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Abstract
This report aims to provide a succinct analysis of Dow’s current packaging technologies, designed specifically for packaging of non-viscous materials. The report will provide a possible solution enabled by industry 4.0 packaging technologies aimed at addressing some of the issues identified within the report, including key safety and quality gaps encountered by the current set up. The report will finish with a conclusion on whether the industry 4.0 technology is worth the investment.
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One of the main objectives of this short report is to demonstrate how it may be possible to safely increase efficiency, accuracy, standardisation, automation and productivity through packaging machinery by reducing human handling times, human fatigue/error and accuracy providing continual feedback and data trends (KPI’s) through the implementation of industry 4.0 technologies supported by (Pereira & Romero, 2017).

This report outlines how the use of commercially available packaging machines can be used in a manufacturing environment and will discuss the challenges that still remain such as human error, floor space, initial costs etc, size capabilities and production rates (Sadeghi et al, 2022 p2617). 

This report will provide a succinct discussion surrounding industry 4.0 packaging solutions and whether the advances are worth the investment in valuable resources required to install the packaging solutions. 
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Dow’s Barry facility currently utilises one drum off station, which has been in operation for over 25 years.  The process is designed to put batched material into drums. The drum off station has undergone many improvements over the years introducing digital feedback on the number of drums filled in a set time period via weighing scales, providing data for analysis for performance review. 

The drums require significant human interference as the drums are removed from the back of a trailer manually (168 drums on a trailer removed in a 12-hour shift) and put onto a Newlands conveyor, which extends to the back of the trailer.  From the conveyor drums are fed into 8 gravity fed lanes, which hold up to 32 drums each.  The drums require bungs to be removed manually and once filled, new bungs are applied by the operator. The operator will set the machine to fill the drums via a sensored filling lance ensuring an accurate distribution of product.  The drums are then transferred onto a pallet and wrapped via a palletiser machine (new improvement). The drums are then moved onto a trailer via a forklift.  Furthermore, the atmosphere is indoors but is not enclosed. The current process according to Sadeghi (2022, 2616) would be regarded as a predominantly industry 3.0 technology as the main characteristic of this process is the automation of the drum filling and lacks the ability for customized digital packaging capabilities or smart integration.  However, the process could be categorised as advanced industry 3.0 technology, as the process employs automations controlled by digital ICT innovative solutions, supported by Laffi & Boschma (2022, p6) as weights can be customised according to customer requirements. There is only one filling lance so when batches/product streams change, lines need flushing, reducing any cross contamination of products. 
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Due to the considerable human intervention, there are key health and safety gaps regarding manual handling, fatigue and risk of fire hazards when drumming off flammable material.  Additionally, there are quality issues as wrong labels could be installed on drums and the open environment offers further quality issues due to the non-sterile working environment potentially resulting in contamination. Other key disadvantages are manual handling of drum, label and bung applications.  The high human interference subsequently means that during handover and break periods, no work is being conducted resulting in loss of productivity.

Key advantages are automation resulting in repeatable and reliable loading of drums with good production rate capacity, however as a site we experience product shortages due to the current capacity (Groover, 2008) which has been identified as a key bottleneck in the manufacturing process.  The need to flush lines and backwash when product streams change is time consuming. 
[bookmark: _Toc110069662][bookmark: _Toc110371893]Solution

The demand for faster delivery times, more efficient and automated processes, higher quality and customised products are driving companies towards Industry 4.0 technologies (Zheng, et al, p1922, 2021).  The Feige 84 drum filling is a complete automation solution and addresses key safety and quality concerns, which would close a lot of gaps and improve efficiencies and productivity in a highly competitive global economy. Companies such as Siemens, General Electric and Mitsubishi are using similar technologies to advance manufacturing capabilities (Piccarozzi, et al, p23), utilising automation. 

Gilchrist (p198, 2016) states that processes driven by cyber physical systems (CPS) (Feige INTEGRA 84) and humans alike, are unlike any traditional factories, as they perform in almost sterile environments, cleanly, safely, reliably and efficiently.

The automatic drum filler INTEGRA® 84 increases the hourly filling output. The equipment comprises 4 stations for the fully automatic and calibrated filling of bunghole drums.  The drums are removed from pallets via a robot destacker and placed on a conveyor removing all manual handling requirements. The drums are conveyed through the machine and fed to the work stations in single cycle mode by means of a chain conveyor. The empty drums are automatically positioned and de-bunged, while simultaneously an open drum is filled inside the filling station and a filled drum is closed inside the closing station and sealed. The process is enclosed and once complete drums are pushed onto pallets.  These improvements would close key quality and safety gaps (Feige, 2022).  The pallets are removed by an operator using a forklift truck.  These pallets are made of plastic and are to be reused by sending back to drum supplier and have a lifespan of around 5 years.  The forklift operation would be the only human interaction in this new process. Additionally, each product stream has its own filling lines reducing need to flush and clean lines when changing batches.  Groover (2008) argues fixed automation lacks flexibility, especially when accommodating product variety.  However, this system facilitates a designated fill line for each product stream via a distribution manifold and has the capacity to increase the number of lances by 3 which negates the lack of flexibility.  
Video and pictures of Feige 84 in operation can be found in appendix.

[bookmark: _Toc110069663][bookmark: _Toc110371894]Benefit-Cost Analysis of Feige 84 

Benefits 
· Increased productivity and an increase in efficiencies and lowering of operational costs that will lead to increased profits. 
· Increased capacity removing product shortages.
· Quality improvements – enclosed and each product has its own dedicated filling line reducing time taken to flush lines when changing batches. 
· Safety improvements – all enclosed (guards protecting moving parts, chemical exposure eliminated, flammable material risks reduced), no manual handling.
· Feige will provide training for maintenance technicians as part of package, reducing maintenance costs had they been outsourced.
· Almost zero human interaction apart from forklift activities. 
· Customizable allowing for future adaptations if required. For example, using filling plastic drums in future if required or adding further product streams. 
· Sustainable pallet solution.
· Product tracking and traceability throughout the supply chain resulting in product trustworthiness (Davis, et al, p149) (Schwab, p51, 2017).


Costs

· Cyber-Security Industrial systems are becoming increasingly vulnerable to threats, as can be seen by recent attacks on industrial targets in 2015. To address this, cyber security measures have to be put in place that recognize the new vulnerabilities and challenges that integrating industrial control processes and systems with the Internet produces (Gilchrist, p210, 2016) (Kamble, et al, p116, 2018).
· Significant initial costs – around £7 million.
· Flooring space required.
· Time to train staff on new equipment. 
· Machine failure – loss in ability to produce.
· Reusable pallets have to be purchased.
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[bookmark: bbib0180][bookmark: bbib0245]Gilchrist (p197, 2016) states Industry 4.0 can be best understood as a new level of organization and control over the entire value chain of the lifecycle of products, it is geared towards increasingly individualized customer requirements.  The use of cyber-physical production systems enables factories and manufacturing plants to react quickly and appropriately to variables using intelligent networks, such as demand levels, stock levels and machine/production plant defects as supported by Gilchrist (p199) and Kamble, et al (p107, 2018). Adopting this smart technological solution would provide significant added value and provide the company with a competitive advantage reducing logistic and inventory costs and be a more comprehensive and interactive platform increasing capacity, productivity, safety and quality supported by Kolberg and Zühlke, (2015) and Lu (2017).  Another factor which considers the whole supply chain is that this solution would address issues such as product shortages due to increased capacity and productivity, improving service provision and allows for better resource planning as supported by Kamble, et al (p107, 2018) and Schwab (p33, 2017) and is an example of vertical integration. Vertical integration is the integration of various hierarchical subsystems within the organization to create a flexible and reconfigurable manufacturing system within the organization (Sony, 2018).

This short report provides comprehensive evidence to support the investments required to introduce this technology.  Additionally, the investments align with Dow’s corporate strategy on sustainability (pallets), quality (enclosed system, automated labels) and safety (manual handling and fire risk exposure) (Dow, 2022).  
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