Received: 3 January 2020

Revised: 28 June 2022

'.) Check for updates

Accepted: 17 July 2023

DOI: 10.1111/jb1.12360

SPECIAL ISSUE ARTICLE

WILEY

Empowering supply chains with Industry 4.0 technologies
to face megatrends

Elena Pessot'?

'Department of Information
Engineering and Mathematics,
University of Siena, Siena, Italy

2STIIMA-CNR, Institute of Intelligent
Industrial Systems and Technologies for
Advanced Manufacturing - National
Research Council of Italy, Milan, Italy

SIEIIT-CNR, National Research
Council, Padua, Italy

Correspondence

Andrea Zangiacomi, STIIMA-CNR,
Institute of Intelligent Industrial
Systems and Technologies for Advanced
Manufacturing — National Research
Council of Italy, Milan, Italy.

Email: andrea.zangiacomi@stiima.
cnr.it

Funding information

Horizon 2020 Framework Programme,
Grant/Award Number: 768884

INTRODUCTION

| Andrea Zangiacomi’ | Irene Marchiori’ | Rosanna Fornasiero®

Abstract

This paper investigates how current megatrends (i.e., aging population, growing urban-
ization, shifts in consumer demands, geopolitical shifts, depletion of natural resources,
climate change) are changing the supply chain landscape and the role of Industry 4.0
(14.0) technologies to support alignment with these changes. Building on contingency
theory, the study employs focus-group interviews with various experts to generate new
insights into fitting supply chain capabilities and enabling technologies. Data collected
in the focus groups helped us to identify five supply chain capabilities as prevalent
and mostly fitting the external contingencies, i.e., customer-driven, urban-centered,
resource-efficient, fast reactive, and human-centered supply chain. Moreover, this
study highlights and compares the potential of 14.0 technologies and their applications
in supporting specific supply chain capabilities. The findings of this study can inform
supply chain managers in the definition of capabilities to be enhanced at the supply
chain level and contribute toward understanding the extent of 14.0 technologies in

empowering supply chains to face turbulent and changing conditions.
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value creation with partners in the up- and downstream
network (Bienhaus & Haddud, 2018). Specifically, supply

Supply chains operate under an increasingly global, com-
plex, and uncertain context, challenging their abilities
to adapt and convincingly address the dynamics caused
by megatrends (Christopher & Holweg, 2011; Ramezani
& Camarinha-Matos, 2020). Aging population, depletion
of resources, and growing urbanization are examples of
megatrends that have a major impact on companies with
the rise of different challenges (Gunasekaran et al., 2015;
Rajesh, 2017). Thus, managers must rethink supply chains
(Kalaitzi et al., 2021) and identify success potentials to
meet competitiveness (Ben-Daya et al., 2017; Ivanov &
Dolgui, 2020). Beyond creating new business models,
specific capabilities are required to focus on reorganizing

chains need to develop a set of capabilities to “organize,
deploy and control all the necessary investments, assets,
resources, routines, processes, and systems” to enable re-
silience (Brusset & Teller, 2017).

The innovation and improvement of supply chain ca-
pabilities can be supported by applying technologies if
guided by appropriate strategic value drivers. In this sense,
the transformation driven by the growing adoption of
Industry 4.0 (I4.0) technologies represents an opportunity
to be leveraged by supply chains (Ivanov et al., 2019). 14.0 is
based on automation, communication, and data-exchange
enhancement, where different digital technologies can
help connect and integrate physical devices, intelligent
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machines, and human resources at the factory level and
being extended to the overall supply chain (Hofmann
et al., 2019; Oesterreich & Teuteberg, 2016). The adoption
of 14.0 technologies at the supply chain level is argued to
increase visibility, risk diversification, higher demand re-
sponsiveness, and personalization, with shorter lead times,
better capacity utilization and flexibility, and improved
transparency and communication among supply chain
partners (Hofmann & Riisch, 2017; Ivanov et al., 2019).

There is a growing number of scholarly and practitioner
contributions on how I4.0 technologies are changing the
supply chain and offering tremendous opportunities for
more efficient and effective supply chain management (Ben-
Dayaetal., 2017; Hofmann et al., 2019). Nevertheless, several
companies are still lagging in transforming operational pro-
cesses driven by 14.0 solutions, especially concerning con-
nectivity and integration with other companies (Hahn, 2020;
Hofmann et al., 2019). There is still the need to identify a
systematic approach to I4.0 implementation addressing the
specific megatrends (Gruzauskas et al., 2018), characteriz-
ing the current environment, and linking the application of
technologies not only to the efficiency of processes but also to
the capabilities developed at the supply chain level. Prajogo
et al. (2018) proposed a contingency model linking the busi-
ness environment and supply chain strategies, concluding
that technological changes should be considered a key di-
mension affecting supply chains. However, there is a lack of
studies that thoroughly analyze how 14.0 technologies can
enhance specific supply chain capabilities in addressing the
megatrends characterizing the external environment.

Companies could leverage 14.0 to achieve strategic ob-
jectives but may lack a clear understanding of long-term
benefits and changes in approaching its implementation
as well as capability enhancement (Chiarini et al., 2020;
Ralston & Blackhurst, 2020; Zangiacomi et al., 2020).
Moreover, despite the growing interest in the context
of the application of 14.0 technologies in supply chains,
a lack of frameworks and roadmaps that include clear
guidelines and the implementation of digital tools to ad-
dress supply chain challenges is highlighted by scholars,
e.g., Biiyiikdzkan and Gocer (2018).

Based on these gaps, two research questions were de-
veloped and guided the study:

RQI. Given the current megatrends changing the supply
chain landscape, what should be the prevalent supply
chain capabilities to align with these changes?

RQ2. To what extent can I4.0 technologies support
the supply chain capabilities identified to face these
challenges?

This paper aims to investigate the opportunities of-
fered by 14.0 in empowering supply chains to face the

challenges derived from the megatrends that are changing
the supply chain landscape. Grounding on contingency
theory (Donaldson, 2001; Lawrence & Lorsch, 1967), this
study explores the prevalence of supply chain capabilities
in better fitting the external contingencies represented by
these megatrends (Prajogo et al., 2018). The contingency
view was adopted to understand how to tailor the supply
chain capabilities to changing megatrends as contextual
(or contingency) variables. Moreover, among traditional
contingency factors, technology plays a promising role
(Victer, 2020), and the 14.0 technologies to facilitate capa-
bilities were studied accordingly.

To this extent, we believe this work can offer practi-
tioner and scholarly impact. While past research has dug
deep into I4.0 technologies at the factory level, our study
offers insight into specific supply chain capabilities and
sheds light on how technologies can empower them while
facing challenges arising from megatrends. Arguing that
companies should invest in technology based on the trends
that will most affect their business and supply chains, the
study examines key aspects of 14.0 technologies in supply
chain processes and ideally generates prescriptive insights.

This article is structured as follows. The next section is
dedicated to the theoretical background, i.e., it describes the
most important megatrends, followed by a review of stud-
ies on the concepts of supply chain capabilities and on 14.0
technologies and their applications in supply chain manage-
ment. The third section describes the adopted methodology,
i.e., the focus group interviews with experts. The qualitative
results from the analysis of the focus group discussions are
presented and further discussed in the fifth section. We con-
clude the article with a summary of the contributions and
limitations, drawing suggestions for future research.

THEORETICAL BACKGROUND

Megatrends affecting the supply chain
landscape

The global context is characterized by relevant trends that
can be considered external sources of change affecting the
current and future supply chain landscape, raising new
challenges that need to be recognized and faced effectively
(Ramezani & Camarinha-Matos, 2020).

In this work, we focus on a set of megatrends among
the ones reported in the literature, highlighting their fu-
ture projections and possible impact on supply chain pro-
cesses in the following years (Kalaitzi et al., 2021). The
trends considered were retrieved from the analysis of
several works at the scientific and industrial levels consid-
ering geopolitical, social, economic, and environmental
aspects (as shown in Table 1).

85UB01 7 SUOLULLOD A0 3[cedl|dde 8Ly Ag peusenob a1e sajoie YO ‘9sn JO Sa|nl o} Akeidi 78Ul JUQ AB]IAA UO (SUOIPUOD-PUR-SLUBIW0D A8 | 1M Ale.q 1l |uo//Sdiy) SUOHIPUOD pue SIS 1 8L} 89S *[£202/60/6T] U0 AkeiqiauliuO 48] ‘0euely I 101(q!d 1S BUSIS JO AISIBAIUN AQ 09EZT 10 /TTTT OT/I0PALIOY A8 | i Afeuq1Bul|Uo//STY WO. pepeojumoq ‘0 ‘Z65T8STZ



21581592, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jbl.12360 by University Of Siena Sist Bibliot Di Ateneo, Wiley Online Library on [19/09/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

o

\VA.. LTOZ UI SOIND UOI[[Iq 06 }SOJ SISISBSIP JBUWII[O-TOYIBIA  ©

i seare [e)seod [edrdony swos Joedwl pnod spIezey snoduejnuwis xIs 0 dn ‘00Tz A9 o

- suorjerado Sunmioeynuew pue (0207) 198199 pue[oy SI9)SESIp [BINJRU JO UOTJBIISU)UT
M ‘sonsigo] ‘Juowadeuewt ysu ureyo A[ddns  ‘(8107) ‘T 19 BIOI “(6102) SVASH sow) Tersnpur-o1d Surinp uey) IoWIeM S99139p G'T 9q [[IM PlIom ) ‘00T A » d3ueyd W)

134 19d 9%/°T Aq A1TeqO]S 9s11 [[1m uondwnsuod AS1ouyg o

(0202) x1ur A319u9 ay) doj [[1IS PINOJ S[oNy [ISSOJ ‘0SOT U »

SUOISIOap SUIdIN0S 13319g pue[oy ‘(6107) SVYASH uondwnsuod A31oug

Sa119)1eq

18D JL1)I3[9 10§ JTBqOD AIOW SAWN ST puek AJ[IqOW-2 J0J WINTY}I] IOUW ST} 09
axmbar [[Im NF YL "PIOJUS) SSLAIIUT P[NOJ SY)IEI dIBI 10 PUBWIAP oY) 0S0T AT *
NA £q 1eONLID SB PAYNIUAPI S[ELISJBUW MBI OF  »

SUOISIO9p SUIINOS (0207) 19819g pue[oy S[ELI9)BW QI.I PUB [BONLID
ST0z 03 paredwod %z £q 9SBAIOUI [[IM PUBWIIP I3jem [8qO0[S 0S0Z A«
SUOISIOP UIdINOS (0207) suoneN Ky101e08 poog pue 13em Suroey uonendod jo junowre 10316 . $90IN0SAI
‘suonjerado SurLmjoejnuew pue sonsiSoT panun ‘(0z0z) 19319g puejoy uondwnsuod pue AJ1018IS 0IN0SAY [eanyeu jo uonado
SUOISIO9p uroINoS syuswaa1de opex; Jurrels pue ‘suonoues Oruspued 6T-AIAOD U3 03
‘suorjerado Surrnjoejnuew pue SONISISOT (0z07) 19810g pue[0y onp SIOLLIEq ‘SISLLIEQ dPEI) [SILIIUN0D SUOUTE SISLIIR] JTWOU0d9 pue [edrydeiSoad maN
Teak 1d $3101[3U09 SUI0ZUO Of PISIXS P[NOJ SIBM JO JOQUINN  *
SUOISIO9P SUI0INOoS ‘yuowofeurw JSLI (0202) ‘Tersuajod TedTpel 10 PAIOITUOW Ik S[ENPIAIPUI 000°0S UBY) 910U ) U]
‘suonjerado Surmjoejnuew pue sonsISoT 13319g pueoy ‘(6107) SVASH JUSWADIOFUS AJIINDIS I9PIOq ‘SYOBII. ISII0IID) ‘Swis[ieIedas ‘WSI[EUONBU JO [IMOID s)yIYs Teonjodoan
(02027) Te R KqIeau pajeoo] sqeTqed
suopnerado Surmjoeynuew pue sonsigo] UuRWIIOH ‘(1207) 9110 /S9110108] [[BWS AQ 10 SISWINSUOD Aq SUOTN[OS Jo uondonpoid pue uSIsap Ul yimoin
(1207) AosursloN suonoeIdul pazijeuosiad spuewop
suonelado Jurnjoejnuew pue soISIS0] ‘(zzoe) urwadde) 109dx9 s1ownsuod Jo %1/ syuawaimbal uonezijeuossad Surjedwod a10N JOWINSU0d Ul SPYIYS

8270 Aq sSuIp[Ing }1BWIS [RIOISWIWIOD U SIIIAIP O] PIJOSUUOD UOI[[Iq $ UBY) SION o
"0v0T £Qq SO[OIYIA SNOWOUOINE PAIRYS
ySnoIy) seare ueqIn Ul PA[IARI} SIIW JO %08 03 dn YIIm SONIO JIewS Jo SUTUIPIA  *

suonerado urrmjoejnuew pue soNsISoT  (8107) ASSUTON (TZ0T) 110 SONID JIBWS
2] suor3a1 Jurdofeasp
w ur ATurewt ‘sanioesoul ¢ aaey 03 pajdafoad sI pr1om oY) ‘0£0C Aq ‘TOAOSION o
o) *SON)I0 PaIsAZU0d dI0W
m (0Z07) suoneN ur unynsai ‘seare ueqin ur A1 s uonendod 1eqorS oy Jo sparyl-om) ‘050z Ag o
B suonerado Surrmjoejnuew pue soNsISoT panun ‘(6107) SYdSH senoedow pue Seale UBQI  UONBZIUBRGIN SUIMOID
(=)
= (6102) Surrnjoeynuent 10§ so[o1 Surdrowe
Amn juarey/1oqe] ureyd A[ddns  JINM (6102) AAM (1202) DO MU PUE ‘S[[IS OLIIUD-UBWINY pUE [BIISIP Jospurl Jurured] SUOTSJI] € 10] PAON
8 (020) suoneN +00T pade uorruz ¢ pue
& ’ . . "
5 jusrel/ioqe] ureyo Addng paun ‘(0z0z) 19819g pue[oy  (UOI[IW LZL :020T) STedL +59 pade ajdoad uoI[[IqS'T ULy} SI0W 3q [[IM I3} ‘0S0T UI uonemdod Suidy
M
m sureyd Ajddns uo joeduwy S9OURIRJIY suonodafoag spuaxyeSaN
®)
2 -adeospuer ureyds A1ddns Sunosgye (suonosfoid payerar/eouapias Sunioddns pue) spuariedouwr JueAd[a1ISON T HTAV.L



PESSOT ET AL.

ﬂ—WI LEY

One relevant trend for future concerns over demo-
graphic change is related to the aging population. The
number of people over 65years is foreseen to double,
from 727 million in 2020 to 1.5billion in 2050. Moreover,
there will be 3.2million people over 100years old. This
will lead to the need for a lifelong learning mindset and
demand for digital and human-centric skills, also due
to new emerging roles for manufacturing (BCG, 2021;
WEEF, 2019; WMF, 2019). The prominent growth of urban-
ization, with 68% or two-thirds of the global population
living in urban areas by 2050, will represent another sig-
nificant trend. Together with the concurrent emergence
of megacities with a projection of 43 by 2030, especially
in developing countries, this will imply more substantial
amounts of goods and people moving along even more
congested streets. Conversely, many cities are financing
projects on improving people’s quality of life as well as
cities' sustainability, efficiency, and safety with innovation
and new technologies based on smart infrastructures (Li
et al., 2018; McKinsey, 2018). According to projections,
by 2028, there will be more than 4 billion connected IoT
devices in smart commercial buildings and by 2040 up to
80% of passenger miles traveled in urban areas will be in
shared autonomous vehicles (Deloitte, 2021).

Concerning the shifts in consumer demands trend, con-
sumers are becoming more oriented to satisfy personaliza-
tion requirements, with 71% of them expecting companies
to deliver personalized interactions (McKinsey, 2021),
which will have an impact on logistics and manufactur-
ing operations levels. This trend also concerns the estab-
lishment of the “do it yourself” (DIY) paradigm, which is
forcing companies to rethink their supply chain configu-
rations to provide consumers with accessibility to reliable
tools for design and production at home or in small facto-
ries and FabLabs in urban areas (Deloitte, 2021; Herrmann
et al., 2020).

Over the next few years, the growth of nationalism,
separatisms, terrorist attacks, and border security enforce-
ments could affect the geopolitical shift (Roland Berger,
2020). For example, in Europe, more than 50,000 people
are currently being monitored for radical potential, and
war (civil or intrastate) could result in over 40 conflicts
per year (ESPAS, 2019). Moreover, new geographical and
economic barriers such as trade and other barriers among
countries due to the COVID-19 pandemic will emerge to-
gether with sanctions and stalling trade agreements with
impacts at multiple supply chain levels (Roland Berger,
2020).

Two main trends can be reported in regard to environ-
mental concerns. The first, the depletion of natural re-
sources, is characterized by issues such as water and food
scarcity, which will affect a more significant amount of the
population in several countries (United Nations, 2020),

with an increase by 2050 in global water demand by 32%
compared with 2015 (Roland Berger, 2020). Energy con-
sumption will also rise globally by 1.7% per year due to
increasing residential and industrial energy demands
(ESPAS, 2019), together with the need for limited raw ma-
terials, like rare-earth elements, to manufacture electronic
items, thus severely affecting sourcing decisions. In partic-
ular, the demand for rare earths could increase tenfold by
2050, and the EU will require 60 times more lithium for
e-mobility and 15 times more cobalt for electric car batter-
ies. In total, 30 raw materials or raw material groups were
identified as critical (Roland Berger, 2020). The other rele-
vant trend is climate change, with a forecasted heart tem-
perature increase of 1.5 degrees by 2030 compared with
pre-industrial times (Roland Berger, 2020). Projections
on the intensification of natural disasters report that, by
2100, up to six simultaneous hazards will have an impact
on some tropical coastal areas (Mora et al., 2018). In total,
weather-climate disasters cost 290 billion euros in 2017
(ESPAS, 2019). The COVID-19 pandemic, with several
millions of confirmed cases, forced social distancing to
contain the contagion and the shutdown of whole sectors
of the economy, with severe interruptions of global supply
chains. These disruptions caused difficulties in logistics
and production management, forcing supply chains to im-
plement actions to mitigate related effects and deal with
additional impediments and delays in reaching suppliers
and customers.

Supply chains must take into account the dynamics
characterizing these changing conditions in order to suc-
cessfully align their strategies and related capabilities to
the external context and to improve overall supply chain
performance (Goldin, 2014; Simangunsong et al., 2012;
Wagner & Bode, 2008).

Supply chain capabilities and technology
support to fit with the external context

According to contingency theory, organizations con-
figure their structure and strategy to maintain fit with
changing contextual factors to attain high performance
(Donaldson, 2001). Thus, there is no “one best way” to
manage and organize single companies and supply chains,
as different contextual (or contingency) variables require
different approaches (Lawrence & Lorsch, 1967; von
Falkenhausen et al., 2019). Companies and supply chains
must identify reactive and proactive actions to face the ex-
ternal context they operate and understand the degree of
fit in terms of interaction between strategies and contex-
tual variables (Venkatraman, 1989). The fit between the
external infrastructures and strategic orientation can par-
ticularly affect financial and market performance (Chan
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et al., 2000). For example, Lee (2002) analyzed the impact
of external uncertainty in terms of supply (stable versus
evolving processes) and demand (functional versus in-
novative products) and defined a path to align the supply
chain to the changing market, proposing strategies that
utilize risk-hedging, responsiveness, and agility.

Moreover, the literature shows the importance of
adopting technologies (in particular IT, e-commerce,
and digital) to support the strategic fit: IT advancement
and IT alignment can facilitate the development of sup-
ply chain capabilities (Ralston & Blackhurst, 2020; Wu
et al., 2006) and can have an interactive effect between
the customer and supplier integration (Chan et al., 2000;
Devaraj et al., 2007). In particular, “supply chain capabil-
ities refer to the ability of an organization to identify, uti-
lize, and assimilate both internal and external resources/
information to facilitate the entire supply chain activities”
(Wu et al., 2006). Supply chain capabilities probably rep-
resent a higher level in the hierarchy of organizational
capabilities (Grant, 1996). These capabilities embrace the
dimensions of information exchange, coordination, inter-
firm activity integration, and supply chain responsiveness,
thus reflecting the ability to perform all cross-functional
as well as interorganizational activities to face environ-
mental changes (Wu et al., 2006; Zangiacomi et al., 2017).

However, it must also be stated that capabilities are
typically developed due to the strategy and structure fit;
as such, companies and thus the supply chain can achieve
a competitive advantage (Chen, 2019; Stock et al., 1998).
In this sense, supply chain capabilities can be ascribed
to the response variables that the overall supply chain
should pursue to maximize effectiveness in facing con-
textual (or contingency) variables (Sousa & Voss, 2008;
von Falkenhausen et al., 2019). Specifically, supply chain
capabilities to withstand uncertainties and contingent
challenges are mainly studied in terms of resilience (e.g.,
Bhamra et al., 2011; Brusset & Teller, 2017; Zsidisin &
Wagner, 2010), with the need to further widen this con-
cept to take into consideration specific external mega-
trends causing instability.

In addition, technology is changing these capabilities,
and strategic supply chain management is expected to
adapt, integrate, and reconfigure internal and external re-
sources, skills, and functional competencies to cope with
the changing environment pushed by contingency factors
(Felsberger et al., 2020). Nowadays, I4.0 and smart systems
hold interfirm processes whose interaction supports the
supply chain in mitigating actual disruptions and proac-
tively avoiding possible future issues while enabling resil-
ience (Ivanov et al., 2019; Ralston & Blackhurst, 2020). A
particular concern has been focused on how data analytics
capabilities can be applied to predict future and identify
real-time events (Ivanov & Dolgui, 2020).

14.0 enabling technologies in supply chains

I4.0 is conceptualized as the digital transformation of
business environments, thanks to the adoption of infor-
mation and automation technologies that facilitate in-
tegration among machinery, products, and operational
processes within and between supply chain actors (Ivanov
et al., 2019; Oesterreich & Teuteberg, 2016). The un-
derlying principle of 14.0, leading to a paradigm shift in
processes and industries, especially manufacturing, to-
ward the so-called Fourth Industrial Revolution, is the
decentralization and interconnectedness of systems that
autonomously self-adapt and interact within intelligent
networks (Fatorachian & Kazemi, 2020; Xu et al., 2018).
The concept has attracted considerable attention from the
2011 initiative by the German federal government, which
coined the term “Industrie 4.0,” now supported by many
funding programs and research initiatives in European
and worldwide countries under different labels (Chiarini
et al., 2020; Oesterreich & Teuteberg, 2016).

To accomplish such transformation and digitize firm
processes, a growing set of enabling technologies, prin-
ciples, and management systems fall under the unifying
concept of 14.0 (Ardito et al., 2018; Chiarini et al., 2020).
Current 14.0 models are primarily focused on production
processes. Still, they have disruptive, transformative effects
also on the up- and downstream value chains (Asdecker &
Felch, 2018), generating network effects across industries
(Biiyiikozkan & Gocer, 2018). As stressed by Fatorachian
and Kazemi (2020), 14.0 and related technologies can cre-
ate integrated and end-to-end supply chains characterized
by a high level of connectivity, transparency, autonomy,
collaboration, and flexibility from suppliers to final cus-
tomers. This extends to the consumer value creation and
co-creation process by adopting several digital technolo-
gies that support all customer journey phases (Matarazzo
et al., 2020).

Companies could leverage 14.0 to achieve strategic
objectives but may lack a clear understanding of long-
term benefits and disruptive changes in approaching its
implementation as well as capability enhancement or
higher risks exposure (Chiarini et al., 2020; Ralston &
Blackhurst, 2020; Zangiacomi et al., 2020). Different re-
searchers thus underline the central role of customer
needs and value creation as well as supply chain resil-
ience in embedding 14.0 to enable technologies in sup-
ply chain management, with supply chain goals that are
not changed but can be achieved differently (Oh, 2019;
Zangiacomi et al., 2020).

In this sense, big data analytics (BDA) enable extract-
ing relevant knowledge for better forecasting the demand
and replenishment quantity, thus improving service and
delivery levels, lowering procurement costs, reducing
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inventories, variability and stock-outs, and identifying
risks (Ardito et al., 2018; Erevelles et al., 2016; Hofmann &
Riisch, 2017; Kache & Seuring, 2017; Tiwari et al., 2018).
The Internet of Things (IoT) allows real-time acquisition
and collection of raw operational data, tracking, and more
accurate information-sharing across the supply chain
(Abdel-Basset et al., 2018; Ardito et al., 2018; Ben-Daya
et al.,, 2017; Dalmarco & Barros, 2018; Garrido-Hidalgo
et al., 2019).

The application of cloud-based computer systems in the
supply chain permits companies to store raw data in struc-
tured information to be remotely accessed and exchanged
in real-time between supply chain management and other
functions or across supply chain actors (Ardito et al., 2018;
Bienhaus & Haddud, 2018; Hofmann & Riisch, 2017; Mai
et al., 2016; Xing et al., 2016). Beyond these technologies
considered at the basis of 14.0, other enabling solutions
can be included under the label of 14.0 in a broader sense
(Hofmann & Riisch, 2017), as they fit technological, orga-
nizational, and industrial requirements of reaching a bet-
ter quality, efficiency, and increased productivity (da Silva
et al., 2018). For example, Gruzauskas et al. (2018) inte-
grate autonomous vehicles, which are used in transporta-
tion and operations to reduce costs, emissions, lead time,
and damaged products, with cyber-physical systems and
BDA and IoT to gather, process, and utilize information in
supply chains more efficiently. Robots are mainly adopted
in production lines for hazardous or labor-intensive activ-
ities and distribution centers (Dalmarco & Barros, 2018).
Artificial intelligence (AI) includes multiple subtech-
nologies such as machine learning, deep learning, nat-
ural language processing (NLP), and strong Al It plays
a central role in autonomous systems, robots, and data
science (Baryannis et al., 2019; Li et al., 2017; Rodriguez-
Espindola et al., 2020). Regarding distribution ledger
and blockchain, they enable a reduction in information
disruption risk and assure better quality of information,
trust, and transparency for distributed contract collabora-
tion (Ivanov et al., 2019; Min, 2019).

The complete list of technologies that can be included
under the label of “I4.0 enabling technologies,” with re-
lated definitions and applications in supply chains and
their management, is listed in Table 2.

Despite growing interest in the context of the digital
supply chain, a lack of frameworks and roadmaps that
include clear guidelines and the implementation of tools
to address supply chain problems is highlighted by schol-
ars such as Biiyiikdzkan and Goger (2018). Dalmarco and
Barros (2018) reviewed 14.0 technologies for supply chains
and application examples, arguing that each company's
initiative enhances the supply chain's competitive advan-
tage in adopting the technologies and collaboratively and
safely sharing useful information for integration of the

whole supply chain. Recently, Shao et al. (2020) proposed
a four-stage framework for wide supply chain implemen-
tation of 14.0, adopting advanced technologies and orga-
nizational enablers of interaction among supply chain
actors. The trigger stage is represented by the visualiza-
tion level, followed by the level 1 linkage and connected
supply chain. The final stage relates to the smart supply
chain, depicting a self-adaptive system able to take correc-
tive measures.

Other contributions studied the adoption of 14.0 tech-
nologies and their impacts on specific areas or dimensions
of the supply chain (e.g., Asdecker & Felch, 2018; Ben-
Daya et al., 2017; Bienhaus & Haddud, 2018). For what
concerns the specific role of 14.0 technologies in facing
different sources of instability, Das et al. (2019) analyze
methodologies to mitigate and recover the supply chain
disruptions and related ripple effects. In particular, BDA,
advanced trace and tracking systems, and blockchain
technology can support tracing the roots of disruptions
(Dolgui et al., 2018). Moreover, additive manufacturing
(AM) moderates disruption propagation in the supply
chain, thus reducing related layers (Ivanov et al., 2019).

Along the same line, Ivanov et al. (2019) developed
a framework for mutual analysis of 14.0 technologies in
the supply chain and disruption risk effects, which may
cause structural dynamics and the ripple effect. The au-
thors consider five types of disruption risks: external
risk (e.g., fire accidents, natural catastrophes, economic
downturn, legal disputes, and strikes); demand disrup-
tion risk; supply disruption risk (e.g., price fluctuations,
unstable quality); time risk related to delays in supply
chain processes; and information disruption risk. Ralston
and Blackhurst (2020) reported that smart systems could
improve supply chain resilience and performance and act
as enhancers to deal with unexpected events in terms of
performance and resilience.

In the attempt to link the relevant megatrends consid-
ered, the supply chain capabilities required, and the role
of 14.0 technologies in supporting them according to a
contingency view, Figure 1 summarizes the main themes
discussed in this section and the reasoning underpinning
the study.

METHODOLOGY

This study employs focus-group research as a qualitative
approach to gain a deeper understanding, pursue new
and emerging ideas, and share visions to inform future
decision-making (Morgan, 1997) on possible capabili-
ties and technologies for supply chains aiming to address
current megatrends. The technique of focus-group in-
terviews, in which key informants interact and uncover
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TABLE 2 (Continued)

Applications in SC management

Definition and examples of subtechnologies

Technology

It allows the creation of a visual representation of the production

It refers to the entire field of acquiring, analyzing, and synthetizing visual data

Visual computing

systems and the interactions with SC partners for testing solutions,
mitigating problems, and training of managers and operators

(embedding in or extracting information from images) through visual tools. It

PESSOT ET AL.

comprises the subtechnologies of augmented reality (AR), virtual reality (VR), and

computer vision

(Dalmarco & Barros, 2018; Rejeb et al., 2020; Roldan et al., 2019)

Production of lighter and cheaper parts than other production

Set of technologies to print 3D CAD models in different materials (e.g., metal, wax,

Additive

technologies, with implications on the choice of suppliers and

plastics, and ceramics), layer upon layer. It enables the production of mechanical

manufacturing

personalized production (Dalmarco & Barros, 2018; Rodriguez-

Espindola et al., 2020; Thomas, 2015)

parts that could not be fabricated through regular processes. Examples of technologies

include 3D printing and hybrid manufacturing

arguments supporting each other's perspective, has been
recently adopted in supply chain management literature
to generate richer and fresher insights into important is-
sues (e.g., Chekurov et al., 2018; Murfield & Esper, 2016;
Sweeney et al., 2018).

For this study, five semistructured focus group inter-
views have been organized and subdivided into two sets
(described in Session 1 and Session 2). A protocol for
planning and conducting the focus groups was specifi-
cally developed (Murfield & Esper, 2016), including the
participants’ sampling; the size, number, and composition
of groups; the choice of the moderators; and the research
objectives and procedures (i.e., the time constraints and
questions to be asked) (Morgan, 1997).

First, the focus groups in both sessions ranged between
five and seven participants, including representatives of
different industries, with different roles along the supply
chain and people from universities and research centers.
We sought heterogeneity in participants to probe different
perspectives and avoid cycles of responses dominating the
discussion, with observations limited to adoption of kinds
of supply chain or technologies that are more peculiar to
some sectors, or affected by specific competitive dynam-
ics, or exposure to external instabilities.

Second, moderators were selected based on their
knowledge of the study's objectives and their ability to
create an environment that was conducive to a group
discussion, where all members could have the opportu-
nity to express their idea without restrictions (Krueger &
Casey, 2015; Onwuegbuzie et al., 2009). Specifically, each
group was facilitated by one member of the research team
and one independent practitioner (with primary com-
petencies in supply chain management or strategy). The
moderators were prepared to effectively stimulate each
participant’s involvement and active intervention while
avoiding possible negative dynamics, such as dominant
personalities, coalitions, and communication problems
(Krueger & Casey, 2015; Zeng et al., 2019).

Third, the study was designed first to introduce the
general topic, followed by questions to engage the partic-
ipants (Krueger & Casey, 2015) and orient the discussion
to obtain results of different group interviews comparable
with the others (Chekurov et al., 2018). Figure 2 shows
the research design and the protocol of the focus groups,
further described in this section.

Planning and organization of the
focus groups

We conducted the three focus groups of Session 1 at a
professional conference focused on supply chain man-
agement and 14.0, held in Portugal in June 2018. These
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Aging population
Megatrends
Geopolitical shifts

Growing urbanisation

Depletion of natural resources

Shifts in consumer demands

Climate change

@ Fitwith current megatrends (RQ1)

SC capability ,
SC capabilities

SC capability ,

SC capability 3 SC capability ,

SC capability

@ Technologies to support the identified SC capabilities (RQ2)

14.0 enabling technologies for
SC management

Additive Manufacturing

Visual Computing

Identification and
Location Technologies

Communication Infrastructure

Autonomous Transport Systems

Big Data Analytics

FIGURE 1 Framework proposing the links between megatrends, supply chain capabilities, and I4.0 enabling technologies.

three focus groups were mainly aimed at gaining a deeper
understanding of the possible supply chain capabilities
needed to face current megatrends and collecting initial
insights into the processes and enabling technologies to
shape them. Key informants on the research team mail-
ing list and the conference co-organizers were invited,
aiming to involve experts in the field of supply chains and
I4.0-enabling technologies, mixed by professional back-
grounds (Krueger & Casey, 2015). The first set of focus
groups in Portugal included 20 people from 17 organiza-
tions. Table 3 provides the participant characteristics.

At the beginning of Session 1, the research group in-
troduced the main features of current megatrends and
their impacts on the supply chain (based on Table 1), with
some examples from the literature on well-known organi-
zations facing the described challenges. Among them was
the increasing rate of catastrophic natural disasters, such
as the Japanese earthquake and tsunami in 2011, which
led motor vehicle manufacturers such as Toyota, Nissan,
and Honda to create alternative manufacturing capabili-
ties and locate multiple sources for parts. The questions
formulated in Session 1 were: How should supply chain
capabilities be defined to face these megatrends? What are
possible requirements and needs in terms of processes and
supply chains?

We conducted the other two focus groups in a profes-
sional conference on digital transformation of European
society and industry in Austria in December 2018. This
second session of focus groups was developed from the in-
sights and themes discussed in the first session (Murfield

& Esper, 2016), further informed by the literature on
supply chain management, to probe into both research
questions. Specifically, it aimed to confirm or expand data
already gathered on supply chain capabilities and collect
and share ideas on the enabling 14.0 technologies. The two
focus groups in Austria had 11 participants from 10 orga-
nizations, with characteristics as shown in Table 4.

In the introduction for Session 2, the research team pre-
sented the supply chain capabilities identified in the first
session, and examples from the literature on well-known
uses of 14.0 technologies in some supply chain dimensions
(e.g., production) were highlighted. For instance, Adidas
was cited among the pioneers of 3D printing in the foot-
wear industry, with innovative and fully customized prod-
ucts and shoes directly manufactured from CAD models
to respond to growth of the DIY trend. Next, questions
were formulated as follows: Which of these 14.0 technolo-
gies should be implemented to enhance the identified sup-
ply chain capabilities? What are their possible applications?

Both sessions lasted 45min and were composed of a
brief introduction (5min), parallel working focus group
discussions (30min), and wrap-up and conclusions
(10min). After introducing the questions, the participants
were divided into groups, each joined by the two moder-
ators. Specifically, one practitioner played the role of the
facilitator, while one member of the research team was in
charge of taking notes. Each group was equipped with an
empty poster to write down the viewpoints and answers to
the sessions’ questions expressed by each participant and
emerged during the internal discussion. In Session 1, the
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FIGURE 2 Focus group design.

participants also had the list of megatrends shaping the
current supply chain landscape (as in Table 1) at their dis-
posal. In the second session, the list of 14.0 technologies
was also included as supporting material for both groups
(as in Table 2). At the end of the discussions, a representa-
tive of each group was asked to synthetize the insights and
present them to the other groups of the session, in an in-
teractive environment. The final interactive gathering al-
lowed further insights into the topics under investigation.

Data analysis

After the conclusion of both sessions, the two moderators
of each group (one researcher and one independent prac-
titioner) summed up the results of the interviews, includ-
ing data collected from the participants’ written notes and

the researcher's field notes. Memos of interpretations of
group interactions (Murfield & Esper, 2016) were also writ-
ten down, highlighting the first emerging concepts around
possible supply chain capabilities and enabling technologies
that reached high levels of consensus, contextualized within
the response patterns (Onwuegbuzie et al., 2009). This pro-
duced a total of five extensive reports, one per focus group, to
be combined for coding and analysis by the research team.
Indeed, analysis of multiple focus groups is useful to assess
the meaningfulness of the themes that emerged in different
groups and test them (Onwuegbuzie et al., 2009).

The data analysis phase took place after both data-
collection sessions and consisted of two coding cycles.
Following the Gioia methodology (Gioia et al., 2012),
each researcher independently formulated codes for data
collected in related focus groups, following an interpre-
tive approach. In the first step, first-order concepts were
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TABLE 3 Demographics of the three focus group participants in Session 1.

Company industry/area of

Group Organization type Role in organization Years of experience expertise
1 Company Supply chain manager 20-25 Automotive
University Senior researcher 10-15 Innovation and technology
management
Company Purchasing manager 5-10 Production of industrial
machineries and equipment
Service and technology Consultant 5-10 Business information systems
provider
Company Head of customs >25 Transport and logistics
University Researcher 5-10 Supply chain risk management
University Associate professor 15-20 Sustainability
2 University Full professor 20-25 Supply chain strategy
Consultancy Project manager 5-10 Projects in pharmaceutical
industry
Company Commercial director >25 Fashion
Company Customer relationship 10-15 Production of industrial
responsible manager machineries and equipment
Service and technology Senior consultant 10-15 Systems for energy and water
provider efficiency
Service and technology Consultant 5-10 Business information systems
provider
University Senior researcher 5-10 Crisis management
3 Company Logistics manager >25 Food and beverage wholesale
University Associate professor 15-20 Supply chain strategy
Company Commercial director >25 Consumer goods
Company Customer relationship 10-15 Transport and logistics
manager
Consultancy Project manager 10-15 Projects in retail and consumer
goods
Service and technology Senior consultant 10-15 Identification and traceability
provider systems
Service and technology Developer 5-10 Advanced analytics

provider

identified among experts’ quotations and written notes (1)
per each megatrend (see Appendix 1) and (2) per each sup-
ply chain capability (see Appendix 2). The second step of
the analysis was focused on transforming the initial con-
cepts and quotations into second-order themes. After the
first focus group session, the research team aimed to offer
a more gestalt narrative of supply chain requirements to
face each megatrend and related challenges. Thus, the
last analysis step involved the abstraction into aggregate
dimensions that described the supply chain capabili-
ties to face the prevalent megatrends (final column in
Tables A1-A6). This step resulted in the identification of
five principal supply chain capabilities.

After the second focus group session, the second-
order themes were developed to reflect the emerging

applications of the I4.0 technologies per each supply
chain capability (second column in Tables A7-A11). To
compare and confirm emerging themes, multiple sources
for testing and validation included (1) contributions in
previous literature on supply chain capabilities and ana-
lyzing supply chains dealing with external turbulent con-
ditions, (2) a round of discussion between the researchers
after coding until reaching an agreement, and (3) remote
validation and cross-checking of the resulting codes by
expert participants, reached by email. In the final step of
the analysis, the emerging aggregate dimensions, confirm-
ing or slightly reviewing the “whats” and “hows” of the
possible applications of 14.0 technologies for enabling the
five capabilities, described the extent of each technology
application.
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TABLE 4 Demographics of the two focus group participants in Session 2.

PESSOT ET AL.

Company industry/area of

Group Organization type Role in organization Years of experience expertise
1 Technology provider General manager 20-25 Supply chain optimization and
modeling solutions
University Researcher 10-15 Cloud platforms
Technology provider Private and public partnership >25 Internet of things, security
manager technologies
Company Logistics manager >25 Automotive
Company association General manager 5-10 Sustainable urban
development
University Associate professor 10-15 Al-based solutions for
manufacturing
2 Competence center Head 5-10 Digital supply chain
Company Operations manager 15-20 Power electronics
Company General manager 10-15 Consumer goods
University Senior researcher 5-10 Collaborative robotics
Service provider Project manager 15-20 3D printing

Research quality criteria

Quality criteria considered in the study were construct
validity, internal and external validity, and reliability.
Construct validity was controlled by mixing multiple ex-
perts with different backgrounds and roles (i.e., scholars
and practitioners) in each focus group. Moreover, the re-
searchers participating as moderators established chains
of evidence while collecting the data during the five focus
group discussions, also including feedback from key expert
participants. The study could be limited in its external va-
lidity beyond the setting of part of megatrends character-
izing the current environment. Still, it involved a relevant
sample of people with expertise in supply chain manage-
ment, related issues in changing and turbulent conditions,
and I4.0 technologies. For internal validity, the researchers
looked for consistency, compared and matched the find-
ings of each focus group with the emerging findings of
the overall session, and used multiple recording sources.
Reliability was controlled by having skilled moderators
(one researcher and one practitioner) and a research proto-
col guiding the study. Consensus sessions were conducted
among researchers after completing the coding cycles, and
results were shared with and cross-checked by participants
to solve eventual issues or disagreements.

RESULTS

This section presents the insights gained during the two
focus group sessions and after their analysis to answer
the two research questions. Five possible supply chain

capabilities (below described) emerged as most relevant to
face current megatrends. For aging population, the human-
centered supply chain capability was identified as the prev-
alent one. The growing urbanization resulted in the need
to develop either an urban-centered or a customer-driven
supply chain capability. Conversely, a fast reactive sup-
ply chain emerged as a key capability to align with chal-
lenges due to geopolitical shifts. The megatrends entailing
the depletion of natural resources and the climate change
resulted in the identification of a resource-efficient supply
chain. Finally, other requirements to properly face climate
change were referred to as a fast reactive supply chain.

Prevalent supply chain capabilities to align
with megatrends and related challenges

This section describes the five supply chain capabilities
identified by experts (Appendix 1) as the prevalent and
most fitting ones with the features of the megatrends pre-
sented, thus answering RQ1.

Human-centered supply chain

Aging population, especially in developed countries, is
already having a severe impact on the search for highly
skilled workers. Experts agreed on the need to develop
lifelong learning paths, especially for senior workers and
through new training methods to enhance workers' digital
skills and ensure the adoption of new technologies across
the whole supply chain processes. A human-centered
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supply chain capability, enhancing and valorizing the role
of human resources employed, would also support logis-
tics operators in managing their tasks healthily and safely
by adopting more ergonomic approaches and solutions.
This also implies the need to adequately address workers'
satisfaction and “actively promote their safety avoiding
heavy and repetitive tasks.” It also revealed the impor-
tance of increased social responsibility across the supply
chain, adopting responsible business practices to contrib-
ute tangibly to the well-being of workers and society.

Urban-centered supply chain

With urban areas increasingly expanding and becoming
more congested, supply chains should be properly config-
ured to address the needs of final customers and citizens
in urban-scale networks. Conversely, developing a supply
chain capability focused on urban trends requires paying
more attention to air pollution in highly populated cities—
all in an effort to improve transportation in urban areas.
Some participants suggested that companies move from
larger facilities to smaller spaces inside cities to decrease
production distance from the final market. At the same time,
it would be necessary to implement last-mile transportation
and just-in-time distribution of materials and components
efficiently by realizing a network that integrates connected
distribution centers and adapted logistics for smart cities.
In addition, the growth in the design and production of
solutions within small factories and FabLabs leads to the
integration of different flows (assets, people, vehicles, etc.)
in the complex city logistics systems. Thus, the connection
of the small factories with other facilities in smart cities
could represent a key enabler of small-scale production
of high-value, design-oriented, complex, and specialized
goods. To this aim, supply chain actors should promote
modularity in the supply and production network. With
the increase in expectations of personalized interactions,
as highlighted by the manager of a logistics company, “It
is necessary to establish smart factories and connections
with the local networks in short time, in the countries or
regions where the products and services are requested and
make the newly installed production capacity sustainable
in a short horizon.” Supply chains are thus required to im-
prove the connection to urban (local) points. This could be
possible if global or local sourcing is supported by a local
distribution, properly integrating facilities and systems.

Customer-driven supply chain

Trends as the shifts in consumer demand require a re-
think of customer relationships and an increased ability

to understand, detect, and answer customer needs. As
highlighted by experts, customers are indeed “increas-
ingly challenging companies to meet their expectations
and offer even higher service levels.” Moreover, uncer-
tainty and volatility in customer demand imply difficulty
forecasting and planning the overall supply chain. Actors
thus need to adopt intelligent tools and solutions with
much higher levels of intelligence in gathering market in-
formation. Customers wish to express their own singular-
ity through even more personalized solutions and a novel
dedicated shopping experience and delivery. According
to experts, it is thus necessary “to enhance the capacities
for matching the customers' needs in terms of customi-
zation of the product and related services.” To improve
the relationship with the customer, it is also necessary to
decrease the distance with the final market to provide re-
tailers and consumers with an enhanced last-mile delivery
experience. Practitioners also underlined the importance
of a flexible management of the network and production
thanks to “real-time integration through seamless data
exchange along the whole supply chain, together with
advanced production technologies.” Moreover, due to the
rise of personalization and the DIY paradigm, experts re-
ported the consequent emerging need to support custom-
ers in designing, making, or assembling products.

Fast reactive supply chain

The trend entailing fragmented regulatory frameworks and
protectionism may affect trade restrictions and segment
markets on a national basis. These changes create potential
turbulence for supply chains with consequences on sourc-
ing decisions, logistics and manufacturing operations, and
risk management. As mentioned by experts, these trends
can lead to difficulties in configuring global networks, with
the need to increase the capability to quickly redefine the
feasible options for sourcing raw material and components.
Multiple source options also need to be considered to re-
duce the risk of trade barriers in some countries. Important
supply chain practices are related to fitting strategies for
mitigation, prevention, and recovery from emergency, and
resilience strategies to prevent negative impacts, establish-
ing reliable distribution systems where transparency and
traceability can help recognize disruptive events.

Experts reported that trade restrictions can lead to se-
vere problems in the upstream supply chain for sourcing
materials and in the downstream network for entering
existing and new markets. For this reason, it is necessary
to work on methods for the reconfigurability of supply
chains. Moreover, it revealed the need to reinforce and
create local networks to overcome differences in regula-
tory frameworks that can cause global sourcing problems.
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As underlined in the discussion, it is crucial to estab-
lish strategic points in the supply chain to be prepared and
easily react to instability caused by disruptive events such
as natural disasters and social crises.

Resource-efficient supply chain

Several participants from the focus groups agreed that the
depletion of natural resources would change the approaches
toward efficient use of resources at the company and supply
chain level. An expert mentioned that sustainable solutions
“should not increase prices or decrease flexibility, rather
enhancing the cooperation along the network to optimize
resources use,” thus fostering the use of “secondary raw
materials also in the development of new products.” The
discussion also highlighted that implementing allocation
approaches can help efficiently employ resources. The sup-
ply chains may consider investments in monitoring scarce
resources to foster minimal consumption and encourage
recovery initiatives to achieve higher sustainability targets.
A devoted area of concern is the waste produced along the
supply chain, with new waste management practices and
recycling strategies to be implemented in the whole net-
work to make processes more efficient.

A supply chain capability aimed at better exploiting
resources with less pollution emerged in the fundamen-
tal coping with climate change issues. An expert reported
that, in the supply chain of the fashion sector, “We are
studying new ways to adopt substitute and sustainable
materials to avoid pollution both during production,
usage and dismissal.” In this sense, there was substantial
agreement on the need to carry out supply-level strategies
to reduce operations’ ecological footprint, e.g., by modern-
izing freight transportation or investing in on-polluting
energy sources.

14.0 enabling technologies to support
supply chain capabilities

This section describes the technologies supporting the five
supply chain capabilities and their applications resulting
from the analysis (Appendix 2) to answer RQ2.

Technologies for human-centered supply chain

The discussion in the second focus group revealed that a
human-centered supply chain capability should encour-
age the adoption of technologies supporting the develop-
ment of new skills and lifelong learning. New training
methods implementing augmented reality and immersive

virtual environments could “increase in all kinds of work-
ers the capability of using new technologies to work more
efficiently.” Indeed, visual computing can be essentially
adopted to improve professional skills and help operators
on complex tasks in the assembly and logistics phases.
Moreover, as suggested by a technology provider, virtual
environments integrating BDA enable one to custom-
ize training content by adding real-world information. A
knowledge-management platform has further potential for
on-the-job training purposes and delivering e-learning con-
tent to workers involved in different supply chain processes.

Technologies for a human-centered working place in
logistics and manufacturing typically include IoT and
smart wearable devices. Experts discussed their imple-
mentation to monitor working parameters to improve the
safety and ergonomics of the operators as well as their
productivity in shop-floors and warehouses. Particular
attention should further be given to privacy issues when
implementing these technologies. In addition, collabo-
rative robots (i.e., cobots) have already been adopted in
some factories, warehouses, and distribution centers to
relieve human workers from dangerous and heavy tasks.
Still, according to an expert from the robotic sector, they
“need to be further improved in terms of new control mo-
tion systems and sensors enhancing visual and gestural
movements for more accurate interaction with workers.”
Advancements are also elicited in discussions concerning
the use of exoskeletons to help workers, thus enhancing
safety and productivity in production and logistics.

Technologies for urban-centered supply chain

The urban-centered capability emerged to be supported
by two main usages of digital technologies. Urban manu-
facturing was the first application area analyzed from the
focus group results, with smaller plants located in urban
areas and closer to final consumers. A service and technol-
ogy provider representative highlighted that 3D-printing
boosts production of personalized products and compo-
nents close to the customer and enables them to quickly
adapt to its specifications, until ideally “reaching the so-
called lot one production that enhances the mass customi-
zation at low cost.” Moreover, small- and medium-scale
plants provided with AM solutions can act as service cent-
ers to directly support the final customer in the production
or assembly stage of the specific and personalized product.
In addition, the implementation of cloud-based computer
systems connecting supply chain actors could facilitate
flexible management and centralized sourcing for multi-
ple DIY manufacturers both for B2B and B2C contexts.
Experts also highlighted the need for new solutions for
sustainable sourcing and distribution in urban areas. They
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should address mobility in cities and contribute to solving
problems of traffic and air pollution. New models such
as light electric vehicles, for example, could be widely
used for supply chain logistics; however, they have to be
equipped with location technologies such as GPS tracking
systems and full integration of well-developed commu-
nication infrastructure. There is “the need to regulate 5G
to solve interoperability problems and ensure basic data
access, connecting fast (and in a reliable way) the whole
supply chain.” The connection to urban points by properly
linking operations and logistics (especially transportation)
at the local level and with global supply can be enhanced
thanks to a proper integration of communication technol-
ogies and the data available from location technologies.
Their application, associated with IoT, can indeed make
the transport of goods and the communication along the
overall chain more efficient, “with real time data and dy-
namic availability (and versatility) of data.” With the mul-
tiplication and intensification of the different flows into
more populated urban spaces, practitioners highlighted
the importance of optimizing last-mile delivery, which
can be performed with autonomous transport systems
such as vehicles and drones and by sharing transportation
models for more sustainable personalized shipments.

Technologies for customer-driven supply chain

The increased application of digital technologies, es-
pecially in the downstream network, would improve
customer-driven supply chain capabilities. Experts high-
lighted that research should address new ways to connect
with consumers by adopting technologies to detect and
analyze customer and market needs and transform them
into even more personalized products. BDA was revealed
to be useful to support the analysis of demand variabil-
ity and investigation of shopping behaviors, “extracting
meaningful, relevant information from the amount of
available data.” Al and smart wearable devices integrated
with BDA were also argued to be essential for gathering
and handling massive data from social media and con-
sumer habits. They would allow one to create customer
profiles and detect new market trends, possibly predicting
the high-demand variability while increasing customer
engagement and satisfaction. Thus, an increasing ability
to learn customer preferences, habits, and values would
facilitate the supply chain tailoring.

Moreover, practitioners highlighted how cloud-based
computer systems associated with social sensors could
be essential in developing new customer data platforms
relying on first-hand data, thus creating a persistent cus-
tomer base for customized products. According to experts,
these systems could enable the creation of “co-creative

prosumer B2C and C2C platforms connecting consumers,
professionals, and engineers in a seamless and friction-
less customer journey.” Finally, the integration of additive
and hybrid manufacturing is already bringing new supply
chain opportunities for the realization of customized prod-
ucts and components, thus lowering manufacturing costs
and improving product performance. The importance of
technologies for secure and trusted customer relationships
was also highlighted. Distributed ledger and blockchain re-
vealed their support in handling multiple decision levels
and improving the relationship between final customers
and companies by ensuring that transferred data are origi-
nal, and to conceive smart contracts for regulating different
processes — from design to production to logistics.

Technologies for fast reactive supply chain

Aiming to be ready to change configurations quickly and
to enact resilience, experts underlined the need to opti-
mize (information and products) flows along with the
network for fast reconfiguration when facing unexpected
events. Appropriate data management systems and BDA
were argued to support this process in terms of data col-
lection from multiple sources along the supply chains
(i.e., machines, humans, factories, trucks) as a basis for
forecasting changes in demand and the supply side and to
react to fast changes. Moreover, supply chains need to be
able to handle data upon which to design predictive mod-
els based on Al to support risk management and to define
contingency plans in the presence of catastrophic events
and geopolitical shifts.

IoT (associated with BDA), communication infra-
structure, and location technologies were revealed to
be helpful in detecting real-time disruptions (and fa-
cilitating sharing of information) along with the net-
work. They have key potentialities in supporting the
optimization of logistics and manufacturing operations
flow based on tracing and tracking of items. The exten-
sion of the concepts of multi-actor digital platforms to
support the interaction of supply chains with different
stakeholders (i.e., companies, NGOs, government, and
citizens) can help handle flows along the network based
on real-time data. They can contemporarily support a
multiple source strategy and the reconfiguration of net-
works upon disruptions by sharing information across
processes and multiple kinds of actors.

Technologies for resource-efficient supply chain

Different technologies can support efficient exploitation
of resources in supply chains. The optimization of supply
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chain operations, especially production, was the main
application area emerging from the participants’ discus-
sion. Specifically, with AM, it is possible to realize lot-one
products only when they are needed, avoiding stocks, as
reported by an expert from automotive sector: “In our
supply chain, we are testing AM to produce ad hoc single
spare parts of equipment without the use of the related
moulds usually necessary in conventional manufacturing
processes, avoiding transportation of components from
suppliers to manufacturers.” In addition, the relevance
of cloud-based computer systems emerged to support the
management of shared resources and operations along the
supply chain. They should be exploited to enable real-time
information sharing on procurements and consumption
of raw materials and components among different plants
and actors, with also-shared scheduling of production,
distribution, and services.

Another group discussion result highlighted that in-
creased resource efficiency is strictly related to monitor-
ing and controlling energy usage and waste along with the
supply chain processes. To this aim, the synergic appli-
cation of BDA and Al is currently under development in
different sectors (for example, steel) under the industrial
symbiosis approach. In addition, IoT allows for systematic
data collection from various actors on procurement and

consumption of energy and materials and signals possible
excess inventory or wastes.

Supply chain capabilities fitting with
megatrends and I4.0-enabling technologies

Table 5 summarizes the results from the analysis, i.e., the
aggregate dimensions identified in Tables A1-A6, in terms
of supply chain capabilities mostly fitting the current meg-
atrends and related challenges, and in Tables A7-A1l1, in
terms of technologies and their applications enabling the
specific supply chain capabilities.

DISCUSSION

Findings from the focus groups show that nowadays man-
agers should rethink supply chains to empower different
capabilities fitting the multiple trends, thanks to ad hoc
pools of 14.0 technologies. The framework that can be
derived from this work (Figure 3) summarizes the link
between the different dimensions we have been studying
throughout this work: aging population; growing urbani-
zation; shifts in consumer demands; geopolitical shifts;

TABLE 5 Supply chain capabilities and I4.0 technologies supporting them in facing current megatrends.

Supply chain
Megatrends capabilities Extent of 14.0 technologies application 14.0 enabling technologies
Aging population Human-centered Technologies to support development of new BDA, cloud-based computer systems,
supply chain skills and lifelong learning visual computing
Technologies for a human-centered working Robots, 10T, mobile, and wearable
place in logistics and manufacturing devices

Growing Urban-centered Technologies for urban manufacturing Cloud-based computer systems, AM
urbanization, supply chain Technologies for sustainable sourcing and Autonomous transport systems,
shifts in distribution in urban areas communication infrastructure,
consumer identification, and location
demands

Shifts in consumer
demands

Geopolitical shifts,
climate change

Depletion of natural
resources,
climate change

Customer-driven
supply chain

Fast reactive supply
chain

Resource-efficient
supply chain

Technologies to detect and analyze customer
and market needs and transform them into
(personalized) products

Technologies for secure and trusted customer
relationships

Technologies for prompt reconfiguration of
supply chain

Technologies for sharing information across
processes and across actors

Technologies for risk management

Technologies for optimization of supply chain
operations

Technologies for monitoring and control of
energy usage and waste

technologies

Al cloud-based computer systems,
IoT, BDA, mobile and wearable
devices, AM

Distributed ledger/blockchain
Al 10T, BDA, Identification, and
Location Technologies

Al IoT, BDA

Al, communication infrastructure

Cloud-based computer systems, AM

Al IoT, BDA
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FIGURE 3 Resulting framework linking megatrends, supply chain capabilities, and I4.0 enabling technologies.

depletion of natural resources and climate change; preva-
lent and most fitting supply chain capabilities to changing
trends; and the 14.0 technologies enabling the identified
supply chain capabilities, considering the promising role
of technology among traditional contingency factors
(Victer, 2020).

The contingency perspective was adopted in the defini-
tion of capabilities (Victer, 2020) since it is demonstrated
to be particularly useful for identifying requirements
pertinent to the proper configuration of supply chains
(Burton & Obel, 2004). It rejects one best way to organize
a system, suggesting to determine different alternatives
according to the context trends and related challenges
(Donaldson, 2001). Contingencies are defined as outside
events that affect organizations and supply chains over
which they do not have direct control (Sousa & Voss, 2008).

Focus groups' results highlighted how possible contin-
gencies, in terms of megatrends and related challenges
affecting the current and future supply chain landscape,
require companies to develop and align their capabilities
at the supply chain level to these external changes and
how technology investment decisions can help to face
them properly.

Specifically, five prevalent supply chain capabilities
have been identified to answer RQ1 as a way to match
the challenges of the different trends. In particular, the
human-centered supply chain capability helps to face
challenges derived from aging populations and the need
of training and lifelong learning. The urban-centered
supply chain capability support to face the growing ur-
banization and need of avoiding congestion of people
and information flows along the same urban paths. The
customer-driven supply chain capability help to face shifts

in consumer demands and increase of individualism. The
fast reactive supply chain enables one to face changes in
geopolitical trends and intensification of natural disaster.
Finally, the resource-efficient supply chain capability is
linked to the depletion of resources (like water and raw
materials) and climate change-related disasters.
Answering to RQ2, 14.0 technologies to empower sup-
ply chains in facing megatrends were identified, and their
specific applications for each of the supply chain capabil-
ities were depicted. The potential offered by 14.0 technol-
ogies in supporting the five supply chain capabilities can
be explored by companies, and specific applications have
been identified. In particular, it emerged that some tech-
nologies are applicable to support many different supply
chain capabilities in a multitask perspective and can be
instantiated specifically for facing related challenges. For
example, Al importance has increased in the last years,
and several different applications are proposed by ex-
perts and in the literature. With specific models of Al-like
machine-learning models and expert systems, it is possi-
ble to facilitate the resource-efficient supply chain capa-
bility by supporting real-time analysis of data on energy
consumption and CO, emission throughout the whole
supply chain and support the optimization of manufac-
turing processes for energy saving and emission reduction
(Zuo et al., 2018). In applying Al for a fast reactive supply
chain capability, the focus is on risk management, with
rapid and adaptive decision-making tools, based on po-
tentially large and multidimensional data sources, for the
identification, assessment, and monitoring of unexpected
events or conditions that have an impact, mostly adverse,
on any part of the supply chain (Baryannis et al., 2019),
which helps in the reconfiguration of the entire network,
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especially in the case of natural disasters or political in-
stability in supplier countries. A customer-driven supply
chain capability can benefit from AI systems when it is
conceived for demand forecasting and customer require-
ments formalization to face changing customer demand
and increased individualism and the need for product
personalization.

For what concerns BDA, the experts highlighted poten-
tial benefits for the resource-efficient capability, also con-
firmed in Katchasuwanmanee et al. (2016), proposing to
gather big data from internal and external processes of the
supply chain in a smart system able to improve production
efficiency and reduce CO, emissions. BDA applications
are also necessary for a customer-driven supply chain
capability to support the detection of customers' needs
and changes in market demand (Kache & Seuring, 2017),
aiming to offer personalized products/services (Erevelles
et al., 2016; Tiwari et al., 2018). Detection of external fac-
tors affecting supply chains and minimizing the negative
impact of different network risks is necessary for the fast
reactive capability (Gunasekaran et al., 2015) by imple-
menting proactive supply chain management strategies
when there are incoming economic trade barriers. Thus,
BDA can enhance resource-dependence models to syn-
chronize the delivery of services for humanitarian reasons
by aligning recipient community needs with resources
from various stakeholders along with the network (Prasad
et al., 2018). Moreover, BDA can be the basis for improv-
ing visibility in a humanitarian supply chain and coor-
dination among actors in the case of swift trust (Dubey
et al., 2018; Sharma & Joshi, 2019). Finally, in the case of
human-centered supply chain capability, BDA can support
process mining to elaborate the data coming from virtual
reality to obtain improved assembly models for enhancing
the training of the workers (Roldén et al., 2019).

Also, the literature and experts have recognized IoT
as the main I4.0-enabling technology to play a key role
in supporting the majority of the identified supply chain
capabilities. In particular, sensors embedded along re-
verse logistics processes can help cloud-based waste mon-
itoring for efficient resource capability (Garrido-Hidalgo
et al., 2019), thus enabling real-time and dynamic collec-
tion of data for green inventory management (Chen, 2015)
to avoid depletion of resources.

Moreover, IoT can be used for enhancing customer-
driven supply chain capability to support the collection
of information on changing customer habits and prefer-
ences, with social sensors composed of integrated hard-
ware (smart devices) and software (apps) configured
with unique resource identifiers on Internet (Ding &
Jiang, 2016). In the case of the human-centered supply
chain capability, the discussion with experts underlined
the importance of leveraging the integration of IoT with

wearable technologies as a synergic application with aug-
mented reality and cloud storage. This supports collab-
oration and interconnections among smart objects and
operators' activities with a specific human interface that
increases safety (Abdel-Basset et al., 2018), in particular,
to face lifelong learning needs and support training on lo-
gistics operations.

During the discussion, cloud-based computer sys-
tems were revealed to play an essential role in the de-
velopment of multiple supply chain capabilities, thus
enabling information sharing among partners for utili-
zation of manufacturing resources (Xu et al., 2018) and
real-time life-cycle information (Simeone et al., 2018;
Xing et al., 2016) in resource-efficient capability and
for exchanging e-learning material in human-centered
capability. Cloud-based platforms could also be success-
fully adopted to enhance urban manufacturing supply
chain and customer-driven supply chain capabilities.
The joint management of highly personalized solutions
indeed requires easy sharing and rapid organization of
multiple types of market and operational information,
thus exploiting the distributed technological structures
(in local areas) that support interoperability and remote
access (Ardito et al., 2018). A cloud-based computing
system has not emerged for fast reactive supply chain
capability since it is necessary to implement commu-
nication infrastructure and several different actors that
need to be connected first at the local level with sensors
and IoT.

Some technologies appeared to support only specific
supply chain capabilities and related processes, as it is
clear that they are currently used and exploited mainly at
the company level. Conversely, their adoption to support
processes along supply chains seems not yet perceived by
experts as a priority despite their potential and interest
expressed in the focus groups. In particular, experts en-
visaged a key role to be further developed and studied for
autonomous vehicles that enhance the urban-centered
supply chain capability. Using drones for a point-to-point
personalized delivery, thanks to appropriate simulation
tools that replicate the kinematics of urban logistics, can
enable the integration of last-mile logistics operations
within smart cities (Bechtsis et al., 2018). Robots, specifi-
cally cobots, were cited by experts as the main facilitators
only for a human-centered supply chain capability. The
human interaction issue is particularly relevant to answer
to the challenges of aging workforce in operations and lo-
gistics tasks. Human-robot cooperation would help avoid
human musculoskeletal disorders and other physiological
stress (Bogataj et al., 2019).

Distributed ledger technologies can enable the
customer-driven supply chain capability by increasing vis-
ibility and security of transactions and information flows
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across the supply chain, together with efficiency based on
record-keeping. Visual computing technologies enable
augmented and virtual reality environments. They have
been considered valuable mainly for human-centered
supply chain capabilities to support training for industrial
operators, especially in assembly tasks, which take advan-
tage of an immersive interface to learn and perform new
tasks (Roldan et al., 2019).

Other technologies like wearable devices have viabil-
ity for the supply chain to enhance customer-driven and
human-centered capabilities, thus helping to posture
detection and body motion, track customers' and work-
ers’ activities, and collect data in the background to pro-
mote ergonomics and safety in the work environment.
Communication infrastructures may be the potential
backbone for urban-centered and fast-reactive supply
chain capabilities. At the same time, additive manufac-
turing supports customer-driven capability, offering the
possibility to personalize products also in the urban con-
text. This analysis helps show the instantiation of each
technology in the supply chain capabilities according to
specific needs. The overall framework is useful to make
companies understand where and how it is necessary to
intervene to improve supply chain capabilities in terms of
processes to face external contingencies.

CONCLUSIONS

This paper aims to gain a deeper understanding of which
supply chain capabilities shall be implemented and how
14.0 technologies can be adopted along the whole sup-
ply chain to enable companies to cope with the turbulent
and changing nature of megatrends as from the literature.
Given these external factors of change, we analyzed theo-
ries on implementing organizational and supply chain
capabilities that emerged to match and fit with require-
ments from megatrends. Existing frameworks on the role
of technologies have been investigated. Different applica-
tions emerging from experts and also present in the lit-
erature were discussed to explore a pool of choices, their
possible effects, and issues on specific 14.0 technologies
still requiring research contributions.

According to the contingency view, this allowed pro-
posing our own framework upon which we built a com-
prehensive investigation of supply chain capabilities
needed to face such megatrends. Consequently, the supply
chain requirements and the applications of the 14.0 para-
digm emerging in focus groups guided the identification
of five specific supply chain capabilities and the 14.0 tech-
nologies to enable them to face megatrends. We integrate
the different components (megatrends, capabilities, and
technologies) to contribute to the academic and industrial

debate on the evolution of supply chain management
(Melnyk et al., 2017).

The systemic approach of this work facilitates the theo-
retical contribution and allows us to outline a path to 14.0
that relies on the potential of the complete pool of technol-
ogies at the supply chain level. Their full integration indeed
assures the most significant effect of these technologies
among factories and with supply chain actors fully aligned.
Following the call to focus on specific contextual (or con-
tingency) variables for developing supply chain responses
(von Falkenhausen et al., 2019), we depicted how supply
chains can face changing and turbulent megatrends with
different approaches to exploit the potential of 14.0 tech-
nologies, assuring that the technologies to be adopted are
targeted to enable specific supply chain capabilities.

Moreover, this work attempts to bridge the gap of
previous studies that have sought to take a compre-
hensive view of supply chain facing megatrends and
to examine the interplay between them and supply
chain capabilities using the contingency approach (e.g.,
Prajogo et al., 2018; Simangunsong et al., 2012) and
studying how 14.0 can be instantiated for each specific
capability. Results can be considered as a reference for
prevalent supply chain capabilities with contextual vari-
ables encompassing a single company or sector (von
Falkenhausen et al., 2019).

Our contribution is mainly related to matching sup-
ply chain capabilities with contingency overcoming
the classic perspective based on internal factors like
demand variability, product variability, and customer
demand but enlarging to external factors influencing
supply chains. Moreover, considering the state of the art
of 14.0, we made an effort to go beyond company bor-
ders and to consider related technologies as enablers of
interconnections not only between machines but also
between companies.

In terms of managerial implications, the work provides
supply chain managers with an overview of how mega-
trends can be faced in their supply chain and alternative
choices to be adopted to manage specific aspects. Decision-
makers should consider the relevance of the contingent
conditions (i.e., aging population, growing urbanization,
shifts in consumer demands, geopolitical shift, depletion
of natural resources, climate change) and derived supply
chain requirements to rethink their processes accordingly.
The resulting framework can be used in the definition of
capabilities and mapping, which are the proper support-
ing 14.0 technologies for maintaining a high level of sup-
ply chain competitiveness. The paper contributes toward
understanding which are the different instantiations of
I14.0 technologies and can increase awareness of their po-
tential at all decisional levels, both for managers and oper-
ators of supply chains.
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Companies can consequently use this to plan actions
that will foster the appropriate 14.0 applications among
the different roles of the supply chain and to address
investments according to specific megatrends and the
required supply chain capability. Finally, the main lim-
itations of this work are related to the use of qualitative
methodology and the restricted number of megatrends
considered. A similar study can be helpful in considering
megatrends like the increase of fintech, the role of crypto-
currencies, and health pandemics that could further affect
supply chain processes. Additional research is also needed
to rank sources of turbulence for supply chains, prioritiz-
ing the most effective supply chain capabilities to place
them beyond the limitations of cost-efficiency drivers.

Moreover, further empirical research in this area
would help to assess and validate the proposed frame-
work and test the relationship between the constructs
of supply chain capabilities and the effect of 14.0 tech-
nologies adoption on supply chain performance as well
as instantiate the findings to the need of specific sec-
tors of the manufacturing industry. This may include
conducting an in-depth study of a combination of the
five supply chain capabilities and a bundle of adopted
technologies or a survey of a comprehensive sample of
companies and supply chains. The organization of focus
groups with companies from the same sector would also
enhance the understanding of more specific patterns
characterizing a single industry.
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APPENDIX 1

CODING SUPPLY CHAIN CAPABILITIES FOR ALIGNMENT WITH MEGATRENDS CHANGING SUPPLY
CHAIN LANDSCAPE

T

ABLE A1 Coding supply chain capabilities for aging population.

Representative quotes/concepts

Supply chain requirements Supply chain capabilities

“Our older workers lag behind the fast development of technologies.”

“In the logistic sector, we believe it is necessary to ensure lifelong
learning paths and adopt new technologies.”

“It is necessary to develop new training methods through modular

approaches to enhance workers' digital skills, both blue and white
collars, junior and senior.”

“In our company we are struggling to find workers with the right
competencies to handle digital solutions”

Workers' well-being
“We should leverage digitalization not only to gain economically

and environmentally but use it for social responsibility across supply

chains.”
The social aspect of supply chain

“We would also support operators in the shop floor, for managing

their tasks in a healthy and safe manner through the adoption of more

ergonomic approaches”
Improvement of working conditions

“In the logistic sector, we could improve satisfaction and safety of our

workers avoiding heavy and repetitive tasks for operators.”
“In our warehouses, we need to prevent the risk of injuries from
lifting, pushing, and pulling heavy loads”

“We need to face some outbound logistic challenges such as

optimizing last-mile delivery and implementing order status real-time

visibility”
“In our company, it is necessary to train warehouse operators to
optimize order picking accuracy and safety.”

“Logistic workers must have the skills required to implement defined

procedures and to operate specific machinery”

Need of new digital skills and
lifelong learning

Human-centered supply
chain

Increase social responsibility

Need for more ergonomic
solutions in logistics tasks

Training focused on logistics
operations

TABLE A2 Coding supply chain capabilities for growing urbanization.

Representative quotes/concepts

Supply chain requirements Supply chain capabilities

« More attention to air pollution in urban areas with a growing
population

« “The expansion of the urban space implies for companies that
they will deal with more complex city logistics systems, and these
will impact on different flows, including assets, people, vehicles
... and these have to be integrated in a harmonized and efficient
manner (for example, to avoid the risk to run trucks half-empty)”

« Supply chain configuration addressing the needs of both final
customers and citizens of megacities

« Companies moving from larger facilities to smaller spaces inside
cities

« Implement last-mile transportation and just-in-time distribution
of materials and components

« Insmart cities need of a network that integrates connected
distribution centers and adapted logistics

« Need to consider the level of digitalization and infrastructure in cities

Improve transportation in
urban areas

Urban-centered supply chain

Decrease distance of production
from final market

Interconnected logistics
infrastructure in cities
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TABLE A3 Coding supply chain capabilities for shifts in consumer demands.

Representative quotes/concepts Supply chain requirements Supply chain capabilities

Mix between local and global sourcing, with a higher percentage Connection to urban (local) points ~ Urban-centered supply chain
of local sourcing supported by a local distribution

Use of local resources with small factories located in cities

Optimization of logistic communication between connected

small factories and FabLabs

The small factories/FabLabs located nearby “may act also as Modularity of supply and
service centres, to directly help customers to produce their own production network
products ... to let them design or support them in the stage of

production or assembly of her/his specific and personalized

product”

With the increase in expectations of personalized interactions,

“It is necessary to establish smart factories and connections

with the local networks in short time, in the countries or regions

where the products and services are requested, and make the

newly installed production capacity sustainable in a short

horizon”

Modular products for late customization

Production adapted to the changing urban consumer needs

“Nowadays uncertainty/volatility in customer demand implies, = Capabilities to understand customer Customer-driven supply chain
as a consequence, difficulty in forecasting and planning in the needs

overall supply chain”

“supply chain professionals need tools and solutions with much

higher levels of intelligence in gathering information about

markets”

Big data models

“Customers (in fashion but also in B2B industries) are getting Improve the relationship with the
more and more used to high service levels, and are increasingly customer and decrease distance

»

challenging companies to meet and overcome their expectations” with market
“Some companies in customer good industry look for new tools

to facilitate one-of-a-kind customization”

“It is necessary to enhance the capacities for matching the

customers' needs in terms of customization of the product and

related services”

“Strengthening the last-mile storage and distribution system will

enable to provide enhanced customer service”

Full transparency Flexible management of the
“It is required real-time integration through seamless data network and production
exchange along with the whole supply chain, from customer

to factory shop floor to suppliers, together with advanced

production technologies to increase the capabilities of supply

chain to be flexible and agile”

Interoperability through open data

IPR of product design Help customers to produce their
“In the fashion sector we feel the need to be capable of defining own products
customer-centric measures for value co-creation, overcoming

traditional performance indicators”

Do-it-yourself paradigm
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TABLE A4 Coding supply chain capabilities for geopolitical shifts.

Representative quotes/concepts

Supply chain

Supply chain requirements capabilities

“It was happening a few years ago that we had a disruption with the
provision of a material due to transportation strikes in the country of
our only supplier”

“The complexity of our product takes us to search for many different
suppliers to prevent problems in one specific node of the network”

“When there is a disruption, it is difficult to have responsive partners
at a global level”

“In case of global suppliers, it is not enough to control operational
activities, it is necessary to know the country conditions from the
political, economic and social point of view”

Challenging to overcome differences in regulatory frameworks
between different countries

“It was happening a few years ago that we had a disruption with the
provision of a material due to transportation strikes in the country of
our only supplier”

“Lack of transparency and traceability in the global supply chain
especially in developing countries, creating legislative enforcement
issues in the non-EU countries that produce pharmaceutical
commodities with problems, in particular when catastrophic events
happen”

“To quickly redefine the best option for sourcing of raw material and
components, to reduce the risk of trade barriers in some countries”
“The increase in political issues related to trends such as fragmented
regulatory frameworks and protectionism impacting on trade
restrictions and segment markets”

“In the beverage sector, we had several problems with trade
restrictions to consolidated markets, and there is the need to be
capable of finding new markets and configure new commercial
routes”

“In our company, we are rethinking resource management strategies
implementing new features to handle redundant sources for
materials and components”

“We plan stocks in strategic points of the supply chain”

Multiple source options Fast reactive supply chain

Identify new local partners

Reliable distribution system

Reconfigurable supply chain

Stocks in strategic points of the
supply chain

TABLE A5 Coding supply chain capabilities for depletion of natural resources.

Representative quotes/concepts

Supply chain requirements

Supply chain capabilities

Implementation of resource allocation approaches in the supply
chain

“There is the need to introduce sustainable solutions that
should not increase prices or decrease flexibility, rather
enhancing the cooperation along the network to optimize
resources use”

Use of secondary raw materials also in the development of new
products

Consumption of energy generated in manufacturing plants
(e.g., in the form of stream or heat) for logistics needs and
purposes

Standardized information for consumption monitoring and
better decision-making for scarce resources

New practices of waste management

New recycling strategies, extended to the whole network

New business models for waste sharing among stakeholders at
the right moment

Efficient use of resources along
with supply chain levels

Resource-efficient supply chain

Monitoring of scarce resources
(i.e., water, energy)
consumption

Waste management
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Representative quotes/concepts

Supply chain requirements

Supply chain capabilities

“We are studying new ways to adopt substitute
and sustainable materials to avoid pollution both
during production, usage and dismissal”

“The usage of non-polluting energy sources

is an area of investment that now needs to be
covered at supply chain level, to properly ensure
sustainability”

Resource scarcity to be faced with a circular
economy approach

Modernizing mobility and freight transportation
aimed at sustainability and reduction of carbon
footprint

Design-for-environment strategy to minimize
products’ environmental footprint

Need of contingency plans

“We encountered few times problems of
provision of materials due to flood and storm in
the country of our only supplier in Asia”
Increase capability of risk management

“It can be a cost, but we are planning to keep
redundant resources and stocks in strategic
points of the supply chain”

“The need to assure service to our customer is
higher than the cost to keep other resources”

New approaches for sustainable production

Reduction of supply chain operations
ecological footprint

Contingency plans

Redundant resources

Resource-efficient supply chain

Fast reactive supply chain
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TABLE A1l Coding of technologies and their applications enabling resource-efficient supply chain.
Representative quotes/concepts Technology application Extent of technology application
« Production of lot-one products at the local level only when Additive manufacturing Technologies for optimization of
they are needed, avoiding stocks and residual materials (3D printing) for one-lot supply chain operations
« “In our supply chain, we are testing AM to produce ad production
hoc single spare parts of equipment without the use of
the related molds usually necessary in conventional
manufacturing processes, avoiding transportation of
components from suppliers to manufacturers”
« Shared scheduling of production, distribution, and Cloud-based platforms
transportation services to optimize operations for shared operations
 Standardization of shared information to optimize resource management
allocation and procurements
« Data collection from different points in the supply chain IoT for data collection Technologies for monitoring and
(machines, trucks, forklifts, ...) on procurements and control of energy usage and waste

consumption of raw materials and components

+ Information from among different plants and actors to avoid
excessive inventory, errors in production, empty travels, fuel
consumption, wastes

» Real-time analysis, monitoring, and control of energy Big data analytics and
consumption and carbon emissions along with the supply artificial intelligence for
chain processes intelligent energy usage

«  “We were able to ensure the redistribution of energy among
the actors of the symbiosis through an intelligent and more
sustainable supply chain”
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