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Abstract
As an SME operating a 24/7 premium manufacturing facility, The Welsh Whisky Company Ltd (‘Penderyn’) has been at the forefront of manufacturing innovation in Wales for over two decades. In recent years, production capacity has been upscaled four-fold, but internal investment in supporting technology has not been on the same trajectory; Penderyn finds itself operating in a resource-heavy manner in terms of human involvement. This report considers one of the root causes of this inefficiency, and evaluates those industry 4.0 technologies that can be implemented in order to revolutionise the current operation and ensure future operational continuity. As will be seen, there are significant advantages to Penderyn in implementing aspects of cloud computing, big data, IoT and cyber-physical systems, although consideration should be given to the limitations of such technologies, especially when implemented in such a small business.

Introduction
Penderyn is a Welsh SME producing premium and super-premium single malt whiskies, gins, vodka, rums and cream liqueur. Founded in 1999, over the past 10 years in particular the company has quadrupled in size in terms of production capacity (producing 400,000 litres of pure alcohol (LPA) in 2021, against 90,000 LPA produced in 2012) and more than doubled in terms of turnover (£18m in 2021 vs £7m in 2012).
Whilst the company has grown rapidly over the past decade, internal methods and procedures, particularly the manufacturing reporting process, have remained similar to as they were at the company’s inception.
This technical report assesses the efficiency of this reporting process with an overview of its impact on the operation as a whole. A balanced critique of the process will be undertaken, examining (1) the current operating method and (2) the potential avenues/technologies to mitigate weaknesses or inefficiencies identified in (1). It will also explore the effectiveness of these by way of recommendations.
 At the main production HQ, in the Brecon Beacons, there is very little automation on the mashing and distilling floor, and all production records are currently handwritten before being transcribed onto Microsoft Excel spreadsheets or similar. This presents several issues with regards to inefficiency;
1. A member of the technical team is required, each day, to copy the handwritten data onto an electronic spreadsheet, both to ensure permanency of the records and to allow for review and (due to the basic software utilised and a lack of time) limited manipulation of the data. This is low effort work but operational time that could be utilised far more effectively elsewhere.
2. The person entering the data will, on occasion, be unable to decipher the handwriting on the record, potentially leading to inaccurate replicating of the data.
3. Until such time as it is entered onto the spreadsheet, the data is accessible only to those who are on that particular site, and who are able to read and understand the technical readings in the format in which they are initially written. If the person who enters the data is unable to do so on a given day, other technical staff based elsewhere will not be able to utilise the data for that period of time.
4. The software used (primarily Microsoft Excel workbooks) is outdated, and is also not the best fit for the purposes for which it is being used; it allows for very limited data manipulation and linking-in to other operational/manufacturing records is tenuous, at best.

Implementation Methodology
The first, and likely most important, step in any implementation of new technology is to identify the limitations of the current operating method and the opportunities for automation/implementation of new technology. In this scenario, there is a definite opportunity for automation, albeit on a small scale.
Next, it is important to validate the processes for automation/technological updates:
Are there any actions or processes that occur at present that are obsolete or unnecessary and therefore don’t require automation? All data gathered at present is necessary in this situation, but there is significant replication of data due to the element of handwritten records.
What are we looking to achieve? Is there more we’d like to do, but can’t at present due to human limitations? 
Are there any companion technologies that should be implemented alongside/prior to a given technology being implemented in order to ensure maximum potential is achieved?
In order to ensure a true 360° view of the operation, and therefore gain the most useful critique of the process, this should include all stakeholders.
Once the process has been validated, it is necessary to develop an automation plan, whereby the technology is developed and configured, before a pilot process is initiated, in order to test the technological capabilities and performance under close scrutiny, with real-time amendments being made.
It should go without saying that, prior to any automation or technological advancements being considered, the company should ensure that the necessary funding for such a project is secured.


Background Research
Utilizing technology such as The Internet of Things (IoT) would allow for rapid data transfer and sharing between sites and kit; if they wished to, a member of the technical team could implement a change in technical parameters at, for example, the North Wales site, and that change would immediately become effective at the 2 sites in South Wales, too. The IoT technology would also allow for system alarms to be set up, with hard interlocks should prerequisites not be met e.g., pre-determined and variable safe operating conditions. The IoT could also be used in terms of asset management, current operating states and kit ‘health checks’ in order to assist with preventative maintenance. According to the McKinsey Global Institute (2015), the IoT could impact the US factories sector by up to $3.7 trillion by 2025, primarily through improvements in more precise operations management. The same source continues to recognise the far-reaching impacts of the IoT beyond the primary factory floor by stating that ‘in the factories setting, value from the Internet of Things would arise chiefly from productivity improvements, including 10 to 20 percent energy savings and a 10 to 25 percent potential improvement in labor efficiency. Improvements in equipment maintenance, inventory optimization, and worker health and safety are also sources of value in factories.’
Cyber physical systems could be utilised in these circumstances, in order to implement necessary process changes which would have previously only become apparent when physical data was reviewed or manipulated by a human. In this situation, for example, when data received met X threshold (e.g., continuous liquid intake temperature exceeded 18°C), Y motion could be triggered (e.g. additional cooling water could be applied, with the correct volume required calculated by the system using real-time and continuous data feeds) – ‘On the shop floor, the CPPS autonomously recognizes and responds to dynamic and unexpected situations, such as machine breakdown, an abrupt lack of raw materials, or last-minute demand orders. In this way, the CPPS demonstrates its distinction from the traditional manufacturing enterprise hierarchy, while simultaneously rendering better control of production processes with high quality and flexibility, and mitigating the risk or uncertainty’ (Suvarna et al, 2021).
There is very little-to-no opportunity for advancements using robotics and automation within this operation, for several reasons:
· The cost would be prohibitive given the current turnover of the company
· There is, realistically, little that robotics could physically do within this operation, as there is very little manual handling or repetitive tasks
· Given the artisan nature of this operation, all quality assessments are done organoleptically; it would (currently) be impossible to skill a robot enough to satisfactorily distinguish between thousands of blended congeners within a liquid product, nor would this be desirable to consumers of the brand
Production data could, and should, be analysed and manipulated to a far higher degree than at present, in order to drive improvements in yields (through very subtle amendments to technical parameters that humans sometimes miss through not identifying recurring patterns) and cost savings (to determine where actions are repeated as part of a standard operating procedure but don’t always need to be undertaken e.g. continuous flushing of a vessel to remove traces of cleaning solutions despite there being no remaining traces after 200 litres of flushing). In this context, cloud computing and ‘big data’ would be excellent directions for the business to take in terms of technology, as this would remove location barriers and allow for rapid and automatic data evaluation as necessary in a 24/7 multi-dimensional operation. As production is scaled-up going forwards, cloud computing will ensure that the systems remain robust and reliable; ‘A large number of devices can put pressure on Internet connection and creates the need for intelligent devices to send data to servers for processing versus to central servers. Now, you can be on the “edge” of processes, and access data from many areas within your network, respond faster to downtime and predict when errors may occur. Plus, using the Cloud with IoT helps to enhance security, as regular updates can be sent and knowledge of any breaches in infrastructure can be flagged up immediately.’ (McKenna Consultants, 2021).
Vertical integration could be used in this operation to allow cohesive working between operations staff, finance staff and logistics, in real time, without necessarily having to upskill staff. 
It is important to state that industry 4.0 technologies cannot be optimally effective if implemented in isolation; ‘interoperability between IoT systems is critically important to capturing maximum value; on average, interoperability is required for 40 percent of potential value across IoT applications and by nearly 60 percent in some settings.’ (McKinsey Global, 2015). The IoT may well harness and process the data, but in this setting, if there is no follow-on by way of cyber physical systems to action parameter changes as a result of the data received then the only other alternative is to utilise a human for that, which is not only inefficient, but a waste of the IoT resource.
Conclusion
Overall, it would strongly appear that a limited degree of automation would be beneficial in this scenario; operatives would be freed up to take on other tasks, and production costs and process times could be significantly reduced. In addition to this, there could be a significant contribution to safety within the operation; if processes were automated the reliance on operators carrying out hazardous tasks could be greatly reduced, which would be a particular benefit during times of lone working. However, it is important to consider that this operation is a large aspect of an artisan production facility welcoming in excess of 40,000 visitors each year, and as such, the visitor experience may be greatly impacted by such an ‘improvement’.
Change management is also an important consideration in this scenario; integrating the existing staff with automation could prove challenging, particularly with regards to lower skilled workers who may perceive their role to be under threat.
It is also important to consider the ‘Automation Ceiling’ – that is to say, automation on any level requires significant investment, and requires ongoing investment and upgrading in order to remain as useful to the operation as it was on day 1. Whilst there could be great improvements in productivity, safety and efficiency with such automation for Penderyn, the company would need to determine if these improvements outweigh the current costs to the business, whether the business could afford to finance the systems on an ongoing basis for continuous improvement and whether automation is a key part of the 5-year strategy.

Recommendations
Penderyn should ensure that, if it proceeds with any degree of automation, a comprehensive review of its cyber security systems is undertaken in order to guard against misappropriation of commercially sensitive data, or against a targeted denial of service.
Penderyn should, in my view, begin the process of digitising data through automation, but should ensure that such automation is flexible so as to ensure future proofing. In addition to this, Penderyn should ensure that any software developed as part of this infrastructure is standardised, so as to allow for future upgrades or roll outs to other aspects of the operation, or business as a whole, especially with significant areas of growth featuring as part of the business’ future plans.







References
Durodolu, O. &. C. C. &. E. R. &. T. V. &. N. J., 2021. Handbook of Research on Records and Information Management Strategies for Enhanced Knowledge Coordination. s.l.:s.n.
Emiri, O. T., 2021. Advances in Library and Information Science - Handbook of Research on Records and Information Management Strategies for Enhanced Knowledge Coordination. s.l.:s.n.
Fazzin, S., 2020. Advancing Skill Development for Business Managers in Industry 4.0: Emerging Research and Opportunities (Advances in Logistics, Operations, and Management Science). s.l.:s.n.
Heuchember, B., 2016. Let's Set The Record Straight On Industry 4.0 (Manufacturing Business Technology). s.l.:s.n.
Manu Suvarna, K. S. Y. W. Y. J. L. Y. T. N. X. W., 2021. Cyber-Physical Production Systems for Data-Driven, Decentralzed, and Secure Manufacturing - A Perspective. Volume 7 ed. s.l.:s.n.
Matt, D. &. M. V. &. Z. H., 2020. Industry 4.0 for SMEs Challenges, Opportunities and Requirements. s.l.:s.n.
McKenna, N., 2021. McKenna Consultants: Explaining the Relationship Between IoT, Big Data and the Cloud. [Online] 
Available at: https://www.mckennaconsultants.com/relationship-between-iot-big-data-and-the-cloud/
[Accessed 15 July 2022].
McKinsey Global Institue, 2015. The Internet Of Things: Mapping The Value Beyond The Hype, s.l.: s.n.





 

