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Faster, cheaper, safer, more transparent
and reliable: whether products need to be
delivered within the same city or across the
globe, the requirements on today’s supply
chains and freight transport networks are
higher than ever before. Driven by the
rising opportunities of the current era of
digitalization, complete industries strive
to transform their business processes
and redesign their business networks in
order to keep up with competitors. The
intelligent supply chain combines modern
technologies, such as blockchain and
loT, with intelligent decision-making and
analytics capabilities in order to improve
visibility and predictability, flexibility and
customer interaction, interconnectivity and
collaboration as well as risk awareness and
resilience. Considering those four themes,
the article discusses the characteristics of
intelligent supply chains and how modern
technologies and intelligence can be
employed to realize visions.
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VISIBILITY AND PREDICTABILITY

The adaption of sensors, smart devices
and other loT technologies can realize
real-time monitoring of almost every
part of the supply chain. Companies
making use of these technologies, such as
Walmart and Metro, only need a few days
to react to market trends, or are even able
to anticipate demand, in order to work
with zero safety stock, i.e., just-in-time
inventory strategies [1].

Maersk uses sensor data to not only
track conditions in reefer containers, but
also to operate their fleet of vessels and
manage empty container repositioning
in a more efficient and sustainable way
[2]. The issue of visibility will not be a
lack of data, but to select, clean, unite,
and standardize the right data in order to
extract reliable and useful knowledge for
managing supply chains in an adaptive and
responsive manner. Thus, the use of data
in intelligent supply chains goes beyond
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traditional descriptive and diagnostic
analytics, asking "what is happening?" and
"why did it happen?", respectively.

Modeling and analytics capabilities,
such as predictive analytics, assist in
reducing uncertainties regarding future
scenarios ("what is likely to happen?") and
help to identify and understand causes of
inefficiencies, disruptions, and anomalies
in supply chain networks. Amazon, for
example, holds a patent for anticipatory
shipping, meaning that products are
shipped before customers place an order.
This data-driven perspective is fundamental
for prescriptive analytics, optimization and
automation, providing automated decision
support regarding the final question “what
is the best course of action?”

FLEXIBILITY AND CUSTOMER
INTERACTION

The high level of transparency and
information density allows new forms
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Figure 1: Simple blockchain and smart contract application for temperature monitoring based on an integration of open-source solutions like

Hyperledger and node-red

of managing supply chains in a highly
adaptive and intelligent way. Operational
decisions related to the transport of
cargo, such as regarding the mode and
speed of transport (e.g., slow steaming)
or its final destination (e.g., following a
postponement strategy), are made based
on the current conditions and market
demands, respectively. Synchromodality,
defined as an evolution of inter- and co-
modal transport concepts [3] and part of
the ‘physical internet’ vision, promotes
mode-free bookings allowing to switch
between modes or routes during transit.
The aim is to better utilize available
resources and adapt plans based on real-
time information about delays and other
circumstances like traffic, weather, or
environmental conditions.

A higher flexibility usually requires a high
degree of integration, coordination, and
collaboration among multiple supply chain
actors. Nevertheless, first pilot studies, for
example in the transport corridor between
Rotterdam, Moerdijk and Tilburg [4],
demonstrate the feasibility and potentials
of such concepts.

MAJOR PLAYERS, NEW NETWORKS

Thinking one step further, future
transportation networks might involve
new technologies, such as Hyperloop or
drones, allowing to switch to on-demand
and autonomous transport modes (e.g.
in case of time-sensitive goods or critical

delays). New partnerships, such as
between DP World and Virgin Hyperloop
One in DP World Cargospeed, pave the
way for moving from vision to reality [5].
Synchromodality, however, is only one of
many possible concepts for increasing the
flexibility in intelligent supply chains.

Pervasive computing further enables
intelligent supply chains to better
integrate customers and to directly
sense, adapt, and respond to individual
demands and signals, such as from retail
shelves, smart maintenance solutions,
or virtual assistants (e.g., Amazon Alexa,
Siri). With special regard to retail, the
focus of analytics will further shift from
the product to the customer. Companies
like Amazon, having a deep knowledge
about its customers and a huge expertise
in data analytics, are increasingly entering
new supply chain related sectors, such as
shipping and retail, to fully exploit their
capabilities. Moreover, the increasing
customer awareness requires reliable and
detailed tracking and tracing information,
for instance, to reconstruct whole food
chains from the farm to the plate.

BLOCKCHAIN

With the above in mind, blockchain is an
essential driver of intelligent supply chains
as it allows to process transactional data
without the need of a central authority. It
is built upon essential security principles,
applying means to ensure the authenticity,

validity, and integrity of transactions.

In Figure 1, a simple blockchain
application for tracking and tracing the
temperature in containers is shown using
Hyperledger and node-red (for more
information, please contact the authors). In
this system, transactions are automatically
generated by using sensors, smart devices
or other loT technologies. A smart contract
between supply chain participants allows
us to define rules, for example, regarding
temperature thresholds, and automatically
triggers a transaction if a rule applies
or is breached. A business intelligence
dashboard allows the tracking of metrics
and key performance indicators of the
whole supply chain network based on the
transactional data.

INTERCONNECTIVITY AND COLLABORATION
Forming end-to-end delivery networks
is a common strategy to respond to new
challenges and remain competitive.
Integrating large parts of global supply
chains under one roof provides more
control in optimizing cargo flows based
on a unified view on data. Recently, the
CEO of Maersk, Sgren Skou, once again
highlighted that the company’s strategy
is to become the only point of contact
for shipping customers [6]. However, it is
often not possible to have all actors of a
supply chain network under one roof.

In general, the future challenge is to
better integrate different parts of the
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supply chain and provide tools to facilitate
trust and collaboration. This involves
the technical integration of enterprise
applications and ERP-to-ERP integration.
An example is the integration between
supply chain management systems (e.g.,
transportation management  systems)
and terminal operating systems. Without
a sufficient integration and collaboration
support, operations remain a black box
and it is even difficult for global companies
like Maersk, providing shipping, port and
freight forwarding services, to operate
supply chains in a visible, responsive, and
efficient way.

XVELA is an example of one company
bridging the gap between the different
parts of value chains. Technologies, such
as cloud computing, blockchain and smart
contracts, might further facilitate trust and
collaboration in intelligent supply chains.
Moreover, the ‘uberization’ of the sharing
economy, using digital platforms to match
demand with available resources, will play
a greater role in intelligent supply chains.

An example is port-lI0, a mobile cloud
platform to manage and optimize truck
drayage operations in a network of
independent truck operators based on
real-time data and prescriptive analytics
[7].

In order to facilitate a high degree
of  inter-organizational  transparency,
integration, and collaboration in supply
chain networks, information systems need
to facilitate trust and data security so that
companies not only see potential risks in
sharing information, but the necessity
and chances of doing so. In this regard,
blockchain is a promising technology for
improving the information sharing and
collaboration in supply chains.

RISK AWARENESS AND RESILIENCGE

Global supply chain operations are
exposed to a range of internal and external
risks that might cause disruptions with a
low or severe impact on businesses. The
increasingdigital penetrationandadvanced
analytics capabilities will help in detecting
potential supply chain disruptions before
they occur. A high visibility is key for a
continuous risk assessment and real-time
predictive analytics. Decision support
systems, e.g., using scenario analysis and
hedging strategies (see, e.g., [8]), as well
as collaboration tools facilitating joint
mitigation strategies will help to better
ensure business continuity.

DHL Resilience360, for example,
is a cloud-based risk management
platform to assess, visualize, and track
events in order to identify potential
disruptions and mitigation strategies, like
alternative transport modes or routes
(see synchromodality). A high resilience
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requires an adoption of plans at all
individual nodes of the supply chain in
case of a disruption. Container terminals,
as essential linking nodes, for instance,
may need to recover berth and the crane
split plans at the seaside [9] or cope with
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