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[bookmark: _Toc125551571]1.0 Introduction

A food manufacturer of rice pouches in South Wales originally had one manufacturing facility (Plant 1) in the UK, which was at capacity.  It could not increase production any further due to several constraints (see Fig.1).  However, the market demand was predicted to increase significantly.  As a result, the company needed to acquire another site, as its original site required more room to expand and increase productivity.

Improvements could not be made to the existing manufacturing process in Plant 1 as they would not be in a position to be able to stop production for any amount of time due to the number of committed customer orders to fulfil.
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[bookmark: _Toc125461937][bookmark: _Toc125551572]Fig. 1 Overview of Production Area in Plant 1 – Showing the Layout of Equipment
(Source: FEI Foods 2018).


Original Process:
The steps of the manual process at the Plant 1 site are shown below:

· The pouches are loaded manually (at the filling machine exit/lazy susan) into retorts trays in a 6 x 4 pattern.
· The retort trays are stacked into a collation of 1 bottom tray, 19 filled trays, and one top tray. 
· A total of five stacks (5 x 20 filled trays) are manually loaded into the LAGARDE retort sterilising machines by transporting the stacks from the filling area with trolleys. 
· Once the stacks are loaded via the retort internal drive chain system, the retort door can be closed, and the retort process can start. 
· Upon completion of the retort ‘cook’ cycle, the tray stacks are manually removed from the retorts using the internal drive system and manually transported (using trolleys) to a tray unloading area. 
· The rice pouches are manually removed from the trays and placed onto a packing conveyor for packing into cases. 
· The empty stacks of trays are manually transported back to the filling area using the trolleys to repeat the cycle. 

Due to the layout of the production areas, the original facility relies heavily on manual labour, with operators manually moving products around from one location to another.  Several jobs also require constant operator intervention throughout the day.  
When producing pouches of rice, they have to be segregated into batches or cooks of 2,400 pouches; the reason for this is traceability in the event of a customer product recall.  

Therefore, the operators have to manually change batch number inkjet codes which get printed on the pouches ‘on the fly’ approximately every 30 minutes during average production.  In addition, at designated times, the operator will also need to change the Best Before Date inkjet code.
The operator must also carry out a manual declaration to the company’s Inventory control software (Sage X3).  When the operator carries out this declaration for the batch just completed, the Sage X3 system will know exactly how many ingredients and materials have been used to make that particular batch, along with how many rejects were made to achieve 2,400 good pouches in the batch.

Once the pouches have been cooked and placed in the post-cooking/drying room, they must be held until dry.  This is an essential part of the process as wet pouches can cause issues, e.g., mold can build up on moist pouches in storage plus, if the cartons get wet, problems are caused by collapsing pallets.

This essay details the Industry 4.0 technology enablers and influences required for the newly built food manufacturing facility (Plant 2) for the company in South Wales producing filled pouches of cooked rice.




[bookmark: _Toc125551573]2.0 Main Content

Industry 4.0 improves productivity, flexibility, resource efficiency, waste and energy consumption by transforming manual and disconnected manufacturing processes into digitalised, interconnected, interoperable systems within a smart environment that can allow making decisions through large-scale real-time data, real-time communication and cooperation with machines, sensors and operators, hence improving decision-making processes and accelerating collaboration at all levels.
The productivity gains from Industry 4.0 implementation are achieved by gathering and analysing data in real time from machines that lead to better and flexible processes, and reductions in error rates and costs.  Such integration of technologies also offers unprecedented flexibility to respond more rapidly to problems and opportunities that lead to optimisation.  Industry 4.0 also facilitates resource optimisation by in unproductive set-up times on production lines.  Notwithstanding all these promising prospects, the existing applications of modern digital technologies are usually underutilised or simply ignored by traditional small- and medium-sized enterprises (SMEs).  This is a very common issue, especially in food industry.
 (Konur, et al., 2021, p. 2)

Plant 2 includes an automated pouch and tray handling system to automatically load and unload products to/from the retort cooking vessels, feed the cooked pouches to the packing area for automatic packaging, and stack them on pallets ready for storing in the warehouse.

The whole production system is monitored using SCADA software (see Fig. 2), which also interfaces with the company’s ERP inventory control system, i.e. Sage X3.
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[bookmark: _Toc125461938][bookmark: _Toc125551574]Fig. 2 Process Hall Overview for Phase 1A – Movicon Next SCADA System Screenshot
(Source: PLATCON 2018).
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[bookmark: _Toc125461939][bookmark: _Toc125551575]Fig. 3 System Architecture for Phase 1A – Screenshot from Microsoft VISIO
(Source: PLATCON 2018).

As per Fig. 3, Plant 2’s initial system (Phase 1A) receives pouches of rice from the two filling machines in the filling area (after the check-weigher) and then conveys the pouches to the robotic loading stations along a new conveyor system.  The filled pouches will then be loaded into the retort trays by industrial robots in the correct configuration, and the trays will then be stacked.  Finally, a collation of 6 stacks totalling 2880 pouches of rice will be loaded onto the automatic shuttle car for the system, which will then transport the stacks of trays/pouches to the required cooking vessel (Retort).
	
The automatic shuttle, which contains a loading system, will then automatically load the retort with the stacks of trays and interface with the retort machine, giving a signal to close the door and to select the required cook recipe required for the 2880 pouches of rice just loaded.

Upon completing the cook cycle, the shuttle car system will receive the stacks of trays and transport them to the robotic unloading stations to unload the pouches from the trays and return the empty trays to the load stations.  The unloaded pouches will be transported through pouch drying machines.  The dryers will remove any excess surface water from the pouches before conveying the pouches to the packing areas and the case packing machines for the line.

The Phase 1A automation equipment will be able to process approximately 50 million pouches per annum and will be installed to expand for future phases.

Unlike Plant 1, where all inventory control declarations and process information sent to the inkjets and case label printers are carried out manually by an operator with a hand terminal.  A key challenge for the new manufacturing facility was to make these operations automatic and provide the operations and management teams with complete visibility of the production processes and a constant flow of relevant operation and engineering data on which continuous improvement decisions could be based.

Therefore, they needed a solution to integrate all the new automation equipment over the factory network to provide the required information for operations and engineering.  In addition, the manufacturing processes were interfaced with the ERP system to make automatic production declarations to their inventory control system, inkjet printers, label printers and applicators at the end of every batch.

To do away with the inefficiency and inconvenience of the manual inventory system, a web services interface was developed to allow the SCADA software to communicate with the inventory control system.  The SCADA software automatically makes the production declarations via web services approximately every 30 minutes to the ERP system at the end of every batch with no operator intervention.  Another essential implementation carried out at the end of every batch is the automatic data transfer of production information to inkjet printers, case and pallet labellers, barcode scanners for batch numbers and best-before dates, etc.  Previously, operators manually modified this data at the end of every batch, approximately every 30 minutes.

The vision of Industry 4.0 is that in the future, industrial businesses will build global networks to connect their machinery, factories, and warehousing facilities as cyber-physical systems, which will connect and control each other intelligently by sharing information that triggers actions.
(Gilchrist, 2016, p.195)

The critical components of the new automated factory are as follows:
[bookmark: _Toc125551576]2.1 Rice Storage Tanks

The rice storage tanks are loaded with large bags of rice (Approx. 1 Tonne) by the operations/warehouse team.  Therefore, the inventory control software (Sage X3) is updated to show the amount of rice loaded into the storage tanks.
When the filler’s onboard rice hopper is low, the Rockwell Automation PLC control system will automatically feed rice from the large rice storage tanks in the rice storage area to the filler that is ‘Calling’ for rice.
In Plant 1, the filler hoppers are filled up by hand from small containers/sacks of rice.  There is no automatic rice feeding which is hard work and requires constant attention as the size of the filler hoppers is not very large and can run low approximately every 15 minutes.
[bookmark: _Toc125551577]2.2 Sauce Batch Processing

Depending on the product type, rice, oil, sauce with ingredients, or brine are fed automatically to the filler machines via PLC-controlled systems as and when the levels are low.  In Plant 1, these operations are carried out manually.  The operator constantly loads these ingredients into the small hoppers and reservoirs on the filling machine positioned locally around the filler machine.  Not only is this labour-intensive and time-consuming it also generates a lot of mess due to spillages which require constant cleaning up.

In Plant 2, the sauce batch processing system consists of the following system, controlled using Rockwell Automation’s CompactLogix system along with IFM sensors and level probes.

The sauce batch processing system interfaces directly with the filling machines.  When the fillers are low on sauce or oil, the interface signal will trigger the required logic to transfer sauce or oil across to the fillers, causing no downtime or disruption to production.

[bookmark: _Toc125551578]2.3 Mixing Tanks

· 2 x Stainless Steel Mixing Vessels with a minimum of 1250kg capacity each 
· Sauce mixed with incoming mains water at (mains temperature) needs to be metered 
· Insulated tanks with stainless steel steam jackets (electrical heating can also be considered) 
· A high-speed agitator/shear mixer will need to be included in each tank 
· Tanks will also require an agitator with side wall scrapers, also low and high-speed control 
· All incoming water will need to be delivered through a flow meter/water metering inlet 
[bookmark: _Toc125551579]2.4 Holding Tanks 
· 2 x Stainless Steel Holding Vessels with a minimum of 1250kg capacity each 
· A high-speed agitator shear mixer will need to be included in each tank 
[bookmark: _Toc125551580]2.5 Fillers

The Toyo filler machines (see Fig. 14) are supplied as stand-alone machines.  So the first job that needs actioning here is to install an Ethernet communications card onto the old Omron CS1 PLC backplane and configure the PLC with an IP address that allows it to communicate with the SCADA system over the company’s automation network.
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[bookmark: _Toc125461940][bookmark: _Toc125551581]Fig. 4 Toyo 1 Filling Machine Information – Screenshot from Movicon Next SCADA System
(Source: PLATCON 2018).

There is a requirement to add PLC logic to the filler PLC control system to allow the capture of the appropriate information from the Filler machine (Fig. 4).  E.g. How many parts are produced, capture the OEE information, which provides relevant, up-to-date information/reports.  In addition, an automatic hourly performance graph is updated every 5 minutes to ensure that they are fully aware of the filler machine performances, as these machines are the heartbeat of the production process.
(Every batch of 2880 good pouches is declared to the inventory control system for oil, rice, vegetable etc. usage)
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[bookmark: _Toc125461941][bookmark: _Toc125551582]Fig. 5 Live Filler Performance Hourly Graphs – Screenshot from Movicon Next SCADA System
(Source: PLATCON 2018).
[bookmark: _Toc125551583]2.6 Pouch Loading

The pouch loading system is based upon a Siemens control system using Profinet industrial ethernet communications (see Fig. 13), with the robotic handling system being ABB, again using Profinet to communicate seamlessly with the Siemens PLC control system.

Currently, in Plant 1, the operators manually remove pouches from a ‘Lazy Susan’, which accumulates pouches fed from the filler/check weigher exit and then places the pouches in the correct orientation into the trays.
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(Innotech Process Equipment, 2023)

In Plant 2, this process is automatically controlled by the ABB robotics system and a combination of IFM sensors and custom-made conveyors.  The only operator intervention occurs when there is a problem with the system due to a jam or excessive dropping of pouches.  (see Fig. 6)

Good pouches are fed towards the robotic pouch-loading system at a planned rate of 90 pouches per minute.  The pouches are provided into an indexing conveyor servo controlled with pockets to hold the rice pouches.  The ABB robot picks up the pouches and places them into trays.  When the tray is complete, the robot picks up another empty tray from the empty tray infeed line (Shown below on the right-hand side) and places it on top of the full tray on the outfeed line (Shown below on the left-hand side)
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[bookmark: _Toc125461942][bookmark: _Toc125551584]Fig. 6 Loader 1 3D Drawing – Screenshot from Autodesk Navisworks
(Source: Jorgensen/ PLATCON 2018).
[bookmark: _Toc125551585]2.7 Transport Trays of Filled Pouches to the Retorts

In Plant 1, individual stacks of trays are manually transferred across the production hall from the filler production line exit (Lazy Susan) by an operator.  This is both labour-intensive and slow, with the potential for pouches to ‘bounce’ out of the pockets on the trays in the event the operator is not careful whilst pushing the trolleys.

These individual stacks are manually loaded into the retort cooking vessels one by one until the retort is full and ready for cooking.  Again, this is strenuous work that must be carried out throughout the shift.

Once the retort is loaded, the operator has to close the retort door manually, manually enter the batch information, and manually select the cooking recipe for the product.  Unfortunately, there have been numerous occasions where the wrong recipe cook has been chosen for the product cook cycle, resulting in the entire batch of 2400 pouches being rejected due to incorrect sterilisation of the batch during the cook cycle.

In Plant 2, the movement mentioned above of stacks of pouch trays has been fully automated.   This reduces the requirement for strenuous manual labour and the need for an operator to enter the batch data and cooking information manually.  This data in Plant 2 is tracking the stacks of trays as they move through the process.

Six stacks of trays, i.e. 2880 pouches in Plant 2, will be moved towards the end of the outfeed line on the left-hand side conveyor shown below.  The relevant batch product data will track the product as it moves through the process.

When there is a batch of product at the end of the outfeed conveyor, a signal is sent to the shuttle control system to inform the shuttle that there is a batch of product ready for cooking.

The shuttle PLC control logic will monitor the status of the retorts, and when there is a retort ready and available to receive the product for cooking, the shuttle will first move along the rails to collect the batch of 6 filled stacks from the pouch loading outfeed line.

The batch of 6 stacks will be driven onto the shuttle; once complete, the shuttle will then move along the rails using inverter control with a laser displacement sensor for accurate positioning to the retort cooking vessel that is ready and available to cook the pouches of rice.

The shuttle system then loads the six trays into the retort.  When the shuttle has completed loading the stacks and its loading mechanism is fully retracted, the shuttle sends a signal via Modbus TCP/IP industrial communications to the retort to indicate it is now free to commence the cook cycle for the pouches of rice.  The shuttle will also pass the data tracking information to the retort, including the cooking recipe required for this particular batch of cooked pouches.

The retort doors will close, and the cook cycle will commence under the control of the retort.  (see Fig. 7)
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[bookmark: _Toc125461943][bookmark: _Toc125551586]Fig. 7 Phase 1A Overview Showing Shuttle and Associated Transport Rails 3D Drawing – Screenshot from Autodesk Navisworks
(Source: Jorgensen/ PLATCON 2018).
[bookmark: _Toc125551587]2.8 Retort Cooking Batches of Filled Pouches of Rice

The batches of rice are cooked inside the retort cooking vessels.  The cooking process is monitored closely, i.e., temperature, pressure and time ensuring that the rice has been sterilised/cooked at the correct temperature and for the proper time.
Suppose any issues are detected with the cooking process, which is automatically monitored during the cycle.  In that case, the cooked batch will be marked as a reject, and an automatic email detailing the batch will be sent to the quality department.  The operators must remove this batch from the process.  (see Fig. 8)
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[bookmark: _Toc125461944]
[bookmark: _Toc125551588]Fig. 8 Retort 1Status Screen – Screenshot from Movicon Next SCADA System
(Source: PLATCON 2018).
[bookmark: _Toc125551589]2.9 Pouch Unloading

In Plant 1, the stacks of trays are manually removed from the retort one by one and are transported to the post-cooking room to allow the pouches to cool down and dry off.  Wet and warm pouches cannot be packaged into the cartons ready for packaging.  The wet pouches can create mold on the pouch surface once they have been shrink-wrapped plus, the wet pouches cause issues with the cartons breaking down due to condensation when stacked on the pallet.

The new automated system in Plant 2 uses three techniques to dry the pouches off automatically.  Firstly, when the six stacks of trays of pouches are automatically removed from the retort by the shuttle, the shuttle then places the cooked product on the unloading conveyor.
The unloading conveyor takes the six stacks, clamps them, and then tips them over to approximately 45 degrees, allowing any water gathered on top or between the pouches to drain away.  The six stacks are held in this position for about 10 minutes.
The stacks are then re-positioned correctly on the production line.  They are transferred to the robotic unloading station, whereby the ABB robot removes pouches from the trays and places them on the conveyor to feed towards the dryer.  (see Fig. 9)
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[bookmark: _Toc125461945][bookmark: _Toc125551590]Fig. 9 Phase 1A Pouch Unloading System 3D Drawing – Screenshot from Autodesk Navisworks
(Source: Jorgensen/ PLATCON 2018).
[bookmark: _Toc125551591]2.10 Drying

Secondly, when pouches leave the robotic unloading station, they pass through the dryer (see Fig. 10), which blows cooling air across the upper and lower surface of the pouches as they pass through.  The blown air removes any excess water from the pouches and assists with cooling down the pouches.
Thirdly the pouches are transferred through several conveyors taking the pouches out to the packing area.  This transfer of the pouches also assists with the necessary cooling down of the pouches.
Temperature tests are carried out regularly by the quality department.
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[bookmark: _Toc125461946][bookmark: _Toc125551592]Fig. 10 Phase 1A Drying System 3D Drawing – Screenshot from Autodesk Navisworks
(Source: Jorgensen/ PLATCON 2018).
[bookmark: _Toc125551593]2.11 Case Erecting and Packaging of Pouches in Case

In Plant 1, the cartons or cases are manually filled in the packing area, where stacks of trays are removed from the post-cook area and transferred into the packing area.
Here the cardboard cases are manually assembled in one section and are then passed to another team, where the pouches are manually inserted in the correct packing format.  These get passed on to another team to seal the cases and then placed onto a pallet located in a central position.

In Plant 2, pouches are fed to the case erector machine on conveyors from the robotic unloading station.  The case packer automatically erects the cardboard cases and collates the pouches into the correct format.  Then, the pouches and case are fully assembled and sealed and then move through to the exit conveyors on their way to the palletising machine.  (see Fig. 11)
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[bookmark: _Toc125461947][bookmark: _Toc125551594]Fig. 11 Case Packer 2 Information Screen – Screenshot from Movicon Next SCADA System
(Source: PLATCON 2018).

[bookmark: _Toc125551595]2.12 Load Cases onto Pallets in the Correct Format

Cases exit the case packing machines and are fed to the automatic robotic palletising machine.  (see Fig. 12)
The robot automatically stacks the cases onto the pallet in the required format selected on the Siemens HMI.  When the pallet is completed, the batch information is declared to the inventory control software, i.e. Sage X3, via webservices.
When the pallet exits, the pallet batch data tracks the movement of the pallet in readiness to apply a pallet label after it has been shrink-wrapped.
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[bookmark: _Toc125461948][bookmark: _Toc125551596]Fig. 12 Phase 1A Robotic Palletising System 3D Drawing – Screenshot from Autodesk Navisworks
(Source: Jorgensen/PLATCON 2018).
[bookmark: _Toc125551597]2.13 Automatically Shrink-wrap Pallets of Cases of Rice and Apply a Label

In Plant 1, pallets are shrink-wrapped, and labels must be manually generated and applied to the pallet.  This is a time-consuming process as each manually constructed pallet of pouches of rice has to be taken to the shrink wrapper to be wrapped by the operators.

In Plant 2, Pallets are automatically shrink-wrapped as the pallets are automatically moved along the packing conveyor.  The pallet data tracks with the pallet, and the relevant information is passed to the labelling machine, automatically generating a label and applying it to the shrink-wrapped pallet as it passes.  The shrink-wrapped and labelled pallet is then moved to the end of the production line.  Once they arrive at the end of the conveyor, the pallets are ready to be removed by the warehouse team.
[bookmark: _Toc125551598]2.14 Site SCADA System

Emerson Progea’s Movicon Next was selected for the site SCADA software system because of its functionality, flexibility, support and cost.

Movicon Next has been installed on a server and a client communicating via the LAN.  It has been installed in the control room and is connected to 6 monitors to give the operations team complete visibility of the process.

Web clients have been installed to give remote access allowing managers in operations and engineering to view and interrogate the process running from their laptops or desktop PCs.

Movicon is used to integrate all of the stand-alone equipment, allowing them to communicate via Industrial Ethernet, enabling complete visibility of the process and product data tracking.

Emerson Progea’s Prolean software provides OEE and performance information for 20 pieces of equipment within the process.

A web services interface was developed to allow Movicon Next to communicate with the Sage X3 inventory control system.  This interface enables Movicon Next to make production declarations via Webservices automatically around every 30 minutes to the Sage X3 system at the end of every batch with no operator intervention.  Previously all Sage X3 declarations were carried out manually by the operator using a hand-scanning terminal.

Another function carried out at the end of every batch is the automatic data transferral of production information to inkjet printers, case/pallet labellers and barcode scanners for batch numbers and best-before dates etc.  Previously, the operators modified this data at the end of every batch manually.

Movicon Next connects to the following:

· Rockwell, Siemens, and Omron PLCs for the automation equipment.
· SQL and ORACLE databases are used to store process and production information.
· Inkjet and labelling equipment via OPC communications.

The power and flexibility of Movicon Next’s scripting have allowed complex process-orientated operations to be executed on demand reliably.
[bookmark: _Toc125551599]3.0 Conclusions

The goal for the design of the new manufacturing facility, i.e. Plant 2, was to build a new automated factory that incorporated Industry 4.0 enablers and influences to either minimise or remove the inefficiencies from the manual process of Plant 1 e.g.

· Manually topping up the filling machine with ingredients, e.g., Ingredients, Oil, Sauce etc.
· Manually loading and stacking the trays with cooked pouches and transferring them to the retort cooking vessels across the production hall.
· They are physically loading the retorts with the full stacks of pouches ready to be cooked.  This is strenuous work, and historically, many injuries have occurred with this job.  In addition, the batch cooking information has to be entered into the retort and is subject to operators making errors entering incorrect information, e.g. Batch information, required cook cycle etc.
· Physically unload the retorts and take the cooked pouches to the post-cooking room to allow the pouches to dry and cool down.
· Once cooled and dried, the trays of cooked pouches are manually transferred to the packing area. Next, the operator manually removes each pouch from the trays and places it inside a case, which is then sealed and put on a pallet.
· The operators manually assemble the pallet.  It is then moved with a pallet truck to a stand-alone shrink-wrap machine where the pallet is shrink-wrapped, and the operator applies a pallet label they have just manually created.  The shrink-wrapped pallet is then removed and taken to the warehouse.

All the points above have been overcome by laying out the production process in a more logical format and utilising automation equipment.  E.g. conveyors, robots and Industry 4.0 equipment to handle the product automatically and efficiently and to collect all information on the process and interface with the company’s Sage X3 inventory control software on demand.

The new facility has a reduction of operators compared to Plant 1 whilst having the ability to produce more pouches of rice due to the amount of automated equipment.  This, in turn, requires a larger and more skilled engineering team to maintain and service the automation equipment installed in Plant 2.  “It is almost inevitable that the fourth industrial revolution will have a major impact on labor markets and workplaces around the world.” (Schwab, 2017, p. 40).

For the operations and engineering team to process the amount of data being collected, a control room was built to house six 55” monitors that display the SCADA screens giving the team access to the required information.  e.g., OEE for the relevant equipment, batch data tracking through the process, detailed machine status, production counts etc.







Due to the increased complexity of modern manufacturing systems particularly after all the units/elements been integrated into a common system process decisions have become much more difficult.  There is a strong need to leverage vast amounts of manufacturing data and to utilise the power of computing intelligence to enhance the decision-making process in manufacturing.
Intelligent capability refers to three functions, which operate in an analogy of a human body: sensing, decision-making, and action.  With today’s rapid advances in sensing and control technologies, there is no lack of sensors or actuators in manufacturing systems.  The challenge is how to process information and knowledge so that the right decision can automatically be made by a computer at the right time and in the right location, with little or no human intervention.  New technologies are emerging in these areas, such as big data analytics, machine learning (ML), and cloud computing, which provide great potential for enhanced intelligent capability in manufacturing.
(Yubao, 2017, p. 590)
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[bookmark: _Toc125551601]4.1 Main Control Centre Displaying the Siemens Integrated Solution

[image: A picture containing text, indoor, computer, vending machine

Description automatically generated]

[bookmark: _Toc125461949][bookmark: _Toc125551602]Fig. 13 Phase 1A Siemens Main Control Panel – Photo Taken During Factory Acceptance Test 
(Source: Jorgensen 2018).



















[bookmark: _Toc125551603]4.2 TOYO Filling Machine
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[bookmark: _Toc125461950][bookmark: _Toc125551604]Fig. 14 Phase 1A Robotic Palletising System 3D Drawing – PDF Information Provided as Part of Overall Project.
(Source: BFR 2018).
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