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Abstract
The production operation of filling product into bottles at The Welsh Whisky Company Ltd is a resource consuming activity, involving many manual processes and interventions.  Throughout the process flow, data is produced, consolidated and reviewed, usually by hand, requiring significant amount of transcription between various management control tools.  Components and product are assembled utilising a semi-automatic machine and warehoused with significant manual input.  This paper describes these processes and then considers, following a review of the literature, how the various elements and principles of Industry 4.0 could be deployed to improve the efficiency, accuracy and flexibility of this system.  Having highlighted this potential, it raises the challenge of future research to investigate in more detail how/whether the Company should engage with these principles.

Introduction
The production facilities for the Welsh Whisky Company Ltd are located in a single warehouse within a short distance from the distillery in the village of Penderyn.  Here, the total production operations of the Company are carried out;
· Receipt and dilution of the newmake spirit (the liquid resulting from the distillation process)
· Dilution and transfer of this liquid to wooden casks and the storage of those casks
· Maturation processing and dilution of matured whisky to bottling strength
· Filling of whisky into various containers
· Packing of the bottled product and storage
· Final packing and distribution to customers
There are five filling lines within the overall operation; two are semi-automatic and three are manual/hand filling operations.  The semi-automatic lines tend to be used to generate high volumes of product in a short time scale and the manual/hand filling equipment is utilised for lower volume requirements or small run processes.
Just over two years ago, a brand new semi-automatic filling line was purchased and commissioned.  The equipment was supplied by AVE UK Ltd and consisted of an AVE 12/12/1 Aircleaner/ gravity filler/ROPP capper/Unibloc and OMB capsular coupled to a Z-Italia self-adhesive labelling machine.  The equipment was invested in as the previous line was 15+ years old, the new line was capable of faster running speeds and the accuracy of the labeller was superior to the previous equipment.  It also gave a greater degree of flexibility within the scheduling and output of the filling operation.
This report will review the new filling line operation and process, the logistics associated with it and the opportunities for the application of Industry 4.0 principles to this process with the potential for improved efficiencies and operating methods.  The impact of these principles on the scheduling of the production process will also be considered.
Initially, an overview of the filling operation and the elements of this new filling line will be presented and then a general review of the literature, the principles of Industry 4.0 and potential areas for inclusion within the Company’s operating procedures will be presented.  Finally, consideration to further investigation and possible recommendations for the Company to explore will be drawn.

Operating Methodology
The use of this particular filling line, like all other production processes, is determined by the requirements of the Demand Plan.  This is a manually constructed plan that is developed in conjunction with the Sales Team, utilising their forecast for sales in a given period and then superimposing a routine based on streamlining the filling process (taking into account personnel and stock volumes).  The plan is an excel spreadsheet produced by the Supply Chain Manager, who takes the sales forecast and then considers all the constituent parts to deliver the forecast and then puts it into a ‘linear plan’.  The plan is broken down into ‘weekly buckets’ and this is issued to the Production Team.
The Production Team then assemble the components required to fulfil that shifts filling, on this particular line.  The liquid to be filled is brought to the line in an Intermediate Bulk Container (IBC), having been previously diluted to the correct bottling strength.  Each IBC of product has a unique and specific code associated with it, based on a Julien code, to allow for record keeping, product identification and tracking purposes.  The glass bottles, corks, capsules and labels are retrieved from the warehouse, brought to the line and the line is set up.  As the line is semi-automatic, the corks, capsules and labels are dispensed from their fixed positions, or stations, as each individual bottle passes their station, which are connected by either carousels or conveyor belt.  However, the bottles are introduced to, and removed from, the line by the operational personnel.
A routine, referred to as ‘Weights and Measures’, is then carried out to determine and set the volume of liquid to be filled into each bottle, ensuring that the process complies with the ‘Packers Rules’.  The IBC of liquid is then run through the filling process, which is made up of;
· Bottle introduction to the line
· Bottle is ‘air rinsed’ to remove anything that may be in the bottle
· Bottle is filled to the set volume
· Bottle is corked
· Bottle is capsuled
· Bottle has unique identifier code printed on it
· Bottle is labelled
· Filled and labelled bottle is removed from the line by production personnel
 The finished goods, in the form of a stacked pallet of bottles is then removed to the warehouse, where it will eventually be dispensed to further packing operations.
At the end of this process the team assembles all of the paperwork associated with that specific IBC of product and the Production Supervisor enters the relevant details onto the Information System (a SAGE product).  This updates the stockholding data and makes the product available for picking and despatch to satisfy customer’s orders.  The raw materials consumed are also taken off the stockholding data.  In this way a stock balance is maintained.  Production data is also collated to compare with the Production plan and the Demand plan.
The Production Team may now run a further IBC of the same product or they will go through a ‘clean down’ process, strip the machine of its parts (if relevant) and set it up ready for the next filling run.



Background Research
According to Muller et al (2018) “The term Industry 4.0 is derived from an initiative launched by the German government for safeguarding the long-term competitiveness of the manufacturing industry (Kagermann et al., 2013)” and “encompasses three dimensions, namely high-grade digitization of processes, smart manufacturing, and intercompany connectivity”.  It can result in a more efficient, dynamic, customer-oriented manufacturing methodology, based on the use of a number of key technologies; Cyber-Physical Systems (CPS), Internet of Things (IoT), Big Data, Cloud technologies, Robotics, Artificial Intelligence (AI), Additive Manufacturing (AM) and Cyber Security.
In the context of the filling operation described above, these technologies could offer some significant improvements when considering some of the issues/problems encountered in the day to day running of the operation;
1. Planning and scheduling is a very manual process, based on ‘average fill times’.  It is also subject to change at short notice, to meet customer demand.  Each of the required components are ordered as a separate task, taking into account lead times, order volumes and so on.  Automation of this process would reduce the amount of time spent in executing it, whilst also reducing the potential for error, both transcription and mis-interpretation of the data.   As both Fragapane et al (2020) and Zheng et al (2021) highlight, the use of Big Data and IoT for fast information exchange, collection and analysis can lead to more precise demand planning and forecasting
2. The transfer of data throughout and between the systems, for stock control, Quality Assurance, scheduling, maintenance and management is a manual process.  This includes repetition of data entry, the potential for error (both in recording and transcription) and at times estimation based on ‘best estimates’, reflecting the current research (by Zheng et al. 2014) “that manufacturing SME’s often lack real-time, accurate and consistent information concerning own shop-floor resources” as reported by Muller et al (2018).  The use of CPS, IoT, data accumulation and analysis could result in significant production synchronisation strategies (Guo et al. 2021) and improved efficiency as well as data management
3. Set-up time and downtime is particularly high for this equipment.  In part, this is a training issue, with insufficient operators capable of carrying out the processes associated with the set up activity and proficient enough to address minor and routine maintenance and delays. However, Industry 4.0 can assist and address some of these issues with, as Zheng et al (2021) comment, “VR enables immersive virtual environments for live on-the-job skill refinement, which enhance customised assembly training” (Abidi et al. 2019; Perez et al. 2019; Simoes et al. 2019).  The ‘effective’ downtime is also impacted by the Weights and Measures process, which takes a significant time and is repeated throughout the day.  The potential for ‘in-line’ weighing and the use of BDA to identify and track variations over time could have a significant impact on this ‘time costly’ operation
4. The movement of materials from warehouse to production line, the introduction to the line and the removal of the finished product all impact the efficiency of the process, the intralogistics of the operation  Whilst there may be little opportunity to use Automated Guided Vehicles to move pallets of product through a congested and ill-designed facility, RFID’s to control locations and identify components, Co-Bots to assist with manual handling and movement and the potential for Autonomous Mobile Robots could all assist, as demonstrated by Fraggapane et al (2020) increasing throughput and greater flexibility resulting from the introduction of an AMR system in a model they developed, based around a production model in a process industry.


Conclusion
The filling line operation, within the overall production process, reflects the nature of the operating environment within this SME.  Investment has been made to provide equipment to enable and deliver the output.  Muller (2018) points out, “financial and human resource limitations (Kowalkowski et al., 2013) impede many SMEs from looking beyond current technical capabilities and identifying emerging technologies”, but the potential to maximise efficiencies, reduce repetition, improve flexibility and control through the implementation of Industry 4.0 principles would really warrant further investigation in this setting.  As Fragapane et al (2020) states “The competitive advantage of PI (Process Industry) depends on production networks that both provide high productivity and increased flexibility for high mix production.”
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