.56  0.06  £ 665.68  2.86  

South East  £247.00  1.01  - 0.03  £ 240.58  1.03  

South West  £110.00  0.45  - 0.04  £ 105.93  0.46  

Wales  £83.00  0.34  - 0.01  £ 82.09  0.35  

English Average  £245.00    £232.80   
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Assay Purpose Assay Type Methodology Comments

Approximate Cost 

per Batch

Endotoxin/Sterility Test Direct culture / endotoxin clot assay

BacT/Alert / limulus amebocyte lysate 

(LAL)

Standard endotoxin and sterility testing

Cell identity Marker analysis Flow cytometry

Reliable "first tier" to quickly perform cell 

identity measurement

Cell identity Gene expression

Quantitative real time polymerase chain 

reaction (qPCR)

Reliable "first tier" to quickly perform cell 

identity measurement

Cell identity Protein expression

Enzyme-linked immunosorbent assay 

(ELISA)

Reliable "first tier" to quickly perform cell 

identity measurement

Mesenchymal origin test

Trilineage differentiation (osteogenic, 

aipogenic and chondrogenic) with  gene 

expression analysis

Immunohistochemistry

Longer duration assay to establish mesenchymal 

cell origin

Mesenchymal origin test

Trilineage differentiation (osteogenic, 

aipogenic and chondrogenic) with 

image analysis

Quantitative real time polymerase chain 

reaction (qPCR)

Longer duration assay to establish mesenchymal 

cell origin

Cell functionality Proangiogenic test In vitro tube-formation assay

Cell functionality test to demonstrate product 

capability

Cell functionality Immunosuppression test T-cell activation assay

Cell functionality test to demonstrate product 

capability

Genetic stability Karyotype Copy number variation (CVN) analysis Determination of genetic stability and identity

Product consistency Epigenetic transcriptome analysis Next-generation sequencing

Epigenetic assays confirm the consistecy of 

product and delineates them from competing 

stem cell product "similars"

Proliferative capacity Telomere length

Quantitative real time polymerase chain 

reaction (qPCR)

Predictor of cell proliferative capacity

Proliferative capacity Telomerase activity Polymerase chain reaction (qPCR) Predictor of cell proliferative capacity

Epigenetic profile mRNA expression mRNA Seq or miRNA microarray

Gene expression analysis of expanded cell 

batches

Epigenetic profile miRNA screening

Quantitative real time polymerase chain 

reaction (qPCR)

Establish identity and insight of stem cell 

function

Epigenetic profile DNA methylation Next generaton sequencing

Establish identity and insight of stem cell 

function

Epigenetic profile Histone modification

Chromatin immunoprecipitation (ChIP) 

seq or assay for transposase-accessible 

chromatin (ATAC seq)

Establish identity and insight of stem cell 

function

£37,500.00

£6,000.00
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Inoculation Details Processing Characteristics

Type of inoculation Cell Unit Cell loss at each handling stage 5%

Cells/Inoculation 875,000           Culture Medium Costs/mL 0.36 £                   

Fold Expansion (18 days) 4,390               

Cells/CM

2

5,000               

Disposable Vessel Component

Vessel Name Vessel Unit Cost (£)

Spinner Flask (5.56g microcarriers, 2000cm2, 100mL) 250.00 £           

Spinner Flask (44.5g microcarriers, 2000cm2, 100mL) 500.00 £           

Spinner Flask (83.4g microcarriers, 30000cm2, 800mL) 800.00 £           

Centralised Fill & Finish Costs Decentralised Fill & Finish Costs

Cost of Fill and Finish (£/Lot Produced) 8.00 £               Cost of Fill and Finish (£/Lot Produced) 175.00 £                         

Cost of Tranport (£/Finished Unit) 15.00 £            Cost of Tranport (£/Finished Unit) 85.00 £                           

Cost of QC per Lot Produced 5,640.00 £      Cost of QC per Lot Produced 5,926.53 £                     

Formulation

Formulation type Cryopreserved Formulation type Fresh

Total length of 1 run (days) 18.00 Total length of 1 run (days) 18.00

Doses Produced / Annum 6,000                Doses Produced / Annum 500/Facility (5000 Total)

Formulation

Interest rate 5%

Amortization period (years) 10

LTV percentage (%  total capital) 75%

Growth Characteristics

Equipment

Fill & Finish

Formulation

Financials


