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Abstract

The food and beverage manufacturing industry is a significant and important contributor to global
GDP but is also subject to significant global contipet The adoption of Fourth Industrial Revolution
(4IR) technologies, as a collection of tools to as#i& technological advancement in the
manufacturing sector is essential. Manufacturing technolegglution is rapid andwith the fourth
industrial kevolution, ever accelerating. The ability of companies to review and identify appropriate,
beneficial technologigsand forecast skills requireds a challenge. The massive and diverse global
knowledge base, together with the lack of appropriate enablemskills, and the complexities

associated with screening in technologies makes technological implementation a challenge.

This research reviews smart knowledge management, combined with Al as a methodology for
knowledge extractionglassificationand adopion. This research develops a knowledge base of 18
FoodBev manufacturing processes, adopta/a-tier Natural Language Processing (NLP) protocol to
identify technological substitution, and provides the best contemporary technological (4IR) solution.
Thispaper defines the development and enablement of a Python enabled toolset to provide intelligent

technological substitution, and associated skills required, in the FoodBewfacturing sector in SA.

1. Introduction
TheFood andBeverage(FB)manufacturing industry significantly contributes to the global economy.
In South Africa, the sector plays a fundamemtdé in economicgrowth, and employment creatian
Basedon C . @¥dss domestic produglGDPXontribution, it is the third largest marfacturing sector
AY {2dziK ! TNAOIS O2YLINRA&AY 3 (RomiBevSETAREZEhe Seetalzy (i NE Q4
encounters numerous challenges including changing consumer preferences, compliance with
regulations, escalatm population growth, andapid advances irdisruptivetechnologycourtesy of
the advent of Industry 4.0While the sector is growing, it is still unknown how atilog rapidly
evolving technologies impaat on the & S O (i oM Potential and skills requirementsMost
importantly, withrapidly evolving technologies it éhallenging tadentify contemporarysubstitute

productiontechnologies



Technological innovatiois a cornerstone ofhe FB manufacturing industriReferencgZhou , et al.,
2021 )categorises the mechanism and path of the rise of manufacturing value chaimirteation
and technologydriven effect.Firms like Boeinfpave achieved a dominant role in their respective
manufacturing industries due to their smart value chaigseated by adopting Industry 4.0

technologiesuch as Big Data Analytics (BDAtgrnet of Things (1oT), and robotics

2. Purpose
The South AfricanFood and BeverageManufacturing (SAFBM)sector can adoptadvanced
technologies across entire value chairsg asto realise a competitive advantage, overoge
production bottlenecksimprove productivity anefficiency(Zhou , et al., 2021 ; Mittal , et al., 2018)
One crucial constraint is thatf the speed of new technological advancemerniere is noclearly
demarcated means for implementing new Industry #eéhnologies or substiting already existing
technologies in manufacturing entiti€Mittal , et al., 2018)thus inferring that theoverall impact of
Industry 4.0 on the sectdras significanbpportunities ultimately indicéing a research gafg.he core
purpose of this study is to identify the value of technological substitution in the SAFBM sector. The
additional purpose is to provide a digital toolset to expedite technological identification and identify

associated skills.

3. Objectives
The keyresearch objectives are defined below;
1. This research studseeks toaddress the research gap througkploiing the overallimpact
of Industry 4.0mplementation in theSAFBMsector.
2. Further the research seeks txploredigital tools to identifyexisthng or newlndustry 4.0
technologies can bimtroduced to the benefit of the sectothis is with due consideration of
the rapidly changing landscape

3. Finally, the research seeks to map skills associated with newly identified technologies

4. Research Questions
Thekey research questions are;
1. What is the impact of digital/ technologies on the SAFBM sector.
2. Can adigital tool be developed, to mitigate identifying new technologies, in a rapidly evolving
technological space associated with SAFBM.

3. Can the toolset identify the associated skills required for the identified technologies.



The research is initiateby an extensive literature review to explore the impact of Industry 4.0 on
manufacturing value chains; followed by a aié¢d methodology entailintechnologies substitution
framework is developed for the manufacturing sectdn automated digital tool fcilitating
identification of the most suitable technologies for substitution for optimisation is developed so as to

facilitate global competitiveness of the SAFBM.

5. Literature
The bod and beveragenanufacturingndustry encompasseany company thaproduces, processes,
manufactures,and sellsfood and beverageproducts (Akyazi, et al., 2020; Luque , et al., 2017 )
Agricultural production and food processing are rapidly growing industries due to escalating globa
population growth, multiplicity of consumer desires, and diverse consumer needs for processed foods
(Jassim , et al., 2020 I)n South Africa the food antleverages manufacturing sector accounts for

R522.7 billion inerms of income contributiorfAkyazi, et al., 2020)

Over the years the sector has experienced a significanéase in food and beverages tra@f®odBev

SETA, 2021Between 2019 and 2028AFBNhasgenerated the largesshare ofrevenueexports

when compared to others in the manufacturing sectéxports revenue increased from R49.7 billion

to R77 bilio)RNA @Sy I NBESt & o0& { 2dzi K Impoidexperi@ntedgl@ver] SN R2
growth than exports with a slight increase of R2.5 billion from R70 billion in 20R92& billion in
2020(FoodBev SETA, 202%hile thesector is growing, it is still unknovihow adoption ofthe rapid-
evolvingindustry 4.0is impactingts growth.

5.1.The FB Industry and Industry 4.0

The Food and Beverage BhufacturingCycle (FBM@) an essential value chain loopBMCbasic
concept is maximum value addition at optimum efficiency and-effsictive production meandrom
processing of agricultural goods into reafdy-consumption commodities. Market forces have
increased opportunigs for productdifferentiation and value addfor raw goods due to escalating
global populationand increased demand foprocessed food¢Jassim , et al., 2020 The primary
objective of food manufacturing and preservatioriagnaintain food quality and safety frofarm to
fork, by monitoring and controlling thiactors thatlead to food corruption or inefficienproduction
processegJassim , et al., 202@&gross the value chaitheemergence ofndustry 4.0 anéssociated

technological drivers can enable this primary objec{idasnan & Yusoff , 2018)



Industry 4.0(4IR)efers to innovative production processes which are partly or completely automated
via technologyand devices communicating autonomously with each other along value chain activities
(Mittal , et al., 2018)It is premisedn intelligent networking of machines, electriegajuipment,and

novel Information Technology (IT) systefs (i Endiiiry process optimisation and increased
productivity of value creatioghains(Akyazi, et al., 2020pigital transformation isa key element of

the ongoing industrial revolutiorDA 3A GF f A&l GA2y R2S&a y2G NBFSNI G2
digital data anddocuments but rather represents networking between created interfaces, business
processesdata exchange,and managemeni{Bogner , et al., 2016. Manufacturingmodels are
changing through development of smart technologies such as geveration of sensors, Artificial
Intelligence (Al), Machine Learning,Cloud Computing,and Machine to Machine (M2M)
communicationUtilisation of key enablingechnologies (KET&) new or existing plantfacilitates a

new phase of automatioresulting in innovative and morefficientprocessesproducts,and services

(Akyazi, et al., 2020)

Industry 4.0sa great opportunity fothe progress of the food sect@ruque , et al., 2017 Reference
(Hasnan & Yusoff , 201Bidicatesnine Industry 4.@echnologies and approachegpplicable to the
food industrynamely:big Data and analytics, autonomous robots, simulation, horizontal and vertical
integration, cybersecurity, Industrial Internet of Things (lloT), cloud augmeetdidy and additive
manufacturing Adoptionof Industry4.0 technologies will lead to faster industrial transformation
and changehe business abruptly, facilitatinfast production of higher quality food products at a

lower cost(Akyazi, et al., 2020)

5.2.Impact of 4IR in the food and beverages manufacturing sector.
The actual current implementation of technologiessults in benefits and challenges. A classified
analysis ofthe impact of4IR onfood and beverage manufacturing through citing examplese

detailedin Hgure 1 and unpacked;

a
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Figurel: 4IR Impact areas
Intelligent manufacturing- & { Y I NI CI Ol & Nikudldaad physioal Swiddsy Aagplying
innovative digital technology such &gber PhysicalS/stem (CPS)nternet of Things (loT)Industrial
Internet of ThingglloT), cloud computingadvancedobotics artificial intelligence, hiech sensors,
data capture andanalytics, 3D printers, softwat@s-a-service and advanced marketing models
(Hasnan & Yusoff , 2018)lany systems anélinctionsfound in a foodand beveragenterpriseare
embracing Industry 4.0 technologiesuch astEnterprise Resource Planning (ERP), Manufacturing
Execution System (MES), Food Quality Assur&esearch and DevelopmeRacilities Management
Systems (inclusive of physical devices suamasufacturing equipment andensor deicesand ICT
monitor andanalyse processs detectdeviations,and trigger correctivadjustmentswith minimum
humaninteraction(Hasnan & Yusoff , 201&)singAtrtificial IntelligencdAl)technigues systemlearn
from past experience througbollected datased, adjust to new inputsfrom surroundings, perform

humartlike tasls and memorise inputs for future optimsation (Hasnan & Yusoff , 2018)

Quiality Control- Digital image processing as integrated into robots, gists of a series of processes
beginning with(1) reattime imagecapturethrough contactless mean&)visual representation in the
computer, (3) automatic analysisand (4) generation of control commands based on results or
measurement readings. This particularly beneficial fofood quality inspection such as to verify
labellingaccuracygolours height,or volume(Hasnan & Yusoff , 201&nalytical monitoring activates
necessary adjustments based on detected deviatiemas to fulfifood safetystandards and allow

early detection of defect whichubsequently reduces food waste and costly rec8liswltaneously,



the technologystores cita automatically for documentation anelidence in the event of customer

complaint(Hasnan & Yusoff , 2018)

Food Traceability SystemTraceabilityis costly andchallengingasvalue chaircomplexity increases.
The complexity can be linked tonique characteristics of food materialsndergoingdynamic
transformation fromraw material toindividual food productgdHasnan & Yusoff , 2018Radio
Frequencyldentifiers (RFIDRas been applieth chicken meatracing The g/stem is applied through
the complete chairirom the farmto slaughterhousgprocessing factoryandretailer. Traceability data
is gathered and registered through RFID readamsl sent toa central databaséHasnan & Yusoff ,
2018) At specific places, there are devicelsere consumes can read databout the chicken meat
from the central database. gheaper alternative for smart traceability system is Peick Response
(QR code, whereby consumers obtain informatioeiated to the food item by scanning the codinis

is alsodone by using a readepplication installed oa smartphonegHasnan & Yusoff , 2018)

Manufacturing Design- Industry 4.0 is taking simulatioto another level inplant operations.
Simulation softwardeveragesreattime data and model physical manufacturingcosystens in a
virtual model © include materials, process, machine, processing lire humans,and material
handling systerm(Hasnan & Yusoff , 2018Jesting,analysingand optimgation is performed in the
virtual world before any physical changeover is conducted at the actual factorgxampleis the
design of a new brewery thallows the entire production process to be simulateaind various
planning strategies and scenarim® simulatedevaluated beforehand=eliabledecisionmakingleads
to effective cost planningDown times and production failures can be initiated as earlystst-up
phase(Hasnan & Yusoff , 2018)

Automation for Repetitive TasksLoading/unloading, assembly, packaging, palletisation, sorting, and

LIAE Ay3as INB 02YY2y Ay (KS F22R &adared&yusoff R | NB
2018)Despite theslow robotic implementationprogressin replacing human workforce, potential of

the robotsis encouragedy robot manufacturersdue to benefits such ameeting food safety and

hygiene requirements improving resource efficiency, maintenansemplification and preventing
humaninjuries (Jassim , et al., 2020The gripper technologis asub-system of arequipment that

comes into contact with a gripped olgje with advantages such ast leaving visible marks dtems

after gripping and hygienstandards. Such technology has eliminated the rfeegipes or tubes that
aredifficult to clean(Hasnan & Yusoff , 2018)



Marketing - Augmented Reality (AR)s reshapng marketing. Qurrent mobile technology
improvements in buiin cameras, sensors, computationalsources,and mobile cloud computing
enableAR on mobile deviceARsupportsthe consumer tgersonally engage with products as if the
products wereproximal tothem. This cug costs in term of logistics, resources, advertisement
materialsand marketing personrigref). The technology stors and provide instantaneous data
about customebehaviourand feedback without conventional peptirchase survegHasnan & Yusoff

, 2018)

Trainingg AugmentedReality supports enhancetkarningand training Trainees cacomprehend the
subject faster than convention&arningthus, preventingtrainees from disturbingreal production
activities(Hasnan & Yusoff , 2018)

Customer management; Accomplishingindividual customerpreferences hasffected area like
order management, product desigiR&D commissioning, shipmenttilisation, and recycling of
products. With the increasing individualism énistomer requirements, technologies for additive
manufacturing or 3[printers can be used in foothbrication(Hasnan & Yusoff , 201&roducts are
manufactured by a 3D food printer, where ramgredients are deposited by layers in a sequential
processaccording to the recipe, configured shapedalayout (Hasnan & Yusoff , 2018inding
printers canadhere materials together witkdible cement. 3D food printers is much mdvigh-tech
featuring nozzles, lasersyringe,and robotic armsworking with powdery material to produce

customsed patterned chocolate or geometrically different pas{ifasnan & Yusoff , 2018)

Technological developments enable higher manufacturing efficiency rates and lower production costs,
whichiscriticaF 2 NJ Y I y dzF I QG dzNAy 3 2NBFIYA&AlI GA2yaQ O2YLISGA G
safety has recently been a great concern and a top global pri@igjaire , 20204 IRtechnolagies

facilitate overall optimisation of the=B processing cycle and improves food secuwtykey
consideration is the identification and implementatiogcle for new technologies or the process of

digitalisation.

5.3. Digitalization

Digitisation isthe transformation of products andervices vidhe usage of digital technologies to
enhance their features or replace them entir¢@liveira , et al., 2021 $everal emergingndustry 4.0
technologies are converging to provide diggalutions.Prior works hag proposed maturity models

for implemening thesetechnologiegMittal , et al., 2018)Gthers have studied the impact of these



technologies on industrial performan¢®alenogare , et al., 2018 Although these studies provide
useful insights into different implementation aspects of digital manufacturing, none prawidéstic

understanding of the implementation proce&rank , et al., 2019 )

ReferencdFrank , et al., 2019yoposes a coreptual frameworkfor Industry 4.0 implementatioas

illustrated inFigure2.¢ KS OSY i NB 27F (KS -SANI YiSSHCKWARH LAIFAGEISE & F NI
manufacturing activities based on emerging technologies (Smart Manufactaridg)roducts (Smart
Products)thus,concerned withoperationaland market needdt considergaw materials and product
delivery(Smart Supply Chagirand new ways$n which workersperform activitiesbasedon emerging
technologiesupport(SmartWorking).Front-endlayerreliesonWo I a S (S @yeniRidh allaw S & Q

front-endtechnologies to béntegrated in a complete manufacturing system

Stage 1 Stage 2 Stage 3
Vertical Energy i . P Flexibilizati
; exibilization
inbegration Management Traceability Automation Virtualization
ERP
Automatic
iti Al for
MES nonconformities )
identities maintenance
Traceability -
SCADA Energ.y of final Industrial robots V”_'tu_a{ ) Flexible lines
Improving products commissioning
Sensors & Traceability M2M Al for Additive
actuators & Energy of raw communication production Manufacturing
PLCs monitoring materials
Pa.?'vae Sm"'f“ Froducts Active Smart Products Autonomous Smart Products
(connectivity, monitoring and control S e s
o (optimisation capabilities) (autonomy capabilities)
capabilities)

Figure2: Theoretical framework of Industry 4.0 technologies

Frank(Frank , et al., 2019identifies stage one to be vertical integration from sensor to ERP with an
important aspect around theystems layers i.e. ERP, MESABAand Sensor. The subsequent stages
includes automation and visualisation. The research team explore the applié&affon C NHraylk], Q &

et al., 2019 work further in the methods section.

5.4. Knowledgeextraction for digitalisation
Despite the rapid rate at whicindustry 4.0technologies are evolving, it is challenging to decipher
which ones (existing or current) can imeplemented inFB manufacturing, across entire value chains

(Chaix , et al., 2019Rurther there is a wide array of informaith on foodand beverage manufacturing



processescattered across the internet in diverse formats such as internet sources, journal
publications, and white paperfChaix , et al., 2019 Bearching for specific productigorocess
information is time consuming and strenuous, thus researchers need tools to assist their bibliographic
search in such large collectiof€haix , et al., 2019 Lommon bibliographic sech engines use
keyword queries that are too limited to consider such variability. A keyword query sutieasdails

to retrieve all relevant information. For instance, they miss documents where the proper cheese name
6d. NASé0 Ad dBMBRIDPKEBSEROP2FAzBRESaSGKF G AyOf dzRS
build and maintain. Moreover, keyword queries are unsuitable for retrieving processes and waste or
by-products produced during manufactuf€haix , et al., 201P The rapid evolution of Industry 4.0
technologies and theast availability of FB manufacturing information on a wide array of formats thus
presents a challenge in gathering precise informatiofrBrmanufacturing processes or the associated

technologies Industry 4.@chnologieautilised

5.5. Mapping skills associated with newly identified technologies

The main observed consequence of technological changes on the food industry is tgeofeiay
demand for technological skills such as basic digital skills and advanced technological skills, such as
programming(Bughin , et al., 2018Awareness of data securjtgata processingnd data protection

gairs more importarce due to this demand. The demand for social and emotional skills (which
machines are a long way from learnirig)also rapidly increasg due to adoption of advanced
technologies. Due to increasing automation and digitalisation of industrial processes, the woirkforce
responsible for more complex taskBxecution of tkese tasks require numeracy, solid literacy,
problemsolving information and communication technologies (ICT) skdliglsoft skills of autonomy,
collaboration, and coordination. Higher cognitive skills, such as creativity, critical thinking, teamwork,
problemsolving, decisiomaking, and lifelong learning,is beconing very crucial. Skills such as
decision making, critical thinking and independent problem solving will be especiilbal in
technical profiles, such as production operators and control technicians. Demand for managerial,
communication and organisational B&iwill increase significant{Akyazi, et al., 2020; Bughin , et al.,

2018)

5.6. Summaryof literature review

The overall impact of technologies, on the SAFBM sector includes improved efficiencies and better
food security Key benefits includes innovative production and productghHevel impact as
classified in literaturare;

A Developingntelligent manufacturing



ImprovedQuality Control
ImprovedFood Traceability System
OptimizedManufacturing Design
The Automation ofRepetitive Tasks
Efficient and effectivéarketing

Optimized, effectivdraining

To To o Po Do Do Do

ImprovedCustomer Management

The knowledge covered in the literature review alludes to the time consuming and mammoth task of
identifying Industry 4.0 techrlogies that can be implemented or substituted in the FB manufacturing
industry. This is due to the wide array of information on the internet, as well as journal databases,
however finding thecorrect technological substitutés a timeconsuming andcolossé task. This

formulates the second and dynamic aspect of this study.

In essence the research gap thus is the lack of a systematic manner of extracting information of
Industry 4.0 technologies that can be substituted in FB manufacturing sadtoowledge/content
extraction tool or technique is thus required thanhables the optimised search of Industry 4.0
technologies that can be used or substituted in the FB manufacturing sdtterresearch gap can

thus be addressed by creating a digital tool that can be used to optimise the extraction and storage
on Industry4.0 technologies that can be implemented or used to submit current existing technologies
in the food manufacturing industry.he knowledge tool must also identify appropriate skills for each

of the identified technologies.

6. Methodology
6.1 Introduction
Theresearch methodsf this study igjuantitative andpremised on knowledge managemgi@mith ,
et al., 2022)which is subdivided intoextraction of unstructured knoledge, and manipulatiomf
knowledge so that iis managed m a structured mannerLiterature highlights the availability of
immenseinformation on the FBindustry manufacturing processesxisting mostly irunstructured
formats (Chaix , et al., 2019 literature revealshe availability of vast Industry 4.0 technologies for
leveragein improving production efficiency acrogbe entire value chainHowever knowledge
extraction and management of relevant content of applicable Industry 4.0 technologileveraging
in the FB industry is time consuming andolossaltask (Affolter , et al., 2019 ; Khan , et al., 2021)

The methodology thus seeks to consolidate both knowledge extraction and management in order to
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develop a smart digital tool that facilitates efficieabd automateddigital extraction of information
(Smith , et al., 2022)he searclis premised on anulti-tier, optimised keyworddNLP searcko as to
extractrelevant information(Affolter , et al., 2019 ; Chaix , et al., 201&howledge extraction and
content management methods are complemented by systems such as ERP andnilASusing
Sructured QuerylLanguaggSQLand Natural Languagedtessing (NLRAffolter , et al., 2019 ; Smith
,etal., 2022)

6.2 Research Methodology

Due to the conglomeration ainethods,it would be ideal to define the research methods adopted for
this studythrough an illustrative research framework, bringing together all the adopted tools and
methods. Figure 3 illustrates the research framework adoptedn developing the digitasmart

technological substitution and associatskills tool for the Foodbev manufacturing sector

3. Graphical User

1. F B ifi
oodBev specific Interface (GUI)

knowledge 2. Database e t (Eront
extraction and = 1 development A e opm%n - (Fron
classification—" end)

6. NLP and final 5. Natural Language

technological Processing. Data 4. Knowledge
recomendations i extraction i extraction

Figure3: Research Methodology Block Diagram

Foodbev Specific Knowledge

Background information gathering commences with an extensive literature review so as to collate
information on the FB manufacturing value chains categoflé® current structure of the Foodbev
sector in SA is reference@ihe construct of the background is based on Fr@mknk , et al., 2019 )
where the process and the systems are considered. Figilitestrates the structurdor the initial data

extraction
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ERP

MES
Sensor
Blending
Temperature
Milking
- Pressure

Analytical testing

Operating conditions

Storage

Clarification

Standardization

Dairy Pastreurization

Wine Cooling
Tobacco Verification

Other Homogenization

Post analytical testing

Packaging

Distribtion

Figure4: Data extraction structure as modified from FrgRkank , et al., 2019 )

Sources of information include peer reviewed journal publications, and South African FoodBev SETA
website. The knowledge is both qualitative and quantitative. Qualitative information is gathered via
summarising all the FB value chains categories sucly @lajaire , 202Q)whereas quantitative
information is gathered by collating all the variables that are monitored or controlled during
production such as pressure and temperatufrais knowledge provides a foundation upon gfthe
research and development of the digital knowledge management tool is lmasdefines theverall

structurewith aligmrmentto Frank(Frank , et al., 2019 )

Upon summarising the FB value chains categories, further knowledge gathering is executed to gather
processsteps of each value chain category, from raw materials procuremefibhab packagg and
distribution of manufactured productMES and ERP atgpical system software that are used in
manufacturing settings to assist smart and efficient product production. Identifying MES or ERP tasks
that are relevant for each process activity is critical in offering insight into which Industry 4.0
technologies mape offered for replacementThe information acquired for each value chain category

is saved on multiple sheets in an excel file to improve readabilitynaigdation of this information
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into a SQL database as explained in successive ®Refexr. to Figure {or the structure adopted in

configuring the tables

Database migration

The datarecorded inthe excel sheetsare transferred to Structured QueryanguagdSQLyatabase
Thisenables the storage and accessing of all informafiaue chains process steps and variables
monitored) from a single databasé¢Affolter , et al., 2019,)unlike the multiple sheets in excel.
Furthermore, using other programsuch as thelevelopment of aGraphical User Interface (Gll)

Python extractions simpleto retrieve the information stored in the SQL database.

Graphical User Interface (GUI) formulation

A GUI is created to enable the user to easily extract thaiired information from the database,
without requiring knowledge of use @QL(Affolter , et al., 2019.)The stored information in the
databaseis used to concatenate key phrastst are subsequently employed in thprogram for
knowledge extractionAs a result, a (GUB developed to make the program udeiendly andallow
users to concatenate a string of key phrasesise in search of particular informatioriThe GUI is

essential a facilitated mechanism to devela search string based on current FB specific information.

Knowledge extraction

The concatenated string is used by #tmowledge extractioprogram.The program written in Python
programming languagextracts academic articles from Goodleholar anddownloads the most
recent and most citegeer reviewedarticlesor publications The data is stored on the search server,

in PDF format, for further analysis.

Natural Language ProcessingL(B

Natural Language Processing (NLP) is then usedotess the downloaded articles. Using NLP, the
program can then extract information and insights from the papers, classify and manage the
documents, which reduces the work of going through several publications that may or may not include

important or relevant information.

NLP and final data filtering
The data extracted from the NLP is packaged and presented to the search user. This includes keywords
from the papers. The user selects relevant keywords and Phyton extracts and packages the papers for

the cansumption of the user. In this contract a dictionary of skills required is also compiled and the

13



NLP also identifies skills related keywords. This forms the bases of the skills recommendations to be

sent to the user together with theelevantfiltered papes.

7. Results
7.1 Results discussion
The methodology is applied in a structured manner in order to achieve the goals of this Bhady.
block diagram inigure5 below illustrates a summative discussion of the results findings as explained

in successivegragraphs below:

c. Graphical User
Interface (GUI)

a. Background L
information gathering b. Database migration developg:]%r)]t— (Front

e. Knowledge
management Natural

Language Processing d. Knowledge

extraction

Figure5: Summative Block Diagram of the Results Discusisi®is the methodology diagram and cannot be in the results

a. Background information gathering
FoodBev SETA website categorises FB manufacturing value iobaifnge (5) chambers(1)Baking,
Cereals, Confectionery, and Snacks (BCCS); (2) Beverage Manufacturing; (3) Dairy Manufacturing; (4)
Manufacture of Food Preparation Products; and Bpcessed and Preserved Meat, Fruit and
Vegetables A Further literaturereview is conductedto unearth knowledge on subategories(or
processesdf the aforementionedfive value chains, by filtering journplblications(Olajaire , 2020)

further categorises the five FB value chain categories intecsutdgories illustrateah Table 1 below:

Tablel: FB categories and swategories summary table maybe this table sklayd in the methods section as it is the
starting and aligned to SETA structure

Chamber Manufacturing processes

Manufacture of breakfast products Manufacture of cereals
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Manufacture of beverages

Manufacture of dairy products

Manufacture of food preparation products

Production, processing and preservation of meat, fi

fruit, vegetables, oil and fats

Brewing (beer/malt)

Wine and spirits

Alcohol

Beverages (soft drink/ mineral water/juices)

Milk

Cheese/ yogurt/ butter
Ice cream

Whey

Farinaceous products (macaroni and noodles);
Tobacco

Maize

sugar

Coco, chocolate, and sugar confectionary

Coffee and tea

Processing and preservation of meat and fish product:
Canned, preserved, processed vegetable and fruit
Cooking fats, margarine, edible oils

It is thus deduced thatrém the five (5) FBalue chains categories eighteen (18) ®altegories(or

processesin total are further identifiedas shown in Table 1 above.

Squentialproduction steps for eacbf the eighteen sulzategoriesarethen gatheredfrom literature,

and eighteerexcel spreadsheets of collated information compilEdjure6 illustratesan Excel sheet

for beer production a more detail file is appendedhe firstcolumn (itled process) identifies each

step manufacturing production stepEach step was documented so that as one sesdbr

technology substitution information, precise technologies employed in each atepdentified.

Variables monitored during production (timiemperature,and pressureMES and ERfystens were

alsocaptured
A B [o] D E G| H|1I S T U
1 |Process Raw Materials |Products |Temperature (Degrees Celcius) Time Pressure (kPa) MES
== g =
< s 3
] = =
pdf |83
2 O 5w S o
3 Milling 1. Malted Barley |1. Beer Room Temperature Atmospheric
4 Mash Turn Heating |2. Unmalted Grain|2. Malt 62 -70 30 - 120 (Minutes) |Atmospheric
5 Lauter Turn 3. Yeast Room Temperature Atmospheric
& Wort Drying 4 Water Room Temperature Atmospheric
7 Filter Wort Boiling _ |5. Hops Room Temperature 1-1.5 (Hours} Atmospheric
8 Whirlpooling Room Temperature Atmospheric
9 Fermentation 15-21 4 - 6 (Days) Atmospheric
Filtering and 70 Atmospheric
10 Pasteurisation
11 Packaging Room Temperature Atmospheric
12 Distribution Room Temperature Atmospheric

Figure6: Data capture for théeersub-category(or process)
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b. Database Migration and FrorAEnd
Uponcollecting theLINE O Srioamtivfinexcel spreadsheets (Figud), the data s migrated toa
SQL databaséssentially all the information from theeighteenExcel spreadsheets is now stored in
2yS {v[ G ot § NBIO&saSskaedin MgRresdrboiv Svitching from Excel to a SQL
database improvethe efficiency of thanformation extraction process. Astated previously other
applications suchs the one shown ifigure 6 belowcan access data stored in SQL tabhese easily
than data saved in Excel spreadsheéiteere are more advantages to using SQL over Excel, for
example, Excel is slow when dealing with huge data This may not be an issue presently, but as
we further develop the database in the future and add molf® manufacturing processésom the
FoodBevndustry) data volumes will increase thus SQL will be advantage&dding more products
necessitateshe creationof more Excel spreadsheets, which would reBuiven more complications,

suchas storageParts of this should go in the method, justifyivby moving from excel to SQL

Product ‘ Process |

FK ProductProcess Process T

FK_ProductProcess_Product

FK_ProductProcess ERP "-\;l ERP |

1 o
FK_PreductProcess_MESL MES |

FK_Prod uctProICEs_Prﬁsu re FK_ProductProcess Tempersturs

:

Pressure | Temperature |

Figure7: SQldatabase diagram illustrating the migration of collated information for all 18 processes

c. GUI development
Post the development of th&QL databaséhe excel process structures and supporting data is
imported into SQL. Theythoncoding is configurationotcall up the data from SQL. The product type,
process step, operating conditions, 4IR system etc is extracted and displayed in the Graphical User
Interface. The user is guided through to configure their search for new technologies based on their

exact curent needs.
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Step 2: Query the database Step 3: Present queried results on
using a SELECT statement. the Graphical User Interface (GUI)
The query enables the data
stored on product, process,
ERP, MES and physical
variables in SQL to be
accessed

Step 1: Connect to the SQL
database using a python
library called pyodbc

__—

Figure8: Frontend application developed using python

@ FoodBev — [m] X
Product Type ‘Milk! Process Desc 'Milking

Temperature Temperature' Pressure 'Pressure’

ERP System ‘ERP* MES ‘MES*

", 'Milking ', ‘Temperature', 'Pressure’, 'ERP’, 'MES")

('Milk’, ‘Analytical test, ‘Temperature’, 'Pressure’, 'ERP’, 'MES")
X ('Milk’, ‘Storage ', '0to 5, 'Pressure’, 'ERP’', 'MES')

View Al ('Milk’, 'Clarification ', 'Temperature’, 'Pressure’, 'ERP', 'MES")
('Milk, ‘Standardization’, ‘Temperature’, 'Pressure’, 'ERP’, 'MES)
('Milk, 'Pasteurization ', 70 to 73", 'Pressure’, 'ERP', 'MES")
('Milk’, 'Cocling ', "Temperature’, 'Pressure’, 'ERP', '"MES")
('Mill', 'Verification ', Temperature', 'Pressure’, 'ERP', 'MES")
('Milk', 'Homogenizatien ', '30 to 55, 'Pressure’, 'ERP', 'MES")

('Milk', 'Post Analytical, 'Temperature’, 'Pressure’, 'ERP', 'MES')
w(‘l\nilkﬂ ‘Packaging ', ‘Temperature', 'Pressure, 'ERP’, '"MES") M
('Milk!, 'Distribution ', ‘Temperature’, 'Pressure’, 'ERP’, 'MES") -
('Cheese, 'Fat Standardiza’, ‘Temperature’, 'Pressure’, 'ERP', 'MES)
('Cheese', 'Pasteurization ', '7T0to 75", 'Pressure’, 'ERP', 'MES") w

('Cheese', 'Cocling to renn’, ‘25 to 30', 'Pressure’, 'ERP’, 'MES)
('Cheese', '‘Renneting ', ‘Temperature', 'Pressure’, 'ERP’, 'MES')
Close ('Cheese', 'Coagulation ', 'Temperature', 'Pressure, 'ERP, "MES")
('Cheese, 'First Drainage ', ‘Temperature’, 'Pressure’, 'ERP’, 'MES')
('Cheese’, 'Heating/cocking’, Temperature', 'Pressure’, 'ERP’, 'MES")
('Cheese', 'Secend Drainage’, 'Temperature’, 'Pressure’, 'ERP', '"MES)
('Cheese’, 'Pressing ', "Temperature', 'Pressure’, 'ERP', 'MES")
('Cheese, 'Salting ', "Temperature’, 'Pressure’, "ERP', '"MES")
('Cheese’, 'Storage ', "Temperature', 'Pressure’, 'ERP', 'MES")
('Cheese|, 'Packaging ', 'Temperature’, 'Pressure, 'ERP', 'MES')
('Cheese’, 'Distribution ', "Temperature’, 'Pressure’, 'ERP', 'MES")

Figure9: Frontend application to enable uséiiendly applicability

The system assists in navigating the user in a sequesttiattured,and detailed mannerThe user
keywordsonce selected is displayed in the right hand block of the GUI. The user validates his search

FyR SESOdziSa o6& LINBaaAy3d (R&bovaYSe@g2NR aSHN

TITLEABSKEY( "Chocolate" AND "manufacture” AND "coaching" AND "Temperature” AND "Pressure”AND "ERP"AND "MES")_

TITLEABSKE Y "Diary"AND "manufacture” AND "tempering"AND "Pressure”AND "ERP"AND "MES")_

TITLEABSKEY( "Chocolate” AND "manufacture” AND "moulding” AND "Temperature” AND "Pressure”AND "ERP"AND "MES").

TITLEABSKEY( "Chocolaté_AND "manufacture” AND "shaping” AND"Pressure”AND "ERP"AND "MES")_

TITLEABSKEY( "Dairy’_AND "manufacture” AND "baking" AND "Temperature” AND "Pressure”AND "ERP"AND "MES")_

TITLEABSKEY( "Chocolate” AND "manufacture” AND "enrobing” AND "Temperature” AND "Pressure”AND "ERP"AND "MES").

FigureloY YS@g2NR O2y FAIdzNI A2y F2NJ aD223fS a0K2Hf
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https://www.scopus.com/results/documentSpellSuggest.uri?sort=plf-f&src=s&st1=%22Chocolate%22+AND+%22Conching%22+AND+%22Temperature%22+AND+%22Pressure%22+AND+%22ERP%22+AND+%22MES%22&sid=082b6e69f192641314bfe8711de70743&sot=b&sdt=b&sl=97&s=TITLE-ABS-KEY+%28+%22Chocolate%22+AND+%22coaching%22+AND+%22Temperature%22+AND+%22Pressure%22+AND+%22ERP%22+AND+%22MES%22+%29&origin=resultslist
https://www.scopus.com/results/documentSpellSuggest.uri?sort=plf-f&src=s&st1=%22Chocolate%22+AND+%22Conching%22+AND+%22Temperature%22+AND+%22Pressure%22+AND+%22ERP%22+AND+%22MES%22&sid=082b6e69f192641314bfe8711de70743&sot=b&sdt=b&sl=97&s=TITLE-ABS-KEY+%28+%22Chocolate%22+AND+%22coaching%22+AND+%22Temperature%22+AND+%22Pressure%22+AND+%22ERP%22+AND+%22MES%22+%29&origin=resultslist

The user &ywords is converted into a logical search strifilge search string is exported Bython

into Google scholalhe search ithen executed in Google Schaldihe search seeks papers with the

user specified strings and searches for the most recent 50 gagred the top cited (also 50 papers).

With this extraction configuration the possibility of extracting content that is releeffective,and

recent is very high. Our Google Scholar constraint is set at the last 10 years of publications.

Step 1: Using the generated
string, we iterate through
the first 50 pages of google

scholar.

Step 3: Download 50 of the

Step 2: Download 50 of the -
most recent articles (not

highly cited articles in the last

10 years (2011-2021) ‘”Cm‘g% ‘:]‘ilgpr']ilia;ﬁse;r)om

Figurell: Pythonsteps for finding and downloading papers

The papers are listed into 2 SQL tabswnloaded,and stored.The first SQL is listing the highest

cited and the second the most recent. Each paper is stored with a uniqtieelPaper Title, the URL

of the extracted paper, the number of citations, the published yBgthonis then configured to filter

and remove duplicatesThe final list of papers are then stored as a directory based on the keywords

searchedFigurellillustratesthe paper index as stored.

paper title url of paper citations

0 [BOOK][B] Enterprise resources planning and be... https//waww taylorfrancis com/books/mono/10.12 318
1 [PDF][PDF] The effectiveness of the accounting https.//core ac uk/download/pdf/234629231 pdf 46
2 Towards a sustainable interoperability in food https./iwww sciencedirect com/science/article/ 22
6 Evaluasi Penerapan Enterprise Resources Planni http/i'www.ocpenjournal unpam.ac.id/index php/k 21
8 Implementas: Enterpnse Resources Planning (ER https.//36.89.132.147/index. php/teknoif/articl 14
5 The importance of critical success factors of https.//scholar archive org/work/2gtmedgndrbmt "
3 Designing green procurement system based on en hitps:/fieeexplore ieee. org/abstract/document/ 10
9 Application of structuration theory and activi https.//su-plus. strathmore. edubitstream/hand| 9
10 [PDFJ{PDF] Enterprise Resources Planning Effec https/iwww.researchgate. net/profile/Maha-Alkh 5
4 The impact of implementing enterprise resource http://repository. petra ac id/19173/4/21. The_i 4
7  The Impact of Enterprise Resources Planning Im https://\www.e3s-conferences. org/articles/e3sco 3

Figurel2: Index of stored papers

The next step is the NLP on all of the papers indexed for the search. The NLP is configured to exclude

GO02YY2y 62NRAE

reserve list.
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Step 1: Using Natural Language Step 2: The NLP algorithm Step 3: The NLP word count
analysis then returns the most
fequent words from each of
the downloaded articles.

Processing(NLP) we perform a
wordcount analysis on each of
the downloaded papers.

removes all common stop words
i.eis, and, but, are etc.

Figurel3: Activities associated with NLP processing in Python

Upon review the new common words can be added to the master common word list. This ensures the
system becomes nre focused. The remaining words found in the list of papers are then filtered,
classifiedconsolidatedand exported tahe user and displayed in the form of a GNItypical result

is illustrated below with thgaper (table headers), keyword (the vertieis.

Table2: NLP analysis

High pressure
processing
technology in
dairy processing A

High Pressure
Processing
Technologies for the
Pasteurization and

The role of emerging
technologies to ensure
the microbial safety of
fresh produce milk and

High Pressure Carbon
Dioxide Used for
Pasteurization in

Food Industry

High Pressure
Processing and
Its Impact on Milk
Proteins

review Sterilization of Foods eggs

pressure 137 113 188 66 34
milk 89 21 13 27 67

food 70 86 114 28 22
treatment 61 53 28 20 28
inactivation 5 61 76 1 10
temperature 15 43 66 20 15
effect 19 39 60 10 3
processing 28 23 89 7 22
product 30 14 52 7 79
cavitation 0 0 0 0 2
protein 31 22 13 26 2

cell 20 69 17 35 2

The Keywords filtered out are now presented to the person conductingséaechto provide an
opportunity to refine his search based on the available knowledge. The GUI for the author refinement

is illustrated belowlntelligent manufacturing
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Display KeyWord(s)

Get Paper(s)

Back

Figurel4: Tier 2 NLP GUI for knowledge filtering

As the searclkeywords are selected the Python code filters and provides a final shortlist of papers.
The user then has the option to receive the full papers for review. The Phytonest@ets a skills
related NLP and presents the user with the associated skileaged by the technologies identified.
The outputs of the python model and filtering provides technological insights for Foodbev process
substitution. Among the key objectives of the research, beyond technological substitution, is skills

forecasting. Hex the research team adopt NLP once again to review the final recommended papers

8. Data extraction: Sample of results
The research team seek to conduct a set of trial runs for the identification of digital substitutions and
skills. For this purposé searches, with variable constraints, are conducted. The results in &able
below. It can be seen that thReythonsystem iscapable of identifying the technologicalibstitutes

and associated skill¥he papers extracted are analysed for further propositioning of value.
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Table3: Paper extraction results

Item Results Summary 1 Results summary 2 Results summary 3 Results summary 4
string
Milling Manufacture
New : . -

New Technologie Automation
2. 50 articles according to citation and publication year data frames
Results
2b. 60 noncommon keywords| 70-non common keywordg 76 noncommon keywords| 70 noncommon keywords
Keywor | identified identified identified identified
ds
3.User | Treatment Design [analysis’, ‘information’, | [LINS OA AaA 2y QY
selecte ‘'system’, ‘online’, ‘legal’, | 'processing','mechanical '
d W& i NdzQaznzNE R@Z additive’]
keywor
d
3b.Resu| 2 journal articles 2 journal articles 1 journal article 3 journal articles
Its
4.Summ | Pulsed Electric Fields (PE Hazard Analysis Critics Convolutional Neural 3D printing(Zhenbin , et al.,
ary of | (Gomez, etal., 2019) Control PointgSingh, et al.,| Networks(Marzan & Ruiz Jr| 2017)
articles | Benefits ¢  Promising| 2018) 2019) Benefits ¢ also known as
accordi | technique for disrupting| Benefits q Simple, | Benefits ¢ Utilises image| additive manufacturing
ng to | biological cells in the food specialized method tg processig techniques in thel (AM), solid freeform
technol | matrix of fish products| prevent health hazardg classification of tobaccq fabrication (SFF), i
ogy without any detrimental| emanating from consuming leaves, to classify accordin characterized by layer by
identifie | effect on food product| contaminated food &| to grades layer material deposition
d; attributes beverages. Impact ¢ effective and| mode based directly from &
benefits | Impact- PEF has capacity t| Impact - Prevention of| accurate grading tog pre-designed file.
and produce foods with greaf possible hazards and t{ outperform current manual| Impact ¢ customized food
impacts | nutritional and sensory| improvement of production| methods of grading tobaccq designs, personalize
in the | quality and shefife. processes leaves. nutrition, simplfying supply
value chain, and broadening of thq
chain. available food material.

Quallitative spectroscopy &

Replacement of malted by

chemometrics (Ghidini , et
al.,, 2019)

Benefits¢ Resolution of key
authenticity issues of fish
and seafood products, wit

focus on species
substitution, geographica
origin falsification,
production  method or
farming system
misrepresentation, and
fresh for frozen/thawed

product substitution

Impact ¢ As an innovative|
technology it makes|
counterfeiting or falsifying
of fish products difficult thus|
organisational competitive
advantage.

raw barley(Kok , etal., 201§
)

Benefitsq Raw barley can be
processed by hammer mill
(roller mills also). Hamme
mills  ensure efficient
extraction in raw barely
compared to malted, by
producing finer grist & large
surface area for enzymati
hydrolysis of endosperm.
Impact ¢ economic driven
impact with added
advantage of improved
sustainability, by reducing
reliance on the malting
process

and its associated costs.

3D printing(Kouzani , et al.

n.d.)

Benefits C Three
dimensional (3D) food
printing

is emerging as a method fg
making foods for people
with  special mealtime
needs.

Impact¢ Modifying foods to
standard consistencies, an
manual design and assemb
of foods for the daily
requirements of people with
dietary challenges such g
dysphagia.

Cloud manufacturing(CM)
(Fisher , etal., n.d.)

Benefits ¢ Service oriented
business model to sharg
manufacturing capabilitieg
and resources on a clou
platform via collaborative
design, greater automation
improved processesilience
and enhanced waste
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