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Abstract:
There are many small food businesses, especially in Wales which has a vibrant food sector, that have ambitious plans to grow and increase market share and profitability. A lot of these small food businesses start from humble beginnings and grow organically over many years. Many are lifestyle businesses, but some have more ambitious growth aspirations and need to consider adopting new technology to support this rapid growth. The challenges they face are often not restricted to just needing to grow production capacity and sales - they may also need to improve management capability, administration processes, manufacturing process efficiency, quality standards, product consistency and customer service to name a few.
However, many small food businesses are reluctant to embrace the new technology that is required to transition from ‘Artisan’ / ‘Hand Crafted’ businesses into large scale manufacturing businesses with a production line and/or production cell manufacturing methodology. This is holding them back from achieving their potential.
‘There are key differences between the way large companies and SMEs approach the implementation of new digital technology into their businesses. While large companies have the resources, often at an integrated departmental level, to deliver skills and training and successfully adopt technology, as many as 30 per cent of SME business leaders surveyed said time and cost can make digital adoption too expensive or time-consuming.’
(New report reveals challenges ahead for SMEs in Wales, 2021)

However, these reluctant businesses may not realise that Industry 4.0 can start to be adopted at a more fundamental and basic (low cost) level as part of a longer-term plan.
This proposal will outline a possible starting point for technology adoption in a typical SME Food business – The Pudding Compartment Limited based in Flint, north Wales. 

Introduction:
The Pudding Compartment is an SME Bakery that has grown from 2 people to 30 people whilst annual sales have increased from £50K to £1.2M over a 10 year period. The business has been regarded as being a ‘Hand-Crafted Bakery’ with a small amount of mechanisation being (used such as electric mixers). The equipment is generally very old with very basic control systems. For example, temperature control of ovens, fridges and freezers are very basic with no real-time monitoring – readings are taken manually.

Aims & Objectives:
The business has plans to increase sales from £1M to £5M over the next 4 years. A Sales and Marketing Plan has already been developed and is being implemented and this is expected to significantly increase sales demand from Q3 2022 onwards. A capital investment plan has also been developed and the first phase is underway to create some of the extra capacity and efficiencies needed to support the growth.
This case study examines how these planned changes could be enhanced by adopting entry-level Industry 4.0 methodologies and will concentrate on the baking process. A Process flow chart is shown in Figure 1 shows how the baking process relates to the other processes.






Figure 1: Process Flow Chart for Manufacture of Pies, Cakes & Tray Bakes November 2021
1. Intake of ambient ingredients 
1c. Intake of frozen ingredients 

1b. Intake of chilled ingredients 

1d. Intake of packaging and labels


2d. Storage of packaging and labels

2c. Storage of frozen ingredients 

2b. Storage of chilled ingredients 

2a. Storage of ambient ingredients 


3.  Weighing ingredients



 onion leaks, carrots and potatoes.

4d.  Mixing icing ingredients
4c.  Mixing ingredients
4b.  Mixing filling ingredients
4a.  Mixing pastry ingredients


6. Cooking Filling Ingredients 
[optional]
5.  Rest pastry 

5.  Cooking sauce

7c. Deposit into tins 
7b.  Deposit into cardboard trays (tray bakes) 
7a.  Deposit into foil trays 
(tarts & pies)


8.  Combine pastry / fillings / toppings
7a.  Deposit into foil trays (tarts & pies)

9. Baking in oven 


10.  Cooling


11.  Finishing (e.g. icing, decoration)


12.  Portioning (tray)
13.  Packing 


14.  Apply seals and lids


15. Place in Outer Packaging (cardboard boxes)


16. Label Outer Packaging



17b. Frozen Storage [optional]
17a. Ambient Storage


18. Dispatch

A typical Deck Oven used in an The Pudding Compartment is shown below in Figure 2
Figure 2 – Deck Oven (5 Decks, 3 baking trays wide per deck, 15 baking tray capacity total)
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Each of the 5 ‘Decks’ have a stone base like a pizza oven (this type of oven is designed so it is suitable as an ‘all round’ oven including for baking bread). Each deck is separately controlled by a temperature controller, so each deck can be set at a different temperature if different products are being baked simultaneously. If all 5 decks are being used to bake the same product all 5 decks would be set at the same temperature. Each deck can hold 3 standard baking trays, and there is a digital temperature readout for each deck. No timers are incorporated in these ovens so separate hand held electronic timers are used for each deck to ensure the bake times are correct.
The following common issues are experienced that can cause product quality issues:
1) Within each deck there can be ‘hot spots’ and ‘cold spots’ due to uneven temperature distributions 

2) If decks are all set to the same temperature, this doesn’t always mean the baking results are the same as each other

3) Due to the stone base design the ovens consume a lot of energy and take a relatively long time to warm up at the start of each day. They also take some time to reduce in temperature when changing from one product to another. This reduces equipment availability/capacity.

4) If the person operating the oven loses track of timing they can end up with a lot of rejects.

These issues mean that an experienced and skilled baker is required to run the baking process, constantly opening the ovens, adjusting the position of the products and bake times, checking the products etc. This human interaction with the oven also results in different outcomes depending on the decisions made by the employee on the day.




Background Research:

Why should businesses like The Pudding Compartment adopt Industry 4.0?

SMEs need to remain competitive, deliver quality products on time at the right price to keep their existing customers. They also need to be profitable and most want to take advantage of growth opportunities. They need to constantly improve processes. An appreciation and basic knowledge of Industry 4.0 can allow business owners to future-proof their business, take advantage of technology possibilities and meet future customer demand. A lot of SMEs collect very little data that could be used to help make more informed decisions.

Many authors have lamented the limited take-up of Industry 4.0 by SMEs:

‘In its core, Industry 4.0 has its technological foundation in cyber-physical systems, allowing to merge the physical and virtual worlds. This requires sensors to replicate the physical world in the virtual one, data processing and analysis capabilities, and capabilities for communication and interaction’ 

‘Despite their importance for the economy and industrial value creation, SMEs have been regarded considerably less in extant research on Industry 4.0, but are of high importance for the successful implementation of Industry 4.0 across the supply chain’
(Kagermann et al., 2013; Müller et al., 2018a).

‘But, while the industry giants embrace the potential of digital technologies, many small and medium-sized enterprises (SMEs) across Europe remain on the fence. 
(Digitise or die - why small companies need to take the leap, 2021)

Conclusions:
If The Pudding Compartment takes the first steps towards implementing Industry 4.0 it will soon yield the benefits in a very visible way. This can lead on to more sophisticated interventions in the future as and when they become necessary and cost effective. Often the most difficult thing is to start something and overcome any initial reluctance to adapt. If small steps are taken and embraced, the improvements will follow and these will help support the organisation to achieve its future goals.

Recommendations:
It is recommended that The Pudding Compartment starts to adopt basic level Industry 4.0 interventions (in the baking process initially) to enable the business to start on a technology adoption journey that will support it to achieve its goals and to be relevant to its customers in the future. This can start with looking at ways to improve the performance of existing legacy equipment and be aware of the benefits when buying new equipment to replace the older equipment in the future.





It is recommended that the ideas below be considered as potential next steps:
Data Gathering:
It is suggested that a better understanding of the current situation is achieved by doing trial production runs during which the following steps are taken to gather data:
· Utilise existing CCTV recordings to observe all the human/oven interactions being made during the trial production run, record the results. E.g., each time a deck is opened, trays are moved or turned etc.
· Implement a simple real-time temperature measuring system (thermocouple-based data recorder for example) to accurately monitor and record each of the deck temperatures at different positions in each deck – Front/Middle/Back and Left/Centre/Right. This will demonstrate how the oven temperature varies over bake cycles including the warming-up and cooling down phases
· Take photographs of each tray (post baking) to establish how the colour of the products varies within each of the decks within the oven.
· Accurately record the reject rate per deck, including the tray position/oven position for the trial as well as the overall reject rate – implement a manual system to collect the data.
· Record all downtime/stoppages/delays etc.
Analysis:
· Analyse the data that is collected to gain a better understanding of the variables that affect the quality and productivity outcomes of the current baking process/system.
· Use the data analysis to identify when and where the oven temperature parameters are out of specification
· Implement and monitor appropriate Industry 4.0 interventions to improve the outcomes.

Possible Industry 4.0 interventions:
Once the data has been collected and analysed then the next step will be to research possible Industry 4.0 solutions that can be implemented to continue to monitor and control the processes to improve the outcomes. These could include some of the following:
· Staff Training opportunities in Industry 4.0 and Lean
· Accurate real time temperature monitoring within the ovens incorporating an alert system for out-of-control conditions (dataloggers)
· Programmable bake cycles incorporating timers and alarms
· Vision system monitoring of output to ensure correct bake-colour of the products
· Discrete Event Simulation to analyse all of the operator movements and interactions during the baking process and to enable digital modelling of process changes prior to implementation
· Value Stream Mapping (LEAN)
· Waste Reduction (LEAN) – utilise techniques such as Error Proofing (Poke Yoke) to reduce waste
· Alternative equipment longer term – Programmable ovens
· Different types of ovens e.g. Rack Ovens
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