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When creating a narrative why industry should locate in Wales, Welsh government markets to overseas investors nine strategically important economic sectors, and highlights the benefits of its location, business support, access to a wider UK network, stable legislative environment, and an innovative, passionate and highly skilled workforce.

One of these nine priority sectors is food and drink, and this paper looks to identify the strategic enablers and impacts on the workplace of adopting Industry 4.0 technology. 

Food price inflation with the UK of 6.7% for the year to April 2022, being the highest inflation rate in 40 years, exacerbating the existing cost of living crisis, and in many cases wage inflation not keeping pace. 

The drivers of this inflation are mostly macroeconomic, which the war in Ukraine has exacerbated with global energy, commodity, packaging, staff, fuel, logistics costs on the rise. 

As  a mature supply chain that relies on highly efficient supply routes, that is stabilising after the twin shocks of Brexit and Covid in Wales, these additional challenges put the food and drink supply chain under intense pressure to reduce costs.

Industry leaders are also facing into the demands to create an environmentally, socially and economically sustainable food system, that continues to provide safe, nutritious and affordable food to meet the demands of consumers. 

Due to a complexity of manufacturing, small size of businessess, need to keep costs low, lower levels of profitability, food and drink manufacturing developed a model in Wales, with lower level of automation, notably in packaging and product presentation staples and less added value.

The solution of manually operating these process steps, is becoming increasingly unsustainable due to an inability to secure the staffing to operate in this way, creating a new demand for technological solutions.

New ideas and exploring the potential from existing and potential technological innovations are now of increasing interest to those that can see beyond the existing crisis and are looking to the future.

With Wales sharing UK’s long term poor productivity statistics, this will require a change of emphasis on the sectors workforce, creating a need for different skills to support supply chains that needs to change to survive and become resilience and sustainable for the future.

This paper looks to understand the Welsh food and drink sector and the opportunities for the adoption of Industry 4.0 solutions and propose programs of support for industry.
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[bookmark: _Toc104537596]4.1 Wales Food and Drink Manufacturing  

Food and drink manufacturing in Wales, comprises almost 600 sites across Wales, that are predominantly smaller or medium in number, however whose overall turnover is driven by the larger members of the sector.

The overall number of employees is largest in the category of “other food products” which relates to food manufactured in Wales, and when combined with the largest two sectors of meat products and bakery, comprises 78% of all 22,200 employees across the sector in Wales,

Figure 1 Table of Welsh food and drink manufacturing


	Business Scale
	Turnover
	Number of employees
	Number of manufacturing units

	Total Food and drink manufacturing
	£4.9billion
	22,200
	590

	Large
(+250 employees)
	65%
	54%
	4%

	Medium
(50-249 employees)
	9%
	8%
	11%

	Small
(10-49 employees)
	9%
	18%
	16%

	Micro
(0-9 employees)
	14%
	19%
	69%



Source: Welsh Government Economic Appraisal Welsh food and drink sector 2020

The nature of the sector is an important consideration, as bakery and meat production are known to rely on manual processes, and often with seasonal volume fluctuations. 

The “other food products” categories represent the majority of the smaller and medium businessess and are often owner managed and developing businessess.

In both cases, existing and new technology opportunities exist, however a more robust business case with a limited risk is required to develop the appetite to invest in unproven technologies or those that do not deliver short term returns on investment, requires 
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Henley (2021), identifies that Wales has been consistently below the overall productivity when measured across the regions of the UK, although this difference is reduced significantly if the statistics for London are removed.

The study identifies three key productivity themes in a Welsh context

· Workforce skills and employee wellbeing
· Organisational capital and the business base
· Knowledge capital, research and innovation

From an investment perspective, the UK venture capital London centric nature, is partially offset by the Development Bank of Wales constituted in 2017, to support Wales businessess.

Innovation is a key opportunity in Wales, as it is notable that Wales is the lowest part of the UK for research and development jobs per head. 

With macro -economic policies held by UK government and micro economic policies devolved to Welsh Government, there is an opportunity with targeted initiatives to facilitate improvements to business performance.  

Food and drink manufacturers operate within these challenges and have some sector specific issues that intensify the scale of the puzzle.

Automation is not a new phenomenon, however in food and drink is mostly used for standardised product processing for bread, cakes, cereals, ingredients delivery systems, and in some cases product packaging.  

Manufacturers of food and drink operate across a range of products and formats, so in contrast to other manufacturing sectors do not operate on an assembly, or sub assembly line process. The food is processed, and then packed in separate stages and often with one product to many pack formats, adding a layer of complexity that standard automation machines have been unable to address economically.

UK retail competition has driven down costs, whilst maintaining the highest standards of food safety. The combination of these factors, before recent events, eroded margins and created a culture where return on investments were required in six months, rather than more widely targeted three years. Recent energy and commodity inflation (see Appendix 1) has only exacerbated this situation. 

To deliver growth, keep costs down and deliver to consumers the choice required, many sub-sectors adopted a variable cost model based on temporary labour used to undertake manual and repeatable processes, rather than automate. 

Recent reports that with vacancies at 1.29million job vacancies compared to job seekers at 1.26m, this is the first time that across the UK there are more jobs than those seeking them shows the scale of the need to re-define supply chains. 

Innovation in food and drink ordinarily is focused on the product composition and not how it is packed or collated and delivered to customers. 

To grasp the benefits of technology, Wales will need a new set of green and technologically proficient skilled workforce across all sectors to face up to the challenges of the fourth industrial revolution. Food and drink manufacturing will only continue to play its role in the economic, social and environmental transformation of Wales if it can attract and retain a talent pool that allows it to thrive.

The puzzle for the sector in Wales, is as we head into a Net Zero future, what role can technology play as we redefine the food and drink supply chain in a Net Zero context. How do we work across Wales to embrace the opportunities of existing, emerging and yet to be discovered and how do we create a world of work that provides the talent to intensify research and development to solve these challenges?

[bookmark: _Toc104537598]4.3 Government support 

Over years Welsh government has proactively supported the sector through the allocation of EU structural funding. With UK moving to replace this funding through the levelling up agenda, this support is likely to be provided through a combination of UK government and local authorities, at least until the next UK general election scheduled for May 2024.

Welsh government, under the previous Senedd term demonstrated an intention to act through the Manufacturing Action Plan for Wales aimed at a prosperous, green and equal economy, including food and drink as a priority sector.

UK government innovation support extends into Wales, through Innovate UK, Made Smarter and other programs of targeted support. In aligning with the UK Governments Innovation strategy, innovation plays a critical role in the future.

Innovation, itself is not a standardised challenge, it is a version of radical change, that in a manufacturing situation can be realised by solving problems at the technology readiness levels 4-7, the destination currently for funding from governments, or more immediately by embracing the potential that Industry 4.0 already offers. 

For the application of existing solutions there is little government proactive support. 

Developing interventionist programs, especially unlocking cashflow support for businessess will be necessary for businesses to drive a supply chain of low added value and low skill, to one of high innovation and high skill, increasing the life chances and the earning potential of those who work in the sector.

[bookmark: _Toc104537599]4.4 Priorities for the food and drink supply chain

With food at the forefront of the cost-of-living crisis, other than the need to reduce price and energy inflation there are a breadth of issues that the sector needs to address, and where Industry 4.0 techniques may be able to play a role.

Stakeholder engagements with members of the sector, identify a range of immediate concerns below -  

· Customer pressure to keep costs down and lack of acceptance (notably by retailers) to accept price rises being passed on by manufacturers.
· Filling jobs already there, given multitude of reports 
· Ageing workforce, with average age close to 50 in Wales.
· Limited talent pipeline of young people seeking to target the sector as a destination.
· Rural supply chains
· Net zero, decarbonisation, alternative power and fuel sources.
· Ability to grasp and analyse existing technological solutions. 
· Turning food waste streams into ingredients or consumable food products
· Minimise investments risk and access to sources of affordable capital.
· Expertise to define the new supply chain potential 
· International alignment of product traceability standards
· Understand that investments, play a role in creating higher skilled more added value sector in Wales.

This list is not exhaustive; however, it does indicate the breadth and depth of the difficulties faced by the sector and is acting as a catalyst for new ways of working, which includes adopting new technological solutions.

These challenges present a unique set of circumstances that each business face, can be summarised into three main areas, which were highlighted in the UK Chancellors Spring statement as People, Capital and Ideas. 

Focusing on how technology can support the overall wellbeing of Wales and its people in a food and drink context, this structure provides a shape for how we can best approach assessing the impact of technology and how it can be applied to positive effect for food and drink manufacturers. 
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Food and drink manufacturing impacts every community in Wales, through the harvesting of ingredients, processing and manufacturing those ingredients into products that are consumed in and out of home. 

By harnessing the power of technology could realise economic, social and environmental benefits in the sector positively impacting every community.

Economically, investing in technology, can contribute to reducing waste streams, delivering more consistent products quality, increasing capacity and throughput, streamline production times, reduce energy usage, free up time to focus on added value tasks, unlock further investments, all of which contribute to ongoing business competitiveness.

An intensified demand for the equipment and skills required to deliver the requirements of Industry 4.0, also present an opportunity for investors to consider Wales as a site for the development and manufacture of the products and services that will be required.

The location of the sector also creates an opportunity to create job opportunities for the young within the rural economy. Apprenticeships, in Wales would be more attractive if the sector was known as innovative and offered a multitude of possibilities for a rewarding career and a desirable work life balance. 

Socially, the added value tasks will provide enhanced job opportunities that are critically higher paid and locally situated. By embracing new technology, this changes the demands for skills and mentality of those working in the sector.

Rather than product packing, businessess can repurpose staff and train them accordingly to drive economic benefit, through continuous improvement programs, process automation and control, new product development, manufacturing processes innovation, sector horizon scanning from technical and technological perspective. 

For employees currently operating within the processing of food, there is an opportunity to extend the concept of ownership maintenance, by training staff to program equipment to operate across a range of product formats. In addition, time could also be invested in staff wellbeing ensuring a holistic benefit for employees. 

By adding value, these roles will create social benefits through increased benefits and remuneration which will flow through communities across Wales.

Environmentally, the food and drink supply chain are 33% of global emissions and is grappling with what a future sustainable food system could look like. Currently, with no standards for assessing the overall food system in terms of Net Zero, businessess are being pressed to face into the challenge.

The benefits of reduced food waste, reduced energy usage, improved productivity and alternative sources of power, all contribute to improving the sectors impact on the environment, and in the absence of a clear route, embracing innovation and exploring Industry 4.0 potentials facilitates progress, that will be increasingly highly valued by customers.

[bookmark: _Toc104537601]4.7 UK’s Technology Track record 

The Institute for Robotics have identified in December 2021, that worldwide adoption has nearly doubled since 2015, to an average of 126 robots per 10,000 employees. It is notable that the UK is the only G7 country that does not feature in the Top 20, being with 104, 24th in the rankings. 

The workforce exodus caused by Brexit in 2020, at over 588,000 people as per ONS figures in February 2021 is highlighted as a potential driver for UK business to increase the application of robots.

UK’s food and drink industry has increased total levels of investment by Food and drink  to £4billion in 2021 , an increase of 7.9% on 2020. It was notable that rather than manufacturing innovation more than 50% highlighted new products and healthy foods as the main opportunities. 

This trend is not an indicative view on technology adoption across the sector, as there are recent larger investments in Wales such as ABInBev £70m , Princes £60m , South Caernarfon Creamery £14m and Radnor Hills £6m public announcements demonstrating that the figures are dominated by medium and larger businessess in Wales.

Castellani (2021) identifies a measure of technology adoption as the net value of Advanced Manufacturing Goods purchased as a measure. This whilst providing a macro level of direction does not include the localised and smaller scale investments, especially in data gathering and monitoring devices, that is a start point for the small business community. 

The journey to the adoption of digitalisation is suggested as a four-step process by Garzoni (2020) as 

1) Exploring the use of digital technology (DT), as an initial incremental change 
2) Increase attention to the benefits of DT.
3) Exploring full adoption in organisational processes and goals.
4) Being a digital organisation, including ultimately the environment an eco-system.

[bookmark: _Toc104537602]4.8 Technology adoption from an SME standpoint

Agostini (2020) identifies that SME’s have an enhanced level of social capital that facilitates the adoption of advanced manufacturing technologies, which indicates that food and drink is a sector that would have the business culture to embrace new opportunity. 

Industry 4.0 embraces a range of concepts and technologies with no set definition, however using the nine pillars of SAP and identify those adopters benefit from intelligent products, intelligent factories, intelligent assets, and empowered people.

Fig 2 SAP Nine Pillars of Industry 4.0
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Source www.sap/uk/insights

One specific challenge for technology providers is to transform this narrative into meaningful and understandable concepts that engages and then excites manufactures with the possibilities. 

Every facility and business leader will have challenges and areas of focus, however underpinning these pillars in each case is a need for a base level of digital information, that provides a foundation for plotting the pathway and priorities in adopting technology.

Food and drink manufacturing requires a broad range of data measurement and plotting the key components for product efficiency and quality would add value to production processes. The measurements would also drive each production manager to consider, what measures directly affect yields, product quality or throughput and line operational consistency. 

This process alone, would require continuous improvement techniques with a cycle of Six Sigma’s Define, Measure, Analyse, Implement and Control process an effective tool to use to implement the necessary measurement devices.

Condition monitoring using a combination of anemometer (air flow), thermometer (temperature) barometers (pressure) or hygrometer(humidity) are important for product consistency and are used also within the production process where temperature to control quality. Given the high temperatures often found within food manufacturing a pyrometer may need to be considered.

Control of heat is important in a gain processing, hence bakery, cereals so effective use of Calorimeter’s is important at many stages to control product heat through the production process.

Product quality, is often defined by visual colour inspection so implementation of colorimeters, would support this along with a standard digital camera using machine learning could also be applicable for this task.

Product consistency, in terms of fill levels, would also be an area where planometers and spherometers can measure.

Sugar, moisture, starch, and viscosity levels are important in many foods production processes so devices such as saccharometers, loss on drying (which requires weight measurement), iodine tests for starch and viscometers.

Data collection and consolidation of these tools, within a digital footprint would provide fundamental data sets that can form the baseline of control and quality monitoring.

With this baseline of data, the appropriate adoption of Industry 4.0 options can then be considered for each business based on genuine and accurate data.

SPD Group report on Machine Learning and AI in the Food Industry highlight a range of opportunities for the sector to embrace technology.

Focusing in on food and drink manufacturers, they identify Artificial Intelligence and Machine Learning, to deliver automation and cost reductions; Supply chain optimization through Artificial Neural Networks; Cleaning in place resource reduction, notably around water, Artificial Intelligence to reduce waste and improve transparency; Optical sorting solutions and Predicative maintenance and control monitoring.

A long a diverse list that impacts many aspects of the supply chain. Delivering solutions that Wales industry community can embrace and install effectively is a potential opportunity for the sector.

Investment risk is a significant concern for business owners. The potential for digital twinned factories, building on discrete event simulation studies for production equipment and process management projects is one route that transforms the existing decision criteria from a line drawing, into a stress tested solution. 
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As SME Needs identify that the adage that “people buy from people” remains true and the first step when in this space is to offer testimonials.

For industry to adopt new concepts to tackle supply chain challenges are available and make a powerful case for the benefits of technology in real life examples based on the application of artificial intelligence (AI).

Creation of a meat free burger that delivered on flavour and texture and reacted in line with meat proteins during the cooking process, by running multiple simulations and measuring products outcomes. 

Minimising waste and improving product quality through the application of vision systems and machine learning to minimise cheese topping pizza waste.

Automated product sorting through vision systems and data capture to ensure consistent quality, correct classification of product flow and perform foreign body checks.

Food hygiene and safety is critical especially in terms of what protective personal equipment is worn in a food manufacturing setting. Utilising AI to create a picture of variation to the standards required for a pre site personal inspection ensures 100% compliance.

Create a self-sufficient vessel cleaning in place system to save costs and standardise the process.       

The Food Institute have identified areas spanning the supply chain, highlighting real world applications for each component of the supply chain for 
Growers
· Real-time monitoring t track key agricultural metrics and enhance data-driven insights and decision-making.
· Predictive analytics using machine learning can improve planning and risk-mitigation processes by accurately evaluating various environmental impacts on crops and livestock.
· Smart robots can automate tasks such as applying pesticide and fertilizer, feeding livestock, and harvesting crops. 

Manufacturing

· Real-time tracking of machinery and equipment can be valuable for monitoring data and performance metrics.
· Leveraging machine learning to help predict operational conditions and outcomes can reduce risk and improve decision-making.
· Identify bottlenecks, enhance quality, and reduce waste.
Inventory and Warehouse Management
· Making it simpler to manage operations.
· Exact locations can be pinpointed within a warehouse to minimize errors and delays.
· Predict the effect of demand on inventory levels in the warehouse and recommend optimization strategies.
· Track individual worker performance and help them easily identify products in the warehouse.
Transportation
Real-world applications:
· Improved visibility by gathering data about locations, delivery routes, driving patterns, traffic conditions, weather conditions, and network inefficiencies.
· Higher OTIF (on time in full) deliveries, visibility into bottlenecks and reduced costs associated with errors.
· Certain items are sensitive to external factors such as temperature, moisture, humidity, and light; sensors placed on these in-transit items can monitor deviations and send real-time alerts to ERP software.
· Sense any damages to packaging, as well as other conditions such as temperature. 
· Closely monitoring and ensuring safety of items greatly reduces risks associated with spoilage, costs, and customer satisfaction.
And they conclude that “increasing technology investments to optimize supply chains are essential to future growth, ultimately helping food manufacturers scale operations, improve customer satisfaction and provide a strong competitive edge”
Predicative maintenance is an area that offers opportunity with existing technology, however as indicated in Food Manufacture is currently able to highlight problems and order replacement parts however still needs interaction with engineers to assess the online situation.

Alongside the need to gather, store and harness data, is the question of digital infrastructure.

Wilkinson (2021) highlights that “by the end of 2025, 4G coverage from all operators in Wales should increase from 60% to 80%. Coverage from at least one operator should increase from 90% to 95%, however with 3% of 5 G sites in Wales with 5% of users concern remains that a 5G coverage gap will occur in future”

Whilst these figures do not explore the impact for business, the digital infrastructure of Wales will be a critical facilitator for the adoption of Industry 4.0.

[bookmark: _Toc104537604]5: Conclusions

There are proven benefits of adopting Industry 4.0 for the food and drink manufacturing sector, the challenge though is engaging and energising the sector that is predominantly micro and small businessess to explore the potential.

For Wales to embrace this, industry, government and academia need to innovate more, invest more, collaborate more, showcase successes more and train more.

Industry has a key role to define, embrace and market the programs of support that are created between academia, government and industry. Strategic policy makers, need to invest time to define how to do this most effectively.

[bookmark: _Toc104537605]5.1 Innovation 

From industry examples identified there is a case and a necessity to take a step-by-step approach to uplift those who embrace the potential of Industry 4.0

Scale of investment in innovation, should be measured in terms of industry initiatives, and number of engagements, number of additional training programs for employees and learners alongside the value invested in new equipment.

By creating this cycle of innovation, an outcome will be an increased talent pool available to fill the jobs arising , adding economic benefits of the jobs created whilst ensuring the economic sustainability of the businessess.

For the academic community, this creates an opportunity for Wales to be seen as the centre for food and drink manufacturing innovation, and with the quality of life on offer in Wales attract highly valued research and innovation experts.

From a Wales plc view, building a reputation as the innovation centre for food and drink manufacturing in the UK, would be an asset in attracting new and innovative food and drink businessess.

[bookmark: _Toc104537606]5.2 Collaboration 

Programs should look across all manufacturing sectors in Wales, combine best practice and look to create industry 4,0 change champions, who inspire others to look at the opportunities for them and create a cycle of innovation that shares the learnings to wider members of the Welsh manufacturing community

There are likely to situations that due to the volume or range of a business that they have insufficient data to fully realise the benefits of Artificial intelligence and machine learning. Digital simulation support should be explored to share data in similar business units and potentially create manufacturing collaborations.

This would broaden data sets and allow analysis to be undertaken that could potentially solve problems for several businessess with the same or similar challenges.

[bookmark: _Toc104537607]5.3 Investment

Sufficient digital infrastructure will be necessary. The latest world class standard of digital connectivity will be a critical aspect of ensuring that the scale of additional digital processing power is available to support real time decision making in every community in Wales.

The Development Bank of Wales, has a role to play to support initial cashflow requirements for larger scale investments. Intervention programs that prioritise Industry 4.0 adoption are a key enabler for the sector to  invest.

[bookmark: _Toc104537608]5.4 Training

By intervening to incentivise the sector to explore the use of technology as an incremental change government needs to create cross sector digital infrastructure partnership programs, to kick start activity and support businessess with expertise.

This expertise will be both technological, leadership and change management due to the need to transform the culture of an organisation alongside embracing Industry 4.0.

These programs would be an opportunity to also include localised further education courses within the delivery partnership, with industry and learners benefiting from the experience of working together to seek innovative solutions. 

The Young Persons Guarantee, could also play a role in providing a structure to support the costs of the activity and such a program would align with the requirements of the Wellbeing of Future Generations Act.


Learnings from the initial programs should be proactively shared through a Clustering approach through an Industry 4.0 Cluster program, that will create a safe space for businessess to share experiences and learnings. 

Overlaying this initial approach with follow on programs, where the application of existing technologies could extend demand for equipment and skills that would create higher skilled and paid jobs across Wales.

Socially, this activity will create a need for more Industry 4.0 practitioners and is intended for this pipeline to come through the further education providers in Wales. 
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UK Food and drink commodity price evolution
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Inflation rate by category

April2022  March2022  April 2022
Year-on-year  Year-onyear Month-on-month
‘Consumer Price Index (CPY) 9.0% 7.0% 25%
Food and non-alcoholic beverages 67% 5.9% 15%
Food 67% 58% 17%
Bread and cereals 63% 52% 22%
Meat 7.7% s5% 19%
Fish 7.9% a7% 20%
Milk, cheese and eges. 95% 86% 18%
Oils and fats. 185% 181% 11%
Fruit 62% s4% 01%
Vegetables including potatoes and tubers a6% as% 13%
Sugar, jam, syrups, chocolate and confectionery. 31% 37% 20%
Food products (not elsewhere classified) 106% 00% 32%
Non-alcoholic beverages 68% 67% 0%
Coffee, tea and cocoa 61% 3% 13%
Mineral waters, soft drinks and juices 68% 7.6% 02%
Catering services 7.5% 60% 18%
Restaurants & cafes. 7.5% 60% 18%
Canteens. 7.3% s8% 18%

The war in Ukraine continues to exacerbate inflationary pressures. This means food inflation is likely to remain high well into 2023, as evidenced by
the continued rise in producer prices in April. Ingredients produced in the UK were 9.6% more expensive than a year ago (up from 7.4% in March)
and those imported 15.7% dearer (up from 11.3% in March). Factory gate inflation of food output leaving manufacturers’ facilities accelerated to
8.7% (up from 7.2% in March).
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