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Abstract. Food production chains have to respond to disrupted global markets
and dynamic customer demands. They are coming under pressure to move from
a supply to a demand-driven business model. The inherent difficulties in the
lifecycle management of food products, their perishable nature, the volatility in
global and regional supplier and customer markets, and the mix of objective and
subjective drivers of customer demand and satisfaction, compose a challenging
food production landscape. Businesses need to navigate through dynamically
evolving operational risks and ensure targeted performance in terms of supply
chain resilience and agility, as well as transparency and product assurance. While
the industrial transition to digitalised and automated food production chains is
seen as a response to such challenges, the contribution of industry 4.0 technology
enablers towards this aim is not sufficiently well understood. This paper outlines
the key features of high performing food production chains and performs a map-
ping between them and enabling technologies. As digitalisation initiatives gain
priority, such mapping can help with the prioritisation of technology enablers on
delivering key aspects of high performing food production chains.
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1 Introduction

Food value chains involve wide range and versatile processes with a very diverse range
of stakeholders situated all the way from primary and manufacturing producers to the
end customer. At the low value end lie commaodity products, characterised by high pro-
duction and supply volumes but with tight profitability margins. At the high value end
it is increasingly common to identify prime products and services associated with them
targeting niche markets or individual customers [1]. A wide range of products and ser-
vices populate the space between the two ends. Supply chain agility and resilience
[2]1[3][4], customer orientation [5][6], as well as traceability [7][8] and transparency [9]
are among the most important considerations when managing production and in partic-
ular food value chains. Extensive research and several surveys dealing with the digital
transformation of supply chains have been published [9][10][11][12][13]. Such trans-
formation is associated with dynamic and evolving business models [14][15] but the
extent to which different technology enablers of digital transformation contribute to



innovative and in particular to consumer — driven food value chains is less well ex-
plored. This paper contributes to filling this gap by (a) outlining the key challenges of
consumer — driven food value chains; (b) discussing the main characteristics of de-
mand-driven food chains; (c) mapping the extent to which different enabling technolo-
gies for digitalized food production chains contribute to addressing the challenges and
to the desired characteristics of demand-driven food value chains.

2 Visual Analytics on Relevant Literature

A literature search for journal articles has been performed in both the Web of Science
(WoS) core collection and Scopus on “food production” and “supply chain” aimed at
identifying the key concepts that have been targeted in the last 3 years in these areas.
The intention was not to perform a detailed literature analysis but to inform a higher-
level meta-analysis on the interrelationship between key challenges, requirements, and
potential solution enablers. To this end, the obtained results were analysed through the
graph network bibliometric visualisation tool VOSviewer (VOSviewer.com). The tool
was employed to build network graphs of terms employed in article titles and abstracts.
The key visualization features are determined by scores and weights and are visualised
with bubbles and connectors. High scores correspond to more frequently used terms
and are depicted with larger bubbles. Thicker connectors correspond to more frequent
co-occurrence of terms. Trimming out weak connections and infrequent terms while
not allowing significant cluster fragmentation, WoS produced two main clusters, one
“red cluster” contained terms relevant to the overall “food ecosystem” (Fig. 1).
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Fig. 1. WoS Visual Analysis of literature



The green cluster was mostly relevant to resources and sustainability. There was
very limited evidence of Industry 4.0 technology enablers in the terms. The Scopus
picture has similarities with WoS and displays three main clusters (Fig. 2). The green
one is largely about resources and sustainability. Instead of a single food ecosystem
cluster two clusters are formed: one relevant to the stakeholders of the production eco-
system and associated processes and characteristics; and one relevant to biological as-
pects, including health, risk, and ingredients.
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Fig. 2. Scopus Visual Analysis of Food Production and Supply Chain literature

This reflects the somewhat different disciplines covered by the two databases, with
Scopus covering more engineering and technology, compared to WoS. However, this
less significant compared to the observation that in none of the two cases can one iden-
tify any strong presence of digital enabling technologies. Both cases avoided explicitly
including digitalisation terms in the search so as to explore whether such terms are
already prevalent in the literature, rather than directing the search towards them. This
indicates that relevant research still has to catch up with employing such technologies.

3 Characteristics of Resilient Customer Driven Food Chains

Successful and sustainable food value chains with strong customer orientation are ex-
pected to exhibit some key characteristics, which are largely considered to fall under
the broad categories of (i) food ecosystem; and (ii) performance, encompassing:

Food ecosystem and market agility and resilience.

e Food ecosystem stakeholders integration [16][17]

e Business models and innovation [16] [5] [18] [19] [14] [15]

e Sustainability [5] [20]



o Resilience / agility (logistics routing, suppliers, returns, last mile, local chain) [2]
(5] [19] [3]

e Personalised customer experience, prosumers, and behavioural changes [21]

Performance, quality and safety assurance.

o Performance and risk management (suppliers, speed, costs, inventories) [22]

e Transparency [23] and traceability [7][24]

e Product assurance and compliance [25][26][27][28][7]

While the above is not a complete list of key characteristics, it contains some of the
most recognizable ingredients that can lead to high-performing food value chains. The
birds-eye view of related literature indicates a clear need to link such characteristics
with current and emerging technology enablers for digitalized food value chains.
The present paper focuses on several such technology enablers:

e Human Interaction Technologies [13][10][6]

e Machine Learning & Data Analytics [29] [7]

o Internet of Things (with one or more of sensing, identification, communication,
computing) [10] [30] [31] [24] [12] [22] [28] [7] [32]

e Security, Safety & Trust Technologies and Architectures (including hyperledger ar-
chitectures) [28] [33] [34] [35] [36] [37] [32]

e System Integration [26] [32]
e Semantics, Context, Information Management, and Interoperability [38]
o Connectivity (Physical Layer, Networking, Application Layer) [39]
e Augmented / Virtual Reality (AR/VR) [13]
e Simulation [40][41]
e Cloud - based platforms [42]
e Automation and Robotics [10]
e Advanced / smart materials and packaging (includes embedded/printed electronics)
[27]1[43][13][44]
Table 1. Mapping between technology enablers and food chain characteristics
Ecosystem / | Personalised | Performance | Business | Sustainability | Resilience and Transparency Product
Stakeholders | Customer and Risk models Agllity: logistics, and traceability | assurance
Integration Experience & Management routing, suppliers, and
Engagement (suppliers, returns, last mile compliance
speed, costs,
inventories)
Human Interaction Technologies X | XXX X | | X X XX |
Machine Learning — Al - Analytics XXX | XXX | X | X XX | XX X
Internet of Things {with one or more XX XXX XXX XX XX XXX XX XXX
of sensing, identification,
communication, ing)
Sec:ri(v&Trust Technologies and XXX XXX XX HHX X XX XXX XXX
Architectures
[svstemintegration | xxx | XX oK | XX | oo XXX XX [ x
Connectivity | | |
Physical Layer XX XX x| x| xx XXX XXX XXX
Networking XXX | XXX XXX XX XXX XXX XXX LXXX
Application Layer XXX | XXX XX | XXX | XX XXX XX | XX
Interoperability, including XXX XXX X X XX X X XX
semantics and context
information management | | | |
ARIVR X Xxx X | | XX X
Simulation | XXX | XX | XXX XXX X
Cloud - based platforms XXX XX XXX HXX X | XXX XXX XX
Automation and robotics XXX XXX XXX XXX X XXX XXX XXX
Advanced / smart materials and X XX XXX HHX XXX XXX XXX XXX
packaging (includes
embedded/printed electronics)




All the above are typically associated with Industry 4.0. The last one can be considered
as part of automation and robotics, but is listed separately to indicate the critical role it
has within internal and external logistics, and retailing. Table 1 maps the extent to
which the above technologies contribute to delivering the key characteristics. Food eco-
system integration heavily depends on overall system integration, interoperability and
cross-layer connectivity and requires cloud-based platforms. Security and trust technol-
ogies are of paramount importance, while automation and robotics are key operational
technologies that enable production and logistics workflows. Ensuring customer en-
gagement is complex and relies to a significant extent on involving nearly all listed
technology enablers, starting from human interaction ones. Performance and risk man-
agement, as well as resilience and agility requires the inclusion of higher added value
enablers, such as Al, 10T, simulation, and advanced packaging, on top of others. Busi-
ness models are enabled by application layer connectivity, integration, cloud platforms
for stakeholders integration, as well by automation technologies and smart packaging.
Simulation is key for sustainability regarding the design perspective, while operational
delivery requires integration, connectivity, and advanced packing to inform consumer
behaviour. 10T is key for transparency, traceability, and product assurance, together
with security & trust, connectivity, and cloud platforms, integrating also automation
technologies and smart packaging for transparent and efficient workflows. Nonetheless,
the mapping, currently based on literature and own judgement, requires a more system-
atic analysis and this needs to include also consumer behavioural studies.

4 Conclusion

Food value chains are increasingly driven by changing individual customer demands
and are required to respond to highly disruptive market changes. Facing such chal-
lenges, food production ecosystems are undergoing digital transformation. Although
relevant literature is rich with respect to the emerging characteristics of future resilient
food value chains, as well as regarding the use of digitalisation enablers, the contribu-
tion of such enablers towards consumer oriented or driven food value chains and their
agile and resilient characteristics is less well established. Customer — driven products
specifically depend on more complex food value chains, compared to conventional sup-
ply models and their dependence on efficient end-to-end digitization is evident. This
paper analysed current literature in this area and proposed a mapping between relevant
technology enablers that support such digital transformation. While the mapping takes
into account current literature together with own judgement to produce a rated mapping
of technology enablers contribution, more systematic research, which includes empiri-
cal findings is needed to establish its validity and indeed apply appropriate adjustments
and extensions. Such a mapping is a valuable tool towards devising a model for priori-
tising digitization interventions for food value supply chains.
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