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 Introduction 


The UK’s  food sector is  complex and highly dynamic in  nature. The demands placed 
 upon  the  manufacturing  system  through  short-life  products  and  raw  materials,  more 
 demanding retailers and end users, and increased levels of legislation and regulation have 
 resulted in organisations needing to respond on multiple levels and on a range of different 
 issues  in  order  to  achieve  economic  and  environmental  sustainability1.  In  some  cases, 
 these  pressures  have  resulted  in  the  sector  becoming  increasingly  isolated  from  other 
 manufacturing  sectors  as  they  deal  with  their  own  specific  problems2.  The  resulting 
 problem of this isolation is that many food manufacturing companies are not necessarily 
 aware of the advances in manufacturing technologies that are being throughout, the wider 
 manufacturing industry. This, in turn, can lead to the creation of an environment where 
 the  food  manufacturing  industry  may  be  left  behind  when  it  comes  to  adopting  and 
 benefitting from new and advanced manufacturing technologies3. 


In  order  to  cope  with  these  business  pressures,  other  manufacturing  and  production 
 sectors  have  placed  increasing  focus  upon  the  development  and  advancement  of 
 technology-driven manufacturing systems, such as Smart Factories, Smart Systems, and 
 Industry 4.0 (I.E. 4.0). Recent years has seen step change improvements in terms of Smart 
 Systems’ capability, reduced cost of technology, and wider accessibility of the skills and 
 knowledge required to implement them. However, what is unclear is  whether the UKs 
 Food Manufacturing Industry is aware of such systems and whether they understand the 
 impact that SS can have on their productivity and manufacturing capability. This paper 
 attempts to identify the current expertise and identify the technological priorities of the 
 UK  food  manufacturing  companies  when  considering  the  implementation  of  Smart 
 Systems.  To  do  this,  the  authors  initially  develop  a  unique  SS  profiling  tool  and  then 
 applies the tool to 32 Food Manufacturing Companies in order to test the tool and also, 
 to  obtain  a  high  level  profile  of  the  sector’s  awareness  and  understanding  of  the 
 implementation of SS. 


Literature Review 


UK  food  manufacturers  are  highly  aware  of  the  need  to  operate  within  visible  supply 
chains.  Smart  Systems  provide  this  essential  link  in  that  the  technologies  and  systems 
enable  an  improved  level  of  traceability  right  through  the  manufacturing  chain,  where 
machines  are  interconnected  and,  archiving  data  can  be  done  automatically4.    SS 
embraces a wide range of technologies, including Radio Frequency Identification (RFID), 
Near Field Communication (NFC), Wi-Fi, Cellular, and Bluetooth, all linked to networks 
that normally use the Internet as a form of communication5. SS technologies offer many 
benefits that link to the key sustainability dimensions, including the ability to improve 
food  traceability,  reduce  food  waste,  and  increase  efficiencies  in  the  transport  and 
handling of food products, and in turn contribute directly to addressing both economic 
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 and environmental sustainability challenges. On a wider scale, the virtualization of supply 
 chains using SS technologies enables companies to optimise supply chain operations and 
 characterise the dynamic nature of operations 6,  7  and  also  enhances the opportunity to 
 apply innovations and improvements in supply chains, and to subsequently plan for and 
 assess  these  innovations  without  affecting  the  manufacturing  system.  Today,  the 
 technology is highly reliable, relatively cheap, and based on international standards that 
 promote easy communication between different devices’ tags and systems8. A further and 
 more detailed review of the literature on Smart Systems, the technologies, and its impact 
 on the sustainability  dimensions  is  shown in  Table 1. The literature  analysis identifies 
 nine  key  smart  system  clusters  and  are  shown  in  Table  1.  The  analysis  has  further 
 identified the key SS technologies and systems as well as the connectivity between SS 
 and  the  sustainability  dimensions.  This  analysis  suggests  that  SS  technologies  and 
 systems  are  at  an  advanced  stage  of  development,  and  the  connection  between  the 
 sustainability dimensions means that the move towards the employment of SS in industry 
 is likely to impact greatly (and positively) on improving the sustainability of companies, 
 especially  in  the  economic  and  environmental  sustainability  dimensions.  Furthermore, 
 this literature analysis, suggests that the food industry is ideally placed to benefit from 
 adopting SS. The greater flexibility offered by SS will enable a product volume mix to be 
 achieved with greater levels of consistency and efficiency.  


Table 1. An analysis of the literature on smart systems. 


Smart Systems 


Research Clusters  Smart Technologies and Systems  Sustainability Dimensions 
 Time compression, 


time to market. 


Three-dimensional (3D) Printing, simulation, 
 virtual  reality  (VR),  customer  integration, 
 virtualization 6,9  


Reduced  development  time  and  tooling 
 cost 10


Sustainable Product 


Innovation  Intelligent product design 11, 12  


Inter-functional  collaboration, 
 innovation-oriented  learning,  research 
 and development (R&D) investment 12  
 Human Factors  Innovation, competency management 13,14    Work practices, social dimensions, human 


rights, ergonomics, and safety 13  
 Knowledge 


Management 


Intelligent  Decision  Making:  predictive 
 scheduling, fuzzy logic systems 14, 15   


Organisational  and  deep-learning 
 systems16


Energy Systems  Energy-neutral technologies through Internet 


of Things (IoT) 17 Waste reduction and energy monitoring18
 Enterprise 


Reconfiguration 


Rapid  supply  chain  reconfiguration  through 
 IoT  &  Cyber  Physical  Systems  (CPS), 
 Virtualization 6, 19


Value  Mapping  and  information  sharing 
 tools 20


Collaborative 


Networks  Customer/supply chain connectivity 21, 22 Company/Knowledge base collaboration, 
 e-Word of Mouth (e-WOM), and Digital 
 marketing 23,24,25,26  


Management Systems  Technology  management,  control,  and 
 monitoring 8, 15


Digital Systems  Digital  supply  chains,  data  analytics,  cyber 
 physical systems 27, 28


Big  data  analytics  on  environmental 
 impacts 29, 30


The Research Method and Survey Design 


A  two-stage  research  approach  was  employed,  consisting  of;  analysis  of  secondary 
research obtained from academic sources leading to the development of an SS profiling 
tool and, a small-scale pilot survey of food manufacturing companies in order to validate 
the tool and, to obtain primary data on Food Manufacturing Companies. One hundred and 
thirty  requests  were  issued  electronically  to  food  manufacturing  companies,  thirty-two 
companies responded and agreed to undertake the survey. Table 3 shows the companies 
and  food  sectors  that  responded  to  the  survey.  The  authors  developed  a  sustainability 
profiling tool from  the work undertaken in  the literature analysis.  The profiling tool is 
shown  in  Table  2  The  tool  utilises  the  SS  research  clusters,  SS  technologies,  and 
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 sustainability dimensions that were highlighted from the literature review and detailed in 
 Table 1 of this paper to  form the main body of the tool. Scores were assigned to  each 
 strategic driver and focused upon the current level of expertise the MD believed that their 
 company  had  against  the  18  technology/systems  dimensions  highlighted.  The  second 
 stage  of  scoring  required  the  MD  to  prioritise  each  dimension  based  on  a  two-year 
 planning  horizon  (i.e.,  where  they  thought  their  company  needed  to  be  to  meet  the 
 demands of their industry). This profiling allowed the team to determine the current state 
 of operational excellence and also the strategic intent of each company in meeting the SS 
 requirements. 


Table 2. The sustainability profiling input sheet. 


Smart Systems 


V2  Application  of  time  compression 


technologies  3.85  4.5  0.7  0  1  11  12  8 


Sustainable  Product 
 Innovation (Ec) 


V3  Robust  New  Product 


Development/Introduction (NPD/I)   4.4  4.65  0.3  0  0  1  16  15 


V4  Intelligent  and  Customised 


products   3.95  4.45  0.5  0  2  8  12  10 


V10  Energy  neutral  production 


systems  3.6  5  1.4  3  2  8  11  8 


V17  Digitally  Connected  Supply 


Chains  1.6  4.85  3.3  16  13  2  1  0 


V18  Data  analytics  and  Production 


Analytics  1.55  4.65  3.1  16  15  1  0  0 


Note: Abbreviations: Ec, Economic Sustainability Driver; En, Environmental Sustainability Driver; Ec/En, both. 
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 Table 3. The companies and sectors that responded to the survey 


Sectors  Companies per 


The Results of the Survey and Interviews 


Table  3  shows  an  average  score  of  the  32  food  manufacturing  companies  on  their 
 assessment of their current  technological  expertise, and also  their  two-year technology 
 priority score.  Furthermore, the table also  shows a frequency analysis that  profiles  the 
 score each company provided against each technology area. This enabled the researchers 
 to  understand  the  relative  level  of  expertise  each  company  had  in  relation  to  the 
 technology areas. Figure 1 focusses specifically upon the sample group’s average current 
 expertise profile in ranked order. Taking the top four criteria from this figure shows that 
 the companies’ new product development and introduction capabilities, along with their 
 customer  integration,  waste  reduction,  and  technology  management  expertise,  were 
 considered to be strong and well-developed. Where the companies scored less-well were 
 in the lower four criteria, namely knowledge base collaboration, organizational learning, 
 digital connectedness, and data analytics. Figure 1 also shows the average 2-year priority 
 scores offered by the sample group of companies. The 2-year priority profile is a measure 
 of what the companies considered to be the key technologies and systems that need to be 
 in place in order for the companies to remain competitive over the medium-term strategic 
 planning horizon. The figure shows that the top four priority areas to focus on are: 
 energy-neutral production systems; competency management; digitally connected supply chains; 


and  university/company  collaboration.  The  four  criteria  of  lower  concern  are:  supply 
 chain  reconfiguration;  customer  and  supplier  collaboration;  information  sharing;  and 
 Research and Development and Innovation. 


An  analysis  of  the  2-year  technology  priorities  showed  that  companies  were  very 
 aspirational  in  implementing and developing state-of-the-art technologies and systems. 


In  particular,  the  focus  on  reducing  energy  consumption  and  moving  towards  
energy-neutral  manufacturing  systems  is  interesting,  since  companies  felt  that  their  waste 
reduction  strategies  were  relatively  well-advanced  but,  company  energy-reduction 
strategies needed further work and development. Of further interest was the identification 
of the priority to have ‘digitally connected supply chains’. Although seen as a strategic 
priority,  the  companies  did  not  see  themselves  having  the  current  expertise  (or  knew 
where to access the expertise) in order to move towards this priority area. This issue links 
strongly with the disparity seen between the current overall lack of development in the 
areas  of  competency  management,  knowledge  management,  and  University/company 
collaboration. The external drivers, such as Brexit, outweighed the potential barriers and 
internal  issues,  such  as  the  costs  of  training  and  equipment,  as  they  saw  the  threat  of 
significant  external  change  as  being  greater  than  the  internal  resistance  that  had 
previously been seen. Further analysis of the data identified that the Small SMEs (10–50 
employees)  performed  better  on  the  whole  in  the  deployment  of  internet  and  smart 
systems technologies, and were better aligned to meeting the social, environmental, and 
economic  sustainability  goals.  Although  their  technologies  and  systems  lacked  the 
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 sophistication  of  the  larger  companies,  the  application  of  internet  and  cyber  physical 
 systems  pertaining  to  their  own  production  operations  were  better  developed.  A 
 particularly well-developed area amongst the Small SME companies is the development 
 of excellent supply chain collaboration practices between customer and supplier that are 
 delivered through internet technologies (internet and social media platforms). 


Through the development of closer collaboration within the supply chain,  small SMEs 
 benefited from greater opportunities to develop more customised products and services 
 through  the  co-creativity  of  new  products  and  innovative  solutions  to  particular 
 production  issues.  A  particular  strength  of  the  medium-to-large  companies  was  their 
 ability to  manage their technologies  and to  operate lean production systems  as  well as 
 utilizing time compression technologies, such as automated production systems and the 
 simulation of new production layouts for a new product’s introduction. However, whilst 
 these  technologies  are  utilized  and  well-developed,  their  overall  connectivity  to  Cyber 
 Physical Systems (CPS), which provide the basis for Smart Systems, was missing in all 
 companies  surveyed.  Therefore,  two  distinct  patterns  emerge  from  this  study  that 
 emphasise the difference in attitudes between Small SMEs and Medium SMEs /  larger 
 companies. Smaller SMEs use less sophisticated technology but utilize their systems to 
 better effect, linking their technologies to both the customer and the supplier in more of 
 a  traditional  Smart  Systems  approach,  whereas  medium-sized  SMEs  and  larger 
 companies employ more sophisticated technologies, but they lack the interconnectivity 
 and CPS technologies to turn their technology into Smart Systems.  


Conclusions 


Food  Manufacturing  Companies  in  the  UK  face  many  challenges  and  opportunities  to 
 achieve economic sustainability. One such opportunity is through the application of Smart 
 Systems.  This  study  has  attempted  to  develop  an  understanding  of  the  attitudes  and 
 priorities of FMCs to the adoption of SS. Through the application of a new measuring 
 tool that was developed and tested in this paper, the research team has been able to profile 
 a  range  of  food  manufacturing  companies  and  to  determine  the  strategic  drivers  and 
 challenges that these companies have in the implementation of SS. Through the use of 
 this profiling tool and the adoption of the two-stage research approach, the research team 
 has  been  able  to  identify  a  complex  range  of  company  demands  and  pressures,  which 
 indicates  that  a  one-size-fits-all  strategy  for  supporting  such  companies  is  going  to  be 
 largely ineffective and costly. 


In this study, the issue of a company’s preparedness for SS was examined based on both 
 external and internal drivers. The study showed that external drivers are currently more 
 important than internal drivers in moving towards the implementation of SS in these food 
 manufacturing companies. The external drivers, such as future political changes and the 
 associated  potential  loss  of  a  low-cost  labour  workforce,  is  driving  larger  food 
 manufacturing companies towards the implementation of responsive Smart Systems. The 
 smaller  food  producers  are  focused  on  more  proactive  tools,  including  how  SS  can 
 successfully be used to improve efficiencies in small batch manufacturing, time to market, 
 and promotion of the company on a much wider scale than it currently does. Interestingly, 
 companies see that these external drivers outweigh the internal issues, such as training 
 and costs, and seem to be more willing to overcome the internal barriers as the external 
 drivers  seem  to  be  greater  than  the  internal  resistance  that  has  previously  been  seen. 


Furthermore, a simultaneous approach to the issue of implementing Smart technologies 
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 in  the UK food sector regarding internal  and external  drivers is  another feature of this 
 study, whereas in most previous studies, the issue of Smart technology implementation is 
 studied  from  the  internal  perspective  (training,  costs,  etc.  as  being  barriers  towards 
 implementation).  


A limitation of this study is the limited sample size obtained for the survey. Whilst the 
total response level of 32 companies enabled the research team to identify a number of 
key  themes  around  Smart  Systems  within  the  food  manufacturing  industry,  the  work 
cannot be considered to have any statistical significance and, therefore, the outputs of the 
study are to be considered with this limitation in mind.  
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 Figure 1. The analysis of current and future profiles in ranked order.
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