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Abstract Driven by the current digital transformation, European companies rely
on accurate forecasting of future trends and prediction of most useful technolo-
gies in order to maintain their competitive edge. For this purpose, the mapping of
enabling technologies to future scenarios becomes a valuable tool for practitioners
and researchers alike, especiallywhen considering the disruptive events that surround
SCs design, implementation and management. This research sets forth to fill this
gap by presenting a technology mapping of enabling technologies based on tech-
nology portfolio approach, expert elicitation and literature. The final outcome is the
mapping of the enabling technologies to the characteristics of the future European
SC scenarios.
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1 Introduction

On recent years, great attention has been given to robotics, Artificial Intelligence
(AI), computer science, big data and other digital technologies (Lee et al. 2014;
Mosterman and Zander 2016; Khorram et al. 2017). These technologies are changing
the discrete manufacturing, process and logistics & distribution industrial sectors.
Some recent attempts have been done to shed light on their application regarding
the SC level, such as: (a) link between Industry 4.0 and lean production (Buer et al.
2018); (b) importance of Internet of Things (IoT) on SC management; (c) the impact
of 3D printing on SC processes and performances (Liu et al. 2014; Oettmeier and
Hofmann 2016; Li et al. 2017); and, (d) the change in short-term SC scheduling in
smart factories (Ivanov et al. 2016).

These technologies have the potential to revolutionise operations and SCmanage-
ment (Brennan et al. 2015; Holmström et al. 2016; Rüßmann et al. 2015) by focusing
on future customer demands, effective resource management and data generation
and exchange. This will enable the creation of a product, or delivering a service,
in a faster, cheaper, more efficient and more sustainable fashion. Companies are
making increasing efforts to improve their own processes. Nevertheless, currently
more than ever, it is important to “open the doors” and have an integrated approach
with upstream and downstream supply chains (SC) bearing new strategies as well as
appropriate technological support.

Considering the growing relevance of technologies for SC and specially their large
and broad expected impact, this chapter aims at: (1) mapping the enabling technolo-
gies with the SC of the future scenarios which were identified and discussed in Stute
et al. (2020) and, (2) mapping the technologies that are expected to contribute to the
SC strategic dimensions. This was achieved using the technology mapping method-
ology, based on the technology portfolio approach and the use of Table Management
Tool, expert elicitation, and through literature review.

SC competitiveness is determined by several key factors such as selection of
raw materials, SC partners, choice of markets and service offering strategies and
technology. Therefore, these factors have crucial implications on the development
and improvement of SC performance (mostly linked to enhancements of agility,
transparency, reliability and sustainability). These implications support the choice
of different enabling technologies aimed at distinct SC strategies, thus providing the
technology mapping presented as the result of this chapter.

The chapter has the following structure. The methodology used is presented in
Sect. 2. The technology mapping for each specific future SC scenario is detailed in
Sect. 3. The overview of the technology mapping is presented in Sect. 4, and the
conclusions are portrayed in Sect. 5.
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2 Methodology

Technology management research field, which encompasses technology foresight
and technology forecasting research, can be organized with respect to the use
of technology in business strategies and operations. This entails the connection
between engineering, science and management disciplines focused on development
and implementation of technological capabilities for accomplishing strategic and
operational objectives (Council 1987). It is, therefore, a merge between operations
management and industrial technology, with activities aimed at production and oper-
ations management, project management, quality control and general management
principles (ATMAE—The Association of Technology 2009).

Technology mapping methodologies are part of technology foresight research
(Chen et al. 2012; Gudanowska 2016), and are the focus of this chapter, which aims
to describe themethodological stages for achieving the intendedmapping of enabling
technologies onto the SC strategies of future scenarios. Therefore, these technology
mapping methodologies are discussed in more detail on subsections below, first
through a brief introduction of the concept and overview of technology foresight,
followed by the detailed stages required on technology mapping methodologies,
while also presenting the methodological framework used in this chapter.

The overall scheme highlighting the main steps to achieve the intended results
can be observed in Fig. 1.

Fig. 1 Methodological framework for this study
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2.1 Technology Foresight—Concept and Overview

The main assumption of technology foresight is the presence of interested stake-
holders’ groups aimed at taking meaningful action and being open minded to inno-
vative ideas (Gudanowska 2016). In other words, foresight is an attempt at linking
observations of shift dynamics with current decision-making and indicating possible
development schemes for a future state beforehand (Warnke and Heimeriks 2008).
Hence, a research can be characterized inside the technological foresight research
area whenever the goal is the development of technological solutions or needs,
incurring on the development of that research area.

Methods used for technology foresight are vast within a specialized literature
(Porter 2010), such as workshops, technology watch, bibliometrics, surveys, growth
curve modelling, requirements analysis, quantitatively based scenarios, Data Envel-
opment Analysis (DEA) and trend impact analysis. Since technology management
and technology foresight belong to the field of strategic decision-making, they
involve the use of prioritization methods, which may facilitate decision-making
based on different alternatives or on different scenarios and strategies, as in this
research (Gudanowska 2016). Technology scouting and mapping are methodologies
belonging to the technology foresight research field, and are complementary to each
other with the common goal to portray technologies for a given activity, process
and/or objective (Gudanowska 2014, 2016).

Scientific literature breaks the process of technology mapping into phases, or
functions, with a general agreement of requiring at least four of these functions:
Technology Identification (TI), Technology Selection (TS), Technology Assessment
(TA) and Technology Dissemination (TD; Rohrbeck et al. 2006). TI, TS and TA
functions have been presented in Stute et al. (2020), in the scouting of 18 enabling
technologies (Arasti and Moghaddam 2010; Rohrbeck et al. 2006).

2.2 Technology Mapping

Technologymapping allows for a qualitative analysis of technologies and to examine
analogies among them. On this perspective, it is important that these analyses take
placewith the same rigor as the structured approach to collect information about each
technology, and aim towards presenting a justified image of their current and future
states (Roper et al. 2011). Therefore, this methodology should favour an analytic
work focused at expanding the gathered knowledge while making its interpretation
easier, in order to distinguish such method from a simple review and record of the
data on technologies (Gudanowska 2016).

In order to establish technological development trends, it is essential to determine
the current state of technology development and the elements related to such tech-
nology. Bearing this goal in mind, accounting for the evolution of technological fore-
sight research based on future-oriented technology analysis is crucial (Cagnin et al.
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2013). The switch from foresight research to general future analysis to technology
focus on future analysis is the basis for diagnostic activities. Technology mapping
stands under this new vision of technology foresight among other methods, bearing
applications that enhance the process of technology identification and gather most
knowledge regarding distinguished technologies, which are used in the technology
selection process (Gudanowska 2016).

Technology mapping usually focuses on a sector or an area, being a convenient
method for identifying technologies when various firms or industries with different
characteristics are considered, as well as multiple products/services for a large
number of customers (Khalil 2000). As depicted previously, technology mapping
methodology has a four-phasemethodological approach for achieving awell-devised
Technology Strategy Formulation (Arasti andMoghaddam2010;Gudanowska 2016;
Rohrbeck et al. 2006). This chapter focuses on the fourth and final phase of the
methodological route of technology mapping, known as Technology Dissemination
(TD); (Rohrbeck et al. 2006). For the purposes of this research, TD’s objective is to
provide the combination of the identified enabling technologies with the SC strate-
gies and future scenarios in an overview fashion that is useful for companies when
adapting to the different contexts and SC strategies.

It is important to stress that theTDphase is a high level stage of themethodological
approach for technology mapping. Among others, the methodologies within the
technology portfolio approach were considered adequate for this study due to their
objective being the cross-referencing of technologies and dimensions for specific
conditions (Rohrbeck et al. 2006; Phaal et al. 2006). From these, the approach based
on Table Management Tool was selected, with the intention to achieve the final
technology mapping and to be consistent with the methodology used for establishing
the enabling technologies depicted in Stute et al. (2020) of this book (Phaal et al.
2006).

The tablemanagement tool herein used aims to provide information on the combi-
nation between technologies and the SC future scenarios or strategies (Phaal et al.
2006). For this purpose, the axes were divided into a number of distinct and specific
categories, which, when combined with expert elicitation techniques, permit precise
mapping of enabling technologies considering the future scenarios’ characteristics
and the strategies envisioned for the particular contexts. In our case, we have first
mapped the technologies according to the scenario’s strategic dimensions, which
are: products and services; sourcing and distribution; supply chain configuration;
manufacturing systems; sales channels; and sustainability. The scenario’s technology
mapping derived in this step represents the technological evaluation of each future
scenario based on its characteristics, and the related level of adoption of the enabling
technologies applied and it has been defined as the scenario technology profile.
After this, the different scenario technology profiles were used for a cross-scenario
comparison, depicted in Sect. 4, which enabled to classify the profiles, according
to their technological level into four different categories: (a) digital masters—wide
adoption of most, if not all, enabling technologies; (b) tech fashionistas—reasonable
adoption of multiple enabling technologies; (c) tech beginners—low adoption of
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Fig. 2 Structure of technology mapping table for specific future scenario

enabling technologies; (d) tech conservatives—very low, if any, adoption of enabling
technologies.

Overall, six tables, one for each future scenario, were prepared following the
structure depicted in Fig. 2. The inputs used for the expert elicitation and combinato-
rial work were: (i) the 18 identified enabling technologies, as presented in Stute et al.
(2020); and (ii) the characteristics of the future SC scenarios depicted in Sardesai
et al. (2020)—considering the strategic dimensions and SC strategies (identified in
Barros et al. 2020).

The results of the technology mapping done for each future scenario are shown
in the following section.

3 Technology Mapping for the Supply Chains of Future
Scenarios

The methodology abovementioned was applied to each of the future scenarios and
is depicted separately on the following subsections. The paragraphs describe the
mapping of technologies on the basis of each scenario’s characteristics and are
depicted according to the scenario’s strategic dimensions previously mentioned.
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3.1 Technologies for the Supply Chains of Scenario
“aSPIRANT”

In the “aSPIRANT” scenario, cyber-physical SC networks, heterogeneous nature of
sourcing operations, and new market-shaping business models will require devel-
opment and application of intelligent, complex, interdependent, and end-to-end
technology solutions for the SC.

The “aSPIRANT” scenario displays a SC with low uncertainty in demand, while
the supply is associated with the predictability of market fluctuations regarding prod-
ucts and services provided. In this sense, advanced technologies that optimize the
responsiveness, reliability, and transparency/traceability performance-attributes of
SC organizations are considered of crucial importance at the production level. Exam-
ples of these advanced technologies include: Artificial Intelligence (e.g. machine
learning, deep learning), Data Science (e.g. BigData Analytics), Autonomous Trans-
port Systems (e.g. drones), and converged usage of heterogeneous technologies,
combining industrial IoT connectivity systems, artificial intelligence, and collab-
orative/autonomous robotics. In the scenario context, digital lean manufacturing
systems, allowing for high volume and low complexity production processes, need
to be supported and maintained along with enabling technologies.

Moreover, efficient integration of digital technologies (automated control systems,
industrial connectivity solutions, and information-tracking systems) with energy and
waste management infrastructures of manufacturing facilities will be highly impor-
tant in the effort to improve on-demand energy supply for production facilities and
to minimize waste volume in an eco-friendly manner. In this context, the comple-
mentarity of digital technologies depicted on this SC scenario enhance operational
scalability and servitisation ecosystem of manufacturing facilities.

As for the business process management in sourcing and distribution, integra-
tion of intelligent encrypted contract solutions, cloud-based Business Process as a
Service (BPaaS), Platform as a Service (PaaS) and Software as a Service (SaaS), and
predictive data analytics into procurement organizations will increase SC agility and
decrease operational/transactional costs. Furthermore, to build omnichannel excel-
lence, procurement organizations are required to find smart implementation tech-
niques of servitisation technologies, while leveraging Artificial Intelligence with
industrial IoT and high-performance computing solutions. In addition, location tech-
nologies will be useful for tracking and traceability of goods and shipments, being
capable of suggesting optimal location to consumers where it is possible to collect
their orders and inform about multiple delivery systems (Deloitte 2015). Moreover,
Visual Computing (e.g. Augmented Reality) is going to provide customers with a
seamless omnichannel experience by closing the channel gap at various online and
offline touch points. For example, it allows to animate products or their packaging,
de-saturating products in the physical assortment, to personalize their choice set,
offering better price comparisons (Hilken et al. 2018).
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In the context of closed-loop SC systems and lean manufacturing environments,
there are various types of waste streams that will emerge within production: trans-
port, inventory, motion, waiting time, over-processing, over-production, and defects.
Integration of identification technologies and location technologies within the manu-
facturing facilitiesmay increase efficiency in trackingwaste streams in the production
plants, while also providing service verification and productivity data on manufac-
turing waste inventory. On the other hand, cloud computing systems, also for Enter-
prise Resource Planning (ERP) solutions, might help to structure and tailor resource
management behaviour of a procurement organization into a closed-loop business
process flow. As for the impact of green technologies in manufacturing and process
industry, it is difficult to depict, explicitly, technology use development paths in
integrating these solutions within the existing manufacturing and processing infras-
tructure, as there is no one-size-fits-all business model enabling energy efficiency in
industrial settings.

In this scenario, cloud-based computing systems will be used at different scales.
The cloud-based computing, particularlymanufacturing execution systems andERP-
enabled operations’ management technologies, leveraged by the use of AI and
advanced algorithmics, may increase investment in advanced solutions for energy
management on the factory floor. At the logistics level, cloud-based SaaS solutions
enable further the automation of inventory solutions, open direct sales channels, and
develop further personalized shipping solutions.

Additive manufacturing and innovative energy infrastructure will lead to achieve
this transition towards a closed-loop and green SC. The emergence of smart mate-
rials, as well as of renewable and new energy sources, will be great assets to
accomplish this objective. Smart materials, for instance, can be applied in smart
green roofs for insulation, thus improving thermal performance and reducing the
energy consumption (Mohamed 2017). Similarly, they may be used as devices for
temperature changes sensing, which can be shown through colour response capa-
bilities, thus being especially important in emergency situations inside factories,
industries and public buildings (Makakli 2017). Furthermore, alternative propul-
sion systems will greatly participate to this transition. The use of IoT aids compa-
nies towards achieving better understanding of the current suppliers’ performance,
while frequently tracking and benchmarking performance over time. This is also true
when considering sustainability aspects, such as real-time carbon footprint moni-
toring, combined with vendor/suppliers’ historical performance and sustainability
data collection, through the use of Blockchain technologies, for providing improve-
ments on sustainability performance (Kouhizadeh and Sarkis 2018). Moreover, the
use of Visual Computing technologies such as VR and AR can contribute to increase
operators’ capabilities by creating a virtual environment that simulates the plant
design or specifics tasks (Mattson et al. 2018).

The future emergence of smart contracts and Blockchain will enable to face the
challenge related to the legal dimension. Thiswould be associatedwith the communi-
cation infrastructure. Development of sensors and their accuracywill lead to predom-
inance of smart maintenance and aid on the development of the green SC. In addition,
the use of 5G as network backbone for IoT and digital technologies greatly improves
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traffic management in urban areas, thus reducing traffic congestion, driving time and
vehicular pollutants (West 2016).

3.2 Technologies for the Supply Chains of Scenario
“PrOCEEDINg”

The “PrOCEEDINg” scenario presents a customization-driven market, diverse
sourcing and distribution operations, and the increasing focus on individualism aided
by the DIY society, all of which will require SC strategies with fast response-time,
posing leagile characteristics, while also being complex and interdependent in nature.

Since the SC for the “PrOCEEDINg” scenario presents predictable demand and
supply combined with customized products and servitisation and the presence of
high levels of digitalisation, it is paramount that the technologies herein focus
on responsiveness, reliability, transparency and traceability, as well as flexibility
performance-attributes regarding SC companies and industry sectors. Hence, the
most important technologies would be Cloud Based Computer Systems (Platform
as a Service—PaaS, Software as a Service—SaaS, Business Process as a Service—
BPaaS and Infrastructure as a Service—IaaS are all applied for providing backbone
into customization aided with servitisation) and Internet of Things (IoT; especially
focusing on Cyber-Physical Systems—CPS). IoT is a key technology also for facing
the rise of cybersecurity issues given the ever increasing need to rely on digitisation.

The customisation strategies are driven by the combination of high variety with
small and medium production facilities, and by wide digital technologies’ adop-
tion. Thus, Hyperconnected Factories and Digital Mass Customization strategies
are critical, greatly aided by the use of Autonomous Transport Systems (espe-
cially Autonomous Transports for last mile delivery) and Additive Manufacturing
(with focus on 3D and 4D printing aimed at material extrusion capabilities, powder
bed fusion, directed energy deposition and material jetting). These technologies
are further supported by the implementation of IoT (through Process intelligence,
machine to machine real-time communication and sensor technologies for devices in
warehouses), as well as Communication Infrastructure (as provider of the backbone
for the digitalisation process through enabling network communication technolo-
gies such as, 5G and NarrowBand-IoT). Furthermore, Energy Infrastructure (mostly
focused on Smart Grids and Battery Energy Solutions Systems and Smart and Neural
Grids) provides backbone to enable and enhance the afore mentioned technologies.

For a leagile SC, within this scenario, the use of autonomous transport systems
and, more specifically, autonomous drones formaintenance and surveillance services
are very important. Combined with autonomous robots, they will increase the reli-
ability, responsiveness and in-line production of the SC, conferring it a lean char-
acteristic. Moreover, the composition of an agile SC is enabled by: (i) the reduced
use of resources such as energy; (ii) optimized available working space aided by
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Data Science (especially predictive analytics); and (iii) AI focused on the customi-
sation issues (supported by deep learning algorithms for product demand and SC
forecasting).

Additionally, autonomous transports have a significant impact on global distri-
bution through the use of Autonomous ships/vessels and trains, greatly improving
reliability and flexibility of the SC distribution. On the other hand, Cloud based
computer systems will support companies in handling global outsourcing, which
may be achieved through the BPaaS. Cloud based computer systems also supports
the omnichannel distribution (by means of SaaS in the form of process intelligence
tools aimed at omnichannel monitoring of customer experience), due to the need for
multiple channels with different characteristics.

The combination of Consumer to Consumer (C2C) with omnichannel approach
requires the implementation of Cloud Based Computer Systems (BPaaS aimed at
providing enterprise resource management solutions, and PaaS with focus on smart
contract platform for cybersecurity reasons). The logistical issue is tackled using
Autonomous Transport Systems with autonomous vehicles and drones for last mile
delivery, and autonomous trucks for road freight transport, which greatly increase
efficiency of the combined strategies. Moreover, Identification Technologies may
provide valuable data about consumers and their interactions with products and
services, as well as real-time inventory management. Therefore, they can lead to
increase speed of refunds and replacements, which in turn enhances omnichannel
responsiveness and reliability, greatly improving SC performance (Group 2018).

Lastly, given the growing concern surrounding circular economy capabilities,
green SC and social-responsible strategies, Identification Technologies (i.e. for asset
recovery and disposition aiding at minimizing costs and waste) and Location Tech-
nologies for object real-time detection and traffic information collection enable the
decrease of environmental hazards on internal and external logistics (Kouhizadeh
and Sarkis 2018). Additionally, the use of IoT, Cloud Based Computer Systems
and Communication Infrastructure (all three technologies providing the backbone
through enabling network communication technologies) will play a very impor-
tant role in securing safe communication and data exchange on activities related
to waste management and promoting circular economy in manufacturing environ-
ments. Moreover, Alternative Propulsion Systems (both through Advanced Biofuels
and Electro Mobility) and Renewable Energy Technologies (Hydrogen Production
and Storage, Advanced Biofuels and Automated solar panels cleaning systems) are
all technologies that contribute, with increasing levels of importance, to the miti-
gation of waste generation, reduction of greenhouse gas effects and promotion of
resource-efficiency strategies (Kouhizadeh and Sarkis 2018; Tsao et al. 2017).

Through data collection, that can be used to avoid excessive inventory, poor use
of capacity, inactive and inefficient transportation and missed production schedules,
IoT greatly improves SC closed-loop sustainability aspects (Parry et al. 2016). In
addition, 5G network can provide faster data and improve traffic management in
urban areas with more efficient route optimisation, especially when compared to
current wireless technologies (West 2016). Also, Nanotechnology can be applied
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for energy savings and carbon emissions’ reduction in the final product, further
increasing SC sustainability performance (OECD 2013).

3.3 Technologies for the Supply Chains of Scenario
“oFFsET”

The “oFFsET” scenario is characterized by the presence of open borderswith reduced
sales tariffs, enabling the implementation of an agile manufacturing system based
on glocal sourcing and distribution. There is stagnation on digital transformation
due to the lack of regulations, which inhibits sustainable development. Thus, the
conventional and disruptive production technologies coexist, with global players
playing major role, especially concerning financial innovations and constrained
digital transformation aided by cyber-physical systems.

This scenario is characterized by the adoption of conservative technologies, such
as identification technologies and location technologies used in warehousing activi-
ties, customer service functions and tracking for route optimization in freight supply
and freight distribution. These types of technologies enable high agility levels partic-
ularly important for scenarios with uncertainty in demand and supply. In addition,
modular production systems and agile manufacturing systems take advantage of
identification technologies mainly for warehousing activities.

Glocal sourcing and distribution include the use of location technologies for
the routing optimization. Moreover, products are delivered by means of traditional
distribution channels.

Cloud based computer systems, only available for large and global players, will
support the sourcing process given that companies have to handle glocal sourcing
and distribution, which may be achieved through the Software as a Service (SaaS).
Data science, by using the sub-technology predictive analytics, will be used for
forecasting demand formainstreamproducts. High uncertainty in demand and supply
requires a more agile SC with improved design, which greatly profits from the use
of identification technologies, predictive analytics and advanced AI algorithms.

The use of 4G/LTE for consumer-behaviour adoption towards more efficient use
of resources, as well as for providing faster data connectivity, thus enabling manage-
rial decisions regarding resource-efficiency, are considered the communications’
backbone for a resource-efficient SC implementation (West 2016).

3.4 Technologies for the Supply Chains of Scenario
“DiThER”

The scenario “DiThER” is defined by an increasing influence of digital transforma-
tion, dynamic development of autonomous solutions, establishment of electrification
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technologies and green systems, the continuous exploitation of disruptive technolo-
gies and investment in smart cities. Still, the digital development is obstructed by
stringent legal regulations, data management and privacy issues. The considered
scenario is characterized by a high technological level in general (advanced digital
features such as data science & IoT), but there is a lack of an overarching vision,
coordination and cooperation in the SC.

For a leagile SC, which is relevant within this scenario, the use of digital technolo-
gies, such as data science and AI will be crucial for the agile adaptation of decisions
and cost-efficient processes within the SC. Thus, the demand and SC forecasting and
the resulting inventory optimisation with the support of predictive and prescriptive
analytics and AI (e.g. machine and deep learning) will be a crucial factor to adapt to
the uncertain and individual demand.

In order to develop a closed-loop SC, the use of alternative propulsion systems
and renewable energy technologies will be very important. As smart cities become
the norm in the scenario, the use of energy-efficient autonomous transport systems
with alternative propulsion (e.g. advanced biofuels, electro mobility) will increase
significantly. In this context, renewable energy technologies (e.g. advanced biofuels)
will also be widespread.

Moreover, to implement the closed-loop SC, the use of IoT in the form of sensors
and Machine-to-Machine (M2M) communication will represent an essential factor
for capturing data on transportation logistics environment and enabling to connect
in real-time production lines with SC processes.

The additive manufacturing (3D and 4D printing) will permit the increased indi-
vidualization and development of a DIY society. Regarding the servitization, Cloud
Based Computer Systems, such as Platform (PaaS), Software (SaaS) and Business
Process as a Service (BPaaS), will play an important role enabling a digital platform
economy.

For what concerns urban manufacturing systems, the use of collaborative and
autonomous robots (e.g. smart transport robots), innovative energy infrastructure
(e.g. smart and neural grids) and autonomous transport systems, such as autonomous
vehicles (e.g. self-driving delivery robots) or drones for the last mile delivery will
progress considerably.

The application of data science and AI will be a crucial factor in general for this
scenario to enable the full potential of the urban living (e.g. smart routing).

3.5 Technologies for the SCs of Scenario “UNEasE”

An unstable political environment is the backbone of the “UNEasE” scenario,
displaying a presence of protectionism, economic uncertainty and fragmentation
of confederations. The lack of well-established regulations in various fields affects
environmental and technological development, therefore, IP protection and customer
data are at risk with low investments in cyber-security. Bearing obstacles regarding
digital transformation, the agents rely solely on the traditional business to business
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environment, where traditional economy persists aided by the traditional production
technologies. Disruptive technologies are implemented solely by big players, which
set aside SMEs and Start-ups to compete exclusively on local markets, focusing
mostly on customized products aimed at supporting the rise of DIY trends. More-
over, solutions are needed to face the dangerous effects of the climate changes and
resource scarcity.

There are some features of the SC strategic dimensions in the “UNEasE” scenario
that mainly influence the adoption of the technologies identified previously, like the
low digitalization level in the society (including industry). In fact, in this scenario,
the traditional economy persists due to the lagging of a clear legislation for data
management which worsen a limited level of digitalization with a coexistence of
traditional and new technologies. Moreover, there is a problem of unskilled work-
force. This means that companies need to be supported in the implementation of
new technologies with actions from public bodies that can create awareness through
different training programs as well as directly support with actions to finance the
introduction of new technologies. In particular, the following technologies can be
useful to overcome challenges in this scenario.

Along a SC for customized products, as the one required in this scenario the use
of some digital technologies, mainly in the down-stream side, is useful to improve
the performance of the network. Companies should adopt technologies like Big Data
Analytics and Business Intelligence to support the process of detecting customers’
needs and changes in market demand. These technologies can enable to process in an
efficient way the vast amount of data from markets and consumers and convert them
into meaningful information. The aim is to create customers’ profiles and identify
new market trends to understand and possibly predict the high variability of the
demand. This can have an indirect but positive impact on the management of the
SC since these data can be processed in an efficient way to integrate the supplier
role. Another technology consists in sensors to collect data for the realization of
customized products and identify all the specific peculiar variants and characteristics
required by different markets. Sensors are composed of integrated hardware (smart
devices) and software (apps) and are configured with unique resource identifiers in
Internet (Ding and Jiang 2016). Customers can interact with companies to express
their feelings and opinions or co-create personalized products in social media: the
interactions enable to capture their real needs. In the Business to Consumer (B2C)
relationships these problems are overlapped thanks to the growing number of start-
ups. Start-ups or Fintech companies in fact apply and develop technologies based on
social sensors for improving relationships with customers as well as smart contract
and mobile apps which support the rise of the sharing economy and improve the
relationship between final customers and companies.

Among the production technologies ensuring flexibility and increasing the SC
performances in terms of agility, responsiveness and reliability, additive and hybrid
manufacturing represent the ones that can be more widely adopted in this scenario.
3D printing for example is a technology that can make the SC customer- driven, agile
and also resource efficient because the amount of residualmaterial orwaste remaining
after the process is significantly less than in subtractive manufacturing. Moreover,
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additive manufacturing is also a technology that fit well with the emerging urban
manufacturing trend. In this scenario, the production phase must be indeed flexible
and near located to the market, and the rise of small factories and FabLabs would
support the DIY trend. In this sense, 3D-printing enables production of personalized
products and components to be brought near to the customer in urban plants, or in
specific service centres, available for customers willing to realize their own goods
according to peculiar features. In this new urban setting, electric vehicles will be used
equipped with location technologies, such as GPS tracking systems, which require
well-developed communication infrastructure achievable with the implementation
of 5G. The communication and location technologies are useful not only for the
local distribution but also to manage global suppliers since the problems related to
protectionism and resource scarcity, sometimes, force companies to search materials
also in faraway countries: the mentioned technologies enable to gain efficiency in
the transport of goods and in the communication along the chain.

Even though the development of green systems is ongoing, given the related high
costs and unclear regulations in this scenario, it is foreseen an improvement of the
renewable energy technologies and smart grids solutions to make the SC greener.
To achieve the goal of a resource efficient SC other technologies can be used as
the abovementioned additive manufacturing and the cloud-based systems (Mai et al.
2016). For example, platforms as a service allow companies to optimize resource
sharing and procurements among the different plants in the urban area, supporting
also online production, distribution and service scheduling and even the customer in
the application of the DIY paradigm. In addition, IoT greatly aids resource efficiency,
since it allows for data collection which is useful to avoid excessive inventory and
missed production schedules (Parry et al. 2016).

After a disruptive event, like natural disasters, the humanitarian SC has to be
immediately activated and technologies like IoT (associated with big data analytics),
communication infrastructure, smart wearable devices, and location technologies are
useful to save lives during the response phase, facing the first emergency step and
quickly tracking people. Moreover, during the reconstruction phase, these technolo-
gies can be used to manage in an efficient way the distribution of resources: saving
as many costs as possible means being able to help more people.

3.6 Technologies for the Supply Chains of Scenario
“ENDANGEr”

Regarded as the most unstable scenario brought forth within scenario-building
projections included, “ENDANGEr” shows a collapse of governments in Europe
supported by full protectionism and the fragmentation of confederations. Thus, a
global trade shift is observed, with power being transferred to emerging market
economies. The presence of frugal mass products, risk-hedging production systems,
glocal sourcing with local distribution and simple production systems are justified
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by harsh environmental impacts, boasting resource scarcity and lack of regulations.
Hence, resource-efficient SC combined with humanitarian ones are common-place
and widely implemented, given the high risk and challenging conditions, especially
for companies that must deal with traditional economies being conducted without the
presence of intermediaries, enhancing the uncertainty regarding financial resources
availability.

This scenario is characterized as the least digitalized, hence it is supported by
more traditional SC strategies. Among these, frugal mass products are definitely
on the core, partially aided by autonomous and collaborative robots and IoT (mostly
through Process Intelligence to support decisionmaking). Given the low demand and
high supply risk uncertainty of this scenario, which compels the use of risk-hedging
SC strategy, IoT plays a central role through Sensor Technologies.

Sourcing is provided by means of Autonomous Transport Systems, especially
Autonomous Vehicles and Drones, despite being implemented on a smaller scale,
aimed at supporting the glocal sourcing. On the other hand, distribution is mostly
accomplished by Autonomous vehicles for last mile delivery and drones due to the
local focus, complemented byElectroMobility fromAlternative PropulsionSystems.

Regarding the low level of digitalisation encountered by companies, production
systemswill most likely be of simple nature and focused in emerging countries, espe-
cially when considering the political shift of power. Likewise, efficient and recon-
figurable manufacturing systems are prominent due to the uncertainty surrounding
supply, the presence of low variety and large production facilities, as well as timid
adoption of autonomous technologies. Therefore, the machine to machine real-time
communication and connectivity from Internet of Things, Cyber-Physical Systems
implementation and the use of Process Intelligence for decision-making capabilities
are considered crucial for the frugalmass productsmanufacturing capabilities.More-
over, it is expected that Artificial Intelligence will be somewhat prominent, mostly
represented through machine learning and deep learning, complimented by Big Data
Analytics from Data Science point-of-view.

Sales channels will certainly remain traditional given the economic aspects of the
scenario for this SC, hence the need for IoT technologies to rise due to decision-
making requirements.

From the sustainability aspect, IoT is present, mostly aimed towards resource-
efficient and humanitarian SC through sensor technologies adoption, machine to
machine real-time communication and connectivity for information exchange. IoT
allows for real-time access to information regarding the position and availability
of resources, which is considered crucial in decision-making processes related to
natural disasters’ occurrences (Prasad et al. 2018).
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4 Discussion and Cross-Scenario Comparison

This section focuses onproviding a cross-scenario comparison regarding themapping
of enabling technologies. It should be noted that this mapping does not have a quan-
titative value but aims to provide a qualitative vision of the set of technologies which
have been considered for each scenario, according to the technological profile of the
scenario itself (digital master, tech fashionista, tech beginner, tech conservative) and
its other features (e.g. customisation, sustainability, etc.).

We can expect that SC for “aSPIRANT” and “DiThER” macro-scenarios present
all enabling technologies implemented. Nevertheless, it should be noted that “aSPI-
RANT” scenario presents full implementation of the enabling technologies, due to
the presence of a highly digitalized environment, categorized as the Digital Masters
one, and availability of investments to support the large-scale implementation.

On the other hand, SC of “DiThER” scenario present the trend for being Tech-
Fashionistas, in the sense that the implementation of the enabling technologies is
sporadic and less withstanding. Furthermore, the “PrOCEEDINg” scenario can also
be considered as Digital Masters, with highly digitalized environment and invest-
ments, despite lacking the implementation of Blockchain/Distributed Ledger tech-
nology due to the presence of an economic environment with Bank and Fintechs
collaboration, which may hinder the development of innovative financial distributed
exchange solutions between actors.

Otherwise, SC for scenarios “UNEasE”, “ENDANGEr” and “oFFsET”, being
considered Low-Tech (Tech Conservatives or Tech Beginners, depending on the
technologies’ implementation level and maturity level), have limited application of
enabling technologies due to the digital, economic and sustainability characteristics.
For this reason, these scenarios are the ones which will require more efforts in
order to fill the gaps in terms of technology development and adoption. In the case
of the “ENDANGEr” scenario, the presence of Autonomous Transport Systems,
Robotics and AI enables the dynamic development of autonomous technologies.
Having a world where the traditional role of banks as economic framework requires
the implementationofBlockchain enabling technologies, especially cryptocurrencies
such as Bitcoin and Ethereum. Regarding “UNEasE” scenario, Smart Materials are
used on the production of Mobile and Wearable Devices applied for customized
products (enhancing the responsiveness and reliability aspects), as well as on natural
disasters occurrences, tackled by Humanitarian/disaster relief SC.

Lastly, the scenario “oFFsET” presents digital impediment and an innate reluc-
tance to accept autonomous technologies, which hinders the implementation of
most enabling technologies. Moreover, the unstable Confederations combined with
lacking legislation on all major dimensions more than likely will deter major invest-
ments required for research, development and implementation of these enabling tech-
nologies. Thus, only enabling technologies which are already broadly implemented
are present in the SC for “oFFsET” scenario.
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5 Conclusions

This chapter presented the enabling technologies for the SC to be implemented in
the future scenarios foreseen for the next decade. The proposed methodology was
based on technology mapping and technology portfolio approach, with emphasis on
the adoption of Table Management Tool. The enabling technologies were evaluated
having the SC scenarios and strategies as the basis for their definition, as well as the
technology scouting.

The first results were drawn with regards to the SC scenarios and were detailed
on Sect. 3. An overview of the findings was presented in the following Sect. 4.
Further, given some overlapping on the possible technological applications in
different scenarios, a cross-dimension mapping was carried out, where technolo-
gies were grouped for each specific SC strategies concerning 6 dimensions: Products
& Services, Sourcing & distribution, SC Configuration, Manufacturing Systems,
Sales Channels and Sustainability. This cross-dimension mapping aims at providing
valuable inputs for companies and decision-makers that are looking to implement
single strategies or bundles with mixed strategies, thus being able to better decide
which enabling technologies to focus on to improve their SC performance.

The results of the technology mapping conducted through this chapter, aimed
at linking enabling technologies with scenarios and SC strategies, and constitutes
valuable input for roadmapping and policy definition. Most technologies can have a
declination for each strategy according to the specific aim. Moreover, a technology
can be applied to different strategic dimensions and there is the need for an integrated
approach to consider technologies not as standalone solutions but in an integrated
way.

One relevant aspect turning out from this mapping is indeed the importance of
integrating different technologies which is necessary to fully implement innovative
strategies for future SC. The mapping in Sect. 4 does not aim to be exhaustive but to
give good examples for the wide range of possible applications.
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