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1.0 Introduction to Biotage and its 400L production process 
The following report aims to illustrate a benchmarking exercise in relation to an internal Supply Chain process of Biotage GB Ltd.  Biotage is a multinational organisation, specialising in the manufacture and distribution of consumables and instruments for analytical chemistry.  The company currently employees 330 people, manufacturing its products in South Wales and operating sales and distribution hubs in Sweden, Asia and the USA.  Key customers include food and beverage manufacturers, academic institutes and health service providers (Biotage, 2019).
The supply chain process subject to benchmarking in this report concerns the manufacturing process of the ‘Flash 400L’ product line.  The Flash 400L is a strategic product to Biotage and serves as a flagship offering to its customers in the industrial chemistry sector (Biotage, 2019).  Due to significant sales growth over the last 6 years, Biotage senior management made the decision to investigate solutions that could enable Biotage to substantially increase its 400L output capacity.  Following extensive evaluation, a project was initiated to transition 400L manufacturing from a manual silica powder filling process by hand, to semi-automation via a computer driven hopper system; with the aim of increasing productivity and quality in its manufacturing operations (Nimawat and Shrivastava, 2016).
By conducting benchmarking, this report will be able to evaluate the effectiveness of the changes made to the 400L production process against management targets.  Furthermore, the report will also identify and discuss Biotage’s choice of benchmarking exercises and the effects of interconnecting supply chain processes, such as Purchasing.

2.0 Benchmarking and Biotage
2.1 What is Benchmarking
Benchmarking in a business context can be defined as ‘the practice of recognising and examining the best industrial or commercial practices in industry or in the world and using this knowledge as the basis for improvement in all aspects of business’ (Naylor, 2002).  Building on this, the United Kingdom’s National Health Service, which possesses one of the country’s most extensive supply chain networks (NHS Supply Chain, 2019), promotes its own interpretation of operational benchmarking.  The institute considers Benchmarking as a strategic management tool for comparing current processes to best practice and then providing a monitoring system to evaluate the effectiveness of process improvements and related benefits (NHS Wales, 2019).
2.2 General benchmarking strengths and weaknesses
Lysons and Farrington (2012) identify a number of advantages to an organisation conducting benchmarking exercises, including the opportunity to identify and incorporate best practices from any industry into its own operations.  Concurring on the usefulness of benchmarking in executing organisational change, Smyrlis (2006) suggests that data generated by benchmarking exercises serves a vital role in organisations’ efforts to achieve best practice for supply chain processes by enabling improved performance monitoring.  Furthermore, Smyrlis (2006) also underlines the value of benchmarking data by arguing that such quantitative information is important in justifying investment required for process improvement initiatives, such as Business Process Reengineering. 
However, for the benefits provided by benchmarking in efforts to improve supply chain processes, a number of drawbacks can also be identified.  Slack et al (2011) argue that whilst benchmarking can indeed provide the information needed to support idea generation for performance improvement, it does not provide the solution.  Continuing, Slack et al (2011) also highlight that in order for benchmarking to enable sustained performance improvement, it must not be carried out as a one off project and instead should be frequently repeated as part of an organisation’s continuous improvement strategy.  Supporting this, Lysons and Farrington (2012) highlight that benchmarks (such as external institutes) are not static and are continuously changing.  Therefore, in order to support effective continuous improvement, it is important that an organisation continuously benchmarks and reassess its targets.
Despite these reservations, Zairi and Youseff (1995, 1996) maintain that businesses who implement benchmarking effectively experience a higher level of profitability to those that do not. In addition, Rigby (2001) and Voss and Blackmon (1997), conclude that firms that benchmark are able to achieve enhanced financial, operational and overall business performance; all of which are entwined in Biotage’s strategic objectives.

2.3 Benchmarking options, advantages and disadvantages
In order for organisations such as Biotage to implement benchmarking, Slack et all (2013) propose that the exercise can be conducted internally or externally – each of which are subject to advantages and disadvantages.  Internally and with full access to operational data, (Rushton et al, 2011) suggest that an organisation is able to quickly and easily compare the performance of a process or function against another. In the case of Biotage, this could involve benchmarking one of its production facilities against another.  However, for its relative ease of implementation, Rushton et al (2011) also acknowledges that should a business be operating at a generally low level of performance, then this could severely limit any potential for improvement.  Furthermore, Sousa and Amaral (2009) highlight a number of human resource related obstacles to internal benchmarking, including a resistance to engage with process changes (Hinton et al, 2008) and the interpretation of internal benchmarking as a vehicle for implementing exclusion and/or redundancy in their processes (Fong et al, 2008).
Regarding external benchmarking, Slack et al (2013) highlights that organisations are able to compare the performance of a process or function against those from another organisation. This can take the form of competitive benchmarking (against a competing business) or non-competitive benchmarking (against organisations that do not compete directly in the same market). 
By benchmarking against competing organisations, the potential for performance improvement may appear lucrative, especially by adopting processes of best practice from market leaders.  However, Rushton et al (2011) consider the activity fundamentally flawed, based on a reluctance of competitors to share reliable information and risk competitive advantage. Furthermore, Lysons and Farrington (2012) argue that even with access to accurate information, competitive comparisons can be difficult; due to variations between supply chain strategies and activities, process design and even contractual obligations. Supporting this, Wong and Wong (2008) underline that external benchmarking does not account for the relevance and importance of individual performance measures, which almost certainly differ between firms. Reiterating the limitations of competitive benchmarking to business improvement, Rushton et al (2011) also provide scepticism as to the value of competitor data obtained indirectly (such as trade body or industry reports), which are often generalised or averaged and therefore provide little value to an organisation engaged in performance improvement activities.  
Realising the difficulties of competitive benchmarking, Christopher (2005) identifies non-competitive benchmarking as a more effective form of benchmarking to achieve improved quality and productivity in supply chain operations.  By focusing on common processes, using Xerox as a case study Christopher (2005) proposes that through the collaboration of non-competing organisations, such firms are able to conduct benchmarking activities and achieve performance improvement on common processes (such as logistics and distribution).  Concurring, Camp (1989), proposes that employees are more receptive to concepts from external markets, adding that benchmarking of this nature can serve as strong staff motivator, by encouraging creativity and resourcefulness to implement business change.

3.0 The Supply Chain Operations Reference model
Before selecting its benchmarking activities, it was important for Biotage to consider interconnected supply chain processes, which can directly influence the performance of the 400L production process. Indeed, Hermann et al (2003) identifies organisational supply chains as complex, interconnected information, material and cash flows, with Persson (2011) proposing the discipline of Supply Chain Management as the activities concerned with controlling these links.  One such framework that Persson (2001) proposes can be used to plan and model an organisation’s Supply Chain is the Supply Chain Operations Reference model.
Developed by the Supply Chain Council, now the Association for Supply Chain Management (APICS), the SCOR model consists of five distinct categories of supply chain processes; four, which span from recognition of a customer demand through to end delivery and one, accounting for processes concerned with reverse supply chain flow (Christopher, 2005). Slack et al (2013), identifies these as:
· Plan – This stage consists of supply and demand planning in relation to downstream supply chain requirements.
· Source – The Source stage concerns the processes relating to the identification and procurement of raw materials required to supply production requirements.  This also includes vendor performance and inventory management.
· Make – The Make stage primarily relates to the Production processes, which output products that satisfy customer demands.  These processes include the management of relevant resources including people, plant, equipment and transportation.
· Deliver – The final step downstream step of the SCOR model concerns processes relating to delivery to the end customer, including outbound warehousing and logistics, customer order management and accounts receivable.
· Return – Reverse or upstream supply chain processes, including return logistics and inventory management. 
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Figure 1 – SCOR framework, from Slack et al (2013)

3.1 Advantages and disadvantages of SCOR
When implemented by organisations, Bauhof (2004) proposes that SCOR provides a platform to construct an entire supply chain roadmap and ensure the alignment of related processes, which can enable improved supply chain performance.  Expanding on this view, Salazar et al (2012) suggests that in order to achieve improved supply chain performance, SCOR illustrates processes in a format that enables a business to ‘analyse and measure, set performance targets, identify opportunities for improvement, and identify best practices and systems’.  Slack et al (2013), highlights that SCOR achieves this by incorporating three integrated supply chain improvement techniques, including business process modelling, benchmarking activities and best practice analysis.  A further benefit of the SCOR model is proposed by Slack et al (2013), who highlights that the model utilises common terminology across the supply chain framework, which supports improved inter-process communication and understanding, thereby helping improve supply chain efficiency performance (Salazaar, 2012).
However, a number of shortcomings can also be identified with the SCOR model.  Whilst the model is an effective facilitator of Supply Chain performance improvement tools, it does not actually include any provisions relating to the implementation of change management (Salazar, 2012).  Furthermore, Persson (2011) also questions the applicability of an overly standardized framework, arguing that in reality many organisations’ supply chain networks are far more complex and highly tailored, and therefore cannot be effectively simulated through the SCOR model. Proposing an additional shortcoming regarding the relevance of SCOR in a competitive business environment, Di Domenico et al (2007) highlight that the model only represents supply chain operations in their purest form, without any elements focusing on customer satisfaction. Concurring, Murphy and Knemeyer (2015) suggest that an alternative supply chain model such as the Global Supply Chain Forum (GSCF), possesses a greater focus on customer service and relationship management in addition to operations-based supply chain processes.

3.2 The SCOR model and Biotage
In relating SCOR model to Biotage, a number of observations can be noted.  Firstly, as of 2019, the organisation doesn’t implement the SCOR model in its supply chain strategy.  As a result, it can be argued that the organisation is failing to utilise the aforementioned supply chain performance advantages associated with the modelling, benchmarking and supply chain analysis characteristics of the model Slack et al (2013) and Salazar et al (2012).  Particular reference can also be made to Biotage’s corporate objective to implement Business Process Reengineering and benchmarking exercises to improve production output and efficiency, of which SCOR is highlighted by this report as a practical facilitator.  
However, whilst Biotage does not apply the SCOR model into its supply chain planning, the organisation did recognise the importance (and influence) of interconnected supply chain processes – notably the Procurement function and its ability to feed the necessary raw materials required by the 400L production process to operate effectively.  Lysons and Farrington (2012) suggest that in order to support effective manufacturing, it is the responsibility of Procurement to not only supply the process with materials, but to ensure that materials are conformant in terms of specification, price, quality and to schedule. As a result, and in recognising the importance of procurement in supporting 400L productivity, Biotage management decided that in addition to the 400L manufacturing, procurement would also be benchmarked.
4.0 Biotage’s chosen benchmark exercises
In referencing Biotage’s production process subject to this benchmarking in this report, the 400L filling operation sits firmly within the Make stage of the SCOR model.   However, it is important to note that as part of the Total Productivity benchmark exercise being implemented, key metrics include the cost of raw material, which is determined by the Procurement process (part of the Source stage).  
Biotage decided against implementing any external competitive benchmarking exercises.  In line with the observations of Rushton et al (2011), management did not believe that competing organisations would co-operate with any benchmarking activities, whilst also concluding that given Biotage’s market leading position in the analytical chemistry industry.
As a result, Biotage decided to implement the following benchmarks:

Benchmark 1 - Total Productivity of 400L production process
Total productivity is identified by Slack et al (2013) as the result of total production output, divided by the operation input, thereby providing a performance rating for the 400L production process.  As part of this exercise, Biotage would compile a number of operational metrics related to productivity outputs (400Ls produced) and production inputs (including labour, material and energy usage).  As a result, this exercise will enable Biotage to evaluate and compare such metrics between 2018 (pre-automation) and 2019 (after automation) and gauge the level of performance improvement achieved through automation.
Target – A post BPR productivity improvement of 7.5% to 10%, was set by management, in line with the average improvements recorded during post-automation of four other production lines.

Benchmark 2 - ISO 9001:2015 and ISO 14001:2015 conformance of 400L production process
ISO 9001:2015 and ISO 14001:15 are the set criteria for quality and environmental management systems as outlined by the International Standards Organisation (ISO).  By ensuring conformance and accreditation against the standards, ISO suggests that organisations will be able to ensure that products and services meet customer requirements, whilst implementing sustained efforts to reduce environmental impact (ISO, 2019).
Target – Biotage is currently accredited against both standards and as a result Biotage management targeted effective integration of its reengineered 400L production process into both management systems.  This would be informally verified firstly by an internal audit and then by the organisations next scheduled external audit.

Benchmark 3 - Procurement performance against Economic Order Quantity
The Economic order quantity (EOQ) is the optimum order quantity an organisation should procure based on the cost of placing an order, production demand and the cost of holding inventory (Lysons and Farrington, 2015).   In order to calculate the EOQ, the following formula is used:
	EOQ = √(2SA / H)
	Otherwise known as
	The square root of (2 x S x A / H)



S = Setup costs (the cost to place and order, shipping and handling)
A = Annual demand rate (annual units consumed sold or consumed by production)
H = Holding costs (per year, per unit)
Biotage decided to implement an EOQ calculation for the procurement of FC-25 silica, which is the organisation’s most popular silica used in the manufacturing of its consumables product range and is a primary component of 400L production and cost of goods (COGS).  Based on the characteristics of EOQ outlined by Lysons and Farrington (2015), it could be suggested that FC-25H is appropriate for EOQ benchmarking, given that Biotage is tied into a 3-year fixed pricing and stock holding agreement with its supplier, thereby minimising the variability of lead times and cost.  In addition, Biotage’s demand for FC-25H silica is relatively level, given its use across the majority of its product portfolio.
Target – Biotage’s current standard order quantity is 1200 KG and Biotage management set a target of establishing whether the variance between standard purchasing practice and the EOQ, to assist future purchasing decisions.
In implementing its benchmark exercises, Biotage established a cross functional group with skills sets relevant to the organisation’s requirements. In order to ensure effective benchmark planning and administration, the group included employees with project management training, including Prince2 and APM.  Furthermore, the group also included employees trained in disciplines specific to Biotage’s chosen benchmarks. These included lean manufacturing to enable the effective measurement of 400L total productivity, and also ISO 9001 and 14001 internal auditing, to accurately evaluate process conformance against the ISO standards.  Indeed, Amral and Sousa (2009) identify inadequate employee skills and project leadership as primary barriers to inaffective benchmarking.  Therefore, it can be suggested that Biotage has implemented measures, which can help overcome such obstacles.

5.0 Implementation of Biotage benchmark exercises
The following calculations illustrate Biotage’s benchmarking exercises of its 400L production productivity and interconnected upstream supply chain function (purchasing of raw materials).

5.1 Benchmarking Exercise 1 – Total Productivity of 400L production process
	
	2017 (manual) 400L Production
	2018 (semi-automated) Production
	Notes

	Units made
	400
	600
	· Production increased by 50% in 2018

	Selling Price (£)
	£6000
	£6300
	· 2018 – 5% sale price increase in line with company marketing strategy

	Material Used
	22,800 KG
	31,200 KG
	· 2017 - 57 KG used per unit
· 2018 -52 KG used per unit
· A decrease of 8.77% material used per unit in 2018

	Raw Material Cost (£) 
	£558,600
	£787,800
	· 2017 - £24.50 per KG of raw material
· 2018 - £25.25 per KG of raw material. 
· Average supplier increase of 3.06% in 2018

	Labour Hours
	1800
	1200
	· 2017 - 4.5 hours per unit
· 2018  - 2 hours per unit
· A decrease of 55.56% hours per unit in 2018

	Direct labour costs
	£39,600
	£26,400
	· 2017 - £22 per hour
· 2018 - £22 per hour
· No labour hourly increase/decrease in 2018

	Energy used 
	8,000 kWh
	18,000 kWh
	· Best estimate provided by management as actual data not available
· 2017 - 20kWh per unit
· 2018  - 30kWh per unit
· A 50% increase in kWh per unit in 2018 

	Energy cost
	£1192
	£2400
	· Best estimate provided by management as actual data not available 
· 2017 - £149 per 1000 kWh
· 2018 - £160 per 1000kWh 
· A 7% increase in £ per kWh in 2018




Total Productivity 2017 (manual) vs 2018 (semi-automated production)
	2017
	2018

	400 Units @ £6000
	600 Units @ £6000

	Divided by ÷
	Divided by ÷

	Raw material cost £558,600 + Direct labour cost 39,600 + Energy cost £1192
	Raw material cost £787,800 + Direct labour cost 26,400 + Energy cost £2400

	
	

	2400000
	3600000

	Divided by ÷
	Divided by ÷

	599,392
	816,600

	4.00
	4.41

	
	

	
	Result - 10.25 % increase in productivity



	Measurement
	2017 (manual) 400L Production
	2018 (semi-automated) Production
	% Change

	Total Productivity
	4.00
	4.41
	+10.25%

	Units/KG Raw material
	0.018
	0.019
	+5.56%

	Units/£ Raw material
	0.00072
	0.00076
	+ 7.04 %

	Units/Labour hour
	0.22
	0.5
	+127.27%

	Units/£ Labour
	0.01
	0.023
	+130.00%

	Units/Energy kWh
	0.05
	0.033
	- 40%

	Units/£ Energy
	0.34
	0.25
	- 26.47



5.2 Benchmarking Exercise 2 – ISO 9001:2015 conformance of 400L production process
This report is not able to include the full ISO9001 and ISO14001 internal audits (as they remain confidential), however it is able to disclose the findings (see section 6.2).

5.3 Benchmarking Exercise 3 – Procurement EOQ 
FC-25H Silica Powder – Economic Order Quantity
S = Setup costs (the cost to place and order, shipping and handling) – £1550
A = Annual demand rate (annual units consumed sold or consumed by production) – 10,400
H = Holding costs (per year, per unit) – 8
Calculation – EOQ = √ (2 x 1550 x 10,300 / 8)
Economic Order Quantity EOQ – 2,007 units
Result – Biotage currently orders 800 KG less than EOQ. Biotage could increase order volume by 67.33 % to achieve EOQ.

By calculating the EOQ of FC-25H silica powder, Biotage is able to calculate the following metrics, which can be implemented to optimise its procurement of raw material:

FC-25H Silica Powder – Optimum orders per year 
A = Units Demand per Year) –10,400
E = Economic Order Quantity – 2,007
Calculation – A/E
Orders per year = 5.18 (6 rounded up)

FC-25H Silica Powder - Ordering cost:
C = Cost to order
O = Number of orders
Calculation – CxO
Ordering cost = £9300

FC25-H Silica Powder – Total holding cost:
E = Economic Order Quantity – 2,007
H = Holding cost – £8
Calculation – (E/2) x H
Total holding cost = £8,028

FC25-H Silica Powder – Total cost to order and hold:
S = Setup costs (the cost to place and order, shipping and handling)
TH = Total holding cost; as calculated by (E/2) x H
Calculation – S + TH
Total Cost = £9578

6.0 Benchmark findings
In evaluating the findings of Biotage’s benchmarking exercise, a number of observations were recorded.

6.1 Increasing Total Productivity of the 400L manufacturing process
Through the re-engineering of its 400L manufacturing process, the organisation has substantially increased its level of Total Productivity.  With an increase of 10.25%, this outcome exceeded Management’s set target of between 7 and 10%, which was based on previous benchmark exercises related to the automation of other production lines.  A primary factor behind this improvement was the large increase in units produced per labour hour and labour spend, which increased by 127% and 130% respectively.  Furthermore, through automation, Biotage has been able to reduce the volume of material wasted (silica powder), resulting in an increase of units produced per KG of raw material and units per £ of raw material by 5.56% and 7.04% respectively. 
Such improvements in productivity are in line with the findings of Nimawat and Shrivastava (2016), who argue that bespoke automated technologies are an effective method of delivering production processes that are quicker, require less human and material resource.
In implementing automated filling technologies, the Total Productivity benchmarking exercise did identify a decrease in productivity concerning energy usage, with the number of units produced per kWh and pound reduced by 40% and 26.47 respectively.   However, Biotage anticipated the additional energy usage (in comparison to manual filling techniques), with this metric considered a necessary investment to achieve far greater improvements in output and efficiency in raw material and labour usage.

6.2 Ensuring ISO 9001:2015 and 14001:2015 conformance
Furthermore, an internal ISO 14001:2015 and ISO 9001:2015 audit was conducted by Biotage’s audit team to benchmark the re-engineered process against the standards.  Whilst no-nonconformities were identified during the 14001 (environmental audit), one non-conformity was identified against ISO 9001 (Quality).  This concerned clause 7.2 (competence), by which training records had not been updated to reflect the use of automated production equipment.  Whilst Biotage management are confident that the 400L production process is compliant with both standards, the benchmarking findings could not be formally verified until the organisation’s next external audit.

6.3 Performance of interlinked Purchasing process
Regarding the benchmarking of the procurement processes associated with the 400L production process, a number of observations were recorded.  Firstly, by conducting an Economic Order Quantity exercise, it was determined that the EOQ for the 400L’s key raw material (FC-25H silica powder) was 2008 KG per order; 808 KG more than Biotage’s current order level.  Furthermore, the Total Productivity benchmark identified a raw material price increase of 3.06% for 2018 in comparison to 2017.  
Therefore, using economies of scale it could be suggested that Biotage increase its typical order quantity from 1200 to 2000 KG. By doing so and reducing the purchase order frequency of FC-25, this could reduce 400L cost of goods by removing associated ordering costs including freight, handling and administration.  Furthermore, by incorporating EOQ in future re-negotiations of its pricing and stock holding agreement, it could be proposed that Biotage could utilise these volume increases to reduce pricing or negate future increases (Baily et al, 2005), thereby contributing to future 400L total productivity.

7.0 Conclusion
In conclusion, through conducting benchmarking exercises Biotage has established a successful performance improvement to its 400L production process.  By implementing automation technologies into the process, Biotage has been able to dramatically increase rate of output, whilst reducing the levels of waste raw materials; thereby contributing to increased levels of total productivity.  Biotage has also realised its other set benchmark targets, including ISO 9001 and 14001 process compliance, which will be verified externally in due course.
However, in the benchmarking of procurement (which interconnects and supplies raw materials to the 400L production process), opportunities for improvement have been identified.  With Biotage currently procuring substantially less than the current economic order quantity of the primary raw material for 400L production, this report has identified scope to increase order quantities in order to reduce the cost of ordering and potentially negate supplier price increases.  In turn, such changes to the procurement process will be able to contribute to further total productivity improvement. 
This report has also identified potential for improvement to future Biotage benchmarking exercises.  With exception of the ISO standards, the benchmarks included in this report have been internally focused, with management setting productivity targets against previous Biotage process reengineering projects.  The justification for this relates to management’s reluctance to invest resources for benchmarking against external organisations due to a lack of reliable, quality data from industry rivals.  However, by implementing such an approach, this report has identified that resulting benchmarks and process improvements activities will almost certainly be limited to the levels of performance achieved internally; a scenario worsened if the organisation is operating at a low level of performance.  As a result, this report proposes that Biotage should consider external, collaborative benchmarking activities.  As one of the leaders of its market, Biotage is well positioned to engage with other non-competing market leading organisations, focussing on performance improvement of common processes, for example, warehousing.  Not only will this remove the internal ceiling of performance improvement, but it will also reduce employee resistance to change through the adoption of innovative internal practices.
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