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Abstract: The UK food industry faces significant challenges to remain sustainable. With major 13 
challenges such as Brexit on the horizon, companies can no longer rely on a low labour cost workforce 14 
to maintain low production costs and achieve economic sustainability. Smart Systems (SS) is being 15 
seen as an approach towards achieving significant improvements in both economic and 16 
environmental sustainability. However, there is little evidence to indicate whether UK food 17 
companies are prepared for the implementation of such systems. The purpose of this research is to 18 
explore the applicability of Smart Systems in UK food manufacturing companies and, to identify the 19 
key priority areas and improvement levers for the implementation of such systems. A triangulated 20 
primary research approach is adopted and includes a questionnaire, follow up interviews and visits 21 
to thirty-two food manufacturing companies in the UK. The questionnaire and interviews are guided 22 
by the development of a unique measuring instrument created by the authors that is focusses upon 23 
SS technologies and systems. This paper makes an original contribution in that it is one of few 24 
academic studies to explore the implementation of SS in the industry and, provides a new perspective 25 
on the key drivers and inhibitors around its implementation. Findings suggest that the current 26 
turbulence in the industry could be bringing food companies closer to the adoption of such systems, 27 
hence it is a good time to define and develop the optimum SS implementation strategy. 28 

Keywords: Food Manufacturing, Digital hub, Sustainability Profile, Smart Systems, Survey 29 
 30 
1. Introduction 31 

The UK’s food sector is complex and highly dynamic in nature. The demands placed upon the 32 
manufacturing system through short life products and raw materials, more demanding retailers and 33 
end users, increased levels of legislation and regulation has resulted in organisations needing to 34 
respond on multiple levels and on a range of different issues in order to achieve economic and 35 
environmental sustainability [1]. In some cases, these pressures have resulted in the sector becoming 36 
increasingly isolated from other manufacturing sectors as they deal with their own specific problems 37 
[2]. The resulting problem of this isolation is that many food manufacturing companies are not 38 
necessarily aware of the advances in manufacturing technologies and systems being developed and 39 
applied throughout the wider manufacturing industry. This in turn can lead to the creation of an 40 
environment where the food manufacturing industry may be left behind when it comes to adopting 41 
and benefitting from new and advanced manufacturing technologies [3].   42 
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Isolation of the sector, and further isolation of individual problems and symptoms at a business 43 
unit level, threatens the economic sustainability of food manufacturing companies and the sector as 44 
a whole. Major retailers offer these food manufacturing companies the greatest potential for increased 45 
sales, job creation and efficiency of production. However, this has to be reconciled with the demands 46 
of reduced profit margins and increased costs associated with higher volume requirements [4, 5]. 47 

In order to cope with these business pressures, other manufacturing and production sectors have 
48 

placed increasing focus upon the development and advancement of technology driven 
49 

manufacturing systems such as; Smart Factories, Smart Systems and, Industry 4.0 (I.E. 4.0). These 
50 

systems are often known collectively as Smart Systems (SS). Recent years have seen step change 
51 

improvements in terms of Smart Systems’ capability, reduced cost of technology, and wider 
52 

accessibility of the skills and knowledge required to implement them.  Therefore, we can articulate 
53 

a current challenge within the UK food manufacturing industry in terms of three distinct objectives 
54 

aimed at overcoming their isolation and, align their businesses towards Smart Systems 
55 

implementation. These objectives are: 
56 

1. Understand the current expertise and identify the technological priorities of the UK food 
57 

manufacturing companies when considering the implementation of Smart Systems  
58 

2. Identify the required system capabilities with the relevant key enabling factors of the 
59 

available Smart Systems  
60 

3. Create a conceptual system architecture and appropriate support infrastructure, to 
61 

invest in the right tools at the right time, to achieve effective system implementation 
62 

This paper aims to tackle objective 1 directly, by qualitatively analysing both secondary and 
63 

primary research data to understand the current technological and systems platforms within a 
64 

sample range food manufacturing companies. Objective 2 is addressed in terms of the available smart 
65 

system capabilities, identifying the technological priorities typified by companies successfully 
66 

utilizing smart systems at the current level of maturity. Finally, the paper goes on to address objective 
67 

3 by developing a conceptual framework for the implementation of SS in context of the business 
68 

drivers seen in the initial research to demonstrate how companies can utilize particular key enabling 
69 

factors for results focused implementation.  
70 

Evidently, effective implementation is the key to success, and learning from experience in 
71 

implementing other business improvement practices and paradigms shows that there is no single 
72 

prescriptive implementation guide to fit every company. So, this paper takes an important early view 
73 

of enablers and potential barriers to success and presents them in context of the process defining the 
74 

implementation strategy, which is a framework to be easily leveraged across both the UK and 
75 

international food sector in order to minimize the learning curve costs and timescales.  
76 

 
77 

1.1 Sustainability and Smart Systems 
78 

The industrial trend towards the adoption of Smart Systems is based largely on the perceived 
79 

positive benefits that cyber connected automated systems can bring to industry such as improved 
80 

efficiency, greater customisation, improved quality and reduced waste and enhanced economic 
81 

sustainability [6]. However, research is starting to emerge around how Smart Systems impact on 
82 

sustainability dimensions. For instance, Bonilla et al [7] through a comprehensive literature analysis 
83 

link four different business scenarios (deployment, operation and technologies, integration and 
84 

compliance) with sustainable development goals. From these scenarios, their analysis resulted in the 
85 
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identification of a number of positive and negative sustainability impacts being identified when 
86 

related to the basic production inputs and outputs flows (raw material, energy and information 
87 

consumption and product and waste disposal).  
88 

Smart Systems (SS) can be defined as the development of manufacturing technologies to allow 
89 

higher levels of interconnectivity, leading to greater communication between machines and 
90 

decentralised/local processing of data [8]. SS embraces a wide range of technologies, including Radio 
91 

Frequency Identification (RFID), Near Field Communication (NFC), Wi-Fi, Cellular and Bluetooth all 
92 

linked to networks that normally use the Internet as a form of communication [9, 10]. SS technologies 
93 

offer many benefits, including the ability to improve food traceability, reduce food waste and increase 
94 

efficiencies in transport and handling of food products and therefore contributing directly to 
95 

addressing the environmental sustainability challenges. On a wider scale, virtualization of supply 
96 

chains using SS technologies enables companies to optimise supply chain operations and characterise 
97 

the dynamic nature of operations [11]. Virtualisation also enhances the opportunity to apply 
98 

innovations and improvements in supply chains and, to subsequently plan, and assess these 
99 

innovations without affecting the manufacturing system. It also enables innovative thinking amongst 
100 

staff and the promotion of the view of what new and innovative technologies can do to enhance 
101 

productivity and product innovation [12] as well as addressing the economic sustainability 
102 

challenges. Today the technology is highly reliable, relatively cheap, and based on international 
103 

standards that promote easy communication between different device’s tags and systems [9]. The 
104 

result of the emergence and application of SS has led to the creation of Smart Systems and Smart 
105 

Factories in which machinery is increasingly autonomous, so it is able to manage its own service and 
106 

maintenance requirements, and, adapt instantly to new requirements. It is through the adoption of 
107 

these advanced manufacturing and communications technologies and systems employed through SS 
108 

that the authors believe that food and drink manufacturers could benefit from more than most other 
109 

industry sectors.  
110 

Evidence suggests that the food industry is ideally placed to benefit from adopting SS [8]. The 111 
continuous demand to maintain and often reduce costs in the food industry means that companies 112 
have to continuously innovate and develop more efficient manufacturing systems as well as seeking 113 
to innovate the product in order to maintain cost levels. SS is likely to be seen as a significant 114 
opportunity for companies to potentially stabilise productivity and improve output both in terms of 115 
cost reduction and quality consistency [8]. Greater flexibility offered by Smart factories will enable 116 
product volume mix to be achieved with greater levels of consistency and efficiency. In many cases, 117 
bespoke manufacturing can be achieved as well as the capacity to rapidly change to differing 118 
customer demands as a result of such technologies and systems. 119 

So, if the food manufacturing industry is ideally placed to take advantage of SS, then why is the 120 
industry slow to pick up on the concept and implement such systems? The traditional barriers 121 
towards the implementation of Advanced Manufacturing Technologies in the past have focused 122 
upon the high cost of technology and limited capability of the existing workforce to operate and 123 
develop the technologies [13]. However, with the emergence of relatively inexpensive internet-based 124 
technologies and systems, why are these barriers still relevant today? The starting objective of this 125 
study therefore, is to understand the challenges and barriers that limit UK food manufacturing from 126 
implementing technological systems such as SS. This is achieved by means of a two-stage survey into 127 
thirty-two UK food manufacturing companies as well as analysing the findings from industry reports 128 
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and academic texts. From this stage of work, this paper will identify the current status and greatest 129 
opportunities for UK food manufacturing companies in terms of meeting the food sustainability 130 
challenges. The research question for this initial study is therefore: “what are the current systems 131 
capabilities and technological priorities of the UK food manufacturing industry to meeting current and future 132 
sustainability challenges and, what are the key enabling features of Smart Systems which will improve 133 
performance of UK food manufacturing companies?”.  134 

At this stage it is worth establishing what ‘Food Manufacturing Companies (FMCs)’ are in the 135 
context of this study. It can be argued that all companies involved in the production of food products 136 
can be considered food manufacturing companies. However, this leads to a highly complex view of 137 
food production and one that is difficult treat as a whole when considering specific and focussed 138 
research.  In order to keep this research focussed and manageable, the authors have concentrated 139 
their research on food manufacturing companies. Food manufacturing (which incorporates food 140 
production and food processing) is primarily concerned in converting raw ingredients and products 141 
in to food products. These companies are normally identified as mass production/high volume 142 
companies and as such, is of particular interest to the authors as this is where the use of advanced 143 
production and manufacturing systems are likely to be highly applicable and useful. Therefore, this 144 
research programme focusses on the application of Smart Systems on food manufacturing 145 
companies. 146 
 147 
2. Literature Review 148 

UK food manufacturers are highly aware of the need to operate within highly visible supply 149 
chain systems. Smart Systems provide this essential link in that it the technologies and systems enable 150 
improved level of traceability right through the manufacturing chain where machines are 151 
interconnected and archiving data can be done automatically. Alongside this, environmental tracking 152 
can be better achieved as well as monitoring energy usage so that optimising energy consumption 153 
profiles can be achieved.  In the whole, the likely result of the adoption of SS in the food 154 
manufacturing sector will result in improved machine performance, optimised maintenance and 155 
reduced costs [8]. This should then provide new opportunities for companies to win new customers 156 
and retain existing ones. It is also likely to create new revenue streams in the form of value adding 157 
services and, allow seamless connectivity with upstream and downstream supply chain partners [8]. 158 
More importantly, SS should not be seen by the industry as one that precludes the smaller food 159 
producers. If looked at more seriously, SS offers more opportunities for SME food and drink 160 
producers, in that they will be able to form seamless links with their customers and suppliers as well 161 
as being able manage smaller production volumes with increasing levels of efficiency. Adoption of 162 
SS is then likely to level the playing field between small and large food producers as their systems 163 
are likely to be just as advanced and sophisticated as each other.  164 

Where SS is likely to pay particular dividends for food manufacturing companies is in the area 165 
of maintenance management and in the actual maintenance of equipment and systems through Cyber 166 
Physical Systems [14]. With machine systems becoming ever more sophisticated, machine self-167 
diagnosis and fault tolerance capabilities enables companies to pinpoint system problems sometimes 168 
before they actually manifest themselves in lost production. This allows for the optimisation of 169 
preventive maintenance programmes so that expensive and delay-inducing machine failures can be 170 
designed out as best as possible. In doing so, machine downtime is reduced and machine availability 171 
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and productivity will rise. So, SS will improve data management through better communication and 172 
data collection across all machines in the manufacturing chain; likewise, this data visibility will 173 
enable companies to share essential information across the supply chain in general, thus potentially 174 
increasing supply chain reliability and production availability. Instant archiving; real-time analytics; 175 
multifunction alarm management; web-publishing; as well as interconnectivity and data 176 
transparency throughout the entire value chain [15].  177 

Through this very brief analysis of SS it is clear to see that the benefits to food manufacturing 178 
companies and food producers more generally can be significant. However, there is a concern from 179 
experts within the sector that the principles of SS are not understood by the food manufacturing 180 
companies whilst they continually flag up the need for more sophisticated and advanced systems of 181 
operation. This is of major concern to the future economic sustainability of UK food manufacturers 182 
and threatens the reliability of food manufacturing as a result of not embracing the key issues of SS.  183 
Food and drink manufacturers are already experiencing a wide range of demands from customers 184 
including: healthy and eco-friendly packaging; extended shelf life of products achieved through 185 
modified atmosphere packaging as well as supermarket house brands completing with mainstream 186 
brands. However, the industry’s greatest challenge (as well as opportunity) is the adoption of SS [16]. 187 

As mentioned previously, SS can be considered as the digitization of manufacturing and the 188 
increasing digital connectivity of product, process, and factory. It refers to the development of smart 189 
factories in which new manufacturing technologies allow for greater communication between 190 
machines, and machine-level processing of data allows them to adapt instantly to new manufacturing 191 
requirements. It also refers to the connecting of information systems and sharing of data across the 192 
supply chain to improve efficiency [16]. As a result of the adoption of SS, food companies will need 193 
to focus on a different knowledge skillset and, will therefore need to recruit, upskill, and keep staff 194 
capable of maintaining these highly complicated business operations. The development and retention 195 
of these highly skilled people will be critical since the costs of production-line downtime will increase 196 
exponentially, and it will be imperative to have staff on hand who can instantly troubleshoot system 197 
faults and get machinery up and running quickly as well as being able to manage the effective 198 
synchronisation of logistics systems with manufacturing operations. The cost of training will 199 
therefore be seen as negligible when compared to the loss of manufacturing capacity and production 200 
downtime as a result of failure of this digitally connected factory [17].   201 

This paper has already highlighted some of the traditional barriers and issues that food 202 
companies put forward as a reason for not investing in new and advanced technologies. However, 203 
further evidence suggests that UK Food companies may not be fully aware of the benefits that SS can 204 
bring. In 2016 the Food Manufacture Group conducted its inaugural Supply chain and logistics 205 
survey on its user base of UK food and drink manufacturing professionals [18]. The aim of the survey 206 
was to gauge views on changing food and drink supply chain priorities, from the use of outsourced 207 
logistics and warehousing to the biggest supply chain challenges and changing customer needs. The 208 
survey collated over 220 survey responses on topics such as costs per case, biggest supply chain 209 
challenges, challenges in investment etc. The results highlighted that in the majority of companies, 210 
their company’s supply chain cost per case/pallet delivered had increased over the past year. The top 211 
three biggest supply chain challenges were: on-time, in-full deliveries; cost reduction per case/pallet 212 
delivered and, relationship with retail customers. The survey respondents also confirmed that these 213 
challenges will be a focus of investment for their companies in the coming months.  214 
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Alongside these challenges, these supply chain companies also highlighted that their top three 215 
supply chain needs were; reduction in lead-times, product and ingredient traceability and price 216 
reduction. On the other hand, reduction in packaging and increased IT integration were the least 217 
important needs to our respondents. However, some 76% of their survey respondents agreed that 218 
their companies were increasing efforts to work more collaboratively with their customers/suppliers. 219 
Interestingly, this survey points to a somewhat complex and confusing picture of ‘wants and needs’ 220 
within the industry in which the means of obtaining greater collaboration and improved productivity 221 
as well as reduced production and raw material costs is unlikely to be achieved through greater use 222 
of IT systems integration. In fact, the adoption of new and advanced IT systems as well as the need 223 
for agile and responsive manufacturing systems fared poorly when compared to the need to reduce 224 
production costs and increase productive efficiency. The survey data therefore suggests to some 225 
extent that the demand for SS is not yet seen as a major business enabler for the food manufacturing 226 
industry. 227 

Furthermore, the annual “state of the UK food and drink sector survey” [19] surveyed 510 UK 228 
food and drink manufacturing professionals. The focus was on gauging the views about the current 229 
state of the industry highlighted some key issues and concerns.  Survey responses on topics such as 230 
market conditions, Brexit, trading relationships, environmental management, investment and 231 
employment, and product development from industry professionals highlighted that the majority of 232 
companies maintained a positive outlook and saw a long-term future for the UK food manufacturing 233 
industry. Some 60% of the companies surveyed voiced their concerns that Brexit would be bad for 234 
their businesses. The survey respondents also highlighted that pricing pressures from retailers as 235 
well as increasing raw material costs continued to threaten to commoditise branded products and cut 236 
into resources devoted to NPD and innovation. However, while the surveyed respondents identified 237 
a need for maintaining a low-cost base as well as the need to innovate through new product 238 
development, they did not identify the need for investment in systems such as SS and improved 239 
integration of communication systems through the supply chain. Again, this suggests that UK food 240 
and drink companies are not fully aware of the issues and capabilities of SS. 241 

It therefore seems that the food industry in general, lacks the knowledge and understanding of 242 
the need to implement new and sometimes advanced technologies in to their business. This issue is 243 
not necessarily restricted to UK manufacturing companies. The Technology Industry Report [20] 244 
identified the preparedness of a range of manufacturing companies in the USA and stated that 88% 245 
of manufacturing industry executives identified that SS would increase company competitiveness 246 
with 75% of executives identifying automated technologies as being critical to becoming competitive 247 
and over 64% of executives believing that SS was essential to becoming and/or remaining competitive. 248 
However, when the survey asked whether the companies were prepared or preparing themselves for 249 
the introduction of SS nearly 55% of companies identified cost as being an issue that was preventing 250 
the implementation of Smart Systems. Also, some 47% of staff were reluctant to change and, 46% of 251 
executives believed that their employees lacked the skills and knowledge to implement and develop 252 
SS in their companies. 253 

The lack of uptake of new and advanced manufacturing technologies is not necessarily just a 254 
food industry issue. Similarly, a European Commission survey [13] of over 600 manufacturing 255 
companies (both large and small) throughout Europe aimed at identifying the barriers and drivers 256 
towards the implementation of Advanced Manufacturing Technologies (AMT) (including Smart 257 
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Systems and I.E 4.0) identified that there was a strong need to accelerate AMT uptake, in particular 258 
amongst manufacturing SMEs. It identified that the spread of AMT had remained too focused on 259 
specific countries and certain sectors to spur meaningful, broad-based industrial modernisation 260 
across the continent. In particular, this holds true with respect to complex technologies but even with 261 
respect to basic capabilities more needs to be done. The report also identified that the main drivers 262 
for investing in AMT were found to be largely internal, resulting from a combination of commercial 263 
and technological considerations: reducing manufacturing costs, improving the quality of products 264 
and services, improving the firms’ employees’ productivity and the reduction of production lead 265 
time. The barriers to investing in AMT, in contrast, are made up by a mix of internal and external 266 
factors. For nearly three quarters of the firms, the most important barrier is the high cost of investment 267 
in AMT acquisition and the lack of financial resources. Moreover, about half of all firms indicate 268 
difficulties in assessing the performance and the potential business return of such technologies and/or 269 
the lack of skilled personnel required to adopt and adapt relevant AMT. These findings from a 270 
general survey of manufacturing companies offers similar findings to those seen by food producers. 271 

The PWC survey [21] of over 2000 respondents from a wide range of industries across the world 272 
identified that there was a distinct appetite for moving towards taking real action in starting to 273 
implement I.E 4.0 and to move away from talk to action. The survey of business and manufacturing 274 
leaders identified a number of key enablers required to kick start I.E 4.0 implementation including: 275 
focussing on people empowerment, training and, the cultural change required to provide the 276 
infrastructure to undertake the transition process; the need to develop strong horizontal 277 
collaborations and effective networks of customers and suppliers where digital systems are able to 278 
play a key role in managing the network functions. This may be particularly problematic for the food 279 
industry where, as reported previously, the isolated nature of food companies means that they are 280 
more likely to remain with small range of tried and trusted suppliers and customers where the 281 
likelihood is that these companies would not necessarily see the need for such a digital framework. 282 
However, with a change in culture will come a change in vision and confidence and as a result, food 283 
producers may find the adoption of I.E 4.0 and Smart Systems the key to developing wider and more 284 
comprehensive collaborative networks.  285 

In summary, the benefits that SS can bring are appreciated by many industrialists and academic 286 
alike. Improved product traceability, (including traceability in the food recall system, [22]. 287 
Productivity throughput, shorter processing times and improved consistency of product quality are 288 
all seen as positive elements of SS implementation. However, the barriers around technology cost, 289 
workers skills etc are still seen as key barriers by the sector. The falling cost of technologies as well as 290 
the ubiquitous nature of internet connectivity combined with relatively powerful computing 291 
equipment raises the question as to whether the traditional impediments of technology cost and 292 
worker skills are still seen as major barriers or, whether these issues remain perceptions based on a 293 
previous era of manufacturing. Evidence suggests that many companies are not fully aware of the 294 
concepts of SS and as such, may not be fully conversant with the systems in order to make an accurate 295 
judgement on whether their benefits would outweigh the limitations and the views that they 296 
traditionally hold. In order to further understand this issue, the authors undertook a small-scale 297 
survey of thirty-two UK food manufacturing companies of various sizes with the aim of identifying 298 
the level of awareness of SS within their companies and to also identify the dynamics around 299 
technology adoption in these companies is changing. Although the survey is small scale and hence 300 
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does not allow for wider generalisation of the results, the authors undertook the survey to identify 301 
some baseline information of how industry leaders are viewing technology adoption in their 302 
companies. The information of the survey is shown in the next section. 303 
 304 
3. Research Method and Survey Design 305 

A triangulated research approach was employed consisting of the following stages:  306 
1. Analysis of secondary research obtained from governmental and trade reports as well as 307 

research undertaken by academics and industry fora. 308 
2. A small-scale pilot survey of food manufacturing companies (stage 1 research study). 309 
3. Follow-up interviews with MDs and Managers from the small-scale pilot study (stage 2 310 

research study).  311 
Analysis of the extant literature in this area identified a number of barriers and inhibitors to the 312 

application and implementation of SS. Some traditional barriers such as cost etc were identified. 313 
However, training and human competency development was also seen as key limiters to 314 
implementation. Human competence extended not just to the knowledge required to implement and 315 
operate such system but also, to the general understanding of how SS is able to improve the strategic 316 
and manufacturing capabilities of a company. In order to verify the secondary data findings, a two-317 
stage research survey consisting of a high-level sustainability profiling analysis of thirty-two food 318 
manufacturing companies followed by a deeper level interviews and company visits in to twenty 319 
food of these companies enabled the research team to obtain a deeper understanding of the issues 320 
surrounding SS implementation. 321 

 322 
 323 
 324 
 325 
 326 
 327 
 328 
 329 
 330 
 331 
 332 

 333 
 334 
 335 
 336 
 337 

Figure 1 – Sectors Responding to Survey 338 
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The initial stage of the stage one research process was to develop an appropriate measuring tool 340 
that could be used to measure specific responses from the companies but also to act as a point of 341 
reference for discussion around SS implementation. The authors developed a sustainability profiling 342 
tool based on the work of a range of academics [23-27]. Through a comprehensive study of the key 343 
sustainability challenges facing UK manufacturing industry, a profiling tool was developed that 344 
identified the key strategic drivers but also identified the technological areas that are required for 345 
implementation. The profiling tool is shown in Table 1. The tool highlights the key sustainability 346 
drivers that impact on both economic and environmental sustainability. Furthermore, the tool also 347 
proposes the key SS technologies and systems needed to support the sustainability drivers. The 348 
drivers are further segmented between economic and environmental drivers (or both).  349 

Companies were selected by the research team based on the definition of a food manufacturing 350 
company provided earlier in the paper, that of: being primarily concerned in converting raw ingredients 351 
and products in to food products and, identified as mass production/high volume companies employing high 352 
volume manufacturing systems and configurations [19]. One hundred and thirty requests were issued 353 
electronically to food manufacturing companies asking the M.Ds of each company to take part in the 354 
survey. Thirty-two companies responded agreeing to undertake the survey. Whilst this level of 355 
response was disappointing, the thirty-two company responses did provide the team with sufficient 356 
information to at least validate the findings from the secondary research phase. Figure 1 shows the 357 
sectors which responded to the survey. In terms of company size (measured through number of 358 
employees in the companies), 18 responding companies employed 10-50 employees, 10 employed 50-359 
150 and, 4 responding companies employed between 150-200 employees.  360 

During the profiling stage, each company was contacted and, a time arranged for a member of 361 
the research team to visit the company. The initial stage of the study involved a member of the 362 
research team meeting with the MD of each company to discuss the sustainability profiling. The 363 
profiling stage involved a discussion about each strategic driver, explaining what each of the drivers 364 
and associated technologies meant in order to ensure that there was a common understanding about 365 
the meaning of each driver. The research member in discussion with the MD then completed the 366 
profiling exercise. Scores were placed against each strategic driver and associated indicative 367 
technology. The first stage was to score the current level of capability and capacity of each company 368 
against the eighteen variables. The second stage of scoring required the MD of each company to 369 
prioritise each driver and technology identifying where they wanted to see their companies in two 370 
years. This profiling allowed the team to determine the current state of operational excellence and, 371 
also the aspirations of the company in meeting the SS requirements. The gap between current state 372 
and the aspirational level 2 years in to the future provides the basis of discussion in stage 2 of the 373 
research study. The researcher also observed the work being undertaken on the shop floor and, 374 
assessment of the technologies and systems employed. This enabled the researcher to validate the 375 
scores provided by the M.D/senior manager for each company. 376 
 377 
4. Results of the Sustainability Profiling Stage 378 

A synopsis of the stage 1 sustainability profiling results is shown in this section of work. Table 1 379 
shows an average score of the thirty-two food manufacturing companies on their assessment of their 380 
current technological expertise and also, their two-year technology priority score. Furthermore, the 381 
table also shows a frequency analysis which profiles the score each company provided against each 382 
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technology area. This enabled the researchers to understand the relative level of expertise each 383 
company had in relation to the technology areas. For instance, technology area V3 showed that with 384 
the exception of one company, all the other companies believed that they were very good or excellent 385 
in developing robust new product development processes whereas area V8 which scored a similar 386 
average score, showed a wider spread of responses ranging from good to excellent. Figure 2 focusses 387 
specifically upon the sample group’s average current technology expertise / capability in ranked 388 
order. Taking the top four criteria from this figure shows that; the companies new product 389 
development and introduction capabilities along with their customer integration, waste reduction 390 
and, technology management expertise was considered strong and well developed. Where the 391 
companies scored less well were in the lower four criteria namely; university and knowledge base 392 
collaboration, organisational learning, digital connectedness and, data analytics.  Figure 3 shows the 393 
average two-year priority scores offered by the sample group of companies in ranked order. The two-394 
year priority score is a measure of what the companies considered as the key technologies and 395 
systems that need to be in place in order for the companies to remain competitive over the medium 396 
strategic planning horizon. The figure shows that the top four priority areas to focus on are: energy 397 
neutral production systems; information sharing systems; digitally connected supply chains and, 398 
rapid reconfigurable supply chains. The four criteria of least concern are; university and knowledge 399 
base collaboration, customer and supplier collaboration, intelligent decision making and, 400 
competency management.  401 
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Figure 2 – Current Expertise in Ranked Order 417 
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Figure 3 – Two Year Technology Priority Score in Ranked Order 437 
 438 

Figure 4 shows the analysis of the sample group’s current capabilities against their two- year 439 
technology priorities. When analyzing this data, areas of particular importance within the figure 440 
are the criteria in which there is a significant difference seen between current and future 441 
technological priorities. In this case, the top four features that show the greatest gap between 442 
current expertise and future requirements are: digitally connected supply chains, data analytics 443 
and organizational learning capabilities and, company and University collaboration.  444 

 445 
4.1   Analysis of Results 446 

The findings of the current expertise analysis (Figure 2) was unsurprising. Food 447 
manufacturing companies have traditionally developed strong NPD/I systems that involve close 448 
collaboration with customers. Likewise, the management of their current manufacturing systems 449 
and technologies as well as developing robust waste reduction systems is well known.  Likewise, 450 
areas that receive less attention such as collaboration with knowledge bases and lack of 451 
understanding of digital connectivity and data analytics is also well known within the industry. 452 
Therefore, the common issues found within the wider food manufacturing industry are accurately 453 
reflected within this smaller sample group. 454 
 455 
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Table 1 – Sustainability Profiling Input Sheet 462 

Sustainability 
Drivers 

Technology  
Areas 

Average 
Current 
Level of 
Expertise 

Average 
2 Yr 

Priority 
Score 

Gap 

Frequency  
(Current Expertise) 
1 2 3 4 5 

Time to Market 
(Ec) 

V1 Customer Integration 
with product development 
process 

4.3 4.75 0.5 0 1 2 15 14 

V2 Application of time 
compression technologies 3.85 4.5 0.7 0 1 11 12 8 

Product 
Innovation (Ec) 

V3 Robust NPD/I systems 4.4 4.65 0.3 0 0 1 16 15 

V4 Intelligent & 
Customised products  3.95 4.45 0.5 0 2 8 12 10 

Human 
Competencies 

(Ec/En) 

V5 R+D Systems / Co-
Innovation/creativity 

3.45 4.25 0.8 3 4 8 9 8 

V6 Competency 
management 3.1 4.75 1.7 5 6 7 7 7 

Knowledge 
Management 

(Ec/En) 

V7 Organisational 
Learning systems 1.9 4.75 2.9 14 10 5 3 0 

V8 Intelligent decision 
making systems 

4.15 4.75 0.6 0 0 8 12 12 

Energy Neutral 
Systems (En) 

V9 Waste Reduction 
Systems 4.3 4.85 0.6 0 0 3 17 12 

V10 Energy neutral 
production systems 3.6 5 1.4 3 2 8 11 8 

Enterprise 
Reconfiguration 

(Ec/En) 

V11 Information Sharing 
Systems 2.55 4.4 1.9 8 9 7 5 3 

V12 Rapid Supply Chain 
Reconfiguration 

3.8 4.25 0.5 0 2 11 11 8 

Collaborative 
Networks 

(Ec/En) 

V13 Customer and Supply 
Chain Collaboration 3.4 4.1 0.7 2 6 8 9 7 

V14 Company / University 
Collaboration 2.3 4.9 2.6 7 14 8 2 1 

Management 
Paradigms 

(Ec/En) 

V15 Manufacturing Fitness 4.05 4.4 0.4 0 0 9 13 10 

V16 Technology 
Management Systems 4.2 4.6 0.4 0 0 5 16 11 

Digital Systems 
& Technologies 

(Ec/En) 

V17 Digitally Connected 
Supply Chains 

1.6 4.85 3.3 16 13 2 1 0 

V18 Data analytics & 
Production Analytics 

1.55 4.65 3.1 16 15 1 0 0 

Key: Ec = Economic Sustainability Driver, En = Environmental Sustainability Driver, Ec / En = both. 

 463 
  464 
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 480 
Figure 4 – Analysis of Current Technology Capabilities versus Future Technological Priorities 481 
 482 
 Analysis of the two-year technology priorities showed that companies were very aspirational 483 
in implementing and developing state of the art technologies and systems. In particular, the focus 484 
on reducing energy consumption and moving towards energy neutral manufacturing systems is 485 
interesting since previously, companies felt that their waste reduction strategies were relatively 486 
well advanced but their energy reduction strategies needed further work and development. Of 487 
further interest was the identification of the priority to have ‘digitally connected supply chains’. 488 
So, although seen as a strategic priority, the companies did not see themselves having the current 489 
expertise to move towards this priority area. Technological areas seen as being less of a priority 490 
still included University/ knowledge base collaboration and the more general issues around 491 
Knowledge Management. Therefore, although the companies showed high aspiration towards the 492 
implementation of Smart Systems technologies, they did not consider knowledge management 493 
and collaboration as being key areas for future development.  494 

Figures 4 & 5 shows the gap analysis undertaken on the results provided. They both identify 495 
four clear areas where a significant gap between current expertise and technology development 496 
priorities lie.  Most concerning here is that there seems to be little understanding amongst the 497 
surveyed companies that in order to move to the adoption of Smart Systems, there needs to be greater 498 
development of staff and, further collaboration with Smart Systems experts that are very likely to 499 
exist outside the food industry.  Therefore, it is likely that the industry will need further guidance, 500 
support and a structured approach towards moving towards SS implementation. The remaining 501 
sections of this paper will highlight some of the key SS technologies and systems as well as develop 502 
a conceptual framework for the industry. However, before this, the authors needed to understand 503 
further the deeper underlying issues around the disparities found between the strategic intent of the 504 
companies and, the strategic priorities the companies had highlighted. 505 
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4.2 Stage 2  Interviews 
508 

Following the profiling exercise, the researchers moved to the second stage of the study. The 
509 

Managing Directors and Senior Management of twenty companies from the original survey group 
510 

agreed to be interviewed further through unstructured face-to-face interviews. The aim of these 
511 

interviews was to discuss further the responses provided and shown in Figure 5 of the previous stage 
512 

study and, to understand the complex nature of the priority areas highlighted by the surveyed food 
513 

manufacturing companies.  
514 

During this research phase, the interviewees identified primarily that SS would provide is 
515 

greater resilience and improved levels of economic sustainability. These strategic level opportunities 
516 

were seen as the top priority of all participants interviewed. Stemming from these strategic level 
517 

opportunities were the operational and environmental opportunities that acted as antecedents to the 
518 

major strategic driver of economic sustainability (i.e. greater operational efficiency, leaner production 
519 

systems, reduced waste and improved energy usage). When discussing the barriers and limitations 
520 

to SS implementation, the companies highlighted their lack of readiness and preparedness to adopt 
521 

SS and, questioned whether SS would be effective in their organisations. Most participants identified 
522 

the nervousness of moving in to SS implementation due to the relative immaturity of the technology 
523 

and, the lack of examples of successful implementation and operation of such systems within their 
524 

industry which led to the concern as to whether SS was a long-term viable opportunity in which to 
525 

invest. Muller et al [27] in their large scale survey in to identifying the opportunities and challenges 
526 

of Industry 4.0 in 746 German manufacturing companies found very similar issues to this study and 
527 

concluded that whilst I.E 4.0 is often seen as a panacea for productivity, its success in implementation 
528 

and subsequent use is down to the correct fit between company characteristics and the technologies 
529 

and systems employed. 
530 
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It was felt that this would result in a worker premium having to be paid on the remaining 533 
workers thus impacting negatively on product cost. Most companies had gone through the pain of 534 
training and developing local workers but had largely failed to retain the local workforce. The 535 
potential quality problems emanating from the need to employ new staff was also seen as a potential 536 
future concern. Therefore, with the potential need to employ new and inexperienced staff in a post-537 
Brexit era, company directors now saw the switch to SS and its associated technologies more realistic 538 
and possible considering that they felt that a seismic change in company strategy was needed soon.   539 
Therefore, all the companies interviewed were planning to introduce new and more sophisticated 540 
technologies in order to combat the potential scarcity and uncertainty of human resources. However, 541 
it should be noted that very few of the companies knew anything of the principles of SS and were 542 
focussed upon using automation to replace workers as a solution to a problem rather than a focussed 543 
drive to integrate technologies with internet capabilities. Companies in general also felt that through 544 
the adoption of SS, the image of the industry could be improved towards being one that was more 545 
sophisticated in nature and more exciting to work within. It was felt that the ‘knock-on’ effect to this 546 
image change would be that more talented workers would be drawn to the industry thus reducing 547 
the concerns over attracting talent in to the industry. 548 

Furthermore, the primary focus of development within companies was on manufacturing 549 
performance whereas most companies were much more comfortable with New Product 550 
Development and innovation through product development. Rather, they saw process innovation as 551 
being a key driver for growth with their focus on the continuous improvement of manufacturing 552 
capacity and capability. This was primarily down to the issue that the companies surveyed were 553 
mainly food processors and had little responsibility for product development. Most MDs saw this as 554 
a major concern for future sustainability and believed that having responsibility for new product 555 
development would enable the company to have longer term viability.  556 
 557 
5. Future Directions for the Industry (Key Enabling Features) 558 

The second objective of this study was to identify the required system capabilities with the relevant 
559 

key enabling factors of the available Smart Systems. Its purpose is to overcome the sector isolation and, 
560 

move towards providing the food manufacturing sector with a greater understanding of the utility 
561 

of Smart Systems.  Information contained in this section of work was obtained from the research 
562 

methodology outlined previously in this text.  Information was also obtained from secondary data 
563 

sources (journal & conference articles, industry reports) as well as interviews held with academics 
564 

and industry leaders. This information provided the authors with some key enabling features that 
565 

will set the strategic direction for UK food manufacturing companies. 
566 

For change to occur in any environment, there must be an external force or forces that will play 567 
an important part in driving such change. It is likely that in order to reduce production costs and to 568 
increase production yield, food production systems will need to acquire a greater level of automation 569 
[28]. In the future, ‘lights out manufacture’ and 24:7 manufacturing will rely heavily on automated 570 
systems and technologies. Many large-scale manufacturing facilities already operate using partially 571 
automated systems, but it will require a shift towards web based, integrated and automated systems 572 
which will ensure productive yield in increased and product quality becomes consistent and 573 
repeatable. Typical Key Enabling Features (technologies and systems) that will assist in the food 574 
manufacturing industries to move forward towards Industry 4.0 implementation include: 575 
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Big data and knowledge based automation: This will be important in the on-going automation of 576 
many tasks that formerly required people. In addition, the volume and detail of information captured 577 
by businesses and the rise of multimedia, social media [29] and the Smart Systems will fuel future 578 
increases in data, allowing firms to understand customer preferences and personalise products.  579 

Smart Systems: There is potential for major impacts in terms of business optimisation, resource 580 
management and, energy minimisation throughout the supply chain. In food manufacturing 581 
environments, virtually everything is expected to be connected via central networks through ICT 582 
systems that allow for greater visibility across the whole supply chain and actively integrates 583 
manufacturing facilities with other supply chain companies so that food traceability can be monitored 584 
will be key for all companies. Technology in some form or another will be essential to all food 585 
companies regardless of size and shape [30,10].  586 

Advanced and autonomous robotics: Advances are likely to make many routine food manufacturing 587 
operations obsolete, including food preparation and cleaning activities. Autonomous and near-588 
autonomous vehicles will boost the development of computer vision, sensors including GPS, and 589 
remote-control algorithms [31].  590 

Cloud computing Computerised food manufacturing execution systems: will work increasingly in real 591 
time to enable the control of multiple elements of the food manufacturing process. Opportunities will 592 
be created for enhanced productivity, supply chain management, collaboration, resource and 593 
material planning and customer relationship management [32]. The degree of automation and 594 
autonomy of the food manufacturing systems utilising emerging technologies and creating more 595 
productivity and efficiency [28] is likely to move the industry further to a fully automated 596 
manufacturing environment [33].  597 

New management approaches for Smart Systems: The demands around ensuring security and 598 
reliability of food availability requires serious changes in the way food manufacturing functions are 599 
managed. Improving distribution, increasing productivity, and reducing waste though a range of 600 
initiatives such as enhancing food supply, better network planning of outlets and distribution to 601 
maximise efficiency and improve resilience, utilisation of new materials and biomaterial processing, 602 
multiple use of crops/waste streams and novel processes to minimise water and energy  603 
requirements, are all key issues requiring new management paradigms to effective manage the 604 
complexity of such systems [34]. Managing Smart Systems through Cloud management, Big Data 605 
Analytics and intelligent decision-making systems [35]. 606 

New skills and Knowledge Bases: Smart Systems will require workers to gain knowledge that will 607 
enable the development of “digital thinking” so that they may manage the process in a new way. 608 
Those who do not will be able to read the data, analyze them, and determine their nature 609 
independently but will be slower than competitors. Employees will also require more autonomy and 610 
be allowed independent decision making [36,37]. 611 

Whist many of these technologies and systems will be focussed upon the large food 612 
manufacturing companies and secondary production providers (such as packaging, logistics and 613 
warehousing etc), more elementary yet critical technologies and systems are required by the small 614 
food suppliers such as the micro SME and SME. Specifically, the following key technological areas 615 
are required in particular (not exclusively) by smaller companies. Developing a sound knowledge 616 
around digital marketing and e-Word of Mouth (e-WoM) [38-40] [22] in order to ensure that smaller 617 
companies achieve greater visibility with a wider range of customers. Connected to this would be the 618 
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use of an ‘Advisor’ website which would enable customers to rate the company’s quality of service 619 
and product [41]. Allied to the above, the enhancement of the company’s use of Social Media systems 620 
that are so designed as to catapult the company forward. This would include correct website 621 
development with enhanced capabilities around order making, payments and special product 622 
requests. Key to the enhancement of SME capabilities in the need to establish strong strategic alliances 623 
with other companies (food or otherwise) to reduce costs of shipping and logistics for instance. Using 624 
other company logistics provision in order to sell one-off products and services which would be 625 
otherwise prohibitive to do by the SME. Therefore, a mixed mode strategy is required that focuses 626 
upon the development of high technology marketing systems for SMEs and Micro-companies 627 
whereas, a more focussed high technology automated system approach is required more for the 628 
larger manufacturing facilities.  629 

SS can create many opportunities for companies both large and small. Many barriers can exist 630 
that prevent companies from adopting such technologies. The usual limitations around cost, worker 631 
skills and knowledge are standard impediments that can be dealt with through suitable support 632 
mechanisms but it is likely to take time to achieve. SS should not be the realm of the larger companies 633 
only. SMEs have the opportunity to adopt internet based and Smart technologies thus enabling them 634 
to continue to operate in this increasingly pressurized environment. 635 
 636 
5.1 Aligning Business Drivers with Smart System Capabilities 637 

The features described above have been explored in depth by the authors referenced but, is it 638 
useful at this point to bring these together in terms of the wider framework of smart system benefits. 639 
Therefore, this section of the paper addresses the third objective of the paper, that of Create a 640 
conceptual system architecture and appropriate support infrastructure, to invest in the right tools at the right 641 
time, to achieve effective system implementation. As a reminder, the aim of this paper is not to re-define 642 
smart systems, so an existing framework was sought which encompasses a wide enough scope of 643 
smart system requirements and benefits. McKinsey & Company’s “digital compass” [24] does exactly 644 
this, aligning eight basic value drivers and 26 practical Industry 4.0 levers.   645 

It is interesting to note that this figure can be roughly divided into two sections; more 646 
‘responsive’ drivers and enablers which can be described as broadly operations based and delivering 647 
principally internally focused benefit, and ‘proactive’ drivers and enablers which are broadly 648 
externally focused on aligning capabilities with customers’ needs.   These segments of the digital 649 
compass are a close fit with the food manufacturing companies business challenges respectively, as 650 
highlighted in the survey work of this study. As discussed in the results section, the perceived 651 
preference and focus of the companies on process and operational improvements will lead them to 652 
the right-hand side of the compass, while companies need to maintain market agility and 653 
responsiveness to new opportunities directs them towards left of the compass.  Clearly, the two are 654 
not mutually exclusive, and management teams will often desire a mix-and- match model, but this 655 
work clearly shows that by clarifying the future vison, companies can zoom-in on appropriate 656 
segments of smart system utilization rather than be forced into an expensive “across the board” 657 
business transformation.  At the outset of this work it was acknowledged there is no single 658 
prescriptive guide or model to direct business leaders toward an implementation model that will 659 
meet their exact requirements in the shortest possible time and smallest implementation cost. 660 
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But it is an important step in creating any implementation strategy to recognize known 661 
standards and system capabilities to deliver required benefits. In addition, the results of the survey, 662 
especially the stage 2 interviews, reveal that the challenges around attraction and retention of human 663 
resources with the specialist skills required are common to both categories of company.  This 664 
suggests a similar starting point for smart system implementation strategies, which then diverge 665 
according to the relevant mix and match of drivers, and implementation levers, selected from around 666 
the digital compass. Fine tuning the model for strategy selection requires further work to dissect the 667 
skills and system architecture required according to the levers to be employed, but this is very 668 
achievable in this specific sector where regulatory requirements and common process steps have 669 
driven some level of standard capability (and in turn the aspect of isolation that is hindering ongoing 670 
development).  This phase of analysis also highlights the importance of creating a decision point to 671 
drive strategy formulation and focus on both specific benefit, and core competencies, for effective 672 
smart system implementation.  Achieving this focus will help overcome the industry’s perception of 673 
implementation costs and skill development.   674 
 675 
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5.2 Implementing Smart Systems 702 
Implementing an effective strategy requires an alignment of all the variables explored in this 703 

study.   This third and final phase to the study recognises that, as in any process, the strategy 704 
definition process can be simply shown in terms of the inputs, outputs and controls that effect the 705 
process itself: This paper has considered these variables, with a view to identifying the greatest 706 
opportunity for food producers to exploit the potential of smart systems.  By engaging with the 707 
initial thirty-two companies food manufacturing companies, business drivers were well articulated 708 
and split between internal and external forces. Then the academic and vocational data sources were 709 
examined to understand the key enabling factors, the core supply chain requirements and the 710 
traditional improvement paradigms such as lean manufacturing and how they are used to drive 711 
traditional productivity gains. Finally, the split between proactive and responsive improvement 712 
levers utilized by smart systems has been considered, especially with regard to the projected benefits. 713 
Figure 4 shows a schematic of the SS implementation framework. The diagram shows the required 714 
inputs in to the system. These consist of enablers, drivers, factors and capabilities that are needed for 715 
the correct implementation of the SS strategy. The resulting outputs of the framework show the 716 
proactive and response levers that lead to improved business performance. The following section 717 
details the drivers, inputs and outputs of the framework. 718 

 719 
 720 
 721 
 722 
 723 
 724 
 725 
 726 
 727 
 728 
 729 
 730 
 731 
 732 
Figure 7 – Schematic of the Smart Systems Implementation Framework 733 
 734 
Business drivers (INPUTS) : 735 
 External drivers including environmental factors such as such as Brexit and the ensuing 736 

changing workforce demographics, as well as the ongoing trends in customer requirements.   737 
 Internal enablers (barriers) which are traditionally understood in terms such as attraction and 738 

retention of staff, training in requisite skills, and system implementation costs.  739 
Key enabling factors (CONTROLS) :  740 

 Big data and knowledge based automation; (2) Smart Systems; (3) Advanced Robotics; (4) Cloud 741 
based systems; (5) new management paradigms and, (6) new skills and knowledge bases. 742 
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 Supporting best practices such as Lean, Agility and six sigma improvement paradigms drive 743 
both the improvement culture and affect the human factors underlying many of the perceived 744 
HR related issues.  745 

Development of core supply chain capabilities (CONTROLS) : 746 
 virtual enterprises, digital marketing and, virtual supply chain environments focusing upon ICT 747 

and web technologies by partnering/outsourcing companies [42].  748 
 Increase the transparency of operations through to the supply chain in order to achieve greater 749 

food security and reliability [43]. 750 
 Sustainability / resource efficiency: resource and energy efficiency, waste management, 751 

recycling [26].  752 
 ICT - Networked business processes. Implementing technologies to share design information, 753 

and product development information.  754 
 Cyber security systems and the security of food product and process data to ensure UK food 755 

companies protect their product data [44]. 756 
Proactive / outwardly facing smart system levers (OUTPUTS) : 757 

 Innovation tools, marketing tools and a capability to exploit new opportunities in high-value 758 
added products or niche-market products as a strategy for growth [8]. 759 

 ICT capability to share information particularly design through product life cycle; which will 760 
help customers to access this data before any purchase commitments [45]. 761 

 Open collaboration activities between food companies operating in a trusted and truly 762 
collaborative environment will be key to developing and sustaining food manufacturing 763 
systems especially in small food manufacturing companies [46]. 764 

Responsive / inwardly facing smart system levers (OUTPUTS) : 765 
 Rapid configuration of food manufacturing systems to be able to ramp up production or, reduce 766 

productive capacity where required. This will not only need flexible manufacturing systems but 767 
also flexible working contracts and people. High volume, low variety versus low volume, higher 768 
variety will be the likely feature of food producers in the UK [47].  769 

 Technology developments for automation, process control, flexible machine control and, 770 
enhancing safety aspects in food manufacturing including, new manufacturing technologies, 771 
integration of technologies, novel structures and techniques [48]. 772 

  773 
6. Conclusions and Future Direction of the UK Food Manufacturing Companies 774 

Food Manufacturing Companies in the UK face many opportunities to grow and develop. The 775 
landscape painted by these companies matches consumer trends (low cost, high volume, low variety 776 
manufacturing versus higher cost, lower volume, higher variety products and facilities). Therefore, a 777 
one size fits all strategy for supporting such companies is going to be largely ineffective and costly 778 
[27]. However, within the high-volume food manufacturing environments there is much that can be 779 
done to improve business performance. Academics and industry representatives are largely of the 780 
opinion that food manufacturing facilities lag behind other sectors such as automotive and white 781 
goods manufacturing. However, the uniqueness of the industry should not be an excuse for 782 
maintaining the status quo when it comes to seeking advancements and improvements in 783 
manufacturing. Likewise, smaller food producers should also seek new and innovative ways of 784 
increasing market visibility and seek to invest in new technologies to achieve their aim. Adopting 785 
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standard manufacturing improvement strategies that are used and adapted effectively in other 786 
sectors is key to achieving change.  787 

From a theoretical viewpoint, this study contributes to the literature on the emerging 788 
relationship between UK food companies and their motivations towards implementing SS and its 789 
connection to the dimensions of sustainable production by contrasting the effect of the external and 790 
internal pressures and drivers in FMCs. More specifically, the work provides for a more qualitative 791 
understanding and clarification with regard to opportunities and challenges that are considered 792 
relevant for SS implementation and value creation within the food production industry. Further, this 793 
paper adds to the limited body of literature in to investigating the dimensions of sustainability by 794 
highlighting that strategic opportunities are main drivers for the implementation of SS in FMCs with 795 
operational and environmental opportunities being considered as the secondary drivers. This study, 796 
has provided an interesting additional dimension to the study undertaken by Muller et al [27] where 797 
similar outputs emerged from a large scale quantitative study in to a range of German industries. 798 
This paper therefore provides an additional set of dimensions specifically from the food sector which 799 
helps to build a richer picture of the issues in the implementation of SS.   800 

In this study, the issue of a company’s preparedness for SS was examined based on both external 801 
and internal drivers. The study showed that external drivers are currently more important than 802 
internal drivers in moving towards the implementation of SS in these food manufacturing companies. 803 
The external drivers such as Brexit and the potential loss of low-labour cost workforce is driving 804 
larger food manufacturing companies towards the implementation of responsive Smart 805 
manufacturing technologies. The smaller food producers are focussed on more proactive tools, 806 
including how the SS can successfully be used to improve efficiencies on small batch manufacturing, 807 
time to market, and promotion of the company on a much wider scale than it currently does.  808 
Interestingly, companies see that these external drivers outweigh the internal issues such as training, 809 
costs etc and seem willing to overcome these internal barriers as the external drivers seems to be 810 
greater than the internal resistance previously seen. Furthermore, simultaneous approach to the issue 811 
of implementing Smart technologies in the UK food sector regarding internal and external drivers is 812 
another feature of this study because in most previous studies the issue of Smart technology 813 
implementation is studied from the internal perspective (training, cost, etc. as being barriers towards 814 
implementation). Dividing these drivers into internal and external drivers was the main characteristic 815 
of this study that led to different results. 816 

 Although internal drivers such as cost and skills play a role in the decision to implement SS, 817 
company directors consider the external drivers outweigh the resistance posed by the 818 
internal barriers. 819 

 External drivers for change should be designed in a way that company directors are 820 
convinced of the importance and necessity of the need to move towards SS concepts and be 821 
convinced that without a move towards SS implementation that economic sustainability of 822 
their companies could be compromised 823 

 Studies suggest that the internal barriers around the resistance to change by employees and, 824 
the lack of skills and knowledge of the workforce are seen as major inhibitors towards 825 
implementing SS, these issues cannot hold back a company’s drive towards improving the 826 
performance of company operations. Senior managers and leaders of food manufacturing 827 
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companies must provide strong leadership and vision towards implementing SS and to drive 828 
up the performance of UK food manufacturing industry. 829 

 Six key enabling features were identified and included: (1) Big data and knowledge based 830 
automation; (2) Smart Systems; (3) Advanced Robotics; (4) Cloud based systems; (5) new 831 
management paradigms and, (6) new skills and knowledge bases. Their introduction in to 832 
this paper is directed towards providing a set of foundation elements for practitioners and 833 
managers to focus on when implementing Smart Systems.  834 

 Effective implementation of smart systems requires a business-specific strategy to be defined, 835 
to align the business drivers and current capabilities with the desired outcomes.  By 836 
following this thought process it will be ‘standard work’ for industrial engineers and 837 
academics to successfully intervene in food manufacturing companies and guide them 838 
towards a successful smart system implementation, which is directed toward well defined 839 
benefits. 840 
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