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¥ O B W N e

Abstract: This paper aims to critically examine the potential barriers in the implementation and
adoption of Robotic Process Automation (RPA) in the beef supply chain. The beef supply chain has
been challenging due to its complex processes, activities, and management. The beef industry has
relied heavily on human workforce in the past; however, RPA adoption allows automating tasks
that are repetitive and strenuous in nature to enhance beef quality, safety and security. There are
considerable potential barriers to RPA adoption as organisations have not focused on trying to elim-
inate them due to various reasons. Previous studies lack knowledge related to potential barriers in
RPA adoption, so this creates a research gap and requires attention. Statistical data and information
are extracted using secondary data relevant to RPA adoption in beef supply chain. A business pro-
cess model is formed which uses values or variables using existing statistical data and information.
Simulation to the process model is done using Simul8 software and analyses of different scenarios
help in choosing the best approach for RPA adoption. Results have identified the potential barriers
in RPA adoption through simulation process thus ensuring RPA to perform with more potential.
Analysis of “what-if” scenarios allow organizational and employee-level improvements along with
enhancing RPA’s accuracy. The process model is a generic model for use in real-life scenarios and
can be modified by organisations according to their own business needs and requirements. The
study contributes in theoretical and practical aspects as it allows decision-makers and managers to
adopt RPA in a robust manner and adds to scientific knowledge by identification of potential bar-
riers in RPA adoption.

Keywords: beef supply chain, beef supply chain management, robotic process automation, simula-
tion, Simul8.

1. Introduction

Supply chain is a broad term from the perspective of business world. It is described
as a network of goods and services in accordance with supply and demand [1]. The food
business produces products and services to meet the needs of people and their activities.
Food supply chain management operates and assures food safety and quality through
effective ways of production, distribution, and consumption. Because of its complexity
and difficulties in administration, the food supply chain differs from other supply chains.
Food safety, food quality, traceability, and freshness of food products all contribute to the
complexity, which makes it difficult. Technological breakthroughs such as Robotic Pro-
cess Automation have ushered in significant improvements and developments in the FSC
by automating operations in food processing and packaging, ensuring food freshness and
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quality for greater customer satisfaction. There are so many manufacturing processes or
procedures in the FSC due to which it demands careful control [2- 4].

The beef supply chain is large and expanded and has a complex supply chain system
which makes its challenging. Technological adoptions such as Robotic Process Automa-
tion allows beef supply chains to enhance its operational efficiency and speed up produc-
tion line to meet consumer demands. This research aims to critically evaluate and inves-
tigates the role and impact of Robotic Process Automation in beef supply chains. It further
inspects the associated barriers or risks to the adoption of RPA in the beef industry. The
features and characteristics of beef supply chain are analysed critically to understand the
overall business process for successful RPA adoption in it.

The rationale of conducting this study is to support the beef industry by offering a generic
process model which can be used by managers, decision-makers, and stakeholders for
effective adoption of RPA. The process model is generic and can be modified by organi-
sations according to their individual needs and circumstances. Over the past years, lot of
interest has given to the adoption of Robotic Process Automation in the beef supply
chains. However, there is no thorough assessment of the potential barriers in RPA adop-
tion within the beef supply chains, which creates a research gap. In-depth study and sce-
nario analysis are assessed in Simul8 to investigate the potential barriers to allow success-
ful adoption of RPA and overcome the possible risks. The significance of the study is to
assess the role and impact of RPA in beef supply chains and identify the potential barriers
for efficient adoption of RPA technology. The study contributes to both practical and the-
oretical aspects as it examines and identifies the barriers in RPA adoption in the beef sup-
ply chain and allows managers to utilise the process model for effective RPA adoption.
Enhanced RPA potential allows beef supply chains to achieve strategic, financial, and op-
erational goals and alleviate risks in terms of beef quality, safety, and security. The process
model projects the various stages of the beef supply chain and is analysed using scenarios
in Simul8 software. The research parameters that are beef capacity, shelf-life, and safety,
are the base for developing the scenarios in the process model. Two scenarios are analysed
and assessed in the Simul8 software to evaluate RPA accuracy and benefits in the beef
supply chain. It also helps in the identification of any risk factors involved in beef produc-
tion stages, in a virtual environment. The research parameters are further discussed in the
results section below.

There are four simulation types used in supply chain managementi.e., discrete event sim-
ulation (DES), system dynamics (SD), spreadsheet simulation and business games. Dis-
crete event simulation is used in this study to form the process model which maps the
beef supply chain stages in a process. The DES is one of the popular and desired modelling
methods used to model real-world systems in supply chain systems. The DES maps down
the processes or events separately that progress with time. The DES simulation model has
many benefits including a variable and flexible level of detail along with the possibility to
model dynamic behavior and uncertainties of a real system [5- 6]. It is advantageous to
use such a model in manufacturing supply chains to map and integrate individual stages
of a supply chain. The DES model also supports the supply chain network design and
evaluates it analytically. However, on the contrary the DES tools focus on logistical trends
in a supply chain more than sustainability or quality. The key capabilities of the DES mod-
elling involve pointing out supply chain uncertainties related to product quality and lo-
gistics, along with their interaction. DES tool is implemented extensively in food supply
chains to improve food supply chain design in terms of speed and quality production. The
DES simulation model also helps in effective decision-making and help save operational
costs whilst speeding up the process by identifying any supply chain risks [7].
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The discrete event simulation model also provides key benefits related to the operational 97

efficiency of the meat processing supply chains. Operational efficiency remains one of the 98

biggest concerns for the meat processing industry and organisations constantly strive to 99

enhance it. The DES simulation tool analyses the current operational efficiency and tests 100
it by providing variations in the parameters to give results. This further allows to evaluate 101
the efficiency of the meat supply chain at various stages and identify any uncertainties or 102
risks associated with it. The DES tool allows stakeholders and managers to improve the 103
meat supply chain efficiency in real-life environment and enhance meat quality, safety, 104
and security. It also further enables them to better understand the factors that increase 105
operational efficiency and production levels and allows them to improve managerial prac- 106
tices to alleviate potential barriers. The DES simulation used in the meat processing sup- 107
ply chains allows critical evaluation of the supply chain stages in a virtual environment 108
and help in understanding the key factors that can lower production costs and enhance 109
operational efficiency in real-life scenarios [8]. 110

This study uses the DES modelling method to map the beef supply chain stages in a well- 111
integrated manner. The process model is formed based on the research parameters and 112
scenarios are analysed using the Simul8 software. Simulation approach to the process 113
model and analysis of “what-if’ scenarios allow identification of risk factors or potential 114
barriers in robotic process automation adoption within beef supply chain, in a virtual en- 115
vironment. This will help managers or stakeholders to eliminate risks or barriers in real- 116
life scenarios and enhance beef supply chains by maximizing the benefits that RPA can 117

provide and lead to an effective adoption process. 118
The following section discusses the literature review which provides an in-depth study 119
regarding the beef supply chain trends, forecasts, business procedures and supply chain 120
concerns and challenges. It further highlights the role and impact of RPA in the beef 121
supply chains. It also discusses the factors that influence the RPA adoption in the beef 122
sector. Moreover, the distinctive features and attributes of the beef supply chain and its 123
complexities are discussed. RPA functionality and adoption benefits are explained in the 124
literature review section. The materials and methods are discussed along with results, 125
discussion, and conclusion in the further sections. 126
2. Literature Review 127

The long forecasts for beef industry are progressive and good due to constant in- 128
crease in population. The consumer demand for beef has enhanced which increases its 129
demand and supply in the market. The beef industry constantly strives to maintain the 130
beef quality and safety to add value to their supply chain systems. The beef supply chain 131
constantly faces socio-economic pressures due to escalating environmental and health 132
concerns. The major concern and challenge for the beef supply chain is to produce quality 133
and hygienic meat and maintain beef quality standards [9-10]. Innovation and technolog- 134
ical advancements play a vital role in effective beef supply chain management to respond 135
actively to the growing beef market and meet consumer demand promptly. The introduc- 136
tion of advanced technological systems such as Robotic Process Automation (RPA), auto- 137
mates manual and repetitive tasks that were previously performed by humans. This im- 138
proves business procedures and activities in the beef industry and offers task completion 139
through automation thus making it simpler and efficient. The implementation and adop- 140
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tion of robotic process automation creates opportunity to lowers hygiene risks in beef pro- 141
duction, cater scalable beef market, produce quality beef, and improve consumer satisfac- 142
tion [11-12]. 143

The food supply chains are challenging and complex and so require improvements in 144
business performance. It is important to acknowledge performance improvements in busi- 145
ness processes related to quality, delivery, flexibility, and costs. Organisations seek supply 146
chain management capabilities that enable and allow them to achieve value creation, cus- 147
tomer satisfaction, competitive advantage, and exceptional returns. It is significant for or- 148
ganisations to gain competitive advantage and achieve market-oriented goals to enhance 149
their performance level. Effective management of materials, control on supply chain op- 150
erations and active coordination between internal activities also help decrease the supply 151
chain complexity. Hence, many factors can influence the performance level in food supply = 152
chains [13]. The meat crisis and growing demand in recent times have raised attention 153
towards the meat industry. Meat quality, safety and customer satisfaction is one of the 154
greatest prevailing concerns in the meat market. Technological requirements, business 155
and customer needs and identification of regulatory guidelines are important aspects to 156
consider in a productive meat supply chain. Transparency is a crucial factor to consider 157
in meat supply chains to ensure quality, safety, and security in meat production. Efficient 158
collaboration between networks for the purpose of forming supply chain transparency 159
systems leads to lower management costs and enhanced food safety. It is vital for meat 160
supply chains to stress on internal engagement and efficient information sharing system 161
to address safety concerns related to meat production [14]. 162

The beef supply chain is crucial to understand due to its complexities and difficulty in 163
management as the overall supply chain phases are complex [15]. The characteristics and 164
dynamics of the beef supply chain are unique and has distinctive features. The demand 165
of this sector and its mechanism has experienced increased focus and attention within 166
organisations and its supply chain process. The main challenge in the beef industry is to 167
produce high-quality, nutritious, and hygienic beef to the consumers. The freshness of the 168
red meat, healthy appearance and visible fat are some of the features of superior quality 169
beef [16-17]. Figure 1 illustrates the various stages of beef supply chain which begins from 170
farming stage and ends at consumer stage. 171
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Figure 1: Beef supply chain stages [18] 174

Human health is also a key factor to consider when evaluating supply chain management 175
since COVID-19 has occurred. Future waves of the pandemic (or future pandemics) 176
heighten the risk of random workforce disease epidemics disrupting food processors' op- 177
erations. Unlike the situation in early spring 2020, however, there has been time for food 178
processing plants to adopt methods to avoid these hazards. Within manufacturing plants, 179
attention to hygienic practices and social distancing measures serve to limit the danger of 180
disease spreading among employees, hence protecting workers' health and wellbeing. 181
Moreover, producing high-quality beef is also important and chances of beef contamina- 182
tion due to human touch are cause of concern for the beef industry. Adaptive solutions 183
include robotic process automation technology, which involves employing software ro- 184
bots to do jobs and improve supply chain processes and lower risk of beef contamination. 185
Beyond the technological viability of robotic process automation in beef processing, an 186
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individual firm's or larger organization's economic feasibility is a significant decision-fac- 187
tor. Increased automation is cost-effective to the extent that robotics increase production, 188
improve quality control, and reduce food safety issues [19-20]. 189

The RMIF allows and encourages all industry players to communicate their challenges 190
and concerns to eliminate all risk factors and discover solutions to problems for long-term 191
supply chain processes. The RMIF lays forth a ten-point strategy for beef or red-meat 192
stakeholders to increase profitability and performance. The red meat industry's opera- 193
tions and functions have evolved because of digital development. The RMIF forum can 194
track red meat marketplaces and make them more accessible, and trade can be done more 195
efficiently by cutting expenses and improving earnings. To improve consumer satisfaction 196
and provide value to achieve a competitive edge, it is critical to observe people's demands, 197
maintain meat quality, and provide high-quality and healthy meat (beef) to merchants. 198
The Red Meat Sector Forum allows everyone involved in the industry to discuss their 199
thoughts and concerns [21]. 200

Beef is one of the most popular foods in the United Kingdom. Beef production in the UK 201
produced roughly 9.6 billion British pounds in 2020. In 2017, the value of UK beef produc- 202
tion doubled compared to the preceding ten years, reaching an all-time high. Since 2015, 203
the population of cattle and calves in the United Kingdom has been steadily declining, 204
with an estimated 9.4 million in 2020. Only 3% of the cow population in the UK was or- 205
ganic that year. Beef product sales generated roughly 4.4 billion British pounds in 2021. 206
From 2015 to 2019, the value of beef exports climbed by more than 200 million British 207
pounds, however it plummeted by more than 20% in 2020. The top destination for UK 208
beef exports was Ireland, followed by France. The value of beef and veal output in 2020 209
was estimated to be around 2.93 billion British pounds [22]. 210

Robotic Process Automation provides appealing workplace benefits because it frees hu- 211
man employees from monotonous activities in supply chain systems, allowing them to 212
focus on company goals. RPA also collects and organises data, which aids supply chain 213
systems in making future forecasts and process optimization. The activities that RPA does 214
are typically structured, straightforward, and recurrent, such as automated email queries. 215
RPA deployment in supply chain systems has resulted in significant cost reductions in 216
terms of full-time equivalent (FTE), as well as a beneficial influence on corporate produc- 217
tivity and strategic goals. It also offers 24 hours service delivery without any break thus 218
reducing time cycle of production whilst improving operational efficiency and accuracy 219
[23]. Robotic Process Automation tools can also adjust to demand, are more scalable, and 220
can reuse components to assist in the automation of different jobs. Due to the enormous 221
benefits of RPA technology in supply chain systems, businesses are likely to spend more 222
on it [24-26]. RPA has several properties that make it distinctive, productive, and ad- 223
vanced enough to be adopted by FSCs and simplify SC processes. There are different per- 224

spectives through which RPA is explained by various authors in the Table 1. 225
Table 1: Definitions of Robotic Process Automation 226
Definition of Robotic Process References
Automation (RPA)

RPA focuses on automation of

rule-based, repetitive, routine (7]
tasks to make supply chain

processes easier.
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RPA is a term used to replace
human workforce and automate [28]

tasks.

RPA is described as using
software bots to automate [23]

individual activities or tasks.

RPA is a technique or tool to
execute administrative or 0291
scientific tasks to benefit

organisational processes.

RPA can be described as a non-
invasive automation method
which doesn’t require any major [3030]

changes to existing business

systems.

RPA is used to increase process
efficiency and reduce business
. [3131]
process costs by automating

tedious, routine tasks.

RPA is a tool to improve supply
chain processes and lower
financial burden on [32]
organisations by automating
tasks.
RPA is the use of ‘virtual

workforce” also called software,
to operate applications [33]
effectively just like humans

would do.

RPA tools attempt to relieve employees of the strain of repetitive, uncomplicated activities 227
[34]. The demand for RPA products from commercial providers has increased dramati- 228
cally. Furthermore, in the previous two years, numerous new vendors have entered the 229
market. This is unsurprising, given that most businesses are still looking for ways to save 230
money and instantly connect legacy systems. RPA is viewed as a means of achieving a 231
high Return on Investment rapidly (Rol). Automation Edge, Automation Anywhere, Blue 232
Prism, Kryon Systems, Softomotive, and UiPath are dedicated RPA providers who only 233
sell RPA software [35,36]. Robotic process automation can help with loading/unloading, 234
slaughtering, cutting or deboning, packaging tasks in various meat processing factories, 235
such as beef supply chains. The enormous variety of carcass forms and sizes is one of the 236
biggest obstacles to increased automation in meat processing plants [37]. Nonetheless, 237
technological improvements have the potential to enhance the use of robotics in food in- 238
dustry, and the COVID-19 epidemic is expected to drive the trend toward greater auto- 239
mation. The requirement for labor-intensive plants to run at lower processing line speeds 240
to safeguard worker health, as well as the need to avoid major revenue losses if production 241
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is halted or suspended owing to illness within the workforce, may have been added to 242
this arithmetic by the pandemic. 243

Many supply chain specialists are unsure how to proceed considering the rapid advance- 244
ment of digital technologies. RPA is frequently the initial step in a company's digital trans- 245
formation. Over 60% of supply chain experts questioned in 2018 said they were research- 246
ing or adopting RPA to automate supply chain business activities [38]. Many repetitive 247
jobs in sourcing, operations, and logistics can be automated by RPA in supply chains. For 248
a variety of reasons, businesses begin their digital transformation using RPA. First, soft- 249
ware bots from top vendors such as Automation Anywhere, UiPath, and Blue Prism make 250
RPA deployment simple. Tech-savvy supply chain employees can quickly build up their 251
own RPA programs without the help of their company IT teams with minimal training 252
and without the requirement for coding experience. However, IT is included in RPA adop- 253
tion decisions so that systems are interoperable and IT skills can be efficiently exploited. 254
Second, rather than revamping a whole end-to-end process, RPA can be implemented to 255
a single, manual pain point in a process. Before automating a process, companies must 256
ensure that it is running well and that they understand how automating one aspect of a 257
process can affect its entire performance. Third, once established, adding, or removing 258
capacity and scaling up or down bots based on business needs is simple. Finally, making 259
the case for RPA based on ROl is simple [39]. RPA requires a small investment. Speed and 260
fewer errors are other advantages, which improve overall customer service and supply 261
chain procedures. 262

The beef sector in the United Kingdom is highly fragmented, with powerful and massive 263
merchants, leading to mistrust and a lack of common goals and objectives. Consumer faith 264
in the beef sector has also been affected by the industry's intricate supply chain. The gov- 265
ernment, on the other hand, implements risk management procedures, while the beef sec- 266
tor focuses on developing innovative designs to improve beef marketing and quality. 267
Quality can be described as a degree or attribute that meets the cattle industry's specifica- 268
tions. Requirements are defined as mandatory or necessary acts that must be executed 269
successfully to improve supply chain performance. Safety, service elements, quality food, 270
and ethical production are the quality criteria that are relevant to the beef sector [40-42]. 271
Another important aspect of beef quality is features that are closely related to its nutri- 272
tional and consumption properties. This covers the beef's fat content, fat composition, 273
look, flavor, color, and texture, among other things. All these characteristics are influenced 274
by the animal's breed, sex, production method, feeding regimen, and age. The Meat and 275
Livestock Commission (MLC Services Ltd), which is responsible for its categorization in 276
the United Kingdom grades beef carcasses according to their quality. On an alpha numer- 277
ical scale, the EUROP grid is utilised to classify a carcass according to its conformation 278
(shape) and fat level. The market most suited for each type of carcass is determined by 279
combining conformation and fat ratings. Any abattoir in the United Kingdom or Europe 280
that slaughters 150 cattle or more per week must classify beef carcasses. In the United 281
Kingdom, there are two grid versions. Most cattle processing plants employ the standard 282
grid. Conformation is graded on a scale of E to P, with E representing a convex and 283
shapely carcass, R representing an average shape or straight profile, and P representing a 284
plainer carcass with a concave profile. Fat is graded on a scale of 1 to 5, with 1 being very 285
lean and 5 being extremely fat. In the United Kingdom, conformation classes U, O, and P 286
are classified as high (+) or low (-), whereas fat classes 4 and 5 are classified as low (L) or 287
high (H) (H). There are 56 distinct types of carcass categories in total [43]. 288

This paper will be beneficial for the managers, stakeholders, or decision-makers in the 289
beef supply chain, as it would help them improve the RPA adoption process and utilise 290
its full potential. Maximized benefits of RPA will allow greater operational efficiency 291
along with employee-level improvements within organisations in the beef supply chains. 292
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This paper also highlights potential barriers or risks to full adoption of RPA in beef supply 293
chains through simulation. Further sections will provide identification of the barriers or 294
risk factors by analyzing ‘what-if’ scenarios through simulation using Simul8 software. 295

3. Materials and Methods 296

In this study, secondary data was sufficient, available, and extracted using existing 297
literature, online-published journals, government websites, organizational records, his- 298
torical data etc. This data was relevant to beef supply chain systems, beef supply chain 299
management and impacts of robotic process automation adoption in it. The data and in- 300
formation collected relevant to RPA adoption in beef supply chains, is used to form pro- 301
cess model using the software Simul8 for simulation and analysation. The process model 302
is simulated and ‘what-if’ scenarios are analysed to choose best approach for enhanced 303
robotic process automation adoption and elimination of potential barriers. The simulation 304
approach evaluated the discrete event model in a virtual environment to analyse ‘what- 305
if’ scenarios and identify potential barriers in Robotic Process Automation adoption. The 306
process model is evaluated, and the software generates the output in the form of a report. 307
The report generated via Simul8 evaluates the operational efficiency and the MORE Plot 308
generated highlights the risks or errors that might occur in real-life scenario in the beef 309
supply chains. This helps the managers and decision-makers to plan accordingly for the 310
future and adopt strategies to avoid or eliminate the risk factors that are present. 311

Simulation and optimization help organisations to map the beef supply chain processes 312
and avoid potential barriers beforehand virtually. Simulation improves the adoption pro- 313
cess of technologies like robotic process automation by allowing organisational leaders to ~ 314
utilise its full potential. Different softwares are used for simulation of business processes; 315
however, this study uses Simul8 for the simulation of process model. 316

There were steps taken to form the process model for simulation starting from defining 317
the main problem. Once the problem has been figured out then the next step is the con- 318
ceptualisation of model. Following the model conceptualisation is the data collection step. 319
Secondary data is collected from existing information or literature, government and or- 320
ganisational websites, online published journals, historical data etc. relevant to beef sup- 321
ply chains and robotic process automation in it. Model development is done after the data 322
collection step. The process model is then simulated to analyse ‘what-if’ scenarios and 323
identify potential barriers in the adoption of robotic process automation. A report is gen- 324
erated by the software Simul8 along with MORE Plot which depicts the risk or errors that 325
may occur. The identification of errors or risks at initial stages in a virtual environment 326
can help stakeholders or decision-makers to plan accordingly and avoid potential barriers. 327
The Figure 2, describes and illustrates steps for model development for the purpose of 328
simulation. 329
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Two scenarios are analysed, compared, and tested in the software Simul8 to observe
which scenario has greater capacity, operational efficiency, and shelf-life in beef supply
chains. The two scenarios are run to identify the potential barriers or errors in the adoption
of Robotic Process Automation so that these are avoided in real-life scenarios. The Table
2 gives an overview of scenario 1 and 2 that are analysed and evaluated in the software in

Problem Definition

'

Model Conceptualisation

!

Data Collection

!

Model Development

Validate Information

¥

Simulation output analysis

!

Experimental design

h 4

I Documentation and Implementation I

Figure 2: Simulation steps for the development of model [44]

a virtual environment.

Table 2: Scenario 1 and scenario 2 overview

Scenario 1

Scenario 2

The scenario 1 is tested and run
in the software Simul8.

Scenario 1 includes the stages of
beef supply chain i.e., farm feed-
ing, slaughtering, cutting, and
boning, packaging and storage,
retailer and consumer.

The scenario 1 uses human
workforce as a resource to ob-
serve the operational efficiency,
time taken for tasks to complete,
capacity and shelf-life in the
beef supply chain.

Scenario 2 is tested, run and ana-
lysed in software Simul8.

Scenario 2 also includes the stages
of beef supply chain i.e., farm feed-
ing, slaughtering, cutting, and bon-
ing, packaging and storage, retailer
or distribution centre and con-
sumer.

The scenario 2 uses human work-
force along with RPA technology
to evaluate the operational effi-
ciency, capacity, time taken and

shelf-life in the beef supply chain.

330

331

332
333
334
335
336
337

338



Logistics 2022, 6, x FOR PEER REVIEW 10 of 5

339 e  The scenario 1 is tested to inves- e The scenario 2 is tested and run to

tigate beef quality, beef safety examine beef safety, beef quality

and beef traceability by using and traceability by using human

human workforce as resource workforce along with RPA as re-

input in the software. source input in Simul8 software.
Scenarios 1 and 2 are tested, run, and analysed in the software Simul8 and results are 340
explored and compared in the following section. 341
4. Results 342

The secondary data are used which is available through online-published sources 343
and relevant literature focusing on impacts of RPA adoption in beef supply chains and its 344
importance. There are several factors that affect the operations of the beef supply chain 345
and RPA adoption in it. In this study data is derived from existing information related to 346
the beef supply chain process and stages, RPA adoption impacts on the beef supply chains 347
and the importance of RPA technology in beef supply chain operations. The model is 348
formed based on the beef supply chain operations and stages with the parameters and 349
variables extracted from secondary data available. The parameters comprise of the time 350
taken by the entity (beef) for processing through different processing units across the beef 351
supply chain, time consumed by the employees to perform their responsibilities and the 352
number of employees designated at workstations. The resources are gathered for use in 353
the supply chain operations. Simulation is an effective approach to analyse ‘what-if’ sce- 354
narios and eliminate risks or barriers in supply chain systems. Simulation helps in im- 355
proving the beef supply chain by identifying the potential barriers and choosing the best 356
scenario for gaining operational and employee-level efficiency using RPA. This helps to 357
achieve RPA’s full potential and reduce human workforce for a progressive beef supply 358
chain system. 359

The second part of analysis calculates and evaluates the effect of research parameters 360
that have been selected based on the secondary data available. Relationship formed be- 361
tween the parameters and the operational efficiency are assessed using simulation and 362
analysation of “‘what-if’ scenarios. The literature depicts several factors that determine op- 363
erational efficiency with and without the adoption of RPA in the beef supply chain. In 364
relation to the attributes and characteristics of the beef supply chain mentioned in the 365
previous section, a model is formed in Figure 3, which displays the factors that are im- 366
portant and contribute to well-organized beef supply chain with the adoption of RPA. The 367
arrows shown in the model also depict the relationship amongst the variables. The re- 368
search parameters are key factors that influence the efficiency of beef supply chains. The 369
factors as projected in Figure 3 are shelf-life, quality, and beef safety. These factors helpin 370
improving RPA efficiency in processing high-quality, nutritious beef leading to increased 371
shelf-life and safety. The research parameters are the base for formation of scenarios using 372
the process model. The Figure 3 shows the relationship between the factors of beef supply 373
chain. 374

375
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Quality
F 3
Beef supply chain
benefits with RPA
adoption
Beef safety Shelf-life
376
Figure 3: The relationship between factors 377

A process model is created in the software Simul8 and simulation to the process model 378
observed operational efficiency, capacity and shelf-life of beef processed. Furthermore, 379
the process model highlights various stages of the beef supply chain adapted from real- 380
life supply chains. There are various processes mentioned in the beef supply chain and 381
those processes are as such displayed in the model. Thus, the process model depicts the 382
entire beef processing process until it reaches the end consumer. The data is collected us- 383
ing available secondary information based on beef supply chain stages and Robotic Pro- 384
cess Automation adoption in it at various phases. Thereafter, the data is being analysed 385
in Simul8 through simulation approach. The following Table 3 projects the key processes 386
or stages of a functioning beef supply chain. The process model includes all the stages 387
observed in Table 3. 388

Table 3: Beef supply chain process or stages involved 389
SINo Process

Farm feeding

Slaughtering

Cutting and boning

Packaging and storage

Retailer or distribution

(o)W IO B SN GO R B NS

End consumer

390
4.1. Discrete Event Simulation Model and Result Analysis: 391

Simulation is imitation of a process, situation, or operations of a real-life scenario. It eval- 392
uates a model numerically by data collection to analyse the actual features of the model. 393
Simulation estimates and explores impacts of changes made to a system and can help de- 394
cision-makers identifying potential risks or barriers [45-47]. There are two categories of 395
simulation models which are continuous, and discrete simulation models. Discrete sys- 396
tems model changes intravenously at different points in time whereas, continuous simu- 397
lation have variables changing continuously with respect to time. Discrete event simula- 398
tion is event-based simulation normally used in manufacturing, logistics etc., [48-50]. 399
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The process model formed mentions the beef supply chain stages that process beef pro- 400
duction. The data extracted uses secondary information based on the parameters. The 401
model shown in scenarios 1 and 2 are formed using the software Simul8. There are two 402
different scenarios evaluating the model with different efficiency and risk levels. The sim- 403
ulation model is then assessed and run for the period or span of 12 hours per day at 5 404
times replication. It can be understood from the model that resources are utilised for sup- 405
ply chain system performance. For instance, in the slaughtering stage number of employ- 406
ees work to process the carcass further and prepare it for cutting or boning. On the con- 407
trary with the help of RPA collaborating with humans in the slaughtering stage, 300-400 408
carcass can be slaughtered for further processing at a much faster pace and less human 409
workforce. This increases the operational efficiency, speeds up the beef supply chain pro- 410
cess and reduces chances of beef contamination that might have occurred due to human 411
touch. This ensures high-quality and hygienic beef production with less human error. 412

4.1.1. Scenario 1: Process model using human workforce in SIMULS 413

The model created in the software SIMULS uses human workforce as a resource to per- 414
form tasks at various stages of the supply chain such as slaughter stage, cutting and deb- 415
oning and packaging. The model created and simulated in the software is shown in Figure 416
3. The model was run five times in replication with 12 working hours a day. It is investi- 417

gated from the results that the main bottleneck occurred in the following areas: 418
1. Slaughtering stage 419
2. Cutting and boning stage 420
3. Packaging and storage stage 421

The result is assessed in seconds for the overall testing of model. It is observed that aver- 422
age value time for the carcasses was 995.28 minutes i.e., 16.5 hours to go through the pro- 423
cesses. A detailed KPI has been provided in Table 5, which shows working percentage as 424
47.27% of the carcass processing in the system. There were many flaws observed in the 425
process and the process was slow and took too much time due to tasks done by human 426
workforce alone which dropped the efficiency of supply chain. The capacity had beenseen 427
reducing overtime in the supply chain starting from 9 and lowering to 4 in the last stage 428
i.e, retailer or distribution center. From the in-depth analysis, this process has been slow 429
in terms of efficiency and higher in time consumed. It is evaluated that tracking and trace- 430
ability is poor once the carcass is cut and sent to the packaging stage. The tracing technique 431
are employed in various places, however, due to humans managing mostly the supply 432
chain processes, it becomes difficult to manage once the product reaches the cutting unit. 433
Resource utilisation is inefficient and effective management and feedback system are re- 434
quired to improve operations and functions across the beef supply chain. In this scenario, 435
human workforce causes human error and high chances of carcass contamination due to 436
human touch. Thus RPA excellence and adoption provides enhanced operational and em- 437
ployee-level efficiency. 438

Furthermore, based on assumed scenario, the model is purposely run to analyse and ob- 439
serve the impact of human workforce on the beef supply chain and their performance in 440
the Simul8 software. The process model is simulated in Figure 4 to evaluate the opera- 441
tional efficiency and capacity of the beef supply chain at various stages. This is scenario 1 ~ 442
and process model is simulated using the human workforce as resource input. It isevident 443
in scenario 1, that the capacity decreases with the progression of time and this also lowers 444
the operational efficiency. The capacity is observed to be 9 in the first stage i.e., farm feed- 445
ing to slaughtering stage and this impacts the efficiency as well as it reduces production 446
of beef, and more time is consumed. At stage 2, from slaughtering to cutting stage, the 447
capacity decreases to 7 which lowers the efficiency and increases processing time of beef. 448
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As more time progresses, the capacity lowers to 5 in the packaging and storage stage and 449
this further reduces the efficiency level. The last stage is the retailer or distribution center 450
where the capacity lowers to 4. Human workforce as input in scenario 1 experiences 451
more time consumed and low operational efficiency which lead to higher costs and less 452
production of beef. In scenario 1, there are higher chances of beef contamination and less 453
production of beef due to humans performing tasks. This reduces the operational effi- 454
ciency and increases operational costs in processing beef in the supply chain. The Figure 455
4 shows the stages of the beef supply chain as it is simulated along with depicting the 456
efficiency of the human workforce which decreases with passing time. Overall, the sce- 457
nario 1 is observed to have less capacity and operational efficiency which results in low- 458
quality beef production. It is also evaluated that low capacity and operational efficiency 459
raises processing costs and time. 460

human work force (labor)
10

farm feeding stage slaughtering stage cutting and boning stage packaging and storage stage retailer or distribution centre end consumer

R B L | 1

461
Figure 4: Scenario 1 simulation model of beef supply chain 462
The Table 4 shows the KPI generated from the software Simul8 and depicts the results 463

for better and enhanced understanding. According to the KPI values generated through 464
the software, the average result for blocked percentage is 13.72 and stopped percentage 465
is 39.01. The average number of jobs completed is 113.60. The KPI provides average re- 466

sult in accordance with the stages of the beef supply chain. 467
Table 4: KPI Values for the beef supply chain simulated model 468
Less 95% @ Average High 95%
range result range
End Average  time in 883.08 995.28 1107.47
Consumer systems
Cutting and Waiting% 0.00 0.00 0.00
boning stage
Working% 45.06 47.27 49.27
Blocked% 10.96 13.72 16.48
Stopped% 38.15 39.01 39.86
Change Over % 0.00 0.00 0.00
Off Shift % 0.00 0.00 0.00
Resource Starved % 0.00 0.00 0.00
Maintenance % 0.00 0.00 0.00
Number of completed 106.67 113.60 118.53
Jobs

469

The Figure 5 shows a Measure of Risk and Error (MORE) Plot which displays risk and 470
error for future support and decision-making. Once trials are run MORE Plot is generated 471
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in Simul8 for each KPL. It basically displays the trail runs results in a graphical illustration = 472
similar as seen below in Figure 5 which shows risks in red written as unlikely. It depicts 473

average time for carcass processing was 995.28 minutes for 5 runs. 474
Unlikely Likely Unlikely
3

0 ~
886.05 995.28 1066.98
End Consumer: Average time in System (5 runs) 475
Figure 5: MORE Plot for average time in system for end consumer 476

Another MORE plot, shown in Figure 6, depicts working percentage for the cutting and 477
boning stage i.e., 47.27%. It also observes the unlikely or risks that are present and may 478
occur. 479

Unlikely Likely Unlikely
2

0
45.48 47.27 49.08

Cutting and boning stage: Working % (5 runs) 480
Figure 6: MORE Plot for working% in cutting and boning stage 481

4.1.2. Scenario 2: Process model using human workforce along with RPA technology in 482
SIMULS 483

The model simulated in the software Simul8 used both human workforce and RPA tech- 484
nology for performing operations and beef supply chain processes. The average time in 485
system for the carcass in the beef supply chain was 805.32 minutes i.e., 13.4 hours. The 486
working percentage for the beef supply chain process in packaging stage was 88.33%. The 487
capacity and efficiency in distinct stages of the supply chain process are observed to be at 488
higher side and increased. The beef supply chain had better operational efficiency as seen 489
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in the simulated model. This meant that due to the adoption of RPA in the beef processing, =~ 490
the supply chain worked better and increased its functionality. The use of RPA reduced 491
human error due to which high-quality beef is produced and cut for packaging. The shelf- 492
life of beef, which is a key factor in beef safety, also increases due to faster production line. 493
Regarding this scenario, RPA adoption enhances operational efficiency and beef safety 494
and traceability. This also enhances beef production due to fast-paced processing supply 495
chain. Scenario 2 has two resource inputs i.e,, human workforce and RPA technology. 49
Scenario 2 observes sustained and increased capacity and operational efficiency. In stage 497
1, from farm feeding to slaughtering, the capacity is seen to be at a higher side i.e., 19 and 498
so it depicts higher operational efficiency and less time consumed for beef processing. The 499
capacity slightly dropped to 18 but remained at a higher end in the cutting/boning and 500
packaging stage. This means that the beef processing operational efficiency was high and 501
beef processed has greater shelf-life and quality in stage 2 and 3. The last stage i.e., re- 502
tailer/distribution center depicted 19 capacity and so the overall supply chain operational 503
efficiency increased. Therefore, scenario 2 produced high-quality and safer beef. Less time 504
is consumed as the beef processing line remained fast due to higher efficiency levels and 505
this leads to lower operational costs. The Figure 7 shows scenario 2 simulation model of 506
the beef supply chain formed in Simul8 software. 507

human work force (labor) RPA

o] 0

farm feeding stage 2 slaughtering stage 2 cutting and boning stage 2 packaging and storage stage 2 retailer or distribution centre 2 end cunDsumerZ
19 0 18 g 16 o 19 0

EUI " I T Ery & i

&

(%]

508

Figure 7: Scenario 2 simulation model of beef supply chain 509

The Table 5 depicts KPI report generated through the Simul8 software. The KPI values 510
give a detailed overview of the simulation done to the process model and evaluate any 511
changes in the supply chain process in a virtual environment. In accordance with the KPI 512
values generated from simulation, the average result for blocked percentage in packaging 513
and storage is 1.81. The stopped percentage observed in the packaging and storage stage 514
is 10.06. The KP1I values are calculated by the software to give an insight of the beef supply 515

chain operations, time consumed, working and risks involved. 516
517
Table 5: KPI Values for beef supply chain simulated model 518
Less 95% | Average | High 95%
range result range
End Consumer Average time in systems = 720.14 886.32 890.64
Number completed 207.72 215.80 223.48
‘In system less than’ time = 10.00 10.00 10.00
% in system less than 0.00 0.00 0.00
time limit
St Dev Of 13.00 37.28 80.68
Maximum  time in 81247 870.00 927.72
system

Minimum time in system 612.55 725.84 831.13
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Farm feeding stage Number entered 222.83 240.60 258.37
2

Number lost 12.38 30.00 47.62
Net Number entered 207.74 210.60 213.46
Waiting% 0.00 0.00 0.00
Working % 84.94 88.33 91.73
Blocked % 0.00 1.61 4.47
Stopped % 8.80 10.06 11.32
Changeover% 0.00 0.00 0.00
Off shift% 0.00 0.00 0.00
Resource starved % 0.00 0.00 0.00
Maintenance% 0.00 0.00 0.00
Number completed jobs = 206.99 211.60 216.21
Minimum use 0.00 0.00 0.00
Average use 1.00 1.00 1.00
Maximum use 1.00 1.00 1.00
Current contents 1.00 1.00 1.00

The graph in Figure 8 projects a MORE Plot which depicts risks and errors. The MORE
Plot identifies risks and errors for stakeholders and managers of beef supply chain, so they
can reduce or alleviate them. The plot shows the unlikely or risk factors that may have
chances to occur due to uncertainties. It also shows the average time in system for end
consumer 2, i.e., 805.32 in 5 runs.

Unlikely Likely Unlikely
2
1
0 v
714.27 805.32 863.11

Figure 8: MORE Plot for average time in systems for end consumer 2

End Consumer 2: Average Time in System (5 runs)

The MORE Plot shown in Figure 9 depicts the working percentage for packaging and stor-
age 2, i.e., 88.33 in 5 runs. The errors or risks are observed in the MORE Plot so that they
can be avoided or eliminated in real-life environment.

519

520
521
522
523
524

525

526

527
528
529
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Unlikely Likely Unlikely

0
84.99 88.33 90.93
Packaging and storage stage 2: Working% (5 runs) 530
Figure 9: MORE Plot for working% in packaging and storage stage 2 531
4.2. ‘What-if scenario analysis — scenario 1 and 2 process model comparison 532

The simulated model in the Figure 10, depicts comparison between the two scenarios sim- 533
ulated in the software simul8. In scenario 1, human workforce alone manages and exe- 534
cutes tasks for beef supply chain operations at all stages. In scenario 2, Robotic process 535
automation along with less human workforce operates tasks with greater efficiency and 536
less time taken. In scenario 1 the average time take for carcass processing is 995.28 minutes 537
(16.5 hours) whereas, scenario 2 average time taken is 805.32 minutes (13.4 hours). Sce- 538
nario 2 uses RPA with greater capacity and efficiency and reduces human error and risk 539
factors. Beef nutritional value, hygiene, safety and traceability is greatly enhanced in sce- 540
nario 2 due to fast-paced production and beef processing at all stages in the supply chain. 541
The working% in scenario 2 is 88.33 which is almost double the percentage in scenario 1. ~ 542

Hence, the operational efficiency, cost effectiveness and beef standards are much betterin 543
scenario 2 with the usage and implementation of Robotic Process Automation as shown 544
in Figure 10. 545

546

547
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Figure 10: Simulated Model — comparison of scenarios 1 and 2 model using Simul8 552
5. Discussion 553

Simulations are relatable to dynamic models and the process model represents the 554
evolving time of real system. Simulation can also be described as imitation of another pro- 555
cess [51]. The benefits of simulation include economic and operational supply chain effi- 556
ciency and supply chain risk management. Simulation also helps in identification of po- 557
tential risks or errors in the supply chain system and improves the process of decision- 558
making for managers or stakeholders [52]. Through simulation approach various ‘what- 559
if’ scenarios can be compared and analysed with respect to performance indicators. It is 560
time-consuming to build a simulation model accurately; however, it is a powerful tool to 561
analyse and evaluate operational processes and avoid risks in real-life application. To 562
evaluate the impact of a tactical or strategically move beforehand, decision-makers need 563
advance systems. ‘What-if’ analysis enables supply chains to compare and understand 564
different scenarios. Moreover, it helps to adopt better approach to improve business pro- 565
cesses and eliminate risks [53]. 566

567
In this study, scenario 1 changed the capacity at different stages of the beef supply chain 568
and used only human workforce as resource to perform tasks in the entire process. The 569
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initial model in scenario 1 used greater time taken, in minutes, to perform the operations 570
and functions across the beef supply chain. The results observed low capacity as the car- 571
cass progressed to further stages along with experiencing lower operational efficiency. 572
The three stages which include slaughtering stage, cutting, and boning stage and packag- 573
ing and storage stage changed its efficiency when RPA and human workforce resources 574
were added together. The efficiency, storage capacity and shelf life were less when the 575
trial was run for a replication of 5 times in this scenario. The working% was also seen at 576
the lower side i.e., 47.27, which was half in efficiency as compared to scenario 2. This also 577
resulted in poor management in beef traceability, quality, and safety. With human work- 578
force increase as input resource in scenario 1, the MORE Plot evaluated unlikely, risks or ~ 579
errors that might occur to a high of 1066.98. Unlikely shown in the MORE Plot depict 580
chances of risks or errors that might appear in real-life environment due to human error. 581

582
Scenario 2 considered the addition of Robotic Process Automation as resource along with 583
human workforce. As a result, lesser time was taken for the carcass to process for the end 584
consumer. The capacity and efficiency were observed to be much better and greater than 585
scenario 1. The implementation and adoption of robotic process automation enhanced the 586
overall beef supply chain functions in stages like slaughtering, cutting, and boning, pack- 587
aging and storage and retailer. The efficiency, shelf-life and capacity were enhanced when 588
trail for 5 times was run in the software. The working percentage depicted in KPI report 589
were seen at a higher side i.e., 88.33%, which means that an increase of 41.06 percent was 590
experienced. This resulted in almost double the working percentage in scenario 2 in com- 591
parison to scenario 1. The risks and errors that might happen were also evaluated by the 592
software generated MORE Plot. These were also lower in percentage as the risks are re- 593
duced due to adoption of robotic process automation in various stages of the beef supply 594
chain. The average time in system in scenario 2 was 886.32 minutes which were 108.96 595
minutes less time taken than scenario 1. This is because the operational efficiency is en- 5%
hanced as less average time is taken by the carcass for further processing. The shelf-life 597
also increased along with the capacity and beef produced was safer, healthier, and nutri- 598
tious in scenario 2 due to fast-paced production line. Automation improves production 599
line and there are less chances of producing contaminated beef due to less human touch 600
and error. This is because repetitive and strenuous tasks are performed by RPA in slaugh- 601
tering, cutting, and packaging stage. 602

603
The scenarios in this study are developed to provide analysis and in-depth evaluation of 604
the impact of RPA in beef supply chain stages. The ‘what-if’ scenarios are analysed and 605
evaluated to understand the best approach to adopt robotic process automation and uti- 606
lise its full potential for enhanced benefits that the technology can provide. The risk, errors 607
and barriers like beef contamination, low-quality beef production, poor management and 608
traceability are key issues that can be tackled or avoided by the decision-makers before- 609
hand. 610

611
The study provides a generic process model for the beef supply chains which can be stand- 612
ardised for use within various organisations in real-life scenarios. The generic process 613
model can be modified for use in accordance with the business needs, requirements, and 614
scenarios of an organisation. The process model is a standard model which can be adopted 615
by beef supply chains in future to enhance their operational and employee-level efficiency 616
and identify any potential barriers in RPA adoption. Two scenarios are analysed using 617
this process model which consists of beef supply chain stages. The scenarios are based on 618
the research parameters of this study i.e., beef quality, shelf-life, and safety. The scenarios 619
use research parameters whose values are altered and tested to analyse the operational 620
efficiency at various beef supply chain stages. This will allow beef supply chains to 621
achieve operational and strategic goals whilst reducing cost and quality concerns regard- 622
ing beef production. Moreover, the use of process model enhances RPA efficiency and 623



Logistics 2022, 6, x FOR PEER REVIEW 20 of 5

accuracy, increases quality beef production, and improves beef safety and security. This 624
will help in resolving practical problems associated with beef supply chains regarding 625
production of nutritious, high-quality beef which is safer and heathier for consumption. 626
Adoption of RPA in a robust manner will also enable managers and decision-makers to 627
achieve strategic, financial, and operational goals. 628

It is significant to highlight that RPA has brought visible changes to the work environment 629
as it replaces human workforce with software bots to do repetitive, boring tasks. However, 630
this motivates employees to concentrate on skilled-based, talent-oriented jobs which re- 631
quire managerial and decision-making skills. This opens new job opportunities for the 632
human workforce who can enjoy and focus on meaningful tasks in the beef supply chains. 633
RPA accuracy and full adoption in beef supply chains can also resolve problems such as 634
shortage of workforce etc [54]. 635

636

Furthermore, it is possible to explore and evaluate other possible scenarios in simul8 soft- 637
ware in future research. Other parameters such as financial factors can be considered in 638
future works. 639

6. Conclusion 640

The study has both theoretical and practical contribution as it adds value and scien- 641
tific knowledge to literature by focusing on efficient adoption process of RPA. Previous 642
studies provide limited information and literature that focuses on factors that influence 643
the overall adoption process of the RPA technology and lacks scientific knowledge related 644
to adoption and implementation of RPA in an efficient manner within beef supply chains. 645
The study has practical implications for stakeholders, decision-makers and managers who 646
are concerned with the adoption of RPA which is an emerging technology in beef supply 647
chains. The study provides a generic process model which can be standardized for usein 648
real-life scenarios and can be modified by decision-makers according to their own organ- 649
isational needs and requirements. This information could provide practical knowledge 650
and add value to beef supply chains by providing a generic process model which could 651
help managers with goals and objectives of enhancing RPA potential and accuracy. The 652
generic model can be modified and utilised by organisations according to their own indi- 653
vidual business needs, requirements, and circumstances. This can further help organisa- 654
tions to achieve maximised benefits of RPA and enhance beef quality, safety and security 655
which is a growing concern for beef supply chains in present times. 656

Moreover, this study explains the importance of robotic process automation and adoption 657
of the technology at its full potential in beef supply chain system. Production of hygienic 658
beef with enhanced nutritional value and shelf-life is the main concern for organisations. 659
Robotic process automation improves operational and employee-level efficiency by mak- 660
ing supply chains less complex. Different scenarios have been tested and run to maximize 661
benefits and accuracy of robotic process automation. Scenario 2 observed increase in op- 662
erational efficiency, faster production rates and enhanced capacity, with the adoption of 663
robotic process automation in various stages of the beef supply chain. Risks and errors 664
have been highlighted through simulation of the process model. This will particularly 665
help the managers and decision-makers to eliminate the potential barriers in real-life sce- 666
narios. The impact of Robotic Process Automation has been analysed and it is observed 667
that it reduces human error, increases efficiency, and reduces production time. 668

The findings of the study indicate that Robotic Process Automation enhances beef safety, 669
quality and traceability which is a growing concern for beef supply chains at present. The 670
future studies potentially could evaluate further scenarios by considering other factors to 671
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enhance the beef supply chains and their performance level. Other scenarios that influence
the RPA adoption process and may be assessed in future include financial costs, RPA gov-
ernance and management, RPA assistance etc. Hence, more scenarios can be evaluated in
future based on other parameters that influence the adoption process of RPA and can en-
hance RPA excellence. Moreover, studies in future can also focus on the employee-level
acceptance towards RPA adoption in beef supply chains. It can also concentrate on areas
like human-bots integration and relationship in the supply chain system. This study fo-
cuses on the adoption of RPA in beef processing supply chain; however, future works can
evaluate the adoption process of RPA in other meat supply chains such as poultry, fish,
pig-meat etc, and can investigate scenarios using different parameters.
Moreover, organisational culture and its dynamics play an important role in RPA adop-
tion and can transform businesses. There are no extensive studies in this direction and so
future research can possibly focus on the impact of organisational culture and its role in
RPA success.
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