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I have studied and researched: operations and supply chain management. 
In the last few years, my interests have been very much in artificial intel-
ligence (AI), machine learning, sustainability, and agility. When Bernardo 
asked me to write the foreword for his book on supply network 5.0, I was 
perplexed. After reading some chapters of his manuscript, I found it 
extremely interesting and was able to generate challenging ideas.

The supply network 5.0 approach can provide integrated Human 
Automation Machine Collaboration (HAMC) solutions to address emer-
gent challenges. This approach requires a systematic consideration of a 
human-centric approach, advanced solutions (like AI), sustainability, and 
agility. Specifically, HAMC professionals should take a leading role in the 
human-centered design of the supply network 5.0 framework by provid-
ing explainable, comprehensible AI and useful, usable AI. Supply net-
work professionals can also contribute to ethical AI design and AI 
technological enhancement. This book marries very well with the lessons 
to be learned and actions to be taken from my research.

The deep involvement of the HAMC community in these areas has yet 
to be fully realized but is necessary and urgent. To provide full disciplin-
ary support for HAMC solutions, the work of the HMAC community 
should include research on human-machine integration/teaming, user 
interface (UI) modeling and HMAC design, transference of operations 
theories, enhancement of existing methods, and development of HMAC 
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design standards. HMAC professionals should proactively participate in 
AI research and development to increase their influence, enhance AI 
knowledge, and integrate methods between the two fields to promote 
practical cooperation. It is crucial to research the applications of these 
theories to specific segments, like supply networks, as in Bernardo’s book.

Human-automation-machine interactions, mainly based on artificial 
intelligence and physical robots, are becoming a trend in the manufactur-
ing industry. However, the development of the operations also demands 
effectiveness and flexibility in operations. The book by Bernardo moves 
in this direction by analyzing most of these ideas in the supply network.

Enterprise management theories about the so-called Industry 5.0 orga-
nization currently face a significant funding gap. Digital transformation 
has originated relevant advancements in Industry 5.0 research, which 
allows discussing Industry 5.0 organizations for the first time as business 
realities in which humans and automation, especially robotic process 
automation systems and artificial intelligence tools, cooperate in execut-
ing operations or support decision-making in sustainable and agile ways.

This book presents an extended Supply Chain Operations Reference 
(SCOR) design implementation for achieving a unified experience in 
advanced solutions. It aims to enhance comprehensively current design 
approaches (for instance, user-centered design, or UCD, approach) in 
delivering digital solutions to supply network organizations. It considers 
business process design in an integrated way; integration of design across 
data, platform, devices, and applications; and finally, sustainability and 
agile design that best allocates capabilities between humans, automation, 
and machines.

From the point of view of the supply network solutions, the book and 
the case studies presented on implementing the extended SCOR design 
approach provide supporting evidence. The book contains quantitative 
metrics demonstrating the return on investment regarding operational 
and unified experience benefits. Implementing the Industry 5.0 design 
approach requires a mindset change among operations managers and 
operators. They need to approach design from an end-to-end experience 
perspective, considering business processes, integration, and intelligent 
design in the early stages instead of employing the traditional approach 
that focuses on the interaction design portion of a solution. Additionally, 
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supply network professionals need to seek more opportunities for col-
laboration across different disciplines.

This book aims to determine how an Industry 5.0 organization can be 
defined and its fundamental elements in the case of the supply network. 
Specifically, it investigates the pillars of Industry 5.0 enterprises: automa-
tion and humans, and the core objectives and outcomes. To provide an 
exhaustive overview, the book proposes a new conceptualization of the 
business model of an Industry 5.0 organization based on an extended 
SCOR framework. Ultimately, the study of Industry 5.0 organizations 
aims to discover how they are evolving in the new normal phase due to 
the disruptive events generated by the spread of the pandemic and the 
new socio-political-economic environment.

I suggest reading this book from start to end or going through some 
chapters, learning the proposed approach, and researching or applying its 
concepts and tools. This reading will help you in your professional and 
personal life.

Fox School of Business� Subodha Kumar
Temple University
Philadelphia, PA, USA
November 20, 2022
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The book focuses on some robust solutions to successfully support orga-
nizations engaging in an entire industry 5.0 transformation of their sup-
ply network.

This book contains different sections. The first two mainly address 
theoretical aspects of analyzing modern supply networks and selecting 
the ASCM SCOR framework as a preferred reference model, with a clear 
focus on the concept of industry 5.0 in business and its most enhancing 
solutions.

The book further develops practical elements with a dedicated analysis 
of the proposed solutions for supporting supply network 5.0.

After an in-depth study of the ASCM SCOR framework process tax-
onomy, the book analyzes the technological mix and its most clear effects 
on value creation, efficiency, and economy. The book also analyzes SCOR 
processes’ relationships and support to the supply network 5.0 solutions. 
In conclusion, such proposals are sufficient to support supply network 
5.0 transformation in its operational aspects.

There is an investigation of some significant real-world implications of 
the supply network 5.0 implementation along with the book. The book 
describes how supply network 5.0 implements human, automation, 
machine collaboration, sustainability, and resilience. The analysis includes 
many business cases that successfully implement supply network 5.0 
solutions.

Abstract
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The book’s conclusive sections highlight the most relevant results with 
a supply network 5.0. The analysis is based on thoroughly integrating the 
model presented and the exposed cases. The results highlight a tremen-
dous value in effectiveness, efficiency, and economic enhancements. The 
results present some possible matters of concern connected with a supply 
network 5.0 organizational transformation and how to remediate them.
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1
Introduction

1.1	� Research Background

At the beginning of the twentieth century, Antonio Gramsci, an Italian 
social theorist, observed that the old ways of doing things were dead, yet 
new designs and ways were not born. Gramsci referred to an interreg-
num, historically reserved to indicate a temporal discontinuity in gover-
nance, a state and a period of confusion, and unsettling chaos between 
the end of one business governance and its successor. Gramsci broadened 
and transferred the interregnum concept to situations when one social or 
organizational order deceases, yet the new order and ways of doing things 
are not yet apparent or are at the design stage, thus not robust enough for 
practice (Özdemir and Hekim 2018; Bauman 2012; Gramsci 1971).

This book aims to overcome this interregnum between industry 4.0 
and 5.0 by defining in the best possible way, which should be the trans-
formation of the supply network characteristics within the industry 5.0 
concept. This book defines supply network 5.0 and advanced supply net-
work structures in its most noticeable components, activities, stakehold-
ers, and future developments.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
B. Nicoletti, Supply Network 5.0, https://doi.org/10.1007/978-3-031-22032-6_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-22032-6_1&domain=pdf
https://doi.org/10.1007/978-3-031-22032-6_1
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This book performs a deep analysis of the supply network, its most 
concerning challenges, opportunities, and the integration of digital, sus-
tainable, and resilient tools into competitive organizations, considered 
both as singular entities and interactive in their ecosystem.

1.2	� Changing from Supply Chain 
to Supply Network

A supply network is an integrated process wherein many organized busi-
ness entities engage synergically in cooperation for sourcing materials, 
creating products, and delivering value to final customers.

The supply chain definition keeps evolving. It has been proposed that 
the word “chain” should be replaced by “network,” meaning supply chain 
becoming supply network. There are three primary reasons why such a 
thought (Christopher 2016):

•	 Nowadays, there are usually many-to-one-to-many relationships 
between the vendors, the organization under consideration (organiza-
tion A), and the customers. These networks keep expanding. 
Organization A may have several vendors on the supply side, while 
these vendors also have many other sub-vendors (Venkatesh et  al. 
2020). In other words, organization A may have vendors up to tier n. 
On the demand side, organization A may mainly serve customer B 
while customer B also serves other customers. Therefore, a more accu-
rate definition of the supply chain should be: a network of connected 
and interdependent organizations mutually and co-operatively work-
ing together to control, manage, and improve the flows of materials, 
value, and information from vendors to end-users (Fig.  1.1) 
(Christopher et al. 2011).

•	 Due to the varying needs of customers, the one-size-fits-all supply 
chain becomes out-of-date and needs to adapt to fulfill variable, 
dynamic, and complex demands. According to Deloitte, one way to 
adapt is to configure the supply chain in different role propositions to 
serve different segments of customers. The idea is “a future supply net-

  B. Nicoletti
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Fig. 1.1  Many-to-one-to-many supply network

work that consists of different supply chains with diverging configura-
tions.” To do this, the organization should consider some critical 
aspects, including the organization’s priorities, so that the supply net-
work priorities will adjust accordingly. At the same time, organizations 
need to have different supply chain role propositions. “Discrete supply-
chain” components should be included in the supply network, with 
capabilities to connect all these supply-chain components and create 
an interconnected supply network. These questions help the organiza-
tion evaluate the pros and cons of having discrete supply chain roles to 
serve different customers’ needs “with the increased complexity and 
contradicting set of supply-chain priorities,” thus having a holistic per-
spective on their supply chain.

•	 With the advent of digitalization, the traditional supply chain is evolv-
ing from a chain, in other words, “a rigid, linear flow” to a relatively 
“flexible, agile value network” (Mazza 2020). Traditionally supply 
chains have been very linear from developing a product, sourcing the 
raw materials or components/parts, manufacturing/assembling the 
product, delivering it to the customer, supporting after-sales, etc.. All 
these steps are integrated digitally with a digital supply chain to pro-
vide visibility in the entire value chain. This approach allows instant 
feedback and collaboration at all levels of the organization so that dif-
ferent departments, functions, and stakeholders can be simultaneously 
aware of what is happening across the supply chain nodes. Ultimately, 

1  Introduction 
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Fig. 1.2  From supply chain to supply network

the customers are better served because they now have “instant choice 
and hyper-personalization” (Mazza 2020) across various fulfillment 
channels. Therefore, the “chain” is collapsing and becoming a “net-
work” of chains (Fig. 1.2).

There is a wide variety of models and frameworks for the supply net-
work taxonomy The reference model chosen to expose supply network 
5.0 general structures, processes, and activities in this book is the SCOR 
framework proposed by APICS from an operations model point of view. 
This latter framework includes six distinct sub-processes and areas of 
interest (Schiele 2019):

Plan relies on all preliminary planning and design activities necessary 
to support an adequate supply network.

•	 Source addresses issues and criticalities related to materials, compo-
nents, and services purchase, vendor selection, and general 
procurement.

•	 Make regards internal activities of product transformation and 
value creation.

•	 Deliver concerns logistics and making the product physically reach its 
distributors and customers.

  B. Nicoletti
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•	 Return relies on reverse logistics processes that address defective, dam-
aged, or excesses.

•	 Enable pertains to all managerial processes and activities that undergo 
supply network management operativity.

A trend in modern supply network management is compliance with 
new digital standards that unleash higher efficiency levels and allows 
embracing a more effective, resilient, and agile organizational strategy. At 
the basis of modern digital strategies, there are the data. To successfully 
pursue a competitive advantage, it is mandatory to develop effective 
methods for collecting, categorizing, analyzing, and extracting value from 
this central resource.

A profoundly significant issue that originates from business transfor-
mation and re-organization is Corporate Social Responsibility (CSR), a 
set of new fundamental principles for organizations to operate in their 
reference environments with respect, synergy, and nurturing of a sustain-
able virtuous cycle of value creation and positive impacts (Turoń 2017; 
Dahlsrud 2008; Tate et al. 2010).

The implementation of digitally enhanced organizational frameworks 
facilitates the pursuit of Corporate Social Responsibility goals, allowing 
to reach leaner and more responsive governance, providing new tools for 
a thorough observation and audit of human rights, and recognizing labor 
practices respect, more respectful behavior towards the natural, and orga-
nization environments, and a healthy, and evolutionary relationship with 
all stakeholders (Quarshie et al. 2016).

1.3	� Supply Network 5.0 Framework

�The General Model of the Supply Network

Supply Network Management (SNM) involves all facilities, functions, 
and activities associated with the flow and transformation of goods and 
services from raw materials to the customer and the associated informa-
tion flows (Russell and Taylor 2008). SNM can be regarded as an 

1  Introduction 
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Fig. 1.3  Triangle human-automation-machines collaboration

integrated group of processes to “source,” “make,” and “deliver” products. 
SNM deals with the corporate functions of procurement, production, 
and distribution. SNM applies in many industries, such as manufactur-
ing, service (hospitals, fast food, supermarkets, retail), petroleum indus-
tries, chemicals industries (continuous processes), textile (ready-to-wear 
clothing), and many others (Govindan 2018). The type of processes 
influences the specific SNM applications (continuous, batch, project, 
mass production), number of Stock Keeping Units (SKU), and compli-
ance with regulations.

In the case of supply network 5.0, it is essential to consider a triangle 
between humans, automation, and infrastructure (mainly machinery) 
(Fig. 1.3).

This triangle considers three aspects essentially (Wang, B. et al. 2022):

•	 The human contribution in support of the supply network is com-
posed of the employees, workers, and management, which support the 
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supply network’s various steps. Humans include “operators” and 
“agents” who influence or operate the system and “users” who receive 
services (Jin 2017). Along with technological and industrial revolu-
tions, humans’ roles have evolved.

•	 Automation or cyber system is composed not only of operational tech-
nology and information and telecommunication technology applica-
tions but also systems that support the humans and the infrastructure 
to deliver the products or services. A cyber system may include sens-
ing, network, storage, database, information, and communication 
technology (ICT) infrastructure, computer-aided simulation, control, 
artificial intelligence (AI)/machine learning (ML), and so on, in which 
communication, computing, and control are significant.

•	 A physical system may be narrowly defined as a physical machine 
based on related laws. In a broad sense, a physical system is the materi-
als, energy and resources, sensors and actuators, infrastructure, and 
environment. The infrastructure or physical world is composed mainly 
of the machinery with which humans interact to create products and 
deliver services. Many innovations in the physical system have 
taken place during the past decades, including Additive Manufacturing 
(AM) and intelligent materials.

This book is concerned with supply network management. It will con-
centrate mainly on the interactions and communication between humans, 
automation, and machines. A certain number of times, the book refers to 
human-automation-machine. The relationships with the other compo-
nents of the triad are significant.

There are essentially four stakeholders (the four Cs):

•	 The Customers
•	 The Company
•	 The Collaborators (be them employees, workers, or partners)
•	 The Community (or society and environment at large).

The supply network analysis concentrated on the organization and the 
operators in the past. In time, the importance of the customers has 
increased. Recently, when considering sustainability, the importance of 
the community has taken a significant relevance (Noble et al. 2022).
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�Supply Network Transformation

Supply network 5.0 refers to a new level of flawless and harmonic integra-
tion between humans, automation, and machines in supply networks.

Many organization leaders perceived automation as a quick fix to the 
problem of inefficient processes (Stancombe 2015). Automation is closely 
connected with processes, process optimization, and technology execu-
tion. Therefore, it is essential to define and choose automation. The lit-
erature contains many definitions of automation like the following ones:

•	 Automation is the replacement of human activities with automation 
activities.

•	 Automation is a physical or virtual device that accomplishes (partially 
or fully) a function previously carried out (partially or fully) by a human.

•	 Automation is also a system or method in which many production 
processes are automatically performed or controlled by self-operating 
automation, and so on. (Satchell 2018).

•	 Automation refers to “a mechanical figure or contrivance constructed 
to act as if by its motive power; robot” or “a person or animal that acts 
in a monotonous, routine manner, without active intelligence” (Balic 
and Ebrahimi 2017).

•	 Automation can be understood as replacing human activities with 
robots or automation to perform monotonous, routine, and standard-
ized tasks or functions (Paschek et al. 2017).

When applied to organizations, automation points to the progress of 
digital transformation’s theoretical and practical implications (Hutchinson 
2019), implemented in this book in the supply network 5.0 
transformation.

Studies on supply network transformation define supply network 5.0 
as an advanced and nearly advanced level of digital maturity, consisting 
of the possibility for the organization to substitute management func-
tions from humans to digital systems gradually or even transition to a 
phase in which digital solutions can operate with nearly complete auton-
omy, creating new processes, and managing the whole production pro-
cess (Cherepanov et al. 2021).
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